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Preface

Plants have long been humanity’s primary source of medicine. From ancient civiliza-
tions to modern herbal practices, medicinal plants have played an essential role in
healing and nurturing the human body. Whether growing in the wild, cultivated in
gardens, or prepared in homes, plants possess remarkable properties that can alleviate
ailments, restore balance, and promote overall well-being. In many parts of the world,
the knowledge of their healing power has been passed down through generations,
forming a bridge between traditional wisdom and modern health care.

The use of medicinal plants is not only a testament to nature’s ingenuity but also a
recognition of the vital relationship between humans and the natural world. This
book, Medicinal Plants — Harnessing the Healing Power of Plants, is a celebration of this
relationship and an in-depth exploration of how plants have been used for health and
healing across cultures and time. This book provides readers with a comprehensive
understanding of the medicinal properties of plants, blending historical knowledge
with contemporary scientific research.

With an increasing number of people turning to natural remedies to complement
conventional treatments, medicinal plants are enjoying a resurgence in popularity.
This book is written for those who wish to reconnect with nature and discover how
the plants around them can support health, prevent illness, and restore balance to
the body. It is a guide not only for a scientific audience but also for herbalists, health
enthusiasts, and individuals interested in natural healing methods.

Each chapter of this book is dedicated to exploring different medicinal plants, their
unique properties, and their applications in everyday health practices. From well-
known herbs to more exotic plants with specialized uses, the chapters delve into how
these plants can be harnessed for various health benefits, including boosting the
immune system, treating common ailments, and improving mental clarity.

The growing body of scientific research supporting the use of medicinal plants lends
further credibility to their benefits. By integrating modern science with centuries

of herbal wisdom, how plant compounds interact with the human body to facilitate
healing can be better understood. This blend of old and new knowledge empowers
readers to make informed decisions about incorporating plant-based remedies into
their lives.

At its core, Medicinal Plants — Harnessing the Healing Power of Plants seeks to honor
the legacy of traditional plant medicine while advocating for its place in the future of
health care. In an age where synthetic pharmaceuticals dominate, it is vital to remem-
ber that the earth provides an abundant pharmacy, rich with healing potential.

The use of medicinal plants is not about rejecting modern medicine but complement-
ing it. By reconnecting with the natural world and understanding the medicinal



properties of plants, we can enrich our lives and foster a more holistic approach to

health.

I would like to take this opportunity to extend my appreciation to the authors who
have contributed so many wonderful chapters. Also, I express my gratitude to the
publisher, IntechOpen, with whom I have worked on many book projects. Finally,
I wish to thank Publishing Process Manager Mr. Josip Knapic, for his invaluable
support in putting the material together.

It is my hope that this book will inspire readers to embrace the healing power of
plants, encouraging a deeper connection to nature and greater wellbeing in their
daily lives. Whether you are new to herbal medicine or an experienced practitioner,
the wisdom contained within these pages will guide you on a journey toward natural
health and healing.

Dr. Viduranga Y. Waisundara

Deputy Principal,

Australian College of Business and Technology,
Kandy Campus,

Kandy, Sri Lanka
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Chapter1

Cannabis Compounds: Potential
Therapy for Neurological Disease

Mariana Babayeva and Zvi G. Loewy

Abstract

Identification and development of pharmaceuticals for neurological disorders
is associated with several unique challenges. The primary weakness of candidate
neurological compounds is the poor penetration efficacy across the blood-brain
barrier (BBB). The BBB is the bottleneck in nervous system drug development and
is the paramount factor that limits success in neurotherapeutics. Findings suggest
cannabinoids might overcome the limiting effects of the BBB and play a key role in
improving neurological dysfunctions. This supports the therapeutic potential of
cannabidiol for the treatment of ischemic and inflammatory diseases of the central
nervous system (CNS). The potential application of cannabinoids for Parkinson’s
disease, Autism, and childhood Epilepsy is explored in this chapter.

Keywords: neurological disorders, Parkinson disease, autism, epilepsy, cannabis,
CBD, THC

1. Introduction: ethnobotanical aspects of Cannabis sativa

Geographically, Central Asia and South-East Asia are believed to be the regions
of origin for Cannabis sativa. Various forms of C. sativa were identified in medieval
Europe, however, Cannabis was unknown in the Americas until the arrival and
settlement of the European colonists. In the 18th century Carl Linnaeus, a Swedish
botanist introduced the name Cannabis sativa. The primary use of the plant histori-
cally was in textile manufacturing. Of note, the psychotropic application of the
plant was in fact discovered by accident. In the 19th century, medical applications
for treating pain and inflammation were introduced. More recently, there has been
extensive interest in the medical use of cannabis for pain, gastrointestinal disor-
ders, anti-microbial, multiple sclerosis (MS), nausea and vomiting, anorexia, sleep
disorders, anxiety, Tourette syndrome, and several neurological diseases—epilepsy,
Parkinson’s, autism, and Alzheimer’s.

Over 500 compounds have been identified in Cannabis sativa of which approxi-
mately 100 have been characterized as phytocannabinoids. The phytocannabinoid
composition of C. sativa is influenced by environmental conditions includ-
ing humidity, temperature, ultraviolet radiation, soil nutrients, and parasites.
Phytocannabinoids include the neutral cannabinoids (absence of carboxyl group)
and the cannabinoid acids (presence of carboxyl group). The phytocannabinoids are
segmented into 10 subclasses as shown in Figure 1. Trans- A-9-tetrahydrocannabinol
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Structural formulas of main natural cannabinoids
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Figure 1.
Chemical structures of primary natural cannabinoids.

is the primary C. sativa associated with psychoactive effects including anxiety, para-
noia, perceptual alterations, and cognitive deficiency. Cannabidiol (CBD) is the most
abundant phytocannabinoid in Cannabis species cultivated for textile use.

2. Cannabinoids

Neurological disorders are a group of illnesses influencing the central and periph-
eral nervous systems. Depending on the part of the nervous system, a person may
experience difficulties with movement, sensations, breathing, speech, learning,
memory, mood, and more. Triggers of neurological conditions are genetic disorders,
congenital abnormalities, infections, and brain injuries.

Recently, cannabis and its substances (cannabinoids) began using as therapeutic
agents in some disease states [1]. CBD and delta-9-tetrahydrocannabinol (THC) are
the most researched compounds found in cannabis plants. The effects of CBD and
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THC on the body are different. THC is psychoactive and affects mood, perception,
and other mental processes. THC also has neuroprotective, analgesic, antiemetic,
and antiglaucoma impacts [2, 3]. CBD is a nonpsychoactive ingredient and exhibits
anti-inflammatory, antioxidant, anticonvulsant, and neuroprotective effects as well
as decreases the THC psychoactivity [4, 5]. Epidiolex, a pharmaceutical grade-CBD,
is used to treat seizures of Dravet syndrome, Lennox—Gastaut syndrome and tuberous
sclerosis complex. Sativex containing CBD (50%) and THC (50%) is employed to
treat multiple sclerosis [1]. THC-containing medications, dronabinol, and nabilone
are utilized for chemotherapy-induced nausea and vomiting as well as for anorexia in
AIDS patients [6]. Another cannabinoid, cannabidivarin (CBDV) also manifests the
medicinal effects of cannabis. CBDV is similar to CBD structurally and functionally.
CBDV is a nonpsychotropic phytocannabinoid with anti-inflammatory and anticon-
vulsant activities [7]. Recently, the FDA and EMA granted an orphan designation to
CBDV for both fragile X and Rett syndromes.

The cannabinoids interact with is the endocannabinoid system (ECS). The ECS
controls some biological operations and incorporates the endocannabinoids, the
cannabinoid receptors, and the endocannabinoid enzymes. Endocannabinoids,
ECBs assist in regulation of memory, pleasure, concentration, thinking, movement
and coordination, sensory and time perception, and pain [8]. Endocannabinoids
are produced by cultured neurons, microglia, and astrocytes [9]. The key ECBs are
arachidonoyl ethanolamide (anandamide, AEA) and 2-arachidonoyl glycerol (2-AG)
[9]. The ECBs activate the G-protein coupled (GPR55), the cannabinoid 1 (CB1) and
2 (CB2) receptors [10]. AEA has agonistic action on TRPV1 as well [11]. CB1 is mostly
localized in the central and peripheral nerve cells, specifically in glutamatergic and
gamma-aminobutyric neurons and is responsible for the neurotransmitter release
[12, 13]. The CB2 receptors were primarily detected in the immune system: T and
B cells and macrophages [8]. CB2 was also found in the brain microglial cells and
in peripheral nerves [8]. Both CB1 and CB2 were also discovered in cardiovascular,
reproductive, and gastrointestinal systems. Levels of endocannabinoids, AEA and
2-AG are controlled by enzymes. N-acylphosphatidylethanolamine phospholipase D
(NAPE-PLD) and diacylglycerol lipase (DAGL) modulate synthesis of the endocan-
nabinoids, while fatty acid amide hydrolase (FAAH) and monoacylglycerol lipase
(MAGL) are responsible for their degradation [1].

Cannabinoids interact with ECS in the body. THC relates to CB1, CB2, and
GPR55 receptors as a partial agonist [4]. THC administration creates an overexcita-
tion of the endocannabinoid system that results in altered perceptions, pleasure,
and mood [8]. CBD exhibits just minor attraction to CB1 and CB2 and functions as
an indirect antagonist of cannabinoid agonists and inverse CB2 agonist [4]. CBD
was connected to indirect modulation of the CB1 and CB2 via FAAH inhibition,
which results in increased levels of agonist AEA [14]. CBD might also interact with
GPR55, TRPV, TRPA, and TRPM [15]. CBD functions as an agonist of TRPVs and as
an antagonist of GPR55 [16-18].

3. Parkinson’s disease

Research results suggest the key role of the endocannabinoid system in Parkinson’s
disease (PD). Endocannabinoids contribute a major role in regulating transmission at
synapses between cortical and striatal neurons, in influencing basal ganglia activ-
ity, and in controlling the induction of a particular form of synaptic plasticity and
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motor functions [19]. PD patients have an evolving deficiency of dopaminergic nerve
cells leading to decreased striatal dopamine concentrations, which in turn produces
variations of the balance related to basal ganglia paths and endocannabinoid signaling
[8]. The endocannabinoid signaling manifests two-phase alterations in the evolution
of this disease [20]. Premature phases are correlated with CB1 desensitization and
downregulation as well as with aggravation of excitotoxicity, oxidative stress, and
glial activation [21]. More progressive phases with deeper nigral deterioration have
up regulatory reactions of CB1 ligands [21]. PD laboratory animals had enhanced
CB1 density and concentrations of endogenic ligands, both of which led to increased
basal ganglia CB1 binding [8]. Further signs of a major position of ECS in PD entail
inhibition of the neurotransmitters by cannabinoids and deviations in the endocan-
nabinoid’s transmission [8, 22]. These findings may define CB1 as a therapeutic target
in easing PD signs.

An additional receptor controlling movement and interacting with ECS is TRPV1,
which was found in sensory neurons and basal ganglia circuitry of dopaminergic neu-
rons [23]. AEA is one of the key activators of TRPV1 [24, 25]. Several investigations
reported that motor behavior could be controlled by the activation of TRPV1 [26, 27],
suggesting that this receptor might play a role in the control of motor function.

3.1 Endocannabinoid system in Parkinson’s disease
Y

The correlation of the ECS with motor functions was well confirmed. Studies have
shown that not only endocannabinoids but also synthetic and plant-derived canna-
binoids regulate the ECS and exert a powerful motor effect [8, 24]. Activation of CB1
receptors in neurons of the basal ganglia mediated a hypokinetic effect [28-31]. In
animal PD model cannabinoid HU-210 reduced glutamatergic activity and decreased
pharmacologically induced spins by interaction with CB1 [32, 33]. THC and synthetic
cannabinoids WIN 55,212-2 and CP 55,940 elevated dopamine levels and diminished
contralateral rotations in PD rats [8]. THC generated increased tyrosine activity in
parkin-null animals and emitted motor inhibition, catalepsy, antinociception, and
ring immobility in other animal models [8]. Additional animal studies reported that
THC decreased the motor disfunction triggered by 6- hydroxydopamine and intensi-
fied the hypokinetic impact of reserpine [34, 35]. However, THC has not influenced
motor function in PD primates [36]. Conversely, the synthetic agonist levonantradol
decreased general and locomotor activity and increased bradykinesia in a primate
model of Parkinson’s disease [36]. WIN 55,212-2 demonstrated a dose-dependent
reduction of the spontaneous motor activity and catalepsy in mutant Syrian hamsters
and markedly reduced the anti-kinetic effects produced by quinpirole in reserpine
animals [37]. WIN 55,212-2 has lowered levodopa-made dyskinesias, weakened
axial, limb, and orolingual abnormal activities in 6-OHDA animals [38, 39].
Endocannabinoid agonist oleoylethanolamide, OAE developed lessening of invol-
untary rotary motions and reduction of molecular associates of induced dyskinesia
[40]. Nabilone, a synthetic cannabinoid agonist, co-administered with levodopa
significantly lowered total dyskinesia and extended the duration of antiparkinsonian
action of levodopa in PD marmosets [41]. Endocannabinoid agonist AEA increased
the extracellular dopamine levels in the nucleus accumbens shell of rats and induced
hypokinesia [42]. Additionally, AEA constrained ambulation and stereotypical
activities and blocked the influence of VR1 agonist livanil on motor functions [42].
Treatment with AEA reduced motor activity with the maximal inhibition by approxi-
mately 85% in mice and extended the inactivity time, lowered the ambulation and the
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frequency of spontaneous non-ambulatory activities in rats [8]. AEA also generated
similar to THC decrease in impulsive motor activity in PD animals [8, 42].

Activities of AEA and 2-AG can be affected by inhibition of the FAAH enzyme.
Studies have confirmed that FAAH inhibition remarkably increases AEA tissue level
but reduces 2- AG level [43, 44]. Animal studies have shown that the FAAH enzyme
inhibitor URB597 intensified and prolonged a dopamine increase produced by AEA
[45]. Moreover, URB597 raised AEA blood concentrations, dropped the hyperactiv-
ity and prevented induced motor deficiency [46, 47]. Some other FAAH blockers
(JNJ1661010 and TCF2) have anticataleptic ability as well [47]. In general, the find-
ings indicate endogenous or exogenous cannabinoid agonists activate the dopaminer-
gic system and play an important role in the regulation of motor behavior.

The CB1 receptor antagonists can also influence movement syndromes of
Parkinson’s disease. In a study with PD rats and marmosets rimonabant (SR141716A),
a selective antagonist of the CB1 receptor was functioning as a potential anti-
hypokinetic agent [48, 49]. This compound blocked the THC impact on dopamine
release and improved the locomotive movement in animals pre-exposed to THC [50].
SR141716A drastically reduced levodopa-induced dyskinesia, overturned the impact
of the agonist WIN 55,212-2 and recovered the locomotive motions in PD animals
[49, 51]. Administration of SR141716A dropped AEA and 2AG concentrations in
the brain, promoted the locomotive power of quinpirole, and rebuilt movements in
laboratory models [8, 49]. Moreover, SR141716A and additional CB1 receptor antago-
nist AM251 generated antiparkinsonian effects in rats with severe nigral degeneration
[8, 52] (Fernandez-Espejo, 2005). A second CB1 antagonist, CE-178253, generated a
30% increase in motor behavior responses to L-DOPA in MPTP-treated rhesus mon-
keys [53]. THCV enabled modifications in glutamatergic transmission and reduced
the motor obstruction [34]. Taken together, the discoveries advocate CB1 antagonists
could be successful in controlling PD symptoms.

The activation of CB2 receptors may also contribute to the potential of can-
nabinoids in PD treatment [54]. CBD has also demonstrated significant effects in
preclinical models of neurodegenerative disorders in combination with other can-
nabinoids [34, 55]. CBD and THCV, which is a CB2 partial agonist, reduced the loss
of tyrosine hydroxylase-positive neurons in the substantia nigra of PD rats [34]. The
two compounds acted by means of neuroprotective and antioxidant mechanisms
[34, 54], suggesting that CB2 receptor agonists may have a promising pharmacologi-
cal profile for delaying disease progression. Therefore, CB1 antagonists may produce
antiparkinsonian results, whereas CB agonists might be beneficial as a therapy of
motor problems in PD.

3.2 Cannabinoids as a potential therapy for Parkinson’s disease

Cannabis and related compounds have generated a major research interest as a
potential therapy in neurodegenerative and movement disorders. Cannabinoids have
demonstrated healing properties in the management of Tourette, Huntington’s, and
Parkinson’s disorders [8]. In a study with 339 PD patients, smoked cannabis created
substantial upgrading of typical signs in almost half of the affected people. The
patients noticed alleviation in resting tremor, rigidity, bradykinesia, and dyskinesias
[56]. The same study connected high urine levels of 11-HO-THC (THC active metabo-
lite) with decline of PD indications [56]. In other PD patients who smoked cannabis
developed substantial positive transformation in tremor, rigidity, and bradykinesia
[57, 58]. The dose and frequency of the cannabis administrations were key factors
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in relieving PD symptoms. A single smoked cannabis process resulted in tree-hours
signs removal [58]. The investigations also demonstrated meaningful improvements
in sleep and pain, which are common nonmotor PD signs [57, 58]. In contrast, PD
patients and patients with levodopa-induced dyskinesia displayed no improvement
after administration of oral cannabis extract [59].

Some reports described the impacts of CBD on Parkinson’s disease indicators. CBD
reduced Unified Parkinson Disease Rating Scale (UPDRS) results and notably lowered
signs of psychosis in PD individuals with psychotic disorder [60]. CBD ameliorated
tremor and hypokinesia in patients with Parkinson’s disease [61]. However, in a second
study CBD administration resulted in no improvement in measures of motor and general
PD symptoms [62, 63]. Interestingly, in PD population CBD produced substantially dif-
ferent Parkinson Disease Questionnaire results compared to placebo treatment [62, 63].

More investigations were performed to examine cannabinoid nabilone. Nabilone
has markedly alleviated abnormal involuntary movements in individuals with deep
levodopa-induced dyskinesia [64, 65]. Nabilone was also effective against bradykine-
sia [64]. Other cannabinoid-associated substances CE178253, OEA, and HU-210 were
also effective in treatment of levodopa-induced dyskinesia and bradykinesia [8, 66].
But the American Academy of Neurology (AAN) review deemed marijuana “probably
ineffective” for treating L-DOPA-induced dyskinesia [67].

The impact of cannabis on dystonia was investigated as well. Cannabis generated
significant alleviation of dystonia and pain lessening in dystonic patients with severe
pain. The patients were able to withdraw opioids [68]. Cannabis eased idiopathic and
generalized dystonia in patients with Wilson’s disorder [69]. CBD improved dystonia
by 20-50% in dystonic patients and CBD withdrawal resulted in severe generalized
dystonia in PD patients [8, 61]. Another cannabinoid, THC generated a reduction of
abnormal movement patterns in patients with dystonia and athetosis [70].

The potential benefits of medical cannabis and cannabinoids for the treatment
of another neurodegenerative disorder, Huntington’s disease (HD) has also been
evaluated. A study reported that nabilone compared to placebo showed a treatment
difference for total motor score, chorea, Unified Huntington’s Disease Rating Scale
(UHDRS) cognition and behavior, and for the neuropsychiatric inventory in HD
patients [71]. AAN recommended nabilone for moderate lessening of chorea in HD
patients [72]. Research reports regarding CBD value in treatment of HD are lacking
consistency. An investigation stated that CBD lowered chorea in 20-40% of patients
with HD [73]. Conversely, more recent research did not verify this discovery [74].
CBD did not produce any meaningful results on chorea difficulty in HD individuals
[74]. It was reported cannabis and THC may lessen tics and behavior conditions in
patients with Tourette’s syndrome (TS) [75-77]. These patients informed consump-
tion of cannabis/THC improved or in some cases completely revised motor and vocal
tics as well as premonitory urges and obsessive-compulsive signs [76, 77].

Collectively, no powerful verification was obtained to suggest cannabis as a
therapy for Parkinson’s disease. Though, prospective values were discovered in easing
tremor, anxiety, pain, and sleep disorder [78]. Given the relative lack of investiga-
tions, there is a recognized necessity for additional well-designed studies.

4. Autism

Autism spectrum disorders (ASD) are neurodevelopment disorders characterized
by difficulty in social communication and atypical patterns of activities and behaviors.
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The frequency of ASD is almost 4.5 times greater in boys than in girls [79]. The exact
trigger of autism is unidentified. Up to 20% of ASD cases were linked to genetic altera-
tions [80]. Other factors include immune dysfunction, inflammation, and embryonic
exposure to anticonvulsant drugs [1]. Though the frequency of autism is growing, no
medicine has been developed for the therapy of the ASD core symptoms [79].

Autism has been associated with disfunction of the endocannabinoid system
[81, 82]. The ECS disorder was linked to the pathology of neurological disorders
and to the behavioral deficits and neuroinflammation detected in autism [83, 84].
Pathophysiological processes generating the autistic neurobehavioral disfunction
involve irregular synaptic plasticity and immune and metabolic disorders that are
controlled by ECS [85]. The ECS plays a significant role in the development of the
central nervous system (CNS) [17, 86]. In the CNS, CB1 receptors were found in the
cerebellum, hippocampus, and the basal ganglia, which are zones of dysfunction in
ASD [87, 88]. Autism was also correlated with dysregulation of the immune system
[89, 90]. Localization of CB2 receptors in the immune cells, microglia and astrocytes
has been associated with ASD-allied neuroinflammation [87, 91-93]. Raised auto-
immune activity and increased levels of inflammatory cytokines and chemokines
were correlated with microglial activation in ASD patients and were results of the
pro-inflammatory status of the immune system [1, 18]. Alteration in monocyte and
macrophage reactions, abnormal T helper cytokine and immunoglobulin levels,
and decreased level of lymphocytes were detected in ASD children [1, 94]. Besides,
elevated level of pro-inflammatory cytokines was linked to regressive forms of autism
and typical behavior deficits [18].

4.1 Changes in the endocannabinoid system in autism

Research confirmed involvement of the ECS in ASD [1]. The endocannabinoid
system impacts neuromodulation, emotional responses, behavioral reactivity, and
social interaction [1, 95]. Disorder of the ECS might damage social play and reciproc-
ity [95]. Dropped CB1 expressions were discovered in the brains of ASD individuals
[18]. Motivation of the CB1 directly by agonist WIN55212-2 or indirectly by 2-AG
inhibitor has increased the spatial memory in laboratory animals [96]. Polymorphism
in CNR1 gene, encoding the CB1 receptor was related to modulation of striatal
responses and gaze duration to social reward [97, 98], suggesting that altered affin-
ity to the CB1 receptors could produce deficits in social rewards detected in autism.
Animal studies have shown social play increases AEA concentrations in some brain
regions [82]. Elevated AEA levels created the CB1 activation and improved social
play [99], advising social play behavior deficit might be produced by low AEA levels
in critical brain zones. Conversely, it was reported that excitement of CB1 recep-
tors inhibited the typical excitation of complex social actions by affecting cognitive
functions [99, 100]. Furthermore, a downregulation of alternative receptors involved
in social play behaviors, GPR55 and PPAR, was displayed in animal model of autism
[95]. The behavioral alterations could be facilitated by activation of PPARys by
endogenous agonists, OEA or PEA, as stimulation of hippocampal PPARy improves
cognitive performance [101]. PEA’ intestinal anti-inflammatory property is impor-
tant since a portion of autistic inflammatory disorder is produced by gastrointestinal
immune system [1]. The anti-inflammatory impact of PEA is utilized by stimulation
CB2, GPR55, and PPARYy receptors [102].

Alteration of the ECS influences ASD-associated social and cognitive impair-
ments in animal genetic models. CB1 density in the hippocampus of mice with
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autism-like phenotype (BTBR mice) was increased by 15-20%. Interaction of CB1
agonist CP55940 to Gi/o-coupled receptors in the BTBR models was also higher,
demonstrating increased sensitivity [103, 104]. In the same animals enhanced
AEA activity at CB1 targets improved social deficiency and decreased locomotive
function [105]. The therapy of BTBR mice with the FAAH inhibitor, URB597,

and THC improved the social behavior deficit [105, 106]. The BTBR models have
also upregulated mRNA CB2 levels and elevated CB2 expression in their brain
[106, 107]. A clinical investigation displayed upregulation of CB2 gene expres-
sion in peripheral blood mononuclear cells in ASD patients [108], which might

be a compensatory mechanism of the autism-associated inflammation [1]. The
augmentation of CB2 could be negative response to decrease the proinflammatory
reactions since AEA suppresses the release of proinflammatory cytokines through
CB2-mediated mechanism. In the FXS autistic animal model, URB597 enhanced
AEA activity, improved memory, and anxiety-like behavior, and inverted the
social impairment [109]. In Shank3B—/— mice ZL184 (MAGL inhibitor) pro-
duced an increase of 2-AG levels and improved social interaction deficits [110].
Alteration in neuroligin-3, 4 gene, NLGN 3,4 was correlated with intelligent
debility, seizures, and ASD behavior [111]. Findings in genetic animal models
with a neuroligin-3 substitution and a neuroligin-3 deletion showed neuroligin-3
is essential for EC signaling [112]. A study has reported WIN55212-2 might
decrease aggressive behavior of neuroligin-3 R451C mouse model of autism via
modification of CB1 receptor [113]. Another animal model, VPA model has altera-
tions in ECS and corresponding ASD-like anomalies [95, 114]. Decreased expres-
sions of mRNA PPARa and GPRS55 in hippocampus and cortex, reduced amounts
of FAAH and unusual AEA activity facilitate autistic behaviors in VPA animals
[95, 114]. In the VPA rats the FAAH inhibitor PF3845 increased AEA signaling
and impaired the difference in social behavior [95]. Another FAAH inhibitor,
URB597 improved social conditions, repetitive and emotional behaviors in VPA
animals [18]. Raised 2-AG levels have corrected behavior weaknesses in VPA rats
[115]. The reduced endocannabinoid and enzymes levels and upregulation of CB
receptors lead to lowered endocannabinoid signaling and link alterations in the
ECS with ASD. Based on this finding, the ECS can be recommended as a novel
target for ASD therapy.

4.2 Cannabinoids as a potential therapy of ASD

Cannabis and cannabinoids have been shown to be efficient as a therapy for
some neurological disorders including ASD. In animal ASD models, CBD inversed
the behavioral disorders by increasing AEA plasma concentrations and strengthen-
ing AEA signaling [116, 117]. In C57BL/6 ] mice, CBD diminished marble-burying
behavior that is similar to repetitive and compulsive behaviors in ASD [18]. Moreover,
CBD weakened autism-like social behavior and cognitive disorders in animal models
of Dravet syndrome and schizophrenia [118-120].

Phytocannabinoid CBDV can also produce anti-autistic effects. A clinical study
showed CBDV corrected atypical striatal circuitry toward neurotypical function in
ASD patients [121]. In genetic Mecp2 animal model, CBDV improved AEA and OEA
levels and decreased DAGL and CB1 and CB2 receptor expressions [1, 122, 123]. The
compromised general health, behavioral disorders, memory deficits, sociability,
and brain weight were repaired [122, 123]. CBDV also restored neurotrophic factor
level and ribosomal protein phosphorylation, which are damaged in autism [123].
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In VPA animals, cannabidivarin produced hippocampal microglia activation, rebuilt
endocannabinoid signaling and reduced neuroinflammation [124]. Outcomes of the
CBDV administration were repaired social deficiencies, memory shortages, repeti-
tive behaviors and hyperlocomotion [124]. THC also has a therapeutic impact on
autism. THC administration improved locomotor behavior and depressogenic aspect
in animals with an autism-like phenotype [106]. Other studies have confirmed the
association between behavioral disorders and alteration of the ECS as well as the abil-
ity of some cannabinoids to treat autistic symptoms, providing more support for the
cannabinoids as an ASD therapy [1].

Cannabis usage as an ASD therapy gained a rising attraction in public media.
Anecdotal cases demonstrated autistic children failing conventional treatment
have responded to cannabis therapy. Parents of the children noticed significant
symptoms lessening. An ASD boy spoke his first words after taking cannabis oil
and then obtained substantial talking ability [1]. In a 10-year-old boy with ASD the
FDA-approved drugs created life-threatening toxicities. He was started on canna-
bis and in 6 years the child was sociable and successful [1]. Other autistic children
have also shown remarkable improvement in communications after treatment with
cannabis [1].

There are lacking clinical data on the effect of cannabis on ASD. Numerous studies
demonstrated cannabis is safe and successful in decreasing disruptive behaviors
and improving social communication. In a single-case-study, dronabinol (THC) has
reduced hyperactivity, irritability, stereotyped behaviors, and improved speech in a
boy with autism [125]. Another study has reported that dronabinol alleviated self-
injurious behavior of mentally retarded adolescents [126].

Optimistic outcomes in ASD patients treated with cannabinoids and raising anec-
dotal commentaries of cannabis positive effects directed to more scientific assess-
ment. A clinical trial was initiated to assess the safety and efficacy of cannabinoids
(CBD:THC, 20:1) in 150 ASD children [127]. This cannabinoid treatment caused a
reduction of disrupting behavior. Another effect was a reduction in body weight in
obese patients. This is important since antipsychotics accompany significant weight
gain. No substantial adverse events were shown [127]. Although this study displayed
cannabis might correct ASD disrupting behaviors, efficiency data were lacking. An
additional investigation was suggested.

A recent clinical trial assessed the effect of cannabis extract intense in CBD in
60 children with autism. Significant improvements were found for social interac-
tion, anxiety, psychomotor agitation, and concentration. Only three children in the
treatment group had mild adverse effects [128]. In another investigation, cannabis oil
containing CBD and THC (20:1) was administered to 188 autistic patients. Significant
improvements were noticed in 30.1%, moderate in 53.7%, minor in 6.4% and no
adjustment in 8.6% of the patients [129]. Same cannabinoids concentrations were
used in a study with 53 ASD patients [130]. Self-injury, rage attacks, hyperactivity,
and sleep troubles were bettered in most of these patients [130]. In 110 children and
teenagers with autism CBD-rich cannabis generated a significant improvement in
social communication [131]. ASD patients treated with CBD/THC mixture (75:1)
showed improvement of core ASD symptoms. Adverse outcomes were mild and
infrequent [132].

Overall, cannabinoids were found to be successful in relieving ASD symptoms.
The cannabinoid therapy was associated with low incidents of adverse events and
reductions in concomitant medications. However, it is essential to conduct more
large-scale and long-term clinical trials to support these conclusions.
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5. Epilepsy

Epilepsy is neurological illness that causes seizures or unusual sensations and
behaviors. One third of the patients diagnosed with epilepsy are children. Epilepsy
can affect children of all races and ethnic backgrounds and might have different
reasons, although most of the cases have idiopathic origin [133]. Genetic alterations
and brain damage as well as some illnesses may trigger epilepsy [133]. Treatment of
pediatric epilepsy is challenging and includes pharmacologic, non-pharmacologic,
and surgical options [134]. Unfortunately, childhood epilepsies are generally coupled
with therapy-resistant seizures. Such severe seizures might produce long-term defects
in perception, behaviors, and some other activities [135]. Resistance to epilepsy
regimens has created real challenge in treatment of Dravet, Lennox-Gastaut, Doose,
and West syndromes [136].

Dravet syndrome (DS) is a severe and pharmaco-resistant type of epilepsy. Certain
anti-epileptic drugs (AED) can even aggravate seizures and should be avoided in
patients with Dravet syndrome. Infants being treated for status epilepticus with phe-
nobarbital developed cerebral atrophy with dramatic neurological worsening [137].

Lennox-Gastaut syndrome (LGS) is a severe, chronic, epileptic encephalopathy,
primarily with childhood onset [138]. LGS syndrome begins in childhood, worsens
during latency, and persists frequently into adulthood. The syndrome is refractory
to anti-epileptic medications. Most patients develop moderate intellectual disability
within a few years of onset of the syndrome [139].

Doose syndrome (DS) or Myoclonic-Astatic Epilepsy (MAE) is an uncommon child-
hood epilepsy with frequent myoclonic and myoclonic-atonic seizures. Children with
MAE may also have other types of seizures. MAE outcomes depend on seizures severity
and may vary from normal or severe developmental and learning delays [140].

West syndrome (WS) is a rare epileptic disorder happening in infants and
characterized by infantile spasms, hypsarrhythmia, and developmental regres-
sion [141]. Neurodevelopment is normal in only 10-15% of affected patients [142].
Pharmacologic agents used to treat WS are not always effective.

Pediatric epilepsies are generally linked to treatment-resistant seizures.
Management of these disorders needs more efficient treatment to prevent develop-
ment-related neurological conditions.

5.1 Cannabinoid’s effect on epilepsy molecular targets and syndromes

Medical cannabis has created a significant research interest as a potential therapy
option in epilepsy treatment. Studies investigated the effects of cannabinoids on
molecular targets in animal models of seizure and epilepsy. The results of these stud-
ies are summarized in Table 1 [143].

The data demonstrated mixed efficacy in various acute seizure animal models
[143]. CBD exerts its antiepileptic effects through several different mechanisms. Main
molecular target responsible for the antiepileptic effect of CBD is still unclear. Some
authors reported the role of the cannabinoid CB1 receptor in modulating seizure
activity [144]. Other investigations indicated that cannabinoids produce anticonvul-
sant effects via non-CB1/CB2 mechanisms [145]. At low micromolar concentrations,
CBD worked as a blocker of ENT and TRPMS8 channels. Conversely, CBD enhanced
the activity of 5-HT1a receptor, a3 and al glycine receptors, and TRPA1 channel
[12, 146]. At higher micromolar concentrations, CBD activated the nuclear TRPV1
and TRPV2 channels and inhibited cellular uptake and degradation of AE [12, 147].
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Cannabinoid Molecular target(s)
D9-Tetrahydrocannabinol (THC) CBiR, CB,R, TRPV1, TRPV2
D9-Tetrahydrocannabivarin (THCV) CB1, CB2, TRPV1, TRPV3, TRPV4
Cannabidiol (CBD) GPR55, TRPV1, TRPV2, TRPV3, TRPA1, FAAH, TRPMS
Cannabidivarin (CBDV) TRPV4, DAGLa
Cannabinol (CBN) CB;R, TRPV4, TRPA1

Table 1.

Cannabinoid’s molecular tavgets studied in animal models of seizure.

Additionally, CBD has a good affinity toward GPR55, which is involved in the
modulation of synaptic transmission. CBD agonist action may weaken the synaptic
transmission and produce antiepileptic effects [118]. Cannabinoids THCV and CBDV
also produce anticonvulsant effects, most probably not via CB1 or CB2 pathways

[34]. Similar to CBD, THCV and CBDV have an affinity to TRPV1, 2, TRPA1, and
TRPMS, but processes of the relations are not identified. Cannabinoids have been
demonstrated to be beneficial in experimental models of several neurologic disorders,
including seizure and epilepsy (Table 2).

CBD has been shown to have anticonvulsant effect in different animal seizure pro-
totypes [148, 149]. In pilocarpine animals, CBD radically lowered fraction of rodents
with very intense seizures. In the penicillin animals, CBD substantially reduced the
intensity of seizures, corresponding mortality, and number of rodents with critical
tonic-clonic seizures. Besides, CBD decreased seizure intensity and number of death
cases in generalized seizure model [149, 150]. CBD caused concentration-related
and region-dependent attenuation of chemically induced epileptiform activity in
hippocampal brain slices [150]. Other cannabinoids, THCV and CBDV were also
effective in lessening seizures and generated anticonvulsant effects in animal models
of epilepsy [34].

Unfortunately, seizures remain refractory to pharmacological treatments in a
substantial portion of pediatric patients. After unsuccessful antiepileptic treatment,
parents initiated epilepsy therapy with cannabis containing products. More than 84%
of the parents noted a reduction in the frequency of seizures and 11% reported that
their children became seizure-free [151]. The parents highlighted some of the addi-
tional beneficial outcomes such as better sleep patterns, increased alertness, and an
overall positive change in mood [151].

Several randomized, double-blind, placebo-controlled studies evaluated the activ-
ity of a new anti-epileptic formulation of purified CBD. Studies have shown that CBD
was beneficial in decreasing seizure frequency in children with treatment-resistant
epilepsy [152, 153]. In open label study in patients with drug-resistant seizures, CBD
given as add-on therapy reduced seizure frequency [153]. CBD also greatly dimin-
ished convulsive-seizure rate in DS patients [153]. CBD was very well tolerated and
did not produce psychotic symptoms even at high doses. As a result, the first CBD
drug (Epidiolex) was authorized in 2018 as a therapy for LGS-, DS-, and tuberous
sclerosis complex (TCS) -associated seizures [154]. This approval ensured the safety
and effectiveness of CBD in seizure disorders.

THC also helps in reducing epileptic seizures. In animal seizure models THC, AEA,
and WIN55212-2 exhibited potent anticonvulsant effects via CB1 activation [155, 156].
A clinical study reported that THC (Dronabinol, Marinol) reduced spasticity,
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Cannabinoid Model Efficacy
D9-Tetrahydrocannabinol (THC) Generalized seizure Y
Temporal lobe epilepsy Y
Synthetic CBIR agonists (e.g., WIN55-212) Generalized seizure Y
Partial seizure with secondary Y
generalization
Temporal lobe epilepsy Y
Absence epilepsy Mixed
effect
Synthetic CB1R antagonists (e.g., Generalized seizure N*
SR141716A
7168) Absence epilepsy N
Partial seizures with secondary N*
generalization
Epileptogenesis Y
D9-Tetrahydrocannabivarin (THCV) Generalized seizure Y
Cannabidiol (CBD) Generalized seizure Y
Temporal lobe convulsions/status Y
epilepticus
Partial seizures with secondary Y
generalization
Cannabidivarin (CBDV) Generalized seizure
Temporal lobe convulsions/status
epilepticus
Partial seizures with secondary Y
generalization
Cannabinol (CBN) Generalized seizure Y

“Indicates a proconvulsant effect.

Table 2.
Cannabinoid efficacy in animal models of seizure and epilepsy [143].

improved dystonia, increased interest in the surrounding, and produced anticon-
vulsive action [70]. However, the results of THC experiments are inconsistent. Some
studies informed THC did not exhibit any value as a seizure therapy. Other investiga-
tions demonstrated that THC even potentiates convulsions and provokes the epilepti-
form activity [157]. Recent study reported that administration of THC-like substances
calmed seizures but leaded to post-seizure oxygen deprivation in the brain [158].

6. Additional effects of cannabinoids in neurological disorders
6.1 Neuroprotection
Cannabinoids have demonstrated neuroprotective, immunomodulatory, anxio-

lytic, and antidepressant benefits. Cannabis and related compounds exhibit the
neuroprotection mostly because of their ant-inflammatory, the anti-oxidative, and
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the anti-excitotoxicity properties. Both THC and CBD provide neuroprotection
against the iz vivo and in vitro toxicity of 6-hydroxydopamine (6-OHDA) [159]. In

a study, CBD regained 6-OHDA-made dopamine drop and reduced oxidative stress
[8]. CBD also lessened a rise in NADPH-oxidase levels and reduced indicators of
oxidation, inflammation, as well as cell mortality [160]. The mechanism by which
CBD reduces NADPH oxidase expression and inhibits oxidative injury suggests a
straightforward association involving CB1 and mitochondrial brain activity [161].
Cannabinoid’s phenolic ring plays an important role in an anti-oxidative action versus
glutamate-persuaded neurotoxicity [162]. Moreover, CBD greatly diminished oxida-
tive destruction produced by hydroperoxide and was more defensive to glutamate-
associated neurotoxicity than alpha-tocopherol [163]. These findings support the
hypothesis that the treatment with cannabinoids having antioxidant effects may
modulate mitochondrial reactive oxygen production.

Several studies showed that cannabinoids have anti-inflammatory properties and
may attenuate neuroinflammation and produce beneficial effects in acute inflam-
mation and chronic neuropathic states [143]. Inflammation has been shown to be
a crucial pathological factor responsible for the death of dopaminergic neurons
[164, 165]. Individuals with neurodisorders have elevated expression of active
microglia suggesting deep involvement of the glial chambers in neuroinflammation
[166]. Cannabinoids overcome stimulation of microglia and cytokine production
and as a result, reduce the inflammation [167, 168]. Cannabinoids also activate the
CB2 receptor, which mediates the anti-inflammatory effect and preserve cells from
excessive apoptosis [34, 169]. Moreover, a recent study reported that CBD stimulates
neurogenesis [170]. In contrast, THC produces its anti-inflammation impact by
CB1 stimulation [171, 172]. Cannabis/cannabinoids also produce anti-inflammatory
influence via reduction of blood vessels constriction and repair blood stream to the
affected zones [173]. Based on the information, it is possible to conclude cannabinoids
are hypothetically valuable as neuroinflammation therapy.

Moreover, cannabis might deter brain injury via protection against neural dam-
age. Cannabinoid’s protective processes involve CB2 stimulation and regulation of
neuronal homeostasis [174]. Activation of CB1 receptors is another mechanism of
neuroprotection. Cannabinoids activating the CB1 receptor are anti-excitotoxic due
to suppression of glutamatergic activity with a subsequent decrease in nitric oxide
creation [175, 176]. The mixture of THC and CBD exhibited neuroprotection impact
interacting with CB1 and CB2 [177]. Additionally, THC lowered tyrosine hydroxylase-
positive neurons death and demonstrated neuroprotection result via PPARy stimula-
tion [34, 178]. Cannabis/cannabinoids have potential to suspend/block ongoing
brain dopaminergic deterioration and have neuroprotective value in management of
neurodegeneration.

6.2 Analgesic effect of cannabinoids

Pain is a significant and often underestimated symptom of neurological disorders.
Medications to treat pain include analgesics, opioids, and, in some cases, antiseizures.
Unfortunately, the drugs do not have comprehensive effectiveness and can produce
substantial adverse effects. Cannabis has pain-dismissing value. It was reported that
CB receptors in CNS have ability to modify pain sensitivity [179]. In medical inves-
tigations Sativex and smoked cannabis greatly decreased pain feeling in neuropathic
patients [180-182]. In another study, cannabis substantially demoted pain in patients
with distal symmetrical polyneuropathic disorder [183]. Additional studies reinforced
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that cannabis-based medicine significantly decreases chronic pain intensity in
patients with neurological disorders [8]. These findings are supporting the efficacy of
cannabis in relieving pain in various disease states including neurological disorders.

6.3 Antidepressant effect of cannabinoids

Depression and mood disorders are the common symptoms of neurological disor-
ders. Therapy of co-occurring depression and mood conditions is complex and stan-
dard pharmacotherapy may be ineffective. It was reported that mood and emotional
activities are under control of the endocannabinoid system and deficit or obstruc-
tion of the EC signaling system may produce depressing signs [184]. For instance,
rimonabant, CB1 antagonist promoted anxiety and depression [8]. Moreover, CB1 gene
mutations were linked to depression in PD patients [185]. In genetic animals, THC has
stimulated CB1, intensified serotonergic action, and generated antidepressant effect
[186]. Other investigations showed AEA hydrolysis blockage produces antidepressive
impact due to enhanced serotogenic and norepinephric neuronic action [187].

Cannabinoids have possibility to lower depression and mood conditions indica-
tors. CBD shows antidepressive and antipsychotic impacts in depression, and some
other mental conditions [1]. THC in mixture with CBD also produces neuroleptic
effect [188]. But consumption of cannabis herb produced controversial outcomes on
depression and mood disorders [189]. Some studies reported anxiety and increased
symptoms of depression. Conversely, many cannabis users describe an improvement
in mood [190]. Understanding long-term consequences of cannabis use is important
in managing neurological conditions, especially in pediatric patients. The advances of
cannabis should be evaluated versus the dangers/harmful outcomes.

6.4 Antianxiety effect of cannabinoids

Many patients with neurological disorders have anxiety. The current anxiety
treatment is cognitive-behavioral therapy together with antianxiety medicines.
Administration of these drugs lead to dependence and tolerance with increasingly
larger doses needed and produces many overdose-related fatalities. Cannabinoids
impact on anxiety is complicated since cannabinoids antagonistically influence brain
functions [1]. THC psychotropic stimulation is transient and could create retention
and intellectual destruction [191]. THC was also linked to psychosis and severe anxi-
ety [192]. Oppositely, CBD generates anxiolytic impact and blocks THC anxiogenic/
psychotogenic influence [193]. CBD increases AEA concentrations via inhibition of
FAAH [1]. Elevated AEA concentrations are associated with lowered depression and
nervousness. Additionally, CBD anti-anxiogenic impact might be due to modulation
of serotonin, adenosine, TRPV1, GABAA and PPAR receptors [1]. CBD exhibited
effectiveness as anxiolytic agent in genetic animals [194, 195]. Animal studies advo-
cate CBD has value as a prospective medicine for various anxiety disorders and as an
inhibitor of lifelong anxiogenic outcomes [196, 197]. Medical research proves results
of animal studies. CBD radically weakened anxiety, intellectual and speaking failings
and improved remembrances in patients with common anxiety syndromes [1]. Brain
examinations demonstrated alteration of blood circulation in limbic brain regions
after CBD administration. This finding was associated with CBD anti-anxiety effect
[198]. In another study, CBD as add-on treatment reduced anxiety in 79.2% patients.
However, 15.3% of the patients faced intensified anxiety [199]. Some additional
investigations have also informed that CBD produces anxiolytic effect in various
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populations [1]. Nonetheless, extra studies are needed to confirm the value of CBD as
a therapy for anxiety.

6.5 Effect of cannabinoids on sleep disorders

Various sleep problems are the very frequent syndromes in neurological disorders
[200]. Pharmacologic treatment of sleep conditions involves drugs most of which
are hypnotic. These medications are a source of severe adverse effects. Cannabis has
demonstrated slight calming validity in animals and humans [201]. A medical study
revealed that cannabis administration bettered sleep quality and decreased sleep
length in 79% individuals [202]. Nabiximols improved subjective sleep factors in
2000 patients with pain [203]. THC and CBD affect sleep differently. In an early clini-
cal research, THC generated sleepy result [1]. Conversely, in a later study THC did not
create an impact on nighttime sleep and enhanced daytime sleep [204]. Another trial
reported that THC reduced nocturnal sleep length due to developed tolerance to its
sedative impact [205]. CBD opposes THC action via activation of the brain awaken-
related areas and increasing dopamine concentrations [1]. CBD augmented sleepless-
ness throughout light-on time, improved lights-off sleep, and inhibited sleep rebound
after sleep absence [1]. In study with 72 individuals CBD improved sleep results in
66.7% of the patients [199]. CBD appears to optimize sleep and improve associated
sleep problems and may have a beneficial value in some sleep conditions.

7. Summary

Cannabis and related compounds have recently been studied as promising thera-
peutic agents in treatment of neurological disorders. Research studies have provided
evidence for the potential effectiveness of medical marijuana and its components in
the treatment of these disorders. Cannabis may offer a viable alternative or addition
to the current treatment of neurological diseases. However, cannabis and related com-
pounds may create not only the medicinal consequences but also generate threatening
conditions. Constant cannabis consumption was correlated with several mental dif-
ficulties. Additional worries are relative absence of standardizations and regulations,
inaccurate dosage, and potential adverse results. More investigations are required to
obtain additional information on medicinal value and safety of cannabinoids.
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Resveratrol and Curcumin:
Extending the Frontier of
Phytomedicine

Tracey Lynn Harney

Abstract

The health of the oral cavity is a starting point for overall health, and systemic
inflammation can arise when the oral health is compromised, leading to an increased
risk of developing cardiovascular, metabolic, autoimmune, and neurodegenerative
disease or cancer. Fortunately, nature has provided us with bioactive molecules like
polyphenols, such as curcumin and resveratrol, which have demonstrated a capacity
for immunomodulation, regeneration, and repair. One of the challenges for the bio-
medical scientific community that has delayed the actualization of the full potential
of phytochemicals like curcumin and resveratrol as potent therapeutic agents is the
fact that they display low oral bioavailability, instability, and rapid clearance, making
them unsuitable as medicines by modern pharmacological standards. Thankfully, the
application of nanotechnological design has provided a viable solution to the poor
pharmacological profile of curcumin and resveratrol, making their clinical translation
a feasible emergence in the near future.

Keywords: polyphenols, resveratrol, curcumin, phamacognosy, nanotechnology,
periodontitis, inflammation

1. Introduction

Inflammation is a natural immunological response that protects us from invasion
in the short term, but if unresolved and persistent for the long term, it can become
destructive to tissues. In general, diseases that are governed by inflammation con-
tribute to decreased quality of life and premature aging and have become an area of
focus in research to determine the best approach for their prevention, treatment, and
management [1]. The development of chronic systemic inflammatory conditions is
multifaceted including factors such as immune resilience, genetics, age, lifestyle, and
socioeconomics. For example, chronic periodontitis, a complex inflammatory condi-
tion originating in the oral cavity, has been associated with an array of conditions
spanning the physiological systems, including, but not limited to, cardiovascular,
neurological, pulmonary, metabolic, autoimmune disease, adverse pregnancy out-
comes, and cancer [2-4]. Fortunately, the reported crosstalk between a spectrum of
inflammatory conditions has led researchers to some common biochemical targets
that hold potential for the mitigation of chronic systemic inflammation and/or the
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stimulation of the restoration of tissue [5-7]. Interestingly, certain phytochemicals,
called polyphenols, have been found to modulate these significant biochemical targets
involved in the promotion of chronic deregulated inflammation [7]. Consequently,
polyphenolic phytochemicals such as curcumin and resveratrol have been reported
to be prospective therapeutics for the adjunct treatment of periodontitis [7-10].
Unfortunately, one of the obstacles presented by many polyphenolic phytonutri-
ents is their inadequate clinical translation, often due to low bioavailability, rapid
metabolism, and/or low stability, which has earned them a reputation for having a
poor pharmacological profile [11, 12]. This is further evidenced by the many studies
being conducted to enhance the bioavailability and stability of curcumin and resve-
ratrol, thus optimizing their therapeutic potential and improving their translatability
into clinical practice [13-15]. An example of a cutting-edge enhancement tool is the
integration of nanotechnology, which has been shown to increase the drug profile

of a multitude of therapeutics used in pharmacognosy [13, 15]. Moreover, both
curcumin and resveratrol are available internationally as supplements, but the purity
varies from product to product, and dosing for specific ailments can be complicated,
because like many bioactive phytochemicals, curcumin and resveratrol display a
biphasic dose-response drug profile [16, 17]. This chapter surveys the therapeutic
application of phytochemical polyphenols curcumin and resveratrol, using chronic
periodontitis as a framework for their potential therapeutic application, and some
common systemic inflammatory-mediated conditions with which it is associated.

2. Periodontitis: a framework for exploring inflammatory disease

Chronic periodontitis is a globally prevalent inflammatory condition that involves
an unresolved persistent pathogenic biofilm, chronic inflammation, and gradual
destruction of the tissues supporting the tooth [18, 19]. The clinical diagnostic param-
eters for periodontitis include probing pocket depth (PPD), relative attachment level
(RAL), plaque index (PI), and bleeding on probing (BoP). The severity of the condi-
tion is determined by the practitioner via the interpretation of the extent of gingival
detachment, periodontal ligament destruction, and alveolar bone loss parameters.
Risk factors, such as age, genetics, smoking, and extraoral inflammatory conditions,
are also taken into consideration [20]. Here, the gingival crevice transmutes into a
pathogenic periodontal pocket. If left untreated, periodontitis can lead to edentulism
and an increased risk of developing systemic inflammatory disease [18, 19]. Figure 1
shows a summary of the conditions linked to periodontitis.

2.1 Pathogenesis of periodontitis

The pathogenesis of periodontitis is complex and involves an unfavorable shift
in the normal oral microbiota resulting in the gradual development and maturation
of a dysbiotic pathogenic biofilm that is disproportionately populated with oppor-
tunistic pathogens referred to as a red complex of bacteria (e.g., Tannerella forsythia,
Treponema dentolitica, and Porphyromonas gingivalis) [18-20].

Over time, periodontal pockets form in regions where the gingiva has become
detached from the tooth due to chronic inflammatory damage. Periodontal pockets
provide an optimal anaerobic environment for the destructive red complex bacteria to
thrive. This is one mechanism through which the cycle of immune dysregulation and
tissue destruction observed in periodontitis is perpetuated [18-20].
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Figure 1.
Diseases that are associated with periodontitis.

Periodontal pockets may also act as reservoirs from which pathogenic bacterial
cells and their virulence factors can be disseminated throughout the body. For exam-
ple, periodontal pathogenic bacteria have been found in the systemic circulation of
periodontitis patients following chewing or brushing [21, 22]. This frequent transient
bacteremia is a key factor linking the local oral inflammatory process with systemic
inflammation. It is also important to note that Gram-negative cell walls have an outer
membrane, with lipopolysaccharide (LPS), also known as endotoxin, which presents
as a pathogen-associated molecular pattern (PAMP), triggering pattern recognition
receptors (PRRs) such as Toll-Like Receptor (e.g., TLR4) pathways which produce
pro-inflammatory factors when the bacteria are killed or disrupted. For example,
when LPS binds to TLR4, it activates signaling pathways (e.g., Mitogen-activated pro-
tein kinase (MAPK) and nuclear factor kappa-light-chain-enhancer of B cells (NF-
kB)) which result in the release of pro-inflammatory cytokines such as interleukin-1p
(IL-1B), IL-6, and tumor necrosis factor-a (TNF-a). Additionally, the innate and
adaptive host immune responses lose homeostasis and become distorted due to the
negative influence of the dysbiotic pathogenic microbiota and their virulence factors
on the host’s immune system. Such immune dysregulation results in the deleterious
evolution of innate immune cells (e.g., polymorphonuclear cells (neutrophils) and
macrophages) as well as the deregulated activation of formed elements that govern
adaptive immunity (e.g., B and T lymphocytes), resulting in the secretion of more
pro-inflammatory cytokines such as interferon-Y (IFN-Y), IL-1, IL-6, TNF-a, and
IL-17. Furthermore, the perpetuity of inflammation observed in chronic periodontitis
is supported by IL-17 and the destructive proteolytic enzymes, matrix metalloprote-
ases (e.g., MMP-9) remain active, resulting in further tissue damage. Moreover, once
tissue destruction occurs, even further inflammation is perpetuated from the activa-
tion of TLRs via the release of damage-associated molecular patterns (DAMPs) from
injured tissues [18, 19, 23].

2.2 Comorbidities of periodontitis

Common comorbidities of chronic periodontitis include, but are not limited to,
autoimmune disease, pulmonary disease, neurodegenerative disease, metabolic dis-
ease, adverse pregnancy outcomes, and cancer [24]. The highly intricate relationship
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between periodontitis and systemic inflammation is evident by the fact that patients
with type 2 diabetes mellitus (DMII) have altered microbiomes and a noted suscepti-
bility to developing periodontitis [25]. Moreover, since patients with chronic peri-
odontitis have a higher chance of presenting with insulin resistance, the relationship
between the risk of DMII and periodontitis is likely bidirectional [26].

It is also worth noting that many studies have reported the presence of red com-
plex bacteria and/or their DNA in the distal tissues of patients with periodontitis.
For example, red complex bacterial cells, which have been found inside local cells
of the oral cavity, have also been discovered within the atherosclerotic plaques of
coronary artery disease patients, cancerous tumors, and the amyloid beta plaques of
Alzheimer’s patients [27-30]. Moreover, since Gram-negative bacteria, such as those
identified as members of the red complex of periodontitis, constitutively release outer
membrane vesicles (OMVs), (virulence factor-loaded membrane-bound nanopar-
ticles, approximately 50-250 nm in size), they can easily enter any local or distal
cell where they alter cellular processes with potency. Therefore, dramatic alterations
in the immune response of distal tissues and organs can take place without the red
complex bacteria themselves being present [27].

Hence, the interplay between local and systemic immune dysregulation may be
partly due to the dissemination of bacteria and their damaging products throughout
the body, in addition to the long-term release of locally produced pro-inflammatory
molecules into the systemic circulation from the locally inflamed area within the
oral cavity [2, 5]. Interestingly, a causal relationship between periodontitis and the
diseases that it has been linked to has not yet been confirmed. This is partly due to
the inconsistency in the reporting of the degree to which periodontitis contributes as
arisk factor for a given condition [2, 5, 31]. Nonetheless, because both periodontitis
and systemic inflammatory diseases are governed by deregulated molecular path-
ways, it is feasible to consider that therapeutic agents that are found to ameliorate any
of these conditions via the modulation of key biomolecular targets may act as promis-
ing therapeutics for their resolution [2, 7].

2.3 Treatment of periodontitis

Conventional treatment of periodontitis involves the removal of the pathogenic
biofilm and diseased tissue through scaling and root planing (SRP), antibiotics,
comprehensive care, and, in some cases, adjunct therapy to reduce the probability
of recurrence [32, 33]. A novel approach to SRP includes periodontal endoscopy,
where the bacterial colonies are gently removed with the assistance of a tiny
camera called a periscope that inserts into the subgingival periodontal region
for gentle removal of all infected colonies and material. PE-assisted SRP, which
requires specialized skills through intensive training, has been reported to have
effective outcomes [34-37].

In addition to SRP (with or without the assistance of PE), adjunct therapies such
as host modulation, which aims to suppress the destruction of connective tissue hence
supporting regeneration of both soft and bony tissues, have been used as an adjunct
therapy with success [33, 37]. For example, the host-modulating drug, Perisostat®,
which consists of a sub-antibiotic dose of doxycycline (SDD), has demonstrated
improved outcomes, partly due to its ability to inhibit destructive proteolytic enzymes
such as MMP-9, encouraging restoration of the periodontium and gingival reat-
tachment. Since the molecular mechanism of MMP-9 inhibition (MMP-9 inhibition
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active site) is elucidated, novel host modulators are being investigated, based on their
molecular structure [33, 37, 38]. Hence, three generations of host-modulating mol-
ecules have been explored since their dawn in the late twentieth century. Interestingly,
since it was the polyphenolic region of the doxycycline that was interacting with the
MMP-9 inhibitory active site, the third generation of host-modulating molecules
being currently investigated includes polyphenolic phytochemicals, curcumin, and
resveratrol [33].

3. Pharmacological action of curcumin

Curcumin, (1E,6E)-1,7-bis (4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-di-
one, is a bioactive polyphenolic compound sourced from the rhizome of the plant
Curcuma longa, also known as turmeric. Curcumin is what gives turmeric its deep
orange color. Figure 2 shows the molecular structure of curcumin and a photograph
of the rhizome of turmeric.

Curcumin has been found to demonstrate a breadth of beneficial effects including
but not limited to antimicrobial, antioxidant, antitumorigenic, antiviral, antidiabetic,
anti-inflammatory, antilipidemic, cardioprotective, hepatoprotective, neuroprotec-
tive, and vulnerary action [39, 40]. The mechanism of the anti-inflammatory action
of curcumin has been reported to involve the inhibition of pro-inflammatory pathway
mediators such as NF-kB and the attenuation of inflammatory enzymes like cyclooxy-
genase-2 (COX-2), lipoxygenase (LOX), and inducible nitric oxide synthase (iNOS).
The pleiotropic effects of curcumin have made it a molecule of interest for the treat-
ment and prevention of many conditions [39, 40].

Curcuma longa Polygonum cuspidatum
(Turmeric) (Japanese knotweed)

HO\

OH

CURCUMIN TRANS-RESVERATROL

Figure 2.
Molecular structure and plant sources for curcumin and trans-resveratrol.
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3.1 Curcumin and periodontitis

Assessed for its efficacy in pre-clinical ligature-induced periodontitis animal
model studies, in vitro assays, and, to a lesser extent, clinical trials, curcumin has been
found to inhibit destructive collagenase enzyme MMP-9, reduce alveolar bone loss
whilst supporting osteogenesis, decrease pro-inflammatory cytokine production,
and resolve red complex bacterial infection and biofilm formation [33, 41, 42]. For
example, a 2022 histological study, comparing tetracycline to curcumin as adjunct
treatments to SRP, concluded that the decreased inflammation and bone loss resulting
from curcumin was comparable to that of tetracycline [43]. Details of the mechanisms
of action regarding the mitigation of periodontitis by curcumin are highly complex
and still being established but have been reported to be partly due to its suppres-
sion of pro-inflammatory pathways governed by molecular targets such as MAPK,
NF-kB, and Janus kinase/signal transducers and activators of transcription (JAK/
STAT) pathways [8]. Interestingly, curcumin has also been reported to manage the
pathogenic dysbiotic biofilm displayed in periodontitis by way of its antimicrobial
action. An iz vitro study found that curcumin inhibited the cytotoxic effects of P
gingivalis (OMZ314 strain, which is highly invasive) by preventing the adhesion and
entry of OMVs into human gingival epithelial cells. Because OMVs are highly complex
stealth virulence factors that can easily disseminate and enter cells throughout the
body, they are major contributors to the pathogenesis of periodontitis, and this study
provides evidence for the preventative application of curcumin [44]. There have also
been studies reporting curcumin as a safe and efficacious adjunct to SLP and has been
found to be as effective as chlorohexidine (i.e., an antiseptic) in improving clinical
parameters (e.g., BI, CAL, and PPD) [45].

3.2 Curcumin and cardiovascular disease

An increased risk of heart disease such as myocardial infarction, stroke, and
atherosclerosis has been associated with poor oral health for decades and curcumin
has demonstrated cardioprotective action by way of the attenuation of molecular
pathways that govern oxidative stress, apoptosis, and inflammation. The effect of
curcumin has been reported to include, but not be limited to, preventing the develop-
ment of foam cells (formed as a part of the disease process of atherosclerosis), sup-
porting the remodeling of the ventricular chambers of the heart, and reducing scar
tissue formation via the inhibition of myocardial hypertrophy and fibrosis [46, 47].
Oxidative stress is often observed in cardiovascular disease because it induces inflam-
mation and destruction of myocardial cells. Additionally, abnormally elevated free
fatty acid in the systemic circulation, which is often the result of obesity and/or a
high-fat diet, induces inflammatory pathways governed by the transcription factor,
NF-kB, which results in the increased expression of pro-inflammatory cytokines,
IL-1B, TNF-a, and IL-6. Animal studies have also shown that curcumin has been
found to suppress high-fat diet-induced cardiac inflammation via the inhibition of
NF-kB. Further to this, the anti-atherosclerotic action of curcumin has been reported
to be due to its activation of the enzyme 5’ adenosine monophosphate-activated
protein kinase (AMPK), which leads to the activation of NAD-dependent deacetylase
sirtuin-1 (SIRT1) and subsequently, liver X receptor alpha (LXR-a), ultimately result-
ing in the efflux of cholesterol and a reduction in the accumulation of lipids in foam
cells [46, 47]. Further protection of the myocardium is denoted from AMPK activa-
tion via optimized metabolism, the stimulation of mitochondrial biogenesis, and the
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suppression of myocardial apoptosis. Even though specific targets are yet to be fully
elucidated, the potential mechanism for the cardioprotective action of curcumin has
been reported to be the result of its regulation of various signaling pathways (e.g.,
AMPK, Nrf2, JAK/STAT, NF-kB, phosphatidyl inositol 3-kinase (PI3k)/protein kinase
B (Akt), MAPK, Notch, mammalian target of rapamycin (mTOR), peroxisome
proliferator-activated receptor (PPARs), and arachidonic acid) [48, 49].

3.3 Curcumin and cancer

Anticancer action of curcumin, which has been observed from iz vitro and in vivo
animal studies, is related to its ability to affect signaling pathways resulting in dimin-
ished cancer cell proliferation, migration, and invasion, as well as induction of cancer
cell autophagy (natural cell self-recycling) and apoptosis (i.e., programmed cell
death) [50, 51]. Further to this, malignant tumors often grow their own blood supply
via a process called angiogenesis. Curcumin has been found to inhibit this process,
thus slowing tumor formation. The majority of randomized clinical trials investigat-
ing curcumin as a cancer therapy have set up curcumin as an adjunct to conventional
therapy, where it has been reported to improve survival and/or improve quality of life
for various cancers. Interestingly, the results of a 2019 randomized clinical trial on
prostate cancer patients suggested that curcumin (1440 mg/day orally) significantly
suppressed PSA progression during the curcumin treatment period (p = 0.0259) [51].

Epigenetics, which contributes to the regulation of gene expression, is the study of
changes in genetic expression which are brought about in the absence of any change
in the gene sequence. Epigenetic mechanisms include methylation of DNA, histone
modification (e.g., acetylation/deacetylation), and micro-RNA (miRNA) expression.
DNA methylation suppresses the expression of a given gene due to the hydrophobic
effect of the methyl groups. Further to this, cancer cells can express irregular hypo-
and/or hypermethylation of DNA. For example, abnormal hypermethylation may
turn off anticancer genes (e.g., tumor suppressor genes) whilst abnormal hypo-
methylation may turn on cancer-supporting genes (e.g., oncogenes) [52]. Acting asa
modulator, curcumin has been found to restructure irregular DNA methylation pat-
terns via demethylation. Since carcinogenesis has been linked to the irregular activity
of enzymes histone acetyltransferases (HATs) and histone deacetylases (HDACs),
which govern histone acetylation and deacetylation, respectively, molecules that
inhibit HDACs have been a target for new cancer drug discovery. Interestingly, it has
been suggested that curcumin restores balance in the activity of HDACs/HATs and
it has been found to attenuate HATs/HDACs in a tissue-specific manner. Curcumin
has also been found to boost p53 acetylation via its inhibition of HDAC1, resulting in
tumor suppression and apoptosis. The expression of miRNA, which exerts epigenetic
control of gene expression, is also modulated by curcumin according to the tissue
and the nature of the imbalance. Over recent decades, there have been some success-
ful anticancer drugs designed based on epigenetic principles and there is a body of
research emerging noting that phytonutrients work at this level [52, 53].

3.4 Curcumin and metabolic disease

The antilipidemic effect of curcumin has been examined via studies of its effect on
non-alcoholic fatty liver disease (NAFLD). A randomized placebo-controlled clini-
cal trial was conducted on 50 patients diagnosed with NAFLD where they compared
the effect of lifestyle modification vs. curcumin supplementation only. The results
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showed that curcumin supplementation significantly decreased hepatic fibrosis

(p > 0.001) and NF-kB (p > 0.05) [54]. Further to this, a 2022 systemic review and
meta-analysis of over 20 years of controlled trials were conducted, which concluded
that curcumin significantly improved NAFLD severity (P = 0.02), demonstrated liver
steatosis improvement (p = 0.004), and improved liver function as evidenced by the
significant reduction in AST and ALT (p < 0.001). Furthermore, the BMI and total
serum cholesterol were also significantly reduced (p = 0.004 and p = 0.04, respec-
tively) with curcumin supplementation [55].

In addition to its antilipidemic effect, curcumin has been found to have an
antidiabetic effect. This is evidenced by studies commenced with DMII patients,
who commonly present with insulin resistance and poor glucose management
which was found to be improved by curcumin supplementation [56, 57]. For
example, a 2021 systemic review exploring the effect of various curcumin supple-
mentation formulations on DMII concluded that curcumin should be considered
as a therapeutic for DMII because it was found to significantly suppress oxidative
stress, the inflammatory process whilst significantly reducing BMI, blood glucose
concentration (fasting), and glycated hemoglobin (Hb-Alc) [56]. Moreover, a sys-
temic review and meta-analysis of randomized controlled trials reported similar
findings for the amelioration of DMII parameters via curcumin supplementation.
In this study, the homeostasis model assessment insulin-resistance (HOMA-IR),
Hb-Alc, triglycerides (TG), and total cholesterol (TC) values were gathered, and
the findings indicated that HOMA-IR values were significantly lower than those
of the control in Middle Eastern and Asian subgroups (p < 0.00001 and p = 0.02,
respectively). Additionally, Hb-Alc was significantly reduced (p < 0.0001) as
were the TC and TG (p = 0.006 and p = 0.01, respectively, in the Asian subgroup)
values [57].

3.5 Curcumin and neurodegenerative disorders

Further to this, curcumin has been assessed as a therapeutic for neurodegenera-
tive conditions, which have a complex array of contributing factors such as oxidative
stress, neuroinflammation, and damage to neurons as key features of their patho-
genesis [58]. Additionally, curcumin has been reported to aid in the prevention and
slowing of the progression of neurodegenerative diseases by way of the modulation
of significant biochemical pathways that reduce oxidative stress and neuroinflamma-
tion [58-60]. For example, curcumin has been reported to reduce the progression of
Alzheimer’s disease (AD) by inhibiting the formation of amyloid beta peptide (Af)
(murine model), which forms plaques. It has been proposed that curcumin interferes
with the pathogenesis of AD via the downregulation of BACE1, which executes the
aberrant cleavage of amyloid precursor peptide (APP), which forms insoluble and
therefore aggregation-sensitive Ap monomers that contribute to the formation of
plaques [59]. Interestingly, curcumin supplementation applied to murine models
of Parkinson’s disease (induction via rotenone treatment) demonstrated improve-
ment via the reduction in Lewy bodies. It is also worth noting that curcumin is being
considered as a potential mitigator of multiple sclerosis, a neuroinflammatory demy-
elinating autoimmune disease affecting young people. In vitro studies pre-treating
human astrocytes (U375-MG cell line) with LPS found that curcumin significantly
reduced the release of pro-inflammatory cytokine IL-6 and inhibited the activity of
destructive proteolytic enzyme MMP-9, which has been found to be involved in the
breakdown of the blood-brain barrier [61].
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3.6 Curcumin and autoimmune disease

The current conventional pharmacological interventions for the mitigation of
autoimmune conditions, such as rheumatoid arthritis (RA), include a lot of deleteri-
ous side effects. Fortunately, with the intention of finding less-toxic approaches, cur-
cumin has been explored as a treatment with reports of improvement. For example,

a systematic meta-analysis from 2023 examining the effects of oral curcumin supple-
mentation on RA reported that curcumin supplementation significantly reduced
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), disease activity
scale (DAS), rheumatoid factor (RF), visual analogue scale (VAS), tender joint counts
(TJC), and swollen joint counts (SJC) in RA patients [62].

Moreover, curcumin has shown some promise as a treatment for the autoimmune
disease, systemic lupus erythematosus (SLE). Although there are little data avail-
able regarding clinical trials, pre-clinical animal model studies have demonstrated
promise. For example, a 2020 study employing an established induced SLE model
in mice (i.e., NZBWF1 mice) examined the attenuation of autoimmunity and renal
damage via the administration of an oral gavage (500 mg/Kg/day in corn oil) of
curcumin over 14 days. The early treatment group started at 26 weeks old, and the
later treatment group commenced at 32 weeks of age. The results demonstrated that
SLE-curcumin-treated mice preserved lean body mass compared to the control group
(NZBWF1 mice + corn oil only) at a temporal juncture where cachexia would have
typically occurred (i.e., 32-34 weeks old). Additionally, the spleen mass, which was
used as an index for immune activity, was significantly lower (p > 0.0001) in the
early treatment group of SLE-curcumin-treated mice (i.e., commenced at 26 weeks
old). Further to this, the SLE mice treated at 32 weeks old demonstrated a significant
reduction in renal damage (p = 0.05) [63].

3.7 Curcumin and pulmonary disease

Chronic obstructive pulmonary disease (COPD), such as emphysema, or chronic
bronchitis is a condition of chronic inflammation and tissue damage deleteriously
affecting lung function. Interestingly, a 2022 systemic review on the effects of
curcumin on COPD concluded that although there was a shortage of randomized
clinical trials available, according to the nine included articles examined, curcumin
could exert anti-inflammatory actions within the pulmonary tissues and was reported
to impede the thickening of alveolar tissue and prevent complications leading to local
ischemia from lack of blood supply to tissues [64].

3.8 Curcumin and adverse pregnancy outcomes

Additionally, adverse pregnancy outcomes like preterm births, gestational diabe-
tes, and low birth weight have been linked to poor oral health due to the dissemina-
tion of pathogenic bacteria and/or their destructive virulence factors through the
maternal bloodstream to the placental tissues. Curcumin has been reported to prevent
and improve the incidence of negative pregnancy outcomes [65-67]. A review in
Antioxidants which examined a collection of in vitro (mostly animal) and iz vivo
(animal) studies assessing the viability of curcumin as a supplement to reduce adverse
pregnancy outcomes was conducted in 2021. The study reported that curcumin
supplementation beneficially modulated key biochemical aspects of the pathogenesis
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of common adverse pregnancy outcomes such as gestational diabetes, preterm births,
preeclampsia, teratogenicity, and slow fetal growth restriction [67].

4. Pharmacological action of trans-resveratrol

Trans-resveratrol, trans-3,5,4'-trihydroxystilbene, is the bioactive isomer of the
polyphenolic bioactive molecule found in many plants which is popularly known
to be sourced from red grape skins, but its richest source is from the rhizome of the
Japanese knotweed (Polygonum cuspidatum) [68, 69]. Additionally, it is the trans-
isomer that has been found to possess bioactivity and therefore trans-resveratrol has
been the focus of resveratrol studies. Trans-resveratrol has been extensively studied
for its cardioprotective, neuroprotective, hepatoprotective, antitumorigenic, anti-
oxidant, anti-inflammatory, immunomodulatory, and beneficial metabolic effects.
Trans-resveratrol has been found to modulate deregulated inflammation via the
attenuation of the arachidonic acid (AA), NF-kB, MAPK, and activator protein-1
(AP-1) signaling pathways. It has been suggested that the mechanism through which
trans-resveratrol exerts its anti-inflammatory action via the AA pathway is by inhibit-
ing cyclooxygenase enzymes, COX-1 and COX-2. Further to this, the mechanism of
action of trans-resveratrol as an antioxidant is executed via the direct scavenging of
free radicals and the inhibition of the production of free radicals. For example, in
vitro studies have shown that trans-resveratrol scavenges superoxide, hydroxyl free
radical, hydrogen peroxide, and peroxynitrite. Additionally, trans-resveratrol exerts
antioxidant action by way of upregulating antioxidant enzymes such as superoxide
dismutase (SOD), glutathione peroxidase, and the antioxidant glutathione [68-70].
Figure 2 shows the molecular structure of trans-resveratrol and a photograph of
Polygonum cuspidatum (Japanese knotweed).

4.1 Trans-resveratrol and periodontitis

Trans-resveratrol has been investigated as a viable treatment for periodontitis due
to its ability to attenuate deregulated inflammation, reduce free radical damage, and
support the regeneration of tissues [71-75]. For example, there are several pre-clinical
reports using the ligature-induced periodontitis animal model that demonstrated
the decrease in the expression of pro-inflammatory cytokines such as IL-1p, TNF-a,
IL-6, IL-8, interferon-gamma (IFN-Y), and IL-17, with the concomitant increase in
anti-inflammatory cytokines such as IL-4 in the periodontal tissue [71-73]. Further to
this, it was also reported through immunobinding assays, the reduction in destructive
proteases such as MMP-9, MMP-2, the decrease in both oxidative and nitrosive stress
markers (e.g., dityrosine and NOx, respectively) in the local tissues [74]. Moreover,
RT-PCR demonstrated an increase in the expression of antioxidants (e.g., SOD,
SIRT1, and Nrf2) in the periodontal tissues, elucidating some of the mechanisms
of the antioxidant action of trans-resveratrol [72, 74]. Furthermore, the observed
decrease in NF-kB expression, which is accompanied by an increase in the expression
of AMPK, has given rise to further information about the mechanism of anti-inflam-
matory action [72]. Animal model studies also consistently found that trans-
resveratrol significantly reduced alveolar bone loss, as indicated by morphometric
analysis and Micro-CT [73, 74]. Interestingly, a 2023 in vitro study employing human
gingival-derived mesenchymal stem cells (hGMSCs) from periodontitis patients,
which incubated the cells for 12 hours in medium with or without trans-resveratrol,
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and qRT-PCR showed that the experimental group had a significantly lower expres-
sion of the NF-kB gene. Additionally, trans-resveratrol was found to increase the
proliferation of the hGMSCs, showing its restorative action [75].

4.2 Trans-resveratrol and cardiovascular disease

The pathophysiological process of cardiovascular diseases such as myocardial
infarction, hypertension [76, 77], atherosclerosis [77], and congestive heart failure
[78] involves oxidative stress as well as cardiac remodeling [76]. The cardioprotective
mechanism of trans-resveratrol involves the activation of signaling pathways that
support the metabolism and repair of cardiomyocytes, optimizing endothelial func-
tion and inhibiting cardiac remodeling [77]. Furthermore, it has been suggested that
the anti-atherosclerotic action of trans-resveratrol may be executed via its downregu-
lation of PI3K/Akt/mTOR signaling pathways, which prevents the overproduction of
endothelial cells, a key feature of the pathogenesis of atherosclerosis [79]. Moreover,
trans-resveratrol may attenuate cardiac fibrosis (seen in post-MI patients) by way of
the inhibition of TGF-p/Smad pathways and alleviate oxidative stress via the activa-
tion of Nrf2 signaling pathway which inhibits the pro-oxidant enzyme NADPH
oxidase whilst activating antioxidant enzymes [80, 81].

4.3 Trans-resveratrol and cancer

There have been thousands of pre-clinical studies reporting on the anticancer
effects of trans-resveratrol and the body of evidence has demonstrated that its
mechanism of antitumorigenic action is pleotropic. That is, trans-resveratrol has
been found to be a useful cancer therapeutic for many cancers (e.g., breast, colon,
prostate, and multiple myeloma) due to its action on many modes of carcinogenesis
including, metastasis, invasion, migration, and angiogenesis [82-85]. Moreover,
when combined with other therapeutics, trans-resveratrol demonstrates chemo-
sensitization of resistant tumor cells as well as the protection of healthy cells from
the cytotoxic damage of conventional chemotherapy [86]. Trans-resveratrol blocks
cancer proliferation by the downregulation of B-catenin expression and executes the
inhibition of its transport into the nucleus by interfering with the long non-coding
RNA metastasis-associated lung adenocarcinoma transcript-1 (MALAT1) [87].
Additional anti-proliferative action by trans-resveratrol is carried out via its inhibi-
tion of transcription factor Snail, inhibition of TGF-p/Smad-stimulated epithelial-
mesenchymal transition, the decrease of the expression of (kappa B kinase0)
Ikk-induced transforming growth factor-beta (TGF-p), and the downregulation
of NF-kB [82, 88]. Further to this, the invasion has been found to be inhibited by
trans-resveratrol by way of the inhibition of p-PI3K/p-AKT-mediated (forkhead
box-03) FOXO3a nuclear accumulation as well as the inhibition of proto-oncogene
tyrosine-protein kinase (Src)-STAT3 phosphorylation and the induction of cancer
cell apoptosis [82, 89]. Trans-resveratrol also inhibits AKT/MAPK-induced hypoxia-
inducible factor 1-alpha (HIF-1a) activity whilst increasing the degradation rate of
HIF-1a protein, inhibiting angiogenesis [82, 90].

4.4 Trans-resveratrol and metabolic disease

Studies investigating the effect of trans-resveratrol supplementation on the
management of the systemic metabolic disorder, DMII, which increases the risk
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for other conditions such as periodontitis [91], heart disease [92], neuropathy

[93], hepatic steatosis [94], and obesity [95], have shown that trans-resveratrol

has a beneficial effect [91]. For example, a randomized, double-blinded placebo-
controlled clinical trial from 2022 reported that 24 days of supplementation with
trans-resveratrol (200 mg/day), as an adjunct to hypoglycemics medication, sig-
nificantly reduced diabetic parameters, fasting plasma glucose, HOMA-IR, TNF-q,
IL-6, highly-sensitive c-reactive protein (hs-CRP), Hblc, and malondialdehyde
(MDA), compared to placebo [96]. In 2024, a randomized controlled clinical trial
(NCTO05172947) explored the effect of 90 days of trans-resveratrol supplementa-
tion (500 mg/day) with or without pharmaceutical care on diabetic neuropathy.

It was found that the group that received trans-resveratrol with pharmaceutical

care demonstrated a significant decrease in hyperglycemia, Doleur Neuropathique

4 (DN4), and Michigan Neuropathy Screening Instrument (MNSI) questionnaire
scores. Further to this, the electroneurographic parameters of the trans-resveratrol
with pharmaceutical care were significantly improved, identifying trans-resveratrol
as a viable adjunct therapy for the amelioration of diabetic neuropathy [97]. Another
randomized clinical trial conducted in 2023 (ISRCTN15172592) examined the effect
of 6 months of either 1000 mg/day or 500 mg/day of trans-resveratrol supplementa-
tion on molecular and oxidative stress markers and SIRT-1 in 124 DMII patients.

The study found the most significant increase in antioxidant capacity, antioxidant
gap, percentage of subjects without oxidative stress, and SIRT-1, in the 1000 mg/day
group (P < 0.05) [98].

4.5 Trans-resveratrol and neurodegenerative disease

Alzheimer’s Disease (AD) is characterized by the aggregation of amyloid-beta
(Ap) peptides and phosphorylated tau protein, oxidative stress, and inflammation
in the CNS. The blood brain barrier is breached in AD patients, which allows for
the infiltration of unwanted proteins. Many studies have reported that trans-
resveratrol exhibits neuroprotective, anti-inflammatory activity as well as the
inhibition of neurodegeneration and support of neurogenesis in AD patients [99].
Moreover, trans-resveratrol has also been found to inhibit the accumulation of Ap
peptides, making it a promising therapeutic for AD. For example, a randomized
double-blind clinical trial (CTR20151780X) on patients with mild to moderate
AD, which was conducted in 2021, examined the effect over 52 weeks of oral
supplementation with 500 mg/day of trans-resveratrol. Interestingly, the inves-
tigators found a 46% reduction (p = 0.033) in MMP-9 in the CSF, which suggests
that trans-resveratrol may be effective in maintaining the integrity of the BBB in
AD patients [100].

4.6 Trans-resveratrol and autoimmune disease

The autoimmune disease, rheumatoid arthritis (RA) is a chronic inflammatory
condition presenting with synovitis, formation of a pannus, destruction of bone,
and the deformation and loss of function of the involved joints [101, 102]. Trans-
resveratrol may mitigate cartilage destruction in RA via the activation of SIRT1
resulting in the downregulation of NF-kB, MMP-1, and MMP-13, leading to the
reduction of pro-inflammatory cytokines. Moreover, since trans-resveratrol has been
found to trigger apoptosis in deregulated and destructive fibroblast-like synovial
cells, it may be effective in the alleviation of synovitis [102].
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4.7 Trans-resveratrol and pulmonary disease

Chronic obstructive pulmonary disease (COPD), such as chronic bronchitis and
emphysema, is a progressive disease presenting with compromised lung structure
and function, which is often accompanied by extrapulmonary complications [103].
The oxidative stress and systemic inflammation seen in COPD are partly governed
by NF-kB, which provides insight into possible drug targets [103, 104]. Moreover,
there have been studies using experimental models that have consistently reported
the mitigation of oxidative stress and inflammation in pulmonary tissue following
treatment with trans-resveratrol, which exerts anti-inflammatory via the downregu-
lation of NF-kB, SIRT1 activation [105-107]. Further to this, the cardioprotective and
metabolic optimization features of trans-resveratrol are also of interest, since COPD
patients frequently present with extrapulmonary conditions such as cardiovascular
disease and cachexia. Fortunately, trans-resveratrol activates AMPK, which in turn
activates SIRT1, which may promote mitochondrial biogenesis and function in the
muscular and pulmonary tissues of COPD patients. Additionally, trans-resveratrol
activates Nrf2, which ultimately results in a decrease in pro-inflammatory cytokines,
an increase in antioxidant enzymes, and the inhibition of oxidative stress in the pul-
monary tissues. Trans-resveratrol is a promising candidate for the treatment of COPD
due to its ability to diminish damage to the lungs whilst enhancing the mitochondrial
activity in skeletal muscle. However, further human studies must be conducted to
confirm the dosage and duration of treatment [105].

4.8 Trans-resveratrol and adverse pregnancy outcomes

Some common adverse pregnancy outcomes include preeclampsia, gestational
diabetes, restricted foetal growth, and preterm birth [108, 109]. The effect of trans-
resveratrol supplementation on oxidative stress inflammation and other metabolic
deregulation associated with common adverse pregnancy outcomes has been exam-
ined extensively using animal models [110-113]. Trans-resveratrol was reported to
inhibit DNA damage, activate antioxidant enzymes, and modulate intracellular redox
signaling. Further to this, trans-resveratrol crosses the placental barrier providing
antioxidant action to the fetus and placenta [114]. Overall, research indicates that
trans-resveratrol has a positive effect on the mother and fetus and has been reported
as safe. However, further studies are required to ensure safety as some reports
expressed concerns of toxicity at high doses [114].

5. Curcumin and trans-resveratrol: improving drug profiles

There have been thousands of papers published on the therapeutic potential of
curcumin and trans-resveratrol over a few decades, including many pre-clinical trials.
However, the reports have been inconsistent as both polyphenols have tissue-specific
effects which combined with their biphasic dose response increase the complexity
involved in dosing for specific ailments [11, 115].

Additionally, in crude form, both curcumin and trans-resveratrol demonstrate low
water solubility, poor bioavailability, rapid metabolism, and clearance [11, 115-117].
Further to this, trans-resveratrol is also photosensitive and stable within a narrow
optimal pH range (pH 6-8), making stability an issue. The disappointing pharmaco-
logical profile of trans-resveratrol and curcumin has motivated researchers to harness
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their potential by finding novel ways to improve the pharmacokinetics/dynamics of
both molecules to unlock their potential as viable therapeutics [117].

One natural way to improve the pharmacological profile of curcumin and trans-
resveratrol is via combinations that encourage synergy. For example, trans-resveratrol
and curcumin have been found to have a synergistic effect when combined with each
other [118-120]. Further to this, curcumin has been found to be synergistic when
combined with the polyphenol, piperine, a combination already existing in Indian
cuisine and traditional medicine (i.e., turmeric and pepper) [121].

One of the most significant areas that has led researchers to more potentized
curcumin and trans-resveratrol involves the integration of nanotechnology.
Nanotechnology entails the exploitation of the unique properties of matter at the
nanoscale (i.e., one nanometer (nm) is 1 x 10° m). A nanomaterial is defined as any
material with at least one dimension that is 100 nm or less [122].

5.1 Nano-formulations of curcumin and trans-resveratrol

There are many ways that a drug delivery system can be engineered using nanotech-
nology and many nanotechnology-enhanced formulas have been reported to improve the
drug profile of hydrophobic therapeutics, including both curcumin and trans-resveratrol
[123, 124]. For example, orally administered nano-enhanced formulas of curcumin have
demonstrated a 60-fold increase in bioavailability in animal models [125].

However, there are many different nano-formulation types, each engineered to
enhance therapeutic action. For example, liposomes, which are phospholipid-derived
vesicles resembling the cell membrane, have many benefits including high stability,
biocompatibility, biodegradability as well as low toxicity [13, 126]. Moreover, liposo-
mal curcumin has been reported to have potent anticancer activity i vitro and in vivo.
For example, a study on PC-3 human prostate cancer cells concluded that cell survival
was much lower compared to curcumin in its crude form [127].

Nanoparticles (NPs), which are 1-100 nm in size, represent another viable nano-
formulation for the enhancement of the activity of curcumin [13]. For example,
curcumin solid lipid nanoparticles (CURC-SLN) were found to display greater stabil-
ity and dispersibility whilst activating greater apoptosis in adenocarcinoma breast
cancer cells (MDA-MB-231 cell line) in vitro compared to crude curcumin [128].
Nanoparticles can be configured in a myriad of ways, as evidenced by the iz vivo
animal model (xenograft) study on the effect of human serum albumin nanoparticles
loaded with curcumin (CURC-HSA-NPs) on antitumor activity. The study showed
that the CURC-HSA-NPs demonstrated higher antitumor action than crude curcumin
[129]. Another NP type includes the formation of conjugates via chemical bonding.
Interestingly, a study using an NP conjugate of PVP, gold, and curcumin (PVP-
CURC-Au) presented with high bioavailability and loading efficiency and was found
to prevent the formation of amyloid beta protein aggregates, making it a promising
therapeutic for the treatment and prevention of AD [130].

Some nano-formulations can be engineered to assemble once in the body. For
example, the application of specific surfactant-oil-co-surfactant ratios can produce
self-nanoemulsifying drug delivery systems (SNEDDS) loaded with the hydropho-
bic phytochemical. Since SNEDDS are engineered to spontaneously emulsify into
easily absorbable nanoparticles once they enter the body, they have been found to
enhance the bioavailability of the therapeutic agent whilst decreasing its clearance.
Both curcumin and trans-resveratrol have been designed as SNEDDS with successful
enhancement of their bioavailability [131, 132].
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Polymeric nanoparticles (PNPs) are polymer-coated nanocarriers that have been
used to assess the effect of enhanced curcumin on the experimental autoimmune
encephalomyelitis (EAE) murine model, 12.5 mg/Kg nano-curcumin polymer had a
significant effect on myelin repair [133].

Dendrimers, which are complex, extensively branched polymeric nanospheres
with special properties, are designed to target specific tissues and have been found
to increase stability and render resveratrol water-soluble resulting in its enhanced
bioavailability [134].

Nanocarriers have also been designed using non-metallic inorganic materials such
as mesoporous silica. A 2022 animal study employing a murine model and MGF-7
human breast cancer cells showed that resveratrol-loaded mesoporous silica nanopar-
ticles (MSN-RES) were able to impede the progress of breast cancer development to a
greater degree than crude Trans-resveratrol [135].

Cyclodextrin encapsulation is also an effective approach to nano-formulations
that increase polyphenol stability and bioavailability. A 2021 study testing the biofilm
attenuating effect of a pediatric oral spray containing hydroxypropyl-beta-cyclodextrin
trans-resveratrol (RV-HPBCD) reported a significant reduction after 2 weeks of treat-
ment in clinical parameters (oral biofilm, bleeding gingiva, and salivary pH) [136].

Functional foods have been enriched, enhanced, fortified, and/or altered with
the intention of optimizing their nutritional profile. Nanotechnology allows for the
fortification of food phytonutrients like trans-resveratrol, which would normally
breakdown during processing and lose bioactivity. Stable nano-scaled powders of
trans-resveratrol have been produced by encapsulating them with biological macro-
molecules like starch, casein, or chitin and nanoencapsulation allows for designing
foods with desired qualities such as time-release [137].

6. Conclusion

From an ethnobotanical perspective, Curcumin longa (Haldi in Ayurvedic medi-
cine), which contains curcumin, and Polygonum cuspidatum (Hu Zhang in traditional
Chinese medicine), which contains a substantial amount of resveratrol in its roots,
have been used to treat many ailments for hundreds or in the case of Haldi, thousands
of years [138, 139]. Figure 3 depicts an overview of the actions of curcumin and
trans-resveratrol. Regarding conventional medicine, several studies have shown that
the polyphenols curcumin and resveratrol have the potential to improve the quality of
life for many humans via the prevention, management, and/or treatment of a myriad
of conditions that are mediated by chronic inflammation, immune deregulation, and
tissue destruction. Unfortunately, there has been a delay in their clinical application
due to the inconsistency in results which has in part been attributed to the complex-
ity of their biphasic pharmacokinetics and tissue-specific actions, making dosing
difficult, as well as their extensively reported low bioavailability, rapid metabolism,
and rapid clearance in crude form. Fortunately, recent advances in nanotechnology
indicate that the poor clinical translation of many promising iz vitro and pre-clinical
studies exploring the efficacy of these polyphenols in their crude form, may indeed
be an idea from the past. With the application of nanotechnology, which offers the
opportunity for seemingly endless designs, an array of new safe and effective precise
medicines could emerge on the market. However, since nano-formulations alter the
pharmacokinetics and pharmacodynamics of these molecules, a standard posology
needs to be established for each design to ensure their safety and efficacy.
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SHARED ACTIONS OF CURCUMIN AND TRANS-RESVERATROL

ANTIOXIDANT ANTI-INFLAMMATORY ANTICANCER NEUROPROTECTIVE

Figure 3.
A general overview of action shaved by curcumin and trans-resveratrol.
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Chapter 3

An Overview of Medicinal Plant
Species Used in Treating and
Managing Diarrhea by
Zimbabwean Traditional Healers:
A Toxicological Assessment

Elliot Nyagumbo, Trust Nyirenda, Cephas Mawere,

Alfred Mutaramutswa, Godwins Ngorima, Donald T. Kapanga,
Leroy Nhari, Marvellous Matsheza, Christine Midzi,

William Pote, Fabian Maunganidze, Lucy Mabaya

and Michael Bhebhe

Abstract

Inadequate sanitation and water infrastructure in Zimbabwe have led to
rising endemicity of gastrointestinal tract infections such as diarrhea. Traditional
medicine remains the primary treatment approach for diarrhea in Zimbabwe due
to affordability and accessibility. This study aimed to document medicinal plants
traditionally used for treating diarrhea in Zimbabwe over the past four decades. A
comprehensive literature review was conducted based on published papers, books,
book chapters, scientific reports and theses. A total of 129 medicinal plants
belonging to 52 plant families used for diarrhoeal treatments were identified.
Fabaceae emerged as the most abundant family with 26 plant species. The study also
documented plant distribution across Zimbabwe and their traditional preparation.
The most common method of preparing plants was infusions of about 45%. Toxicity
assays were evaluated revealing 53.5% toxicological evaluation studies of the
documented medicinal plants. With a concerning toxicity of approximately 46.5%
from the aforementioned plant population, which is presently in use without any
documented toxicity evaluation, this analysis revealed promising medicinal plant
candidates for further investigation and development of future gastrointestinal man-
agement strategies.

Keywords: Ethnomedicinal plants, gastrointestinal diseases, diarrhea, cholera,
dysentery, toxicity, pharmacology, Zimbabwe
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1. Introduction

Diarrhea is a symptom of infections caused by various bacterial, viral and parasitic
organisms, many of which are transmitted through water contaminated with fecal
matter [1]. Common pathogens that cause diarrhea include rotaviruses, Escherichia
coli, Salmonella spp., Shigella spp., Vibrio cholerae and Campylobacter spp. [2]. Rotavi-
ruses are the most predominant pathogen globally and, in sub-Saharan Africa, con-
tributing to approximately 40% of deaths in children under 5 [3, 4]. Escherichia coli is
the second important pathogen responsible for childhood diarrhea in developing
nations and is an increasingly antimicrobial-resistant entero-pathogen in the devel-
oped countries [5]. Diarrheal diseases are prevalent in all age groups, causing morbid-
ity and mortality globally, and they are the leading cause of hospitalizations [6].
Despite advancements in healthcare, diarrhea continues to be a leading cause of death
in young children under the age of 5 worldwide, resulting in around 443,832 deaths in
children under 5 and an additional 50,851 deaths in children aged 5 to 9 years [1]. It is
estimated that approximately 1.6 million people around the world die of diarrhea with
the highest burden occurring in the developing countries [3, 4].

Diarrheal diseases have a significant impact on public health in Africa. In 2020, there
were an estimated 1.008 billion cases of diarrhea and approximately 515,031 deaths
attributed to diarrhoeal diseases in the African region [2]. In sub-Saharan Africa, diar-
rhea contributes significantly to child mortality and morbidity [7]. In Zimbabwe, diar-
rhea continues to be a notable health concern, especially among children under the age
of five. Deaths from diarrhoeal diseases have declined over time, but they still pose a
significant burden. The prevalence was at 15% in 2019, a reduction from the 25%
recorded in 2015 and 30% in 1995 [8]. The contributing factors to the high prevalence of
diarrhea in Zimbabwe and other developing countries include inadequate access to clean
water, limited health care services, poor sanitation and malnutrition [1]. Inadequate
sanitation and water infrastructure in Zimbabwe have led to a notable surge in the
number of diarrhoeal disease cases recently [9]. With the emergence of antibiotic-
resistant strains, current efforts to control diarrhoeal diseases may face obstacles.

Over the recent decades, Zimbabwe has experienced numerous outbreaks of
antibiotic-resistant strains of both cholera and typhoid, both characterized by symp-
toms of acute diarrhea. Between 2017 and 2018, there was an outbreak of antibiotic
(ciprofloxacin)-resistant strain in Zimbabwe, mainly in Harare province [10, 11].
Between 2018 and 2019, Zimbabwe faced a significant cholera outbreak that was
resistant to antibiotics. The outbreak was caused by the Vibrio cholera strain, which
showed resistance to nearly all antibiotics typically used to treat cholera [10]. The
2019 isolates carried 14 additional antimicrobial resistance genes on an approximately
160-kb IncA/C2 plasmid, resulting in a broader resistance profile compared to the T13
isolates, which were isolated in 2018 [12]. The 2019 isolates showed 100% sensitivity
to azithromycin. To contain the outbreak, the treatment was switched from the
standard recommended ciprofloxacin to azithromycin [11].

Herbal medicine refers to the utilization of natural substances as therapeutic
agents for the prevention or treatment of various medical conditions [13]. They
contain bioactive constituents, such as alkaloids, flavonoids, terpenes, lycopene,
anthocyanidins, omega-3 fatty acids, phytoestrogens, glucosinolates and polyphenols
that can interact with the body giving therapeutic benefits [14]. Herbal medicines are
the most frequently used traditional and complementary medicines worldwide.
Developed and developing countries are experiencing a remarkable increase in
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acceptance and public interest towards natural therapies. This surge has made herbal
remedies widely available even in food stores and supermarkets [15]. The surge in
recognizing medicinal plants as a source of drugs and other products is mainly due to
their effectiveness, with little to no side effects associated with their application. As
the global use of herbal medicines continues to increase and more new products are on
the market, the need for standardization and safety concerns is increasing [16].
Implementing rigorous testing and quality assurance protocols can eliminate the
potential risks associated with herbal medication products, such as contamination, high/
low dosage, adulteration and the presence of harmful substances. This ensures the safety
of these products for consumption [17]. In Zimbabwe, traditional medicine persists as the
primary and readily available form of treatment within the primary healthcare system of
poor communities due to its affordability and accessibility. It is therefore critical to fast
tract regulatory measures on herbal medicines in Zimbabwe. To date, there has been a
lack of comprehensive research examining the utilization of medicinal plants for the
treatment of digestive system disorders in Zimbabwe. Digestive system disorders, partic-
ularly those associated with poor sanitation, lack of sewage control and inadequate water
treatment, are endemic in Zimbabwe. This study aims to document the traditional
medicinal plants utilized by the population of Zimbabwe for treating gastrointestinal
disorders. The importance of this study is to safeguard the local indigenous
knowledge of the plants used to treat gastrointestinal disorders, conserve the biological
diversity of our local medicinal plants and provide the ethnopharmacological basis for
drug research.

2. Materials and methods

This overview was conducted to compile data on medicinal plants traditionally
used for the management of diarrhoeal disorders in Zimbabwe. Peer-reviewed publi-
cations and abstracts were retrieved from recognized online scientific databases, and
relevant information was searched from electronically accessible books, book chap-
ters, scientific reports and project theses originating from universities across Zimba-
bwe up to 31 December 2020. Other sources utilized include the National Herbarium
and Botanic Gardens libraries. A comprehensive search strategy was implemented
using a combination of controlled vocabulary and keyword terms in the online data-
bases. These terms encompassed, herbal medicines used to treat diarrhea, gastroin-
testinal diseases, cholera or dysentery, “Ethnomedicinal plants for the treatment of
diarrhoea, gastrointestinal disorders, cholera and dysentery”, “Traditional remedies,
gastrointestinal disorders, Zimbabwe”, “Toxicity of plant” and “biological activities or
properties of plant species”. This approach ensured the identification and incorpora-
tion of relevant and reliable scientific data on medicinal plants used in the treatment
of diarrhea within the Zimbabwean context.

Plant species’ scientific/botanical names and local and/or common names were
verified using https://www.zimbabweflora.co.zw and http://www.theplantlist.org
websites. Plants having reported traditional use against diarrhea were selected and
collated using the information provided. Table 1 contains a master list of medicinal
plants used in Zimbabwe for the treatment and management of diarrhea. A search of
the above-mentioned databases was also conducted for toxicological properties, which
could provide scientific evidence of the medicinal usage of these plants, in line with
their ethnopharmacological use. A summary of all the information was compiled into
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Medicinal Plants — Harnessing the Healing Power of Plants

Toxicological profile No of Names of the plant species
plants
Safe or nontoxic 47 Adenia gummifera, Albizia amara, Aloe spp., Annona stenophylla,

LC50 > 1000 pg/ml
2000 < LD50 <5000 mg/
kg body weight

Aunsellia africana, Asparagus africanus, Bridelia cathartica, Burkea
africana, Cappavris tomentosa, Carissa spinarum, Cassia abbreviata,
Catunaregam swynnertonii, Cissampelos mucronata, Combretum molle,
Crossopteryx febrifuga, Dichrostachys cinerea, Dicoma anomala,
Elaedendron matabelicum, Erythrina abyssinica, Euclea divinorum, Ficus
sur, Grewia bicolor, Flueggea virosa, Gymnosporia senegalensis,
Holarrhena pubescens, Lannea edulis, Lannea schweinfurthii, Mangifera
indica, Moringa oleifera, Musa spp., Oldenlandia herbacea, Parinari
curatellifolia, Piliostigma thonningii, Prunus persica, Psorospernum
febrifugum, Ricinus communis, Sclerocarya birrea, Searsia longipes,
Securidaca longipedunculata, Solanum campylacanthum, Tamarindus
indica, Thunbergia oblongifolia, Vernonia amygdalina, Waltheria indica,
Ximenia caffra, Zanthoxylum chalybeum, Ziziphus mucronata.

Weak or low toxicity or
mildly toxic

1000 < LD50 <2000 mg/
kg body weight

500 < LC50 <999 pg/ml

9 Acacia karoo, Elephantorrhiza elephantina, Nymphaea nouchali,
Peltophorum africanum Rubia cordifolia, Searsia lancea, Solanum
nigrum, Ptevocarpus angolensis, Turraea nilotica.

Moderately toxic 4 Elephantorrhiza goetzei, Flacourtia indica, Kigelia africana, Vangueria
250 < LC50 < 499 pg/ml infausta.

300 < LD50 <1000 mg/

kg body weight

Toxic 2 Bobgunnia madagascariensis, Terminalia sericea (Figure 7).

50 <LD50 < 300 mg/kg

body weight

Highly toxic 6 Combretum imberbe, Dolichos kilimandscharicus, Garnia buchananii,

LC50 <249 pg/ml
0 <LD50 <50 mg/kg
body weight

Ozoroa reticulata, Rhynchosia vesinosa, Zanha africana.

No records found

61 Acalypha brachiata, Albigia antunesiana, Alepidea amatymbica,
Amaranthus spp, Ampelocissus africana, Ampelocissus obtusata,
Avistolochia heppi, Asparagus spp except A. asparagoides, Asparagus
aspergillus, Asparagus uirgatus, Aspilia pluriseta, Bridelia mollis, Carissa
bispinosa, Colophospermum mopane, Combretum apiculatum, Combretum
platypetalum, Combreturn elaeagnoides, Combretum zeyheri, Commiphora
angolensis, Cussonia natalensis, Cyphostemma junceum, Cyphostemma
rhodesiae, Diplolophium zambesianum, Ectadiopsis oblongifolia, Ekebergia
benguelensis, Elephantorrhiza suffruticosa, Euphovbia matabelensis, Faurea
saligna, Flemingia grahamiana, Grewia flavescens, Grewia monticola,
Grewia subspathulata, Hydnora abyssinica, Indigofera setiflora, Kirkia
acuminata, Lannea discolor, Loranthus spp pavasitizing Prunus africana,
Manilkara mochisia, Ochna pulchra, Ocimum angustifolium, Opilia
amentacea, Paederia bojeriana, Pavetta schumanniana, Pelargonium
luridium, Pericopsis angolensis, Philenoptera violacea, Protea angolensis,
Pseudarthria hookeri, Pseudolachnostylis marouneifolia, Rhynchosia
insignis, Sansevieria hyacinthoides, Searsia dentata, Solanum tettense,
Sphenostylis erecta, Terminalia brachystemma, Terminalia prunioides,
Tetradenia riparia, Triumfetta welwitschia, Tylosema fassoglense,
Warburgia sulcata, Zanthoxylum humile.

Table 2.

Toxicological evaluation of medicinal plants plant species used in the treatment and management of diarrhea by

Zimbabwean traditional healers.
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two tables (Tables 1 and 2) and seven figures (Figures 1-7). The overview excluded
medicinal plants for abdominal pain and veterinary use, limiting the plants to those

used only to treat and control diarrhea in humans.
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Figure 2.
The general distribution of medicinal plants throughout Zimbabwe’s floristic zones.
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Figure 3.
Status of the medicinal plants with numbers (1, 2, 3, 4 and 5) representing the number of flovistic regions (N, W,
E, Cand S).
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Figure 4.
Growth habit of plants used for the treatment and management of diarrhea in Zimbabwe.

3. Results and discussion

3.1 Ethnobotanical surveys and distribution of medicinal plants plant species
used in the treatment and management of diarrhea by Zimbabwean
traditional healers

The study highlighted the use of medicinal plants to treat and manage diarrhea
which is a symptom of gastro-intestinal disorders, which also includes abdominal
pains, amoebic dysentery, dysentery, stomach problems and stomach aches. The
review’s primary goal was to focus on targeting the treatment and management of
diarrhea. A key symptom of dysentery which is bloody diarrhea was also noted. Shopo
et al. [112], cited at least 60 out of 127 medicinal plants being responsible for treating
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Figure 5.
Plant parts used for medicinal preparations used for the management of diarrhea in Zimbabwe.
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Figure 6.

Mode of preparation of plants used for the treatment and management of diarrhea in Zimbabwe.

and managing gastrointestinal disorders in Gokwe-South, Zimbabwe. The knowledge
of frequently reported illnesses and/or diseases can provide an indication of health
care concerns in Zimbabwean communities, and health care organizations and gov-
ernment should take an active interest in this information.

A total of 52 (129 plant species) plant families were reported with 33 plant families
reporting single plant species (Table 1). At least seven plant families exhibited more
than two plant species. According to Figure 1 above, Fabaceae [n = 26] plant family
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Figure 7.
The two medicinal plants classified as toxic A: Bobgunnia madagascariensis; B: Terminalia sericea [111].

dominates in terms of species diversity. Anacardiaceae and Combreaceae plant fami-
lies both with [n = 9] species. Ethnobotanical surveys by Maroyi [24]; Shopo et al.
[112]; and Nyasvisvo et al. [113] have reported Fabaceae species as the most common
and dominant herbal plant family used in Zimbabwe, and reviews by Nyagumbo et al.
[114, 115] and Maroyi [116] also support the fact. There is a tendency for the most
readily accessible and available plants to be better known and hence more frequently
used. The Fabaceae family holds a significant ethnomedicinal importance due to its
richness in medicinal properties. Maroyi [116] reported plant species from the
Fabaceae family addressing at least 134 medical conditions, including gastrointestinal
disorders such as diarrhea. According to Van Wyk [117], inventory and analysis of
medicinal plants used as traditional medicine reported the dominant Fabaceae plant
family with 567 plant species and 156 genera. This overview highlights the Asteraceae
and Rubiceae as the second and third placed plant family contenders, which concurs
with Van Wyk [117] analysis with the two highly ranked. Van Wyk [117] highlighted
Fabaceae and Apocynaceae as the dominant commercially used plant families in sub-
Saharan countries. With notable plant families, Rubiaceae (n = 7) and Malvaceae

(n = 6) exhibit a narrow gap between them. One feature of this study is the fact

that each family represented had at least a plant that can be used to deal with
diarrhoeal diseases. The overview findings show a wide diversity and plethora of plant
species in Zimbabwe. According to Maroyi [118], Sclerocarya birrea was the highly
cited medicinal plant species in South Africa and Zimbabwe as an antidiarrhoeal
remedy.

Zimbabwe is divided into various floristic regions according to Figure 2 influenced
by varying climatic conditions. Medicinal plant species distribution is important on
the basis of conservation and propagation of these plants. Hotspots of crucial medic-
inal plants can be found all over the country. As a result of the varying climate, there
are excellent growing conditions for diverse kinds of plants. Several climatic factors
enhance secondary metabolites, while other abiotic factors reduce the growth of
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plants. As shown in Table 1, there were plants found in all the five floristic regions of
the country: Northern, Eastern, Central, Western and Southern (N, W, E, C and S)
(Figure 2).

Figure 3 reveals the medicinal plant’s diversity across the five floristic
distribution regions of Zimbabwe are defined by influencing factors that may include
soil texture and rainfall patterns. Data show 86 plant species were found widely
distributed across all floristic regions (N, W, E, C and S) of Zimbabwe. Therefore, at
least 66.7% of the medicinal plant species are evenly distributed across the country.
The remaining plant species were distributed in certain regions across the country
with (n = 15) plant species distributed in four regions, mostly distributed in the N, C,
E and S regions. Plant species (n = 18) were located in three regions, (n = 3) in two
regions and (n = 3) in one region. Single regions were specifically notable from the E
and N regions. Data also revealed that three of the plant species are cultivated,
suggesting the potential for targeted cultivation practices within specific regions that
offer suitable environmental conditions. No information was found from one plant
species therefore requiring an insight and further research on its distribution. Taking
the whole distribution patterns into account, the Eastern region seems to harbor most
of the plant species.

Native trees and herbs that have been used by generations are well adapted to the
local environment. The fact that most of the plants are native to Zimbabwe further
cements the role and integration of traditional medicine in Zimbabwean healthcare
systems as complementary and alternative medicine. Indigenous plants are well
documented as slow growing and tough to propagate in the laboratory. As a result,
any unsustainable use can result in the extinction certain plant species. Conservation
of medicinal plants and biodiversity in general can be achieved through an
integrated approach that balances iz situ with ex situ strategies [113]. This is common
for the roots being used. As with all living organisms in the biosphere, medicinal and
aromatic plants (MAPs) are affected by climate change. Climate change may have
particularly devastating effects on MAPs, due to their importance as alternative
and complementary medicine and as beneficial plants for the economy [119].

The following plant species namely Mangifera indica, Prunus persica and Musa spp.
were also found to be effective in treating and managing diarrhea. An advantage for
using them is that they can be cultivated anywhere as they are exotic to the country’s
flora. This provides easy access to them for anyone in any of the regions of the
country.

3.2 Growth habit of medicinal plants plant species used in the treatment and
management of diarrhea by Zimbabwean traditional healers

Medicinal plants used to treat and manage diarrhea had a tree growth habit
represented with 45.7% of the 129 plants studied. Several factors contribute to the
high frequency of the use of trees in Zimbabwe as sources of herbal treatments. These
factors include their abundance and ease of availability throughout the year. Shrubs
(suffrutex or subshrub) were second in line at 27.1%, followed by herbs, at 14%. A
notable number of climber or lianes we recorded, representing close to 10% of the
growth habit. Growth forms such as epiphyte, root parasite, mistletoe and aquatic
were the less prevalent growth forms as reflected in Figure 4. Considering the differ-
ences in distribution among plant growth forms, the review concluded that not all
plant growth forms were equally used as remedies.
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3.3 Parts used of medicinal plants plant species used in the treatment and
management of diarrhea by Zimbabwean traditional healers

As shown in Figure 5, the roots have been predominantly used at 86.8% of the
time, followed by leaves and bark with similar usage at 17.1%. The major parts used
are a bone of contention among conservationists especially roots and the bark. In most
cases, the root extraction process results in the plant being damaged or killed. Roots
are the plant’s ground anchoring component that contains numerous bioactive
chemicals that have healing properties for many human illnesses. Scientific investiga-
tions have already contributed to the discovery of many phytochemicals from plant
roots, some of which are presently in therapeutic use [120, 121]. The use of leaves is
highly likely as these are more conservative to the plant.

The whole plant usage was at 1.6%, while the other ones were used partially as
reflected by their low percentages. The use of whole plant may be attributed to the
reported plant growth forms that include herbs as the second highest plant growth
habit. Other growth habits used as whole plants also include root parasite, mistletoe
and climber or liane. Plant parts such as the gum, pseudobulbs, stem bark, rhizomes
and fruit were also found useful in the treatment and management of diarrhoeal
diseases. Plant parts that include fruit, seeds and flowers are, however, seasonal and
this directly influences accessibility and availability of these plant parts. Notably, the
low percentages are also attributed to the rare plant parts in the category, for instance
fewer plant species exhibit gum, rhizomes and pseudobulbs as plant parts.

3.4 Methods of preparation used of medicinal plants plant species used in the
treatment and management of diarrhea by Zimbabwean traditional healers

The methods used to prepare herbal medicines may differ depending on the cost,
location and culture. Plant materials may be used fresh or dried. With experience, a
certain procedure is chosen to improve efficacy while at the same time reducing
toxicity [122]. Extracts include highly concentrated cold and hot infusions. Figure 6
shows the preferred methods used for preparing medicinal plants used to treat diar-
rhea in Zimbabwe. Among the investigated plants, infusion, a technique that involves
steeping plant material in hot water below boiling point or cold water is the dominant
preparation method, accounting for 44.9% of the medicinal plants. Decoction, a
method involving boiling plant parts in water, represents the second most used prep-
aration method, accounting for at most 20% of the listed plants. Powder (some were
reported to be mixed in porridge) and medicinal extracts were reported to be 16.1%
and 14.4%, respectively. Lower cases of mode of preparation such as raw form,
concotions (mixtures with other plants), juice and soup (prepared with beans,
groundnuts and/or meat) were also cited in their use. Mode of preparation also
depends on the clinical condition of the disease as this directly influences administra-
tion of the medication. The most common method of administering medicinal plants
and herbal medicine is through oral administration, but inhalation, intraperitoneal
and dermal methods are also available [123].

3.5 Pharmacological evaluation of medicinal plants plant species used in the
treatment and management of diarrhea by Zimbabwean traditional healers

Bioactive compounds from plants have emerged as promising antimicrobial agents
in the fight against pathogenic microorganisms. Pharmacological studies have been

88



An Overview of Medicinal Plant Species Used in Treating and Managing Diarrhea...
DOT: http://dx.doi.org/10.5772 /intechopen.1006302

conducted on most of the identified medicinal plants. The majority of the identified
plants possess anti-inflammatory, antimicrobial, antioxidant, gastro-protective, anti-
spasmodic, anti-diarrhoeal and prokinetic activities. Antioxidative properties of these
medicinal plants help to protect the gut from oxidative stress and damage through
modulating gut microbiota [124]. These pharmacological findings corroborate the
traditional use of the identified plants as herbal medicine for diarrhea in Zimbabwe.

A variety of clinical diseases (cholera, diarrhea and dysentry) have been treated
with the use of plant species, so it is vital to use scientific methods in order to gain an
understanding of their pharmacological effects. Compounds from medicinal plants
may inhibit bacterial, fungi, viral and protozoal growth through different mechanisms
than those of currently used antimicrobials and may have therapeutic value in the
treatment of resistant microbial strains [125]. Crude extracts exhibiting minimum
inhibitory concentration (MIC) values below 1 mg/mL are classified as having signif-
icant antibacterial activity, while extracts with MIC values abovelmg/mL are classi-
fied as non-inhibitors [126]. The findings from these studies suggest that several of the
plants tested could be potential sources of novel antibacterial medicines, including
those effective against antibiotic-resistant strains. Despite a number of successful
studies identifying specific plant species as antimicrobials in iz vitro models, it is
imperative to subject these plants to animal studies as well as human studies to
evaluate their efficacy [127].

3.6 Toxicological evaluation of medicinal plants plant species used in the
treatment and management of diarrhea by Zimbabwean traditional healers

The science-based approach as described by Aydin et al. [128] indicates that many
herbal remedies have a long history of use in traditional medicine, but their safety for
humans should be documented by scientific evidence. It is expected that an under-
standing of the traditional uses of plant materials will be valuable for planning the
experimental toxicity studies. According to literature, certain combinations of herbal
drugs have been shown in most herbal traditions to reduce toxicity and others to
increase it [122, 129, 130]. Toxicity tests have been widely developed to evaluate plant
extracts, and among which are the tests using Artemia salina L. and Allium cepa L. as
bioindicators. The acute toxicity test on A. salina L. is internationally used due to its
great reproductive potential, easy acquisition on the market, easy hatching of speci-
mens and good reproducibility [131]. A. cepa L. can be used to monitor the presence of
toxic compounds, with the most analysed parameter being phytotoxicity, through
determination of root growth inhibition, root weight and weight gain of the bulbs
after exposure to a potentially toxic substance [131, 132].

The toxicological analysis revealed that out of 129 medicinal plants, 68 plants have
documented toxicological evaluations, while the remaining 61 plants lack documented
data. Therefore, further toxicological evaluations are critical for the 61 unvalidated
plants as it is a concern as these plants are already being use for ethnomedicinal
purposes without toxicity verification. For the 69 plant species with toxicological
profiles, toxicity evaluation methods were used to assess these plant extracts activities.
As highlighted by Aydwn et al. [128], Kumari and Kotecha’s [133] toxicity assessment
of herbal medicines encompasses a set of techniques, including iz vivo, in vitro and cell
line studies, along with advanced microarray analysis. The Brine Shrimp Lethality
Test (BSLT) and acute toxicity studies in rodents were the most frequently utilized
methods for evaluating the toxicity of the 69 plants with documented profiles. As
reported by Munodawafa et al. [27] and Erhabor et al. [134] findings highlight that the
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BSLT and rodent acute toxicity tests were the most common methods used to assess
the toxicity of herbal extracts. BSLT reported to be relatively cost-effective, quick,
high degree of repeatability, simple and accurate toxicity [115, 135, 136].

Acute toxicity testing involves administering a single dosage of the tested product to
each test animal. The animals’ symptoms of toxicity and mortality are monitored for a
period of 14 days in order to calculate parameters such as the maximum tolerated dose
and the half-lethal dose [123]. Acute toxicity is evaluated using the half-lethal dose
(LD50) according to Munodawafa et al. [27] and Erhabor et al. [134]. The in vivo assay
half-lethal dose (LD50) relates to the dose of a substance required to cause mortality in
50% of the test population, typically mice or rats [27]. Based on LD50 values, plant
extracts are classified into classes of acute toxicity. Those with LD50 values less than
50 mg/kg body weight are considered highly toxic, while those between 50 and 300 mg/
kg are classified as toxic. Moderately toxic substances have LD50 values ranging from
300 to 1000 mg/kg, while mildly toxic substances fall within the 1000 to 2000 mg/kg
range. Finally, plant extracts with LD50 values exceeding 2000 mg/kg are considered
safe or non-toxic [64]. Researches by Loomis and Hayes [137] and Erhirhie et al. [138]
have classified practically non-toxic lethal doses at 5000 to 15,000 mg/ml, declaring
anything above 15,000 mg/ml to be relatively harmless.

Considering the ethical issues surrounding toxicological tests, alternative models
should be substituted for animals whenever possible. The brine shrimp lethality test
(BSLT) offers an alternative method for assessing acute toxicity [27, 134]. A signifi-
cant contribution to the field of brine shrimp lethality bioassay is the maximum
working concentration of solvents. Therefore, developing new solvents and deter-
gents as well as carefully designing experiments will also contribute to the improve-
ment of this assay [139]. This iz vitro assay measures the median lethal concentration
(LC50), which is the concentration of a substance causing death in 50% of the brine
shrimp [27, 134]. Similar to the LD50 classification, BSLT results are used to catego-
rize acute toxicity based on LC50 values [134]. Plant extracts with LC50 values less
than or equal to 249 pg/mL are classified as highly toxic, while those between 250 and
499 pg/mL are considered moderately toxic. LC50 values ranging from 500 to 999 pg/
mL indicated weak or low toxicity, and plant extracts with LC50 values over 1000 pg/
mL are considered safe [114, 134, 140].

Out of the 68 medicinal plants with toxicological profiles, the results indicated that
47 plants (68.1%) are classified as safe or non-toxic, 9 plants (13.2%) exhibit weak or
low toxicity or mild toxicity, 4 plants (5.9%) are moderately toxic, 2 plants (2.9%) are
classified as toxic and 6 plants (8.8%) are reported to be highly toxic.

The toxicological evaluation data provide an insight on the need of caution in the
use of medicinal plants especially for children, pregnant women and immune-
compromised patients. The review has highlighted the ethnomedicinal use of Grewia
flavescens and Pseudarthria hookeri in treating and manging diarrhea in infants; how-
ever, there are no studies scientifically evaluating their toxicity. On the other hand,
the ethnomedicinal use of Hoslundia opposite (safe/non-toxic) and Nymphaea nouchali
(weak or low toxicity) in treating and managing diarrhea in infants have been evalu-
ated. Euphorbia matabelensis has been reported to potentially cause abortion, severe
diarrhea and vomiting if administered orally. The presence of existing sesquiterpene
lactones, polyacytelenes and thiophenes in Aspilia pluriseta may cause dermatitis and
allergy. There are various elements that contribute to the toxicity of herbal medicine
products which include plant components or metabolites with a toxic potential, adul-
teration, environmental pollutants (heavy metals, pesticides) or contamination of
microorganisms (toxigenic fungi) [123, 127].
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4. Conclusions

Zimbabwe has a wide range of medicinal plants that can be used to manage and/or
treat diarrhea. This overview investigates on documented traditional knowledge
regarding medicinal plants used by the Zimbabwean population for treating diarrhea.
It adds valuable insights to the existing body of knowledge on Zimbabwean medicinal
plants. Scientific research on medicinal plants for various ailments is on the increase in
Zimbabwe. This study suggests that traditional healers are a primary source of herbal
remedies knowledge for the management of diarrheal health conditions, inclusive of
both mild and severe diarrhea. Understanding this is crucial for defining the appro-
priate role of herbal medicine in the healthcare system. Scientific evaluation of
medicinal plant pharmacology and toxicology is necessary to validate their use in
herbal medicine. This evaluation ensures the safety of consumers and paves the way
for potential drug development based on these traditional practices.
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Abstract

Alzheimer’s disease (AD) is an age-related neurodegenerative disorder characterized
by memory deficits. It is associated with the presence of intracellular neurofibrillary
tangles (NFTs) and extracellular amyloid beta plaques, loss of neuronal subpopula-
tions, cholinergic fibers, and microglial inactivation. According to studies, from the
year 2000-2020, the death toll attributed to AD increased by 146.2%, and its major
causes are neurodegeneration and oxidative stress (OS). Currently, available treatment
options are limited, and there is no cure for Alzheimer’ disease. In Asia, such as in
China and India, herbal medicines have been used in the treatment of neurodegenera-
tive diseases for thousands of years, which has recently attracted considerable attention
due to the development of curative drugs for AD. In this chapter, we first summarized
the pathogenic factors of AD and secondly, we summarized herbal medicines that have
been extensively investigated in both AD models and clinical trials. Also, we specified
the potential targets of the herbs in view of the signaling pathways that are implicated
in oxidative and inflammatory stress in AD pathogenesis. We consider that this knowl-
edge of herbal medicines can be favorable for the development of disease-modifying
drugs for AD.

Keywords: Alzheimer’ disease, neurofibrillary tangles, herbal medicine,
neuroinflammation, memory enhancer

1. Introduction

Alzheimer’s disease is a type of dementia that progressively destroys memory,
logical ability, and cognitive abilities that make our lives difficult. Approximately
60-80% of patients with dementia have Alzheimer’s disease. The global number
of patients having AD was approximated to be nearly 50 million in 2019, with
predictions indicating that this might increase to 110 million by 2050 [1]. The risk
of Alzheimer’s disease begins in the early thirties, and rarely in the mid-sixties,
however, it is primarily caused in older people because risk factors increase with age,
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and the majority of people with Alzheimer’s disease are over the age of 65 years [2].
Alzheimer’s disease manifests as a progressive decline in cognitive abilities, driven
by the presence of senile plaques in the hippocampal region of the brain, that leads
to the decline in dendritic arborization as well as neurotransmitter levels, resulting
in progressive neuron loss and brain volume [3]. Neuronal loss generates abnormal
deposition of hyperphosphorylated tau proteins and amyloid-p (Ap), increased
oxidative stress, and genetic susceptibility. Eventually, with the progression of AD,
a significant change detected in the brains of patients involves a decline in the corti-
cal and hippocampal levels of acetylcholine (ACh). Behaviorally, this substantial
acetylcholine level decline results in impaired cognitive function [4]. Individuals may
experience irritability, hostility, and frustration. In extreme cases, Alzheimer’s results
in complete incontinence, a disconnection from time and place, and total memory
loss, rendering patients totally dependent on others and in need of intensive care. The
enzyme, acetylcholinesterase plays a key role in terminating impulse transmission by
quickly hydrolyzing the neurotransmitter acetylcholine in various cholinergic path-
ways centrally and peripherally. The enzyme inactivation by various inhibitors results
in acetylcholine accumulation, overstimulation of muscarinic and nicotinic receptors
as well as disrupted neurotransmission. Therefore, acetylcholinesterase inhibitors,
which interact with the enzyme, are used as significant drugs and toxins [5].
Medicinal Herbs can provide neuroprotection, implying that their bioactive
compounds may affect the underlying pathological Alzheimer’s disease pathways by
diminishing oxidative stress and limiting inflammation [6]. Medicinal herbs serve
several potential strategies for diminishing Alzheimer’ disease progression and man-
aging symptoms. The production and commercialization of medicines derived from
medicinal plants have gained momentum, enhancing their financial and scientific
significance in the healthcare sector [7]. In this chapter, our goal is to highlight the
significance of medicinal plants in the context of treating Alzheimer’s disease, pre-
vention, and challenges to herbal remedies in treating AD. Furthermore, by integrat-
ing traditional knowledge with modern scientific research, our aim is to shed light on
the potential therapeutic benefits of medicinal plants, providing a holistic perspective
of their relevance in Alzheimer’s disease treatment. Moreover, we focus on explaining
the mechanisms by which these plants act in Alzheimer’s disease treatment, bridging
gaps and exploring the precise pathways by which their effects are generated.

2. Pathogenesis of Alzheimer’s disease progression

Alzheimer’s disease is an advanced neurodegenerative illness characterized by
dementia. It is an irreversible and progressive disorder affecting the aging popula-
tion worldwide. Several factors like tau hyperphosphorylation, Ap peptide abnormal
metabolism, oxidative stress, cholinergic neuron damage, and other pathological
events may contribute to AD [8]. In addition, demographic factors, like age, are a main
risk factor, since the prevalence of AD rises exponentially between 65 and 85 years,
and doubles every 5 years. Similarly, the APOE-e4 allele is a genetic, prevalent risk
factor for AD [9]. Other factors like hypertension, physical activity, educational level,
diabetes mellitus, increased cholesterol, and homocysteine levels may also contribute
to AD. During the middle stages of AD, neuropsychiatric and behavioral symptoms
like depression, anxiety, and sleep problems are usually developed [10].

AD pathogenesis involves the amyloid events theory based on amyloid beta
(Ap) plaque deposition and the presence of abnormal tau tangles within the brain.
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Figure 1.
Schematic diagram displaying pathophysiology of Alzheimer’ disease [11].

The pathological AD hallmarks include NFTs (neurofibrillary tangles present intracel-
lularly) and extracellular Ap plaques (formed from A peptides). A lies consequently
to APP (amyloid precursor protein), which is a bulky protein, generates Ap after

cleavage in the presence of proteases including «, § and y-secretase (Figure 1) [12, 13].

3. Available treatment options for Alzheimer’s disease

Currently, known available drugs for AD treatment are acetylcholine-esterase
inhibitors (donepezil, rivastigmine, and galantamine), N-methyl-D-aspartate
(NMDA) receptor antagonist (Memantine), and Ap plaques inhibitors (Lecanemab,
Donanemab) are the FDA-approved drugs. The selective serotonin reuptake inhibi-
tors are also used to treat anxiety and depression which is a comorbid symptom called
behavioral and psychotic symptoms of dementia. The drugs with less anticholinergic
effect (citalopram, sertraline, and escitalopram) is useful to overcome this anxiety.
Antipsychotic drugs should be given to the patients as per risk-based assessment.
Recently y-secretase enzyme inhibitor (semagacestat) has been used as a target option
because it blocks the cleavage of APP and reduces the production of amyloid p-42,
but y-secretase is also used as a vital agent for normal cell differentiation and commu-
nication. This is the reason it is not pursued in further clinical trials. Bapineuzumab,
Aducanumab, and solanezumab are IGI antibodies that combine with soluble and
fibrillar AP, activate the cytokines, and promote clearance by microglial phagocytosis.
But they also cause cerebral hemorrhage and vasogenic edema, which is why they
were stopped in a phase-2 trial [14].

3.1 Adverse drug reaction of anti-Alzheimer drugs

There are a number of adverse effects of the existing treatment of AD, Ach-E
inhibitors, NMDA receptor antagonists, and other drugs that have shown the follow-
ing ADRs (Table1).

Several studies have shown that the adverse effects are higher with acetylcholine-
esterase inhibitors (donepezil-10 mg and galantamine-24 mg) than with the NMDA
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Available treatments Related adverse effect

Ach-E inhibitors (Tacrine, Nausea, vomiting, diarrhea, muscle cramps, fatigue, and weight loss,
Donepezil, Rivastigmine, indigestion, muscle weakness, decreased appetite, dizziness, and
Galantamine) headache

NMDA receptor antagonist Constipation, dizziness, headache, diarrhea, and confusion

(phencyclidine, methoxetamine,
Memantine)

IGI antibodies (Aducanumab) Amyloid-related imaging abnormalities (ARIA) can cause fluid rise-up
or damage to blood vessels in the brain, as well as headache, dizziness,
falls, diarrhea, and confusion

Table 1.
Table displaying available treatments and related adverse effects.

receptor antagonist (memantine). The above-discussed available treatments for AD
are also not continued for long-term use due to safety issues and adverse effects [15].

4. Role of medicinal herbs for Alzheimer disease

The current existing therapeutic options are ineffective, have a high number
of adverse drug events, and due to high costs have reduced patient adherence.
Medicinal herbs are rich in polyphenols, flavonoids, tannins, glycosides, and other
therapeutic agents that play a crucial role in diseases. In modern pharmacological
research, the major components of herbal medicines (such as Curcuma longa, Ginkgo
Biloba, Withania somnifeva, and Anisodus tanguticus) indeed have been demonstrated
to exhibit continuous and considerable effects on the models of AD [16, 17]. Over
the past decades, the potential molecular targets of herbal medicine extracts have
been extensively discovered, which will facilitate the identification of the bioac-
tive compounds of the pharmacodynamic mechanisms of these herbs. Recent
research explained medicinal herbs exert their therapeutic effects through several
mechanisms, including antiapoptotic, anti-oxidative, anti-amyloidogenic, anti-Tau,
anti-inflammatory, and free radical scavenging pathways, all of which aid in the
prevention and treatment of AD Alzheimer’s disease (Figure 2).

Different biomolecules, extracted from herbal plants display the key characteristics
and properties to treat and prevent Alzheimer’ disease. These include the fact that their
metabolites can cross the blood brain barrier (BBB), exhibit a hydrophobic functional
character, and associate with protein. Polyphenols are powerful anti-amyloidogenic, due
to physicochemical features such as the presence of aromatic rings, molecular planarity,
the capacity to form hydrogen bonds, and the presence of an internal double bond that
allows potential inhibition of Tau formation and APP pathways, e.g., reducing amyloid
load [18]. Phenolic molecules such as flavonoids, non-flavonoids, gallotannins, ellagitan-
nins, etc., have the potential to modulate AD neuropathology and cognitive dysfunction
through multiple mechanisms, including modulating oxidation and inflammation,
modulating Ap metabolism, catabolism, and oligomerization, and directly influencing
brain activities [19]. Some of the polyphenol-rich herbs have been investigated for their
neuroprotective role against Alzheimer’ disease, like Curcuma longa (Turmeric) which
has antioxidant, anti-amyloidogenic, and anti-inflammatory properties that make it
useful in the therapy of Alzheimer’s disease. Curcuma longa plant extracts have been
shown in animal studies to inhibit the formation of tangles and plaque aggregation [20].
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Figure 2.
Schematic diagram displaying possible mechanism of action of herbal medicines in the treatment of AD.

Similarly, Ginkgo biloba leaves are used to treat cognitive impairment in Alzheimer’s
patients. Flavone glycosides (24%) and terpene lactones (6%) are found in the plant
extracts [16]. It was reported that it may protect neurons from senile plaque-induced
neuronal death by inhibiting apoptosis, oxidative stress, glucose homeostasis, mitochon-
drial dysfunction, and activation of the extracellular signal-regulated kinase, and c-JUN
N-terminal kinase pathways via glutathione, catalase, and SOD activity [21].

Similarly, Cascella et al. reported Nigella sativa extract contains thymoquinone
that exerts significant antioxidant and anti-inflammatory properties, and could
represent an effective neuroprotective agent against Alzheimer’s disease [22]. A
recent study reported that Glycyrrhiza glabra L. contains Glycyrrhizin, which is a
natural inhibitor of HMGBI and is reported with neuroprotective effects through oral
administration against Alzheimer’s disease [23]. Additionally, the species of Salvia
officinalis (S. officinalis) and its constituent’s activity was determined in mice, and
memory improvement was observed due to a significant inhibitory effect of acetyl-
choline esterase [24]. It was reported that Rosmarinus officinalis contains a polypheno-
lic compound called rosmarinic acid, which reduces the accumulation of amyloid- p
in mice and enhances the levels of monoamines in the cerebral cortex. Furthermore,
Ficus racemosa, Ginkgo biloba, and Tinospora cordifolia have been reported to cause
improved acetylcholine levels and mitigate memory deficits (Table 2) [31].

4.1 Herbs for anti-amyloid-beta plaque

There are several studies suggesting herbs as an ideal candidate to improve
memory and slow down the pathological neurodegenerative cascades of AD [32].
Among them, Centella asiatica and Camellia chinensis are well-known herbal plants,
abundant in alkaloids, triterpenes, flavonoids, and essential oils. C. asiatica is already
considered for its memory-boosting benefits in traditional medicine. It has potent
qualities to lessen oxidative stress, anti-inflammatory effect, capacity to regenerate
neurons, ability to inhibit neurotoxicity, ability to inhibit Ach-E, and the capacity to
decrease the amyloid plaques [33-35]. Moreover, leaves of Ginkgo biloba are reported
to inhibit the formation of A fibrillogenesis and guard against various insults that
might harm neurons due to its rich phytochemistry, containing neuroprotective
Ginkgolides, lactones, and terpenes (Figure 3) [36].
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Plant extract Year Type of study/model Findings References
Effect of Glycyrrhiza 2022 The water extract was Glycyrrhiza glabra [17]
glabra L. extract assayed to determine L. extract reduced
antioxidant, cell viability glutamate toxicity with
against in-vitro glutamate an antioxidant effect and
toxicity model. provided neuroprotective
effect.
Effect of Cinnamomum 2017 The aqueous extract Results revealed that [25]
zeylanicum L. of the cinnamon plant plants show potent
was evaluated using a antioxidant activity.
monosodium glutamate- Significantly inhibited
induced non-transgenic rat cholinesterase activity,
model of Alzheimers. and improved the
learning ability in non-
transgenic rats.
Effect of curcumin and 2023 Evaluation of the beneficial ~ Result indicates that the [26]
Ginkgo biloba extract effects of curcumin and combination of both
combination Ginkgo biloba extract extracts successfully
combination on amodified  attenuates cholinesterase
experimental model of AD.  activity, and enhances its
anti-inflammatory and
antioxidant properties in
preventing AD.
Effect of Green tea and 2016 Prospective interventional Results of the [27]
its bioactive component study, 30 patients with trial indicate that
(—)-epigallocatechin-3- severe AD were recruited consumption of green
gallate and patients were treated tea for 2 months
with 2 g/day green tea pills significantly improves
in two divided doses antioxidant system and
exerts a beneficial effect
on cognitive function.
Effect of Withania 2020 Drosophila melanogaster Results indicate W [28]
somnifera L. AD model was used sominifera promotes
to study the effect of longevity in AD as well as
Ashwagandha on the wild-type Drosophila.
toxicity of beta-amyloid.
Effect of ginger (Zingiber 2018 Molecular docking Result indicates ginger [29]
officinale) extract dynamic simulations of components could be
ginger extract as active natural inhibitors of
inhibitors of human HssACh-E and can
acetylcholinesterase be used in the AD
enzyme. treatment, with a similar
capacity of transposing
the BBB.
Effect of Gingko Biloba 2006 Protective effect of Ginkgo The result revealed [30]
extract biloba leaf extract on that Gingko extract can
learning and memory ameliorate learning and
deficit induced by memory deficits induced
aluminum in model rats. by Aluminum, which
may be due to inhibition
of the Ach-E expression
in the hippocampus.
Table 2.

Table displaying plant extracts and their veported findings.
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Figure 3.
Schematic diagram displaying herbs used for amyloid-beta plaque.

A natural compound called Cinnamophilin extracted from cinnamon extract con-
siderably lessens the toxicity of poisonous f-amyloid polypeptide (Ap) oligomers and
shields neurons from their harmful effects [37]. It has been observed that the alkaloid
piperine found in Piper nigrum has anti-amyloid and anti-Ach-E properties and has
the ability to replenish antioxidant enzyme levels [38]. Similarly, in China, Cistanche
tubulosa is already used as a botanical prescription medication for dementia treat-
ment. A recent study suggested the phenylethanoid glycosides in C. tubulosa inhibit
the deposition and aggregation of amyloid p peptide (Ap), hence improving AD [39].

4.2 Herbs for anti-neurofibrillary tangles

Curcuma longa has curcumin, which is the most important active ingredi-
ent of the turmeric plant. Curcumin targets, Tau and Ap, are the two histological
markers of AD. Research has revealed that curcumin disintegrated neurofibrillary
tangles, blocked Ap aggregation inside the brain, and stopped the formation of Ap
oligomers [40]. Similarly, Withania somnifera is a highly valued herb in the Indian
Ayurvedic medical system. It swiftly eradicates neurofibrillary tangles in the brain,
which ultimately causes the reversal of behavioral abnormalities in AD transgenic
mice (Figure 4) [41].

Lastly, leaves of Ginkgo biloba, worldwide potentially a known neuroprotectant
showed inhibition of Ap aggregation and amyloidogenesis and possess protective
effects against tau pathology and neurofibrillary tangle formation [42].

4.3 Herbs for neurotransmitter modulation

Current pharmacological methods produce little impact on disease progression
and treatment. Over the last decade, more than 200 intriguing therapeutic candidates
have failed clinical trials, indicating that the disease and its causes may be exceedingly

complicated [18]. Several scientific investigations have detailed the use of medicinal
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Curcuma longa Withania semnifera

Azadirachta indica Ginkgo biloba

Figure 4.
Schematic diagram displaying herbs used for neurofibrillary tangles.

plants and herbs in the treatment of Alzheimer’s disease. It is now envisaged that
plants and herbs will be employed in drug development initiatives to identify safe and
effective molecules for AD [43].

4.3.1 Glutamatergic system

The well-known traditional Chinese herb Huperzia servata have the capacity to
regulate both the glutamatergic and cholinergic systems. Researchers have shown
that by inhibiting NMDA ion channels and the ensuing Ca®* mobilization, plants
can reduce the excitotoxicity caused by glutamate or NMDA [44]. Similarly, Panax
Noto-ginseng and Panax ginseng have a potent protective impact on cholinergic and
glutamatergic neurons as well as the ability to downregulate the expression of the
APP gene in the brain and decrease tau protein hyperphosphorylation, and regulate
glutamate release (Figure 5) [45].

4.3.2 Cholinergic system

Cassia species has a historic use in many traditional medical systems across the
world. Several investigational studies reported that these plants have the ability
to disassemble preformed fibrils inhibit Ach-E, and modulate the cholinergic
system [46]. Similarly, plants and herbs in the Apiaceae family (e.g., Angelica

Figure 5.
Schematic diagram showing herbs modulating glutamatergic system.
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archangelica, Anethum graveolens, Carum carvi, Cuminum cyminum, Ferula asa-
fetida) are abundant in alkaloids, phenols, terpenes, flavonoids, furanocoumarin
(i.e., xanthotoxin), essential oil, and a-pinene. Moreover, Salvia officinalis spe-
cies and their constituents have also been shown to significantly suppress Ach-E
and enhance memory. These herbs have the ability to inhibit acetylcholinesterase
activities. Consequently, memory consolidation helps to prevent memory degrada-
tion (Figure 6) [47].

4.4 Herbs as anti-tau therapy

Many anti-tau natural products made by plants are polyphenols such as curcumin
acts as an antioxidant and significantly increases the production of the anti-inflam-
matory cytokine IL-4 and reduces Af and tau levels in AB-overexpressing mice [48].
Furthermore, Sayad-Fathi et al., reported cinnamon (Cinnamomum zeylanicum)
extract have the ability to inhibit aggregation of human tau iz vitro leading to an
inhibitory activity attributable to the cinnamaldehyde compound. Their study
concluded that cinnamon improved cognitive performance in formaldehyde-induced
dementia model rats by eliminating tau hyperphosphorylation, limiting inflamma-
tory cytokines, and nuclear damage [49]. Zhang et al. demonstrated that R. crenulata
extract effectively ameliorates p-tau expression partly by increasing the p-GSK-3f
ratio in the hippocampus at 28 days after the Ap1-42-induced AD model [50]. Similar
procyanidins identified from grape seed (Vitis vinifera)-derived polyphenolic extracts
were found to prevent tau fibrillization into neurotoxic aggregates [51].

The green tea (Camellia sinensis) derived (—)-epicatechin-3-gallate showing
potent antioxidant and anti-inflammatory effects thereby reducing tau hyperphos-
phorylation and aggregation, thus preventing the formation of Ap and its subsequent
accumulation [52]. Further, Zhang et al. conducted a clinical trial on green tea and
reported regular green tea consumption is associated with better cognitive function
among Chinese middle-aged and elderly people, mainly reflected in memory and
executive function (Figure 7) [53].

Angelica archangelica Ferula asafetida

Carum carvi Salvia officinalis

Figure 6.
Schematic diagram displaying herbs modulating cholinergic system.
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Vitis vinifera

Figure7.
Schematic diagram displaying herbs used as anti-Tau thevapy.

4.5 Herbs for antioxidant effect

It has been discovered that the extract of the plant Curcuma longa enhanced the
activity of antioxidant enzymes and prevented neurons from mortality. Likewise,
garlic extract, which has been shown to inhibit ROS, caspase-3, and DNA fragmen-
tation while shielding cells from programmed cell death [54]. Vitis vinifera and,
Avrachis hypogaea are plants rich in compound resveratrol, which shielded cells from
reactive oxygen species and avoided DNA fragmentation. Similarly, it has been
shown that the plant Polygonum cuspidatum inhibits the generation of ROS and DNA
fragmentation [55]. Furthermore, Studies have shown that in normal rats, C. asiatica
exhibits antioxidant and cognitive-improving effects (Figure 8) [56].

Moreover, numerous studies have shown that two compounds, quercetin and
kaempferol are well recognized to increase resistance to acute oxidative and thermal
stress in the central nervous system and to attenuate age-related buildup of ROS.
These chemicals are majorly abundant in plant naming, Malus species, Foeniculum

S =L ~— " e
Arachis hypogaea

»
- S

Foeniculum vulgare Allium cepa Centella asiatica

Figure 8.
Schematic diagram displaying antioxidant herbs.
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vulgare, Allium schoenoprasum, Asparagus officinalis, Brassica oleracea, and Allium
cepa. The majority of herbs and plants have also been clinically demonstrated to be
effective in the treatment of memory impairments and Alzheimer’ disease [57].

4.6 Herbs for limiting neuroinflammation

Several medicinal molecules have been identified from plants and herbal medici-
nal systems. Among them, Coffea arabica, Tinospora cordifolia, Cola species (i.e., Cola
acuminata and Cola nitida), Paullinia cupana, Ilex paraguariensis are the plants that
contain the chemicals caffeine and berberine, which are known to have protective
effects on the blood-brain barrier. Experimental studies suggesting that caffeine may
play a part in maintaining the integrity of the BBB, reduces the synthesis of pro-
inflammatory cytokines, regulating microglia, astrocytes, and neurons, thus influ-
encing neuroinflammation [57]. Similarly, Bacopa monnieri is a herb that has been
shown to have anti-inflammatory properties in rats’ brains via inhibiting cyclooxy-
genase (COX), downregulating TNF-a, inhibiting ROS, and reducing DNA damage in
rat astrocytes (Figure 9) [58].

Numerous other herbs and plants might be significant therapeutic targets for
reducing neuroinflammation. Among them are Magnolia obovata, Cannabis sativa,
Linum usitatissimum, and Zingiber officinale, but enough mechanisms or cognitive
assessment trials are unavailable and not reported [59].

5. Future perspectives

Recent developments at the interface of green chemistry and nanotechnology
indicate significant potential in the biomedical sciences from theragnostic perspec-
tives. Metal nanoparticles have received the utmost attention as anti-inflammatory
agents owing to their capability of inhibiting NF-kB expression and following
inflammatory reactions. Recently Zhang et al. experimented on aqueous extract of N.
khasiana leaf silver nanoparticles and concluded these AgNPs could be considered as
a potential candidate for the treatment of Alzheimer’ disease [60]. Further, the con-
jugation of the drug-targeting approach with a nano-delivery system would allow the
nutraceuticals to be in the proper place at the correct time, increasing the beneficial

Paullinia cupana

A ]
gt

5
7
. 1
Scutellaria baicalensis Salvia triloba Linum usitatissimum Curcuma longa
Figure 9.

Schematic diagrams showing herbs used for neuroinflammation.
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effects, decreasing undesirable toxic effects, limiting nutraceuticals metabolism, and
boosting their bioavailability. However, extensive clinical investigations (trials) are
required to validate the efficacy of the herbal extract.

6. Conclusion

In this paper, we have reviewed more details about the management of AD and
the medicinal plants with potential therapeutic values. Despite the bulk of knowl-
edge regarding this complex disease, there is no complete cure except symptomatic
treatment. So, herbal therapy is now anticipated to control AD progression help to
enhance memory, and relieve other symptoms related to AD. Herbal therapy is rela-
tively less toxic and can improve the quality of life of patients with AD and memory
deficits. Current research must increasingly focus on the active compounds identified
in crude extracts, to enhance precision therapy and to identify compounds that have
different but synergistic targets and actions.

Acknowledgements

Sadaf Naeem gratefully acknowledges the support provided by Maheen Zahidi and
Rashid Zaib during the course of preparation of this manuscript.
Conflict of interest

The author declares that the research was conducted in the absence of any com-

mercial or financial relationships that could be construed as a potential conflict of
interest.

Author details
Sadaf Naeem™, Saira Saeed Khan?, Yousra Shafiq1 and Sadia Suri Kashif®

1 Institute of Pharmaceutical Sciences, Jinnah Sindh Medical University, Karachi,
Pakistan

2 Faculty of Pharmacy and Pharmaceutical Sciences, Department of Pharmacology,
University of Karachi, Pakistan

3 Faculty of Pharmacy, Ziauddin University, Karachi, Pakistan
*Address all correspondence to: sadaf.naeem@jsmu.edu.pk

IntechOpen

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

114



Emerging Role of Medicinal Herbs on Algheimer’s Disease and Memory Deficits

DOI: http://dx.doi.org/10.5772/intechopen.1006325

References

[1] Ozgun DO, Gul HI, Yamali C,
Sakagami H, Gulcin I, Sukuroglu M,

et al. Synthesis and bioactivities

of pyrazoline benzensulfonamides

as carbonic anhydrase and
acetylcholinesterase inhibitors with
low cytotoxicity. Bioorganic Chemistry.
2019;84:511-517

[2] (NIA), NNIoA. What Is
Alzheimer’s Disease? 2021. Available
from: https://www.nia.nih.gov/
health/alzheimers-and-dementia/
what-alzheimers-disease#:

[3] Farihi A, Bouhrim M, Chigr F,
Elbouzidi A, Bencheikh N, Zrouri H,
et al. Exploring medicinal herbs’
therapeutic potential and molecular
docking analysis for compounds

as potential inhibitors of human
acetylcholinesterase in Alzheimer’s
disease treatment. Medicina.
2023;59(10):1812

[4] Wynn Z], Cummings JL.
Cholinesterase inhibitor therapies
and neuropsychiatric manifestations
of Alzheimer’ disease. Dementia
and Geriatric Cognitive Disorders.
2003;17(1-2):100-108

[5] Colovic MB, Krstic DZ,
Lazarevic-Pasti TD, Bondzic AM,

Vasic VM. Acetylcholinesterase
inhibitors: Pharmacology and
toxicology. Current Neuropharmacology.
2013;11(3):315-335

[6] Esfandiary E, Karimipour M,
Mardani M, Ghanadian M,

Alaei HA, Mohammadnejad D, et al.
Neuroprotective effects of Rosa
damascena extract on learning and
memory in a rat model of amyloid-p-
induced Alzheimer’s disease. Advanced
Biomedical Research. 2015;4(1):131

115

[71 Hassan NA, Alshamari AK,

Hassan AA, Elharrif MG, Alhajri AM,
Sattam M, et al. Advances on therapeutic
strategies for Alzheimer’s disease: From
medicinal plant to nanotechnology.
Molecules. 2022;27(15):4839

(8] Ullah R, Park TJ, Huang X, Kim MO.
Abnormal amyloid beta metabolism in
systemic abnormalities and Alzheimer’s
pathology: Insights and therapeutic
approaches from periphery. Ageing
Research Reviews. 2021;71:101451

[9] Kulminski AM, Shu L, Loika Y,

He L, Nazarian A, Arbeev K, et al.
Genetic and regulatory architecture of
Alzheimer’s disease in the APOE region.
Alzheimer’s and Dementia: Diagnosis,

Assessment and Disease Monitoring.
2020;12(1):€12008

[10] Jeremic D, Jiménez-Diaz L,
Navarro-Lépez JD. Past, present and
future of therapeutic strategies against
amyloid-p peptides in Alzheimer’s
disease: A systematic review. Ageing
Research Reviews. 2021;72:101496

[11] Gorantla NV, Chinnathambi S.
Tau protein squired by molecular
chaperones during Alzheimer’s disease.

Journal of Molecular Neuroscience.
2018;66(3):356-368

[12] Kamble SM, Patil KR,

Upaganlawar AB. Etiology, pathogenesis
of Alzheimer’s disease and amyloid beta
hypothesis. In: Alzheimer’s Disease and
Advanced Drug Delivery Strategies.
Amsterdam: Elsevier; 2024. pp. 1-11

[13] Bhatia V, Sharma S. Role of
mitochondrial dysfunction, oxidative
stress and autophagy in progression

of Alzheimer’s disease. Journal of the
Neurological Sciences. 2021;421:117253



Medicinal Plants — Harnessing the Healing Power of Plants

[14] Vaz M, Silva V, Monteiro C,
Silvestre S. Role of aducanumab in

the treatment of Alzheimer’s disease:
Challenges and opportunities. Clinical
Interventions in Aging. 2022;17:797-810

[15] Alzheimer’s Association. FDA-
Approved Treatments for Alzheimer’s.
2024. Available from: https://www.alz.
org/media/Documents/alzheimers-
dementia-fda-approved-treatments-for-
alzheimers-ts.pdf

[16] Nowak A, Kojder K,
Zielonka-Brzezicka J, Wrébel J,

Bosiacki M, Fabianiska M, et al.

The use of Ginkgo biloba L. as a
neuroprotective agent in the Alzheimer’s

disease. Frontiers in Pharmacology.
2021;12:775034

[17] Bayram C, Hacimuftuoglu A.
Investigation of antioxidant efficacy of
Glycyrrhiza glabra L. extract in glutamate
toxicity-induced primary neuron
culture. Anatolian Journal of Biology.
2022;3(1):18-24

[18] Gregory ], Vengalasetti YV,

Bredesen DE, Rao RV. Neuroprotective
herbs for the management of Alzheimer’s
disease. Biomolecules. 2021;11(4):543

[19] Spagnuolo C, Napolitano M,

Tedesco I, Moccia S, Milito A, Luigi
Russo G. Neuroprotective role of natural
polyphenols. Current Topics in Medicinal
Chemistry. 2016;16(17):1943-1950

[20] da Costa IM, de Moura Freire MA,
de Paiva Cavalcanti JR, de Aratjo DP,
Norrara B, Moreira Rosa IMM, et al.
Supplementation with Curcuma longa
reverses neurotoxic and behavioral
damage in models of Alzheimer’s

disease: A systematic review. Current
Neuropharmacology. 2019;17(5):406-421

[21] Liu Q, Wang J, Gu Z, Ouyang T,
Gao H, Kan H, et al. Comprehensive

116

exploration of the neuroprotective
mechanisms of Ginkgo biloba leaves in
treating neurological disorders. The
American Journal of Chinese Medicine.
2024;52(4):1053-1086

[22] Cascella M, Palma G, Barbieri A,
Bimonte S, Amruthraj NJ, Muzio MR,
et al. Role of Nigella sativa and

its constituent thymoquinone on
chemotherapy-induced nephrotoxicity:

Evidences from experimental animal
studies. Nutrients. 2017;9(6):625

[23] Eltahir AO, Omoruyi SI,

Augustine TN, Luckay RC, Hussein AA.
Neuroprotective effects of Glycyrrhiza
glabra total extract and isolated

compounds. Pharmaceuticals.
2024;17(7):852

[24] Teleanu DM, Niculescu A-G,
Lungu II, Radu CI, Vladacenco O,
Roza E, et al. An overview of
oxidative stress, neuroinflammation,
and neurodegenerative diseases.

International Journal of Molecular
Sciences. 2022;23(11):5938

[25] Madhavadas S, Subramanian S.
Cognition enhancing effect of the aqueous
extract of Cinnamomum zeylanicum

on non-transgenic Alzheimer’s disease

rat model: Biochemical, histological,

and behavioural studies. Nutritional
Neuroscience. 2017;20(9):526-537

[26] Assi A-A, Farrag MM,

Badary DM, Allam EA, Nicola MA.
Protective effects of curcumin and

Ginkgo biloba extract combination

on a new model of Alzheimer’s

disease. Inflammopharmacology.
2023;31(3):1449-1464

[27] Arab H, Mahjoub S, Hajian-Tilaki K,
Moghadasi M. The effect of green tea
consumption on oxidative stress markers
and cognitive function in patients with
Alzheimer’s disease: A prospective



Emerging Role of Medicinal Herbs on Algheimer’s Disease and Memory Deficits

DOI: http://dx.doi.org/10.5772/intechopen.1006325

intervention study. Caspian Journal of
Internal Medicine. 2016;7(3):188

[28] Halim MA, Rosli IM, Jaafar SSM,
Ooi H-M, Leong P-W, Shamsuddin S,
et al. Withania somnifera showed
neuroprotective effect and increase
longevity in drosophila Alzheimer’s
disease model. BioRxiv. 2020:2020.04.
27.063107

[29] Cuya T, Baptista L, Franga TCC.

A molecular dynamics study of
components of the ginger (Zingiber
officinale) extract inside human
acetylcholinesterase: Implications

for alzheimer disease. Journal of
Biomolecular Structure and Dynamics.
2018;36(14):3843-3855

[30] Qi-Hai G, Qin W, Xie-Nan H,
An-Sheng S, Jing N, Jing-Shan S.
Protective effect of Ginkgo biloba leaf
extract on learning and memory deficit
induced by aluminum in model rats.

Chinese Journal of Integrative Medicine.
2006;12:37-41

[31] Pandey SN, Rangra NK, Singh S,
Arora S, Gupta V. Evolving role of
natural products from traditional
medicinal herbs in the treatment of
Alzheimer’s disease. ACS Chemical
Neuroscience. 2021;12(15):2718-2728

[32] Sanka N, Santhipriya N,
Nadendla RR. An updated review on
anti-Alzheimer’s herbal drugs. Journal
of Drug Delivery and Therapeutics.
2018;8(6):360-372

[33] Sabaragamuwa R, Perera CO,
Fedrizzi B. Centella asiatica (Gotu kola)

as a neuroprotectant and its potential role

in healthy ageing. Trends in Food Science
and Technology. 2018;79:88-97

[34] Rho T, Choi MS, Jung M, Kil HW,
Hong YD, Yoon KD. Identification

117

of fermented tea (Camellia sinensis)
polyphenols and their inhibitory
activities against amyloid-beta
aggregation. Phytochemistry.
2019;160:11-18

[35] Fernandes L, Cardim-Pires TR,
Foguel D, Palhano FL. Green tea
polyphenol epigallocatechin-
gallate in amyloid aggregation and

neurodegenerative diseases. Frontiers in
Neuroscience. 2021;15:718188

[36] Luo Y, Smith JV, Paramasivam V,
Burdick A, Curry KJ, Buford JP, etal.
Inhibition of amyloid-p aggregation and
caspase-3 activation by the Ginkgo biloba
extract EGb761. National Academy of
Sciences of the United States of America.
2002;99(19):12197-12202

[37]1 Rao PV, Gan SH. Cinnamon: A
multifaceted medicinal plant. Evidence-
Based Complementary and Alternative
Medicine. 2014;2014(1):642942

[38] Sharma H, Sharma N, An SSA.
Black pepper (Piper nigrum) alleviates
oxidative stress, exerts potential anti-
glycation and anti-AChE activity: A
multitargeting neuroprotective agent

against neurodegenerative diseases.
Antioxidants. 2023;12(5):1089

[39] Chao C-L, Huang H-W, Huang
H-C, Chao H-F, Yu S-W, Su M-H,

et al. Inhibition of amyloid beta
aggregation and deposition of Cistanche

tubulosa aqueous extract. Molecules.
2019;24(4):687

[40] Abass S, Latif M, Shafie N,
Ghazali M, Kormin F. Neuroprotective

expression of turmeric and curcumin.
Food Research. 2020;4(6):2366-2381

[41] Lerose V, Ponticelli M, Benedetto N,
Carlucci V, Lela L, Tzvetkov NT, et al.
Withania somnifera (L.) Dunal, a
potential source of phytochemicals for



Medicinal Plants — Harnessing the Healing Power of Plants

treating neurodegenerative diseases: A
systematic review. Plants. 2024;13(6):771

[42] Dziwenka M, Coppock RW. Ginkgo
biloba. In: Nutraceuticals. Amsterdam:
Elsevier; 2021. pp. 835-852

[43] Rao RV, Descamps O, John V,
Bredesen DE. Ayurvedic medicinal
plants for Alzheimer’s disease: A review.
Alzheimer’s Research and Therapy.
2012;4(3):22

[44] Ferreira A, Rodrigues M, Fortuna A,
Falcdo A, Alves G. Huperzine A from
Huperzia serrata: A review of its sources,
chemistry, pharmacology and toxicology.
Phytochemistry Reviews. 2016;15:51-85

[45] QuJ, Xu N, Zhang ], Geng X,
Zhang R. Panax notoginseng saponins
and their applications in nervous system

disorders: A narrative review. Annals of
Translational Medicine. 2020;8(22):1525

[46] Singh A, Agarwal S, Singh S. Age
related neurodegenerative Alzheimer’s
disease: Usage of traditional herbs in

therapeutics. Neuroscience Letters.
2020;717:134679

[47] Sharma N, Tan MA, An SSA.
Mechanistic aspects of Apiaceae family
spices in ameliorating Alzheimer’s
disease. Antioxidants. 2021;10(10):1571

(48] Liu C-g, Wang ], Li L, Xue L-x,
Zhang Y-q, Wang P-c. MicroRNA-135a
and-200Db, potential biomarkers for
Alzheimer’s disease, regulate p secretase

and amyloid precursor protein. Brain
Research. 2014;1583:55-64

[49] Sayad-Fathi S, Zaminy A, Babaei P,
Yousefbeyk F, Azizi N, Nasiri E. The
methanolic extract of Cinnamomum
geylanicum bark improves formaldehyde-
induced neurotoxicity through reduction
of phospho-tau (Thr231), inflammation,

118

and apoptosis. EXCLI Journal.
2020;19:671

[50] Zhang X, Wang X, Hu X, Chu X,

Li X, Han F. Neuroprotective effects of a
Rhodiola crenulata extract on amyloid-f
peptides (AB(1-42)) -induced cognitive
deficits in rat models of Alzheimer’s
disease. Phytomedicine. 2019;57:331-338

[51] Ibrahim Fouad G, Zaki Rizk M.
Possible neuromodulating role of
different grape (Vitis vinifera L.)

derived polyphenols against Alzheimer’s
dementia: Treatment and mechanisms.
Bulletin of the National Research Centre.
2019;43(1):108

[52] Valverde-Salazar V, Ruiz-Gabarre D,
Garcia-Escudero V. Alzheimer’s disease
and green tea: Epigallocatechin-3-
gallate as a modulator of inflammation

and oxidative stress. Antioxidants.
2023;12(7):1460

[53] Zhang R, Zhang L, Li Z, Zhang P,
Song H, Yao D-a, et al. Green tea
improves cognitive function through
reducing AD-pathology and improving
anti-oxidative stress capacity in Chinese
middle-aged and elderly people.
Frontiers in Aging Neuroscience.
2022;14:919766

[54] Li F, Kim MR. Effect of aged garlic
ethyl acetate extract on oxidative stress
and cholinergic function of scopolamine-
induced cognitive impairment in mice.
Preventive Nutrition and Food Science.
2019;24(2):165

[55] Kaur A, Tiwari R, Tiwari G,
Ramachandran V. Resveratrol: A
vital therapeutic agent with multiple
health benefits. Drug Research.
2022;72(01):5-17

[56] Veerendra Kumar M, Gupta Y.
Effect of Centella asiatica on



Emerging Role of Medicinal Herbs on Algheimer’s Disease and Memory Deficits
DOI: http://dx.doi.org/10.5772/intechopen.1006325

cognition and oxidative stress in an
intracerebroventricular streptozotocin
model of Alzheimer’s disease in rats.
Clinical and Experimental Pharmacology
and Physiology. 2003;30(5-6):336-342

[57] Akram M, Nawaz A. Effects
of medicinal plants on Alzheimer’s
disease and memory deficits.

Neural Regeneration Research.
2017;12(4):660-670

(58] Albohy A. 2023. Available
from: https://www.sciencedirect.
com/science/article/abs/pii/
S03788741230049932via%3Dihub

[59] Kure C, Timmer ], Stough C. The
immunomodulatory effects of plant
extracts and plant secondary metabolites
on chronic neuroinflammation

and cognitive aging: A mechanistic

and empirical review. Frontiers in
Pharmacology. 2017;8:117

[60] Zhang X, Li Y, Hu Y. Green
synthesis of silver nanoparticles and
their preventive effect in deficits in
recognition and spatial memory in
sporadic Alzheimer’s rat model. Colloids
and Surfaces A: Physicochemical and
Engineering Aspects. 2020;605:125288

119






Chapter 5

Exploring the Antioxidant Activity
of Selected Aromatic and Medicinal
Plants

Amin Salhi, Chahid Zannagui, Abdellah Elyoussfi,
M’hamed Ahari, Fouad Mourabit, Hassan Amhamdi,
El Houssien Akichouh and Soufian El Barkany

Abstract

This study explores the in vitro antioxidant activity of three plants: Pistacia
lentiscus, Mentha pulegium, and Tetraclinis articulata. Initially, we quantified the
total polyphenol, flavonoid, and flavonol content in each extract. Subsequently, the
antioxidant potential was assessed using DPPH radical scavenging, ferric reducing
antioxidant power (FRAP), and p-carotene bleaching assays. Our findings revealed
that the crude extracts exhibited significant anti-radical and antioxidant activities,
correlating with their polyphenol and flavonoid contents. A linear relationship
was established, with flavonoid-rich fractions demonstrating the highest activity.
However, the intensity of antioxidant activity was solely dependent not only on the
flavonoid content but also on their specific nature. Notably, the strong inhibition
of lipid oxidation by the dichloromethane and ethyl acetate fractions, despite their
low polyphenol concentration, suggested the presence of other bioactive substances.
These include waxes, fatty acids, sterols, triterpenes, carotenoids, highly methoxyl-
ated flavonoid aglycones, and coumarins, which may act independently or synergisti-
cally. This study offers valuable insights into the complex antioxidative properties and
potential health benefits of these plant extracts.

Keywords: plant extracts, polyphenols, solvent polarity, DPPH assay, FRAP assay

1. Introduction

Free radicals induce oxidative stress, leading to substantial damage to cellular pro-
teins, membrane lipids, and nucleic acids. This harmful process has been associated
with aging and numerous diseases, including cancer, atherosclerosis, and Alzheimer’s
disease [1, 2].

Due to this, free radicals and related species have attracted significant atten-
tion recently. Phenolic antioxidants, both natural and synthetic, have emerged as
powerful compounds used extensively in commercial and biological contexts to
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prevent oxidation. The well-known antioxidant properties of phenolic compounds
include their potent chain-breaking activities and their ability to neutralize
radicals, which helps protect cells from the adverse effects of reactive oxygen
species [3].

In recent years, the structure-activity relationships that determine the antioxidant
capacity of these compounds have been extensively studied and clarified. Through
experimental studies and quantum chemical analyses, researchers have rationalized
these relationships [4-6]. It is well established that the radical scavenging effective-
ness of phenolic compounds is significantly influenced by both the number and the
spatial arrangement of their phenolic hydroxyl groups.

2. Methodology
2.1 Collection of plant material

The selected species were collected from Al-Hoceima National Park (The Rif)
(Table1). Their identification was carried out at the Faculty of Sciences at Mohamed
First University.

Freshly harvested plant material was dried in the shade for 2 to 3 weeks before
being ground into a fine powder. The resulting powders were stored in glass vials,
labeled with the name of the species and the specific part of the plant, and stored in
the freezer for preservation.

2.2 Colorimetric analyses by UV-visible spectrophotometry
2.2.1 Total polyphenol content determination

The total polyphenol content was determined using the Folin-Ciocalteu method
described by Wong et al. [7], which detects a color change upon oxidation of polyphe-
nols, with maximum absorption at 760 nm. After mixing 200 pL of diluted extract
with 1 mL of Folin-Ciocalteu reagent and a 4-minute incubation, 800 pL of 7.5%
sodium carbonate solution was added. Following a 2-hour incubation, absorbance was
measured, and polyphenol concentration was calculated using a gallic acid standard
curve, expressed as micrograms of gallic acid equivalents (GAE) per milligram of
extract.

2.2.2 Determination of total flavonoid content

To quantify flavonoids in plant extracts, the method by Djeridane et al. [8] using
aluminum chloride (AlCl;) was adapted. After appropriate dilutions, 1 mL of each
extract solution and standard (dissolved in ethanol) was mixed with 1 mL of 2%
AICl; solution in ethanol. Following incubation in darkness at room temperature for

Station Collection period Parts studied Longitude Latitude
Al-Hoceima National Park May-July Leaves 4°00’00”W 5°20°00” N
Table 1.

Geographical and bioclimatic parameters of the study.
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30 minutes and absorbance reading at 430 nm, flavonoid content was determined
using a linear calibration curve with quercetin as the standard. The results are

expressed as milligrams of quercetin equivalents per gram of dry plant weight (mg
QE/g DW).

2.2.3 Determination of flavonol content

The method by Kosalec et al. [9], with slight modifications, was used to assess
flavonol content in various extracts. A mixture of distilled water, AlCl;, CH;COOK,
and the extract was incubated, and absorbance at 415 nm was measured after
30 minutes. Results, expressed as milligrams of quercetin equivalents per gram of dry
plant weight (mg EQ/g DW), were obtained from a standard curve prepared using a
quercetin standard under the same conditions.

2.3 In vitro antioxidant evaluation

The complexity of phytochemicals in plant extracts requires diverse methods for
antioxidant activity assessment. Three methods were used: DPPH radical scavenging,
p-carotene bleaching, and FRAP assays. These methods rely on color changes, with
absorbance readings at specific wavelengths.

2.3.1 DPPH stable radical test

Antioxidants’ ability to reduce the DPPH free radical is tracked using UV-visible
spectrophotometry, measuring absorbance decrease at 517 nm upon extract addi-
tion. Initially purple, DPPH turns colorless as unpaired electrons pair up, indica-
tive of extract efficacy in neutralizing radicals irrespective of enzymatic activities
(Figure 1). The stable radical substrate transforms to yellow DPPH-H upon antioxi-
dant interaction, losing characteristic absorbance at 517 nm. Reactions occur at room
temperature in an ethanol environment, aiding antioxidant solubility. This widely
adopted, rapid, and cost-effective test holds paramount importance in antioxidant
assessment and research.

In our study, we utilized the method by Moure et al. [10] to evaluate the activity.
A DPPH solution was prepared by dissolving 4.0 mg of DPPH in 100 mL of ethanol.
Various concentrations of sample and control solutions were added to 1 mL of the
DPPH solution, followed by a 30-minute incubation period in darkness at room tem-
perature. Absorbance readings were taken at 517 nm against blanks, and results were
presented as the mean of three measurements + standard deviation. Ascorbic acid

OH o
. H
N

N-N NO, + _— N— NO, +
oy
DPPH phenol 2,2-diphenyl-1-picrylhydrazine phenoxy
Figure 1.

Reduction of the radical by an antioxidant.
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(vitamin C) and BHA (Butyl-hydroxyanisole, E320) were used as standard antioxi-
dants for comparative analysis, with results expressed as percentage inhibition:

RSA% =| Abs Abs . | Abs, ey |x100 1)

control sample

Additionally, studying the variation of radical scavenging activity with extract
concentration allowed determination of the concentration corresponding to 50%
inhibition (ICsp), where a lower ICs, value indicates stronger antioxidant activity
against free radicals.

2.3.2 Ferric ion reducing power (frap)

The FRAP assay, based on Oyaizu’s method [11], evaluates the reducing activity
of antioxidants. This method measures the reduction of Fe** to Fe**, indicative of
electron donation, a characteristic of polyphenol antioxidants.

To assess the antioxidant activity, samples at varying concentrations were mixed
with phosphate buffer and potassium ferricyanide solution. Following an incubation
period and subsequent termination of the reaction, the mixture underwent centrifu-
gation, and the resulting supernatant was then combined with ferric chloride solu-
tion. Absorbance readings were taken at 700 nm against a blank. As a positive control,
ascorbic acid solution was utilized.

This assay serves as a valuable tool for evaluating the reducing power of the tested
extracts. Higher absorbance values indicate increased antioxidant activity, providing
a quantitative measure of their effectiveness in reducing ferric ions.

2.3.3 B-carotene bleaching test

The B-carotene bleaching test evaluates antioxidant capacity by measuring the
inhibition of oxidative degradation of p-carotene (bleaching) by linoleic acid oxida-
tion products, as described by Tepe et al. [12].

A method by Kartal et al. [13] with minor adjustments was used. An emulsion of
p-carotene/linoleic acid was prepared, followed by the addition of sample or standard
solutions. The mixture was incubated in darkness at 50°C. Emulsion bleaching kinet-
ics were monitored at 470 nm for 120 minutes. Antioxidant activity was determined
using the formula:

(Ag /Agy)x100% )

where Ay is the initial absorbance and Ag, is the absorbance after 120 minutes.

3. Results and discussion
3.1 Extraction yields of crude extracts

Extracts from the aerial parts of the plants were prepared using solvents of
increasing polarity: hexane, dichloromethane, ethyl acetate, ethanol, methanol,
and water. This process yielded six distinct crude extracts: hexane (EH), dichlo-
romethane (ED), ethyl acetate (EA), ethanol (EE), methanol (EM), and aqueous
(EAq) extracts.
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Extraction yields, expressed as a percentage of extract mass relative to the fresh
plant mass, are shown in Figure 2. The highest yield was from ethanol leaf extract
(EEPL) at 17.6%, followed by aqueous extract (EAqTA) at 12.4% and aqueous extract
(EAgMP) at 7.6%.

It is important to highlight that the extraction method, including the choice of
solvents and the conditions under which the extraction is performed (hot or cold),
as well as the specific plant part used, significantly impacts the total phenol and
flavonoid content. Consequently, these factors also influence the biological activities
mediated by these metabolites [14].

3.2 Determination of phenolic compound content

The various crude extracts obtained through solid-liquid extraction (SLE) were
quantitatively analyzed for their polyphenol, flavonoid, and flavonol content using
a UV-visible spectrophotometer. The results are expressed in terms of gallic acid
equivalents (mg GAE/g), catechin equivalents (mg CE/g), and quercetin equivalents
(mg QE/g), respectively (Table 2).

The results indicate significant variations in the total polyphenol content among the
extracts from different plants. Ethanol extracts exhibited the highest polyphenol levels,
with values of 438.20 + 3.32 mg GAE/g for M. pouliot and 70.40 + 7.07 mg GAE/g for P
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lentiscus. Methanol extracts showed the highest polyphenol content for Thymus algeriensis
at 169.42 + 8.16 mg GAE/g. In contrast, extracts obtained using solvents of lower polarity,
such as dichloromethane and ethyl acetate, had the lowest polyphenol levels.

Furthermore, the data in Table 2 reveal considerable variation in total flavonoid
content across different plants. M. pouliot leaves had the highest flavonoid content (EE
MP = 138.80 + 16.70 mg CE/g), followed by P. lentiscus (EEPL = 32.06 + 1.68 mg CE/g)
and T algeriensis leaves (EMTA = 34.0 + 2.12 mg CE/g). Ethanol and methanol were
the most effective solvents for extracting flavonoids from the aerial parts of the
plants, while dichloromethane and ethyl acetate were less effective.

The findings clearly show that these compounds are present in all the extracts
from the various plants studied, with concentrations varying widely. Ethanol extracts
of M. pouliot had the highest flavonol content at 67.97 + 0.04 mg QE/g, compared to
16.96 + 5.06 mg QE/g and 14.36 + 1.68 mg QE/g for EMTA and EEPL, respectively.

3.3 Study of antioxidant activity of crude extracts
3.3.1 DPPH vadical scavenging activity

The free radical scavenging activity was evaluated using the DPPH assay, which
measures the ability of the extracts to neutralize the stable DPPH’ radical in solution
through the donation of a hydrogen atom or electron.

The antiradical activity profiles (Figure 3a, b, and c) show that the tested extracts
exhibit a dose-dependent response. The stabilization phase indicates almost complete
reduction of the DPPH" radical to its non-radical form, DPPH-H.

In this study, comparisons were made among the three species to determine the
ability of their extracts to eliminate the DPPHe free radical. Table 3 presents the ICso
values of the DPPH test for the extracts of the three plants. The ICs values ranged
from 5.34 + 0.2 to >200 pg/mL. Generally, the results showed that extracts derived
from highly polar solvents led to an increase in free radical scavenging activity.
Interestingly, the free radical scavenging activities of polar extracts were comparable
to the standards (BHA and ascorbic acid).

The variation in ICsy values among the extracts of different species could be attrib-
uted to differences in their polyphenolic compositions [15]. Therefore, extracts with
higher antioxidant activities likely possess higher amounts of polyphenols (Table 2).
This observation was statistically proven by calculating the Pearson correlation coef-
ficient r (Table 4).

The DPPH assay identified the ethanol extract of P, lentiscus [5.34 + 0.2 pg/mL]
(the lowest ICs, value) as having statistically the highest free radical scavenging
activity, followed by the ethanol extract of M. pouliot [11.82 + 0.4 ug/mL] and the
methanol extract of T. algeriensis [14.80 + 0.4 pg/mL]. Meanwhile, the dichlorometh-
ane extract of T. algeriensis, EDTA, showed the lowest activity (> 200 pg/mL).

Previous studies have demonstrated that extracts from the examined plants have
a strong capacity to act as antioxidant agents. Specifically, both EEMP and EMMP
extracts showed strong antiradical activity compared to the results reported by
Mata et al.; Stagos et al.; Teixeira et al. [16-18]. On the other hand, Kamkar et al.
corroborated the findings by showing powerful antiradical activity presented by
both aqueous and methanol extracts of M. pulegium [ICs = 5.5 + 0.3 pg/mL and
ICso = 6.1 + 0.1 pg/mL] [19]. Regarding the species T. algeriensis, the study conducted
by Fatma et al. indicated that the inhibition rate of methanol extract (MOK) reached
84 + 0.034%, which is very close to our results [20].
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Profiles of anti-radical activity (DPPH’ test) of extracts.
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Samples DPPH FRAP pCB
I1Cs0 (ug/mL) % RSA Abs %
EEPL 0534+ 0.2 895+ 0.7 1.07 + 0.02 84.43 +1.68
EMPL 1780 + 0.8 877+0.1 1.20 + 0.02 79.66 £2.00
EAqPL 12.87+ 0.5 873+31 117+ 0.03 81.12 + 4.53
EAPL 39.01+£1.0 881+04 0.26 + 0.03 8739 +2.00
EDPL 2498 +2.9 392+28 0.12 +0.02 90.32 +£2.98
EEMP 11.82+ 0.4 90.7+0.2 043 +0.03 65.80 + 4.74
EMMP 2341+0.2 912+ 0.0 0.34 + 0.00 68.25+ 0.00
EAqMP 36.62+0.9 81.5+0.9 0.73+0.03 60.58 + 8.90
EAMP 211531 489+ 2.5 0.14 + 0.01 82.04 + 8.75
EDMP 13918 + 0.7 671+21 0.10 + 0.00 7716 +5.73
EETA 2040+ 0.2 937+0.1 0.98 + 0.04 7760 +3.47
EMTA 14.80 + 0.4 86.7+1.9 0.80 + 0.01 7269 +10.1
EAqTA 3240+ 0.3 79.8 +1.2 0.53 + 0.04 70.39 £ 8.52
EATA 134.66 £ 0.6 73.0+0.0 0.09 £ 0.01 8249 +2.22
EDTA >200 11.8+1.2 0.04 £ 0.00 83.50 + 0.00
BHA 555+0.3 90.2+16 NT 94.73 + 334
Ac. Asc 282+01 944 +£11 1.29+£0.03 81.44 +2.50
Table 3.
Various antioxidant activity methods.
Correlation coefficient (r)
RSA FRAP pCB TPC TF FV
RSA 1 — — 0.861 0.765 0.686
MP RP 0.645 1 — 0.510 0.361 0.323
BCB -0.707 —-0.930 1 —-0.684 —0.532 -0.436
RSA 1 — — 0.779 0.751 0.749
TA RP 0.764 1 — 0.957 0.915 0.910
BCB —0.632 —0.662 1 —0.818 —0.702 -0.736
RSA 1 — — 0.933 0.875 0.928
PL RP 0.940 1 — 0.823 0.722 0.775
BCB —-0.891 —0.966 1 —-0.696 —-0.574 —-0.659
Table 4.

Pearson correlation coefficient analysis.
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3.3.2 Ferric reducing power assay (FRAP)

The FRAP assay, often utilized to assess the capacity of natural antioxidants
to donate electrons or hydrogen, is a significant mechanism of action for phenolic
antioxidants [21].

The reducing power of various extracts (15.6-100 pg/mL) from the three plants is
presented in Figure 4. It can be observed that the highest reducing power is achieved
by the EMPL extract (1.20 + 0.02) from P. lentisque, the EETA extract (0.98 + 0.04)
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Profiles of ferric reducing power of crude extracts.
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from T algeriensis, and the EAqQMP extract (0.73 + 0.03) from M. pulegium, which is
comparable to that of the standard ascorbic acid (1.29 + 0.03).

Additionally, the FRAP assay results were consistent with those of the DPPH free
radical assay for the three plants examined. Examination of the reducing power results
of the extracts from each species revealed the effect of the extraction solvent. Indeed,
extracts with higher polarity for all species exhibited very strong reducing power. In con-
trast, the ferric ion reducing activity of extracts with lower polarity was lower, except for
the two extracts EAPL and EAMP, which were 0.26 + 0.03 and 0.14 + 0.01, respectively.

A strong correlation was found between the reducing power and the total phenolic
content present in the various extracts, indicating that phenolic compounds play a
significant role in the beneficial effects of these medicinal plants.

3.3.3 Inhibition of f-carotene bleaching

In this study, the ability of the extracts to inhibit lipid peroxidation was evaluated
using the p-carotene bleaching technique. Any chemical substance that delays or
inhibits the bleaching of p-carotene can be considered an antioxidant [22].

To assess the effectiveness of our extracts in slowing down the oxidation rate of
lipids, we monitored the reaction of linoleic acid oxidation by measuring the decrease
in absorbance over time. The results show that both BHA and the tested extracts
from different species effectively inhibit the coupled oxidation of linoleic acid and
p-carotene (Figure 5).

An exception was noted for the dichloromethane and ethyl acetate fractions of
each tested species; these two fractions are very low in phenolic compounds but
exhibited remarkably strong inhibitory power compared to the other extracts.

These two extracts are quite complex; they may contain a variety of substances
(waxes, fatty acids, sterols, triterpenes, carotenoids, highly methoxylated flavonoid
aglycones, and coumarins) that can act independently or synergistically. Mariod and
colleagues in 2009 found maximum inhibition with the hexane fraction of Nigella
sativa L seeds [23]. They indicated that, in addition to the probable contribution of
antioxidants to the activity of the two extracts, another parameter seems to intervene
the polarity of the solvents.

Frankel and Meyer proposed that within lipid emulsion systems in water, apolar
antioxidants demonstrate superior antioxidant properties compared to polar ones [24].
They found that apolar antioxidants concentrate at the lipid-water interface, inhibit-
ing lipid radical formation and p-carotene oxidation. In contrast, polar antioxidants,
dispersed in the aqueous phase, are less effective due to their dilution.

3.4 Pearson correlation analysis

Undergoing Pearson correlation analysis, we delved into establishing the linear
relationships among all antioxidant activities and between antioxidant activities and
phenolic compound contents. What emerged prominently were the highest posi-
tive correlation coefficients displayed by DPPH and FRAP across the trio of species
under scrutiny: P, lentiscus (r = 0.940), T. algeriensis (0.764), and M. pulegium (0.645)
(Table 4). This intriguing revelation hints at the consistent polarity alignment
between both DPPH and FRAP antioxidant activities and the solvent. To elaborate,
it appears that the greater the solvent’s polarity, the more potent the antioxidant
capacity within the plant extracts. This hypothesis gains traction as we observe the
polar nature of the reaction environments governing both processes. Moreover, our
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exploration uncovers the richness of polar compounds in extracts like ethanol, metha-
nol, and aqueous solutions, manifesting as either hydrogen atom donors or singlet
electron transfer agents, thus augmenting the antioxidant potency.

However, the p-carotene bleaching test exhibited notably strong negative correla-
tions with both DPPH and FRAP (r = —0.891, r = —0.966, respectively). These find-
ings are likely supported by the solvent polarity and the hydrophobic characteristics
of the reaction environment.

4. Conclusion

The in vitro antioxidant activity of the extracts was assessed using various meth-
ods, including DPPH radical scavenging, ferric ion reducing power, and -carotene
bleaching inhibition. We found that the different crude extracts tested exhibited
interesting anti-radical and antioxidant activities, which were dependent on total
polyphenol and flavonoid contents. A linear relationship was established, with
fractions richest in flavonoids showing the highest activity. However, the intensity of
antioxidant activity is not solely dependent on the overall flavonoid content but also
on their nature. Thus, the strong inhibition of lipid oxidation by the dichlorometh-
ane and ethyl acetate fractions of the different plants, despite their low polyphenol
concentration, may be attributed to other substances (waxes, fatty acids, sterols,
triterpenes, carotenoids, highly methoxylated flavonoid aglycones, and coumarins)
that can act independently or synergistically.
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Chapter 6

Medicinal Plants for Controlling

of Gastrointestinal Nematodes in
Scavenging Chickens: A Systematic
Review

Nkanyiso Majola, Mbusiseni Mkwanazi, Sithembile Z. Ndlela
and Michael Chimonyo

Abstract

The review investigates medicinal plants published in peer-reviewed journals from
2000 to 2021. The objective of the review is to explore the use of IK to control gastroin-
testinal nematodes. Chickens contribute extensively to the livelihood of many communi-
ties by ensuring food security, women empowerment, and income provision. Scavenging
chickens are, however, highly exposed to gastrointestinal nematodes (GIN). In total, 15
ethno-veterinary plant species belonging to 16 families were identified to control GIN.
These included Agave sisalana, Aloe forex, Gunnera perpensa L., and Aloe marlothii. The
value of these EVM lies in various chemical substances that possess properties such as
alkaloids, saponins, and other phenolic compounds that fight diseases and parasites.
Farmers collected plants from the bush, around the kraal, and along the homestead fence
for easy access. Various administration methods and dosages were used. The use of plants
to control nematodes in is attributed to the availability and ease of application. Medicinal
plants, either as an alternative to anthelmintics or as a complement to conventional
knowledge, need to be documented and promoted. It is necessary to evaluate the appro-
priate dosages of medicinal plants. Policies that govern the use and threats of medicinal
plants need to be developed to conserve valuable remedies.

Keywords: ethnoveterinary remedies, conservation, indigenous knowledge,
nematode infestation, natural products

1. Introduction

The demand for organic poultry products from free-range and deep-litter produc-
tion systems is increasing [1]. Scavenging chickens significantly contribute to house-
holds with limited resources, particularly landless women, allowing them to receive
healthcare and education. They contribute to sustainable development goals and food
security by maintaining biodiverse genomes [2]. Chickens promote gender equality,
particularly amongst disadvantaged groups and less helped areas of rural Africa [3].
They are not labour-intensive, can be reared as sideline enterprises, and demand less

137 IntechOpen



Medicinal Plants — Harnessing the Healing Power of Plants

space than larger animals such as cattle. Keeping chickens is advantageous to women
as they manage poultry production and marketing without seeking permission from
their husbands. The meat from scavenging chickens is highly preferred, thus suggest-
ing that these genetic resources are promising options to enhance food security.

In large-scale production systems, the rearing of chickens is characterized by low
productivity and high mortality [4]. Other challenges that resource-limited farmers
face seriously include feed shortages [3]. Chickens are, thus, forced to roam around,
scavenging around homesteads in contaminated areas with infective nematode eggs.
Gastrointestinal nematodes are far from the most important parasites of chickens and
remain the major factor hindering the successful production of village chickens [5].
Nematode infestations lead to decreased productivity and increased morbidity and
mortality in chickens. The widespread occurrence of nematode infestations is linked
to low management levels and poor hygiene [6, 7]. In intensive production systems,
nematodes are usually controlled using anthelmintic; however, they are often out of
reach for most farmers with limited resources as they are costly and, occasionally,
inconsistently inaccessible. Using anthelmintic drugs has, however, been reported
to lead to the development of nematode resistance against anthelmintic if overdosed
and due to infrequent applications [3]. Consequently, this has increased the search for
alternative control practices, such as using indigenous knowledge (IK). Indigenous
knowledge is a set of perceptions, experiences, information, and behavior that guide
community members in efficiently utilizing their natural resources [8].

The use of indigenous knowledge has been part of the day-to-day practices of
resource-limited farmers for centuries [9]. Although for some years, IK has been
neglected and secluded in development, the Department of Science and Technology
has developed an IK policy with the main goal of strengthening the contribution of IK
to social and economic development [10]. The use of IK and its contribution to vet-
erinary care cannot be underemphasized. According to Luseba and Tshisikhawe, [11]
an estimated population of 80% depends on IK in Africa, though IK is not recognized
and documented. Ethno-veterinary remedies are effective and locally available to
resource-limited farmers. Indigenous knowledge is sustainable and practically sound
due to its ease of production and processing [10].

Developing indigenous knowledge systems (IKS) creates opportunities for
conventional knowledge to complement and integrate with IK. Both systems have
the potential to integrate into educational and lifelong learning frameworks, con-
tributing to sustainable development and enhancing the veterinary care of chickens.
Also, sharing IKS is important to ensure that it is used and preserved for the future.
The paper explores existing information on the potential utilization of IK to control
gastrointestinal nematodes in chickens. The review discusses the role of chickens in
empowering women, enhancing food security, promoting organic meat production,
and the significance of IK in managing nematode infestations in chickens and the
common nematodes that infect them. The review also identifies potential areas that
require more research concerning the exploitation of IK.

2. Materials and methods

The study focuses on using IK to control gastrointestinal nematodes in chickens. In
this study, indigenous knowledge is the understanding and practices that local people
use for survival. It has evolved through extensive trial and error and has been proven to
handle changes in their environments [12] effectively. PRISMA guidelines (Figure 1)
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Patential records identified through database searching included (n=90):

. Science direct (30), Google scholar (28), Cab direct (5), Semantic scholar (5)
. Additional records identified through other sources: Springler link (6), Research gate (3),
Citations (10), Research space (3)
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Figure 1.
Diagram illustrating the process for screening literature.

were followed in the systematic review. Science Direct, Google Scholar, and Semantic
Scholar were scientific databases used to search for the information. Additional
searches were done through the reference lists of key articles to ensure a wide range of
articles from different sources. Other sources, such as Springer links and Researchgate,
were used in cases where articles were not obtainable from scientific databases.
Research space was used in cases where the data found was obtained from a thesis.
Keywords used during the article search included nematodes in chickens, medicinal
plants, ethno-veterinary plants, indigenous knowledge, traditional animal healthcare,
the role of chickens in resource-limited areas, and chicken production. During the
search stage, preprints were not considered.

After completing the search, the authors (NGM, SZN, MVM, and MC) eliminated
all duplicate articles. Before the qualitative synthesis, information such as article
titles, authors, journals, publication type, English articles, indigenous knowledge of
nematodes, and the functions and roles of chickens were gathered. Complete article
texts were reviewed and dismissed based on the following exclusion criteria: studies
providing data irrelevant to the research question, communique, and Website content
from organizations such as FAO were rejected, and articles not in the original English
language were rejected. Literature was synthesized into a quality metric utilizing
four criteria: aim, methodology, results, and application. This review categorized the
studies based on quality criteria, dividing them into categories: high referred to >75%
of all sub-criteria satisfied, moderate 50-75% satisfied, and weak <50% of criteria
fulfilled. The literature was used regardless of the research method employed (quali-
tative or quantitative). Research published in a language other than English presented
abstract only or not peer-reviewed was left out. All pertinent articles were thoroughly
reviewed and summarized utilizing a uniform data extraction table within a Word
document (Table 1). The included articles were examined to find additional records.
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Lead author, year Location Type of Method used Number of Rank
publication participants/
sample size (N)
Abdelqader etal. Germany Research paper In vivo and in 225 H
[1] vitro trial
Ajani etal. [13] Nigeria Review - - w
Alameetal. [6] Bangladesh Research paper In vivo and in - w
vitro trial
Belete et al. [14] Ethiopia Review - -
Bettridge etal. [15] Ethiopia Research paper Experimental 1056 H
Butboochoo and Thailand Research paper Experimental 120
Wongsawad [7]
Chander et al. [16] India Review - - H
Dasgupta and Roy India Research paper In vitro trial - H
[17]
Giday et al. [18] Ethiopia Research paper Semi-structured 17 M
interviews
Gwala [19] South MSc-Thesis - - M
Africa
Idika et al. [20] Nigeria Research paper Experimental 125 M
Jain et al. [21] India Review - - w
Kabeer [22] - Review - - w
Karumari et al. India Research paper Experimental - M
[23]
Khan et al. [24] Pakistan Research paper Experimental - M
Katoch et al. [25] India Research paper Experimental 125 H
Kumm [26] Sweden Short Experimental -
communication
Kusina et al. [27] Zimbabwe Research paper Semi-structured 416 H
interviews
Lalchhandama India Research paper Experimental - H
etal. [5]
Matos Lopes et al. Brazil Research paper Experimental - H
[28]
Luseba and South Research paper Focus group 37 H
Tshisikhawe [11] Africa discussions
Malatji et al. [4] South Research paper Questionnaire 87 H
Africa
Mapiye etal. [29] Zimbabwe Review - - H
Mapiye and Zimbabwe Research paper Questionnaire 72
Sibanda [30]
Melesse [31] Germany Review - - M
Mitileni et al. [32] South Review - - M
Africa
Mathialagan [33] India Research paper Questionnaire 200 w
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Lead author, year Location Type of Method used Number of Rank
publication participants/
sample size (N)
Mkwanazi et al. South Research paper Questionnaire 300 H
[12] Africa
Mwale et al. [34] Zimbabwe Research paper Questionnaire 150
Mwale and Masika South Research paper Experimental - H
3] Africa
Mwale and Masika South Research paper Experimental 14 M
[3] Africa
McGlaw and Ellof South Review - - H
9] Africa
Muchadeyi et al. Zimbabwe Research paper Questionnaire 100 M
[35]
Naphande and India Research paper Experimental - w
Chaudhari [36]
Ncobela and South Research paper Questionnaire 239 H
Chimonyo [37] Africa
Ndlela et al. [38] South Research paper Questionnaire 294 H
Africa
Puttalakshmamma India Research paper Experimental 100 M
etal. [39]
Prakash et al. [40] India Review - - w
Razaetal. [41] Pakistan Review - - w
Siamba et al. [42] Kenya Research paper Experimental - w
Subash et al. [43] India Research paper Experimental - M
Swatson et al. [44] South Research paper Experimental - M
Africa
Symeonidou et al. Greece Review - - w
[45]
Sujith et al. [46] India Research paper Experimental - M
Sugumar et al. [47] India Research paper Experimental - M
Tesfaheywe et al. Ethiopia Research paper Semi-structured - M
[48] interviews
Tewari et al. [49] India Research paper Semi-structured 210 w
interviews
Uhuo et al. [50] Nigeria Research paper Experimental - w
Vilakazi et al. [8] South Research paper Semi-structured 400 H
Africa interviews
Wathijaree et al. Italy Research paper Experimental - H
(511
Wong etal. [2] Australia Review - -
Zaman et al. [52] Pakistan Review - -

Table 1.
Study characteristics of the final qualified papers.
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3. Results

Our search strategies identified a total of 90 articles. Following removing dupli-
cates, an initial review of titles and abstracts was conducted to ascertain relevance,
resulting in the identification of 56 articles that met the inclusion criteria for full-text
screening. The review process is outlined in Figure 1, respectively. The data were
taken from the articles provided and then examined:

1. Research attributes, study sites, and sample volume
2.Experimental conditions, such as the method used to collect data.

Out of 56 eligible articles, almost half of the studies were carried out in India (14),
South Africa (12), Zimbabwe (6), Ethiopia (4), Nigeria (3), Pakistan (=3), Germany
(2), and one article in Bangladesh, Thailand, Brazil, Italy, Greece, Sweden, Kenya,
and Australia (Table1).

4. Importance of chickens in rural economies

Women are generally owners and managers of chickens in resource-limited areas.
Males largely own cattle and goats. Chickens contribute to livelihoods through women
empowerment, ensuring seasonal food security, and providing cash and organic meat.

4.1 Women and youth empowerment

Women empowerment is fundamental to achieving gender equality. The empow-
erment of women is determined by the increase in economic benefits and role within
the household economy [22]. It is also pertinent for increased productivity and
improved health and nutrition. Scavenging chickens empower women socially, eco-
nomically, physiologically, and technically [33]. Scavenging chickens are a valuable
tool to empower women and improve their social status. Therefore, public institutions
such as government and non-governmental agencies should promote farming by
scavenging poultry. Farming chickens increases independent decision-making and
enhances the involvement of women in their family affairs. It also promotes the socio-
economic development of the rural sector. Participating in poultry-rearing projects
positions rural women to develop good business skills. Such projects empower women
by developing their economic benefits.

These chickens are raised with minimal financial inputs, feed supplements, land,
and housing. Youth unemployment is one of the major challenges in the developing
world. For example, in South Africa alone, the youth unemployment rate is estimated
to be 66.5% in the current year, making it the leading country with the highest youth
unemployment. The youth lack interest in agriculture due to inadequate finance,
start-up capital, and their negative perception of agriculture in general [13]. Thus,
youth prefer to seek employment opportunities in other sectors to economically
empower themselves. Youth can have a safe social environment where they feel valued
and supported and can share their ideas in decision-making. Furthermore, youth are
interested in engaging and participating in socio-political processes to affect change
while contributing to the empowerment of the community. Poultry production
presents such opportunities.
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4.2 Enhancing food and nutrition security using scavenging chickens

Food security is achieved when all people consistently have both the physical and
economical means to access sufficient, safe, and nutritious food to fulfil their dietary
requirements and preferences, enabling them to lead active and healthy lives at all times
[32]. This definition is based on two interconnected pillars: availability and access to
food. Wong et al. [2] characterized food availability as adequate quality foods that are
culturally and socially acceptable within a specific community or society. Even if food
is accessible, resource-limited households’ insufficient purchasing ability and power
make them suffer from food insecurity. While many countries are food secure nation-
ally, most resource-limited households grapple with food insecurity. One potential
approach to attaining household food security is to enhance the efficiency of scaveng-
ing chickens. This is ascribed to their products, such as meat and eggs, consumed at
the household level without formal marketing channels. Providing meat and eggs from
village chickens is the primary source of proteins to resource-poor households.

Eggs provide important nutrients, such as essential amino acids for human
nutrition, and contribute 3-4% of the energy and protein an adult person requires
daily [31]. A single egg provides 150.5 kilocalories of energy. It contains 12.4 grams
of protein and 0.72 grams of carbohydrates. Regarding vitamins, an egg provides
158 micrograms of Vitamin A, 0.46 milligrams of Vitamin B2, and 1.05 milligrams
of Vitamin E [19, 37]. Even though their consumption pattern cannot be quantified
because they are consumed when there is a need. Scavenging chickens provide meat,
which forms a source of protein in human diets. Consumers favour village chicken
meat due to its superior taste and freshness, so much so that people in urban areas
are willing to pay more for these birds at local markets (Table 2). In resource-limited
communal production systems, chickens are kept by four out of five households [37].
Efforts are required to improve the livelihoods of communities by enhancing the
availability and access to proper nutrition. Scavenging chickens provide cheap, readily
harvestable protein-enriched white meat and eggs with highly digestible protein [30].
Chickens contribute by increasing the availability and accessibility of food supply and
nutrients, leading to zero hunger, good health, and well-being [19].

4.3 Provision of household income and organic meat

Scavenging chickens are important to rural households in providing income, though
their contribution to the household economy is relatively scant [30] and undocu-
mented. Thus, their economic importance and contribution to food security are unap-
preciated nationally in most developing countries. Poultry contributes significantly to
meeting welfare needs and raising the living standards of resource-limited communi-
ties. Chickens serve as reserves or assets, being sold to meet household needs, including
school fees and medical costs [37]. Therefore, ensuring the effective advancement of
chicken production systems is crucial, especially in this era of the rising human popula-
tion, serving as a gateway to sustainable household income generation.

Organic meat is produced using ecological resources, such as natural by-products
[26]. For example, feed produced without chemical pesticides, artificial fertilizers,
and genetically modified organisms can be deemed organic [16]. Chickens raised
organically exhibit natural behaviours, such as enjoying outdoor access year-round
and using simple structures. Promoting the production of organic meat is vital
because it plays an important role in ensuring an enduring supply of food. Producing
organic meat from scavenging chickens has the capability to ensure nutritional
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security for resource-limited households by converting unusable into usable products.
Indigenous knowledge could influence the success of producing organic poultry meat.
Indigenous knowledge and practices used in producing scavenging chicken products
are wholesome, tasty, and safe meat and eggs that can markedly increase nutrition
security for women, children, and the elderly.

5. Indigenous knowledge in controlling nematodes in scavenging chickens

Although using IK to control parasites and improve immunity and productivity is
humongous, its utilization is slowly diminishing [38]. Farmers utilize IK to identify
chickens affected by nematode infestation, including observing their behavior. In
chickens infested with nematodes, farmers observed impaired growth, decreased
output, diarrhoea, and reduced production in the flock [1]. Farmers monitor various
signs of the bird’s recovery, including alertness, movement, feeding behavior, and the
appearance of the green coloring in faeces, to confirm its full recovery.

Chickens recover at different times; some recover within 24 hours, some within
days, while others recover within weeks [34]. The type of remedy, processing, and
duration of application can influence the anthelmintic properties used so that some
plant extracts act more swiftly than others. This might signify that different medici-
nal plants may have varying healing properties, thus accounting for the variability
in the recovery time. Therefore, determining the active compounds of these plants
would be of utmost interest. Resource-limited farmers use ethnoveterinary remedies
over anthelmintic drugs because these remedies are locally available, effective, and
convenient. The practice of using ethnoveterinary remedies to control nematodes
dates back centuries. There are various kinds of medicinal plants that can manage
chicken nematodes. Aloe is the most commonly utilized plant species [24], containing
components such as Aloe leaf gel and exudates [32]. Other common plant species that
farmers use are shown in Table 2.

% consumption by households

Village chicken portions Male Female Children
Head 2.8 9.9 731
Feet 04 16.5 727
Neck 214 40.0 36.7
Thighs 438 537 5.7
Drumstick 479 471 4.9
Wings 475 45.0 14.0
Breasts 18.6 318 50.0
Back 29.3 384 289
Intestines and abdominal 16.1 111 574
organs

Eggs 103 173 69.0

Source: Gwala [19].

Table 2.
Consumption of village chicken products in households.
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6. Nematode species infesting chickens

Farmers with limited resources identify and categorize nematodes based on their
colour schemes, form, dimensions, and preference sites. Farmers use IK to name nema-
tode species using their various colour schemes and sizes. However, when it comes to
nematode control, farmers understand that plant extracts have a wide spectrum, so no
plant is specific for a particular nematode. Of the three helminth classes, nematodes are
more important than cestodes and trematodes [24]. Nematodes are notably recognized
amongst helminths for the extent of harm they inflict on chickens, especially during
severe infestations [48]. Nematodes cause significant chronic illnesses and economic
losses to farmers [1]. The three nematode species are Ascaridia galli, Heterakis gal-
linarum, and Capillaria [50]. Ascaridia galli is the most common nematode infecting
chickens in terms of the number and percentage of infections it causes.

Idika et al. [20] highlighted that A. galli is the most common nematode and ranks
most frequently found helminth species in the local chickens, at a rate of 22%, fol-
lowed by H. gallinarum a prevalence of 12%, ranking fourth in the overall prevalence.
The second most prevalent nematode was Heterakis gallinarum, comprising 28% of
the total [50], with little pathogenicity. Katoch et al. [25] also identified Ascaridia galli
as the most common helminth spp. (30%), followed by Heterakis gallinarum (24%),
Raillietina cesticillus (19%) and Raillietina echinobothrida (14%) [25]. It is important to
highlight that nematode infection rates depend on rainfall patterns, locality, soil type,
and feed given to chickens. The widespread availability of intermediate hosts, such
as beetles and houseflies, contributes significantly to the high incidence of Heterakis
gallinarum amongst local scavenging chickens.

Ascaridia galli infests chickens of all age groups, although the most signifi-
cant damage is usually observed in younger birds aged less than 12 weeks [14].
Furthermore, Ascari gali serves as a potential carrier for Salmonella infections.
Chickens heavily infested with Ascari gali spp. experience decreased feed efficiency,
resulting in weight loss. In severe cases, reduced egg production may occur [36].
During a heavy infestation, adult Ascaridia galli worms cause intestinal blockage,
move up the oviduct, and may be found in eggs. Naphande and Chaudhari [36]
reported that Ascaridia galli might secrete toxins that could harm the enzyme systems
in the chicken’ intestinal lining. The life cycle of Ascaridia galli does not involve an
intermediate host. It lays eggs in the small intestine and proliferates rapidly.

The presence of Heterakis gallinarum enhances the danger of transmitting a
pathogenic infection called Histomonas meleagridis [14]. After becoming infested with
Heterakis gallinarum, the chicken experiences a thickening of the caecal wall, leading
to cloacal dirtiness [50]. Bettrige et al. [15] reported that Heterakis gallinarum infesta-
tion suppresses the immune system. Capillaria species are highly pathogenic and are
common in scavenging chickens [51]. In deep-litter systems, there is a growing build-
up of infective eggs from Capillaria species. Severe infestations cause the oesophagus
to thicken and the crop wall to inflame. In heavy infestations, chickens become emaci-
ated, weak, and anaemic, and they excrete bloody diarrhoea and suffer from haemor-
rhagic enteritis. Capillaria species pose a threat to young birds under three months
old because of their underdeveloped immunity, while adult birds can tolerate infesta-
tions [11]. Even though research has consistently reported the effects of nematodes on
chicken productivity, the definite thresholds of nematode infestations have not been
clearly defined. Therefore, additional research is needed. This will help producers
comprehend and handle the interaction between nematode and their host, offering
strategies for managing nematode infestations. It is necessary to identify management
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strategies to decrease nematode infestation in chickens. Extension services may assist
farmers by offering capacity-building initiatives in management.

7. Efficacy of medicinal plants used to control nematodes in chickens

Ethno-veterinary medicine (EVM) practices are widespread due to numerous
socio-economic difficulties, especially the lack of sufficient veterinary services [12].
The worth of these EVM is found in various chemical compounds that can potentially
reduce and kill nematode burden. Several medicinal plants possessing anthelmintic
properties have been used to reduce nematode burden (Table 3). In total, 15 ethno-
veterinary plant species belonging to 11 families were identified to control nematodes.
The efficacy of EVM has been tested by grinding seeds, leaves, bark, or any other
part of the plant that possesses active ingredients [52]. Techniques, such as mass
spectrophotometer and liquid chromatography, have been used to identify active
plant ingredients. Validation of plants against nematodes based on iz vitro and in vivo
studies is not the goal of all ethnoveterinary studies [53]. To promote the use of the
ethno-veterinary in sustaining the health of scavenging chickens, participatory stud-
ies involving farmers need to be conducted, and appropriate validation studies should
be designed to affirm claims made by IK custodians. Aloe forex, Gunnera perpensa L.,
and Agave sisalana Perrine have successfully controlled nematodes [3] in chickens.

At a dosage of 100 mg/kg of Aloe ferox, the egg count was reduced by 81%. A
notable reduction was observed in the 50 mg/kg dosage from the 7th to the 14th day
(Table 3). A comparable pattern was observed on Gunnera perpensa L., whereas
Agave sisalana Perrine decreased the egg count by 86% at 50 mg/kg dosage on day 7
and completely eliminated it by day 14. Kaingu et al. [53] tested the efficacy of Aloe
secundiflova Engl. in vitro. The crude extracts were shown to inhibit the development
of larval stages of Ascarida galli. Other plant species showing anthelmintic properties
against nematodes include Ozoroa reticulata and Strychnos spinosa [34]. Other authors
have reported plants that are specific to a particular helminth species, for example,
Vernonia amygdalina [42], Murraya koeniggi [46], and Azdirachta indica [41] are
known to have properties that destroy A. galli. A study examining iz vitro anthelmin-
tic properties of Bassia latifolia found that an aqueous extract from dried seeds caused
more mortality in adult A. galli than alcoholic extract.

Treatment Dose (mg/kg) Mean worm egg count (+SE) Egg count reduction (%)
Day Day

0 7 14 7 14
Aloe ferox 50 1150.00 + 934 350.00 + 235 62.50 + 453 96 83
100 1312.50 + 934 3750 £ 244 375.00 + 453 81 29
Gunnera perpensa 50 9400.00 £ 934  350.00 + 244 13750 + 453 91 89
100 98750 + 934 25.00 + 244 525.00 + 453 71 92
Agave sisalana 50 262.50 + 934 12.50 + 244 62.50 + 453 86 100
100 212.50 + 934 50.00 + 244 150.00 + 453 33 67

Source: Mwale and Masika [3].

Table 3.
Efficacy of indigenous medicinal plants in controlling nematodes of scavenging poultry.
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Oil from Piper betle L. was administered at a dosage rate of 200 mg/kg body weight
for a 24-hour interval and reduced worm burden by 13.9% after the first dose. Piper
betle L., after a second dose of treatment, reduced the worm burden by 51.4%. Fruits
from Anacardium occidentale L. were extracted with alcohol and aqueous extract (250
and 500 mg/ml) and showed significant anthelmintic properties at higher concentra-
tions [41]. Both extracts showed anthelmintic activities in a dose-dependent manner,
with the shortest time of paralysis. The aqueous extract of Solanum torvum fruits
proved more effective, as it was lethal to the Ascaridia galli at a reduced concentra-
tion following 36 hours of exposure, compared to the leaves of Sageraea grandiflora
[23]. However, during the initial 12-24 hours of exposure, the aqueous leaf extract of
S. grandiflora proved more effective. The aqueous extract of Agave sisal waste dem-
onstrated limited effectiveness against parasitic-stage parasites [54]. However, the
extract exhibited moderate efficacy against both the eggs and free-living stages of the
parasite without posing any toxicity risk to the goats [49]. Leaf extracts of Eupatorium
triplinerve showed greater anthelminthic efficacy in both the study’s worms compared
to the standard albendazole [35].

8. Discussion

Scientific evidence of the contribution of IK to control nematodes in scavenging
chickens amongst resource-limited farmers was reviewed [3]. Accessibility to a year-
round provision of adequate nutrition remains a major challenge in developing coun-
tries. Amongst the most vulnerable groups are widows, women, children under the
age of five, and lastly, elderly people. In communal areas, 35% of women earn income
from poultry [2]. Chickens are favored among households as the most democratic
and popular livestock species, as all members, including children, can own them. In
addition, amongst resource-limited farmers, chickens contribute to food variability
and diversity [35]. Although chickens are an asset to resource-limited households,
several constraints that limit their contribution have been identified. These include
housing, predation, low productivity exacerbated by the high prevalence of nematode
infestation, and poor veterinary and extension services. As such, IK plays a vital role
in improving and eradicating high nematode burdens. For the sustainable intensifica-
tion of chickens in rural communal areas, there is a need to explore and understand
the contribution of IKS to alleviating nematodes in chickens.

The findings from the current review provided insight into how chickens empower
women and children and enhance food security by providing organic meat. The
observation that chickens are used to empower women could be influenced by the fact
that most chickens in the village are owned by females [32]. Women actively engage in
various activities, assuming complementary roles and collaborating with their male
counterparts, with their contribution surpassing that of men, particularly in chicken
production. Women facilitate cleaning, feeding, vaccinating, and selling chickens and
eggs [27]. This finding is, however, also contrary to Mapiye et al. [29]. As much as
chickens contribute to food security, however, their eating behavior is usually skewed
because of culture [19]. The bigger portions of the meat, such as thighs and breasts,
are usually given to men rather than women and children. Such patriarchal structures
may also contribute to children’s malnutrition challenges in Africa and may need to
be addressed. The type of production system chickens are kept in is also associated
with sub-optimal management, predisposing chickens to high nematode infestation.
Such findings agree with Mwale et al. [34] and Swatson et al. [44]. The high nematode
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burden in chickens is even reported in other parts of the world, such as India and
Pakistan [25]. These results are comparable to Puttalakshmamma et al. [39], who
reported 77.3 and 71% helminthic infections in local chickens, respectively. Since the
advent of anthelmintic resistance and meat safety concerns, searching for alternative
approaches to control nematodes has prompted the need to explore IKS (Table 4).
The study finds that using IK has proven effective and beneficial due to its active
compound against nematodes. There is no risk of drug residues in poultry products

Scientific name Family Disease Method of preparation References
Aloe maculata (syn. Asphodelaceae Internal Leaf infusions McGaw and
Aloe saponaria) worms Eloff [9]
Aloe secundiflora Asphodelaceae Parasites and Infusion administered Kaingu etal. [53]
diarrhoea through drench
Aloe marlothii Asphodelaceae Parasites, Leaves McGaw and
diarrhoea Eloff [9]
Aloe ferox Asphodelaceae Parasites and Infusion made of leaves Mwale and
diarrhoea Masika [3]
Acacia karroo Fabaceae Intestinal Bark and leaves McGaw and
parasites and Eloff [9]
diarrhoea
Agave sisalana Agavoideae Internal Leaves sliced and grounded Mwale and
worms Masika [3]
Gunnera perpensa Gunneraceae Internal Leaves sliced, grounded, put ~ Mwale and
parasites in water Masika [3]
Sageraea grandiflora Fabaceae Ascarida galli Leaves Karumari et al.
[23]
Centella asiatica Apiaceae Internal Cut the whole plant, Mwale and
worms boil, cool it, and give it to Masika [3]
chickens to drink
Xysmalobium Apocynaceae Internal Cut the whole plant, Mwale and
undulatum L. R. parasites boil, cool it, and give it to Masika [3]
(Br.) chickens to drink
Millettia grandis Fabaceae Internal Soak the leaves in cold Mwale and
(E.Mey.) Skeels worms water, then give birds to Masika [3]
drink
Vernonia colorata Asteraceae Internal Take the roots and soak Luseba and
(Willd.) Drake Worms them until the color changes Tshisikhawe [11]
subsp. colorata to dark brown (like coke),
and give the animal 1L
Acacia oxyphylla Leguminosae Internal Cut the bark and add to the Symeonidou
worms water; allow it to release etal. [45]
the darkish fluid and give
chickens to drink
Alpinia galanga Zingiberaceae Pheritima Dried rhizome Subash etal. [43]
posthuma
Eupatorium Asteraceae Internal Cut the leaves and soak in Symeonidou
triplinerve worms the water etal. [45]
Table 4.

Indigenous plants used for nematode control in scavenging chickens.

148



Medicinal Plants for Controlling of Gastrointestinal Nematodes in Scavenging Chickens...
DOI: http://dx.doi.org/10.5772/intechopen.1005829

compared to synthetic anthelmintics [52]. Using locally available and cheap IK is the
most sustainable method for limited households to control nematodes [35]. Using

IK covers people’s knowledge, methods, skills, and beliefs about the care of chickens
and, through trial and error, uses this knowledge to control GIT parasites. Often at
times farmers also include the use of Western medicine in combination with IK [3].
Plants from the genus Aloe have a long history of use in Africa to eradicate nematodes;
however, no medication has been produced. This vividly reveals the need to decolo-
nize veterinary structures as these organizations only accept Western medicine and
disparage IKS. Research has consistently been conducted on the efficacy of ethno-
veterinary plants against nematodes. However, there is still a lack of valid knowledge
about compound activity and toxicology against nematodes and poultry hosts, hence
the need for further investigations. Aloe species have been reported to possess numer-
ous anthelmintic properties, such as antibacterial, antifungal, and antivenin [29].
These properties are thought to be responsible for paralysing nematodes and prevent-
ing their multiplication, respectively.

Acacia spp. has been reported to possess anthelmintic activity against Ascarida
galli, though no scientific evidence is available for Acacia karoo. The degree of anthel-
mintic activity reported in Sesbania grandiflora leaves and Solanum torvum fruits
aqueous extract could be due to the variations in phytochemicals, such as alkaloids,
saponins, and tannins. The study also revealed that different plant parts are exploited
during remedy preparation, and different methods are used to prepare plants. The
primary plant parts used are roots, leaves, bark, fruits, as well as young shoots and
flowers [41]. The efficacy of Piper betle L. could be attributed to the active ingre-
dients present in plants, such as alkaloids, flavonoids, polyphenols, and terpenes.
These phytochemicals may damage the nematode mobility and cuticle, thus causing
paralysis or mortality of the parasites [45]. Aloe secundiflora L. is mainly utilized for
its exudates and leaf gel, sourced from inner epidermal layers [53]. The secretions
from Aloe secundiflora L. contain well-known phenolic compounds, including phenyl
pyrones, athrones, chromones, tannins, polysaccharides, phenolic compounds, and
terpenoids, while the gel mainly consists of polysaccharides [45]. Compounds such as
monoterpenes, which are part of essential oils, tend to disrupt the tubulin polymer-
ization in the intestinal cells of the nematode, leading to their degeneration and death
[21]. Substances such as tannins possess the ability to bind free protein in the digestive
tract, limiting the availability of nutrients and thereby causing larval starvation [21].
In addition, tannins may cause a decrease in gastrointestinal metabolism by inhibit-
ing oxidative phosphorylation, leading to larval death. The leaves of the Azadirachta
indica L. plant hold significant medicinal value. This plant’s chemical constituents
include numerous biologically active substances, such as alkaloids, carotenoids,
flavonoids, steroids, triterpenoids, ketones, and phenolic compounds [41].

The presence of secondary metabolites might decrease egg hatching, larvae
development rate, and egg production by adult parasites. The use of the Agave sisalana
plant is based on the richness of phytoconstituents responsible for potent medical
activities, such as the presence of tannins, flavonoids, coumarins, steroids, and
triterpenes [49]. Other authors have reported using Agave sisalana with other plants,
particularly M. pyriflora roots and Aloe sp. leaves, to treat fowl pox in chickens [18].
Eupatorium triplinerve is widely used in folk medicine due to its analgesic, anticoagu-
lant, antianorexic, antiparasitic, anthelmintic, sedative, antifungal, and antibacterial
properties. The major chemical groups of E. triplinerve are saponins, reducing sugars,
alkaloids, steroids, triterpenoids, phenols, tannins, and flavonoids [28]. Eupatorium
triplinerve revealed the presence of Coumarins and phenolic compounds as chemical
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constituents. Phenolic compounds have anthelmintic and antiparasitic properties
(Ascaris) [47]. Likewise, anthelmintics such as oxyclozanide, niclosamide, and
bithionol are classified as synthetic phenols and have been proven to disrupt energy
production in helminths. In the study by Subash et al. [43], it was found that the phe-
nolic contents in extracts of Eupatorium triplinerve exhibited effects comparable to
and even surpassed those found in Alpinia galanga. The same authors concluded that
the anthelmintic activity of Alpinia galanga on Ascaridia galli has a specific activity,
while Eupatorium triplinerve has a broad spectrum of anthelmintic activity when used
on Ascaris lumbricoides.

The aerial parts and roots of Centella asiatica are used for medicinal purposes, and
its chemical constituents have broad therapeutic benefits, including antimicrobial, anti-
oxidant, anti-inflammatory, anticancer, neuroprotective, and wound healing properties
[40]. Asiatic acid, asiaticoside, and madecassoside are the primary constituents con-
tributing to their pharmacological value and are abundant in flavonoids and terpenoids.
Centelloid was coined to reflect diverse secondary metabolites produced by plants,
primarily pent acyclic, triterpenoid, and saponins. Analysis from the gas chromatog-
raphy-mass spectrometry revealed that the essential oil of C. asiatica contained sig-
nificant levels of P-cymene-(44%) and various other volatile compounds [40]. Acacia
spp. are effectual anthelmintic, anti-bacterial, and antifungal agents. The most active
components of this genus are condensed tannins (CTs), a type of phenolic secondary
metabolites that seldom exhibit toxic effects. The genus also contains saponins like
Acaciaside A and B, which have been proven to have nematocidal and cestocidal proper-
ties. Acacia oxyphylla is used widely against gastrointestinal worms in traditional rural
medicine. Acacia oxyphylla is also responsible for altering the surface ultrastructure in
cestodes [17]. The observation that farmers used roots, leaves, and barks during remedy
preparation could be influenced by the seasonal effects as the growth of different plant
forms varies with season. Indigenous knowledge custodians, however, do not recom-
mend using roots as they can potentially destroy the whole plant.

9. Concluding remarks and further research

Using plant extracts to combat nematodes offers significant benefits, such as
reducing contamination in meat and eggs. It can replace synthetic drugs, which
pose numerous health risks, such as drug resistance in local pathogen populations
and residues in poultry meat. Scavenging chickens play a crucial role in enhancing
food security and empowering women while supplying nutritious organic meat.
Promoting scavenging chickens could serve as a sustainable way of poverty reduction
and improving food security at the household level in many developing countries.
Scavenging birds are raised in outdoor production systems which are known to have
a high burden of nematode infestations. Although farmers abundantly rely on ethno-
veterinary remedies to mitigate nematode challenges, the drawbacks to medicinal
plants include inconveniences in using or preparing remedies and the seasonal avail-
ability of most medicinal plants. Understanding the remedy preparation methods for
treating chickens is crucial to reducing worm counts effectively.

Indigenous knowledge helps control nematodes and enhance both chicken
immunity and production. This includes the widespread use of plants, such as Aloe
marlothii A. berger and Aloe maculata All. However, their potential efficacy needs
to be validated. It is necessary to evaluate suitable dosages for potential medicinal
plants. Policies regulating the utilization and protection of medicinal plants need to
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be implemented to ensure the preservation and future availability of ethnoveterinary
remedies. Farmers’ classification of diseases and treatments needs to be compre-
hended. Efforts are required to evaluate the potential nutritional advantages of these
medicinal plants, as certain nutrients can enhance birds’ immunity, thereby promot-
ing recovery. Therefore, investigating the potential impact of these ethno-veterinary
plants on the carcass attributes and meat quality of scavenging birds is essential.
This could include potentially utilizing these ethno-veterinary plants as natural
growth promoters. For example, plants such as Lippia Javanica leaves have been used
as growth promoters in chickens. Other types of Acacia plants have been noted to
improve the quality of meat. To ensure the safety of organic meat and egg production,
biological activity or toxic effects of ethnoveterinary medicine need to be assessed.
There is also a need for the government and other research institutions to invest in
studying how indigenous plant products can be commercially developed. They should
also offer support to emerging businesses that sell these plants in formal markets.
Other opportunities that need to be explored, such as promoting the development
of processing skills of medicinal plants, are important because they will assist in
plant conservation considering the global issues of climate change and plant species
migrating to other areas. There is also a need to explore the development of business
skills from IK; for example, in South Africa, the indigenous plant trade has been
reported to be worth about 62 million annually. Indigenous plants are processed to
make products sold in the informal markets, and such opportunities could be use-
ful in eradicating household hunger. In addition, plants such as Acacia leaves and
marula trees have been tested on meat and carcass quality, growth performance, and
antioxidants of various species due to their nutritional contents, such as high protein
content. This demonstrates that these plants provide anthelmintic properties and are
highly esteemed as feed alternatives. Hence, investing in using plants for medicinal
purposes could also lead to discovering plants useful to nutritionists as feed shortages
are becoming erratic.
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Abstract

Irritable bowel syndrome (IBS), is a chronic functional gastrointestinal disease
that is characterized by a variety of symptoms that have a major negative impact
on patients’ quality of life. It affects 9-23% of the total population of the world. At
this time, no medication that is capable of addressing all symptoms associated with
IBS in an effective manner (antispasmodics, antidiarrheals, sedatives). More than
half of patients may seek treatment for their gastrointestinal problems via the use
of complementary and alternative medicine (CAM), which includes treatments like
herbal medicine, acupuncture, and acupuncture. The objective of this chapter is
to evaluate the effectiveness and safety of a herbal preparation, acupuncture, and
acupressure treatment in patients diagnosed with IBS. Several sources were used to
acquire the material, including review articles published in various publications that
had keywords such as herbal drugs, acupuncture, acupressure, IBS and so on. The
information was also gathered from the Internet. Herbal therapy and plant products
are widely utilized to treat IBS. Acupuncture and acupressure have long been used
successfully by patients to treat functional gastrointestinal problems. Multiple clinical
studies have shown that their effectiveness and safety are superior to those of placebo
and conventional medications. Herbal medications, acupressure, or acupuncture
show clinically and statistically significant alleviation of IBS symptoms.

Keywords: acupuncture, herbal medicine, irritable bowel syndrome, acupoint,
acupressure

1. Introduction

Irritable bowel syndrome (IBS) is a prevalent gastrointestinal disorder that occur
as stomach discomfort, gas, diarrhea, and constipation. IBS involves around 10-15%
of the regular populace and it has a negative impact on the sufferer’s standard of
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IBS with diarrhea (IBS-D) IBS with constipation (IBS-C) IBS with mixed bowel habits or
cyclic pattern (IBS-M)
Stools that are loose more Hard stools more than 25% of the time More than 25% of the time, both
than 25% of the time and and watery stool less than 25% of the hard and soft stool
solid less than 25% of the time
time
Men have a higher Men have a higher prevalence of this
prevalence of this condition.
condition.
Table 1.

Different kinds of irritable bowel syndrome.

living [1]. In addition, many IBS patients experience extracolonic symptoms such as
insomnia, anxiety, sadness, and myofascial pain [2, 3]. Females and young individuals
are more likely to be affected [4]. According to stool pattern, IBS is categorized into
different subclasses: constipation-predominant IBS (IBS-C), diarrhea-predominant
IBS (IBS-D), mixed IBS (IBS-M), and unspecified IBS (IBS-U) (Table1) [5].

Many elements are linked in the etiology, which is unknown. Understanding the
pathophysiology of IBS is critical since novel pharmacological treatments are starting
to target IBS’s well-recognized pathophysiologic mechanisms. Gastrointestinal mobil-
ity, visceral sensitivity, post-infectious response, brain-gut connections, alterations in
fecal microbiota, bacteria overpopulation, food allergy, and intestinal swelling have
all been implicated in the development of IBS (Figure1).

brain-gut
connections

visceral sensitivity

post-infectious
response

microbiota

Irmtable bowel syndrome
Figure 1.

Etiology of irritable bowel syndrome.
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The reported symptoms associated with these mechanisms, include Stomach-ache,
gas, diarrhea, and constipation. Not all complaints are related to gastrointestinal; for
example, fatigue seems quite prevalent. Medical care of these particular issues has
emphasized symptomatic relief [6]. A significant amount of serotonin is found in
enterochromaffin cells, which are found in the stomach or intestine, and perform a
vital role in the regulation of the peristaltic reflex and sensory relays in the gastroin-
testinal tract [7]. It is supported by the evidence suggesting the 5-hydroxytryptamine
(SHT) system is dysfunctional in people having IBS. Those suffering from constipa-
tion-predominant IBS (IBS-C) have a lower plasma serotonin release, whereas those
suffering from diarrhea-predominant IBS (IBS-D) have a higher plasma serotonin
release [8].

The standard treatment for irritable bowel syndrome (IBS) consists mostly of
adopting dietary changes, using medications, and participating in psychotherapy.
Medications may include anticholinergics, stool softeners, and laxatives. Examples of
these medications are dicyclomine for abdominal cramps, lubiprostone for irritable
bowel syndrome type C, and loperamide for irritable bowel syndrome type D [9].
Even while conventional methods of therapy generate good results, there have been
reports of negative effects from patients using these medicines. Although it has been
shown that loperamide is successful in reducing the frequency of bowel movements,
reducing the amount of water in the stool, and slowing the motility of the gut, there
have been reports that nausea, cramps, and constipation may be adverse effects of
using this medication [10]. Antispasmodics like dicyclomine alleviate the pain and
discomfort associated with irritable bowel syndrome (IBS), but they may also cause
adverse effects such as sleepiness, dry mouth, impaired vision, or the inability to pee
[11]. However, such drugs only give temporary relief from symptoms, and substantial
recurrence rates (40 percent on treatment termination after 3 months) have been
seen. A high majority of the sufferers (60.1 percent) reportedly discontinued treat-
ment due to dissatisfaction with the lack of symptom relief [12].

Long-term usage may result in serious adverse effects (AEs) such as cardiovascular
diseases and ischemic colitis [13], unsatisfactory medication results and adverse
events linked with pharmacologic therapy have increased desire for alternative
medicines [14]. Acupuncture, acupressure, and herbal medications are regarded as
effective complementary treatments for functional gastrointestinal diseases. Various
clinical trial.

1.1 Material method

An extensive literature search was done on the various herbs, acupuncture and
acupressure using standard databases such as Scopus, PubMed, and Elsevier. Terms
like “ginger acupuncture, acupressure, turmeric, and acupoint”. Herbs, acupuncture,
and acupressure were studied using preclinical and clinical data, as well as hypoth-
esized mechanisms for their effect in the prevention and treatment of irritable bowel
syndrome.

1.2 Selection

We included double-blind, randomized controlled studies; randomized placebo
controlled multi-centre trials; and a pilot study that compared the effects of herbs,
acupuncture, and acupressure therapy (dose and duration of treatment) with placebo
in patients with IBS.
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2. Herbal drug management

Clinically, herbal medications are used by over 80% of the people in developing
nations for primary healthcare. Aside from its popularity in China and India, it is also
popular in European countries [15]. They have long been utilized in Asian nations
due to their safety, and the Cochrane library determined in 2006 that several herbal
medicine may relieve IBS symptoms. Herbal medicine has a range of compounds that
can operate on many targets with potentially synergistic action; those that have been
used to manage IBS-related symptoms for millennia with good results will be the best
choice. There have been various systematic reviews (SRs) on the usefulness of HMs
for IBS [16].

Because of the wide range of symptoms that can occur in a single patient, various
studies suggest that specific herbs such as peppermint, bitter candytuft, and arti-
choke leaf may provide some relief for irritable bowel syndrome (IBS), but no single
herb should be relied on to provide complete relief. Instead, an herbal blend should
be employed. Every herb used to treat irritable bowel syndrome has a specific purpose
and is classified as anti-diarrheal, anti-spasmodic, or anti-inflammatory, like pep-
permint oil and Fumaria officinalis are anti-inflammatory [17, 18] while psyllium act
as anti-diarrheal [19].

There have been a number of clinical trials conducted on a variety of herbs, all of
which demonstrate good effects in the treatment of irritable bowel syndrome.

2.1 Antispasmodic herbs

Irritable bowel syndrome is characterized mostly by abdominal discomfort, and
treatment with antispasmodic herbs is strongly recommended. As a result of the
predominance of this symptom, the therapy for IBS often consists of more than one
antispasmodic.

Antispasmodics, such as wild yam root, crampbark or blackhaw bark, have a ten-
dency to possess a favorable impact when used in IBS formulations. Despite the fact
that these plants have been used for a very long time, very little study has been done
on the spasmolytic impact that they have. Viburtinosides derived from a crampbark
were shown to have a considerable and quick spasmolytic action on the isolated rabbit
jejunum in one animal research [20]. Other plants that are effective in the treatment
of spasms include chamonmile, glycyrrhiza uralensis, anethum graveolens, atropa
belladonna, and acorus calamus.

A physician who had extensive expertise in the therapeutic use of botanicals,

Dr. Weiss recommended for the use of Atropa belladonna as an antispasmodic for
the gastrointestinal system. He noted that belladonna is the most effective anti-
spasmodic for the gastrointestinal tract [21]. He discovered that it was useful in
treating spasms of the stomach, intestine, and bile ducts, and it was equally suc-
cessful in treating all of these disorders. Dr. Weiss often combined belladonna with
chamomile, peppermint, and/or wormwood because he believed that these herbs
made the effect of the plant more potent. Because of the herb’s potential for toxicity,
it should only be used by qualified professionals who have extensive knowledge in
the field. On the other hand, when administered by such a practitioner, belladonna
often demonstrates a high level of effectiveness for treating more challenging and
excruciating instances of IBS.

Fennel mainly contains anethol. It has a molecular similarity to the neurotransmit-
ter dopamine and is found in fennel oil seeds. It has a relaxing action on intestinal
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smooth muscle, isolated rat uterus, and guinea pig trachea rings. in a pilot study,
people who suffer from irritable bowel syndrome experienced relieved stomach
discomfort. a mechanism that is most commonly regulated by anethole-dependent
relaxation of intestinal smooth muscle [22].

2.2 Antidiarrheal herbs

One of the most concerning elements of irritable bowel syndrome (IBS), from the
patient’s point of view, is the possibility of having diarrhea, which may lead to fecal
incontinence. There are a few different types of herbs that are effective in treating
both constipation and diarrhea. Formulations for IBS should always include at least
one herb that is shown to be useful in the treatment of diarrhea.

The Indian fumitory is a plant that has a history of usage in traditional medicine
for the treatment of both diarrhea and constipation [23]. The results of preliminary
pharmacologic and animal research appear to support both of these applications.

Psyllium (Plantago spp.) seed is another effective component that may be included
to an IBS treatment regimen. In individuals with irritable bowel syndrome (IBS),
psyllium was shown to delay stomach emptying and lower the acceleration of colon
transit, as shown in one research [24]. A number of the herbal remedies for diarrhea
are astringent, in nature.

Aloe barbadensis Mill., more often known as aloe, is a medicinal plant that is
widely known for its numerous therapeutic applications. Aloe is an alternative
medicine that is frequently used to alleviate the symptoms of IBS. Although there
have been some clinical studies in the past that indicated the positive benefits of aloe
in relieving IBS symptoms, AV is most generally used as a powerful laxative and as a
drug that improves the motility of the gastrointestinal tract [25].

The majority of them are quite high in tannins, which tie up fluid in the colon
and hinder the excretory function of diarrhea, which is meant to be protective [26].
Mild astringents, including bayberry (Morella cerifera) root bark and meadowsweet
(Filipendula ulmaria) leaves, may be beneficial in a standardized IBS formulation.

2.3 Bitters

Bitters are a category of herbs that improve the activity and motility of the gastro-
intestinal system. These herbs have a tendency to enhance gastric productions, have a
tonic influence on the gastrointestinal system and give support for the exocrine pancreas.
Bitters are used to restore digestive function in irritable bowel syndrome (IBS), which, in
turn, tends to balance the intestinal flora and minimize gas and bloating symptoms [21].

Some bitters, such as those made from dandelion (Taraxacum officinalis) leaf,
fumitory (Fumaria officinalis) leaf, or any of the herbs in the Artemisia spp. (worm-
wood and allied species), also contain choleretic, cholagogue, and antibacterial
properties. Artichoke leaf and bitter candytuft plant are two examples of bitters that
have shown efficacy in the treatment of IBS in early research [27, 28].

2.4 Carminatives herbs

IBS is characterized by flatulence, abdominal discomfort, and other symp-
toms. The bitters mentioned above will help decrease flatulence significantly by
aiding digestion, but herbs with carminative action will help lessen these typical
symptoms.
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Caraway is a popular herb, and one research found that its volatile oil, when
coupled with peppermint oil, was just as efficient in treating dyspepsia as the drug
cisapride [29] Because irritable bowel syndrome (IBS) and dyspepsia are both func-
tional disorders of the gastrointestinal system, many therapies that are helpful for
people with dyspepsia will also be helpful for sufferers with IBS.

Peppermint is used in Western treatments for irritable bowel syndrome (IBS), and
there have been a number of clinical studies that appear to confirm the benefits of
peppermint oil in IBS [30]. According to the findings of one research, some pep-
permint constituents, particularly those that are more polar (or water-soluble), have
antiulcerogenic and cholagogue properties. The investigator hypothesizes that these
compounds might be responsible for the spasmolytic impact that peppermint has on
the intestines and the bowel.

Caraway, dill fruit, anise fruit, peppermint leaf, and chamomile flower are all
examples of carminatives, which were used for centuries both in the kitchen and as
medicine to aid digestive health.

2.5 Anti-inflammatory herbs

Herbs that help decrease inflammation are known as anti-inflammatory herbs.
Such as curcuma, ginger, green tea etc.

Curcumin, the most significant secondary metabolite of C. longa, is responsible
for the plant’s anti-inflammatory properties [31]. Curcumin has anti-inflammatory
action in vitro, and it lowers mucosal damage in an animal model of colitis.
Mechanisms include the regulation of I-kappa B kinase activity, which is caused by
the suppression of nuclear factor B (NF-kB) and pro-inflammatory cytokines (Tumor
necrosis factor alpha, interleukin 1 beta, and interleukin 6) [22]. Turmeric (Curcuma
longa) has long been used in Indian, Chinese, and Western herbal therapy to treat
stomach discomfort and bloating. Hence it is beneficial in irritable bowel syndrome
(IBS) treatment [32].

Ginger is one of the most widely used natural remedies for IBS. The US Food and
Drug Administration considers ginger to be a safe food; it mostly contains 1-3 percent
oil. Ginger has been shown in studies to influence pain and bowel movements, sug-
gesting that it may help decrease discomfort and stool changes in IBS-D. The quantity
of prostaglandin E2 (PGE2) produced is closely linked to the severity of IBS-D with
stomach discomfort. The conversion of arachidonic acid to prostanoids, mediated
by cyclooxygenase-1 and-2 (COX-1, COX-2) is an important step in the generation
of PGE2. Previous research has demonstrated that 6-gingerol may suppress PGE2
generation and inflammation [33].

2.6 Antimicrobial herbs

According to research, infection is most likely a problem in at least some of the
individuals who have irritable bowel syndrome (IBS). up to one third of sufferers who
have bacterial enteritis may end up with “postinfectious” IBS. According to recent
research, the majority of individuals with symptomatic Giardia lamblia have IBS and
are not improved by antiparasitic medication [34].

Goldenseal, also known as Hydrastis canadensis is a powerful antimicrobial for the
intestines and a very suitable option for treatment of intestinal infection.
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3. Acupressure and acupuncture

Acupressure is a kind of acupuncture. Both acupuncture and acupressure are
based on the principle of stimulating acupoints along the body’s meridians in order to
achieve therapeutic effects. By applying pressure to certain acupoints with the palms
of one’s hand or the tips of one’s thumbs, acupressure may be utilized to influence the
flow of energy inside the body [35, 36].

3.1 Acupuncture

Acupuncture is one of the complementary and alternative treatments that has
gained the most popularity throughout the ages. Acupuncture is a kind of therapy
that was developed in China more than three thousand years ago and is now widely
used throughout the majority of the globe. From 1970s, the therapy has been gain-
ing acceptance in Western world. Acupuncture involves placing tiny, solid needles
(typically 32 to 36 gauge) into specific bodily regions. Various literature mention
365 points that are positioned in a methodical manner on meridians or “channels of
energy flow” that are mapped onto the body’s surface. According to the principles of
traditional Chinese medicine (TCM), a disturbance in the relationship between yin
and yang is the root of all disease. Yin represents the feminine aspect of life: nourish-
ing, lower, cold, incomplete, inward, sensitive, protecting, gentle, giving. Yang is the
masculine polarity: hard, dominating, energetic, higher, hot, excessive, outer, and
creative. The movement of these opposing forces, known as Qi, is regarded as a cru-
cial component in TCM therapy. It is best conceived of as energy manifesting itself, a
vitalistic force that runs incessantly through the body’s meridians, or energy channels.
Disease, pain, and susceptibility to sickness are caused by disturbances in the move-
ment of Qi among the meridians, organs, and five elements. TCM practitioners and
medical acupuncturists use needles put at important locations along these meridians
to balance elements like as heat, cold, wetness, and dryness in both the outer and
inner domains [37].

Over the course of the last several decades, Western cultures have shown a grow-
ing openness to the practice of acupuncture. Although it may seem to be a mystery,
the acupuncture philosophy does display specific gut physiologic reactions in terms
of neuro-, humoral-, opioid-, and serotonergic pathways. Therefore, normalized
motility, suppressed acid output, an antinociceptive impact through activation of
autonomic pathways, decreased rectal hypersensitivity, and changed 5-hydroxy-
tryptamine functions are described. In clinical practice, it is said to be beneficial for
cases of nausea, vomiting, inadequate stomach emptying, some FGIDs, peptic ulcer,
Crohn’s disease, and postoperative ileus [15].

Acupuncture has a long history of successful treatment for functional gastrointesti-
nal conditions including irritable bowel syndrome (IBS). Irritable bowel syndrome still
lacks an effective medication therapy for many people in many regions of the world,
but alternative medicine provides therapeutic choices for all suffering individuals [38].
Acupuncture seems to be effective in treating IBS because of its influence on rectal
sensation. In IBS sufferers, the combination of acupuncture and massage was more
effective than either treatment method when used alone [39]. It has been hypothesized
that certain acupoints might alleviate problems of irritable bowel syndrome (IBS),
including D-IBS, C-IBS, constipation, as well as abdominal discomfort [40].
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3.2 Working

Irritable bowel syndrome (IBS) is characterized by the presence of chronic visceral
hypersensitivity, often known as CVH. It is possible that the antihyperalgesic action
of acupuncture is mediated by the opioidergic, adrenergic, and serotonergic path-
ways that are present in both the central nervous system and the peripheral nervous
system. Electro-acupuncture at the acupoint ST-36 in both of the rats” hind limbs
for a period of thirty minutes substantially reduced the hypersensitive reactions to
colonic distention in rats who were subjected to heterotypic intermittent stress (HIS).
In contrast, the analgesic effects were inhibited when the patients were pre-treated
with naloxone, which is an opioid receptor antagonist. This finding led researchers to
conclude that the opioid pathway was involved in the modulation of visceral hyper-
sensitivity by acupuncture. It is well established that an increase in visceral sensitivity
in the enteric nervous system may be attributed to hyperactivity in serotonin (5-HT).
This is supported by the fact that an antagonist for the 5-HT3 receptor is beneficial
in treating irritable bowel syndrome. EA administered at ST-36 reduced visceral
sensitivity and had an analgesic effect in rats with chronic visceral hypersensitivity by
acting on the serotonergic system [41].

3.3 Acupuncture point used in irritable bowel syndrome

The Zusanli point of the lower limb (stomach-36; ST-36) and the Neiguan point
(pericardium-6; PC-6) at the wrist are the most widely utilized acupuncture sites in
treating Gastrointestinal problems (Figure 2).

ST-36 is placed in a depression between the muscles of the cranial tibia and the
long digital extensor on the proximal one-fifth of the craniolateral surface of the back
leg, distal to the head of the tibia. PC-6 is found in the groove between the flexor
carpi radialis and the superficial digital flexor muscles [40].

Acupuncture at the ST-36 point activates the parasympathetic system and acceler-
ates the rate of intestinal transit [42]. Patients who suffer from IBS who have con-
stipation as their primary symptom may benefit from acupuncture treatment at the

ST 36 ¢

.‘_ PC6

Figure 2.
The sites of the acupuncture points ST36 and PC-6 on the human body.
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Figure 3.
Acupuncture at the CV-12 location.

ST-36 point, which has a stimulatory impact on intestinal motility. Patients who suffer
from stomach discomfort have been treated by acupuncture at the CV-12 location

[43, 44]. There is a possibility that activating the sympathetic efferent pathway with
acupuncture at CV-12 slows down the rate of colonic transit (Figure 3) [45].

3.4 Safety and harmful effects

Acupuncture is an invasive procedure, thus there are certain risk associated with
it. These risks include organ puncture, such as pneumothorax, damage to neurologi-
cal and vascular systems, infection, metal allergy, local discomfort and the creation of
a hematoma [46, 47]. The most frequent possible risk is a minor but alarming syncope
or presyncope, sometimes known as a “needle shock response,” in which the patient
feels dizzy and faint. This response may be stopped by withdrawing the needles
and providing smelling salts. It is more common on the first visit, although it may
be reduced by keeping a careful eye on the sufferer and delivering the therapy ina
recumbent rather than sitting posture. Hematoma development is possible, although
bleeding is uncommon with acupuncture [37].

3.5 Contraindications

Most sufferers are unable to tolerate acupuncture because they are afraid of
needles or are unable to stay in a comfortable posture throughout treatment. Patients
who are septic or exceedingly debilitated, as well as those who are not stable due to
delusions and hallucinations, are also inappropriate. Electroacupuncture should
never be performed on the brain and the heart. These areas are especially vulnerable
to injury. Acupuncture therapy should not be given to patients who have serious
bleeding problems such as hemophilia or other similar conditions [48]. Acupuncture
is not harmful in pregnancy; however, an acupuncturist must be adequately educated
and avoid administering sites that might induce uterine contractility.
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3.6 Acupressure

Acupressure is a technique across the globe. It is a manual, needle-free, non-
invasive, cost-effective, and non-pharmacological healing strategy used to improve
the well-being of patients. Muscular tension is relieved in acupressure by putting
pressure with the hand at certain acupoints or with the thumbs on specific points,
or by putting pressure to acupoints to equalize the flow of physiological energy [36].
Acupressure is similar to reflexology, however with reflexology, the therapeutic
response was achieved by working on a predefined reflux zone [49]. Acupressure
requires the application of physical pressure to trigger points/acupoints/specific pres-
sure points located along meridians. Meridians are the pathways inside the human
body that serve to sustain Qi and consequently the stability of health. Each meridian
is linked to different organs and tissues in the human body [50]. It involves applying
pressure to certain acupoints in order to activate them. Stimulating these points may
rectify an imbalance in the flow of Qi via channels, which in turn treats the disease
[36]. In order to attain therapeutic advantages, re-equilibration of Qi, which improves
the physiological functioning of bodily systems or Zang-fu in the process, is neces-
sary [51]. Zang-fu is a combined word for the human internal organs; the heart, liver,
spleen, lungs, and kidneys are the five Zang organs, while the gallbladder, stomach,
small intestine, large intestine, urinary bladder, and sanjiao are the six fu organs
[52]. It is essentially a non-pharmacological treatment on the body to cure a variety
of illnesses by applying pressure to certain acupoints [53]. Acupuncture refers to
the practice of massaging acupoints with the fingers, thumbs, elbows, or any other
suitable tools in order to provide effective therapy that lasts from some couple of
minutes to hours after a one session. It is a hand-mediated energy healing therapy that
is believed to be a useful strategy for the management of a wide variety of ailments.
Additionally, it is believed to provide excellent bodily comforts, gratification, and
economy [36, 54].

3.7 Acupoints

Pressure points are dispersed across the entire of the human body [55]. The acu-
point is the point on the body that lies just under the surface of the skin, and activat-
ing the acupoint is the first step in acupressure [56]. Specific acupoint stimulation
is known to induce functional responses that may be utilized to cure disorders [57].
Each acupoint has a unique sensation depending on the portion of the body that is
experiencing pain or a particular issue. Simply applying pressure to various locations
results in a variety of outcomes [36].

Within human bodies, there are a total of 14 meridians that are responsible for the
movement of bioenergy (Chetana). Twelve of these fourteen meridians are situated
in pairs, one on each side of the body (right and left), with the other two meridians
being situated singly. The 12 paired meridians are made up of six ‘Yin’ meridians,
which correspond to the power of negative energy, and six ‘Yang’ meridians, which
correspond to the force of positive energy. These meridians, each of which is con-
nected to one of the body’s primary organs, are responsible for regulating the flow of
bioenergy. These meridians, which link to the body’s major organs, keep the flow of
bio-energy going. Each meridian has been named for the organ to which it is linked.
One end of the meridian is located in the palm of our hands, legs, or face, while the
other end is located in one of our major organs. When pressure is applied to a certain
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spot on the hand or the leg to which the corresponding organ is linked, the effect is
felt in the distant organ. Acupressure employs light to forceful figure pressure. When
the acupressure points are stimulated, they help to alleviate muscle tension, boost
circulation of blood, and enhance the body’s life force energy, all of which contribute
to the bodys ability to heal itself [58].

3.8 Acupressure point in irritable bowel syndrome

Various acupressure point used in the management of irritable bowel syndrome
such as CV6, ST25, SP4, UB25, ST37, and LI14 [59].

3.9 SpP4

This point may be found on the medial portion of the inside of the foot, just above
the depression on the bottom of the foot. When pressure is applied to this spot, it may
help relieve symptoms of irritable bowel syndrome, including stomach discomfort,
loss of appetite, diarrhea, and bloody stool (Figure 4) [60].

3.10 UB25

Urinary Bladder 25 is positioned in the back, 1.5 cun lateral to the bottom margin
of the 4th lumbar vertebra. This pressure point is very beneficial in the treatment
of irritable bowel syndrome, as well as abdominal distension, constipation, hemor-
rhoids, diarrhea, lumbar discomfort, and Urticaria (Figure 5) [61].

3.11L.114

Large Intestine 14 or the Upper Arm is a powerful acupuncture point for IBS that may
assist with acid regurgitation, IBS complaints, depression, and hiccups (Figure 6) [62].

Figure 4.
SP4 site of acupressure.
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o

Figure 5.
UB25 location of acupressure.

Figure 6.
Acupressure location of L.1.14.

312CVé6

CV6, also known as the Sea of Energy, is considered to be one of the most effective
acupressure spots for the treatment of irritable bowel syndrome. It is a longevity point
that may be helpful in boosting the general health of the body. This point is situated
near the center of the lower abdomen, two finger widths below the belly button.
Stimulating this spot gently with a soft circular motion stimulates and strengthens the
large intestine, which aids in the relief of constipation, IBS, abdominal cramps, and
stomach discomfort (Figure 7) [63].
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Figure 7.
CVé6 site of acupressure.

4. A SUMMARY of many studies on acupuncture, acupressure, and herbal
medications

Various clinical trials proven that Acupuncture, acupressure, and herbal medica-
tions are safe and effective in the management of irritable bowel syndrome (Table 2).

5. Summary

Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder that
affects a large percentage of people. The current diagnostic criteria for IBS include
the presence of a characteristic symptom profile (abdominal pain or discomfort,
bloating or distension, and alterations in defecatory function). Although the patho-
physiology of IBS is not fully understood, it is hypothesized that nutrition, gene
mutations, psychosocial factors, and immune-mediated mechanisms all have a role.
The pathogenesis of IBS is thought to be influenced by visceral hypersensitivity and
dysregulation of central pain perception in the brain-gut axis. There is currently no
known cure for IBS, and treatment options might vary. Avoiding certain foods, using
bulk laxatives and stool softeners for constipation, antimotility drugs for diarrhea,
and antispasmodics, antimuscarinics, and antidepressants for pain and spasm are all
components of conventional symptom management. As a result, more than 80% of
people in developing countries rely on herbal medicine and other alternative therapies
for their primary medical needs. This is because there have been so few reports of
adverse effects from patients receiving conventional treatment, so they are turning
to alternative treatments such as herbal drugs, acupuncture, and acupressure. The
Cochrane Library published a study in 2006 that claimed herbal therapy may be able
to reduce IBS symptoms. Herbal medicine is made up of a wide number of unique
compounds, each of which is capable of operating on a diverse range of targets and, in
some instances, performing more successfully when coupled with other compounds.
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Herbal medicine may be broken down into three categories: It is believed that they are
excellent complementary treatments for disorders that affect the functional gastroin-
testinal tract. Herbal medicine has a wide variety of compounds, each of which might
act on a different target, potentially in a synergistic effect.

Acupuncture and acupressure are the most famous alternative medicine tech-
niques that have been used for digestive system disorders. It may impact the visceral
system by activating the somatic system in accordance with the visceral hyperalgesia
theory of the central nervous system. When pressure is applied to this region, it may
help ease symptoms of irritable bowel syndrome such as pain in the stomach, lack of
appetite, diarrhea, bloody stool, abdominal distension, constipation, and bloating.

The herb has numerous uses in Ayurvedic medicine. It is used to treat liver ail-
ments, stomach diseases, and digestive issues, as well as to stimulate the digestive
system. Every herb that is used in the treatment of irritable bowel syndrome serves a
different purpose. For example, curcuma longa and Zingiber officinale work as anti-
inflammatory, while Aloe barbadensis has both laxative effects and anti-inflamma-
tory properties. Whereas peppermint oil decreases gastric motility by directly acting
on gut calcium channels to relax gastrointestinal smooth muscle.

Artichoke works as a bitter, and so on. Several clinical trials have shown that
these herbs are beneficial in treating irritable bowel syndrome, with minimal adverse
effects, and are more cost-effective than traditional medications, which only provide
short-term relief.

In patients with irritable bowel syndrome, the practice of acupressure and acu-
puncture has been shown to have numerous additional beneficial effects on stomach
distress and bowel movement. Regularity of bowel movements and hypersensitivity.
Irritable bowel syndrome can be managed by applying pressure to certain acupoints
throughout the body. These acupoints include SP4 for stomach discomfort, bloody
stool, and abdominal distension; UB25 as well as CV6 for abdominal distension
and constipation; CV12 alleviates gastrointestinal distress and slows down the rate
of colonic transit. Whereas ST 36 accelerates the rate of intestinal transit in IBS-C
patients.

6. Conclusion

Since the beginning of the 21st century, herbal medication, acupuncture, and
acupressure have captivated both medical professionals and patients around the
world. This is due to a number of factors, including the simplicity of their use, their
efficacy, and their cost-effectiveness, as well as the fact that conventional medications
can cause a greater number of unwanted side effects, such as impaired vision and
dry mouth. Alternative and complementary medicine (CAM) therapies are the true
culture-based treatments that are used in countries all over the globe. Herbal medica-
tions, acupuncture, and acupressure are nonpharmacological interventions that are
used in the treatment and management of irritable bowel syndrome. These treat-
ments provide patients with a multitude of benefits and functions that are beneficial
for this condition.
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Chapter 8

Phytochemistry, Pharmacological
Activities, and Drug Interactions of
Pomegranate, Punica granatum L.
(Punicaceae)

Douglas O. Ochora, Thrineshen Moodley and Rose Hayeshi

Abstract

Pomegranate (Punica granatum L.) is a Mediterranean plant that has been used
in various countries for the treatment of various diseases in traditional medicine
for many generations. These reported medicinal properties of pomegranate are
mainly attributed to the presence of various phytochemical compounds in the plant.
Scientific literature search was done in PubMed and Google Scholar databases. Full
articles published in English for the last 25 years were selected. Pomegranate juice
is the widely studied product of a plant. This is because of its wide medicinal and
dietary use. Approximately 500 pure compounds have been isolated and character-
ized from different parts of the plant species. Phytochemically, the juice, seeds,
flowers, and peels of P, granatum are the most studied parts of the plant. Major
phytochemical compounds isolated from the plant include alkaloids, flavonoids,
phenolics, tannins, sterols, and terpenes. Most of the compounds isolated from
P, granatum belong to ellagitannins (punicalagins) and gallotannins. Medicinally, the
use of different parts of pomegranate for the treatment of different types of cancer
and cardiovascular diseases is the most widely reported in both preclinical and clini-
cal researches. The herb/food-drug interactions of pomegranate juice with approved
drugs have shown that pomegranate juice has the potential to inhibit some drugs,
especially those metabolized by cytochrome CYP3A and CYP2C9. The current chapter
gives a broad overview of the phytochemical, pharmacological, and herb/food-drug
interactions of pomegranate.

Keywords: cytochrome, herb/food-drug interactions, Punica granatum, pomegranate,
phytochemistry

1. Introduction

Punica granatum L., commonly known as the pomegranate, is an ancient plant that
is associated with different cultures and religions in the world. Pomegranate is men-
tioned in the authorized King James Bible version (eight times in the Old Testament),
the Koran (three times) [1], and in Buddhist and Chinese arts [2]. The plant is

183 IntechOpen



Medicinal Plants — Harnessing the Healing Power of Plants

considered native to regions across central Asia, especially Iran and northern India.
Its medicinal, nutritional, and ornamental properties have led to its popularity and
widespread medicinal use [2, 3].

Since the pomegranate has been known for over 4000 years [4], its medicinal
use has been widely studied at both preclinical and clinical levels. Various reviews
have been done previously and in recent years on pomegranate; phytochemistry [5],
therapeutic/health benefits [6-10], nutritional benefits [11], ethnobotany [8-11], and
pharmacokinetics (PK) of different parts of the plant [5]. Related research studies
and reviews continue to be published. Therefore, research on pomegranate is still at
the exploratory stage and therefore still incomplete [5].

The genus Punica has only two species, P. granatum (the common pomegranate)
and its sister plant, P. protopunica Balf. [3]. Most research articles have focused on
P, granatum and seem to have overlooked P, protopunica. Most people are not even
aware of the existence of P. protopunica. The taxonomy, phytochemical, medicinal,
and nutritional values of the forgotten “sister” plant should also be explored [3]. The
continued research studies on P. granatum depict a potential plethora of medicinal,
phytochemical, and nutritional knowledge in the plant species. Consequently, further
in-depth study and reporting of research findings on pomegranate is necessary. This
will contribute to resolving unclear issues on the plant species and contribute to
knowledge in the medical world [5].

The phytochemistry, pharmacokinetics (PK), and pharmacodynamics (PD) of
different parts of P. granatum (the common pomegranate) have recently been com-
piled [5]. However, review studies on the effects of P. granatum on the metabolism
and pharmacokinetics of drugs are limited, and we could only access two that were
reported in 2013 and 2023 [12, 13]. This requires an update on previous and current
research to guide the current concomitant use of pomegranate with drugs. This hap-
pens when people get sick and use P. granatum in traditional medicine for the treat-
ment of various diseases [8]. When they are not healed, they seek orthodox treatment
in hospitals. Similarly, people also take pomegranate juice during drug medication.
This could lead to herb/food-drug interactions [14]. This chapter focuses on the
reported effects of pomegranate phytochemicals and pomegranate juice on the PK/
PD of approved medicinal drugs since the herb/food-drug interactions are likely to
affect the overall pharmacological effects of the co-administered drug.

Based on the wide medicinal use of P. granatum in treating various diseases in
traditional medicine, coupled with its concurrent use with conventional drugs, a
knowledge of the effects of pomegranate on the therapeutic activity of the co-admin-
istered drugs remains vital. Moreover, the chapter provides an overall abstract view of
previous research on phytochemical, pharmacological, and herb/food-drug interac-
tions of pomegranate that is expected to guide further research on pomegranate and
perhaps contribute to a healthy life for its users.

2. Discussion
2.1 Taxonomy

The spelling of the botanical name of pomegranate, Punica granatum L.
(Punicaceae), was confirmed by checking the World Flora Online (WFO) website,
https://wwwworldfloraonline.org/ (accessed on August 31, 2023). The plant species
has 36 heterotypic synonyms, according to the Plants of the World Online of the Royal
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Botanical Gardens-KEW (accessed on August 31, 2023). The plant is a native of the
region covering Iran to the Himalayas of Northern India. This region is considered to
be the origin of pomegranate, but the plant has spread to Asia, Europe, America, and
Africa (especially North Africa, East Africa, and South Africa) 3, 15]. Pomegranate
belongs to a monogeneric family, Punicaceae, which has only two species, Punica gra-
natum L. and its sister P. protopunica Balf. [3, 16]. Punica protopunica is considered the
ancestral species of the family. It is less common and occurs only in the northwestern
parts of the Indian Ocean, while P. granatum is most common and occurs in most parts
of the world (Guerrero-Solano et al., 2020). Some of the distinguishing morphological
features of the two species include (i) axile placentation in flowers of P. protopunica,
whereas flowers of P, granatum have both axile and parietal, (ii) leaves of P. protopu-
nica are dark green while P. granatum has shiny green leaves, and (iii) the fruits of P
protopunica are less palatable, while those of P. granatum are more palatable [3, 16].
Punica granatum grows up to 10 meters high with a pale-brown bark and shiny
evergreen leaves. The leaves are oblong with wavy margins, opposite or sub-oppo-
sitely arranged, and can grow up to 7 cm long and 2 cm wide (Figure 1). Phenological
studies of buds and leaves of P. granatum revealed that the plant is heterophyllous,
having two types of leaves whose shape can be differentiated especially at the apex
in dormant stages [17]. The anatomical features of the leaves are similar, but they
develop differently to form lanceolate and obcordate final shapes [17]. The flowers
are actinomorphic, with a hypanthium that is brightly colored [16]. Pomegranate
has three types of flowers: the male flowers, hermaphrodite, and intermediate forms.
Heterostyly is the most common form of arrangement of the flowers. The fruit of

Figure 1.
Punica granatum leaves, fruits, and flower.
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pomegranate is globose with a thick tubular calyx. The pericarp is smooth, and the
mesocarp is spongy and divided into several parts filled with many seeds [16]. The

fruit changes its color from green when young to sun-kissed orange-red (Figure 1),
which makes it attractive [18].

2.2 Materials and methods

This is a book review chapter on the phytochemistry, pharmacological properties,
and herb-drug interactions (HDIs) of Punica granatum (pomegranate). Based on the
wide medicinal use of pomegranate and published articles and review papers, the cur-
rent book chapter aimed to compile the phytochemistry, pharmacology, and HDIs of the
plant. A review of scientific and relevant literature was therefore selected from PubMed
and Google Scholar databases using the following subject headings as keywords:

2 <

“pomegranate,” “Punica granatum,” “pomegranate phytochemistry,” “pomegranate
» <« » <

pharmacological properties,” “pomegranate herb/food-drug interactions,” “pomegran-

ate taxonomy,” “pomegranate ethnobotany,” “pomegranate anticancer,” “pomegranate

cardiovascular,” “pomegranate antimalarial,” and “pomegranate toxicity.” Relevant
papers were selected based on the following inclusion criteria: full-text original papers
written in English, published within the last 25 years for research articles, and last

10 years for review articles. The exclusion criteria included abstracts and articles written

in languages other than English. No article was excluded because of affiliation.
2.3 Pomegranate phytochemistry

Plants produce various phytochemical compounds that contribute to the phar-
macological activities of medicinal plants. These compounds can act in synergism,
especially when the plant is used in its crude form or when isolated compounds are
combined. About 500 compounds have been isolated and characterized from differ-
ent parts of P. granatum (leaves, fruit rind, peel, seeds, juice, flowers, and stem bark)
[5]. Most of these compounds have been isolated from pomegranate juice. Isolation
and characterization of these compounds have been done in various ways. Structure
elucidation of 92 compounds such as punicalagin, punicalin, and corilagin was done
through nuclear magnetic resonance (NMR) and mass spectroscopy (MS) [5], and
recently, other compounds like ellagic acid have been isolated through reverse ionto-
phoresis [19]. In a single study, 88 compounds (flavonoids, coumarins, and phenolic
acids) were isolated and identified from pomegranate seeds through ultra-high-
performance liquid chromatography (UHPLC) coupled with quadrupole orbitrap
high-resolution mass spectrometry (Q Orbitrap HRMS) [20].

Various phytochemical compounds have been isolated from different parts of P
granatum: pomegranate juice (180 compounds), seeds (164 compounds), flowers
(113 compounds), and peels (108 compounds), based on the basic structures. About
41 compounds have also been isolated from pomegranate leaves and six from the
stem bark of the plant species [5]. These compounds include flavonoids, alkaloids,
sterols, tannins, ellagitannins, gallotannins, lignans, organic acids, fatty acids, sac-
charides, anthocyanins, anthocyanidins, proanthocyanidins, coumarins, terpenes,
triterpenes, terpenoids, phenolics, phenolic acids, xanthones, xanthonoids, ellagic
acid and hydroxycinnamic acid [5, 21, 22], and punicalagin [23]. Based on the review
by [5], most compounds belong to ellagitannins and gallotannins.

A total of 88 ellagitannins and 31 gallotannins have been isolated and identified
from seeds, juice, flowers, and fruit peels of pomegranates. Most of these compounds
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have >2 constitutional isomers with similar major MS fragments, the same molecular
formula, and the same name but different structures [5]. These phytochemicals have
shown high health benefits, especially in fruits (pomegranate, strawberry, blackberry,
raspberry, and muscadine grapes) and nuts (walnuts) that contain ellagitannins [6].

About 45 anthocyanins have been isolated from P. granatum. Considering that
these anthocyanins are pigments, they are responsible for the diversified pomegran-
ate flowers and fruit colors [24]. Different substitutions of monosaccharides and
disaccharides with aglycone structures corresponding to different chemical structures
of anthocyanins have also been isolated from pomegranate. For example, glucose,
galactose, xylose, rutinose, and caffeoyl moieties are usually located at different posi-
tions of aglycone structure therefore yielding different anthocyanin structures [5].

Pomegranate is also considered a flavonoid-rich plant. Most of these flavonoids
have been isolated from pomegranate juice and fruit peel [22]. The study [22]
reported that 19 flavonoids have been isolated; however, a later review reported that
171 flavonoid compounds have been isolated from the plant species [5]. Other major
compounds like phenolic acids (124 compounds) have also been isolated from pome-
granate [5]. These phytochemicals play a major role in the therapeutic effects of P
granatum against various human diseases.

2.4 Pharmacological properties of pomegranate

Pomegranate is considered as an ancient medicinal plant in various traditional and
complementary systems of treatment for various diseases and disease conditions [4].
To validate this, various research studies have been done at preclinical and clinical
levels using various parts (juice, flowers, leaves, fruit rind, bark, peel, seeds, and seed
oils) of P. granatum. Pomegranate juice is the most widely used pharmacologically.

2.4.1 Ethnobotany of pomegranate

Pomegranate is one of the most ancient plants that have been widely used in
traditional medicine, homeopathic medication, and complementary systems of treat-
ment such as Unani Tibb/Islamic, Persian [1, 25], Ayurvedic, Chinese medicine [2],
and African traditional medicine [24, 26]. Its current use in traditional medicine for
the treatment of several types of cancers, diabetes, hypertension, and stomach ulcers
dates back to its native use in Asian cultures [2, 3].

In Ayurvedic (traditional Indian) medication, pomegranate is described as the
“dalim fruit” (Sanskrit name), and it is used to cure different parasitic diseases and as
a blood tonic. In this respect, people in this Asian culture, regard the plant as “a phar-
macy unto itself ” [25]. Similarly, in the Chinese ethnomedicine systems (traditional
Chinese medicine, Uygur medicine, Mongolian medicine, and Tibetan medicine),
most people in these regions use different parts of the plant mostly as a sour flavor to
treat diarrhea and stomach upsets [4]. The use of pomegranate for the treatment of
various diseases in these and other systems of medication has been studied at preclini-
cal and clinical levels.

2.4.2 Pharmacological properties of pomegranate phytochemicals

Pomegranate has various bioactive substances. These phytochemicals have shown
potential preventive and curative pharmacological properties when tested at both
preclinical and clinical levels [27]. The preventive activities of pomegranates are
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displayed by improving the immune response and avoiding infection. The synergistic
effect of both preventive and prophylactic activities of pomegranate phytochemicals
is greater when these phytochemicals are tested in combination than when they are
tested alone [28]. While phytochemicals isolated from pomegranates have been used
for the treatment of various ailments, most studies have reported on their use against
different types of cancers, treatment of cardiovascular diseases, and some for the
treatment of malaria.

2.4.3 Anticancer activities of pomegranate phytochemicals

Cancer is considered one of the leading causes of global mortality. The disease
caused 9.6 million deaths, with 18.1 million cases reported in 2018 alone [29, 30]. As
part of battling this life-threatening disease, pomegranate has been widely used for
the treatment of different types of cancers.

A systematic, comprehensive, and critical review by Wong et al. [27] reported on
various research studies on the uses of P. granatum for the prevention and treatment
of various types of cancer. Furthermore, phytochemicals isolated from different parts
of the plant species have shown potential use for the treatment of various types of
cancers when tested at both the preclinical (ex vivo, in vitro, and in vivo) and clinical
levels [27]. Polyphenols isolated from natural products have shown anticancer activi-
ties. A recent review by Teniente et al. [31] reported on anti-cervical cancer properties
of polyphenols from pomegranate peels. Phenolic acids such as punican, punicalagin,
ellagic acid, gallic acid, caffeic acid, rutin, and quercetin isolated from pomegranate
peels showed in vitro activity against cervical cancer [30]. Other phenolics isolated
from pomegranate seed oil have also shown iz vitro antioxidant and anticancer
activities against lung and colon cancer [32]. A similar review on the iz vitro antican-
cer properties of pomegranate polyphenols has also shown preclinical and clinical
therapeutic anticancer activity of various polyphenols against breast cancer [33].
Various studies indicated that these polyphenols have different mechanisms of action
such as inhibition and arrest of the cell cycle [34], regulation of cellular redox balance
[35], modulation of different signaling pathways [36], and antiproliferative, anties-
trogenic, antiangiogenetic, and antimetastatic activities [33, 37].

A recent review on anticancer activities of pomegranate by Rahman et al. [38]
reported that extracts and pure compounds isolated from different parts of the plant
have preventive and therapeutic activities against different types of cancers such as
breast, skin, colon, bladder and lung cancers when tested at preclinical (i vitro and in
vivo) and clinical levels. Similarly, galactomannan isolated from the fruit rind showed
in vitro and in vivo anticancer activities against skin and lung cancers [38, 39]. Other
pomegranate phytochemicals such as luteolin, ellagic acid, and punicic acid have
shown therapeutic activity against prostate cancer [40]. Furthermore, ellagic acid and
urolithins A and B showed iz vitro inhibition activity against breast cancer. In vitro
and iz vivo anticancer prevention activities have also been depicted in pomegranate
phytochemicals like tannins and punicalagin against colon cancer [38].

Anthocyanins isolated from natural products are considered as natural antioxi-
dants. Anthocyanins isolated from flowers, leaves, and seeds of pomegranates have
shown antioxidant activities [39]. The observed diversity in the chemical structure
of pomegranate anthocyanins caused by internal and external factors contributes
to the variation of different pomegranate anthocyanins [24]. Additionally, in vitro
antioxidant activity of phenols, tannins, and flavonoids from pomegranate peels [40]
and flowers has also been reported [41]. With the continued reports of increased
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anticancer multidrug resistance [42], these pomegranate phytochemicals that have
shown potential anticancer activities can be used as scaffolds for the discovery of
novel anticancer drugs.

2.4.4 Anticancer properties of extracts from pomegranate

Extracts from pomegranate seed oil and fermented fruit have shown iz vitro thera-
peutic activity against breast cancer [38]. Peel extracts from pomegranate have shown in
vitro radical scavenging and Fe’* antioxidant activities [43]. In a recent study, phytocom-
plexes isolated from pomegranate through hydrodynamic cavitation showed selective
in vitro antiproliferative activity against human breast cancer cell lines without causing
harm to healthy cells [44]. Similarly, fruit extracts of pomegranate have also shown in
vitro and in vivo anticancer activities against skin and prostate cancer [38, 45-47]. The
same extract showed i vivo antiproliferative activity against lung cancer [38, 48], with
similar activity being shown in aqueous peel extracts [49]. Likewise, leaf extracts have
also shown iz vitro signaling pathway inhibition activity against lung cancer [50].

Pomegranate seed, peel extracts, and peel oil have also shown in vitro activity
against breast cancer [38]. Similar anticancer activity against colon cancer has also
been observed in pomegranate juice when tested iz vitro and in vivo [51]. Since cancer
is considered the most life-threatening disease globally, pomegranate promises a wide
area of further research in the world of oncology. It has potential use as a chemopre-
ventive and/or chemotherapeutic anticancer drug since it has no side effects, espe-
cially when used naturally [38].

2.4.5 Anti-cardiovascular activities of pomegranate phytochemicals

Approximately a third of the global deaths in 2019 were caused by cardiovascular
(CDV) diseases. This amounted to 9.6 million deaths among men and 8.9 million
deaths among women in the same year [52]. Pomegranate phytochemicals have shown
potential use to prevent and cure various conditions associated with CDV diseases.

Various pomegranate phytochemicals have shown activity against CDV diseases
such as atherosclerosis [53], hypertension, peripheral heart disease, and coronary
heart disease [22]. Flavonoids, tannins, ellagitanins, ellagic acid, anthocyanins, puni-
calagin, punicalin, gallic acid, urolithins, puninic acid, and naringin isolated from P
granatum have shown potential vasculoprotective properties [22]. Both preclinical
(in vitro and in vivo) and clinical research studies have shown that the vasculoprotec-
tive properties of these phytochemicals are generally through platelet aggregation,
reduction of oxidative stress, reduced lipid uptake by macrophages [53, 54], enhanced
endothelial cell function [55, 56], alleviation of myocardial ischemia [57], and regula-
tion of blood pressure [22]. Based on the high mortality caused by CDV diseases,
these and other pomegranate phytochemicals should be explored further.

2.4.6 Antimalarial activities of pomegranate

Increased resistance of malaria-causing parasites to available antimalarial drugs
has made malaria one of the most prevalent parasitic diseases in the world, especially
in Sub-Saharan Africa. The disease caused 627,000 deaths globally, in 2021 [58].
Different approaches have been employed to counteract antimalarial drug resistance
[59]. Extracts and pure compounds isolated from pomegranate have contributed to
the same warfare.
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In a book on the use of simple natural remedies, Kurain and Perumal [18] reported
that a decoction of the bark of pomegranate is taken for the traditional treatment of
malaria [18]. Equally, in the Ayurvedic system of treatment, at a place called Orissa,
in the northeastern part of India, the sun-dried rind of immature pomegranate fruits
is used as a powdered formulation called OMARIA for treatment and prevention of
Plasmodium falciparum and Plasmodium vivax malaria [60].

The methanolic extracts of the fruit rind of pomegranate have also shown potent
in vitro antimalarial activity with 50 percent inhibition concentration (ICs) values of
2.8 and 4.5 pg/mL when tested against W2 (chloroquine-resistant) and D10 (chloro-
quine sensitive) strains of P. falciparum [61-63]. These reported antimalarial activi-
ties of pomegranate rind are mainly attributed to the ellagic acid and punicalagin
phytochemicals of the plant. These compounds are likely to work through the pro-
inhibition of mechanisms that are involved in the onset of malaria, especially cerebral
malaria [62]. Other compounds like punicalagins have also shown good iz vitro
antiplasmodial activities with ICs, values of 7.5 and 8.8 pg/mL, and gallagic acid with
ICso values of 7.5 and 8.8 pg/mL when both were tested against D6 and W2 strains of
P, falciparum, respectively [63]. For in vivo antiplasmodial assays, methanolic peel
extracts of pomegranate showed a percentage chemosuppression of 50% against P
chabaudi using the Swiss albino mouse model [64]. Further antimalarial activities of
pomegranate should be explored to validate its use in the treatment of malaria.

Other pharmacological activities of pomegranate extracts and pure compounds
such as antibacterial, antifungal, antidiabetic, anti-inflammatory, and antiviral
(including COVID-19 virus), and control of disease conditions like Alzheimer’s
disease, ulcers, and coughs are reported in a review on pharmacological activities of
pomegranate [21].

2.5 Herb/food-drug interactions

Herb/food-drug interactions often occur as a result of cytochrome P540 (CYP450)
and/or P-glycoprotein (Pgp inhibition). Cytochrome P450 (CYP450) is a heme-
containing monooxygenase that primarily defends the body against xenobiotics.
CYP450 mediates drug bioactivation to intermediates and is responsible for the
metabolism of most of the approved drugs. The CYP450s are mainly hepatic and
enteric. This metabolism determines the bioavailability and therefore the therapeutic
effect of the orally administered drug [65]. P-glycoprotein is an efflux transporter
expressed in a variety of epithelial cells such as those of the large and small intestines.
P-glycoprotein in epithelial cells is important in ridding the body of xenobiotics by
excretion into, for example, the urine and bile, while endothelial Pgp prevents entry
of xenobiotics into organs by excretion into the blood. Herbs and food have been
implicated in adverse drug reactions when consumed concomitantly with prescrip-
tion drugs. Xenobiotics from natural products such as medicinal herbs and food can
induce or inhibit CYP450s. Inducers of CYP450s cause increased metabolism of the
co-used drugs that can lead to reduced bioavailability of the drug(s), which causes
therapeutic failure, and inhibitors lead to increased concentration of the co-used
drug(s), thereby enhancing its therapeutic activity or making the drug toxic [65].

People use medicinal plants in traditional medicine for the treatment of various
ailments. If the condition persists, patients seek orthodox treatment in hospitals
which leads to herb-drug interactions (HDIs) [14, 66]. Food-drug interactions
(FDIs) can also occur when food or drinks are taken during medication. The herbs,
foods, and drinks taken during drug medication can affect the pharmacokinetics and
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pharmacodynamics of the drugs by modulating CYP450s [67]. In various parts of the
world where pomegranate occurs, especially in Asia, the plant is used both medici-
nally and dietarily [21]. While most reviews and research studies have reported on
the pharmacokinetics of pomegranate juice, extracts, and phytochemicals, few have
focused on the effects of pomegranate on drugs. Therefore, herb/food-drug interac-
tions of Punica granatum are discussed in this chapter.

2.5.1 Food /juice-drug interactions: effect of pomegranate juice on drugs

Foods or drinks taken during drug medication can lead to food-drug interactions
(FDIs). The interaction between grapefruit juice (GFJ]) and several drugs is one of
the most extensively studied food-drug interactions. The juice was shown to increase
the oral bioavailability of the dihydropyridine calcium channel blocker felodipine by
inhibiting its metabolism by intestinal CYP3A4 [68]. Similarly, most studies on P. gra-
natum drug interactions have focused on pomegranate juice (PJ). The juice has shown
inhibition of CYP3A4 [69] and CYP2C9 [70]. Pomegranate juice is taken with drugs
since it is thought to possess therapeutic and nutritional benefits [21]. Therefore, an
understanding of the effects of PJ on the pharmacokinetics and pharmacodynamics
and the overall therapeutic activity of the co-administered drug(s) is necessary.

A recent preclinical and clinical review by Mansoor et al. (2023) showed the
effects of PJ on drugs metabolized by CYP3A4 and CYP2C9. The review revealed
the preclinical effects PJ on eight drugs: carbamazepine (used for the treatment of
seizures), tolbutamide (used to reduce blood sugar), buspirone (used for anxiety dis-
order), nitrendipine (used for hypertension), metronidazole (antibiotic), sildenafil
(male dysfunction), saquinavir (HIV/AIDS), and warfarin (anticoagulant) tested
in rats and rabbits [12]. According to the analysis by these authors, these preclinical
studies suggested that PJ showed intestinal inhibition of CYP3A4 and CYP2C9 rather
than hepatic metabolism.

They also reviewed preclinical studies on drugs not metabolized by CYP3A4
and CYP2C9, namely metformin (antidiabetic) [71], piracetam (nootropic) [72],
and theophylline (used for treatment of respiratory diseases such as asthma) [67].
There was no interaction with piracetam and theophylline, but the Cmax of met-
formin was reduced while there was no change to the area under the curve (AUC).
The mechanism of interaction between PJ and metformin was not due to CYP450s.
Another recent study showed that PJ and GFJ increased the AUC of brexpiprazole
(used for the treatment of schizophrenia and major depressive disorders) in rats [73].
Brexpiprazole is metabolized by CYP3A4 and CYP2D6. The reduction in AUC was
suggested to be due to inhibition of intestinal CYP3A4. The effect from the GFJ was
more pronounced (approximately twofold) than from the PJ. The review [12] further
showed that most clinical studies that were done later showed no effect of PJ on flur-
biprofen (an anti-inflammatory) [74], simvastatin [75], dapoxetine [76], midazolam
[771, cyclosporine [78], and artemether [23].

This shows that the observed preclinical inhibition of CYP3A4 and CYP2C9
by PJ does not necessarily relate to clinical drug interactions in humans [77]. This
could be because most of the clinical studies were done using a single dose of PJ
[12] and therefore, further clinical studies with prolonged PJ administration of the
co-administered drugs are recommended. Moreover, the observed difference in the
preclinical effects of PJ on drugs compared to clinical effects could be due to differ-
ences in the drugs used across preclinical (ex vivo, in vitro, and in vivo) and clinical
studies. Consequently, the clinical studies should be done based on previous similar
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studies for possible comparison. Interestingly, the study on dapoxetine [76] com-
pared the effects of GFJ and PJ. The GFJ was found to affect the pharmacokinetics of
dapoxetine, but the PJ had no effect. This is like the brexpiprazole study in rats, where
PJ was found to have a lesser effect on the PK of brexpiprazole compared to GFJ.

Most studies on herb-drug interactions of P. granatum focused on PJ.
Considering the wide use of the plant species in the treatment of various diseases
in traditional medicine and its associated use with drugs, it will be necessary to
explore further the effects of the pomegranate extracts on the therapeutic activity
of co-administered drugs.

2.6 Toxicity studies of pomegranate extracts

Chloroform, acetone, methanol, and water bark extracts of pomegranate have
been reported to be safe in Swiss albino mice as no signs of toxicity were observed
when the extracts were orally administered at a dosage of 2000 mg/kg of body
[78]. Similar results were obtained when ethanolic leaves and fruit peel extracts of
the plant species were orally given to Swiss albino mice at dose levels of 500, 1000,
and 2000 mg/kg [79]. This suggests that the reported pharmacological activities of
pomegranate are not a result of intrinsic toxicity.

3. Conclusions

Pomegranate is an ancient medicinal plant, and most people continue to use it for
the prevention, treatment, and management of various diseases and disease condi-
tions. To guide its traditional use, researchers have focused on the chemopreventive
and chemotherapeutic activities of pomegranate. Most of these studies have shown
that pomegranate is mostly used to treat different types of cancers and CDV diseases.
The continued review reports and studies on the medicinal and phytochemical
properties of pomegranate call for further plant research to unearth its medicinal
potential.
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Chapter 9

The Healing Power of Plants for
Health

Mehtap Kilic

Abstract

The modern pharmaceutical industry has developed through the use of bioactive
molecules isolated from plants, which are traditionally used among the public for
disease prevention and treatment. In recent years, with the decline in new drug devel-
opment efforts, there has been a growing market for existing herbal products such
as dietary supplements, standardized plant extracts, and herbal medicines. In thera-
peutic methods like phytotherapy and aromatherapy, medicinal plants containing
therapeutic metabolites are used. However, evolutionary changes in the phytochemi-
cal composition of plants have led to an increase in the bioactive compound content
in some plants while decreasing it in others. Despite these changes, plants remain
an invaluable source of therapeutic compounds due to their extensive biosynthetic
capabilities. One major benefit of plants is their intricate composition, comprised of
groups of related compounds with diverse activities that synergistically interact to
yield a greater overall effect.

Keywords: medicinal plants, phytochemistry, herbal medicine, traditional medicine,
phytotherapy

1. Introduction

Herbal medicine remains the predominant choice for approximately 75-80%
of the global population, especially in developing nations, as a primary healthcare
option [1]. This preference stems from the widespread belief that herbal remedies
are not only cost-effective and readily available but also generally free from adverse
effects [2]. According to the World Health Organization (WHO), the utilization of
herbal treatments surpasses that of conventional medications by two to threefold
worldwide [3]. The historical use of plants for medicinal purposes predates recorded
human history and serves as the foundation of much of modern medicine. Many
mainstream pharmaceuticals have their origins in plants; a century ago, the majority
of effective drugs were derived from botanical sources. Examples include aspirin
(derived from willow bark), digoxin (from foxglove), quinine (extracted from
cinchona bark), and morphine (obtained from the opium poppy) [4].

Throughout the annals of medical history, accounts abound of individuals
employing herbs to alleviate the ailments of their communities. However, concur-
rent with the advent of the Industrial Revolution, allopathic medicine emerged as
a dominant force. While herbal medicine remained an effective healing modality,
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its reception waned [5]. Herbal remedies gradually fell out of favor in conventional
medical practice during the mid-twentieth century, not necessarily due to their inef-
ficacy but rather because they lacked the economic viability of newer synthetic drugs
[6]. As scientific methodologies advanced in the early nineteenth century, botanical
healing practices were increasingly disparaged as pseudoscience. Yet, by the 1960s,
concerns regarding the curative effects of conventional medicine and a burgeoning
desire for self-reliance spurred a renewed interest in “natural health” and herbal
remedies. Globally, herbal medicine received a significant impetus when the World
Health Organization advocated for the utilization of traditional plant-based remedies
in developing nations to address unmet healthcare needs [7].

Recently, the World Health Organization (WHO) has delineated traditional
medicine, which encompasses herbal remedies, as encompassing therapeutic
methodologies that have persisted for centuries, predating the emergence and dis-
semination of modern medical practices and still being utilized today. Traditional
medicine represents a synthesis of the cumulative therapeutic wisdom passed down
through generations of indigenous medical practitioners. Herbal remedies specifically
pertain to traditional medicines primarily relying on medicinal plant preparations
for therapeutic purposes. The earliest documented evidence of their utilization
can be traced back approximately 5000 years in Indian, Chinese, Egyptian, Greek,
Roman, and Syrian texts. Classical Indian texts such as the Rigveda, Atharvaveda,
Charak Samhita, and Sushruta Samhita offer insight into the historical use of herbal
medicines and traditional remedies, which draw upon the rich traditions of ancient
civilizations and scientific heritage [1].

This study discusses the importance of plant chemistry and medicinal plants,
focusing on the characteristics of medicinal plants effective in preventing
diseases, the pharmacological properties of phytotherapeutic plants, the antimi-
crobial, antiviral, and anti-inflammatory properties of aromatherapeutic plants,
traditional medicinal plants, and how plants historically used in women’s health
are perceived by the public. Thus, once again, emphasis is placed on the impor-
tance of plants and their healing power in human health from the past to
the present.

2. Phytochemistry

Historically, natural compounds have served as a boundless reservoir of medicinal
remedies [8]. Phytochemistry, the study of this chemical compounds found in plants,
is crucial for understanding their potential health benefits. These compounds, which
vary widely in structure and function, play a role in defending plants against pests
and pathogens. They have been used in traditional medicine for centuries across
different cultures. Phytochemistry integrates traditional knowledge with modern
scientific approaches, aiming to classify and understand the biosynthetic origins of
various phytochemical groups.

Phytochemicals are plant-produced compounds that help plants resist infec-
tions and consumption by pests. They come in diverse structures and functions and
are classified based on their biosynthetic origin, including amino acids, phenolics,
terpenoids, alkaloids, and organosulfur compounds. These compounds have been
used in traditional medicines worldwide for centuries and show promise for treating
metabolic, immunological, and neurological disorders [9].
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3. Medicinal plant

A medicinal plant is defined as a plant that contains substances within one or more
of its organs that can be utilized for therapeutic purposes or serve as precursors for
synthesizing beneficial drugs. This definition allows for the differentiation between
medicinal plants with scientifically established therapeutic properties and constitu-
ents, and those plants considered medicinal but have yet to undergo comprehensive
scientific scrutiny.

Several plants have been utilized in traditional medicine for extensive periods.
While some exhibit apparent efficacy, there might not be adequate scientific evi-
dence, such as double-blind trials, to verify their effectiveness. Nonetheless, such
plants should be considered medicinal.

3.1 Medicinal plants and disease prevention

Medicinal plants have the potential to play crucial roles in disease prevention,
seamlessly integrating into all established prevention strategies. Nevertheless, deliber-
ate endeavors are necessary to accurately identify, acknowledge, and integrate medici-
nal plants within the framework and execution of these strategies. These approaches
offer intriguing and evolving outlooks within the realm of medicinal plants.

3.2 Medicinal plants used to prevent cancer

In his 2012 review, Yasukawa examined the chemopreventive properties of natu-
ral sources, foods, supplements, crude drugs, and Kampo medicines (traditional
Japanese herbal prescriptions). He noted that cancer chemoprevention currently
stands as one of the most pressing priorities in public health. Cancer chemopreven-
tion involves the utilization of specific natural and synthetic chemical agents to coun-
teract or inhibit carcinogenesis and deter the emergence of invasive cancers. Recent
studies have highlighted the significant impact of dietary non-nutrient compounds
as chemo-preventive agents, with extensive research conducted on their effects in
animal models. Epidemiological studies have established a strong correlation between
the majority of human cancers and two primary factors: diet and smoking [10].
Furthermore, certain foods consumed daily by the general population have exhibited
anticancer properties, underscoring the pivotal role of environmental factors such as
diet in cancer chemoprevention [10]. A comprehensive understanding of the mecha-
nisms underlying carcinogenesis is imperative for effective cancer chemoprevention.

The promotion stage of carcinogenesis, unlike initiation and progression, has
been observed in animal studies to span a lengthy period and potentially be revers-
ible, particularly in its early phases. This suggests that targeting tumor promotion
could be an effective strategy for cancer control [11]. Yasukawa and colleagues have
identified various triterpene alcohols, sterols, and their derivatives from edible plants,
fungi, and crude drugs that exhibit inhibitory effects on inflammation induced by
12-Otetradecanoylphorbol-13-acetate (TPA) in mouse ears. Primary cancer preven-
tion seeks to thwart cancer development by inhibiting initiation and/or promotion
of carcinogenesis. However, since adults may harbor tumor cells that cannot revert
to normalcy, effective cancer prevention strategies involve preventing continuous
interaction between these cells and promoters and/or aggressively suppressing tumor
promoter effects. Thus, discovering plants containing potent compounds (anti-tumor
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promoters) that impede, inhibit, or halt tumor promotion an inherently reversible and
protracted process is crucial [12]. Below are a few examples of such plants of interest.

3.2.1 Rosmarinus officinalis L (Labiatae) rosemary

Colorectal cancer ranks as the second leading cause of cancer-related mortality in
Australia. Ngo et al. conducted a comprehensive review spanning studies published
from 1996 to March 2010, focusing on the protective effects of rosemary (Figure 1)
against colorectal cancer and other cancer types [13]. Their analysis of evidence from
animal and cell culture studies revealed the anticancer potential of rosemary extract
and specific constituents, namely carnosol, carnosic acid, ursolic acid, and rosmarinic
acid. Lépez-Jiménez further demonstrated the anti-angiogenic properties of carnosol
and carnosic acid, highlighting their potential contribution to the chemopreventive,
antitumoral, and antimetastatic effects of rosemary extracts [14]. The study sug-
gested the therapeutic potential of these compounds in treating other angiogenesis-
related malignancies.

3.2.2 Vitis vinifera L. (Vitaceae) grape

Grape skin and seed extracts (Figure 2) demonstrate potent abilities to scavenge
free radicals, chelate metals, and prevent lipid oxidation in various food and cell mod-
els in vitro. The utilization of grape antioxidants shows promise in combating a wide
spectrum of cancer cells through multiple mechanisms. These include targeting the
epidermal growth factor receptor (EGFR) and its downstream pathways, suppressing
the overexpression of COX-2 and prostaglandin E2 receptors or modulating estrogen
receptor pathways. These actions lead to cell cycle arrest and apoptosis [15].

3.2.3 Glycine max or G. soya (Leguminosae) soya milk
Genistein, the predominant phytoestrogen found in soybeans, has the potential

to interact with estrogen receptors and exhibit anticancer effects. Khan et al. inves-
tigated whether the consumption of soy isoflavones might confer protection against

Figure 1.
Rosemary Rosmarinus officinalis L. (Labiatae) (from: https://www.gardenersworld.com/plants/
rosmavinus-officinalis).
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Figure 2.
Grape Vitis vinifera L. (Vitaceae) (from: https://www.gardenersworld.com/plants/vitis vinifera).

the development of breast cancer [16]. Their findings revealed a lack of efficacy in
breast cancer prevention and a potential adverse effect in premenopausal women.
Additionally, Ohta et al. demonstrated that soy milk inhibited mammary carcino-
genesis induced by 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone in rats [17].
Soybeans are rich in isoflavonoids and saponins; isoflavonoids have been reported to
possess phytoestrogenic activity (Figure 3) [18].

3.2.4 Zingiber officinale roscoe (Zingiberaceae) ginger

Dehydrozingerone, a compound found in ginger, shares structural similarities
with curcumin, a promising phytochemical known for its potential to inhibit malig-
nant tumors, including colon cancer. Yogosawa et al. investigated the antiproliferative
effects of dehydrozingerone on HT-29 human colon cancer cells [19]. They discovered
that dehydrozingerone inhibited cell growth at the G2/M phase in a dose-dependent
manner, up-regulating p21 expression and inducing intracellular ROS accumulation.
These findings suggest that dehydrozingerone analogues could serve as potential
chemotherapeutic agents for colon cancer [20]. In another study, Kurapati et al.
examined the combined cytotoxic effects of Curcuma longa and Zingiber offici-
nale (Figure 4) on the PC-3 M prostate cancer cell line [21]. While both extracts

Figure 3.
Soya milk Glycine max (Leguminosae) (from: https://www.researchgatenet/figure/Soybean-Glycine-max-
L-Merr-Fabaceae-family-46_fig4_352376798).
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Figure 4.
Ginger Zingiber officinale (Zingiberaceae) (from: https://www.chandigarhayurvedcentre.com/blog/
adrak-zingiber-officinale-ginger//).

individually inhibited colony formation significantly, their combined effects at
equivalent concentrations were even more pronounced, indicating a synergistic mode
of action that enhances their beneficial effects.

4. Phytotherapy: an introduction to its history, use, and application

Research on the components of medicinal plants has revealed that their therapeu-
tic potential extends beyond traditional folk medicine usage [22]. While these plants
have long been utilized by the public for treating diseases, confirmation of their bio-
logical effects has spurred increased therapeutic application. However, it is important
to note that despite their benefits, phytotherapeutics derived from medicinal plants
may occasionally pose adverse effects.

For centuries, humans have utilized plants as therapeutic remedies. In ancient civi-
lizations, the healing properties of medicinal plants were often imbued with a sense of
magic and the supernatural. Some believed these plants influenced the “astral body,”
leading to both physiological and paranormal phenomena [23]. Even today, medicinal
plants continue to hold mystical and religious significance for certain individuals [24].

In 1873, the discovery of the Ebers Papyrus, dating back to 1600 B.C., provided
evidence of the ancient Egyptians’ use of plants for medicinal purposes [25]. During
the Trojan War around 1200 B.C., the plant Achillea millefolium was employed
to staunch bleeding and promote wound healing among injured soldiers [26].
Additionally, the historical use of poppy dates back to this era [27].

In Greece, around 100 B.C., Pedanius Dioscorides authored a treatise on plants
titled “De Materia Medica,” which significantly contributed to the field of therapeutic
medicine. Conversely, individuals such as Socrates and those who faced execution
were put to death using poisons derived from plants [27].

During the Middle Ages, the Swedish doctor Paracelsus was renowned as the pio-
neer of natural medicine, laying the foundation for many contemporary drugs, includ-
ing opium. In the eighteenth century, the field of pharmacognosis emerged, combining
the Greek terms “pharmakon” (drug) and “gnosis” (knowledge). This multidisciplinary
science focuses on identifying and extracting compounds from plants, studying their
physical-chemical, biological activity, and pharmaco-toxicological properties [28].

Despite the advancements in the pharmaceutical industry following the Industrial
Revolution, phytotherapy remains a valuable therapeutic option [29]. It is imperative
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for health professionals to undergo training in phytotherapy and its applications to
ensure optimal patient care [30].

4.1 Pharmacological characteristics of some of the main medicinal plants
4.1.1 Aesculus hippocastanum

Aesculus hippocastanum (Figure 5) comprises a complex combination of com-
pounds including saponins, notably p-escin, tannins, D-catechol, pectin, potassium,
volatile oil, calcium, phosphorus, bioflavonoids, and A2 proanthocyanidins [31]. Its
mechanism of action facilitates ion transportation through calcium channels while
diminishing leukocyte activation [31]. Clinically, it is recommended for conditions
such as chronic venous insufficiency, varicose veins, hemorrhoids, decreased inner
ear perfusion, and post-operative edema [32]. It enhances the body’s antioxidant
defense system and exerts anti-inflammatory effects. When combined with antico-
agulant medication, it may potentiate its efficacy [31].

At the recommended dosage, adverse effects are rare. Nonetheless, gastrointestinal
symptoms, dizziness, headaches, and itching are commonly reported. The standard
dosage typically contains 16-20% escin. Oral administration is typically prescribed
at 100-150 mg per day, while topical application involves using 2% escin three to four
times daily [31].

4.1.2 Cimicifuga racemosa
Cimicifuga racemosa, (Figure 6) commonly known as Black Cohosh in North

America and Erva-de-Sdo-Crist6vao in Brazil is native to temperate zones. Its extract
contains triterpenic glycosides, alkaloids, and aromatic acids, with the extract’s

Figure 5.
Horse chestnut Aesculus hippocastanum L. (Sapindaceae) (from: https: https://www.treesandshrubsonline.org/
articles/aesculus/aesculus-hippocastanum).
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Figure 6.
Black cohosh Cimicifuga racemosa (Ranunculaceae) (from: https: https://www.plants.longfellowsgreenhouses.
com/12100007/Plant/2248).

activity varying based on its nature [33]. Mechanistically, it reduces serum LH levels
through estrogen receptor-negative feedback, acts as a partial agonist at opioid recep-
tors, and exerts hypotensive effects in central vasomotor centers [34]. Recommended
for various conditions including menstrual issues, postpartum uterine rhythm
normalization, eczema, asthma, migraine, inflammation, and rheumatoid arthritis
[33], it can counteract cyclosporine’s immunosuppressive effects and is compatible
with oral contraceptives and hormones like conjugated estrogen [35]. However, it
may lead to side effects such as digestive discomfort, headache, nausea, visual dis-
turbances, tremors, nervousness, abdominal pain, and potential hepatic injury. The
recommended daily dosage of the extract is 40 mg, with therapeutic effects typically
observed after 2 weeks of treatment [36].

4.1.3 Ginkgo biloba

Ginkgo biloba, (Figure7) utilized globally, contains 24% ginkgo flavone glycosides
and 6% terpenoids [37]. It exhibits antioxidant properties [38] and antiapoptotic

Figure 7.
Ginkgo Ginkgo biloba (Ginkgoaceae) (from: https://www.vdberk.com/trees/ginkgo-biloba/).
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activity [37], while reducing clastogenic activity and promoting vascular relaxation via
nitrous oxide. Additionally, it may enhance acetylcholinesterase effects [39]. Therefore,
it is recommended for the clinical treatment of Alzheimer’ disease [37], as well as
cardiovascular diseases, sexual impotence, hepatic fibrosis, memory enhancement,
cerebral vascular insufficiency, PMS, and certain types of cancer [39]. However, cau-
tion is advised in patients taking anticoagulants due to potential subdural hematoma
formation [40]. Side effects may include nausea, vomiting, salivation, loss of appetite,
headaches, dizziness, tinnitus, and hypersensitivity reactions like cutaneous rash.

4.1.4 Hypericum perforatum

This plant is known as “Saint John’s Wort” (Figure 8). The red substance extracted
from the flowers of Hypericum contains hypericins and various compounds such
as tannins, resins, pectin, naftodiantrona, and flavonoids, including luteolin,
kaempferol, isoquercetine, quercetine, rutine, and myricetin, known for their
anti-inflammatory and antiviral properties [41]. Additionally, it contains prociany-
dins, phytosterols, vitamin C, carotene, amino acids, and saponins [41]. Hypericum
may inhibit the absorption of serotonin, noradrenaline, and dopamine, potentially
contributing to its antidepressant effects, attributed to hypericin, pseudohypericin,
or hyperforins [42]. This plant extract is commonly used in Europe for treating mild
to moderate depression. Mechanisms of action include interaction with GABA recep-
tors, inhibition of monoamine oxidase enzymes, and catechol-O-methyltransferase
[24]. Hypericum may also affect the metabolism of certain medications through
cytochrome P450 and CYP1A2, leading to reduced serum concentrations. Side effects
include dosage-dependent photosensitivity. Typical dosage ranges from 500 to
1050 mg, taken two or three times daily [42]. Studies also suggest its antiviral activity
against various enveloped viruses such as herpes simplex virus type 1, murine cyto-
megalovirus, and human immunodeficiency virus type 1 [41].

4.1.5 Panax ginseng

Panax ginseng (Figure 9), originating from East Asia and Russia, primarily
utilizes its root in medicinal applications [43]. It comprises saponins, amino acids,
alkaloids, phenols, proteins, polypeptides, and vitamins Bl and B2, contributing
to enhanced biochemical resistance and stress management, leading to increased
vitality, longevity, and cognitive function [44]. Clinically, it is employed in treat-
ing anxiety. P. ginseng notably inhibits cytochrome P450 enzymes [45]. Prolonged

Figure 8.
St John’s Wort Hypericum perforatum (Hypericaceae) (from: https: https://www.wildflowersprovence.fr/plant/
hypericum-perforatum/).
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Figure 9.
Ginseng Panax ginseng (Araliaceae). (from: https: https://www.zellerag.ch/en/phytotherapy/
dictionary-of-medicinal-plants/ginseng/).

use may result in reversible rash and mild jaundice [46]. The recommended dosage

is 50 to 70 mg three times daily to achieve therapeutic effects [46]. Its toxicity is

low and dose-dependent, with few reported adverse effects such as hypertension,
nausea, diarrhea, headaches, insomnia, and rash. Typical therapeutic dosage involves
consuming 1-2 g of raw solid preparations daily for 3 months.

5. Aromatherapy

Aromatherapy involves utilizing highly concentrated essential oils extracted
from herbs, flowers, and other plant components to address various ailments [47].
Advocates of aromatherapy often attribute its origins to ancient herbal medicine prac-
tices in civilizations such as Egypt and India dating back thousands of years. However,
the term itself was coined by the French chemist Gattefossé in a book initially pub-
lished in 1936 [48]. Nowadays, aromatherapy commonly involves the application of
these essential oils through massage onto the skin. The term “aromatherapy” typically
denotes the practice of massaging with a variety of aromatic plant extracts, also
known as essential oils [49].

The essential oil (EO) industry has experienced significant growth and success in
the past decade [50]. Many individuals incorporate products containing essential oils
into their daily routines, such as food flavorings, soaps, lotions, shampoos, hair-styl-
ing products, colognes, and laundry detergents [51]. Some people perceive essential
oils as safer alternatives to conventional pharmacological treatments due to their
natural origins. However, despite their widespread use, only limited research has been
conducted on essential oils. Consequently, the potential beneficial or adverse effects
of these oils remain unclear, underscoring the importance of further investigation to
determine their true impact on human health.

EO exposure can occur through various methods, including inhalation, ingestion,
massage, and topical application to the skin [52]. These oils are renowned for their
diverse health effects, such as antibacterial, antibiotic, and antiviral properties [53].
Additionally, they are valued for their stress-relieving properties and have been utilized
in treatments for conditions like sleep disorders, Alzheimer’s disease, cardiovascular
issues, cancer, and pregnancy-related labor pain [54]. Moreover, essential oils are
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recognized for their insect-repellent capabilities and antioxidant/anti-inflammatory
activity [55]. While most essential oils are generally considered safe, it is crucial to note
that adverse effects can occur [55]. Although the majority of these effects are mild,
there have been reported instances of serious toxic reactions, including complications
such as abortions and pregnancy abnormalities, neurotoxicity, bronchial hyperactivity,
hepatotoxicity, prepubertal gynecomastia, and premature thelarche [56].

5.1 Antimicrobial, antiviral, anti-inflamatuar, and antibiotic effects

Essential oils are widely recognized natural products with diverse medical applica-
tions. Given the rise of antimicrobial resistance, there has been considerable interest
in exploring essential oils as potential antimicrobial agents [57]. Clinical trials have
demonstrated their efficacy as bactericidal, virucidal, and fungicidal agents.

Bacterial infections continue to pose a significant threat to human health, contrib-
uting to mortality rates worldwide. In response to the growing problem of antibiotic
resistance, researchers are exploring alternative therapies against bacterial strains,
including essential oils. These oils exhibit antibacterial activity, which can manifest
as either bacteriostatic or bactericidal effects. Due to their lipophilic nature, essential
oils readily penetrate bacterial cell membranes, disrupting vital cellular processes
such as nutrient processing, synthesis of structural molecules, regulation of growth
factors, energy production, and modulation of cell-cell communication through
quorum sensing networks [58]. The list of specific bacteria targeted by the essential
oils is expanding and includes, but are not limited to, Listeria monocytogenes, Bacillus
sphaericus, Enterobacter aevogenes, Escherichia coli, P. aeruginosa, S. aureus, S. epider-
midis, S. typhi, Shiguella flexneri, and Yersinia enterocolitica [59]. Some of the essential
oils commonly used come from Allium sativum, Thymus vulgaris, Origanum vulgare,
Melissa officinalis, Cinnamomum zelancium, and Lavandula angustifolia [60].

In a manner similar to their effects on bacteria, essential oils possess the capability
to infiltrate and disrupt the balance within fungal cell walls and cytoplasmic mem-
branes, particularly targeting the mitochondria [61]. Proposed mechanisms suggest
that essential oils penetrate mitochondrial membranes, altering electron flow within
the electron transport system. This disruption, in turn, leads to disturbances in the
lipid, protein, and nucleic acid components of fungal cells [62]. Extracts from plants
such as Ocimum basillicum, Syzygium aromaticum, Citrus aurantium, Allium sativum,
Origanum vulgare, Thymus vulgaris, Foeniculum vulgare, Cymbopogon citratus, and
Rosmarinus officinalis have demonstrated their significant antifungal activity against a
broad range of fungal human pathogens [63].

Inflammation is the body’s reaction to harmful stimuli like infection or tissue dam-
age, and it involves biological, chemical, and physiological mechanisms [64]. Essential
oils (EOs) such as chamomile, eucalyptus, rosemary, lavender, and millefolia have
been shown to modulate this inflammatory response [65]. They possess the ability
to affect antioxidant activity, signaling pathways, cytokines, regulatory transcrip-
tion factors, and the expression of pro-inflammatory genes [65]. The primary anti-
inflammatory properties of essential oils include the inhibition of arachidonic acid
metabolism, cytokine production, and the expression of pro-inflammatory genes [65].

5.2 Psychological effects

Generalized anxiety disorder (GAD) is characterized by persistent and excessive
worry accompanied by psychic and somatic symptoms [66]. It is a prevalent condition
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that can significantly impair both personal and social functioning [67]. Current
treatments for GAD include cognitive behavioral therapy and medication, primarily
benzodiazepines or antidepressants. Essential oils have emerged as a potential new
category of treatment for GAD, with animal models showing anxiolytic properties in
certain oils such as Lavandula angustifolia, Citrus sinensis, and Citrus aurantium sub-
species bergamia [68]. These properties have been replicated in human clinical trials
[69]. The method of administration also seems to influence their effectiveness, with
inhalation, oral ingestion, and topical application being the most common routes.

Numerous essential oils exert their pharmacological effects on the central ner-
vous system through interactions with serotonin receptors, the GABAergic system,
and voltage-gated Na + channels [70]. For instance, inhalation of bergamot (Citrus
bergamia) oil has been found to regulate the blood pressure and heart rate of healthy
volunteers [71]. In palliative care settings, lemon essence has been investigated, show-
ing an increase in heart rate, diastolic blood pressure, and respiratory rate in both
conscious and unconscious patients, while lavender oil produced contrasting effects
[72]. Interestingly, certain essential oils have been linked to exacerbated anxiety
symptoms. Lemon essence, for example, was observed to heighten nociceptive and
anxiety responses in rats [73].

Depression, an exceedingly prevalent mental health disorder, manifests through
symptoms such as diminished mood, loss of interest, hopelessness, and impaired
social functioning [74]. While traditional antidepressant medication primarily
operates by modulating neurotransmitters, many patients do not achieve complete
symptom remission with monotherapy [75]. Consequently, numerous studies have
explored alternative natural products as adjunctive therapies for depression, with
St. John’s Wort being a prominent example [76]. Research indicates that St. John’s
Wort is superior to placebo in alleviating depression symptoms and comparably
effective to antidepressant medication [77]. Essential oils offer another potential
avenue for depression treatment. Lavender oil, in particular, has demonstrated
efficacy in mitigating depression-like behavior induced by chronic corticosterone
administration [77].

6. Women’s use of complementary and alternative therapies in
reproductive healthcare

Numerous studies have shown that healthcare consumers worldwide are spending
money out of their own pockets on alternative therapies. Women use conventional
healthcare services more often than men, so it is not surprising that they make up
about two-thirds of healthcare appointments for complementary and alternative
therapies. The traditional conceptual frameworks of herbal medicine, homeopathy,
and acupuncture are explained, and their common clinical applications in women’s
reproductive care are discussed.

6.1 Herbal therapies

Women around the world use herbs to address a variety of reproductive health
issues, including menstrual problems, infertility, pregnancy discomforts and
dysfunctions, labor, and menopause. Every indigenous culture has developed
knowledge about local plants and foods that can promote health and cure illnesses.
Many popular herbal reference books in the United States reflect European and
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Native American traditions, but herbal use in the country also includes influences
from Asian traditions. It is important to recognize that various traditions of herbal
medicine exist globally.

One reason women’s reproductive problems are well-suited to herbal treatment
might be that many of these issues are functional, such as the “failure” of cyclic
events, physiological adjustments to pregnancy, or changes during perimenopause,
rather than infections or surgical emergencies, where Western biomedicine has
made significant advances. Most herbal texts classify herbs into standard categories
based on their effects [78]. Examples of classifications relevant to midwives include
emmenagogues, which induce menstruation, and partus preparators, which reduce
false labor pains and promote effective uterine contractions.

Herbal reference books list numerous uses for herbs in women’s health care. To
discuss the use of herbs in women’ health, three clinical issues will be highlighted to
illustrate developments in this field: nausea and vomiting during pregnancy, prepara-
tion for labor, and menopause.

6.2 Herbal treatments for morning sickness and preparation for labor

The herbs most commonly mentioned for treating nausea during pregnancy
are peppermint, spearmint, ginger root, and raspberry leaf. Fennel, chamomile,
hops, meadowsweet, and wild yam root are also frequently noted [79]. None of
these plants appear on lists of herbs to avoid during pregnancy. Women often try
various remedies and may rotate them for increased effectiveness and variety.
Common sense suggests that the most frequently mentioned herbs are likely the
best ones to try first. Herbs are also commonly used in midwifery and maternity
care to prepare the uterus for labor and promote effective labor. The most fre-
quently cited herbs for this purpose include raspberry leaves, squaw vine leaves,
and blue and black cohosh.

Red raspberry is commonly recommended to prepare for labor and alleviate
various pregnancy discomforts. It is noted for its astringent and stimulant properties
and is described as a universal remedy for easing childbirth, used by pregnant women
across different continents [80]. It is attributed to containing a beneficial substance.
Red raspberry is also used to reduce pregnancy nausea, promote easier labor, and treat
menstrual pain [80]. Although some reviews find no evidence supporting its effect
on smooth muscle function, the plant is considered harmless except for its tannin
content. Various over-the-counter herbal products containing red raspberry leaves are
available and frequently used for these purposes.

Despite the similarity of their names, black chosh and blue cohosh are two differ-
ent plants, both native to North America, and have been used for reproductive issues
by Native Americans. Recent research has shown that a substance in one of these
plants can bind to estrogen receptors and decrease luteinizing hormones in studies
with rats, indicating estrogenic effects. This plant has been used to address PMS
symptoms, menstrual pain, menopause, and to promote labor.

Blue cohosh is used for various purposes, including as a uterine stimulant and
to induce menstruation. Information about its active ingredients highlights caution
against self-medication. The plant’s effects are due to a compound that constricts
coronary blood vessels, posing a risk to heart muscle and causing intestinal spasms in
small animals [81]. Given these potent effects, blue cohosh cannot be considered inac-
tive or harmless. Therefore, using it for self-treatment, especially to stimulate uterine
contractions or induce menstruation, is not advisable [81].
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Pennyroyal, a member of the mint family, is sometimes included in over-the-
counter herbal products for inducing labor. However, it has been associated with
documented potential for harmful effects [82]. Pennyroyal oil, commonly used to
repel fleas, should not be ingested due to its highly toxic nature. The oil can irritate
the kidneys and urinary tract, stimulate uterine contractions, act as a central nervous
system depressant, and irritate mucous membranes. When used as an emmenagogue
or labor preparation, pennyroyal oil has been associated with toxic side effects,
including nausea, vomiting, diarrhea, central nervous system depression and stimula-
tion, and convulsions. Individuals considering the use of pennyroyal should strictly
use plant material and avoid the essential oil. It is advised that people with kidney
disease refrain from using pennyroyal products.

6.3 Black cohosh and menopause

Women have used a certain herb for a variety of gynecologic problems, including
hot flashes and depression associated with menopause. It was used by indigenous
people for various issues, including gynecologic problems, and was a main ingredient
in a well-known nineteenth-century patent medicine. Recent research on the effects
of this herb extract on animals has shown vaginal epithelial changes similar to those
observed with the administration of estrogen [83]. In a study on the effects of the
herb extract on certain hormones in menopausal women, participants who had not
received hormonal replacement for at least 6 months experienced hormone-level
reductions after 2 months of daily treatment with an oral extract product. Analysis of
the product identified three different substances that likely work together to achieve
this result. A number of products are available over the counter in health food stores
for women who wish to use black cohosh. Other herbs often used during perimeno-
pause include a specific type of ginseng, dong quai, chaste tree berry, licorice root,
fennel seed, and red clover [84]. Additionally, some foods have been found to have
components that can interact with estrogen receptors, including soybeans, black
beans, plums, cherries, dandelion, alfalfa, soybean sprouts, wild yam, and various
vegetable oils [83]. Unfortunately, there is insufficient data on the safety of these
products when used with and without sources of progesterone.

7. Why people use herbal medicine

The earliest evidence of human use of plants for healing dates back to the
Neanderthal period [7]. Currently, an increasing number of patients are turning to
herbal medicine, often without informing their clinicians about their concurrent use
[85]. There are several reasons why patients choose herbal therapies. Many cite a “sense
of control and mental comfort from taking action,” which is especially relevant for
those with chronic or incurable diseases like diabetes, cancer, arthritis, or AIDS. These
patients often feel that conventional medicine has not met their needs. Additionally,
patients may resort to home remedies for acute, often self-limiting conditions, such as
colds, sore throats, or bee stings, because professional care is not immediately available
or is perceived as too inconvenient, costly, or time-consuming [7].

In rural regions, additional cultural factors, such as the environment and local
traditions, promote the use of botanical remedies, reflecting a “man-earth relation-
ship” There is a belief that areas where certain diseases are prevalent will also support
the growth of plants that can treat these illnesses [7]. In India, a significant portion of
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the rural population lacks access to modern medical care [86]. Hundreds of primary
health centers intended to serve these rural areas suffer from shortages of staff,
diagnostic tools, and essential medications. Consequently, the rural population relies
heavily on traditional medical systems [86].

Despite the diversification of drug discovery technologies and a decline in
funding for natural product-based drug research, compounds sourced from plants
and other biological origins continue to be a significant source of new pharma-
ceuticals. Industrial funding for natural product-based drug discovery decreased
between 1984 and 2003, yet the proportion of patents for small molecule drugs
derived from natural sources remained stable [87]. A thorough examination of
human drugs introduced since 1981 indicates that while a majority were synthetic
molecules, a considerable number were either directly derived from natural prod-
ucts or inspired by them. Notably, natural products have made a substantial impact
in cancer treatment, with a significant percentage of anticancer drugs tracing their
origins back to natural compounds.
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Therapeutic Potential of Medicinal
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Abstract

Medicinal plants constitute the major therapeutic sources for the treatment and
management of diseases among the large population of the African continent. The
application of these plant resources for the management of ailments such as diabetes,
cancer, neurodegenerative disorder, malaria, hypertension among others is based
on the historical evidence of effectiveness, acceptability, affordability, accessibility
and cultural compatibility. Various parts of medicinal plants such as flowers, leaves,
stems, bark, roots, seeds, fruits possess therapeutic potentials due to the presence of
bioactive substances in them. The therapeutic potentials of these medicinal plants
are due to the complex interactions of the bioactive substances with their molecular
target structures, such as the transport systems, enzymes and receptors. Currently,
many well-known active substances derived from plants are included in medicines
through scientific processing procedures that ensure standardization resulting in
an improvement over the traditional crude practices among the various African
cultures.

Keywords: treatment, historical evidence, ailments, bioactive substances, cultural

1. Introduction

The potency of medicinal plants for healing can be traced back to prehistorical
times. Man right in the past relied on nature for food and medicines [1]. Nature
served as the repository of diverse biodiversity and a unique laboratory for natural
active ingredients of medicinal plants synthesis which man looks to for rescue in times
of ailment.

Medicinal plants as major components of the biodiversity have been used in
African traditional medicines to provide herbal remedies to different kinds of ail-
ments [2] among the various African cultures.

The application of medicinal plants as the active ingredients of African herbal
medicines was rooted in African history, culture belief and religion [2, 3] accepted
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among the various subcultures before the advent of colonization [4] which intro-
duced Western medicines and Western religion that tended to erode the African
healing culture [5, 6].

The African healing culture involves the application of the knowledge of medici-
nal plant healing potentials gained through trial and error experiments, experience
and many years of careful observation [1] passed across from one generation to
another. This knowledge exists among cultures, tribes and families in the form of
local folklore [2]. In preparing the herbal medicines, it was noted that depending
upon the individual recipe, all parts of the plant can be utilized, such as the whole
plants, seeds, bark, leaves, roots, flowers, stems and fruits [7].

2. Traditional methods of extraction/preparation of medicines from
medicinal plants

Historically, the extraction of the therapeutic ingredients of medicinal plant
involves variety of methods such as teas, powders, tinctures [2], decoctions, infusions,
poultices and digestion. It also included applications like raw plant consumption
(without any preparation), juice, salves, vinegars, baths, syrup and inhalation [7].

Teas are prepared by steeping the medicinal plant materials (leaves, roots, flowers
or bark). This involved pouring hot water over the plant material in a teapot or infuser
and letting it steep for the time recommended usually; 5-7 minutes for flowers and
leaves, 10—15 minutes for bark, roots and 3-5 minutes for volatile herbs.

Powders involved drying the medicinal plant parts either the leaves, roots, flower,
bark or stem and ground or pulverized then using fine mesh to sieved and removed
the chaff [8]. It can be taken as a powder directly, in water, pap, alcohol, etc.

A tincture is prepared by steeping in alcohol from 4 to 6 weeks the medicinal plant
materials for use in treatment to extract the medicinal properties.

In decortion, the plant material instead of steeping is boiled in water. A known
volume of water is used as a solvent for continuous hot extraction. It involved pouring
water onto dried, pulverized and powdered plant materials placed in a clean container
and then stirred. The extraction process is hastened by applying heat throughout.
Usually, a short duration of about 15 minutes is observed for the process. This process
is used for heat stable and water soluble plant material extraction. Usually, the solvent
to crude drug ratio is 16:1 or 4:1 [9].

Infusion extraction involves submersing the medicinal plant material in boiling
or hot water for some hours to leaches out the therapeutic components from the
plant.

Poultices preparations involve grinding into a moist clump, the portion of the
medicinal plant materials (roots, leaves or bark) for application on the area affected.
Poultices are usually for external applications in treating skin diseases and body swell-
ing while tinctures and infusions are often for internal use except in a few situations
where they may be externally applied [7].

Digestion is used for the extraction of readily soluble plant materials. It involves
the application of moderate heat during the process of extraction. The mixture of
solvent for extraction and powdered plant materials poured into a clean container
is placed in an oven at a temperature about 50°C or over water bath with continuous
heat application throughout the extraction process to decrease the extraction solvent
viscosity and enhanced the bioactive compound removal [9].
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2.1 Brief historical evidence of utilization of medicinal plant in Africa

Historical evidence revealed that medicinal plant have been used either asan
extract or as a whole plant for the provision of valuable medicines for the treatment of
ailments in Africa. Such medicinal plants include the following:

Gum Arabic (Acacia senegal L.), which is believed to originate from dried regions
and semi-desert of sub-Saharan Africa. Other parts of the world, including North
Africa, West Africa and Northern Nigeria, use it as a medicinal plant. For at least four
thousand (4000) years ago, and as far back as (3400 B.C.) from the first Egyptian
Dynasty, gum Arabic has been used in medicines for both man and animal. Infections
such as gonorrhea, upper respiratory tract infections, bleeding, diarrhea, bronchitis,
leprosy and typhoid fever have been treated using various parts of the plant [3].

Another important medicinal plant with a documented history of use in Africa
which has contributed to poverty alleviation in South Africa is the Aloe ferox Mill.
known as Bitter Aloe or Cape Aloe which originated from Lesotho and South Africa.
The plant is used in Africa and Europe as laxative medicine due to the fact that
it has anticancer, bitter tonic, antimicrobial, antioxidant and anti-inflammatory
attributes [3, 10, 11].

Other African medicinal plants of historical therapeutic values include Artemisia
herba-alba Asso (Med)—Asteraceae known as Worm-wood. The Worm-wood since
ancient times has been used by many cultures in folk medicine. It is used to treat arte-
rial hypertension and diabetes in Moroccan folk medicine [12, 13] and for the treat-
ment of hypertension, neuralgias, diabetes, bronchitis and diarrhea in Tunisia [3].

In folk medicines, Artemisia herba-alba tea has been utilized as a hemostatic agents,
antispasmodic, analgesic and antibacterial [3].

Worthy of note is Securidaca longipedunculata Fresen from the Polygalaceae family
an African indigenous medicinal plant exploited for a variety of ailments. Ailments
such as malaria, stomach disorder, toothache, headache, sleeping sickness, cough,
chest complaints, snakebite and wound are treated using the bark and the root of
the plant which are taken orally as a powder or as an infusion. The roots are used as
pesticides against storage pests of seeds. Headache, fever and rheumatism are treated
with the seeds. Snakebite, venereal diseases and coughs are treated with the leaves
while arrow poison and stomach problems are treated with the bark in Nigeria [14].
In Tanzania, the dried bark and root are used for treating nervous system disorders as
a purgative. Dried leaves are for the treatment of snakebite, venereal disease, coughs,
sores and wounds in East Africa. In Malawi, bilharzia, venereal disease and snakebite,
wounds and coughs are treated using the leaves. Ghana uses the root bark for the cure
of epilepsy, while impotence and malaria are treated with the plant root in Rhodesia
(Zimbabwe) and Bechuanaland now the Republic of Botswana [6].

3. Scientific secret of the therapeutic potentials of medicinal plant

The application of medicinal plants in the cure or treatment of ailments right from
the past points to the fact that numerous bioactive substances possessing different
therapeutic attributes are present in plants which confer on them the therapeutic
potentials.

Most of these bioactive compounds are present in plants not necessarily for the
propagation or growth of the plants but as a result of modification requires for the
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plants adaptation to their habitats, such as protection against diseases, insects, preda-
tors or other conditions like stress, drought among others [2].

These bioactive substances are called secondary metabolites and include tannins,
lignins, flavonoides, sterols, terpenoids, phenolics, essential oils, alkaloids, glyco-
sides, etc. [15, 16], which are products of primary metabolism (the breakdown and
biosynthesis of fats, carbohydrates, nucleic acids and proteins).

To obtain the biosynthetic intermediates which, ultimately, results in the forma-
tion of secondary metabolites also known as the bioactive substance, the biosynthesis
of the secondary metabolites requires the fundamental processes of glycolysis, Krebs
cycle and photosynthesis. The intermediate molecules (acetyl coenzyme A (acetyl-
CoA), shikimic acid, mevalonic acid and 1-deoxyxylulose-5-phosphate) are the most
important building blocks involved in the biosynthesis of the bioactive compound
[2, 17] in medicinal plant.

The therapeutic potentials of these medicinal plants is due to the complex interac-
tions of the bioactive substances with their molecular target structures, such as the
transport systems, enzymes and receptors.

With the transport systems, bioactive compounds can interact to influence the
absorption, distribution and elimination of nutrients and organic compound and
other organic cations [18, 19]. An example is polyphenols from medicinal plants, such
as grapes, tea and cocoa, whose presence interferes with the activity and expression of
several cell membrane transporters [19].

With the enzymes, bioactive substances can activate or inhibits enzymes [20],
modulating metabolic pathways and cellular processes [21]. Plant derivative involved
in modulating metabolic pathway and cellular processes is A’-tetrahydrocannabinol
(THC), the main psychoactive component of cannabis (Cannabis sativa and Cannabis
indica) which activate G Protein Couple Receptors (GCPRs) cannabinoid 1 (CB1) and
cannabinoid 2 (CB2) to which the endocannabinoids (ECBs) bind to and activate [21].

While with the receptors, bioactive compounds can bind to receptors, triggering
signaling cascades that regulate various physiological processes [21], such as hormone
regulation, neurotransmission and inflammation. Medicinal plant-derived com-
pounds involved in cell signaling as bioactive lipids include carotenoids and phenolics
(including flavonoides), terpenoids (including sterols) and cannabinoids (terpeno-
phenol compounds also known as phytocannabinoids) [21].

These bioactive substances interactions can result in several therapeutic effects
including the following:

1.Immune system modulation: bioactive compounds such as derivatives of caffeic
acid, polysaccharides and alkamides from Echinacea are found to possess
immunomodulatory properties. It has been reported that Echinacea interac-
tions with the natural killer (NK) cells, T cells and macrophages increase their
immune activity. The two pro-inflammatory cytokines that may be stimulated
that are essential for controlling immunological response are interleukin-1 (IL-1)
and tumor necrosis factor-alpha (TNF-alpha) [15]. Other bioactive compounds
with immunomodulatory activities that regulate immune signaling pathways
include triterpenoids, peptidoglycans and polysaccharides from Ganoderma
lucidum (Reishi mushroom), andrographolides and flavonoids from Androgra-
phis paniculata, while ginsenosides from Panax ginseng promote immune cell
proliferation, and enhance immune responses against infections by modulat-
ing cytokine production by regulating function of the immune cell, including
T cells, B cells and natural killer (NK) cells [15].
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2. Analgesic and Anxiolytic activities: medicinal plants such as Ganoderma applana-
tum (mushroom), Citrus maxima (Burm.) and Echinops kebericho M. (Asteraceae)
contain phytochemicals such as anthraquinone, glycosides, tannins, alkaloids,
saponins, flavonoids, phenols and steroid [22], which anxiolytic activities is by
mimicking gamma-aminobutyric acid (GABA) activity as a result of the interac-
tion of the phytochemicals with the neurotransmitter receptors [22, 23]. While
both the peripheral and central analgesic activities are attributed to the phyto-
chemical inhibition and activation of receptors and transmitters [24].

3. Anti-inflammatory and antioxidant activities: bioactive compounds such as
curcumin from turmeric (Curcuma longa) possess potent anti-inflammatory
potentials by preventing the activation of nuclear factor-kappa B (NF-B) a
crucial inflammation regulator. Also, gingerol from the ginger acts by decreas-
ing inflammatory cytokines synthesis, including interleukin-6 (IL-6) and tumor
necrosis factor-alpha (TNF-) [15]. Anti-oxidant activities of medicinal plant
bioactive compounds such as flavonoid, quercetin from onions and apples are by
lipid inhibition and neutralization of reactive oxygen species. Curcumin from
turmeric and resveratrol from grapes are other examples [15].

4. Cardiovascular protection: medicinal plants such as turmeric (Curcuma longa)
has bioactive compounds such as curcumin that have anti-inflammatory, anti-
oxidant and lipid lowering effects. It was reported to possess the potentials for
stopping atherosclerosis development and lower indicators of inflammation and
enhance endothelial functions [25] thereby beneficial to cardiovascular health.
Bioactive compounds such as flavonoids, procyanidins and triterpenoids from
Hawthorn (Crataegus spp.) have been found to demonstrate blood flow improve-
ment, lower blood pressure and heart function improvement, allicin, flavonoids
and sulfur compounds from garlic have demonstrated blood pressure lowering
activity, and enhance endothelial functions and both LDL and total cholesterol
reduction [15]. Others that contribute to cardiovascular health include catechins
from green teas.

5. Antimicrobial [21]: bioactive compounds such as berberine from Berberis spp.,
sanguinarine derivatives of alkaloids from the Papaveraceae family. Flavo-
noids, for example, kaempferol and quercetin, found in plants like Allium cepa
and Camellia sinensis exhibit antibacterial properties by inhibition of essential
enzymes and bacterial cell membrane disruption. Growth of fungi like Candida
spp. and Aspergillus spp. have been reported to have been prevented by polyphe-
nols such as the epigallocatechin gallate (EGCG) in green tea (Camellia sinen-
sis). Similarly, antiviral activity of some bioactive compounds from flavonoids
such as quercetin and hesperidin has been reported. Quercetin and hesperidin
are said to inhibit viral pathogen replication. Also, the growth of a number of
viruses, including the respiratory syncytial virus (RSV) and the hepatitis C
virus (HCV), has been reported to have been prevented by tannins from Punica
granatum (pomegranate) and Camellia sinensis (green tea). The antimicrobial
activities of the bioactive compounds from medicinal plants are either by micro-
bial cell membrane disruption leading to lysis and death of cells, inhibition of
growth and vital enzymes involved in microbial metabolism and enhancement
of the body defense mechanisms against infections by modulating the immune
response [15].

225



Medicinal Plants — Harnessing the Healing Power of Plants

6. Anticancer properties: bioactive compounds such as resveratrol a derivative of
polyphenols from berries and grapes, epigallocatechin gallate (EGCG) from
green teas, alkaloids such as vincristine and vinblastine from Catharanthus roseus
(Madagascar periwinkle), camptothecin from Camptotheca acuminata, paclitaxel
a terpenoid from the Pacific yew tree (Taxus brevifolia), sulforaphane found in
vegetables like cauliflower and broccoli, allyl isothiocyanate from garlic all have
been reported to possess anticancer properties which therapeutic activities are
through modulation of important signaling pathways for cell apoptosis, growth,
inflammation, angiogenesis, metastasis and survival, enzyme systems for tumor
growth inhibition, epigenetic modifications and promotion of DNA repair [15].

7.Neuroprotective and neuroregenerative effects: bioactive compounds such as
curcumin from turmeric (Curcuma longa) have exhibited activity as a neuropro-
tective compound, its therapeutic activity involved the aggregation of amyloid-
beta plaques inhibition and neuroinflammation reduction. Other bioactive
compounds for neuroprotective and neuroregenerative disorders such as Par-
kinson’s and Alzheimer’ include flavonoids and terpenoids from Ginkgo biloba,
resveratrol and bacosides from Bacopa monnieri [15].

For the development of new drugs and therapies as well as the optimization of
traditional herbal remedies, understanding of the complex interactions between
bioactive substances and molecular target structures is crucial.

4. Advances in the utilization of bioactive compounds of medicinal plants

The utilization of medicinal plants in the management and treatment of diseases
has continue to witness tremendous developments and improvements. Prepared
herbal medicines from medicinal plants have been criticized for being crude, lack
regulation, lack standardization, have no dose as well as the in ability to describe the
mechanisms of action. These mentioned challenges made the use of herbal medicines
from plant neglected and it used attributed to the rural populace who were regarded
as been poor and could not access Western medications. But today, the emergence of
Covid-19 and other terminal diseases, as well as drug resistance ailment, has trig-
gered the quest for herbal medicines from medicinal plant for both developing and
developed countries alike. This quest for herbal drugs of natural origin has led to
thought-provoking innovations in natural medicine research as well as technological
advancement which tend to proffer solutions to those criticisms. Below are some of
the advances made in medicinal plant utilization:

a. Technological advancement in bioactive compound extraction and chavacterigation:
extraction and characterization of medicinal plants bioactive compounds is
currently being explored by the researchers using new and advanced tech-
nologies which is a great improvement over the crude practices of extraction
methods utilized by the ancients. These technologies enable the development of
standardized extraction and analysis protocols by the researchers, they allow for
new compounds and their structures identification, ensuring bioactive com-
pounds efficient extraction and characterizations, enhancement of medicinal
plant-based products quality and efficacy and understanding of biosynthesis
of bioactive compound. These technologies include Advanced microscopy
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and spectroscopy, Supercritical Fluid Extraction (SFE), Microwave-Assisted
Extraction (MAE), Phytochemical Analysis Software, Artificial Intelligence
(AI) and Machine Learning (ML), High-Performance Liquid Chromatography
(HPLC), Mass Spectrometry (MS), Pressurized Liquid Extraction (PLE),
Ultra-High-Performance Liquid Chromatography (UHPLC), Nanotechnology
approach and Magnetic Resonance (NMR) Spectroscopy [26-29].

b.Bioinformatic tools: to accelerate new bioactive compounds discovery and devel-

opment of drugs from medicinal plant, bioinformatics tools and techniques have
been developed to facilitate the analysis and interpretation of large datasets. Over
the last two decades, the rapid development of omics-based plant studies has
evolved due to the continuous introduction of novel omics concepts and rapid
development of sequencing technologies which greatly facilitated the compre-
hensive dissection of biological processes occurring in plants at the genetic, tran-
scriptional and metabolic levels [30]. At the genetic level, medicinal plants can
be explored by the researchers using genome sequencing technology, sequencing
and assembling of large medicinal plant genomes have been made easier using
next-generation sequencing (NGS) and long-read sequencing technologies,
molecular mechanism of medicinal plants and their impact on human health can
be understood by genomic insight. These techniques allows for the identification
of new bioactive compounds and the understanding of their mechanisms of
action [31, 32].

c. Nanotechnology: the complaints against herbal medicines have been a lack of dose,

standardization, adulteration among others but a novel means of overcoming
these challenges is through nanotechnology. It is a “field of applied science and
technology which aimed to develop devices and dosage forms in the range of

1to 100 nm [28].” The field of nanotechnology presents a novel approach for the
delivery of herbal drugs thereby overcoming the traditional drug delivery systems
drawbacks. Herbal medicines were not given the due attention for development

as a novel formulation for a long time as a result of scientific justification and
processing difficulties, such as standardization, extraction and identification of
individual drug components in complex polyherbal systems that were lacking.
However, these scientific needs for herbal medicines in modern medicines have
been resolved by modern phytopharmaceutical research which allows for the
development of nanoparticles, microemulsions, matrix systems, solid dispersions,
liposomes, solid lipid nanoparticles (SLNs), etc., as novel formulations [28].

d.Artificial intelligence and machine learning: the application of artificial intel-

ligence and machine learning in medicinal plant research enables the therapeutic
properties of medicinal plant extracts and bioactive compounds to be predicted.
Identification of new bioactive compounds and extraction methods optimization
is facilitated by these techniques [26, 27, 30].

e. Sustainable domestication and cultivation: because of the growing need for medici-
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nal plants, their domestication and cultivation become very important because
of their economic and ecological significance. More so, deliberate actions needed
to be taken to ensure uniformity and consistency of the bioactive compounds
supply for drug development. Researchers employed innovative methods of
medicinal plant domestication and cultivation such as hydroponics, molecular
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breeding, agroforestry and vertical farming for the production of a large quantity
of medicinal plants using good agricultural cultivation practices thereby, ensur-
ing standard and quality of the bioactive compounds [26, 30].

f. Pharmacological and toxicological examination: more comprehensive pharmaco-
logical and toxicological studies on medicinal and aromatic plants to assess their
efficacy and safety, are being conducted by researchers using iz vitro and in vivo
models for the evaluation of medicinal plant extracts and isolated compounds
bioactivity and potential toxicity. This help to address the challenges of herbal
medicines safety and efficacy issues [26].

4.1 The future outlook of medicinal plants

Large population of people are turning to herbal medicines for its therapeutic value
from both developed and developing countries. This development is not necessarily
because of poverty or lack of access to Western medicines but due to the realization
that several advantages are presented by medicinal plants bioactive compounds such
as the ability to cross blood-brain barriers [33], being of natural origin, little or no side
effect compared to the Western medications, multiple target effects. Their ability for
cellular process modulation, including immune responses, metabolic pathways, oxida-
tive stress and inflammation all enhanced their therapeutic potentials [15].

However, the application of various advancements in medicinal plant research is
essential to ensure that the full potential of medicinal plants bioactive compounds is
fully realized.

Interdisciplinary collaborations combining traditional knowledge with modern
scientific process is required for the future of utilizing medicinal plants bioactive
substances. Novel therapies and personalized medicine approaches can be developed
from the collaboration which can help in bridging the gap between traditional medi-
cine and evidence-based medicine [15].

Additionally, exciting prospects for enhancing the therapeutic potential of these
compounds are provided by advancements in nanotechnology, pharmacogenomics
and phytopharmaceutical formulations. The therapeutic outcomes of these com-
pounds can be optimized by improving their bioavailability, targeting specific tissues
or cells and tailoring treatments based on individual genetic variations [34].

5. Conclusion

Medicinal plants hold immense therapeutic potentials due to the presence of
bioactive compounds. These bioactive compounds conferred on the medicinal plants
the healing powers for addressing various health challenges. Evidence of used of
medicinal plant by the ancients to cure several ailments abound. With scientific and
technological advancements improvements can now be made on the foundation laid
by the ancients in the use of herbal medicines. Collaboration and integration of herbal
medicine into the healthcare delivery system will further pave the ways for their
utilization thus realizing the full therapeutic potentials of medicinal plants.
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Abstract

Lavandula is a genus of small herbs and sub-shrubs belongs to the Lamiaceae
family, one of the most economically important plant families, which includes
approximately 236 genera and nearly 7200 species. The Lavandula genus contains
about 34 species widely distributed globally, mainly in the Mediterranean region,
and used from ancient time to cure diverse diseases. The essential oils (EOs) obtained
from species of this genus are widely used in perfumery, cosmetics, food processing,
as well as in aromatherapy products due to their multiple biological properties. This
chapter reports the traditional uses, chemical composition, and biological activities
of EOs extracted from Lavandula species growing wild and/or cultivated in Morocco.
The chemical composition of Moroccan Lavandula EOs is mainly composed of
monoterpenes. The majority of EOs extracted from lavender are characterized by a
high antimicrobial power, especially those with a richness in phenolic compounds,
particularly carvacrol. Some species have been reported to have a very powerful anti-
oxidant effect, while others have an important acaricidal or/and insecticidal activities.

Keywords: Moroccan lavender, traditional use, essential oil, chemical composition,
biological activities

1. Introduction

The Lamiaceae (Labiatae) is a large family of dicotyledonous flowering plants,
comprising about 236 genera and over 7200 species and subspecies. Among, the
genus Lavandula is one of the most economically important plants of the fam-
ily, with approximately 39 species, many hybrids, and nearly 400 registered
cultivars [1]. The species of the genus Lavandula, commonly called “Khzama”
in Arabic “Lavender” in English, or “Lavande” in French, generally include both
spontaneous and cultivated forms, widely distributed in the Mediterranean basin,
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the Canary Islands, Cape Verde Islands, Madeira Islands, North Africa, Southwest
Asia, the Arabian Peninsula, and tropical Northeast Africa [2, 3]. In Morocco,

this genus is represented by nine species of which five are endemics (Lavandula
maroccana Murb, L. rejdalii Upson et Jury, L. mairei Humbert Var, L. pedunculata
subsp. atlantica (Braun-Blanquet), and L. tenuisecta Coss. Ex Ball) [1, 3, 4] and two
cultivated species (L. angustifolia and L. latifolia).

Moroccan lavenders have been used in traditional pharmacopeia in different forms
to treat several illnesses, including digestive, respiratory, gastro-intestinal, genital,
nervous, urinary, inflammatory, and pulmonary diseases [5-7]. Different plant parts
of these lavenders are also used for the preparation of herbal tea and some tradi-
tional meals, and for cosmetic purposes [8]. The essential oils (EOs) from different
Moroccan lavender species have been reported to possess many biological properties
such as antibacterial, antifungal, insecticidal, acaricidal, and antioxidant activities
[9-13]. Oxygenated and hydrocarbons monoterpenes such as linalool, carvacrol,
1,8-cineole, p-ocimene, terpinen-4-ol, and camphor constitute the principal chemical
constituents of the EOs extracted from Moroccan lavenders [10-13]. The aim of the
present chapter is to provide a comprehensive summary on the traditional uses, EO
chemical compositions, and the main biological activities of the Lavandula species
growing wild or cultivated in Morocco.

2. Taxonomic presentation of the genus Lavandula

The taxonomy of the genus Lavandula has been particularly well described
by Upson and Andrews [1]. It includes more than 39 species and 79 intraspecific
and hybrid taxa, allowing for classification into three subgenera (i.e., Lavandula,
Fabricia, and Sabaudia), comprising eight sections, respectively: Lavandula,
Dentatae, Stoechas/Pterostoechas, Subnudae, Chaetostachys, Hasikenses, and
Sabaudia [1]. In Morocco, the genus Lavandula is represented by nine native
species, five of which are endemics, represented by L. maroccana Murb, L.
rejdalii Upson et Jury, L. mairei Humbert Var, L. pedunculata subsp. atlantica
(Braun-Blanquet), and L. tenuisecta Coss. Ex Ball [3, 4]. Pterostoechas is the most
diverse and represented section in Morocco with six native species, including four
endemics. Stoechas section is represented by two native species, while the section
Dentatae is represented by only one species which is L. dentata [1, 14]. The main
cultivated Lavandula species in Morocco are fine or true lavender (L. angustifo-
lia) and spike lavender (L. latifolia), which belong to the Lavandula section and
Lavandula subgenera [1, 4].

3. Methodology

The electronic databases Web of Science, Scopus, SciFinder, Pubmed, and
Google Scholar were used to search the traditional uses, EO chemical composition,
and biological activities of Moroccan Lavandula. The search keywords used were:
Lavandula, Morocco, ethnobotany, essential oils, chemical composition, biological
activities, antimicrobial, antibacterial, antifungal, antioxidant, insecticidal, and
anti-inflammatory activities. All works published on Moroccan Lavandula species in
different languages (French or English) were taken into consideration, and then the
articles was rigorously selected according to the focus of the study.
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4, Traditional use

In the traditional Moroccan pharmacopeia, lavenders are used as medicinal, aro-
matic, culinary, and/or cosmetic herbs. Generally, in traditional Moroccan medicine,
lavenders are the most recommended herbs for the treatment of colds, flu, coughs,
diarrhea, gastrointestinal disorders, and urinary infections [15]. Dried flowers
have also been used since time immemorial under pillows or in sachets to promote
sleep and relaxation. However, there is a clear difference in their therapeutic uses
depending on the region and species involved. At the level of the locality of Oulmes
(Mid-Atlas), a relatively humid and cold region in winter, rheumatism is the pathol-
ogy most treated by lavender species as anti-inflammatory remedies, while in the
Western High Atlas, lavender leaves and flowers are used in the form of decoction for
the treatment of broncho-pulmonary, gastrointestinal, and urogenital diseases [6].
In El Maghzen (High Atlas), the flowers of L. dentata or “Timzuria” in Tamazirt are
extensively used in infusion to treat headaches, stomach, menstrual pain, and some
gynecological problems. L. dentata is also used by local women with henna for tattoo-
ing or to color hair [8]. Leaves and flowers of L. angustifolia and L. stoechas are used
in infusion or decoction against hypertension and diabetes in southeast Morocco,
mainly the province of Errachidia [16]. According to a survey conducted in the city
of Meknes, L. multifida was listed among the plants used in the treatment of differ-
ent oral diseases [5]. Moreover, an ethnobotanical study in five area of the province
of Guelmim showed that L. maroccana is widely used against many health problems,
particularly rheumatism, hair care, and gastrointestinal diseases [7].

5. Essential oils of lavenders
5.1 Generalities on the EOs of lavender

The EOs extracted from lavender have a great demand and interest in perfumery,
aromatherapy, and cosmetics. These EOs, as of many aromatic and medicinal plants,
are essentially composed of terpene compounds, particularly mono- and sesquiterpenes
[1,17], and are essentially stored in specialized structures (glandular trichomes) [18].
These trichomes consist of a few basal epidermal cells topped by secretory cells gener-
ally numbering 2 for caped glandular trichomes and 8 for peltate glandular trichomes
(Figure 1a) [19]. The terpene compounds produced by these cells are stored under their
cuticle, this is why the calyxes and leaves of the plant usually need to be rubbed to burst
the glands and subsequently release their fragrance. Glandular trichomes are much
more abundant and denser on the flower calyx than on the leaves. There are other types
of trichomes (tector trichomes) largely abundant in lavenders in the form of branched
hairs. However, these types of trichomes do not produce terpenes. Therefore, EOs and
terpene compounds can be extracted from lavender leaves and inflorescences by differ-
ent distillation methods (hydro-distillation and steam distillation). In general, the steam
generated during distillation degrades the cuticle of the glandular trichomes and subse-
quently carries away the volatile compounds [19]. The color of EOs from lavenders varies
from yellow to red-orange, with yields ranging from 0.01% to 7.2% [20]. This variability
may be related to many intrinsic and/or extrinsic factors, including geographic origin,
harvesting period (seasonal variation), plant age, EO extraction method, and plant
genetic characteristics [21-24].

235



Medicinal Plants — Harnessing the Healing Power of Plants

’t.ltJ N,
. ~ T
. ) N

Figure 1.
Light microscope image of lavender glandular trichome before (a) and after (b) EO extraction.

5.2 Chemical composition of lavender EOs

The chemical investigations carried out on the EOs of different Moroccan lav-
enders showed different volatile profiles, dominated essentially by oxygenated and
hydrocarbon monoterpene classes, while sesquiterpenes (oxygenated or/and hydro-
carbon) are generally present in low proportions (Table 1 and Figure 2). Carvacrol

Species Used part Main compounds Reference
L. maroccana AP Carvacrol (78%), 2-Methoxy-4-vinylphenol (2.5%), [25]
Spathulenol (2.2%)
AP Carvacrol (76.98%), Methoxy-4-vinylphenol (3.04%,) [26]
Spathulenol (2.2)
L,F, St Carvacrol (26.5-35.2%), B-Bisabolene (18.9-25%), Camphor [27]
(2.4-53%)
AP Carvacrol (371%), p-Bisabolene (27.2%), Camphor (4.7%), [28]
Spathulenol (4,3%), Linalool (4.1%)
AP Carvacrol (42.08%), Camphor (17.95%), Fenchone (12.05%) [29]
AP carvacrol (44.58-55.12%), p-cymen-8-ol (4.84-6.41%), [30]

a-farnesene (4.11-4.74%) and 2-methoxy-4-vinylphenol
(3.71-5.35%)

L. rejdalii AP Linalool (32.03%), Carvacrol (19.61%), Camphor (11.03%) [31]
L. mairei AP Carvacrol (78%), Terpinolene (3.2%), Octen-3-ol (2.3%) [23]
AP Carvacrol (77.32%) [9]
L. tenuisecta AP Camphor (26.9%), Fenchone (22.7%), 1,8-Cineole (18.1%) [32]
F L, St Camphor (20.9-26.4%), 1,8-Cineole (19.4-38.1%), Fenchol [33]
(16-22%)
L. pedunculata AP Campbhor (50.4%), Fenchone (14.1%), Camphene (5.6%) [34]
subsp. atlantica
WP Campbhor (53.1%), 1,8-Cineole (6.5%), Camphene (6.1%) [35]
B camphor (44.16%), 1 —epi-cubenol (8.61%), fenchone [13]
(748%), camphene (6.45%) and a-pinene (4.86%)
AP Camphor (74.51%), Fenchone (27.06%) [29]
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Species Used part Main compounds Reference
AP Campbhor (46.36%), a-Pinene (10.74%), Camphene (5.74%) [36]
AP Campbhor (30.8%), a-Pinene (14.8%), Camphene (14.6%), [37]
Fenchone (7.5%)
L. coronopifolia — Carvacrol (48.9%), E-Caryophyllene (10.8%), Caryophyllene [38]
oxide (7.7%)
AP Carvacrol (48.9%), E-caryophyllene (10.8%), caryophyllene [39]
oxide (7.7%)
L. dentata AP 1, 8-Cineole (41.28%), Sabinene (13.69%), Bicycle [3.1.0] [40]
hexan-3-0l, 4-methylene-1-(1-methylethyl) (6.76%),
Myrtenal (5.11%), a-Pinene (4.05%)
— 1,8-Cineole (49.82%), Camphor (6.31%), a-Pinene (4.12%) [12]
WP Camphor (50.3%), trans-Pinocarveol (6.2%), f-Eudesmol [35]
(4.1%), Borneol (3.0%), Linalool (2.2%)
AP Campbhor (49.75%), 1,8-Cineole (39.84%), cis-Linalool oxide [36]
(1.17%)
AP Linalool (45.06%), Camphor (15.62%), Borneol (8.28%), [10]
1,8-Cineole (7.24%), y-Terpineol (7.01%), Linalool acetate
(6.01)
L. multifida L, St Carvacrol (44.3%), 3-bisabolene (31.9%), caryophyllene [41]
oxide (5.8%)
AP 1,8-Cineole (28.11%), comphor (11.57%), endo-borneol [42]
(7.82%), linalyl acetate (5.22%)
AP Carvacrol (57.9-59.0%), Carvacrol methyl ether (7-7.6%), [43]
p-Cymen-8-ol (3.9-4.7%), Caryophyllene oxide (2.1-2.7%)
AP Carvacrol (47.62%), p-Bisabolene (9.01%), Dodecyl [44]
acrylate (8.37%), Linalool (742%), Menthone (4.98%),
p-Caryophyllene (3.34%), p-Pinene (3.21%)
L. stoechas AP 10s,11s-Himachala-3(12),4-diene (23.62%), Cubenol [45]
(16.19%), Methyl eugenol (6.19%)
8-Cadinene (5.31%), Myrtenyl acetate (4.96%)
AP Fenchone (31.81%), Camphor (29.60%), Terpineol (13.14%), [11]
Menthone (8.96%), 1,8-Cineole (5.88%)
AP Camphor (18-39%), Fenchone (9-30%) [46]
AP Camphor (43.97%), Fenchone (30.39%), camphene (4.09%), [47]
Borneol (2.92%), a-Pinene (2.84%)
AP Fenchone (31.8%), Camphor (29.6%), Terpineol (13.1%), [48]
Menthone (8.9%)
AP Fenchone (29.77%), Camphor (24.9%) [49]
L L-Fenchone (14.39%), G-1-Cadinene aldehyde (10.61%), [50]
Viridiflorol (8.54%), Bornyl acetate (8.39%), and Myrtenyl
acetate (3.77%)
L Cubebol (22.68%), Camphor (22.29%), Borneol (5.15%),
Muurol-5-en-4-one <cis-14-nor- > (4.21%), L-Fenchone
(4.03%), Silphiperfol-5-ene (3.27%)
L t-Muurolol (18.44%), Cubebol (16.07%), Camphor (13.39),

Muurol-5-en-4-one (cis-14-nor-) (6.84), Selina-3,7(11)-diene
(4.5%), 3-Adamantan-1-yl-butan-2-one (4.39%)
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Species Used part Main compounds Reference

L. angustifolia AP Linalool (21.81%), 1,8-Cineole (18.07%) [51]
Camphor (11.89%), Linalyl acetate (10.21%), Borneol
(8.47%), o-Terpineol (5.00%)

— Linalool (32.23%), Linalyl acetate (14.23%), Geraniol [12]
(5.8%), Lavandulyl acetate (4.8%), Camphor (4.21%),
p-Caryophyllene (4.2%), Terpinen-4-ol (3.4%)

F Linalool (44.67%), Linalyl acetate (42.00%), Camphor [52]
(6.02%), 1,8-Cineole (5.30%)

WP Linalyl acetate (44.96%), Linalool (44.64%), Caryophyllene [53]
oxide (3.15%)
AP 1,8-Cineole (39.05%), Camphor (24.21%), Borneol (8.29%) [29]

Table1.
Chemical composition of Moroccan lavender EOs.

[E ]L OH
O
O

Camphor 1,8-Cineole Carvacrol
L. dentata L. dentata L. maroccana
L. pedunculata L. pedunculata L. mulrifida
L. tenuiisecta L. tenuisecta L. maireii
L. stoechas L. stoechas L. rejdali
L. coronopifolia
i
OH o—t—
Linalool Linalyl acetate Camphene
L. dentata L. angustifolia L. pedunculata

L. stoechas

:

Fenchone p-Bisabolene a-Pinene
L. stoechas L. maroccana L. peduncrlata
L. tenuisecta L. multifida L. dentata

L. pedunculata

Figure 2.
Main compounds identified in Moroccan lavender EOs.

constituted the major compound in the EOs of lavender species of the section
Pterostoechas in particular, L. maroccana, L. maivei, L. coronopifolia, and L. multifida
with percentages ranging from 26.5 to 78.0% [23, 25, 27-29, 38, 43, 44]. The EO of
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L. rejdali is composed mainly by linalool (32.03%), carvacrol (19.61%), and camphor
(11.03%) [31]. The EO of L. tenuisecta is dominated by camphor (20.9-26.9%),
1,8-cineole (18.1-38.1%), fenchone (22.7%), and/or fenchol (16-22%) [32, 33]. These
compounds in addition to terpineol and menthone have been detected also in the
chemical profiles of L. stoechas EOs as major constituents [11, 46-48]. However, a dif-
ferent chemical profile characterized by the dominance of 10s,11s-himachala-3(12) ,4-
diene (23.62%), cubenol (16.19%), methyl eugenol (6.19%), 5-cadinene (5.31%),
and myrtenyl acetate (4.96%) has been reported for the EO of L. stoechas collected

in northern Morocco [45]. Camphor (30.8-74-51%) was found as the predominant
compound in most EOs of L. pedunculata subsp. atlantica in addition to fenchone,
camphene, 1,8-cineole and a-pinene in highly variable content [13, 34, 35, 37]. In
contrast, the EO of cultivated L. angustifolia was found to be dominated mainly by
linalool and linalyl acetate in addition to the main detected constituents in the EOs of
L. tenuisecta and L. pedunculata subsp. atlantica [12, 51-53].

5.3 Biological activities of lavender EOs
5.3.1 Antimicrobial activity

The current issues with conventional antimicrobials, along with the emergence of
drug-resistance observed in recent years among many pathogenic strains to these syn-
thetic products, have prompted the search for alternatives primarily based on natural
constituents. Numerous studies have shown that EOs extracted from lavender species
have proven to be an effective and efficient antimicrobial agent that could serve as an
excellent substitute to overcome the use of synthetic antimicrobials. According to our
analysis of studies conducted on Moroccan lavender EOs, we found that these volatile
fractions are much more studied for their antimicrobial properties and most of them
showed strong activities against many pathogenic strains (bacteria, yeasts, and fungi)
(Table 2). The EOs of L. maroccana and L. maireii characterized by high levels of
carvacrol have proven broad-spectrum antimicrobial activities and were effective at
low concentrations especially against Gram-positive bacterial strains [23, 25, 26, 54].
For instance, the investigations carried out on the EOs extracted from L. maroccana
showed interesting antimicrobial potency against many pathogenic bacteria and yeast
strains (MICs = 0.60-18.416 mg/mL) [25, 26, 54]. In another study, El Hamdaoui et al.
[23] evaluated the antibacterial activity of EOs from wild and cultivated L. maireii
against six bacterial strains and reported that both EOs possess high inhibitory effect
(MIC ranged from 0.80 to 1.00 mg/mL). Similarly, Ghanimi et al. [55] reported a
potent antibacterial effect for the EO extracted from wild L. maireii. According to the
study carried out by Ait Said et al. [38], the EO obtained from L. coronopifolia exhib-
ited interesting antibacterial effect regarding multi-drug resistant clinical isolates of
11 pathogenic bacteria (IZ = 13.0 + 0.57-22.0 + 1.52 mm and MICs = 1.00-4.00%).
Moreover, Sayout et al. [32] reported the antibacterial activity of L. tenuisecta EO
against eight resistant bacteria. However, this Moroccan endemic lavender EO showed
moderate to week effects against tested strains (MICs = 6.25-25.00 mg/L), except for
Salmonella spp. against which it did not show any activity. Similarly, Sayout et al. [34]
reported in another study a relatively moderate antibacterial effect of EO obtained
from L. pedunculata on nine bacterial strains (MICs = 3.13-25.00 mg/L). Radi et al.
[56] evaluated the antimicrobial effect of L. pedunculata against six bacteria, three
yeasts, and two fungi, and the results showed that the EO possess remarkable anti-
microbial effectiveness, with MIC values ranged between 2 and 30 pL/mL. In other
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investigation, N'dédianhoua et al. [36] reported that L. pedunculata subsp. atlantica
and L. dentata EOs showed inhibitory action against E. coli and K. pneumoniae strains
(Z1 between 6 and 12 mm) using the agar diffusion method. Ghanimi et al. [55]
compared the antibacterial activity of EOs extracted from three Moroccan lavenders,
namely L. dentata, L. stoechas, and L. maireii against five Gram-negative strains (E.
coli, P. aeruginosa, K. pneumoniae, C. koseri, and A. baumanni) and the Gram-positive
S. aureus, and showed that the three studied EOs possess strong antibacterial activ-
ity (MICs = 0.039-0.156 mg/mL). L. dentata EO was reported to have also total
inhibitory effect on mycelial growth of the fungus Botrytis cinerea [10]. Studies on

L. stoechas have shown that its EO exhibited potent antimicrobial activity against
strains of S. enterica, E. coli, Y. enterocolitica, S. aureus, E. faecium, L. monocytogenes,

P, mivabilis, and B. subtilis [11, 45]. In addition, Hachlafi et al. [49] demonstrated the
antibacterial effect of L. stoechas EO regarding six bacteria, with MICs ranging from
0.015 to 0.125%. In contrast, L. multifida EO showed moderate inhibitory activity
against S. aureus, B. subtilis, P. mivabilis, P. vulgaris, and E. coli (1% < MIC < 4%) [44].
Concerning cultivated L. angustifolia, the investigations carried out on its EO showed
interesting antibacterial and anticandidal activities with comparable MIC values
(MICs = 1.33-30 pL/mL) [29, 53, 56].

The antimicrobial activity of Moroccan lavender EOs is strongly related to the
presence of oxygenated monoterpenes, including carvacrol, camphor, 1,8-cineole,
linalool, fenchone, and terpineol. It has been reported that these monoterpenes are
capable of disrupting the outer membrane of bacteria, releasing lipopolysaccharides
and increasing cytoplasmic membrane permeability, resulting in ATP leakage [57-59].
These terpene compounds also act on yeast and fungi by blocking, hyphal transition,
expression of genes encoding efflux pumps, and ergosterol biosynthesis [60-63].
Hydrocarbon monoterpenes (camphene, a-pinene, caryophyllene, and p-bisabolene)
present in the EOs of some lavender species in varying proportions have also been
reported to have a part in this antimicrobial activity.

5.3.2 Antioxidant activity

Antioxidants derived from natural products have attracted special interest in
recent years, as they are recognized as safe and are subject to less stringent regulatory
requirements than the synthetic ones widely available in the market (e.g., Butylated
Hydroxyanisole (BHA), Butylated Hydroxytoluene (BHT), and Propyl Gallate (PG).
These compounds are unfortunately known to have long-term toxicological effects
and uncertain health safety [64]. Terpene compounds, which are dominants in the
EOs of many medicinal and aromatic plants, have strong antioxidant activities due
to their high redox potential. The antioxidant properties of EOs from the Lavandula
species have been mainly attributed to the content of some well-known compounds,
mainly carvacrol, camphor, 1,8-cineole, linalool, fenchone, camphene, and a-pinene.
According to our literature search (Table 3), the EOs of five Moroccan lavender
species have been described as exhibiting antioxidant effects. In particular, the EO
of L. stoechas showed a much stronger reducing capacity on the DPPH free radical
(IC50 = 785.38 + 9.04 pg/mL) and FRAP (ECso = 107.53 + 1.74 pg/mL) [11]. However,
the other studies performed on EOs of the same species showed moderate to strong
activity using DPPH, FRAP, TAC, and p-carotene/linoleic acid bleaching reduction
assays [45, 55]. L. mairei and L. pedunculata EOs also showed high antioxidant activity
against DPPH and FRAP [13, 23, 55]. Sayout et al. [33] showed that the antioxidant
property of lavender EOs varies depending on the plant part. For example, the EO
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Species Aassays Results References
L. mairei DPPH ICs = 107.54 pg/mL [23]
FRAP ICs0 = 5.22 pg/ml
DPPH ICsp = 6.62 mg/ml [55]
FRAP ECs = 13.4 mg/ml
TAC 1259 mg AAE/g EO
L. tenuisecta DPPH ICs = 2.15-11.5 mg/mL [33]
FRAP ECs = 2.27-9.15 mg/mL
L.dentata DPPH ICs = 12.95 mg/mL [10]
FRAP ECso = 11.88 mg/mL
TAC 81.28 + 2.28 mg AAE/g EO
DPPH ICs0 = 4.75 mg/mL [55]
FRAP ECso = 9.23 mg/mL
TAC 262.1mg AAE/g EO
L. stoechas DPPH ICsp =>5.00 pL/ml [45]
FRAP 1Csp =>10.00 pL/ml
p-Carotene bleaching ICsp = 5.00 pL/ml
DPPH 1Cs = 785.38 + 9.04 pg/mL [11]
FRAP ECso = 107.53 + 1.74 pg/mL
DPPH ICs = 3.11 mg/ml [55]
FRAP ECs = 6.88 mg/ml
TAC 443.2 mg AAE/g EO
FRAP 4.82 +1.52-15.73 + 3.26 mg [50]
ABTS AAE/g EO
ICs0 = “10.00 pg/ml
L. multifida DPPH 15.23 + 0.05 pg/mL [42]
H,0, 34.81+ 0.01 pg/mL
Xanthine oxidase 19.74 + 0.08 pg/mL
L. pedunculata DPPH ICs0 = 21.14 mg/ml [13]
FRAP ECs = 8.65 mg/ml
Table 3.

Antioxidant activity of Moroccan lavender EOs.

obtained from the flowers of L. tenuisecta showed significantly higher antioxidant
capacity than those extracted from the leaves and stems. On the other hand, the
antioxidant effect of L. dentata EOs showed moderate activity in the DPPH, FRAP,
and TAC tests [10, 55]. In general, the antioxidant activity of lavender EOs seems to
be mainly related to their chemical composition, in particular to the nature of their
major compounds. On the other hand, the antioxidant effects of some minority
compounds and their synergy with the majority ones remain as well not negligible.

5.3.3 Biopesticide activity

The increasing spread of pests that attack agricultural crops continues to nega-
tively impact the economies of many countries. The continued and increasing use of
synthetic crop protection products is also a concern due to the increasing resistance
of these pests to the used chemical pesticides, as well as to human health and envi-
ronmental safety issues. Research dedicated to the discovery of natural products to be
used to protect agricultural crops and their products in storage, is constantly growing
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Species Biological activity Pests Results Reference
L. maroccana Acaricidal Varroa destructor LCsg = 2,49 41 pL/L air [28]
LCyg = 8,41 pL/L air
L. pedunculata Acaricidal Hyalomma LDsp = 0,505 pL/mL for [37]
aegyptium larvae
LDs; = 0,0036 pL/mL for
nymphs
L. coronopifolia Insecticidal Ceratitis capitata LCs = 86.339 pL/g [39]
LCoo = 236.0747 pL/g
L. dentata Larvicidal Culex pipiens LCs = 2670 pg/ml [12]
LCqp = 7400 pg/ml
Insecticidal Callosobruchus LCsp = 4.01 pL/L dair [10]
maculatus
L. stoechas Antileishmanial Leishmania major Clso = 0,9 + 0,45% (v/v) [11]
L. infantum Clso =7 £ 0.54% (v/v)
L. tropica Cls = > 10% (v/v)
Insecticidal Anopheles LCsp = 112,51 mg/L [65]
labranchiae
L. angustifolia Larvicidal Culex pipiens LCsp = 140 pg/mL [12]

LCy = 450 pg/mL

Table 4.

Biocidal activity of Movoccan lavender EOs.

as agricultural losses worsen year after year. The EOs of Lavender species have shown
promising insecticidal effects on many arthropods (Table 4). As an example, the EOs
of L. pedunculata and L. stoechas have shown insecticidal and repellent effects against
the red flour beetle (Tribolium castaneum), a secondary pest of great economic and
agricultural importance [66]. L. dentata EO also showed significant insecticidal and
repellent potential on pea weevil (Callosobruchus maculatus) adults in both fumiga-
tion and contact tests [10]. The biopesticidal activity of lavender EOs has also been
demonstrated against some species of mosquitoes and parasites responsible for the
transmission of many diseases and pathogens (e.g., Culex pipiens L. 1758). EOs of

L. dentata and L. angustifolia showed insecticidal effects at low concentrations on

C. pipiens larvae [12]. In addition, L. stoechas EO exhibited significant larvicidal
properties on the malaria vector (Anopheles labranchiae) [65] and antiparasitic effects
against Leishmania major, responsible for the zoonotic cutaneous leishmaniasis
disease [11]. Acaricidal effects against adults of Varroa destructor and different life
stages of Hyalomma aegyptium were shown by the EOs of L. maroccana and L. pedun-
culata subsp. atlantica, respectively [28, 37]. Generally, the biopesticidal properties
of lavender EOs have been attributed to the presence of some terpenic constituents,
mainly 1,8-cineole, camphor, a-pinene, camphene, linalool, and fenchone.

6. Conclusions

This chapter represents an overview on traditional use of Moroccan lavenders,
chemical profiles, and the main biological activities of their Eos. The Moroccan
Lavandula species have been used in folk medicine for a long time. It is used in
different forms to treat several diseases such as diabetes, digestive, genital, urinary,
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skin, and broncho-pulmonary diseases. The chemical compositions of the EOs from
Moroccan Lavandula species are rich sources of oxygenated monoterpenes includ-
ing carvacrol, camphor, 1,8-cineole, fenchone, fenchol, terpineol, and linalool.
Furthermore, some hydrocarbon monoterpenes such as camphene, p-bisabolene,
terpinolene, and caryophyllene, also characterized the chemical profiles of Lavandula
EOs. As regards the pharmacological properties, many investigations reported several
activities for Moroccan Lavandula species, essentially antimicrobial (antibacterial
and antifungal), antioxidant, insecticidal, and larvicidal activities. Interestingly, the
EOs rich phenolic compounds, particularly carvacrol showed a high antibacterial,
antifungal, and antioxidant activities, while others species have generally an impor-
tant acaricidal or/and insecticidal activities.
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