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ARTICLEINFO ABSTRACT

Article type:
Review

Alhagi maurorum Medik. (A. maurorum), belongingtot.2\ ~bace ae family, a desert-adapted botanical
with deep ethnomedicinal roots, has recently = e.. 1 atteniuon for its multifaceted pharmacologic
potential. This narrative review explores the anti-. xidant, anti-inflammatory, anti-apoptotic,
anticancer, and immunomodulatory propertie. of A. maudrorum, emphasizing its mechanistic depth
and translational relevance across preclinical co. *exts. A systematic literature search was conducted
until June 2026 using multiple scientii, - databases, including Google Scholar, PubMed, and Scopus.
In vitro and in vivo studies investigatin ‘he pharmacological effects and mechanistic pathways of
A. maurorum were searched. The e iden.~ demonstrates that A. maurorum exerts anti-oxidant
activity via ROS scavenging and N-“/k 0-1. mediated up-regulation of endogenous defenses. Its anti-
inflammatory effects stem from NF-kB and COX-2, coupled with enhanced expression of IL-4 and
IL-10. Immunomodulation is =chic «ed “arough mucosal immune engagement, IgA transport, dendritic

Article history:
Received: Apr 5, 2026
Accepted: Aug 15, 2026

Keywords:
Anti-oxidants
Cyclooxygenase2
Dendritic cells
Immunoglobulins

Inflammation cell maturation, and T-helper cc™' moaulation. Anti-apoptotic effects are driven by caspase suppression,
Integrative medicine Bax down-regulation, ana BcirZ up-regulation, while anticancer properties include selective
Interleukins cytotoxicity, anti-metasta ‘c sigr aling inhibition, and nanoparticle biosynthesis for targeted delivery. By
Neoplasms integrating traditional r-otai.._ul knowledge with molecular pharmacology, A. maurorum emerges as a

transdisciplinary ~a~didatz for future biotherapeutic development. Its systemic efficacy, mechanistic
versatility, and =olog. .. adaptability collectively position it as a promising agent in the advancement
of evidence: uase ' integrative medicine. However, future research must address pharmacokinetics,
dose optinu ation, and safety profiling. Well-designed clinical trials are urgently needed to validate
efficacy, . ~ses: 'ong-term tolerability, and guide standardized formulation development.
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Introduction
Human chronic pathologies rarely stem from a singular

in isolation, oxidative stress is tightly interwoven with
inflammatory signaling pathways (4, 5). ROS, through

molecular disturbance; rather, they emerge from a complex
network of interdependent biochemical dysregulations (1).
At the forefront of these perturbations lies oxidative stress,
a condition arising when reactive oxygen and nitrogen
species (ROS/RNS) are generated in quantities that
surpass the neutralizing capacity of intrinsic anti-oxidant
defenses (2). The resultant redox imbalance precipitates
a cascade of cellular injuries, including lipid membrane
disruption, nucleic acid fragmentation, and protein
misfolding, collectively undermining cellular architecture
and physiological performance (3). Far from functioning

their modulatory effects, enhance the activation of redox-
sensitive transcription factors such as nuclear factor kappa
B (NF-kB) and activator protein 1 (AP-1) (6, 7). This leads
to the transcriptional amplification of inflam matory
mediators including tumor necrosis factor-alpha (TNF-a),
interleukins (IL)-6, IL-1B, chemokines, and adhesion
molecules, all of which act synergistically to intensify and
spatially anchor the inflammatory response (8, 9).

As inflammatory processes persist, they begin to disrupt
the finely tuned balance of apoptotic regulation and immune
system functionality (10). Aberrant activation of caspases,
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along with altered mitochondrial membrane permeability,
promotes premature apoptosis in immune cells, a disruption
that compromises tissue repair and destabilizes cellular
homeostasis (11). In parallel, this apoptotic dysregulation
facilitates the survival of genetically abnormal cells that
evade immunological detection, a vulnerability further
aggravated by systemic immune dysfunction (12). The
immunological dysfunction is reflected in an imbalanced
distribution of T cell subsets, impaired surveillance by
dendritic cells, and increased expression of immune-
inhibitory checkpoints that facilitate tumor growth (13). As
a result, the immune system may become either ineffective
or, paradoxically, contribute to cancer development (14).

Cancer involves a complex interplay of oxidative stress,
persistent inflammation, disrupted apoptosis, and immune
evasion. Within the tumor microenvironment, these
processes converge: oxidative deoxyribonucleic acid (DNA)
damage drives genomic instability, inflammation promotes
progression, apoptotic failure ensures cell survival, and
compromised immunosurveillance allows for tumor
escape (15, 16). Importantly, this mechanistic interplay
extends beyond oncology. Similar molecular disruptions
underpin the pathogenesis of metabolic syndromes
including diabetes (17), neurodegenerative diseases (18),
cardiovascular pathologies (19), autoimmune disorders (20-
22), and malignancies (23). Unraveling and therapeutically
modulating this interconnected network of biological
dysfunctions is essential for advancing precision medicine
and designing innovative therapies with relevance across
multiple disease states.

Considering the complexity of disease mechanist =,
conventional monotherapies targeting single path=ays
often show limited efficacy in multifactorial conditions
Issues such as drug resistance, adverse effc's, v
limited accessibility have increased interest in 'ntegrative,
biocompatible, and mechanistically vers;‘ile .. .apies.
Medicinal plants and their bioactive .comyp >unds have
long contributed to the prevention ai.i treatment of
diverse diseases (24). Among thése, .‘lhi.gi maurorum
(A. maurorum), commonly” knowr as camelthorn, is a
perennial Fabaceae shrub | ‘haracterized by thorny, highly
branched stems and an exte. ~ive rost system. Its roots may
reach depths of up to 15 m, supporting vegetative spread
and ecological establishment in arid environments. For
centuries, its roots, aerial parts, and sugary exudate known
as manna have been used in traditional medicine across the
Middle East, North Africa, and Central Asia, particularly
for hepatic, gastrointestinal, and urinary disorders (25).
Across traditional medical systems in Pakistan, Saudi
Arabia, and Uzbekistan, A. maurorum has been employed
in the treatment of a diverse array of conditions, including
chronic ulceration, hemorrhoid inflammation, respiratory
ailments such as cough, musculoskeletal discomforts like
rheumatic pain and angina, as well as dermatological issues
and gastric inflammation (26). Notably, the plant’s manna
has been historically credited with purgative, cleansing,
and fever-reducing effects, as well as managing hepatic
bile imbalances and pulmonary disorders (26). In Iran, A.
maurorum, commonly referred to as KharShotor, has long
been recognized for its medicinal properties. Traditionally, it
hasbeen employed to alleviate constipation due to its laxative
effects, to clear respiratory passages as an expectorant, and
to treat ailments related to the urinary tract. Additionally, it
has been used to help neutralize excess stomach acid (27).
In traditional Persian medicine, A. maurorum, known as
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“Haj” or “Khar Shotor,” is described as having a hot and
very dry temperament. It has been traditionally used to
relieve internal obstructions, counteract poisons, and treat
hemorrhoids through infusions, topical preparations, or
vapor. Its juice was also applied for mild ocular opacity,
while nasal administration of its extract followed by violet
oil inhalation was recommended for chronic phlegm. In
addition, oil prepared from fresh leaves was used for joint
pain and cold-natured conditions, and the flowers were
considered beneficial for hemorrhoids (28, 29).

A. maurorum is increasingly recognized for its
multifaceted pharmacological activities, most notably its
anti-oxidant (30, 31), anti-inflammatory (32), anticancer
(33), and immunomodulatory (34) effects. These bio-
functional properties have made it an attractive candidate in
the search for therapeutic agents targeting oxidative stress,
chronic inflammation, and iiumune system dysregulation.

A diversearray of bioactiv > compounds hasbeen extracted
from A. maurorum, includn > flavonoids and alkaloids
such as naringenin 5-mci ! ety or 4-glucoside, quercetin,
leucodelphinidin, gallcatechin, and epigallocatechin.
Additional constituzi.o I nalsolidine, N-methylmescaline,
hordenine, 3,4-d hydrcxy-phenethyltrimethylammonium
hydroxide. an? N-..»*liylphenethylamine have also been
identificd. . arti.>r phytochemical investigations revealed
the pre.nce of isorhamnetin, kaempferol variants, and
chrysoerio. derivatives. Moreover, key phenolic compounds
such as hycroxybenzoic acid, coumaric acid, cinnamic
acid, and beta-sitosterol have been recognized as major
¢\ nstit.ents of this plant (27).

rieclinical evidence suggests that effective in vivo doses
of A. maurorum commonly range from 100 to 500 mg/kg,
depending on the extract, model, and administration route
(35). In humans, limited clinical evidence has reported the
use of 1 g/day hydroalcoholic aerial extract for 2 weeks
without significant complications in patients with kidney
and upper ureteral stones (36). However, current data remain
insufficient to establish a standardized safe human dose range.

This review critically examines current scientific findings
on the pharmacological effects of A. maurorum, with a focus
on its anti-oxidant, anti-inflammatory, anti-apoptotic, anti-
cancer, and immune-regulating properties. By outlining the
molecular and cellular mechanisms behind these actions,
it highlights the therapeutic potential of A. maurorum as a
natural agent in modern biomedical and pharmacological
contexts. A clearer understanding of these pathways
may inform new strategies for preventing and managing
disorders driven by oxidative stress, chronic inflammation,
apoptosis, and immune imbalance.

Methods

A systematic literature search was conducted until
June 2026 using multiple scientific databases, including
Google Scholar, PubMed, and Scopus. The search strategy
employed targeted keywords such as “camelthorn’, “Alhagi
maurorum’, “Taranjabin”, and mechanistic descriptors like
“anti-inflammation”, “inflammation”, “anti-inflammatory”,
“inflammatory”, “oxidative stress”, “anti-oxidant”, “oxidative
damage”, “oxidative injury’, “anti-apoptotic’, “apoptosis’,
“apoptotic”, “immunomodulatory”, “immunoregulatory”,
“immune system’, “anti-tumor”, “anti-cancer”, “cancer’, and
“malignancy’, specifically within article titles. Only English-
language publications appearing in peer-reviewed journals
were considered eligible for inclusion.

The selection criteria prioritized studies that: (1)

investigated the anti-oxidant, anti-inflammatory, anti-
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apoptotic, anti-cancer, or immunomodulatory properties
of A. maurorum or its isolated constituents across in vitro,
in vivo, or clinical models; (2) elucidated mechanistic
pathways or molecular targets underlying these effects;
and (3) utilized either purified A. maurorum-derived
compounds or standardized extracts of A. maurorum.
Studies were excluded if they: (1) focused on species other
than A. maurorum; (2) combined A. maurorum with other
pharmacological agents or botanical substances; or (3)
comprised secondary literature such as reviews, meta-
analyses, letters, editorials, or conference abstracts.

Results
Anti-oxidant effects

Metabolic pathways with both catabolic and anabolic
roles, particularly the tricarboxylic acid cycle and the
mitochondrial electron transport chain, are major
sources of ROS, generating free radicals as byproducts
of energy metabolism (37). Oxidative stress occurs when
ROS production exceeds the body’s anti-oxidant defense
capacity, resulting in cellular dysfunction and tissue damage
(38). As oxidative markers accumulate, they provoke the
degradation of key biomolecules, namely nucleic acids,
proteins, and lipids, thereby fueling the progression of
disorders linked to oxidative imbalance (39). A growing
body of evidence implicates oxidative stress as a pathogenic
factor in a broad spectrum of diseases, including diabetes
(40, 41), cardiovascular pathologies (42), neurodegenerative
conditions (43), oncogenesis (23, 44), and the biological
processes underlying aging (45).

In response to elevated ROS levels and oxidative damage,
cells initiate adaptive defense mechanisms aimed at
preserving homeostasis and preventing further injury. Tt .
involves a tightly regulated network of molecular sensors<ad
transcriptional activators that modulate gene expression in
favor of cytoprotection (46). Among these, redox=s. as.
signaling pathways, most notably those involvii ¢ nu<lear
factor erythroid 2-related factor 2 (Nrf2) an'' NF-.._, play
central roles in orchestrating cellular resili<nce « ~d survival
under stress conditions. Nrf2 is a pivotar vedox-sensitive
transcription factor that regulates cevilar defense by
activating anti-oxidant genes-via the 'nti-oxidant response
element (ARE) enhancer, pa: ticularly unaer oxidative stress.
Its activity is modulated thro. ~h Kelch-like ECH-associated
protein 1 (Keapl) interactic ;" epigenetic cues, and
phosphoinositide 3-kinases (PI3K)/protein kinase B (Akt)
signaling. Similarly, NF-kB coordinates inflammatory and
stress responses, with canonical and noncanonical pathways
directing gene transcription via dynamic dimerization and
inhibitor of kappa B (IkB) regulation (47).

To counteract the detrimental effects of oxidative stress,
cells are equipped with a sophisticated anti-oxidant network
comprising both enzymatic and non-enzymatic systems.
Key enzymatic anti-oxidants include superoxide dismutase
(SOD), catalase (CAT), and glutathione peroxidase
(GPx), which operate in concert to detoxify ROS (46).
SOD catalyzes the dismutation of superoxide anions into
hydrogen peroxide, which is subsequently decomposed
into water and oxygen by CAT (48). Simultaneously, GPx
uses reduced glutathione (GSH) as a substrate to eliminate
hydrogen peroxide and lipid peroxides, maintaining cellular
redox homeostasis (49, 50). Non-enzymatic anti-oxidants,
such as vitamins C and E, and polyphenols, also scavenge
free radicals and modulate redox signaling (46).

Due to this complex involvement, bioactive compounds
with anti-oxidant capabilities have emerged as promising
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therapeutic candidates for managing oxidative stress-
associated conditions (51). Among natural sources,
several herbal medicines have garnered attention for their
potent anti-oxidant properties. The following section will
explore current experimental and clinical findings on the
anti-oxidant activities of A. maurorum, highlighting its
therapeutic relevance in the context of oxidative stress-
related pathologies.

In vitro
Platelets

In an in vitro study exploring the anti-oxidant potential
of A. maurorum, the phenolic-rich root fraction was
evaluated for its capacity to counteract oxidative damage in
human plasma and platelets exposed to hydrogen peroxide
(H,O,). Treatment with A. maurorum extract significantly
attenuated protein oxidation-as indicated by preserved thiol
group levels-and suppressed lipid peroxidation, evidenced
by reduced thiobarbituric acid reactive substances
(TBARS). Compared to comi. “rcial phenolic extracts (from
resveratrol, Yucca schidigera, nd Aronia melanocarpa),
A. maurorum showed supc ior anti-oxidant properties,
although differences wer« not statistically significant (52).

In vivo
Digestive s::+ten.
In < rat modl-l of aspirin-induced gastric injury,

ethanolic  xtract of A. maurorum demonstrated protective
efacts comp rable to ranitidine. The extract significantly
atte. mated gastric acid output and oxidative stress markers
such «» malondialdehyde (MDA), while restoring GSH
ley s 3oth plant extract and ranitidine preserved liver
envyme profiles, improved lipid risk ratios, and reduced
£ osidase, a tumor-associated glycosidase (53).

A. maurorum aqueous extract exerted a robust
hepatoprotective effect against norfloxacin-mediated
oxidative insult. Co-treatment led to significant reductions
in serum alkaline phosphatase and transaminases
(AST, ALT), indicative of attenuated hepatic damage.
Enhanced anti-oxidant enzyme activities and reduced
lipid peroxidation levels within hepatic tissue confirmed
its oxidative stress-modulating capabilities. Histological
evaluations corroborated these findings, showing near-
normal liver histo-architecture and absence of necrotic or
inflammatory changes in rats receiving both norfloxacin
and the plant extract (54).

In a murine model of cyclophosphamide-induced
toxicity, Alhagi honey-derived polysaccharides exhibited
pronounced protective effects on both immune and
intestinal systems. Alhagi honey-derived polysaccharides
treatment  counteracted  cyclophosphamide-mediated
immunosuppression by preserving spleen and thymus
indices, maintaining body weight, and enhancing
Peyer’s patch counts. Cytokine analysis revealed elevated
serum levels of IL-2, IL-6, and TNF-q, indicating an
immunostimulatory response. On theintestinal front, Alhagi
honey-derived polysaccharides significantly improved anti-
oxidant status, as evidenced by increased SOD activity and
B-defensin expression, alongside reductions in MDA and
diamine oxidase levels, thereby mitigating oxidative and
enzymatic damage. Furthermore, Alhagi honey-derived
polysaccharides restored gut epithelial integrity, reversing
CY-induced declines in villus architecture and immune cell
populations, and normalizing the expression of tight junction
and mucosal barrier proteins (zonula occludens-1 (ZO-1),
mucin-2, E-cadherin, and occludin), as well as short-chain



Ghasemzadeh Rahbardar et al.

fatty acid levels. Mechanistically, Alhagi honey-derived
polysaccharides modulated mitogen-activated protein
kinase (MAPK) signaling by enhancing phosphorylated
extracellular signal-regulated kinase (p-ERK) expression
while suppressing phosphorylated c-Jun N-terminal kinase
(p-JNK) and p-p38 activation, suggesting a pathway-level
attenuation of cyclophosphamide toxicity (55).

Administration of A. maurorum ethanolic extract
significantly mitigated oxidative stress in mice subjected to
concanavalin A-induced hepatitis. A. maurorum ethanolic
extract treatment led to a marked reduction in hepatic levels
of nitric oxide (NO), MDA, and NF-«B signaling, while
effectively restoring GSH concentrations (56).

Dietary supplementation with A. maurorum powder at
graded concentrations to rats with carbon tetrachloride
(CCly)-induced hepatotoxicity resulted in dose-dependent
hepatoprotective effects. Treated subgroups exhibited
significant improvements in both body and liver weights,
alongside notable reductions in serum markers of hepatic
injury, including ALT, AST, alkaline phosphatase (ALP),
and total bilirubin. At the oxidative level, A. maurorum
supplementation markedly decreased hepatic MDA
concentrations and enhanced GSH content (57).

A study on broiler chickens evaluated the effects of
dietary supplementation with A. maurorum essential
oil on intestinal morphology and anti-oxidant status.
Supplementation with different levels of A. maurorum
essential oil improved jejunal structure compared with
the control diet, as reflected by increased villus height and
a higher villus height-to-crypt depth ratio. These changes
suggest enhanced intestinal absorptive surface area and
potentially improved digestive efficiency. In additic .
higher supplementation levels, particularly 0.75% aad 1%,
significantly increased CAT activity and total ani.-c.7idart
capacity, indicating strengthened anti-oxid-n. defense
mechanisms (58).

Endocrine system

Administration of aqueous and ¢ “enolic extracts
of A. maurorum to streptzotocin-induced diabetic
rats significantly mitigated the metabolic and oxidative
disturbances associated with diabetes mellitus. Both extracts
attenuated hyperglycemia and dyslipidemia, MDA, and
bilirubin, alongside decreased transaminase and glutathione
reductase activities. Despite persistent insulin deficiency,
the extracts restored anti-oxidant defenses by elevating
SOD, GPx, glutathione S-transferase (GST) activities and
GSH levels. Histopathological assessments also revealed
diminished hepatic damage (59).

Nervous system

Aqueous extract of A. maurorum administered at graded
doses exhibited notable analgesic and anti-oxidant effects.
The extract significantly attenuated formalin-induced paw
edema in a dose-dependent manner across both neurogenic
and inflammatory phases, paralleling the efficacy of
diclofenac sodium. Analgesic action was supported by
reduced licking behavior during both early and late phases
of formalin exposure. Anti-oxidant evaluation revealed
a marked decline in MDA levels and enhanced total anti-
oxidant capacity, comparable to acetylsalicylic acid (60).

In a study exploring the neuroprotective effects of A.
maurorum ethanolic extract in lead-exposed rats, daily
administration of the extract markedly mitigated lead-
induced toxicity. Lead exposure triggered behavioral
disturbances, including heightened locomotor activity and
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sensorimotor deficits, alongside reduced dopamine levels
in the brain. Biochemically, it induced histopathological
damage in brain tissue. These effects were accompanied by
pronounced oxidative stress, evidenced by increased MDA
and down-regulated anti-oxidant defenses, specifically
reduced GSH, suppressed enzymatic activity, and lower
messenger ribonucleic acid (mRNA) expression of anti-
oxidant genes. Co-treatment with A. maurorum extract
counteracted these disruptions, restoring anti-oxidant
balance (61).

Ethanolic extract of A. maurorum showed substantial
neuroprotective efficacy in a rat model investigating
topiramate-induced neurotoxicity. Topiramate exposure led
to elevated levels of oxidative stress markers neurospecific
enolase, s100, serum phosphorylated neurofilament-H, and
acetylcholinesterase, as well as . minished transcriptional
expression of anti-oxidant genes .2 sciatic nerve tissue.
Histopathological analysis re 2aled structural nerve
damage, increased nitrotvr sine expression, and altered
myelin integrity. Coaver.:ly, co-administration of A.
maurorum extract s ~red anti-oxidant gene expression
and normalizC " ox. ative and neural biomarkers, with no
signs of ne. -oto .icity 52).

Reng. system

Asscoving  the protective effects of A. maurorum
again:t ¢ platin-induced nephrotoxicity, the extract
cevioncvuted significant anti-oxidant effects in rats.
Cispletin administration led to elevated serum creatinine,
urea-nitrogen, and imbalanced renal electrolyte handling,
wongside oxidative stress evidenced by increased MDA
and reduced ferric-reducing anti-oxidant power (FRAP).
Oral supplementation with A. maurorum ameliorated
these biochemical abnormalities, restoring renal function
markers and anti-oxidant capacity. Histological evaluation
confirmed reduced kidney tissue damage in treated groups
(63).

Concurrent administration of A. maurorum aqueous
extract  significantly  alleviated norfloxacin-induced
nephrotoxicity. The treatment notably reduced serum
markers of kidney dysfunction, including urea, creatinine,
and uric acid, suggesting improved renal filtration and
reduced tissue injury. Anti-oxidant restoration was
evident in the kidney tissues, where the extract reversed
norfloxacin-induced elevations in MDA and restored the
activities of CAT, GPx, and SOD. Histopathological analysis
further supported these biochemical improvements,
demonstrating preserved renal architecture and reduced
cellular degeneration in the co-treated group (54, 64).

In a murine model of acetaminophen-induced
nephrotoxicity, pre-treatment with ethanol extract of
A. maurorum roots demonstrated a dose-dependent
renoprotective effect. It mitigated the rise in serum urea
and creatinine, indicating preserved renal function.
Furthermore, A. maurorum extract significantly improved
anti-oxidant status, evidenced by elevated levels of CAT,
SOD, and GSH, counteracting oxidative stress triggered
by acetaminophen exposure. Histological examination
corroborated these findings, revealing reduced renal
structural damage in A. maurorum-treated groups (65).

Dietary supplementation with A. maurorum bread in a
CCls-induced nephrotoxicity model in rats demonstrated
dose-dependent renoprotective and anti-oxidant effects.
Rats exposed to CCl, exhibited elevated serum urea,
creatinine, lipid parameters, and MDA, alongside
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significant reductions in GPx and TAC. However, the
administration of A. maurorum bread attenuated these
biochemical alterations, restoring kidney function markers
and enhancing anti-oxidant defenses (66).

Administration of A. maurorum extract demonstrated
marked anti-oxidant effects in lead-exposed rats. Specifically,
co-treatment with the extract significantly reduced MDA
accumulation in renal tissues. This anti-oxidant protection
was further substantiated by the restoration of GSH levels
and the enzymatic activities of CAT and SOD, both of which
were depleted following lead intoxication. The extracts
phenolic profile (quercetin, rutin, and orientin) likely
contributed to its ability to scavenge ROS and preserve
redox balance in the kidneys. At the molecular level, A.
maurorum up-regulated Nrf2 and heme oxygenase-1 (HO-
1) expression, indicating activation of the endogenous anti-
oxidant response. In parallel, the extract suppressed NF-«kB
activity (67).

Reproductive system

Oral administration of hydro-ethanolic extract of
A. maurorum to rats with testosterone-induced benign
prostatic hyperplasia demonstrated significant protective
effects. The extract notably reduced prostate weight and
prostatic index, lowered both serum and tissue testosterone
levels, and down-regulated the expression of 5-a-reductase
and androgen receptor genes. Additionally, it enhanced
TAC and diminished MDA levels in prostatic tissue (68).
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Systemic oxidative stress

In growing Sindhi camels, dietary supplementation with
A. maurorum enhanced systemic anti-oxidant defenses.
Specifically, camels fed A. maurorum-containing diets
showed reduced plasma MDA alongside elevated TAC.
Moreover, GPx levels were significantly increased, with
trends toward higher activities of SOD and CAT (69).

Assessing the dietary inclusion of A. maurorum in
Japanese quail demonstrated its potential as a natural
source of oxidative resilience. Birds receiving A. maurorum
exhibited elevated serum anti-oxidant capacity, along with
increased activities of key anti-oxidant enzymes, including
GPx and SOD (70).

Supplementation with A. maurorum, particularly at 80%
substitution for alfalfa, demonstrated a noticeable reduction
in oxidative stress markers in growing ostriches. Chicks
fed this level of Alhagi exhibited significantly lower plasma
MDA concentrations, indicating reduced lipid peroxidation,
and elevated plasma magnesinim levels, a mineral known to
support anti-oxidant enzyme a ‘1vity (71).

In a study evaluating the phys. logical impacts of Alhagi
honey-derived small-mol¢cuic sugars on Hu lambs, oral
supplementation in the L’ch-dose group yielded notable
enhancements in redox 1. Juiation. Lambs receiving Alhagi
honey-derived sm=1l mole cule sugars at high dose exhibited
significantl=~le, ted scrum levels of endogenous anti-
oxidant < ~zyn s, i, luding TAC, GPx, and SOD, compared
to controls 72).

Table 1. Summary of anti-oxidant activities of Alhagi maurorum in experimental mode

Compound Study design Toses Duration Results Ref.
Inviio
Camelthorn phenolic fraction Human platelets and plasma exposed to HO» 0.5-0u pg/ml, 5 min |Protein oxidation, lipid peroxidation, TBARS (52)
B 1n vivo
CEE Aspirin-induced gastric ulce: s nro- 100 mg/kg, 10 days, PO 1GSH (53)
| gastric acid output, MDA
CAE Norfloxacin-induced kep. ~toxicity in rats 300 mg/kg, 14 days, PO 1 antioxidant enzyme activities (54)
| AST, ALT, lipid peroxidation in hepatic tissue
CEE Concanavalin A-1... _d hepatitis in mice 300 mg/kg, 5 days, PO 1 GSH (56)

CP CCLs- induced hepatotoxicity in rats

CAE and CEE Streptozotocin-induced diabetes mellitus in rats

CAE Formalin-induced paw edema in mice
CEE Lead-induced neurotoxicity in rats
CEE Topiramate-induced

sciatic nerve injury in rats

Camelthorn alcoholic Cisplatin-induced nephrotoxicity in rats

Extract

CAE Norfloxacin-induced nephrotoxicity in rats
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2.5, 5,10 % diet, 4 weeks, PO

300 mg/kg, 3 months, gavage

| hepatic NO, MDA, and NF-kB signaling

1 GSH (57)
| ALT, AST, ALP, bilirubin, MDA

300 mg/kg, 4 weeks, PO 1 SOD, GPx, GST activities, GSH (59)
| hyperglycemia, dyslipidemia, MDA, bilirubin,
TA and GR activities, hepatic damage
125, 250, 500 pg/animal, 1 analgesic, antioxidants, TAC (60)
| paw edema, licking, MDA
1 antioxidant genes, dopamine, GSH mRNA (61)

expression

| MDA, behavioral disturbances, histopathological

damage
300 mg/kg, 4 weeks, gavage 1 Antioxidant gene expression (62)
100 mg/kg, 10 days, PO 1 FRAP (63)

| serum creatinine, urea-nitrogen, MDA, tissue
damage
300 mg/kg, 14 days, PO 1 CAT, GPx, and SOD activities (54)
| renal MDA, histopathological damages, urea,

creatinine, uric acid
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Continued Table 1.

CEE of roots Acetaminophen-induced renal failure in mice

Camelthorn bread CCls-induced nephrotoxicity

Camelthorn hydro-ethanolic Testosterone-induced benign prostatic hyperplasia

extract in rats

CME Lead-induced nephrotoxicity in rats

Camelthorn Addition of Camelthorn in growing camel diet

CP of aerial parts Addition of CP of aerial parts in Japanese quail
chicks diet

CP of aerial parts Addition of CP of aerial parts in ostrich diet

CH Administration of CH to Hu lambs

200, 400, 600 mg/kg, a week, PO

2.5,5,7.5,10 %, 2 weeks, PO

200, 400 mg/kg, 28 days, gavage

100, 200 mg/kg, 28 days, PO

200- 800 mg/kg, 28 7 PC

MS
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1 CAT, SOD, GSH (65)
| serum urea, creatinine
1 GPx, TAC (66)
| serum urea, creatinine, MDA

1 TAC (68)

| 5-areductase, ARGE, and MDA in prostatic

tissue

1 Renal GSH, CAT and SOD, Nrf2 and HO-1 (67)
expression

| renal MDA, NF-«B activity

25 %, 50 % of diet, 150 days, PO 1 TAC, SOD and CAT activity (69)
. plasma MDA
1-4 % of diet, 21 days, PO 1 serum ant'.‘dant capacity, GPx and SOD (70)
“tivity
20-100 % of diet, 6 weeks, PO 1} asma magnesium (71)
oXi. ¢ stress markers, MDA, lipid

peroxidation

|redox regulation, serum TAC, GPx, SOD (72)

ALP: alkaline phosphatase; ALT: alanine aminotransferase; AST: aspartate aminotransferase; TA: transa inase; GA: glutathione reductase; CAE: camelthorn aqueous extract;
CAT: catalase; CEE: Camelthorn ethanolic extract; CH: Camelthorn honey; CME: Camelthe¢ 2 methanolic ¢ *ract; CP: Camelthorn powder; FRAP: ferric reducing anti-oxidant
power; GPx: glutathione peroxidase; GSH: glutathione; GST: glutathione S-transferase; HO-1: . »me oxygenase-1; MDA: malondialdehyde; mRNA: messenger ribonucleic acid;

NF-kB: nuclear factor kappa B; NO: nitric oxide; Nrf2: nuclear factor erythroid 2-related fac.or 2,

o.: per os (oral administration); Ref: reference; SOD: superoxide dismutase;

TAC: total anti-oxidant capacity; TBARS: thiobarbituric acid reactive substances; ARGE: and. gen re. ptor genes expression

Table 1 presents a consolidated overview of the anti-
oxidant effects of A. maurorum, highlighting its impact ¢
oxidative stress biomarkers, enzymatic defenses, and {1ssue-
level outcomes across various experimental models.

In general, the accumulated preclinical evideuce
positions A. maurorum as a versatile modulator ¢ €ox? lative
stress across a range of biological systems 'w *h its efficacy
anchored in a chemically rich pro.’= of  iavonoids,
phenolics, and honey-derived oligo. ~ch rides. Central
to its protective capacity js ws dial-action mechanism:
direct scavenging of ROS and activ.ion of endogenous
anti-oxidant defenses thrc 1gh trarscriptional regulation.
Compounds such as querce.. . ruin, and orientin appear
to operate synergistically, enhancing enzymatic anti-
oxidants like SOD, CAT, and GPx, while restoring GSH
levels and suppressing lipid peroxidation markers such
as MDA. Regulatory engagement with redox-sensitive
pathways, specifically up-regulation of Nrf2 and HO-I,
and modulation of MAPK components including p-JNK
and p-ERK, further suggests a capacity to influence cellular
stress adaptation beyond ROS detoxification.

Importantly, A. maurorum exhibits system-wide
adaptability, with demonstrated oxidative stress mitigation
in hepatic, renal, neural, reproductive, intestinal, and
hematologic contexts. This wide-ranging effect suggests that
the different plant compounds may be working together in
powerful ways, which deserves closer investigation using
advanced methods like metabolomics and transcriptomics
to understand how they influence biological processes.
Nonetheless, methodological inconsistencies temper the
interpretive strength of these findings. Variability in extract
preparation (aqueous, ethanol, dietary, and honey-derived),
lack of standardized dosing regimens, and limited use of
comparator anti-oxidants confound cross-study validation.
Few studies incorporate pharmacokinetic modeling

o1 assess tissue distribution of bioactive compounds,
.caving questions of bioavailability and clinical relevance
unresolved. Moreover, while both aqueous and ethanol
extracts show comparable efficacy in enzyme restoration,
disparities in polyphenol yield highlight potential matrix
effects and solubility-dependent bioactivity issues that
demand standardization in future work.

From a translational perspective, the recurring success
of A. maurorum interventions across rodent and livestock
models is encouraging but incomplete. Moving forward,
there is a critical need for dose-response exploration,
time-course evaluations, and incorporation of human
cell-based disease models. Clinical relevance will hinge
on bridging bench-to-bedside gaps with rigorous trials
assessing long-term safety, metabolic processing, and
therapeutic outcomes. Particularly, the capacity of A.
maurorum to suppress pro-oxidant signaling while up-
regulating cytoprotective networks suggests promise in
treating chronic, inflammation-linked conditions such as
hepatic fibrosis, diabetic nephropathy, neurodegeneration,
and mucosal damage. Its potential role in functional foods
and integrative recovery protocols also warrants attention
where anti-oxidant resilience could be supported via dietary
enrichment rather than pharmacologic means alone.

Anti-inflammatory effects

Inflammation is a fundamental biological response
triggered by cellular injury, toxic stimuli, or pathogenic
invasion, with the intent to restore homeostasis (73).
Inflammation, while a fundamental protective response,
plays a pivotal role in the development of various diseases
ranging from acute inflammatory reactions to chronic
conditions-particularly when it becomes dysregulated or
persists over time, leading to tissue damage in vital organs
such as the lung (74), brain (75), liver (74), heart (76,
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77), and kidneys (78). A central feature of this process is
the activation of innate immune cells, which release pro-
inflammatory mediators-including TNF-a and various
interleukins (e.g., IL-1P, IL-6, IL-8)-that amplify the
inflammatory cascade (79-81). These cytokines operate in
concert with intracellular signaling pathways like MAPK
and Janus kinase/signal transducer and activator of
transcription (JAK/STAT), modulating gene expression and
sustaining inflammatory responses (73, 82).

Pharmacological and botanical anti-inflammatory agents
target this network to mitigate pathologic inflammation. A.
maurorum, in particular, has gained attention for its ability
to modulate these inflammatory drivers, offering promising
results in experimental models. The next section will
explore the anti-inflammatory potential of Alhagi extracts,
highlighting both mechanistic insights and therapeutic
relevance.

Invivo
Digestive system

In a comprehensive pharmacological investigation,
the aerial parts of A. maurorum were fractionated into
n-butanol fraction, ethyl acetate fraction, and crude extract
to assess their oral antiulcer efficacy. Ethyl acetate fraction
significantly attenuated acetic acid-induced oral ulcers in rats,
reducing TNF-a and IL-2 levels, and markedly up-regulating
proliferating cell nuclear antigen (PCNA) expression,
indicative of enhanced mucosal regeneration. Crude extract
and n-butanol fraction demonstrated comparatively modest
effects (25) (Table 2).

The efficacy of the methanolic extract of A. maurorum was
compared to that of albendazole in a controlled murine model

N=MS

Ghasemzadeh Rahbardar et al.

of trichinellosis. Following oral administration of larvae to
mice, infected groups received either albendazole or Alhagi
extract, while corresponding controls remained untreated
or uninfected. Parasitological evaluation revealed a marked
reduction in both intestinal adult worms and muscle-stage
larvae in the Alhagi-treated group compared to untreated
infected mice. Treatment with A. maurorum resulted in
significant down-regulation of pro-inflammatory cytokines
(interferon-gamma (IFN-y), TNF-a, transforming growth
factor-beta (TGF-f), IL-2, IL-4, IL-12) and a concurrent
increase in the anti-inflammatory mediator IL-10 (83).

The ethanolic extract of A. maurorum demonstrated
pronounced anti-inflammatory activity in the context
of immune-mediated hepatitis. A. maurorum extract
administration significantly suppressed serum levels of
key pro-inflammatory cytokines, including TNF-a and
IL-6. Histological analyses revealed marked attenuation of
inflammatory infiltration and = =crotic lesions in hepatic
tissue (56).

Renal system

A. maurorum exerted anti intlammatory effects by
down-regulating pro-ii."an_»dtory signaling pathways
activated by lead exp sure. Treated rats exhibited reduced
protein expressio® of 1.°5, TNF-qa, and cyclooxygenase-2
(COX-2) i rer ltisces (67).

Systomic inflan wation

Tre. ting Hu lambs with Alhagi honey-derived small-
molcule sugars at high dose exerted measurable anti-
iz matory effects. Cytokine profiling revealed a favorable
shift marked by up-regulation of IL-4, IL-10, and IL-17,

Table 2. Summary of anti-inflammatory and immunoregulatory propert:>= ot . 'hegi maurorum in experimental models

Compound Study design

> ses/Duration Results Ref.

Anti-inflammatory effects

Invivo

Camelthorn fractions acetic acid-induced oral ulcers i~ ats 2 drop topical gel (5% fractions), 1 PCNA expression (25)
14 days | TNF-«, IL-2
CME Trichinella spiralis inf-_" " mice 400 mg/kg, 35 days, PO. 11IL-10 (83)
| IEN-y, TNF-a, TGF-f, IL-2, IL-4, IL-12
CEE Concanav. in A-induced hepatitis in mice 300 mg/kg, 5 days, PO | TNF-a and IL-6, inflammatory infiltration and necrotic (56)
lesions
CME Lead-induced nephrotoxicity in rats 100, 200 mg/kg, 28 days, PO | pro-inflammatory signaling, IL-6, TNF-a, and COX-2 (67)
renal expression
CH Administration of CH to Hu lambs 200, 400, 800 mg/kg, 28 days, PO 1 IL-4, IL-10, IL-17, expression of TNF-a in serum (72)
Immunomodulatory effects

In vitro

CH human Caco-2 epithelial and dendritic cells - 1 pIgR expression in Caco-2 cells, of immunoregulatory (85)
cytokine secretion in dendritic cells

Invivo

CHP Administration of CHP to mice 200, 400, 800 mg/kg, 7 days, IG 1 sIgA, p-defensins, mucosal immunity, lymphocyte (87)
counts, IgA* cells, IL-2, IL-4, IL-6, IL-10, IL-17, IFN-y,
TNEF-«, CD3*, CD4", CD8" T-cell
CHP Cyclophosphamide-induced immunosuppressed mice 800 mg/kg, 7 days, PO 1 CCL20 expression, CD4', CD8" T lymphocytes, and B (85)
cells activation and expansion, sIgA, pIgR, J-chain, IgA*
cell populations

CEE Concanavalin A-induced hepatitis in mice 300 mg/kg, 5 days, PO | hepatic CD4" T cell infiltration, IFN-y expression (56)
CH Administration of CH to Hu lambs 200, 400, 800 mg/kg, 28 days, PO 11gA, IgG, IgM levels, IFN-y expression (72)

CD: cluster of differentiation; CEE: camelthorn ethanolic extract; CH: camelthorn honey; CHP: camelthorn honey polysaccharides; CME: camelthorn methanolic extract; COX-2:
cyclooxygenase-2; i.g.: intragastric; IFN-y: interferon-gamma; Ig: immunoglobulin A; IL: interleukin; p.o.: per os (oral administration); PCNA: proliferating cell nuclear antigen;
pIgR: polymeric immunoglobulin receptor; sIgA: secretory immunoglobulin A; TGF-p: transforming growth factor beta; TNF-a: tumor necrosis factor alpha
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alongside increased expression of TNF-a in serum (72).

Table 2 presents a consolidated overview of the anti-
inflammatory effects of A. maurorum, indicating its effects
on inflammatory mediators in different experimental
models.

The aggregate of in vivo investigations highlights the
compelling anti-inflammatory capacity of Alhagi, across
gastrointestinal, hepatic, renal, and systemic contexts.
Mechanistically, the extracts consistently attenuate key pro-
inflammatory mediators (Figure 1), including TNF-a, IL-1p,
IL-6, and IFN-y, while preserving or enhancing regulatory
cytokines such as IL-10 and IL-4. This immunomodulatory
profile reflects not only suppression of cytokine synthesis
but also interference with upstream signaling pathways,
such as NF-kB and COX-2, which are instrumental in
propagating tissue-specific inflammation.

Beyond cytokine modulation, several studies report
structural and functional restoration of damaged tissues.
Up-regulation of PCNA, for instance, implies proliferative
and regenerative effects within ulcerated mucosa,
while histological analyses in hepatic and renal models
consistently demonstrate reduced leukocytic infiltration
and necrotic foci. These findings suggest that the therapeutic
value of Alhagi may extend beyond immune regulation to
encompass cytoprotective, wound-healing, and epithelial-
repair functions-hallmarks of a compound class capable of
restoring organ integrity under inflammatory stress. Such
dual activity reinforces the translational potential of Alhagi-
derived treatments, especially where chronic inflammation
coexists with degenerative pathology.

However, several methodological shortcomings mu -t
be acknowledged. Many studies used short intervention
windows, limited dose ranges, and failed to justify;
selected concentrations with pharmacokinetic~'at. o
bioavailability profiling. The absence of standard'izaticn in
extract preparation, ranging from crude !'vdro.l Unolic
formulations to semi-purified fracticns, introduces
variability that complicates comparative an.'vsis. Moreover,
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functional endpoints such as organ-specific performance
or behavioral correlates were largely absent, which limits
our understanding of systemic efficacy and safety. Few
studies incorporated rigorous experimental controls, such
as sham-treated or placebo groups, nor did they address
potential confounders such as environmental exposures or
microbiota interactions.

Interestingly, one contradictory finding emerged from
serum cytokine studies in Hu lambs, where TNF-a was
paradoxically elevated despite concurrent rises in IL-
4, IL-10, and IL-17. This may reflect a species-specific
immunological response or the unique pharmacodynamics
of Alhagi-derived sugars compared with whole-plant
extracts. Alternatively, it could suggest biphasic dose-
dependent effects, with low and high concentrations
triggering differential immune pathways, a hypothesis
warranting further exploration through dose-ranging and
time-course experiments.

Translating these findings in - clinical practice demands
a rigorous roadmap. Staridarl’ization of active constituents
through metabolomic p ofiling, combined with scalable
formulation strategies s. <h as phospholipid encapsulation,
could enhance repre Yucibility and bioavailability. Moreover,
testing 2<i s’ wtoimmune and metabolic models may
elucidav. cor.serve.. mechanistic targets, enabling broader
therapeutic deployment. While the current evidence base
pu.itions Al agi species as promising anti-inflammatory
agene. only through meticulous optimization and
m char stically guided clinical trials can their full
herapeutic potential be realized.

Immunomodulatory effects

The immune system defends the body against both
internal disruptions and external threats through a complex
interplay between its innate and adaptive branches. Innate
immunity is facilitated by cellular components such as
natural killer cells and phagocytic leukocytes, including
macrophages, monocytes, and neutrophils, which act swiftly

Afhagi mawroram

:'9@\._.

\

= :mzu,umu TNF-a

Figure 1. Schematic representation of the anti-inflammatory effects of Alhagi maurorum through modulation of cellular signaling pathways
The plant inhibits activation of the NF-kB pathway, resulting in reduced phosphorylation of P38, JNK, and P65—key intermediates in pro-inflammatory signaling. Consequently,
the transcription and expression of inflammatory mediators, including COX-2, IL-1B, NO, and TNF-q, are down-regulated, while IL-10 expression is up-regulated, promoting an

anti-inflammatory cellular phenotype (Images from https://smart.servier.com).
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to neutralize harmful agents. In contrast, adaptive immunity
generates antigen-specific memory cells following initial
exposure to allergens, thereby intensifying and refining the
immune response upon subsequent encounters (20, 84). In
this context, A. maurorum has emerged as a botanical with
demonstrable immunomodulatory activity across various
inflammatory and autoimmune conditions, suggesting
its potential as a therapeutic agent for immune-related
pathologies.

In vitro
Epithelial and dendritic cells

Experiments conducted on human Caco-2 epithelial
cells and dendritic cells revealed that Alhagi honey
polysaccharide exerts pronounced immunostimulatory
effects at the cellular level. Treatment with Alhagi honey
polysaccharide significantly up-regulated expression of
polymeric immunoglobulin receptor (pIgR) in Caco-
2 cells, which is critical for transcytosis and mucosal
immunoglobulin (Ig)A transport. In dendritic cells, Alhagi
honey polysaccharide promoted maturation and induced
the secretion of immunoregulatory cytokines, indicating its
capacity to modulate antigen-presenting cell behavior and
shape downstream immune responses (85).

T cells

To explore the immunomodulatory potential of
Taranjebin manna derived from Poophilus nebulosus Leth.
larvae feeding on A. maurorum, a study evaluated both
the crude aqueous extract and its high-molecular-weight
fractions on Jurkat E6.1 human T cells. It was found
that while the unprocessed solution stimulated cellular
proliferation, three of four purified acidic polysaccharides
markedly suppressed proliferation in a dose-dependen:
manner (86).

Invivo
Digestive system

Alhagi honey polysaccharides demonstrate< sig."“_ant
immunomodulatory and microbiota-enhancing «fects in a
short-term murine study. Daily intra-gastric . dministration
of Alhagi honey led to marked improvem. ats in intestinal
barrier integrity, evidenced by elevate ! lev:ls of secretory
IgA (sIgA) and P-defensins. inhanced mucosal immunity
was further reflected by increa:s d intracpithelial lymphocyte
counts, higher proportions of IgA (usin the lamina propria,
and robust up-regulation of cytokines including IL-2, IL-4,
IL-6,1L-10, IL-17, IFN-y, and TNF-a. Lymphocyte profiling
revealed significant expansion of cluster of differentiation
(CD)3*, CD4*, and CD8"* T-cell subsets in both mesenteric
lymph nodes and Peyer’s patches. Meanwhile, 16S ribosomal
DNA (rDNA) sequencing of fecal samples indicated a richer
and more diverse microbial composition, characterized
by increased probiotic abundance and reduced levels of
pathogenic species (87).

Following  cyclophosphamide-triggered  immune
suppression in a murine model, oral administration of
Alhagi honey polysaccharide restored intestinal immune
function through multiple synergistic pathways. Alhagi
honey polysaccharide enhanced dendritic cell maturation
and increased expression of chemokine C-C motif ligand
20 (CCL20), thereby facilitating recruitment of additional
DCs to intestinal sites. This cascade led to the activation
and expansion of CD4* and CD8* T lymphocytes as well
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as B cells. Further immunophenotyping indicated increased
differentiation of T helper cells and elevated sIgA levels,
supported by up-regulation of pIgR, J-chain, and IgA* cell
populations in intestinal tissues. Additionally, Alhagi honey
polysaccharide promoted the production of short-chain
fatty acids in the cecum, which are known to influence
mucosal barrier integrity and immune regulation (85).

A. maurorum ethanolic extract demonstrated potent
immunomodulatory properties in mice challenged with
concanavalin A. A pronounced reduction in hepatic CD4*
T cell infiltration was observed, along with decreased
expression of [FN-y (56).

Inacomparative study evaluating theimmunomodulatory
potential of A. maurorum polysaccharides derived from two
distinct regions in Xinjiang, China-Shanshan (SS) and Aksu
(AK)-researchers found that the SS-derived polysaccharides,
particularly those harvested at the plant’s maturity stage,
exhibited superior immunoenhancing effects in lambs.
Lambs treated with SS polysaccharides showed significant
improvements in intestinal inxmune parameters, including
elevated levels of IgA in the du. “enum, jejunum, and ileum,
as well as increased serum IgG .nd cytokines such as IL-
4, IL-10, IL-17, and TNF-a. ».orp.iological enhancements
in intestinal architecture, -uch as increased villus height
and crypt depth, werc aiso observed. Moreover, SS
polysaccharides ac.iv ted b-cell receptor signaling and IgA
productior; thv ays via the T-dependent route, thereby
promotii. - mvu  osal . :amunity (88).

Sysicmic immu e dysregulation

To wvercome the limited bioavailability of Alhagi
hor »y pclysaccharide despite its potent immunoadjuvant
pioperues, researchers developed a nanoparticle-based
deli” ery system using poly(lactic-co-glycolic acid) (PLGA)
modified with cationic polymers. Three distinct cationic
coatings were applied to Alhagi honey polysaccharide-
loaded PLGA nanoparticles, generating positively charged
carriers optimized for antigen delivery. Among these, the
polyethyleneimine-coated formulation encapsulating H5N1
antigen demonstrated superior immunogenicity in murine
models. Mice were immunized with polyethyleneimine-
Alhagi honey polysaccharide-loaded PLGA nanoparticles,
which exhibited elevated hemagglutination inhibition titers,
enhanced IgG subtypes, and robust cytokine responses.
Immunophenotyping revealed activation of dendritic cells
in lymph nodes and increased populations of CD4* and
CD8* T cells in the spleen. Polyethyleneimine-Alhagi honey
polysaccharide-loaded PLGA nanoparticles promoted
high expression of major histocompatibility complex class
(MHC) I and II molecules on dendritic cells, facilitated
sustained antigen release at the injection site, and achieved
targeted delivery to lymphoid tissues (82).

Investigating the immunomodulatory potential of Alhagi
honey-derived polysaccharides, formulated into PLGA-
based Pickering emulsions, specifically PLGA polysaccharide
assembled system (PPAS) and its polyethyleneimine-
modified variant, polyethyleneimine-PPAS, demonstrated
high loading efficiency and sustained release of ovalbumin
as a model antigen. In vivo evaluations revealed that
polyethyleneimine-PPAS/ovalbumin markedly enhanced
IgG production and elevated cytokine levels, indicating
robust immune activation. Notably, this formulation
effectively targeted dendritic cells, facilitated antigen uptake,
and promoted dendritic cell maturation within lymph
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nodes. Mechanistically, the immunostimulatory effects
appeared to involve both MHC class I and II pathways (89).

High-dose Alhagi honey-derived small-molecule sugar
supplementation improved immunological competency
in Hu lambs. Circulating levels of IgA, IgG, and IgM were
significantly increased. It also increased expression of IFN-y
(72). Table 2 summarizes diverse experimental findings
on A. maurorum, underscoring its immunoregulatory
properties observed across multiple biological models.

In summary, A. maurorum and its bioactive derivatives-
including honey polysaccharides, ethanolic extracts,
small-molecule sugars, and Taranjebin manna-exhibit a
multidimensional profile of immunomodulatory activity,
driven primarily by their capacity to engage mucosal
immune signaling and enhance both innate and adaptive
responses (Figure 2). Collectively, these compounds
activate epithelial transcytosis pathways (notably via
pIgR and J-chain up-regulation), stimulate dendritic
cell maturation, and modulate cytokine profiles across
intestinal, hepatic, and systemic compartments. The
induction of pIgR-mediated IgA transport, B-cell receptor
signaling, and T-helper cell differentiation suggests
that Alhagi-derived compounds interact with pattern
recognition receptors such as TLRs and CCL20-mediated
chemokine cascades, ultimately amplifying mucosal
barrier integrity and immunosurveillance. Markedly, the
restoration of immune parameters in cyclophosphamide-
induced models and the enhancement of short-chain fatty
acid biosynthesis underscore the therapeutic promise in
immunocompromised or dysbiotic states.

A key novelty that emerges from synthesizing thie
findings is the context-dependent duality of Ali.agis
immune effects. While crude Taranjebin exhibited
lymphoproliferative  properties, its purified acudic
polysaccharides reversed this trend and (denonr trated
inhibitory  activity-hinting at  seles*nv . regulation
depending on molecular fraction, dcze, ai.d immune
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status. This biphasic behavior could be strategically coupled
in immunotherapeutic design, allowing for targeted
modulation depending on inflammatory load or disease
phase. Nonetheless, the interpretive potential of these
findings is constrained by methodological inconsistencies-
such as dosage heterogeneity, limited mechanistic
resolution, and the absence of standardized immunological
benchmarks-which warrant cautious consideration before
translational extrapolation. For instance, many studies
employ high or non-physiological dosages, lack rigorous
dose-response modeling, and fail to use standardized
antigenic or stressor controls, complicating translational
extrapolation. Moreover, divergent species and cell line
models-from Caco-2 cells to Hu lambs-present challenges
in defining human-relevant pharmacodynamics.

The use of advanced del:very platforms, such as PLGA-
nanoparticle encapsulati~a, addresses the intrinsic
bioavailability limitations” «f Alhagi and opens new
avenues for vaccine ad; van. -applications. Yet, direct
comparisons between 'molecular forms (e.g., small sugars
vs acidic polyseciinricizy and across environmental
sources (e.g., Shinshar vs Aksu) remain underexplored.
Incorporating omicopased profiling and standardized
immuaoph not, ~ing protocols could better explain active
constitt. ns and mform dosing thresholds. Contradictions
rcross moc s-particularly between the immunostimulatory
ac ‘ons in ‘epithelial/dendritic cells and the suppressive
ffece seen in T cells-are likely attributable to differential
I\ 7enior expression, tissue microenvironment, and temporal
dynamics of immune activation. Future efforts should
aim to stratify the effects of Alhagi by immune context
and formulation type to refine its role in personalized
immunotherapy or as an ethnobotanical vaccine enhancer.

Anti-apoptotic effects
Apoptosis, a finely regulated mechanism of programmed
cell death, plays a critical role in maintaining cellular

Alhagi maurorum
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Figure 2. Inmunomodulatory interactions between Alhagi maurorum and key immune cell populations
The diagram illustrates the proposed effects of the plant on B lymphocytes, T helper cells, and macrophages (images from https://smart.servier.com).
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equilibrium and tissue integrity. This physiological process is
typically initiated in response to cellular injury, environmental
stressors, or specific molecular cues (90). Its disruption,
whether through excessive activation or insufficient
clearance, has been implicated in a broad spectrum of
pathologies affecting vital organs, including the heart (91),
liver (92), kidneys (93), and brain (94). Central to apoptotic
regulation are molecular mediators such as caspase enzymes
and B-cell lymphoma 2 (Bcl-2) protein family members (95),
whose arrangement of signaling cascades, especially through
the mitochondrial and death receptor pathways, ensures the
precise execution of cell death in response to varying stimuli.
When these regulatory networks are compromised, the
resulting imbalance may permit the persistence of damaged
cells or trigger premature cell loss, both of which contribute
to disease progression (96).

Advancing our understanding of apoptosis-related
molecular dynamics is therefore essential to identifying
therapeutic targets, particularly in diseases underpinned
by atypical cell death. Emerging investigations into natural
bioactive compounds such as those found in A. maurorum
offer captivating prospects for modulating apoptotic
pathways. Their potential anti-apoptotic effects warrant
deeper mechanistic analysis and could inform novel
strategies aimed at restoring tissue health and mitigating
apoptosis-associated disorders.

In vivo
Digestive system

A. maurorum ethanolic extract exerted notable anti-
apoptotic effects in the context of concanavalin A-induced
hepatitis. Treated mice exhibited significant down-regulatiox
of pro-apoptotic markers, including Bcl-2-associaied .7
protein (Bax) and caspase-3, alongside suppression or ,NK
activity. Concurrently, the extract enhanced the expressio..
of Bcl-2. Histopathological examination corrchor:ted
these molecular findings, revealing diminish>d hepatocyte
necrosis and preserved tissue architecture (56) “T="le 3).
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Endocrine system

Researchers evaluated the influence of A. maurorum
alcoholic extract on hepatic caspase-3 gene expression in
streptozotocin-induced diabetic rats. The study involved six
groups, including healthy controls, diabetic controls, and
extract-treated animals at two different doses, administered
either alone or following streptozotocin injection. A
significant elevation of caspase-3 expression was observed
in diabetic rats compared to controls. However, rats
receiving A. maurorum extract post-induction exhibited a
dose-dependent attenuation in gene expression (97).

Renal system

Lead exposure triggered up-regulation of the pro-
apoptoticgene Baxand down-regulation of theanti-apoptotic
gene Bcl-2 in renal tissue of rats. Co-administration of A.
maurorum reversed this expression pattern, promoting cell
survival (67).

In brief, the compiled «vidence strongly supports the anti-
apoptotic potential of A.  «uurorum alcoholic extract across
distinct pathological conte. ‘s, particularly within hepatic
and renal systems. Tie | votc_tive mechanism appears to
involve modulation o ‘ntrir sic apoptotic signaling, including
suppression of pr0-a, dpwiic mediators such as caspase-3 and
Bax, and enban ement of anti-apoptotic factors like Bcl-2
(Figur~2)\. ;. ditionally, attenuation of upstream regulators-
sucl as ) IK-sc ggests that the extract exerts its effects not
only a. ‘he execution phase of apoptosis but also at pivotal
stress-ser. ‘rig checkpoints. This multi-targeted action likely
o.oms from the extract’s rich reservoir of polyphenolic anti-
oxi¢, »ats, including flavonoids and anthocyanins, which are
~wn to inhibit oxidative stress-induced apoptotic cascades
and preserve mitochondrial integrity.

These findings have compelling translational
implications: by targeting apoptotic pathways implicated
in diabetic hepatopathy, chemical nephrotoxicity, and
immune-mediated hepatitis, A. maurorum may represent
a promising adjunct to conventional therapies aimed at

Table 3. Summary of anti-apoptotic and anti-ca.. ‘er proy erties of Alhagi maurorum in experimental models

Compound S dy desig Doses/Duration Results Ref.
Anti-apoptotic effects

Invivo

CEE Con.  ~valin *-induced hepatitis in mice 300 mg/kg, 5 days PO 1 Bcl-2 expression (56)
| Bax, caspase-3, JNK activity, hepatocyte necrosis
CEE Streptozotocin-induced diabetic rats 250, 500 mg/kg | hepatic caspase-3 gene expression, apoptosis 97)
CME Lead-induced nephrotoxicity in rats 100, 200 mg/kg, 28 days, PO 1 Bcl-2 in renal tissue, cell survival (67)
|Bax
Anti-cancer effects

In vitro
CAE titanium Human breast cancer cell lines 0-1000 pg/ml | cell viability (102)
nanoparticles
CHAE 4T1 cells 15, 31, 51, 62, 125 pg/ml 1 apoptosis (103)

| cell growth and motility, HIF1-«, FZD7

CME of the aerial parts HL-60 cells 10,50, 100 pug/ml 1 radical scavenging activity, antiproliferative effects (107)
Camelthorn seed AE Osteosarcoma and HUVEC cell lines 0-1000 pg/ml 1 antitumor efficacy, antioxidant capacity (108)
zinc oxide nanoparticles

CHAE Mice with breast cancer 500, 10000 mg/kg, 3 weeks, IP | tumor growth and size, {3-catenin, FZD7, HIF1-«, MMP2, VEGF A (110)

Bax: bcl-2-associated x protein; Bcl-2: b-cell lymphoma 2; CAE: camelthorn aqueous extract; CEE: Camelthorn ethanolic extract; CHAE: Camelthorn hydro-alcoholic extract;
CME: Camelthorn methanolic extract; FZD7: frizzled class receptor 7; HIF1-a: hypoxia-inducible factor 1 subunit alpha; ip.: intraperitoneal; JNK: c-jun n-terminal kinase;
MMP2: matrix metallopeptidase 2; p.o.: per os (oral administration); Ref: reference; VEGF: vascular endothelial growth factor; AE: aqueous extract
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Figure 3. Illustration of cellular protective mechanisms mediated by Alhagi maurorum against oxidative stress, inflai..

~tion, -nd apoptosis

The extract enhances antioxidant defense by up-regulating enzymes such as GSH, SOD, GPx, GST, and CAT while reducing lipid p roxidation markers (MDA, TBARS).
Simultaneously, it attenuates inflammatory signaling (via JNK and Akt pathways) and suppresses apoptosis through down-reonlat: ~ of cspase-3 and Bax and up-regulation of
Bcl-2, contributing to mitochondrial integrity and overall cytoprotection (Images from https://smart.servier.com)

GSH: glutathione; SOD: superoxide dismutase; GPx: glutathione peroxidase; GST: glutathione S-transferase; CAT: catal=se

mitigating organ damage. However, several methodological
limitations temper this enthusiasm. Dosing strategies varied
across studies, with insufficient justification for selected
concentrations and a lack of pharmacokinetic profiling to
confirm bioavailability or systemic exposure. Moreover,
while most experiments used appropriate controls, the
absence of vehicle-only groups in certain designs obscures
whether observed effects stem from the active components
of the extract or nonspecific solvent interactions. Ti.»
reliance on male rodents also limits generalizability, as « =x-
specific apoptotic responses may differ.

Strengths of the current body of research "‘nclrde
consistent dose-dependent molecular and’ istological
outcomes across diverse models, reinforcir; the L slogical
relevance of A. maurorum. To bridge »=aclii’c2l promise
with clinical application, futur.. stidies must address
pharmacodynamic endpoints, long-. =» safety, and
potential herb-drug interactic 1s. Deve oping standardized
extract formulations and inc. morating disease-relevant
biomarkers would further enhance translational credibility.
Ultimately, the convergence of anti-oxidant and anti-
apoptotic properties in A. maurorum positions it as a
candidate for integrative therapy, especially in metabolic
and inflammatory disorders where apoptotic dysregulation
contributes to organ compromise.

Anti-cancer effects

Cancer is a multifaceted disease characterized by
uncontrolled cell proliferation, evasion of apoptosis,
sustained angiogenesis, and the potential for metastasis,
resulting in significant morbidity and mortality worldwide
(98, 99). Its pathogenesis involves a complex interplay
of dysregulated inflammatory responses, epigenetic
alterations, genetic mutations, and oxidative stress that
disrupt normal tissue architecture and cellular signaling
(100). Conventional therapeutic modalities, such as
chemotherapy, radiotherapy, and targeted immunotherapy,
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have achieved . 1bsi ntial advances, yet their efficacy is often
limited by drug resistance, systemic toxicity, and tumor
heterogeneity ‘101).

[n *his context, phytochemicals from medicinal plants
have att. cted growing interest due to their multi-targeted
mec, anisms and favorable safety profiles. A. maurorum has
einerged as a promising botanical candidate, demonstrating
« *ancer activity through anti-oxidant regulation,
induction of cell-cycle arrest, apoptosis promotion,
and suppression of tumor-associated inflammation and
angiogenesis. The next section will delve into the anti-
cancer potential of A. maurorum, exploring its bioactive
constituents and molecular mechanisms of action across
various cancer models.

In vitro
Breast cancer cells

Titanium nanoparticles were biosynthesized using
A. maurorum extract in an aqueous medium, serving
as both a reducing and stabilizing agent. The cytotoxic
potential of titanium nanoparticles was assessed against
four human breast cancer cell lines. Results demonstrated
a dose-dependent decrease in cell viability, with titanium
nanoparticles showing significantly lower half-maximal
inhibitory concentration (ICso) values compared to the
crude A. maurorum extract across all cell lines, most notably
in Hs 319.T cells (102).

Evaluating the anticancer efficacy of A. maurorum extract,
individually and in combination with docetaxel, against
4T1 breast cancer cells indicated that the extract inhibited
cell growth. Co-treatment experiments revealed that A.
maurorum acted synergistically with docetaxel. Migration
assays indicated that the extract, alone or combined with
docetaxel, suppressed the motility of 4T1 cells. Apoptosis
was evident in the combination treatments. Molecular
profiling showed that A. maurorum plus docetaxel down-
regulated hypoxia-inducible factor 1-subunit alpha
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(HIF1-a) and frizzled class receptor 7 (FZD7) (103).

Furthermore, cerium oxide nanoparticles were
synthesized via a green protocol using A. maurorum extract
as a biologically active reducing and stabilizing agent.
Biological assessments demonstrated that cerium oxide
nanoparticles exerted concentration-dependent cytotoxic
effects against breast cancer cell lines (104).

Lung cancer cells

Hydroalcoholic extract of A. maurorum has shown
potential anticancer activity against non-small-cell lung
cancer. Pathway analyses identified PI3K/Akt signaling as
a key pathway involved in the disease. In A549 lung cancer
cells, the extract exhibited cytotoxic activity with an ICs, of
277 pg/ml and also showed dose-dependent anti-oxidant
effects. Further analysis indicated modulation of PI3K/Akt-
related gene expression (105).

Gastric carcinoma cell

Gold nanoparticles were synthesized via a green
chemistry approach using aqueous leaf extract of A.
maurorum as a natural reducing and stabilizing agent.
The cytotoxic effects of gold nanoparticles were evaluated
against several gastric carcinoma cell lines as well as normal
endothelial cells (HUVEC). Gold nanoparticles reduced
cancer cell viability in a dose-dependent manner, showing
strongest activity against MKN45 cells (33).

Liver cancer cells

In an in vitro study, the findings highlight the anticancer
potential of select secondary metabolites from A. maurorum
against liver cancer cell lines. After pharmacophore-based
screening, eight compounds were identified as active,
and subsequent molecular docking studies revealed
their capacity to interact with protein targets relevant to
hepatocellular carcinoma (HCC) and HepG2 cells. Arrong
these, compound F52 exhibited the highest pradicted
binding affinity and emerged as the most preinising
candidate (106).

Human leukemia cells

In a pharmacological evaluation, me.han Jic extracts
from the aerial parts of A. riaurorn v were investigated
for their bio-functional proj erties. Lear extracts showed
superior radical scavenging « ‘tivity. Cytotoxicity analyses
on HL-60 human leukemia celis "+Zicated significant anti-
proliferative effects, with ICs, values of 16.0 ug/ml for leaf
extracts and 22.0 pg/ml for flower extracts (107).

Osteosarcoma cells

In this experimental investigation, zinc oxide
nanoparticles (ZnONPs) were biosynthesized in an aqueous
medium using A. maurorum seed extract, serving as both
reducing and stabilizing agents. The ZnONPs exhibited
dose-dependent antitumor efficacy against osteosarcoma
cells while sparing normal endothelial cells, suggesting
selective cytotoxicity. Additionally, radical scavenging assays
demonstrated notable anti-oxidant capacity, comparable to
butylated hydroxytoluene (108).

Prostate carcinoma cells

In a study, gold nanoparticles were biosynthesized via a
green methodology utilizing the aqueous leaf extract of A.
maurorum. Their anticancer activity was evaluated in vitro
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on prostate carcinoma cell lines alongside HUVEC. Gold
nanoparticles elicited a dose-dependent cytotoxic response
across the carcinoma lines. Furthermore, gold nanoparticles
demonstrated appreciable activity, although lower than the
synthetic anti-oxidant butylated hydroxytoluene (109).

Invivo
Breast

In a preclinical investigation targeting metastatic breast
cancer, A. maurorum, both alone and in combination with
docetaxel, was evaluated for its tumor-suppressive efficacy
in 4T1 cell-bearing mice. Intraperitoneal administration
of A. maurorum and docetaxel markedly reduced tumor
burden, with the combination therapy yielding the most
pronounced inhibition in tumor growth and size. Molecular
analyses via RT-PCR revealed down-regulation of key
oncogenic and angiogenic mediators including p-catenin,
FZD7, HIF1-a, matrix metallopeptidase 2 (MMP2), and
vascular endothelial growth factor (VEGF), particularly in
the co-treatment group. This was accompanied by favorable
shifts in biochemical parame.>rs such as serum ALT and
urea, supporting improved syste.. ic tolerance (110).

In Table 3, a synthesis o preclinical data illustrates
the anti-cancer potential f A. maurorum in varied study
contexts.

The anticancer r:t. rity o’ A. maurorum is verified through
a range of < Vi 2 ana n vivo investigations, collectively
pointing” *o it mu. faceted therapeutic promise. Rather
than isolatc * outcomes, the results converge to highlight
a cuonsistent 1 ttern of selective cytotoxicity, particularly
whew . maurorum is employed either as a crude extract
or ¢ s a by synthetic agent for metal-based nanoparticles. Its
a.ilit, 5 inhibit cancer cell proliferation, trigger apoptosis,
and impede metastatic signaling appears to exceed specific
caucer types spanning breast, gastric, liver, prostate,
reukemia, and osteosarcoma models.

Mechanistically, A. maurorum intervenes in cancer
progression through several complementary routes. One
central feature is its modulation of apoptosis-related genes,
with down-regulation of anti-survival markers such as Bcl-
2 and HIF1-a and up-regulation of pro-apoptotic players
like Bax and caspase-3. In addition, it targets migratory
and angiogenic pathways by attenuating FZD7, B-catenin,
VEGEF-A, and MMP2, offering a compelling strategy to
limit tumor spread. Particularly, the green synthesis of
nanoparticles using its extract adds not only biochemical
potency but also ecological and pharmacological advantages,
indicating its dual role as a therapeutic agent and a biogenic
carrier system.

Still, despite the strong preclinical signals, methodological
inconsistencies temper the strength of these findings. Dose
determination and standardization remain problematic,
with ICs, values exhibiting substantial variation due to
differencesin celllines, extract preparation, and nanoparticle
characteristics. Experimental controls are inconsistently
reported, particularly in studies comparing crude extracts
to nanoparticle formulations, which makes it difficult to
isolate the true contribution of A. maurorum. Most in vitro
studies lack long-term exposure models or assessments of
cellular adaptive responses, leaving open questions about
the durability of its anticancer effects. Moreover, while some
studies indicate synergy with established chemotherapeutics
like docetaxel, others offer conflicting profiles regarding
gene regulation and cytotoxic thresholds, raising concerns
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about reproducibility and context-dependence.

In vivo studies, though relatively limited in scope,
provide encouraging evidence of tumor suppression and
systemic tolerance, especially in breast cancer models.
The documented reductions in tumor volume, alongside
favorable modulation of hepatic and renal biomarkers,
suggest potential for integration into combination
therapies. However, translational progression remains
constrained by the absence of pharmacokinetic profiling,
immunomodulatory analyses, and toxicity studies. Without
these critical data points, the jump from laboratory efficacy
to clinical utility cannot yet be fully justified.

To move beyond proof-of-concept, future research
must prioritize mechanistic clarity and experimental
rigor. Standardizing extract composition, defining active
constituents, and validating therapeutic targets through
molecular docking and multi-omics platforms will be
essential. Moreover, exploring its role in modulating the
tumor microenvironment, especially immune surveillance
and oxidative stress adaptation, could unlock new
translational pathways.

Taken as a whole, A. maurorum stands out not merely
for its ethnopharmacological heritage but for its potential
as a source of novel oncologic agents. Its effectiveness
across cancer models, coupled with its biocompatibility
in nanoparticle systems, points toward a valuable role in
integrative cancer therapeutics provided that methodological
refinements and mechanistic studies evolve together.

Future perspectives

Building upon the emerging therapeutic profile of 4.
maurorum, future research should aim to transforn its
ethnopharmacological legacy into clinically acti nai's
interventions. Although preclinical data suggest p -omis‘ng
anti-oxidant, anti-inﬂammatory, anti-apoptoti’ antic_..cer,
and immunomodulatory activities, systematic inv. ~tigations
into its pharmacokinetics, bioavailability. mei. holic fate, and
organ-specific toxicity remain nntabl abs nt. Addressing
these gaps will be essential for fransitior. ne from descriptive
efficacy to evidence-based for nulation design.

Advancements in nanotech. »ogy cifer a parallel frontier
for optimizing the therapeutic value of A. maurorum.
Its capacity to biosynthesize metal-based nanoparticles
introduces an ecological and pharmacodynamic advantage,
yet the variability in nanoparticle size, surface charge, and
release kinetics demands standardization. Future studies
should integrate multi-omics platforms transcriptomics,
proteomics, and metabolomics to elucidate its molecular
targets and identify compound-specific pathways that
mediate its therapeutic effects. Such data may inform the
development of targeted delivery systems and combinatorial
regimens, especially in oncology and immunotherapy.

From a clinical translation perspective, randomized
controlled trials and phase I safety studies are critical next
steps. Moreover, A. maurorum’s role in modulating immune
homeostasis and inflammatory cascades may be relevant
to autoimmune disorders, chronic metabolic syndromes,
and mucosal immunity applications that remain largely
unexplored. Interdisciplinary collaborations among
pharmacologists, materials scientists, and clinicians will
be pivotal in repositioning A. maurorum from a botanical
adjunct to a centerpiece of integrative medicine. Ultimately,
its therapeutic horizons may extend not only through its
constituent phytochemicals but also through its narrative
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as a botanical bridge between tradition and translational
innovation.

Limitations and risk of bias

In the present article, anti-oxidant, anti-inflammatory,
anti-apoptotic, anticancer, and immunomodulatory
effects of A. maurorum were reviewed. These biological
activities were selected because they represent the most
consistently documented and pharmacologically relevant
mechanisms associated with a wide range of diseases, and
they are supported by the most substantial body of evidence
currently available for A. maurorum. Moreover, to preserve
the manuscript’s focus and depth within practical word and
reference limits, we intentionally concentrated on these core
mechanisms rather than expanding the scope at the expense
of critical discussion.

This narrative review has ‘several limitations. First,
substantial heterogeneity amcng. studies, including
differences in experimentil mc dels, plant parts, extraction
methods, doses, and tre.‘ment durations, limits direct
comparison and 1epro.ucibility. Second, publication
bias may overstat. e.“cacy, as positive findings are more
commonlyic orw A than negative results, toxicity data, or
standardi. »d faerap.atic indices. Third, the frequent lack
of blinding, nadequate reporting of limitations, and poor
conuol of var ables such as age, sex, and comorbidities
redrce ‘nternal validity and translational relevance. Finally,
bec use tuis is a narrative rather than a systematic or meta-
analyuc review, study selection may reflect implicit bias and
lack; formal quality assessment. Future research should
adopt more rigorous and transparent methodologies to
define the therapeutic potential of A. maurorum better.

Conclusion

This narrative review positions A. maurorum as a typical
botanical agent whose therapeutic spectrum spans anti-
oxidant, anti-inflammatory, anti-apoptotic, anticancer, and
immunomodulatory domains. Rooted in ethnomedicinal
tradition yet increasingly validated by contemporary
preclinical investigations, A. maurorum demonstrates
how molecular complexity and contextual adaptability
can merge into pharmacological relevance. Its bioactive
constituents exert system-wide effects through mechanisms
encompassing redox regulation, cytokine modulation,
mitochondrial stabilization, apoptotic control, and immune
system engagement.

Anti-oxidant effects are achieved via both direct
scavenging of reactive oxygen species and transcriptional
activation of endogenous defenses through Nrf2 and HO-1
pathways, supported by the enzymatic enhancement of SOD,
CAT, GPx, and GSH. Anti-inflammatory effect stems from
inhibition of pro-inflammatory signaling-particularly NF-
kB and COX-2- and up-regulation of regulatory cytokines
such as IL-4 and IL-10. Immunomodulatory properties
center on mucosal and systemic immune architecture, with
up-regulation of pIgR-mediated IgA transport, dendritic
cell maturation, and T-helper cell polarization. The plant’s
anti-apoptotic potential is supported by modulation of
caspase-3, Bax, Bcl-2, and upstream regulators like JNK,
while its anticancer effects involve selective cytotoxicity,
inhibition of angiogenic and migratory mediators such as
VEGF A and MMP2, and biogenic nanoparticle synthesis
that enhances delivery and ecological compatibility.
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Beyond its molecular reach, the significance of A.
maurorum lies in its symbolic and scientific capacity to
bridge the conceptual gap between traditional medicine and
evidence-based innovation. Its transdisciplinary potential
as a therapeutic scaffold, a biotechnological resource, and a
culturallyembedded knowledge system marksitas more than
a bioactive extract: it is a blueprint for integrative medicine.
While methodological inconsistencies underscore the need
for rigorous standardization, dose modeling, and clinical
trials, the convergence of mechanistic depth, ecological
sustainability, and therapeutic promise justifies elevating
it from adjunct to protagonist in the evolving landscape of
biomedical therapeutics.

Acknowledgment
None.

Funding
The authors declare that no funds, grants, or other support
were received during the preparation of this manuscript.

Availability of Data and Materials

No new data were created or analyzed during this study.
Data sharing does not apply to this article. All review papers
are available through the corresponding author upon
request.

Authors’ Contributions

MH B rose the notion and supervised. M GR, M R, MR
A, and HR E wrote the manuscript together. All authors
approved the final version of the manuscript.

Conflicts of Interest
The authors declare that they have no conflicts of interest.

Declaration

During the preparation of this work, the author’s) us:’
ChatGPT and QuillBot to rephrase and reduce tiagi. <ism,
and to improve language and grammar. After u.ing tnese
tools, the authors reviewed and edited the conte.. * as needed
and take full responsibility for the content o1 “he publication.

References

1. Martinez-Puente DH, Rodriguez-Roque C», Flores-Zavala LM,
Pérez-Trujillo JJ, Villanueva-Olivo A, Rodriguez-Rocha H, et al.
Chronic diseases: Origin and cell mechanisms involved. Cell Mol
Biol 2023; 69:26-37.

2. Garcia-Sanchez A, Miranda-Diaz AG, Cardona-Munoz EG. The
role of oxidative stress in physiopathology and pharmacological
treatment with pro- and anti-oxidant properties in chronic
diseases. Oxid Med Cell Longev 2020; 2020:2082145.

3. Chandimali N, Bak SG, Park EH, Lim H-J, Won Y-S, Kim E-K,
et al. Free radicals and their impact on health and antioxidant
defenses: A review. Cell Death Discov 2025; 11:19.

4. Lugrin J, Rosenblatt-Velin N, Parapanov R, Liaudet L. The role
of oxidative stress during inflammatory processes. Biol Chem
2014; 395:203-230.

5.Jin Q, Liu T, Qiao Y, Liu D, Yang L, Mao H, et al. Oxidative stress
and inflammation in diabetic nephropathy: Role of polyphenols.
Front Immunol 2023; 14:1185317.

6. Forrester SJ, Kikuchi DS, Hernandes MS, Xu Q, Griendling KK.
Reactive oxygen species in metabolic and inflammatory signaling.
Circ Res 2018; 122:877-902.

7.Muro P, Zhang L, Li S, Zhao Z, Jin T, Mao F, et al. The emerging

Iran J Basic Med Sci, 2026, Vol. 29, No.

N=MS

Ghasemzadeh Rahbardar et al.

role of oxidative stress in inflammatory bowel disease. Front
Endocrinol 2024; 15:1390351.

8. Granet C, Maslinski W, Miossec P. Increased AP-1 and NF-
kappaB activation and recruitment with the combination of the
proinflammatory cytokines IL-1beta, tumor necrosis factor alpha
and IL-17 in rheumatoid synoviocytes. Arthritis Res Ther 2004;
6:R190-R198.

9.LiuT, ZhangL, Joo D, Sun S-C. NF-kB signaling in inflammation.
Signal Transduct Target Ther 2017; 2:17023.

10. Nishida A, Andoh A. The role of inflammation in cancer:
Mechanisms of tumor initiation, progression, and metastasis. Cells
2025; 14:488.

11. O’Brien MA, Kirby R. Apoptosis: A review of pro-apoptotic
and anti-apoptotic pathways and dysregulation in disease. ] Vet
Emerg Crit Care 2008; 18:572-585.

12. Mohme M, Riethdorf S, Pantel K. Circulating and disseminated
tumour cells — mechanisms of immune surveillance and escape.
Nat Rev Clin Oncol 2017; 14:155-167.

13. Hargadon KM. Tumor microenvironmental influences on
dendritic cell and T cell function: A focus on clinically relevant
immunologic and metabolic checkpojiis. Clin Transl Med 2020;
10:374-411.

14. Marcucci F, Rumio C. The tumoi-} -omoting effects of the
adaptive immune system: A cause <l vpelr, ogressive disease in
cancer? Cell Mol Life Sci 2021; 78:353-8¢ 5.

15. Wang M, Xiao Y, Miao J, Zk=no .. TivM, Zhu L, et al. Oxidative
stress and inflammation: Drivers 0. tumorigenesis and therapeutic
opportunities. Antioxidaiis 2 125: 14:735.

16. Requesens M, . fjer % Nijman HW, de Bruyn M. Genomic
instability as-a rive. and .appressor of anti-tumor immunity.
Front Immunol 2v. 4; 15:1462496.

17. Ghas. mzadeh Ra. “ardar M, Fazeli Kakhki H, Hosseinzadeh H.
Ziziphus ji5, ba (Jujube) in metabolic syndrome: From traditional
medicine to sc. ntific validation. Curr Nutr Rep 2024; 13:845-866.
18. T21 i | Gkasemzadeh Rahbardar M. Ameliorative effects of
Por vlaca)oleracea L. (purslane) and its active constituents on
cerven ystem disorders: A review. Iran J Basic Med Sci 2023;
26.2-12.

19. Ghasemzadeh Rahbardar M, Eisvand F, Rameshrad M, Razavi
"M, Tabatabaee Yazdi A, Hosseinzadeh H. Carnosic acid mitigates
doxorubicin-induced cardiac toxicity: Evidence from animal and
cell model investigations. Iran J Basic Med Sci 2024; 27:425-438.
20.Behrouz§, Saadat S, Memarzia A, Sarir H, Folkerts G, Boskabady
MH. The antioxidant, anti-inflammatory and immunomodulatory
effects of camel milk. Front Immunol 2022; 13:855342.

21. Ghasemi Z, Rezaee R, Aslani MR, Boskabady MH. Anti-
inflammatory, anti-oxidant, and immunomodulatory activities of
the genus Ferula and their constituents: A review. Iran J Basic Med
Sci 20215 24:1613-1623.

22. Beigoli S, Boskabady MH. The molecular basis of the
immunomodulatory effects of natural products: A comprehensive
review. Phytomedicine 2024; 135:156028.

23. Naraki GA, Fazeli Kakhki H, Qoorchi Moheb Seraj F, Naraki
K, Ghasemzadeh Rahbardar M. Effect of Crocus sativus L. (saffron)
and Rosmarinus officinalis L. (rosemary) in hepatocellular
carcinoma: A narrative review of current evidence and prospects.
Iran ] Basic Med Sci 2025; 28:986-1003.

24. Hosseini M, Pkan P, Rakhshandeh H, Aghaie A, Sadeghnia
HR, Rahbardar MG. The effect of hydro-alcoholic extract of citrus
flower on pentylenetetrazole and maximal electroshock-induced
seizures in mice. World Appl Sci J 2011; 15:1104-1109.

25. El-Zahar H, Menze ET, Handoussa H, Osman AK, El-Shazly
M, Mostafa NM, et al. UPLC-PDA-MS/MS profiling and healing
activity of polyphenol-rich fraction of Alhagi maurorum against
oral ulcer in rats. Plants 2022; 11:455.

26.Tavassoli A, Anushiravani M, Hoseini S, Nikakhtar Z, Baghdar
H, Ramezani M, et al. Phytochemistry and therapeutic effects of
Alhagi spp. and Tarangabin in traditional and modern medicine: A
review. ] HerbMed Pharmacol 2020; 9: 86-104. 2020.

27. Mahboubi M, Sotoudeh Nia S, Mokari Z. Alhagi maurorum for

15



Ghasemzadeh Rahbardar et al.

urolithiasis: Its bioactive substances, pharmacological actions and
clinical trials. Clin Tradit Med Pharmacol 2025; 6:200193.

28. Aghili Khorasani MH. Makhzan al-Adwiya. Iran: Safirardehal;
8™ century.

29. Momen Tonekaboni SM. Tohfat al-Momenin. Iran: Safirardehal;
17* century.

30. Al Allan L, Al A. Determination of phenols, flavonoids,
antioxidants, and other chemical compounds of Alhagi maurorum
(Camelthorn) plant found in Syria.] Pharm Drug Dev 2024; 6:2.
31. Arjabi A, Anarjan N, Jafarizadeh-Malmiri H. Effects of
extracting solvent composition on anti-oxidant and antibacterial
activities of Alhagi maurorum extracts. ] Food Process Preserv
2021; 45:e15300.

32. Chakou FZ, Boual Z, Hadj MDOE, Belkhalfa H, Bachari K, El
Alaoui-Talibi Z, et al. Pharmacological investigations in traditional
utilization of Alhagi maurorum Medik. in Saharan Algeria: In vitro
study of anti-inflammatory and antihyperglycemic activities of
water-soluble polysaccharides extracted from the seeds. Plants
2021; 10:2658.

33.QuJ, YangJ, Chen M, Zhai A. Anti-human gastric cancer study
of gold nanoparticles synthesized using Alhagi maurorum. Inorg
Chem Commun 2023; 151:109859.

34. Wusiman A, Xu S, Ni H, Gu P, Liu Z, Zhang Y, et al
Immunomodulatory effects of Alhagi honey polysaccharides
encapsulated into PLGA nanoparticles. Carbohydr Polym 2019;
211:217-226.

35. Asghari MH, Fallah M, Moloudizargari M, Mehdikhani F,
Sepehrnia P, Moradi B. A systematic and mechanistic review on
the phytopharmacological properties of Alhagi species. Anc Sci
Life 2016; 36:65-71.

36. Mehrabi S, Beigi P, Salehpour Z. Comparison of the effect of
hydroalcholic extract of Alhagi maurorum and hydrochlorothiazide
on excretion of 4-10 mm kidney and ureteral Stones in adults: A
randomized prospective study. Adv Pharmacol Pharm Sci 2023;
2023:6624981.

37. Mohammadi Zonouz A, Ghasemzadeh Rahbardar M,
Hosseinzadeh H. The molecular mechanisms of ginkgo (Ginkg.
biloba) activity in signaling pathways: A comprehensive revic .
Phytomedicine 2024; 126:155352.

38. Afzal S, Abdul Manap AS, Attiq A, Albokhadaim I, Kz zer . *
Alhojaily SM. From imbalance to impairment: The cent-si rol” of
reactive oxygen species in oxidative stress-induced isore.” ~and
therapeutic exploration. Front Pharmacol 2023; 1+:12¢ ?581.

39. Dash UC, Bhol NK, Swain SK, Samal RR; . 7ayak K, Raina
V, et al. Oxidative stress and inflammatior'1n e p thogenesis of
neurological disorders: Mechanisms and i vlicat ons. Acta Pharm
Sin B 2025; 15:15-34.

40. Kang Q, Yang C. Oxidative -tress anc. diabetic retinopathy:
Molecular mechanisms, pathog -etic “role and therapeutic
implications. Redox Biol 2020; 37:101/99.

41. Ghasemzadeh Rahbardar M, Ferns GA, Ghayour Mobarhan M.
Vanillic acid as a promising intervention for metabolic syndrome:
Preclinical studies. Iran ] Basic Med Sci 2025; 28:141-150.

42. 1zzo C, Vitillo P, Di Pietro P, Visco V, Strianese A, Virtuoso
N, et al. The role of oxidative stress in cardiovascular aging and
cardiovascular diseases. Life (Basel) 2021; 11:60.

43. Ghasemzadeh Rahbardar M, Hosseinzadeh H. Neuroprotective
effects of walnut (Juglans regia L.) in nervous system disorders: A
comprehensive review. Iran ] Basic Med Sci 2024; 27:1492-1505.
44. Hayes JD, Dinkova-Kostova AT, Tew KD. Oxidative stress in
cancer. Cancer Cell 2020; 38:167-197.

45. Wu M, Luo Q, Nie R, Yang X, Tang Z, Chen H. Potential
implications of polyphenols on aging considering oxidative stress,
inflammation, autophagy, and gut microbiota. Crit Rev Food Sci
Nutr 2021; 61:2175-2193.

46. Jena AB, Samal RR, Bhol NK, Duttaroy AK. Cellular red-
ox system in health and disease: The latest update. Biomed
Pharmacother 2023; 162:114606.

47. Ghasemzadeh Rahbardar M, Hosseinzadeh H. A review of
how the saffron (Crocus sativus) petal and its main constituents

16

N=MS

Pharmacological insights into Alhagi maurorum

interact with the Nrf2 and NF-kB signaling pathways. Naunyn
Schmiedebergs Arch Pharmacol 2023; 396:1879-1909.
48. Wang Y, Branicky R, Noé A, Hekimi S. Superoxide dismutases:
Dual roles in controlling ROS damage and regulating ROS
signaling. J Cell Biol 2018; 217:1915-1928.
49. Pei ], Pan X, Wei G, Hua Y. Research progress of glutathione
peroxidase family (GPX) in redoxidation. Front Pharmacol 2023;
14:1147414.
50. Handy DE, Loscalzo J. The role of glutathione peroxidase-1 in
health and disease. Free Radic Biol Med 2022; 188:146-161.
51. Rajabalizadeh R, Ghasemzadeh Rahbardar M, Razavi BM,
Hosseinzadeh H. Renoprotective effects of crocin against colistin-
induced nephrotoxicity in a rat model. Iran J Basic Med Sci 2024;
27:151-156.
52. Olas B, Hamed Al, Oleszek W, Stochmal A. Comparison
of biological activity of phenolic fraction from roots of Alhagi
maurorum with properties of commercial phenolic extracts and
resveratrol. Platelets 2015; 26:788-794.
53. Shaker E, Mahmoud H, Mnaa S. Anti-inflammatory and anti-
ulcer activity of the extract from Alhagi maurorum (camelthorn).
Food Chem Toxicol 2010; 48:2785-2790.
54. Khalifa HA, Shalaby SI, A:ddaziz AS. Alhagi maurorum
aqueous extract protects against . orfloxacin-induced hepato-
nephrotoxicity in rats. Chin Hcio Mea 2020; 12:156-162.
55. Cai G, Wu Y, Wusiman A, Gu P, Mao N, Xu S, et al. Alhagi
honey polysaccharides <" nu.~-intestinal injury and immune
suppression in cyclop hosplimide-induced mice. Food Funct
2021; 12:6863-6877.
56. El-Makuy A, "1-Masry TA, El-Tarahony AM, Alherz FA,
Osman E1. Hepatopro, cctive effect of camel thorn polyphenols in
concanavalin  -induced hepatitis in mice. Chin ] Integr Med 2024;
30:1790-1100.
57. Fa ~an Ghanem A, Ali Ameen A, Gaber EL-Masry H. The
effe 't of .""hagi maurorum (Akool) on hepatotoxicity in rats. J
1 om Feon 20255 41:23-38.
58. youran shourak chali B, asadzade s. The effect of Alhagi
.rorum essential oil on performance, carcass characteristics,
intestinal morphology, liver enzymes and antioxidant status of
broilers. Res J Livest Sci 2025; 38:17-28.
59. Sheweita S, Mashaly S, Newairy A, Abdou H, Eweda S.
Changes in oxidative stress and antioxidant enzyme activities in
streptozotocin-induced diabetes mellitus in rats: Role of Alhagi
maurorum extracts. Oxid Med Cell Longev 2016; 2016:5264064.
60. Neamah NF. A pharmacological evaluation of aqueous extract
of Alhagi maurorum. Glob ] Pharmacol 2012; 6:41-46.
61. Saber TM, Abo-Elmaaty AMA, Said EN, Beheiry RR, Moselhy
AAA, Abdelgawad FE, et al. Alhagi maurorum ethanolic extract
rescues hepato-neurotoxicity and neurobehavioral alterations
induced by lead in rats via abrogating oxidative stress and the
caspase-3-dependent apoptotic pathway. Antioxidants 2022;
11:1992.
62. Amin DM, Abaza m, ibrahim N. Alhagi maurorum ethanolic
extract can halt potential topiramate neurotoxicity on sciatic nerve
of adult male albino rats. Zagazig Univ Med ] 2024; 30:4241-4253.
63. Changizi-Ashtiyani S, Alizadeh M, Najafi H, Babaei S, Khazaei
M, Jafari M, et al. Physalis alkekengi and Alhagi maurorum
ameliorate the side effect of cisplatin-induced nephrotoxicity.
Cancer Gene Ther 2016; 23:235-240.
64. Khalifa HAMI, Abdelrahman ASA, Sahu RP. Aqueous extract
of Alhagi maurorum protects from norfloxacin-induced hepato-
nephrotoxicity in rats. FASEB ] 2018; 32:1b646-1b646.
65. Al-Nafea S, Aljahdali M. Protective effects of ethanolic
extract of Alhagi maurorum roots on renal failure induced by
acetaminophen in mice. ] Appl Biotechnol Bioeng 2021; 8:16-22.
66. Allah A, Mostafa U, Abd El-Razik I, Abou El Ahmed W.
Nephroprotective effect of Alhagi maurorum bread against CCl4
induced nephrotoxicity in experimental rats. ] Stud Res Qual Educ
2022; 8:831-857.
67. Algandaby MM. Abatement by Alhagi maurorum of lead-
induced nephrotoxicity in rats: Emphasis on Nrf2/HO-1. Future J

Iran J Basic Med Sci, 2026, Vol. 29, No.



Pharmacological insights into Alhagi maurorum

Pharm Sci 2025; 11:9.

68. Hoseinpour F, Hashemnia M, Cheraghi H, Salari Asl MM,
Zare F, Zanjani IA. Protective effect of the hydroethanolic extract
of camelthorn (Alhagi maurorum) on benign prostatic hyperplasia
induced by testosterone in rats. BMC Complement Med Ther
2025; 25:136.

69. Ghavipanje N, Vargas-Bello-Pérez E, Afshin M, Hosseini SA,
Aghashahi A, Vatankhah AM. The inclusion of Alhagi maurorum
in growing camel diet: Effect on performance, liver-related blood
metabolites, and anti-oxidant status. Front Vet Sci 2022; 9:863121.
70. Issazaee A, Ghazaghi M, Kasmani FB, Arough HEF. Effect of
different levels of Alhaji maurorum L. on performance, meat
quality and blood serum antioxidant status of Japanese quail. J
Anim Environ 2023; 15:143-150.

71. Moradgholi H, Shojaeian K, Jalilvand G, Kasmani FB, Ghazaghi
M. Investigating of antioxidant activity of different levels of Alhaghi
maurorum L on the performance and blood serum metabolites of
9-15 week-old ostrich chicks. ] Anim Environ 2023; 15:119-128.
72. Li J, Kudereti T, Wusiman A, Abula S, He X, Li J, et al
Regulatory effects of alhagi honey small-molecule sugars on
growth performance and intestinal microbiota of lambs. Animals
2024; 14:2402.

73. Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng ], et al.
Inflammatory responses and inflammation-associated diseases in
organs. Oncotarget 2018; 9:7204-7218.

74. Vafaeipour Z, Ghasemzadeh Rahbardar M, Hosseinzadeh
H. Effect of saffron, black seed, and their main constituents on
inflammatory cytokine response (mainly TNF-a) and oxidative
stress status: An aspect on pharmacological insights. Naunyn
Schmiedebergs Arch Pharmacol 2023; 396:2241-2259.

75. Latham AS, Moreno JA, Geer CE. Biological agents and the
aging brain: Glial inflammation and neurotoxic signaling. Front
Aging 2023; 4:1244149.

76. Halade GV, Lee DH. Inflammation and resolution signaling in
cardiac repair and heart failure. EBioMedicine 2022; 79:103992.
77. Thorp EB, Filipp M. Contributions of inflammation to
cardiometabolic heart failure with preserved ejection fraction.
Annu Rev Pathol 2024; 20:143-167.

78. Jalali J, Ghasemzadeh Rahbardar M. Rosemary: A promising
therapeutic agent in alleviating nephrotoxicity. ] Food Biochera
2025; 2025:5519628.

79. Newton K, Dixit VM. Signaling in innate immunifvand
inflammation. Cold Spring Harb Perspect Biol 2012; 4:2C060-."
80. Sun L, Wang X, Saredy J, Yuan Z, Yang X, War _ L. Innate-
adaptive immunity interplay and redox regulatio. in in.mune
response. Redox Biology 2020; 37:101759.

81. Cronkite DA, Strutt TM. The regulaticn of nflammation
by innate and adaptive lymphocytes. J Im. =m0l Res 2018;
2018:1467538.

82. Wusiman A, Jiang W, Ya L, . \u T, Me ], Liu Z, et al.
Cationic polymer-modified Alhagi honcy polysaccharide PLGA
nanoparticles as an adjuvant to induce strong and long-lasting
immune responses. Int ] Biol Macromol 2021; 177:370-382.

83. Saad HF, Hegazy MFA-N, El- Shewehy DM. Assessment
of methanolic plant extract of Alhaghi maurorum in treating
Trichinella spiralis infected mice. ] Egypt Soc Parasitol 2023;
53:307-314.

84. Shakeri E Kiani S, Rahimi G, Boskabady MH. Anti-
inflammatory, antioxidant, and immunomodulatory effects of
Berberis vulgaris and its constituent berberine, experimental and
clinical, a review. Phytother Res 2024; 38:1882-1902.

85. Cai G, Yang Y, Gu P, Li K, Adelijiang W, Zhu T, et al. The
secretion of sIgA and dendritic cells activation in the intestinal
of cyclophosphamide-induced immunosuppressed mice are
regulated by Alhagi honey polysaccharides. Phytomedicine 2022;
103:154232.

86. Hamedi A, Farjadian S, Karami MR. Immunomodulatory
properties of Taranjebin (camels thorn) manna and its isolated
carbohydrate macromolecules. ] Evid Based Complementary
Altern Med 2015; 20:269-274.

Iran J Basic Med Sci, 2026, Vol. 29, No.

N=MS

Ghasemzadeh Rahbardar et al.

87. Cai G, Wusiman A, Gu P, Mao N, Xu S, Zhu T, et al
Supplementation of Alhagi honey polysaccharides contributes
to the improvement of the intestinal immunity regulating the
structure of intestinal flora in mice. Food Funct 2021; 12:9693-
9707.

88. Manafu Z, Du R, Malajiang X, Abulikemu G, Xue L, Bierdelieke
A, et al. Effects of Alhagi maurorum Medik polysaccharide derived
from different regions on the intestinal immune functions of
lambs. Front Pharmacol 2024; 15:1422461.

89. Wusiman A, He ], Cai G, Zhu T, Bo R, Liu Z, et al. Alhagi honey
polysaccharides encapsulated into PLGA nanoparticle-based
pickering emulsion as a novel adjuvant to induce strong and long-
lasting immune responses. Int ] Biol Macromol 2022; 202:130-140.
90. Fernandez-Lazaro D, Sanz B, Seco-Calvo J. The Mechanisms
of Regulated Cell Death: Structural and Functional Proteomic
Pathways Induced or Inhibited by a Specific Protein-A Narrative
Review. Proteomes 2024; 12:3.

91. Ahmadi M, Bagherzadeh S, Boskabady MH, Vahabi A,
Abolhasani S, Aslani MR. The effects of carvacrol on the cardiac
apoptosis gene expression levels in heart tissue of obese male rats
induced by high-fat diet. Avicenna J Phytomed 2025; 15:1059-
1069.

92. Sethi G, Rath P, Chauhan A, Ranja » A; Choudhary R, Ramniwas
S, et al. Apoptotic mechanisms of qucre otin in liver cancer: recent
trends and advancements. Pharmac itics 2023; 15:712.

93. Rajabian F, Mehri S, Razavi EM, Ki 3javi Rad A, Ghasemzadeh
Rahbardar M, Hosseinzadeb ™ E. "t of trans-sodium crocetinate
on contrast-induced cytotoxicit, in HEK-293 cells. Iran ] Basic
Med Sci 2023; 26:148-156.

94. Unnisa A, S:c - IN.7 Kamal MA. Inhibition of caspase 3 and
caspase 9 mc. ‘ated apopt. sis: A multimodal therapeutic target in
traumatic brain . “ury. Curr Neuropharmacol 2023; 21:1001-1012.
95. M. hammadi “onouz A, Ghasemzadeh Rahbardar M,
Hosseinz 'eh H. Antidotal and protective effects of mangosteen
(Garciria m. “gostana) against natural and chemical toxicities: A
revio, . an T Basic Med Sci 2023; 26:492-503.

9¢. Singh R, Letai A, Sarosiek K. Regulation of apoptosis in health
anc Ji-ase: the balancing act of BCL-2 family proteins. Nat Rev
. "ol Cell Biol 2019; 20:175-193.

97. Shahrivar T, Mokhtari M, Alipour V. Effects of alcoholic extract
of Alhagi maurorum on the expression level of hepatic Caspase-3
gene in male Wistar rats following the induction of diabetes
mellitus. Med Sci J Islam Azad Univ 2020; 30:408-417.

98. Brown JS, Amend SR, Austin RH, Gatenby RA, Hammarlund
EU, Pienta KJ. Updating the definition of cancer. Mol Cancer Res
2023; 21:1142-1147.

99. Singh A, Roghini S. Cancer: Unraveling the complexities of
uncontrolled growth and metastasis. PEXACY Int J Pharm Sci
2023; 2:59-73.

100. Sever R, Brugge JS. Signal transduction in cancer. Cold Spring
Harb Perspect Med 2015; 5:a006098.

101. Zafar A, Khatoon S, Khan M]J, Abu J, Naeem A.
Advancements and limitations in traditional anti-cancer therapies:
a comprehensive review of surgery, chemotherapy, radiation
therapy, and hormonal therapy. Discov Oncol 2025; 16:607.

102. Ye J, Shi ], Zhang M, Zhang Y, Tao j, Jiang S, et al. Novel Alhagi
maurorum leaves mediated synthesis of titanium nanoparticles
for human breast carcinoma applications: A preclinical trial. Arch
Med Sci 2021; 28:143345.

103. Bahamin N, Ahmadian S, Rafieian-Kopaei M, Mobini G,
Shafiezadeh M, Soltani A. A comparative study on anticancer
effects of the Alhagi maurorum and Amygdalus haussknechtii
extracts alone and in combination with docetaxel on 4T1 breast
cancer cells. Evid Based Complement Alternat Med 2021;
2021:5517944.

104. Hosseini SA, Khatami M, Asadollahi A, Yaghoobi H. Cerium
oxide nanoparticles synthesis using Alhagi maurorum leaf extract
and evaluation of their cytotoxic effect on breast cancer cell lines
and antibacterial effects. Anticancer Agents Med Chem 2024;
24:1056-1062.

17



Ghasemzadeh Rahbardar et al.

105. Ramezani Zardanjani F, Yaghoobi H, Alibakhshi A, Hosseini
SA, Bahamin N. Alhagi maurorum extract regulates the PI3K/AKT
cascade and inhibits the proliferation of the lung cancer cell line.
Adv Biomed Res 2025; 14:154.

106. Moveed A, Parveen S, Shafiq N, Ali A, Rashid M, Bourhia M,
et al. Natural compounds from Alhagi maurorum as potential HCC
and HepG2 inhibitors: An integrated study using pharmacophore
development, molecular docking, MD simulation, and DFT
approaches. Med Chem 2025; 21:1153-1173.

107. Sulaiman GM. Antimicrobial and cytotoxic activities of
methanol extract of Alhagi maurorum. Afr ] Microbiol Res 2013;
7:1548-1557.

108. Chinnathambi A, Alahmadi TA. Zinc nanoparticles
green-synthesized by Alhagi maurorum leaf aqueous extract:

18

N=MS

Pharmacological insights into Alhagi maurorum

Chemical characterization and cytotoxicity, antioxidant, and anti-
osteosarcoma effects. Arab ] Chem 2021; 14:103083.

109. Zhao W, Wang L, Chen H, Qi L, Yang R, Ouyang T, et al. Green
synthesis, characterization and determination of anti-prostate
cancer, cytotoxicity and antioxidant effects of gold nanoparticles
synthesized using Alhagi maurorum. Inorg Chem Commun 2022;
141:109525.

110. Bahamin N, Rafieian-Kopaei M, Ahmadian S, Karimi I,
Doustimotlagh AH, Mobini G, et al. Combined treatment with
Alhagi maurorum and docetaxel inhibits breast cancer progression
via targeting HIF-1a/VEGF mediated tumor angiogenesis in vivo.
Heliyon 2023; 9:e16292.

Iran J Basic Med Sci, 2026, Vol. 29, No.



	bookmark0
	OLE_LINK82
	OLE_LINK83
	OLE_LINK128
	OLE_LINK127
	_GoBack

