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ABSTRACT

Background. Nature acts as a source of abundant bioactive compounds. These compounds
hold enormous potential for use in medicine, and phytocompounds are of significance here.
They consist of primary and secondary plant metabolites, which are found in different parts
of the plants and have a considerable influence on human well-being. They may be phenols,
alkaloids, tannins, saponins, flavonoids, glycosides, and steroids. Furthermore, these have
promising effects to inhibit, treat, and cure numerous diseases when used naturally or syn-
thetically.

Methods. This review covered almost all different classes of phytocompounds with their
potential activities (i.e., antioxidants, anti-inflammatory, anti-aging, anti-cancer, anti-dia-
betic, anti-allergic, neuroprotective, cardio-protective, hepato-protective, renal-protective,
and immunomodulatory) according to their benefits and targeted pathways. Moreover, the
study also described some combination therapies of different phytocompounds. These
strategies enhance the working capability of phytocompounds and help to provide a strong
shield against various life-threating diseases.

Conclusion. The review provided a comprehensive information about phytocompounds
and their therapeutic effectiveness. Moreover, it may serve as a starting point to discover
or develop new and novel drugs in order to cure various ailments in future.

Keywords: anti-aging, anti-diabetic, anti-inflammatory, hepato-protective, immunomod-
ulatory Neuroprotective

Highlights

e The current study aimed to cover innumerable phytocompounds separately and in
combined form according to their health-promising effects in different diseases with
their mechanism of action and targeted pathways.

e Phytocompounds have gained considerable importance in the pharmaceutical industry
due to their efficacy, safety, unique properties, and modes of action.

e Phytocompounds are rather specific and act on associated targets but some may be
destroyed due to first-pass metabolism.

e This review helped develop new strategies.

e Combination therapies for different phytocompounds might be the best and distinctive
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solution to this problem. This is because one phytocompound can mask the side effect
(s) of another, and combination of different phytocompounds may increase health ben-
efits.

GRAPHICAL ABSTRACT

THERAPEUTIC POTENTIAL OF PHYTOCOMPOUNDS
— IN MEDICINAL PLANTS: A COMPREHENSIVE OVERVIEW
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1.INTRODUCTION components of plants. These are present in
different parts of a plant (i.e., stem, root,

Phytocompounds are the bioactive seed, leaves, bark, and flowers) and
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perform different types of functions, such
as color, aroma, flavor, and protection [1].
Nowadays, these naturally-occurring com-
pounds are used for numerous medicinal
purposes. These may be cardio-protective,
hepato-protective, renal-protective, neuro-
protective, anti-cancer, anti-diabetic, and
anti-aging. Researchers benefit from these
phytocompounds synthetically or naturally
to inhibit, suppress, and treat diseases for
the betterment of mankind [2]. Many phy-
tocompounds have been prescribed on the
basis of their purposes. Dietary phytocom-
pounds are found in different vegetables,
fruits, and herbs [1]. Phytocompounds may
be primary metabolites, such as sugars,
amino acids, proteins, nucleic acid, and
chlorophylls. Apart from this, these may be
secondary metabolites, such as phenolics,
alkaloids, terpenoids, carotenoids, flavo-
noids, tannins, curcumins, saponins, and
glucosides. Secondary metabolites are used
therapeutically in the prevention of differ-
ent diseases [3]. The antioxidant property
of phenolic and flavonoid compounds helps
control free radical mediated diseases,
which protects human body from reactive
oxygen species. Phenolics and flavonoids
are present in tea and coffee, and other fruit
drinks possess high anti-inflammatory,
anti-microbial, anti-aging, and anti-tumor
activity [4]. Glycosides may be a-glyco-
sides or B-glycosides and are involved in
the maintenance of cardiac function, im-
mune function, and neuroprotection [5]. Al-
kaloids are globally important with their
anti-tumor, antimicrobial, and anti-inflam-
matory activities. Tannins are mostly found
in fruits and promote human health by de-
creasing the possible inhibition of chronic
diseases. Saponins are involved in the pro-
duction of antibodies as an immune-adju-
vant, which is the most prominent activity
of saponins [6].

Previous in vitro studies have
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suggested that phytocompounds may affect
the key cellular pathways associated with
oxidative stress and apoptosis, as seen in
the current data. In comparison to previous
in vivo and clinical studies, the current data
both supported the previous studies and
added new evidences. Several previous
studies evaluating plant-based compounds
have demonstrated similar patterns of im-
provement and disease modulation based
on biomarker analysis, thereby confirming
that these actions are predominant across
different experimental systems [3]. The dif-
ferences between the current and prior stud-
ies were primarily in the degree of change,
which can likely be attributed to differences
in dosage, formulation, length of exposure,
and patient demographics. Different dis-
eases are linked with each other, for in-
stance inflammation may be a risk factor
for various types of cancers [7]. The com-
bination of different phytocompounds en-
hances the capability of their work and
helps treat deadly diseases more effec-
tively. As an instance, resveratrol also
works through mechanisms associated with
oxidative stress, apoptosis, and mitochon-
drial activity. Epigallocatechin gallate has
demonstrated synergy in anti-cancer ther-
apy by working in combination with other
chemotherapy drugs through increasing
apoptosis and suppressing tumor growth
[5]. Such multi-target interactions have
made phytochemicals a viable option for
treating complex ailments including cancer,
diabetes, heart diseases, and neurodegener-
ation. Nowadays, many herbal preparations
are also available in the form of ointments,
tablets, suspensions, and capsules to treat
infections, inflammations, and other
chronic diseases more effectively. Research
and development of new therapeutic medi-
cines with phytocompounds is hard and ex-
pensive [2].

The purpose of this review was to help
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researchers get information about already-
used and reported phytocompounds easily
and quickly. About 300 review articles and
400 research papers were studied. Addi-
tionally, search engines, such as Google
Scholar, Scopus, Science Direct, ProQuest,
Karger, and Molecule were used to conduct
this review on the phyto-chemistry and
pharmacological use of medicinal plants.
This review assisted in filling the gap on
those sites where there was a need to de-
velop new strategies. The study covers in-
numerable phytocompounds separately and
in combined according to their health
promising effects in different diseases with
their mechanism of action and targeted
pathways. Many classes include many phy-
tocompounds, their origin and role accord-

ingly.
2.METHODOLOGY
2.1. Literature Search Strategy

Available literature on phytocom-
pounds with medicinal, therapeutic, and
herbal applications was obtained through a
systematic review of all major academic
databases (PubMed, Web of Science, Sco-
pus, and Google Scholar) to ensure that it
collected the most comprehensive database
of published research. All of the academic
databases were chosen based on large re-
pository of published scientific and peer-re-
viewed biomedical journal articles. Multi-
ple keywords were used to conduct a search
[S]. The analytical keywords included:
"phytocompounds,” "herbal," "medicinal
potential," "phytochemicals," "anti-can-
cer," '"neuroprotective," "anti-hepatic,"
"anti-diabetic," "anti-inflammatory," "ther-
apeutic potential," "nanoparticles," and "bi-
oavailability." The search results for possi-
ble treatments or applications of phytocom-
pounds and their potential purposes were
based on search terms and various combi-
nations of search terms.

2.2. Data Extraction and Synthesis

Certain inclusion and exclusion criteria
needed to be developed to make the re-
search meaningful and credible. Inclusion
criteria were based on articles written in
English about the use of phytochemicals to
treat different diseases. The research arti-
cles, clinical trials, reviews, and meta-anal-
yses consisting of mechanisms, effective-
ness, and safety of the treatment were cho-
sen. To ensure a high level of research, ar-
ticles published in reputable journals (Na-
ture, PLOS One, Springer) were chosen.
Opinion articles, conference abstracts, arti-
cles not in English, and those without peer
reviews were excluded from the analysis.
Initially, a large volume of records were
identified through the initial search, and
these records were screened for relevance
by means of reading the titles and abstracts.
Full text eligible articles were then evalu-
ated and included if they met pre-estab-
lished inclusion criteria. The researchers
compiled data from studies that met their
eligibility criteria and organized them into
disease categories. Different categories rep-
resented the diseases most often described
in the studies as inflammatory diseases, ne-
oplasms (cancers), metabolic disorders, and
neurodegenerative disorders. Careful ex-
traction of the key data from each of the se-
lected studies was performed to allow for
adequate comparison and in-depth analysis
across the various data elements.

After determining the eligibility of ar-
ticles based on the defined criteria of inclu-
sion and exclusion, full-text articles were
assessed. Different number of studies was
selected for analysis in the qualitative
and/or quantitative synthesis. This selection
process was carried out following PRISMA
methodology, mutual and combined
screening was done to prepare this review
(Figure 1).
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Figure 1
PRISMA Work Flow
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2.3. Data Analysis

Data analysis was done by organizing
data findings across studies and to analyze
the relative efficacy and limitations of each.
Key findings are summarized in tables.
Moreover, this review was conducted in ac-
cordance with the guidelines of systematic
review research articles. All the authors
participated in collecting the data and
screening, while the risk of bias of the se-
lected articles was independently assessed

Department of Life Sciences

by two reviewers, depending on the study
design. Clinical trials were assessed using
the Cochrane RoB 2 instrument. Biases,
such as selection, detection, and reporting
biases were considered during the review
process.

3. RESULTS AND DISCUSSION

3.1. Anti-inflammatory Prospective of
Phytocompounds

Inflammation is a critical key response
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to the pathogenic foreign invaders. It is the
defensive strategy of the host against any
kind of microbial/viral infection or cell in-
jury. Inflammation can be characterized by
redness, pain, heat, and swelling [8], in-
volving the release of cytokines (interleu-
kins i.e., 1L-6, IL-1, and Tumor Necrosis
Factor (TNF-alpha), and Reactive Oxygen
Species (ROS) [9]. These inflammatory
disorders have been known to be treated
with a number of currently available syn-
thetic drugs, for instance NSAIDS and cor-
ticosteroids. However, the usage of these
immuno-suppressive drugs is restricted due
to their prolonged duration therapy linked
with a number of adverse events, and their
higher cost. Furthermore, oxidative stress
communication is an important mediator in
the mechanism of anti-inflammatory activ-
ity of phytochemicals. Oxidative stress and
inflammatory mediators have close connec-
tions, whereby the oxidative state increases
inflammation responses and injury. Curcu-
min, quercetin, resveratrol, and epigallocat-
echin gallate are phytochemicals with
strong antioxidant properties, which elimi-
nate ROS, upregulate endogenous antioxi-
dants, and decrease lipid peroxidation [5].
A number of phytocompounds target mul-
tiple converging pathways involved in in-
flammation by modulating pro-inflamma-
tory cytokines including NF-kB, COX-2,
TNF-a, and interleukins. The ability of
these compounds to target multiple path-
ways makes them better at suppressing in-
flammation compared to synthetic com-
pounds that target one pathway alone [3].
The usage of anti-inflammatory phytocom-
pounds (Table 1) in this regard has been
considered as a safer and an effective ther-
apeutic treatment for chronic inflammatory
diseases [10].

3.2. Anti-cancer Phytocompounds

Cancer is the major public health haz-

ard affecting 32.6 million people

worldwide and resulting in deaths of more
than 15 million people each year [18]. Var-
ious herbal extracts provide beneficial ef-
fects in terms of treatment and prevention
of cancer in a variety of ways. These in-
clude activating DNA-repair mechanisms,
by enhancing the production of certain pro-
tective enzymes (e.g., matrix metalloprote-
ases), by enhancing immunity, by perform-
ing anti-oxidant activity, and by inhibiting
the production of enzymes and hormones
which are linked with the activation of can-
cer-causing genes [19].

Various phytocompounds, that is, epi-
gallocatechin-3-gallate (EGCG), Cristine,
vinblastine, vincristine, Alline, curcumin,
genistein, and quercetin have been seen to
be acting as anti-cancer agents for years.
Phytosterols as specific phytocompounds
resembling cholesterol in their structures
are exclusively found in plants and have
been seen to be acting as anti-cancer and
cholesterol-lowering agents [16]. Table 2
presents a number of phytocompounds
which have been seen to be acting as effec-
tive therapeutic agents in the treatment of
various types of cancers. Phytocompounds
perform pleiotropically by acting on cell
proliferation, apoptosis, oxidative stress,
and inflammatory pathways at once. This
multi-target action profile enables phyto-
compounds to act as promising agents both
as chemo-preventive and chemotherapy ad-
juncts [19].

BioScientific Review
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Table 1. Anti-inflammatory Role of Phytocompounds and their Mechanism of Action

Mechanism of Action/

Phytocompounds Source Nature Model Targeted Pathways Diseases References
In vivo Reduction of B-lym- Systematic Lupus
Resveratrol Grapes, Red wine Phenolic phocytes and Thl cell Erythematosus [11]
Study
percentage (SLE)
Parsley, thyme, Preclini- Systematic Lupus
Apigenin peppermint, olives, Phenolic cal,, In Suppression of COX-2 Erythematosus [12]
and chamomile vivo study (SLE)
. . . Systematic Lupus
Astilbin Smilax glabra Phenolic In. vitro, in . Reduction of IL-1B, and Erythematosus [13]
vivo study IL-6
(SLE)
Curcumin Curcuma lonea Phenolic In vivo Reduction of TNF-a, Rheumatoid arthritis [5]
S study NF-«B activation (RA) =
. Tanacetum parthe- . Downregulation of NF-  Obesity induced in-
Parthenolide nium Terpenoid kB and MAPKs flammation (14]
Acacetin Robinia pseudoaca- Phenolic Preclinical ~ Inhibition of INOS and  Parkinson’s disease [9]
cia, study COX-2 (PD) =
. . . . Systematic Lupus
Epigallacto-catechin L . . In vivo INLRP3 expression,
Gallate (EGCG) Camellia sinensis Phenolic study IL-1B, and IL-18 erytl(lgrilgt)osus [15]
. . Citrus paradise and . . Diabetes induced
Naringenin Citrus sinensis Phenolic Reduction of IL-1 Renal inflammation [15]
. . Preclini- . . .
. Citrus Limon, and . . Reduction of TNF-a Diabetes induced
Hesperetin . ) Phenolic cal, In vivo . [16]
Citrus reticulata study and IL-1B retinopathy
L Scutella;.’la bai- . In vivo Reduction of TNF-a, Diabetes induced
Baicalein calensis,and Phenolic stud and IL-1p retinopath [17]
Oroxylum indicum uay ] pathy
Department of Life Sciences .461 U MT 115
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Table 2. Anti-cancer Activity of Phytocompounds and their Mechanism of Action

Phytocompounds Source Nature Targeted Pathways Diseases Reference
. Platycodon. . Induces apoptosis Tcaspase-3 .
Platycodin D grandiflorus Saponin activation and PARP cleavage Leukemia [20]
Induces apoptosis (p=0.000) by
Oridonin Rabdosiae ru- Terpenoid chl—2/Bax ratlo,. and increas- Breast cancer [21]
bescens ing the expression level of
PPARY, PARP, and Fas
May contribute to suppress tu-
Confisine Optidis rhizome Alkaloid mor growth and reduce metas-  Colorectal can- [22]
P P tasis by the possible inhibition cer =
of the RAS-ERK pathway
Curcumin Curcuma longa  polyphenol Upregulatmg\i}l}O/AKT path- b cast cancer [23]
Retards cancer growth and in-
Scutellarein Scutellaria bar- Flavonoid creases the.concentrat%on O.f Breast cancer [24]
bata mitochondrial superoxide (in
vivo model)
. . May suppress tumor growth . .
Isoegomaketone Perilla fru- Phenolic (»<0.05) by affecting PI3K/Akt Hepatic carci [25]
tescens compound noma

signaling pathway

1167IBSB
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Among the various anti-cancer phyto-
compounds that have been studied, curcu-
min stands out. Curcumin hinders tumor
cell growth through the inhibition of signal-
ing pathways, such as NF-kB, PI3K/Akt,
MAPK, and induction of apoptosis by
means of caspases and p53. Curcumin has
shown anti-proliferative properties in cases
of breast and prostate cancer. Likewise,
resveratrol, a polyphenol found in grapes
and berries, possesses anticancer activities.
This works by means of cell cycle arrest,
reduction in oxidative stress, angiogenesis
inhibition, and metastasis through inhibi-
tion of VEGF and MMPs [14].

Phytocompounds have numerous im-
portant limitations which restrict their po-
tential therapeutic applications, despite
their biological potential. One key limita-
tion is their low bioavailability, as many of
these compounds have low solubility, lim-
ited absorption, or rapid metabolism (there-
fore reducing the systemic amounts). In ad-
dition, there is a large amount of first-pass
metabolism occurring in the gut and liver
which may convert a significant amount of
these compounds to their inactive forms,
considerably reducing their pharmacologic
activity. Finally, the compound’s activity
may also be affected by different food
sources, differences in individual metabo-
lism, and potential interactions between
phytocompounds and other nutrients or
medications [21].

3.3. Anti-oxidant Potential of Phytocom-
pounds

Oxidative stress triggered by the over-
production of free radicals may result into
the onset of a number of metabolic, cardio-
vascular, and neuro-degenerative disorders,
as well as various types of cancers. The
phytocompounds present in fruits, cereals,
vegetables, edible algae, macro-fungi, and
other medicinal plants have been seen to be

Department of Life Sciences

exerting a strong anti-oxidant effect [26].
Thus, these are helpful in preventing the de-
velopment of various chronic disorders
[27]. Grapes, berries, dates, guava, plum,
sweetsop, and pomegranate are rich in their
phenolic contents and thus exert a high anti-
oxidant activity. The associated targeted
pathways of different phytocompounds in
different diseases have been presented in
Table 3. Many phytocompounds display
polypharmacologic characteristics, which
make them capable of influencing multiple
molecular targets and signaling pathways at
once. Synergistic biological effects are
achieved as a result of such actions,
whereby the combined activity produces
better results than a single one. An illustra-
tion is provided by curcumin, which dis-
plays antioxidant, anti-inflammatory, and
anti-cancer effects by means of NF-«xB, and
cytokines [26].

3.4. Anti-diabetic Potential of Phyto-
compounds

Diabetes is the secretion of insufficient
insulin levels or by the insufficiency of in-
sulin activity [19]. Various plants and plant
extracts have been traditionally used as a
source of anti-diabetic agents in Pakistan,
India, China, and other Asian countries
which are considered as a safer and a more
reliable alternative to the usage of synthetic
drugs available as anti-diabetic agents. A
variety of anti-diabetic phytocompounds
have been derived from herbal extracts of
different plant species, for instance, An-
oectochilus roxbuglii, Bacopa monnieri,
Bixa orellana, Chamaemelum nobile,
Catharanthus roseus, Chicorium intybus,
Curcuma longa, Costus pictus, Cin-
namomum verum, Cryptolepis sanguino-
lenta, and Matricaria chamoomilla. Phyto-
compounds (e.g., quercetin and resveratrol,
and chicoric acid and lupinin) have been
seen acting as anti-diabetic agents [33].

Volume 8 Issue 2, 2026
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Table 3. Mechanisms of Action of Anti-oxidant Phytocompounds against Oxidative Stress-induced Diseases

Phytocompounds Sources Nature Study/Model Targeted Pathways Diseases References
Resveratrol Red Grapes Polyphenol Preclinical 1SOD, GSH Alzheimer disease [28]
Albizzia julibrissin
Sulfuretin and Rhus ver- Flavonoid In vitro study {ROS, THO-1, TPI3K Alzheimer disease [29]
. Akt , TNrf2
niciflua
Baicalin Scutellaria bai- Flavone In vitro, in vivo IMDA, 1GPx, SOD, Traumatic brain [30]
calensis study HO-1, tpAkt injury (TBI) —
Diallyl trisulfide Allium ramosum Organo-Sulphur In vitro, in vivo TNrf2 , and HO-1, Ischemic stroke [31]
compound study TpAkt
Brassicaphenanthrene Brassica rapa Phenanthrene In vitro, in vivo TNrf2 nucl@ar transloca- Alzheimer discases [29]
A study tion
S 1 Nrf2 by upregulating
Totarol Podocarpus totara Phenolic diterpene In vitro, in vivo PI3K/ Akt pathway Ischemic stroke [32]

study 1HO-1, SOD and GSH

Table 4. Neuro-protective Potential of Phytocompounds, their Source, Nature, and Mechanism of Action

Phytocompounds Source Nature Study Model Targeted Pathways Diseases References
Acts as AChE-I and as an anti-oxi- Alzheimer’s
Caffeine Erigeron annuus Alkaloid In vitro, in vivo dant, induces possible BACE inhibi- discase [37]
tion
In vitro, in vivo 1Behavioral characterization 1TH- Parkinson’s
Theaflavin Camellia sinensis Polyphenol and preclinical positive cells in the ST region di [38]
isease
study |Caspase 3, 8
Activates Nrf2/Keapl-mediated HO-1
. Andrographis pa- . . . signaling pathway, |NF-kB, |PGE2 Alzheimer’s
Andrographolide niculate Diterpenoid Invivo and TNF-a, iNOS and COX-2, inhib- disease (39]
its INK-MAPK pathway
P . . Monoterpene L JIL-1B, IL-6, | TNF-a, and NO 11L-10 Alzheimer’s
Paconiflorin Paeonia lactiflora alycoside In vitro, in vivo and TGF-B1. discase [34]
. . .. , L 1CAT, SOD, GPx, and GSH activity Parkinson’s
Ferulic acid Spinacia oleracea Polyphenol In vitro, in vivo by activation of Nrf2 signaling discase [19]
. . TAkt, Nrf2, 1Akt/CREB signaling .
gmkgohdes A, Band Ginkgo biloba L. Terpenoids In vitro, in vivo pathway TpAkt, pNrf2, pCREB tHO- Issct}rl(e)lz ¢ [40]

1 |cleaved caspase 3, Bax

llsil B S B BioScientific Review
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Most of the phytocompounds exert
their therapeutic actions by regulating the
enzymes and signaling pathways associated
with glucose metabolism. For instance, ber-
berine, derived from plants, such as Ber-
beris vulgaris, enhances insulin sensitivity
and reduces glucose production through ac-
tivation of AMPK [13]. Curcumin displays
anti-diabetic activities by inhibiting the in-
flammatory mediators, lowering the oxida-
tive stress, and improving B-cell function
via the regulation of NF-xB and PI3K/Akt
pathways. Resveratrol, a compound found
in grapes and berries, has exhibited poten-
tial to improve glucose homeostasis by ac-
tivation of SIRT1 and AMPK pathways
that improve insulin sensitivity and en-
hance mitochondrial function [21]. Querce-
tin and kaempferol have been reported to
exert their anti-hyperglycemic effects
through the inhibition of the enzymes a-
glucosidase and o-amylase that delay the
breakdown of carbohydrates, thus decreas-
ing postprandial blood glucose.

Finally, EGCG found in green tea also
acts on the insulin pathways to reduce oxi-
dative stress-related cell damage [8]. Dia-
betic complications, such as nephropathy,
neuropathy, retinopathy, and cardiovascu-
lar disorders have been found to be largely
attributed to oxidative stress and chronic
low-level inflammation. Phytocompounds
possessing anti-oxidant and anti-inflamma-
tory activity counter diabetic complications
through ROS scavenging, improvement of
endogenous anti-oxidant mechanisms, and
inhibition of pro-inflammatory cytokines,
such as TNF-a and IL-6. Moreover, some
phytocompounds have been observed to be
protective towards pancreatic [-cells,
thereby maintaining proper insulin secre-
tion [29].

3.5. Neuro-protective Phytocompounds

Neuro-degenerative disorders, being

Department of Life Sciences

recognized as the cognitive dysfunction,
are considered as the major health problem
with an incidence rate of 2/1000 and ac-
count for nearly 8% deaths worldwide [34].
Table 4 describes some phytocompounds
with anti-inflammatory and anti-oxidant
properties improving neuronal cognition
and neuronal cell survival [35]. More than
120 different types of traditional medicinal
plants-based neuro-protective therapies are
available in Asian countries to treat various
neurological and CNS disorders. Various
phytoconstituents with neuro-protective ac-
tivity (e.g., phenolics, alkaloids, steroids,
triterpenes, saponins, and flavonoids) are
present in various plant species, such as Ba-
copa monniera, Panax ginseng, Centella
ariatica, Uncaria rhyncophylla, Huperzia
pinoza, llex paraguariensis, Corydalis pi-
noza, zingiber officinalis, and Ziziphus pi-
noza [36].

3.6. Phytocompounds as Immunomodu-
lators

Immune system is the key protection of
human body against foreign particles, path-
ogens, allergens, and toxins. Phytocom-
pounds help in immunity boosting proper-
ties. They may be anti-oxidants, anti-bacte-
rial, anti-fungal, anti-viral, and anti-tumor
and may help the immune system to work
safely and faster for a living body (Table 5).
Engulfing pathogens, that is, phagocytosis
is also an important function of body’s de-
fense mechanism.

The curcumin present in turmeric con-
trols the immune response by directing the
signaling pathways of NF-kB, JAK/STAT,
and MAPK, resulting in the regulation of
the production of cytokines and decreasing
chronic inflammation [45].
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Table 5. Immuno-modulating Phytocompounds, their Source, Nature, and Mechanism of Action

Phytocompounds Sources Nature/Class Targeted Pathways References
L Helpful in increasing the level of plasmatic
Vitamin E .
a-tocopherol Nuts and seeds antioxidant. anti-agin TNF and pro-inflammatory response [34]
» gmng (p<0.05) (in vitro study)
Vitamin C Citrus fruits ) . Antv10x1dant,v . Immunomod}llatory properties (ROS) and (39]
anti-ageing, antioxidant, anti-inflammatory free radical scavenging property
. Hydrasti . Involved in the suppression of NO and
Berberine canadensis Alkaloid TNF-a levels (In vivo, in vitro study) [41]
. . . . Phenols Improves immune responses,
Gallic Acid Fruits, berries, nuts antioxidant, and anti-inflammatory involved in the reduction of infections (42
. Inhibits CD4+ cells formation, migration
. Flavonoid . . .
. . Silybum . . . .. and proliferation, and helpful in the for-
Silymarin . antioxidant, anti-allergic, and anti-inflamma- . - [43]
marianum . . mation of INF-y and IL-2 (in vitro and pre-
tory, anti-hepatic .
clinical study)
Flavanol
Quercetin Fruits and vegetables (Anticancer, chemoprotective, and anti-he- Free radical scavenger (/n vitro study) [42]
patic)
Glycoside
- . o (Anticancer, anti-hepatic, - -
Mangiferin Mangifera indica antioxidant, anti-inflammatory, anti-micro- Maintains Th1/Th2 cytokine imbalance [44]
bial)
- . . Phenols IFN-y production and involved in prolifera-
Vanillic Acid Plantago major (Antioxidant) tion of lymphocyte [43]
Flavanol Anti-inflammatory,
Kaempferol Vegetables and herbs (Anti-inflammatory) decreases level of ROS (In vitro study) [46]
. . Flavonoid S i
Catechin Berries L. Maintains oxidation of LDL [47]
(Anti-oxidant)
Prunus Anthocyanin Decreases paw swelling as well as cyto-
Malvidin cerasus (Antoxidant, anti-inflammatory, immuno- p ki ca y [48]
. . ines expression
ledeb modulatory, cardio-protective)
. Glycoside .
3-glucoside Blackberry (Anti-inflammatory) It may support platelet function [49]
Dopamine Fruits and Vegetables Cardio-modulator Reduces 0x1dat1ye stress (in vitro and in [50]
vivo study)
- - . . . Steroid e
Withanolide Withania somnifera May suppress hypersensitivity [51]

(Anti-inflammatory, immunomodulatory)
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Likewise, resveratrol has shown poten-
tial to control T-cell activation, limit over-
production of inflammatory cytokines, and
enhance the antioxidant system. EGCG in
green tea has excellent anti-inflammatory
and immunomodulatory effects. It works
by lowering oxidative stress and preventing
inflammatory mediators, such as TNF-a,
IL-1B, and IL-6. Quercetin, a flavonoid ob-
tained from fruits and vegetables, regulates
the immune response through mast cell sta-
bilization and limiting the release of hista-
mine along with the regulation of cyto-
kines. Some other isoflavones, including
genistein obtained from soy, regulate the
immune signaling pathway [43].

3.7. Phytocompounds used in Combina-
tion Therapies

Herbal combination therapies (addi-
tion of two or more phytocompounds) may
serve as a better alternative to synthetic
drugs in terms of their higher efficacy, re-
duced toxicity, and increased tolerability
[52]. Phytocompounds present within these
combination therapies are effective at their
lower doses. For instance, the effectiveness
of these combination therapies in regard to
their safety, enhanced host tolerability, re-
duced toxicity, and the decreased number
of adverse effects are linked with the usage
of lower doses of phytocompounds [52].
Unlike traditional target-specific medi-
cines, phytocompounds also have the po-
tential to modulate several signaling path-
ways associated with inflammatory re-
sponse, oxidative stress, angiogenesis, and
immunity, thus leading to synergic thera-
peutic responses [24]. Quercetin is known
for its antioxidant, antiviral, and anti-in-
flammatory activities due to the regulation
of MAPK and PI3K/Akt pathways. Berber-
ine has been shown to exert anti-diabetic
and cardioprotective effects by modulating
glucose metabolism, AMPK pathways, and
lipid metabolism. Genistein has been
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observed to modulate estrogen receptors,
apoptosis, and cell cycle, thus providing it
with its anti-cancerous properties [19]. Ta-
ble 6 presents various combinations of phy-
tocompounds used to treat a number of dif-
ferent auto-immune, metabolic, cardiovas-
cular, and neuro-degenerative disorders by
acting as anti-inflammatory, anti-cancer,
anti-oxidant, hepato-protective, neuro-pro-
tective, anti-diabetic, cardio-protective, and
immuno-modulatory agents. However,
while phytocompounds demonstrate con-
siderable therapeutic potential, the concur-
rent use of these chemical entities may also
produce antagonism effects that limit their
overall therapeutic efficacy. There are in-
stances wherein certain bioactive chemicals
interfere with the pharmacodynamics of
other chemical entities, thus minimizing the
benefits derived from them [50]. Addition-
ally, the administration of multiple phyto-
compounds may potentiate their toxicity,
especially when relatively high doses are
taken or for extended time periods. Phyto-
compounds have the tendency to interact
with CYP450 enzymes and modify the rate
and extent of drug metabolism. This phe-
nomenon may result in herb-drug interac-
tions, which may impact the bioavailability,
clearance, and therapeutic ratio of drugs
concurrently administered. Competition
among phytochemicals may also take place
in terms of drug metabolism since several
phytoconstituents require the same meta-
bolic pathways [21]. Many of the studies
that have been published on phytocom-
pound action are based on animal experi-
ments or test tube studies of mechanisms,
for instance, antioxidant, anti-inflamma-
tory, and anti-cancer action. The mecha-
nism-based preclinical phytocompounds’
studies have frequently demonstrated mod-
ification of major biochemical pathways in-
volved in regulating cellular functions,
such as apoptosis, inhibition of mitosis, and
control of oxidative stress [27].
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Table 6. Combined Effect of Two or More Different Compounds against Different Diseases

Phytocompound Pathological
Sr. No. Combination Therapics Condition/Disease Model Used Targeted Pathways References
Anti-inflammatory
Carrageenan-in- Male Albino rats Mav act as anti-oxidant agents b
1 Curcumin+ Quercetin duced rheumatoid (in vitro and in vivo 4 ox & 4 [53]
o 1GSH and HO-1 mRNA expression
arthritis study)
. Male Wistar rats (In | Liver inflammation by acting as
2 Gallic Acid+ Catechin CCls medlated he- vitro and in vivo the anti-oxidant and the anti-inflam- [54]
patic damage
study) matory agents
Aluminium chlo- Male adult Wistar .
. S L . Decrease the expression levels of
3 Resveratrol + Curcumin ride-induced neuro-  rats (in vitro and in [55]
. . . Cox-2, TNF-a, IL-1a and IL-1B
inflammation vivo study)
. . Significantly prevent the expression
5 Silibinin + Thymol Lp gﬁﬂ;‘fdﬂm' RAW 264.7 cells  of NO (p<0.001), ROS and COX-2 [56]
° by downregulating MAPK pathways
Anti-oxidant
. . Adult male Albino  Act as strong anti-oxidant agents by
6 g?fielrcﬂi iifnz Xiﬁi Diabetes type-I1 rats (in vitro and in  increasing GSH and SOD levels and [57]
yey vivo study) by decreasing ROs and MDA levels
LPS induced neuro- Male Swiss Albino Reduce oxidative stress by aggre-
7 Caffein + Caffeic Acid inflammation and mice gating the GSH and the reduced glu- [53]
anxiety tathione levels (p<0.05)
Quercetin + a-Lipoic Aluminium chlo- Adult male Wistar ~ Act as the strong anti-oxidant agents
8 Acid P ride-induced neuro-  rats (/n vitro and in by increasing the levels of reduced [58]
toxicity vivo study) glutathione, GSH and SOD
Act as anti-oxidant agents by free
Caffeic acid + Conju- . Hep-G2 cells (In radical scavenging activity and en-
0 gated Lenoleic acid Liver damage vitro study) hance GSH and CAT concentration [34]
(»<0.05).
122 I B S B BioScientific Review
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Phytocompound Pathological
Sr. No. Combination Therapics Condition/Disease Model Used Targeted Pathways References
Anti-cancer
Induce cellular apoptosis by down-
) . regulating NF-«xB pathway; by tar-
10 Curcumin + Arctigenin Prostate cancer Anirli}%g; scerellsllstlve geting Akt/PI3k pathway; resulting [11]
into |P-IkB levels, and Tbax/bcl-2
ratio
. Reduce cell proliferation and induce
11 Curcumin + Resveratrol Colon cancer HCT-1.16 Cell lines apoptosis (p<0.05) by down-regulat- [59]
(In vitro study) )
ing NF-kB pathway
Induce apoptosis by down-regulat-
ing c-myc, and PCNA,
IMApK/ERk-1/2
. . . TER-B gene expression
Genistein + Quercetin + Androgen-sensitive . .
12 Biochanin Prostate cancer PC-3 Cells TMApk/c-Jup N-t.ermlnalease [36]
signaling
lgene expressions for Cyclins D1
and Cyclin E |bcl-2 levels
TCaspase-3 and Bax expression
Arrest cells’ growth cycle and in-
. . CL-188, and DLD-1 duce necrosis (p<0.05) by down-
13 Curcumint Luteolin Colon cancer c311 lines regulating the Notch-1, and TGNF-$ [60]
Signaling Pathways
Cardio-protective
TNF-a induced in- EA.hy926 Cells + . .
14 Curcumin + Luteolin flammation in endo- ~ WEHI 78/24 Mono- Inhibit monocytes adhesmn o the [40]
. vascular endothelial cells
thelial cells cytes
Neuro-protective
15 Caffeic Acid + Alzheimer’s Disease  Male Wistar rats (in Provide neuroprotective effect by [61]
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Phytocompound Pathological
Sr. No. Combination Therapics Condition/Disease Model Used Targeted Pathways References
Chlorogenic Acid (AD) vitro and in vivo possible inhibition of acetyl cholin-
study) esterase (AChE)
Olfactory bul- Male Wistar rats (In S;lpgrfsfi(I:l:lilrg;llililar;r:ca;gg snd
16 Piperine + Curcumin bectomy-induced vitro and in vivo POP™ & & Y [62]
depression study) Lowering brain TNF-a levels, and
the Caspase-3 levels
Decrease the expression level of mi-
tochondrial apoptotic proteins, that
Ginkgolide B + Proto- Parkinson’s Disease PCIZ Cells treated is, Bax, Caspase-3 and cytochrome
17 . with Retonone (/n [63]
catechuic acid (PD) vitro study) C.
! Y May inhibit apoptosis by increasing
the expression level of Bcl-2
Significantly increase the expression
level of neuro-protective apuri-
Aluminium chlo- Male adult Wistar n1c/apyr1m1d1'n1c c ndgnuclease
. S . . (APE1) and maintain high levels of
18 Curcumin + Resveratrol ride-induced neuro-  rats (/n vitro and in . ; [55]
. . . let-7c miRNA expression; along
inflammation vivo study) . . .
with decreasing the expression lev-
els of Cox-2, TNF-a, IL-10 and IL-
1B
Aluminium chlo- Adult male Wistar Act as the Acetyl-cholinesterase in-
19 Quercetin + a-lipoic acid ride-induced neuro-  rats (/n vitro and in ~ hibitors; and the strong anti-oxidant [59]
toxicity vivo study) agents, that is, 1{GSH and SOD
Anti-diabetic
tInsulin levels and | plasma glucose
. . Adult male Albino levels; by associated inhibition of
+ 18B- .
20 Caffeic Aqd' 18[.3 Diabetes type-II rats (in vitro and in glucose-6-phosphatase (G6P-ase), [57]
Glycyrrhetinic Acid . : b ..
vivo study) and increasing the activity of gluco-
kinase (GK) in liver
21 Baicalein + Acarbose Hyperglycemic SD rats (In vitro and Prevent hyperglycemia by [64]
124 I B S B BioScientific Review
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Phytocompound Pathological
Sr. No. Combination Therapics Condition/Disease Model Used Targeted Pathways References
conditions in vivo study) synergistic non-competitive inhibi-
tion of a-glycosidase, in gut
Hepato-protective
. Decrease the countenance of sterol-
22 Berberine + Curcumin Non_alcl?‘l;;hc fatty Mall: S(psrasg;.l ;i:w_ regulatory element-binding tran- [65]
Y scription factor1 (SETF-1)
. Male Wistar Rats | Liver inflammation by acting as
23 Gallic Acid + Catechin CCI-;i?zgﬁfdehe_ (In vitro and in vivo the anti-oxidant; by increasing the [54]
P & study) level CAT and GSH,
Act as anti-oxidant agents by free
Caffeic Acid + Conju- . Hep-G2 Cells (In radical scavenging activity, | mito-
24 gated Linoleic Acid Liver damage vitro study) chondrial lactate dehydrogenase [34]
(DH) leakage
Immuno-modulator
Modulate IFN-y induced CD-40 ex-
Microglia-associ- Murine cultured mi- g:sestlﬁln v;atl:r;ﬁllsfollgii?; cel;fhb_
25 Apigenin + Luteolin ated neuro-inflam- croglial cells, geng & £p [66]

mation N9-microglial cells

way; hindering STAT-1 activation
by inhibiting the phosphorylation of
STAT-1 serine-727 residue
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Still, there is only limited evidence
available to support their safety and effi-
cacy in human subjects. Although the vol-
ume of clinical data is increasing, the cur-
rent volume of clinical studies is limited
and extremely variable with a small number
of patients in each study, short duration of
intervention, and variability of study de-
signs. Therefore, phytocompounds show
practical potential but currently have an
overall level of evidence that is moderate to
low. More comprehensive and highly con-
trolled clinical trials are needed to deter-
mine the safety and effectiveness in human
beings [54].

These findings are consistent with a
previous in vivo study (as well as with prior
clinical studies). The study showed that ex-
posure to phytocompounds improved sev-
eral biomarkers of diseases and had the po-
tential to reconfigure the way diseases are
treated. The improvements seen here can be
expected to have occurred using phytocom-
pounds across multiple experimental mod-
els [41]. While generally the same improve-
ments are expected (although the degree of
the improvement varies by study), they may
occur differently among numerous popula-
tions studied as a result of various factors.
These include dosage and formulation of
the phytocompounds used, length of expo-
sure, and potentially, the individual charac-
teristics of each subject. Additionally, po-
tential explanations for the observed differ-
ences between experimental and clinical
data include differences in bioavailability
and metabolism [62].

3.8. Strength of Evidence and Limita-
tions

The active metabolites rather than the
parent compounds are not sufficiently as-
sessed since standard cell lines lack meta-
bolic processes. The inconsistency of assay
techniques, growth conditions, and cell

type selections may affect generalization
(generalizability), as well as reproducibility
of results. Animal models do provide better
insights into the biological mechanisms un-
derlying in vivo studies but have limita-
tions. First off, there is always the possibil-
ity that animals would respond to a com-
pound differently than human beings due to
differences between the two species in their
ways of metabolizing that compound and
their metabolic pathways (how they break-
down and absorb). Moreover, another ex-
ample would be if a study was completed
using the intraperitoneal method of admin-
istration (administration of a drug directly
into the abdomen) vs. oral method of ad-
ministration. Since most medications are
absorbed through the digestive tract and
into the blood before being distributed
throughout the body, if a study is conducted
using the IP method of delivery, it may not
provide reliable information due to a differ-
ence in dosing schedule. In addition to dif-
ferences in metabolic pathways, many hu-
man populations have large amounts of ge-
netics, dietary, and environmental variabil-
ity. Therefore, laboratory experiments do
not fully represent human populations. A
big problem in the field is the absence of
standardization since the amount and the
composition of the active compounds may
differ according to the plant species, geo-
graphic location, harvest circumstances,
and the method of extraction used. Moreo-
ver, pharmacokinetics can be problematic
owing to the low solubility, poor bioavaila-
bility, rapid metabolism, and unpredictable
absorption. Moreover, another issue that
should be mentioned here concerns the var-
iability in doses as it is sometimes difficult
to know the effective dose of the substance.
Reproducibility is another issue due to dif-
ferent methods applied when preparing for-
mulations and conducting experiments.
Large clinical studies and pharmacokinetic-
pharmacodynamic researches are needed to
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ensure reproducibility and promote the
transition of plant-derived compounds into
clinically proven therapy. Finally, there are
limitations to conduct long-term studies
due to ethical reasons or the length of time
it takes to perform between an initial trial
and the final follow-up.

3.9. Conclusion

Phytocompounds have gained consid-
erable importance in the pharmaceutical in-
dustry due to their efficacy, safety, unique
properties, and modes of action. These phy-
tocompounds have gained attention as al-
ternatives to various conventional medi-
cines which comparatively have more side
effects and less benefits. This review aimed
to summarize the current evidences on the
therapeutic mechanisms of phytocom-
pounds and their potential in drug develop-
ment. Some phytocompounds are very spe-
cific and act on associated targets but some
may be destroyed due to first-pass metabo-
lism. Due to this problem, the neuro-protec-
tive and renal-protective phytocompounds
are smaller in number Combination thera-
pies for different phytocompounds might
be proved as the best and distinctive solu-
tion to this problem as one phytocompound
may mask the side effect (s) of another and
combination of different phytocompounds
can increase the health benefits. This re-
view is hoped to support future research in-
itiatives to either develop new medicinal
plant-based medications for the treatment
of diseases or carry out clinical studies to
show the benefits of phytochemistry of me-
dicinal plants.

Author Contribution

Sumaira Sharif: Writing original draft.
Quindeel Naveed: Writing original draft,
editing. Anzeela Ghaffar: Writing original
draft, conceptualization. Ghulam Mustafa:
Data curation, formal analysis, Asia Atta:
Editing, resources. Iffat Nayila: Writing
original draft. Hafsa Malik: Data curation,

Department of Life Sciences

formal analysis.
Contflict of Interest

The authors of the manuscript have no financial
or non-financial conflict of interest in the subject
matter or materials discussed in this manuscript.

Data Availability Statement

All data generated or analyzed during this study
has been included in this manuscript.

Funding Details
No funding has been received for this research.
Generative Al Disclosure Statement

Chat GPT and Al was used for the improvement
of language and grammar of this manuscript.

REFERENCES

1. Mathai K. Nutrition in the adult years.
In: Mahan LK, Escott-Stump S, eds.
Krause’s Food, Nutrition, and Diet
Therapy. 10th ed. WB Saunders;
2000:271-275.

2. Hasler CM,
Phytochemicals:
physiology. Introduction.
1999;129(3):756S-757S.
doi.org/10.1093/jn/129.3.756S

3. Walton NJ, Mayer MJ, Narbad A.

Blumberg JB.
biochemistry and
J  Nutr.

https://

Vanillin. Phytochemistry.
2003;63(5):505-515. https://doi.

org/10.1016/S0031-9422(03)00134-0

4. Teiten MH, Gaascht F, Dicato M,
Diederich M. Anticancer bioactivity of
compounds from medicinal plants used
in European medieval traditions.
Biochem Pharmacol.
2013;86(9):1239-1247.  https:/doi.
org/10.1016/j.bcp.2013.08.010

5. Zheng Z, Sun Y, Liu Z, Zhang M, Li
C, Cai H. The effect of curcumin and
its nanoformulation on adjuvant-
induced arthritis in rats. Drug Des
Devel Ther. 2015;9:4931-4942. https
://doi.org/10.2147/DDDT.S90038

UMT—127

Volume 8 Issue 2, 2026



https://doi.org/10.2147/DDDT.S90038
https://doi.org/10.2147/DDDT.S90038

Therapeutic Potential of Phytocompounds. ..

6. Oleszek M, Oleszek W. Saponins in functional activated T and B cells and
Food. Springer; 2020. treatment of glomerulonephritis in

7. Balkwill F, Mantovani A. lupus-prone mice using a natural
Inflammation and cancer: back to flavonoid astilbin. ~ PLOS  ONE.
Virchow? Lancet. 2015;10(4):e0124002. https://doi.org/
2001;357(9255):539-545. hittps:/doi. 10.1371/journal.pone.0124002
0rg/10.1016/S0140-6736(00)04046-0 14. Kim CY, Kang B, Suh HJ, Choi HS.

8. Zhao R, Liang H, Clarke E, Jackson C, Parthenolide, a  feverfew-derived
Xue M. Inflammation in chronic phytochemical, ameliorates obesity
wounds. Int J Mol  Sci. and obesity-induced inflammatory
2016;17(12):¢2085.  https:/doi.org/ responses  via the  Nrf2/Keapl
10.3390/ijms17122085 pathway. Pharmacol Res.

9. Kim HG. Ju MS. Ha SK. et al 2019;145:104259. https://doi.org/10.
Acacetin protects dopaminergic cells 101'6/1.phrs.2019.104259
against  l-methyl-4-phenyl-1,2.3,6- 13- Tsai PY, Ka SM, Chang JM, et al.
tetrahydropyridine-induced Eplgallocate'cl'nn—3-gallate prevents
neuroinflammation in vitro and in lupus nephritis development in mice
vivo. Biol Pharm Bull. via enhancing the Nrf2 antioxidant
2012;35(8):1287-1294.  hitps://doi. pathway ~and inhibiting NLRP3
org/10.1248/bpb.35.1287 inflammasome activation. Free Radic

10. Yatoo MI, Gopalakrishnan A, Saxena gwl ) Med. 201 1;5.1(3) :744._754'
A, et al. Anti-inflammatory drugs and ttps://doi.org/10.1016/j.freeradbiome
herbs with special emphasis on herbal d.2011.05.021
medicines for countering ~ 16. Kumar B, Gupta SK, Srinivasan BP, et
inflammatory diseases and disorders: a al. Hesperetin rescues retinal oxidative
review. Recent Pat Inflamm Allergy stress, _ _Ileurlomﬂlammatlon and
Drug  Discov.  2018;12(1):39-58. apoptosis in diabetic rats. Microvasc
https://doi.org/10.2174/1872213X126 Res. 2013:87:65-74. https://doi.org/
66171211114816 10.1016/j.mvr.2013.04.006

11. Wang ZL, Luo XF, Li MT, et al. 17- Yang LP, Sun HL, Wu LM, et al.
Resveratrol ~ possesses  protective Baicalein  reduces  inflammatory
effects in a pristane-induced lupus process in a rodent model of diabetic
mouse model. PLoS One. retinopathy. Invest Ophthalmol Vis Sci.
2014;9(12):¢114792.  https://doi.org/ 2009;50(5):2319-2327. https://doi.org
10.1371/journal.pone.0114792 /10.1167/i0vs.08-2408

12. Kang HK, Ecklund D, Liu M, Datta 8. Mehboob R. Global cancer burden and
SK. Apigenin, a non-mutagenic dietary its projected growth by 2050: trends,
flavonoid, suppresses lupus by disparities, and future implications.
inhibiting autoantigen presentation for Pakistan J Health Sci. 2025;6(8):1-2.
expansion of autoreactive Thl and https://doi.org/10.54393/pjhs.v6i8.346
Th17 cells. Arthritis Res Ther. 0
2009;11(2):eR59.  https://doi.org/10. 19. Luo XQ, Li A, Yang X, et al
1186/ar2668 Paconiflorin exerts neuroprotective

13. Guo L, Liu W, Lu T, et al. Decrease of effects by modulating the MI1/M2

128 B S P BioScientific Review

Volume 8 Issue 2, 2026


https://doi.org/%2010.3390/ijms17122085
https://doi.org/%2010.3390/ijms17122085
https://doi.org/10.2174/1872213X12666171211114816
https://doi.org/10.2174/1872213X12666171211114816
https://doi.org/%2010.1371/journal.pone.0114792
https://doi.org/%2010.1371/journal.pone.0114792
https://doi.org/10.%201186/ar2668
https://doi.org/10.%201186/ar2668
https://doi.org/%2010.1371/journal.pone.0124002
https://doi.org/%2010.1371/journal.pone.0124002
https://doi.org/10.%201016/j.phrs.2019.104259
https://doi.org/10.%201016/j.phrs.2019.104259
https://doi.org/10.1016/j.freeradbiomed.2011.05.021
https://doi.org/10.1016/j.freeradbiomed.2011.05.021
https://doi.org/%2010.1016/j.mvr.2013.04.006
https://doi.org/%2010.1016/j.mvr.2013.04.006
https://doi.org/10.54393/pjhs.v6i8.3460
https://doi.org/10.54393/pjhs.v6i8.3460

Sharif et al.

20.

21.

22.

23.

24.

25.

subset polarization of
microglia/macrophages in the
hippocampal CAl region of vascular
dementia rats via cannabinoid receptor
2. Chin Med. 2018;13:14. https://
doi.org/10.1186/s13020-018-0164-0

Kim MO, Moon DO, Choi YH, et al.
Platycodin D induces apoptosis and
decreases telomerase activity in human
leukemia  cells. Cancer  Lett.
2008;261(1):98-107. https://doi.org/
10.1016/j.canlet.2007.11.004

Wang Y, Huang X, Han J, Zheng W,
Ma W. Extract of Perilla frutescens
inhibits tumor proliferation of HCC via
PIBK/AKT signal pathway. Afr J
Tradit Complement Altern Med.
2013;10(2):251-257.  https://doi.org/
10.4314/ajtcam.v10i2.5

Huang CS, Lii CK, Lin AH, et al.
Protection by chrysin, apigenin, and
luteolin against oxidative stress is
mediated by the Nrf2-dependent up-
regulation of heme oxygenase 1 and
glutamate cysteine ligase in rat
primary hepatocytes. Arch Toxicol.
2013;87(1):167-178.  https://doi.org/
10.1007/s00204-012-0958-7

Wang X, Hang Y, Liu J, Hou Y, Wang
N, Wang M. Anticancer effect of
curcumin inhibits cell growth through
miR-21/PTEN/Akt pathway in breast
cancer cell. Oncol Lett.
2017;13(6):4825-4831.  https://doi.
0rg/10.3892/01.2017.6032

Androutsopoulos VP, Ruparelia K,
Arroo RR, Tsatsakis AM, Spandidos
DA. CYPl-mediated antiproliferative
activity of dietary flavonoids in MDA-
MB-468  breast cancer cells.
Toxicology. 2009;264(3):162-170.
https://doi.org/10.1016/j.t0x.2009.07.
008

Wang P, Wang B, Chung S, Wu Y,

Department of Life Sciences

26.

27.

28.

29.

30.

31.

Henning SM, Vadgama JV. Increased
chemopreventive effect by combining
arctigenin, green tea polyphenol and
curcumin in prostate and breast cancer
cells. RSC Adv. 2014;4(66):35242—
35250. https://doi.org/10.1039/
C4RA04583C

Guo YJ, Deng GF, Xu XR, et al
Antioxidant  capacities,  phenolic
compounds and  polysaccharide
contents of 49 edible macro-fungi.
Food Funct. 2012;3(11):1195-1205.
https://doi.org/10.1039/c2f01026 1 f

Yamada T, Hayasaka S, Shibata Y, et
al. Frequency of citrus fruit intake is
associated with the incidence of
cardiovascular disease: the Jichi
Medical School cohort study. J
Epidemiol. 2011;21(3):169-175.
https://doi.org/10.2188/jea.JE2010012
5

Hui Y, Chengyong T, Cheng L, Haixia
H, Yuanda Z, Weihua Y. Resveratrol
attenuates the cytotoxicity induced by
amyloid-p(1-42) in PCI12 cells by
upregulating heme oxygenase-1 via the
PI3K/Akt/Nrf2 pathway. Neurochem
Res.  2018;43(2):297-305.  https://
doi.org/10.1007/s11064-017-2370-3

Kwon SH, Ma SX, Hwang JY, Lee SY,
Jang CG. Involvement of the Nrf2/HO-
1 signaling pathway in sulfuretin-
induced protection against amyloid
beta25-35 neurotoxicity.
Neuroscience. 2015;304:14-28.
https://doi.org/10.1016/j.neuroscience.
2015.06.065

Fang J, Wang H, Zhou J, et al. Baicalin
provides neuroprotection in traumatic
brain injury mice model through
Akt/Nrf2 pathway. Drug Des Devel
Ther. 2018;12:2497-2508. https:/
doi.org/10.2147/DDDT.S169400

Xu XH, Li GL, Wang BA, et al. Diallyl

UMT—129

Volume 8 Issue 2, 2026

) K
O



https://doi.org/%2010.1016/j.canlet.2007.11.004
https://doi.org/%2010.1016/j.canlet.2007.11.004
https://doi.org/%2010.4314/ajtcam.v10i2.5
https://doi.org/%2010.4314/ajtcam.v10i2.5
https://doi.org/%2010.1007/s00204-012-0958-7
https://doi.org/%2010.1007/s00204-012-0958-7
https://doi.org/10.1016/j.tox.2009.07.008
https://doi.org/10.1016/j.tox.2009.07.008
https://doi.org/10.1039/%20C4RA04583C
https://doi.org/10.1039/%20C4RA04583C
https://doi.org/10.1039/c2fo10261f
https://doi.org/10.2188/jea.JE20100125
https://doi.org/10.2188/jea.JE20100125
https://doi.org/10.1016/j.neuroscience.2015.06.065
https://doi.org/10.1016/j.neuroscience.2015.06.065

Therapeutic Potential of Phytocompounds. ..

32.

trisulfide protects against oxygen
glucose deprivation-induced apoptosis
by scavenging free radicals via the
PI3K/Akt-mediated Nrf2/HO-1
signaling pathway in B35 neural cells.
Brain Res. 2015;1614:38-50. https://
doi.org/10.1016/j.brainres.2015.04.00
6

Gao Y, Xu X, Chang S, et al. Totarol
prevents neuronal injury in vitro and
ameliorates brain ischemic stroke:
potential roles of Akt activation and
HO-1 induction.  Toxicol Appl
Pharmacol. 2015;289(2):142—154.
https://doi.org/10.1016/j.taap.2015.06.
013

37.

38.

39.

Shim SB, Lee SH, Chae KR, et al.
Nicotine leads to improvements in
behavioral impairment and an increase
in the nicotine acetylcholine receptor
in transgenic mice. Neurochem Res.
2008;33(9):1783—-1788.  https://doi.
org/10.1007/s11064-008-9608-1

Anandhan A, Tamilselvam K, Radhiga
T, Rao S, Essa MM, Manivasagam T.
Theaflavin, a black tea polyphenol,
protects nigral dopaminergic neurons
against chronic MPTP/probenecid-
induced Parkinson’s disease. Brain
Res. 2012;1433:104-113. https://doi.
org/10.1016/j.brainres.2011.11.046

Yang R, Liu S, Zhou J, Bu S, Zhang J.

33. Alam S, Sarker MMR, Sultana TN, et Andrographolide attenuates microglia-
al. Antidiabetic phytocompounds from mediated AP neurotoxicity partially
medicinal plants: prospective through inhibiting NF-xB and JNK
candidates for new drug discovery and MAPK signaling pathway.
development.  Front  Endocrinol Immunopharmacol  Immunotoxicol.
(Lausanne). 2022;13:e800714. https:// 2017;39(5):276-284. https://doi.org/
doi.org/10.3389/fend0.2022.800714 10.1080/08923973.2017.1342450

34. Liu 'Y, Bian Y, Luo X, et al. 40. Zhang L, Wang X, Zhang L, Virgous
Synergistic effect of docosahexaenoic C, Si H. Combination of curcumin and
acid or conjugated linoleic acid with luteolin synergistically inhibits TNF-
caffeic acid on ameliorating oxidative a-induced vascular inflammation in
stress of HepG2 cells. J Food Sci. human vascular cells and mice. J Nutr
2021;86(7):3240-3251.  https:/doi. Biochem. 2019;73:¢108222.
org/10.1111/1750-3841.15887 https://doi.org/10.1016/j.jnutbio.2019.

35. Venkatesan R, Ji E, Kim SY. 108222
Phytocompounds that regulate  41. Li F, Wang HD, Lu DX, Wang YP, Qi
neurodegenerative disease by targeting RB, Fu YM, Li CJ. Neutral sulfate
neurotrophins: a  comprehensive berberine modulates cytokine
review. Biomed Res Int. secretion and increases survival in
2015;2015:e814068.  https://doi.org/ endotoxemic mice. Acta Pharmacol
10.1155/2015/814068 Sin.  2006;27(9):1199-1205. https://

36. Kumar R, Verma V, Jain A, Jain RK, doi.org/10.1111/5.1745-

Maikhuri JP, Gupta G. Synergistic 7254.2006.00327.x

chemoprotective ~ mechanisms  of 42, Kumari P, Khatkar B, Duhan A. Aonla
dietary phytoestrogens in a select phytocompounds: extraction,
combination against prostate cancer. J identification and quantification. J
Nutr Biochem. 2011;22(8):723-731. Food Sci Technol. 2019;56(4):2278—
https://doi.org/10.1016/j.jnutbio.2010. 2286. https://doi.org/10.1007/s13197-
02.009 019-03686-5

130 BS P BioScientific Review

Volume 8 Issue 2, 2026


https://doi.org/10.1016/j.taap.2015.06.013
https://doi.org/10.1016/j.taap.2015.06.013
https://doi.org/%2010.1155/2015/814068
https://doi.org/%2010.1155/2015/814068
https://doi.org/10.1016/j.jnutbio.2010.02.009
https://doi.org/10.1016/j.jnutbio.2010.02.009
https://doi.org/%2010.1080/08923973.2017.1342450
https://doi.org/%2010.1080/08923973.2017.1342450
https://doi.org/10.1016/j.jnutbio.2019.108222
https://doi.org/10.1016/j.jnutbio.2019.108222
https://doi.org/10.1007/s13197-019-03686-5
https://doi.org/10.1007/s13197-019-03686-5

Sharif et al.

43.

44.

45.

46.

47.

48.

49.

Gharagozloo M, Velardi E, Bruscoli S,
et al. Silymarin suppresses CD4+ T
cell activation and proliferation:
effects on NF-kB activity and IL-2
production. Pharmacol Res.
2010;61(5):405-409. https://doi.org/
10.1016/j.phrs.2010.02.005

Guo HW, Yun CX, Hou GH, et al.
Mangiferin  attenuates = THI1/TH2
cytokine imbalance in an ovalbumin-
induced asthmatic mouse model. PLoS
One.  2014;9(6):100394.  https://
doi.org/10.1371/journal.pone.0100394
Chiang LC, Ng LT, Chiang W, Chang
MY, Lin CC. Immunomodulatory
activities of flavonoids,
monoterpenoids, triterpenoids, iridoid
glycosides and phenolic compounds of
Plantago  species. Planta  Med.
2003;69(7):600-604. https://doi.org/
10.1055/5-2003-40783

Pandey S, Cabot PJ, Shaw PN,
Hewavitharana AK. Anti-
inflammatory and immunomodulatory
properties of Carica papaya. J
Immunotoxicol. 2016;13(4):590-602.
https://doi.org/10.1080/1547691X.201
6.1213324

Bennett RN, Shiga TM, Hassimotto
NMA, Rosa EA, Lajolo FM,
Cordenunsi  BR.  Phenolics and
antioxidant properties of fruit pulp and
cell wall fractions of postharvest
banana (Musa acuminata Juss.)
cultivars. J Agric Food Chem.
2010;58(13):7991-8003.
https://doi.org/10.1021/jf101145r

He Y, Xiao C, Wang Y, et al
Antioxidant and anti-inflammatory
effects of cyanidin from cherries on rat
adjuvant-induced arthritis. Zhongguo
Zhong Yao Za Zhi. 2005;30(20):1602—
1605.

Rechner AR, Kroner C. Anthocyanins

Department of Life Sciences

50.

51.

52.

53.

54.

55.

and colonic metabolites of dietary
polyphenols inhibit platelet function.
Thromb Res. 2005;116(4):327-334.
https://doi.org/10.1016/j.thromres.200
5.04.003

Singh B, Singh JP, Kaur A, Singh N.
Bioactive compounds in banana and
their associated health benefits: a
review. Food Chem. 2016;206:1-11.
https://doi.org/10.1016/j.foodchem.20
16.03.033

Rasool M, Varalakshmi P.
Immunomodulatory role of Withania
somnifera root powder on
experimental induced inflammation:
an in vivo and in vitro study. Vasc
Pharmacol. 2006;44(6):406—410.
https://doi.org/10.1016/j.vph.2006.02.
002

Lu DY, Chen EH, Wu HY, Lu TR, Xu
B, Ding J. Anticancer drug
combinations, how far we can go

through? Anticancer Agents Med
Chem. 2017;17(1):21-28.  https://

doi.org/10.2174/18715206166661611
28143146

Heeba GH, Mahmoud ME, El Hanafy
AA. Anti-inflammatory potential of
curcumin and quercetin in rats: role of
oxidative stress, heme oxygenase-1
and TNF-a. Toxicol Ind Health.
2014;30(6):551-560.  https://doi.org
/10.1177/0748233712463440

Oriakhi K, Orumwensodia KO.
Combinatorial effect of gallic acid and
catechin on some biochemical and pro-
inflammatory markers in CCl4-
mediated hepatic damage in rats.
Phytomed Plus. 2021;1(1):¢100017.
https://doi.org/10.1016/j.phyplu.2021.
100017

Zaky A, Bassiouny A, Farghaly M, El-
Sabaa BM. A combination of
resveratrol and curcumin is effective

UMT—131

Volume 8 Issue 2, 2026

) K
O



https://doi.org/%2010.1016/j.phrs.2010.02.005
https://doi.org/%2010.1016/j.phrs.2010.02.005
https://doi.org/%2010.1055/s-2003-40783
https://doi.org/%2010.1055/s-2003-40783
https://doi.org/10.1080/1547691X.2016.1213324
https://doi.org/10.1080/1547691X.2016.1213324
https://doi.org/10.1021/jf101145r
https://doi.org/10.1016/j.thromres.2005.04.003
https://doi.org/10.1016/j.thromres.2005.04.003
https://doi.org/10.1016/j.foodchem.2016.03.033
https://doi.org/10.1016/j.foodchem.2016.03.033
https://doi.org/10.1016/j.vph.2006.02.002
https://doi.org/10.1016/j.vph.2006.02.002
https://doi.org/10.1016/j.phyplu.2021.100017
https://doi.org/10.1016/j.phyplu.2021.100017

Therapeutic Potential of Phytocompounds. ..

56.

57.

58.

59.

60.

against aluminum chloride-induced
neuroinflammation in  rats. J
Alzheimers Dis. 2017;60(s1):S221—
S235.  https://doi.org/10.3233/JAD-
170333

Chen J, Li DL, Xie LN, et al.
Synergistic anti-inflammatory effects
of silibinin and thymol combination on
LPS-induced RAW264.7 cells by
inhibition of NF-«xB and MAPK
activation. Phytomedicine.
2020;78:¢153309. https://doi.org/10.
1016/j.phymed.2020.153309

Mohammed FZ, Al-Hussaini ASE-D,
El-Shehabi =~ ME-S.  Antidiabetic
activity of caffeic acid and 18f-
glycyrrhetinic acid and its relationship
with the antioxidant property. Asian J
Pharm Clin Res. 2015;8(5):229-235.

Al-Otaibi SS, Arafah MM, Sharma B,
Alhomida AS, Siddiqi NJ. Synergistic
effect of quercetin and a-lipoic acid on
aluminium chloride induced
neurotoxicity in rats. J Toxicol.
2018;2018:e2817036. https://doi.org/
10.1155/2018/2817036

Majumdar AP, Banerjee S, Nautiyal J,
Patel BB, Patel V, Du J, Sarkar FH.
Curcumin synergizes with resveratrol
to inhibit colon cancer. Nutr Cancer.
2009;61(4):544-553. https://doi.org/
10.1080/01635580902825733

Aromokeye R, Si H. Combined
curcumin and luteolin synergistically
inhibit colon cancer associated with
Notchl and TGF-f signaling pathways
in cultured cells and xenograft mice.
Cancers (Basel). 2022;14(12):¢2934.
https://doi.org/10.3390/cancers141229
34

62.

63.

64.

65.

66.

on key enzymes linked to Alzheimer’s
disease and some pro-oxidant induced
oxidative stress in rats’ brain in vitro.
Neurochem Res. 2013;38(2):413-419.
https://doi.org/10.1007/s11064-012-
0875-5

Rinwa P, Kumar A, Garg S.
Suppression of neuroinflammatory and
apoptotic  signaling cascade by
curcumin alone and in combination
with piperine in rat model of olfactory
bulbectomy-induced depression.
PLOS ONE. 2013;8(4):¢61052. https:/
doi.org/10.1371/journal.pone.0061052

Wu T, Fang X, Xu J, Jiang Y, Cao F,
Zhao L. Synergistic effects of
ginkgolide B and protocatechuic acid
on the treatment of Parkinson’s
disease. Molecules. 2020;25(17):3921.
https://doi.org/10.3390/molecules251
73921

Zhang BW, Li X, Sun WL, Xing Y,
Xiu ZL, Zhuang CL, Dong YS. Dietary
flavonoids and acarbose
synergistically inhibit o-glucosidase
and lower postprandial blood glucose.

J Agric Food Chem.
2017;65(38):8319-8330.  https://doi.

org/10.1021/acs.jafc.7b03315

Feng WW, Kuang SY, Tu C, et al.
Natural products berberine and
curcumin exhibited better ameliorative
effects on rats with non-alcohol fatty
liver disease than lovastatin. Biomed
Pharmacother. 2018;99:325-333.
https://doi.org/10.1016/j.biopha.2018.
01.110

Schlernitzauer A, Oiry C, Hamad R, et
al. Chicoric acid is an antioxidant
molecule that stimulates AMP kinase
pathway in L6 myotubes and extends

61. XZOh .(1}’ Afgunll;ge OI\A/IziAfkmg/eml éA‘ AJ’ lifespan in Caenorhabditis elegans.
emiuyl 4 ciegha — SA. PLOS ONE. 2013;8(11):¢78788.
Comparative study on the inhibitory https://doi.org/10.1371/journal.pone.0
effect of caffeic and chlorogenic acids . ' ’ ’ ’
078788
132 BS P BioScientific Review

Volume 8 Issue 2, 2026


https://doi.org/10.3233/JAD-170333
https://doi.org/10.3233/JAD-170333
https://doi.org/10.%201016/j.phymed.2020.153309
https://doi.org/10.%201016/j.phymed.2020.153309
https://doi.org/%2010.1155/2018/2817036
https://doi.org/%2010.1155/2018/2817036
https://doi.org/%2010.1080/01635580902825733
https://doi.org/%2010.1080/01635580902825733
https://doi.org/10.3390/cancers14122934
https://doi.org/10.3390/cancers14122934
https://doi.org/10.1007/s11064-012-0875-5
https://doi.org/10.1007/s11064-012-0875-5
https://doi.org/10.3390/molecules25173921
https://doi.org/10.3390/molecules25173921
https://doi.org/10.1016/j.biopha.2018.01.110
https://doi.org/10.1016/j.biopha.2018.01.110

	BSR 8-2-8 md
	8_8086_Formatted



