


Ethnomedicinal Importance, Phytochemistry and Biological Activities of 
Alhagi camelorum DC.: A Comprehensive Review

      
Abstract: The hardy, prickly plant Alhagi camelorum, also referred to as "Kandero" or "Camel Thorn," has a long history in Ayurvedic and Greco-Arab traditional medicine. The current understanding of its taxonomy, phytochemical composition, and therapeutic potential is summarized in this article. The plant, which is found in arid parts of Eurasia and the Middle East, is distinguished by a wide range of bioactive secondary metabolites, such as phenolic acids, alkaloids and flavonoids. Its traditional use is validated by pharmacological studies, both in vitro and in vivo, which show strong anti-inflammatory, gastroprotective, nephroprotective, and antioxidant properties. Its effect as a calcium channel blocker and muscle relaxant supports its role in treating gastrointestinal problems including urolithiasis. Additionally, new studies demonstrate its use in veterinary medicine as well as its promise as a source of neuroprotective and anti-diabetic compounds. This article provides an in-depth review of Alhagi camelorum, addressing their taxonomic classification, botanical characteristics, and diverse pharmacological potential. Phytochemical investigations reveal a rich profile of bioactive compounds, including polyphenols, flavonoids, tannins, and novel triterpenes. Research demonstrates that these extracts possess significant antioxidant, nephroprotective, cardioprotective, and hepatoprotective properties. Furthermore, the plant shows clinical efficacy in treating gastrointestinal disorders, endocrine imbalances, and skin hyperpigmentation through enzyme inhibition (Tyrosinase and alpha-glucosidase). This review underscores the therapeutic versatility of Alhagi species and highlights their potential as a source for novel drug development in modern medicine.
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1. INTRODUCTION
Natural products have interesting and useful biological activities and they also perform various functions.[1] Researchers are increasingly turning their attention toward natural products in order to develop better drugs against cancer, as well as viral and microbial infections.[2] There are more than 35 000 plant species which are used in different human cultures around the world for medicinal purpose.[3]  A broad range of biological activities such as antioxidant, cardiovascular, anti-ulcer, hepatoprotective, antispasmodic, antidiarrheal, antinociceptive, antipyretic, anti-inflammatory, anti-rheumatic, antibacterial and antifungal have been ascribed to different parts of Alhagi.[4] Alhagi species contains many active constituents such as flavonoids, fatty acids, coumarins, sterols, vitamins, and alkaloids.[5] Phenolic and flavonoids are the most common plant-based bioactive phytochemicals that is abundant in the kingdom Plantae. A multitude of bioactive phytochemicals has been explored as indispensable origin of novel antimicrobial, anti-tumor, cholesterol-lowering, immunomodulatory, anti-inflammatory, and antioxidant agents.[6] Alhagi camelorum belongs to the family of (Fabaceae) Leguminosae, which includes 550 genera and 13,000 species, many of which are used in traditional medicine and pharmaceutical purposes. [7,8] Plants belonging to the genus Alhagi are highly valued across the Middle East and Pakistan for their medicinal properties and use as animal fodder. While there has been historical confusion regarding their classification—with researchers often using names like Alhagi maurorum or Alhagi pseudoalhagi—the Flora of Pakistan clarifies that only one species exists within the country. Locally known as "Kandero" in Sindhi and "Oont Kataraa" in Urdu, leading botanists and experts have reached a consensus that the correct scientific name for this species is Alhagi camelorum.[9]
2. TAXONOMY [10]
Kingdom                  -                 Plantae (Plants)
Division                   -                 Streptophyta
Class                         -                 Equisetopsida
Subclass                    -                 Mangoliidae
Order                         -                 Fabales
Family                       -                 Fabaceae 
Genus                        -                 Alhagi 
Species                      -                 Alhagi maurorum

Synonymous names:  Alhagi mourorum, Alhagi pseudalhagi, Alhagi maurorum, Alhagi camelorum, 
Althagi pseudalhagi, Alhagi pesudalghagi
Common/Vernacular Names: [11]                                              
· English: Camel Thorn, Persian Manna Plant, Camel thorn, Persian Manna Plant, Caspian Manna, Hebrew Manna
· Hindi : Javasa , Bharbharra, Oont-jhari
· Sanskrit : Yavasa, Dhanvayasa, Duralabha, Yasa, Dusparsha, Kunashaka
· Gujarati : Javaso, Javasau
· Bengali : Javasha, Dulal labha
· Marathi : Dhamasa
· Tamil : Punaikanjuri, Kanchori, Turanchipin
· Telugu : Chinnadoolagondi, Dhanvayasamu, Tell-giniyachettu
· Malayalam : Kappa tumpa, Venkatithura, Valiya Kotithuva
· Kannada : Turuche, Turuchana gida, Neladangara, Ballidurabi

3. GEOGRAPHICAL DISTRIBUTION 
The plant is found in temperate and tropical Eurasia and the Middle East, Northern India, Afghanistan, Armenia, Azerbaijan, Northwest China, Cyprus, Iran, Iraq, Israel, Jordan, Kazakhstan, Kuwait, Lebanon, Mongolia, Pakistan, Syria, Tajikistan, Turkey, Turkmenistan, Uzbekistan and Russia. In China, the plant is mainly distributed in Xin Jiang Uighur Autonomous Region. In India, it is mostly found in arid and dry regions of Gujarat, Punjab, Uttar Pradesh and Rajasthan.[12]

4. BOTANIC DISCRIPTION - 
This plant is a rigid, thorny shrub characterized by small, simple leaves (10-25 mm long) with an alternate arrangement and smooth margins. Its pea-like flowers, ranging from pinkish-violet to maroon, bloom from April to September and emerge directly from spines along the branches. The plant is characterized by its rigid, intricately branched, and spinescent habit, which serves as a specialized adaptation to arid and semi-arid environments. Its stem is green, woody at the base, and heavily armed with sharp, axillary spines measuring 1–2.5 cm in length. The leaves are simple, alternate, and obovate-oblong in shape, featuring a leathery texture and reduced surface area (8–15 mm) to minimize transpirational water loss. The inflorescence consists of small, papilionaceous flowers that are typically purplish-red or pink, borne in groups of one to three on the spines. The fruit is an indehiscent, sickle-shaped pod known as a lomentum, which is distinctively contracted between the seeds. Each pod contains about 5–8 kidney-shaped (reniform), brownish-black seeds. The plant also possesses an extensive, deep-seated root system that enables it to thrive in nutrient-poor, water-deficient soils.The most distinctive feature is the fruit, which consists of curved pods (19-34 mm long) that are constricted between the seeds and tipped with a small beak.[13,14]
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Figure 1. Alhagi camelorum showing its spiny stems and papilionaceous flowers



5. PHYTOCHEMICALS[15] – 

Tables 1 and 2, and Figure 2, present the phytoconstituents, active compounds, and chemical structures of various phytochemicals found in different plant parts of A. maurorum.

TABLE 1. Phytoconstituents present in the different Plant Parts
	S. No. 
	PLANT PART 
	PHYTOCONTITUENTS 

	1.
	Aerial part

	(+)-Gallocatechin

	
	
	Leucodelphidin

	2.
	Leaf

	Neophytadiene

	
	
	6,10,14-Trimethylpentadecan-2-one

	
	
	Octadecane

	
	
	Drimenol

	3.
	Root
	6,7-Dimethoxy-1-methyl-1,2,3,4tetrahydroisoquinoline

	
	
	1,2,3,4-Tetrahydroisoquinoline

	
	
	Hordenine

	4.
	Stem

	Phenethylamine

	
	
	beta-Ionone

	
	
	N-Methyltyramine

	
	
	Pentacosane

	5.
	Whole plant
	(+)-Gallocatechin

	
	
	Leucodelphidin

	
	
	24-Ethylcholesta-5,22-dien-3 beta-ol

	
	
	Melezitose




TABLE 2. Active Compounds derived from different Plant Parts of A. maurorum [14]

	PLANT PARTS
	COMPOUND
	REFERENCES

	Leave extract
	The presence of unsaturated sterols, triterpenes, tannins, flavonoids and carbohydrates and/or glycosides as major constituents
	Atta & El-Sooud, 2004. [16]

	Aqueous extract
	flavonoids, fatty acids, coumarins, sterols, vitamins, and alkaloids.
	Attia et al. (2016) [17]

	Roots
	New aliphatic ester and new thiophene.
	Mallik et al. (2016). [18]

	Roots
	5,5″″-dipropyl-2,2′:5′,2″:5″,2‴:5‴,2″″-pentathienyl, octacosanoic acid, 28- hydroxy-2′, 3′-dihydroxy propylysate
	Marashdah et al., 2008. [19]

	Plant extract
	A new flavonoid, isorhamnetin-3-O-[-alpha-lrhamnopyranosyl-(1 --> 3)]-beta-D-glucopyranoside (1), along with two known flavonoids 3'-O-methylorobol (2) and quercetin 3-O-beta-d-glucopyranoside (3).
	Ahmad et al., 2010. [20]

	Roots
	Three new oleanane-type triterpene glycosides (1–3), along with four known compounds (4–7) glycosides, were isolated. Most of saponins isolated from A. maurorum show as sugar chain β-fabatriose
	Hamed et al., 2012. [21]

	Leaves/flowers
	Contained some phenolic compounds.
	Leghari et al., 2012 [22]

	Plant material
	Alhagi plants are also valued as a rich source of digestible protein and important minerals.
	Muhammad et al., 2014. [4]

	Aerial part extract
	Presence of flavonoids and phenolic compounds.
	Sheweita et al., 2016 [23]

	Whole plant extract
	[bookmark: _GoBack]The phytochemical profile of the extract showed the presence of carbohydrates, alkaloids, saponins, tannins, phenolics, flavonoids.
	Khalifa et al., 2019. [24]

	Plant extracts
	Natural bioactive molecules and plant-derived essential oils have been employed in the treatment of infectious diseases. The antimicrobial activities of the chloroformic and methanolic extracts of A. maurorum were evaluated against eight bacterial strains—Staphylococcus aureus, Bacillus subtilis, Rathayibacter toxicus, Pseudomonas aeruginosa, Escherichia coli, Pseudomonas syringae, Xanthomonas campestris, and Pseudomonas viridiflava—as well as three fungal species: Pyricularia oryzae, Fusarium oxysporum, and Botrytis cinerea.
	Hadadi et al., 2020. [25]

	Methanol and dichloromethane extracts of A. maurorum roots.
	The antioxidant activity, enzyme inhibition potential, and phytochemical profile of the extract revealed a high content of total phenolics (105.91 mg GAE/g extract) and flavonoids (2.27 mg RE/g extract). These elevated levels correlate strongly with its significant antioxidant capacity as well as inhibitory effects against acetylcholinesterase (AChE), butyrylcholinesterase (BChE), tyrosinase, and α-glucosidase. The extract thus represents a promising source of natural compounds with both antioxidant and enzyme inhibitory properties.
	Saleem et al., 2020. [26]

	The potential of A. maurorum aqueous extract
	Gas Chromatography analysis revealed mainly the presence of the following phyto-compounds: Cyclopropenone, 2,3- diphenyl; 1-Nonadecanol; methyl-alpha-D-mannopyranoside; cis-9-Hexa dece nal.
	Ammar et al., 2022. [27]

	Crude extract fraction of A. maurorum aerial parts.
	The major phenolic compound was isolated from the polyphenol-rich EFAM fraction and identified by conventional and spectroscopic methods of analysis as isorhamnetin-3-O-rutinoside. Furthermore, standardization of EAFM using UPLC-PDA-UV quantified isorhamnetin-3-Orutinoside as 262.91 0.57 g/mg of the fraction.
	El-Zahar et al., 2022 [28]

	A. maurorum extract
	Proteus mirabilis is a common causative agent of catheter-associated urinary tract infections. Among the chemical constituents identified in the extract, tamarixetin, quercetin, and trans-anethole demonstrated the highest bioactivity.
	Mirzaei et al., 2022. [29]

	 Plant extract
	The plant contains numerous bioactive compounds, including tannins, alkaloids, saponins, and flavonoids, which exhibit a wide range of pharmacological activities, such as hepatoprotective, wound-healing, antirheumatic, antiviral, antibacterial, antifungal, antidepressant, and analgesic effects.
	Mulukuri &Kumar PP, 2023. [30]
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Figure 2. Chemical Structures of Various Phytochemicals Present in different parts of A. camelorum [15]
"Data source - PubChem database (NCBI)"

6. IMPACT ON VETERINARY MEDICINE & ANIMAL NUTRITION
Alhagi maurorum is a key ethno-veterinary medicine used to treat gastrointestinal diseases in livestock like cattle and goats. Research shows that its distilled extract acts as a diuretic, specifically helping to regulate urine pH levels. For goats, a medicinal dose of 8.16 mL/kg is recommended to support these renal functions.[3] A. maurorum meal to broiler chicken was investigated and found that supplementation for 2% of total mixed diet didn’t have negative effect on immunological and biochemical measures of serum and also has significant positive effect on performance.[31]


7. FOLKLORE CLAIMS –
In India, Alhagi is widely used as an expectorant, laxative, and diuretic. Regional folk remedies include smoking the leaves for asthma, applying leaf oil for rheumatism, and using crushed flowers to treat bleeding piles. Additionally, root extracts are used to help pass kidney stones, while various plant parts are utilized to alleviate fevers, headaches, and chest pain. Across Asia and the Middle East, Alhagi is a versatile traditional medicine. In China and the Uygur region, it is used to treat cancer, rheumatism, and neurogenic headaches. Throughout Palestine, Israel, Jordan, and Iran, root and flower decoctions are primary remedies for kidney stones, urinary issues, and heart problems. In Pakistan's Balochistan region, locals use powdered flowers to improve vision and treat stomachaches, while root extracts are specifically prepared to address liver issues.[13]

8. PHARMACOLOGICAL ACTIONS - 
A broad range of biological activities such as antioxidant, cardiovascular, anti-ulcer, hepatoprotective, antispasmodic, antidiarrheal, antinociceptive, antipyretic, anti-inflammatory, anti-rheumatic, antibacterial and antifungal have been ascribed to different parts of Alhagi.[4] The ethanol root extract of Alhagi maurorum functions as a potent antipyretic and muscle relaxant by inhibiting acetylcholine. It exhibits bradycardiogenic effects (lowering heart rate) and acts as a spasmolytic agent, specifically relaxing the ureter to alleviate pain and facilitate the passage of kidney stones. However, research indicates that while it assists in stone expulsion, it does not directly dissolve oxalate stones.[32] Alhagi extracts provide a broad range of biological benefits, acting as a biofungicide for crops and an antibacterial agent against pathogens like E. coli. Medically, the plant offers anticancer and cardioprotective effects, improves metabolism during hypoxia, and functions as a powerful diuretic and muscle relaxant. Additionally, it supports neurological and urinary health by inhibiting key regulatory enzymes.[33]

TABLE 3. PHARMACOLOGICAL ACTIVITIES 
	Activity/effect
	Plant Part / Extract Type
	Method used / Model used 
	Specific Findings / Mechanism

	Antioxidant
	Aqueous Extract of Whole plant
	Mice 
	Reduces malondialdehyde levels[34]

	
	Alcoholic Extract of Whole plant 
	Mice
	Scavenging free radicals at concentrations up to 10 mg/ml.[34]

	
	Leaf Extract
	Mice 
	Higher antioxidant potential than flower extract due to higher phenolic content.[34]

	
	Isolated Flavonoids
	Mice
	Three key antioxidant flavonoids isolated: Isorhamnetin derivative, 3'-O-methylorobol, and Quercetin-3-O-beta-D-glucopyranoside.[34]

	
	Automated (M-1) & Ultrasonic Extracts of leaves and flowers 
	DPPH, ABTS, FRAP beta – carotene assays
	Leaves have higher potential in reducing oxidative stress. [35]

	Nephroprotective

	Hydroalcoholic Extract of Whole plant
	Rats
	Repairs kidney damage caused by Cisplatin-induced nephrotoxicity; histological anomalies were not discovered.[36]

	
	Aqueous Extract of whole plant
	Rats 
	Reduces calcium oxalate kidney stones. Used traditionally to alleviate kidney pain and spasms.[37]

	Cardioprotective
	Aqueous Extract of whole plant / Proanthocyanidins
	Myocardial Infarction models
	Acts as a myocardial depressant (in rats); reduced creatinine phosphate level and lipid peroxidation in animals with myocardial infarction.[4]

	Intestinal immune promotion
	Acid Polysaccharide (aAP, 22.734 kDa Mw)
	Mice 
	Increases thymus and spleen indices; increases production of intestinal IgA antibody, serum IgG antibody, and intestinal cytokines.[38]

	Antifungal
	Methanol Extract (Roots) / Triterpene Compound and Phenolic extract
	In-vitro laboratory study.
	Novel ursene-type triterpene beta-30-norurs-11-en-3-ol extracted. Showed discernible antifungal activity against Saccharomyces cerevisiae and Aspergillus niger. Broad-spectrum inhibition against 5 fungal strains; MIC of 1.5 µg/ml against T. mentagrophytes; comparable to Nystatin and Clotrimazole.[39]

	Anti-inflammatory
	Ethanolic Extract of whole plant
	Rats
	Protects against Aspirin-induced inflammation; acid output diminished more than with ranitidine.[37]

	
	Aqueous Extract of whole plant
	Rats 
	Demonstrated anti-inflammatory effects in formalin-induced paw edema assay (mice); protective effects against free radical-mediated inflammatory diseases.[34]

	Anti-nociceptive (pain)
	Methanolic Extract of whole plant (200 & 400 mg/kg)
	Mice 
	Showed anti-nociceptive (pain relief) effect in acetic acid-induced writhing and tail-flick tests in mice.[37]

	Hepatoprotective
	Hydroalcoholic Extract of whole plant 
	Rats 
	Protected against Valproic Acid (VPA)-induced hepatotoxicity; restored metabolic disturbances and suppressed lipid peroxidation.[40]

	Anti-bph (benign prostatic hyperplasia)
	Hydroethanolic Extract of whole plant 
	GC – MS Analysis
Rats Model
	Comparable to Finasteride; reduced prostate weight and serum/prostatic testosterone levels; downregulated 5-alpha reductase and androgen receptor genes.[41]

	Immunomodulatory activity 
	Polysaccharides (SS and AK regions)
	Sheep lambs 
	Acts as a promising prebiotic; significantly enhances immune function and health in lambs.[42]

	Antidiarrheal / antispasmodic
	Methanolic Extract / Underground Parts
	Castor oil induced Diarrhea in Rats. 
	Showed significant antidiarrheal effect (castor oil model); potential mechanism is blocking of calcium channels in intestinal tissue. [4]

	
	Alcoholic Whole plants Extract 
	In vivo studies(oral administration) 
	Exhibited dose-dependent activity (200-400 mg/kg) by acting as a calcium channel blocker to reduce intestinal motility.[43]

	
	Methanolic Extracts of whole plant
	Rabbits 
	Significant anti-diarrheal effect at 200 mg/kg (IP); observed increased contractile force in duodenal smooth muscles.[44]

	Anti-microbial Activity
	Volatile Constituents (Flowers) / Flower extracts 
	In – vitro studies 
	Significant activity against a range of Gram-positive and Gram-negative bacteria (e.g., E. coli) and pathogenic fungi.[45]

	Anti-diabetic / anti-hyperglycemic
	Methanol Extract of whole plant
	Alpha-glucosidase assay
	Strong alpha-glucosidase inhibitory activity, slowing carbohydrate absorption.[46]

	Anti-diabetic / anti-hyperglycemic
	Hydroalcoholic Extract of whole plant
	Wistar rats.
	Exerted hepatoprotective effects in diabetic animal models, mitigating liver injuries.[47]

	Anti-diabetic / anti-hyperglycemic
	UHPLC-MS Profiled Root Extract
	In-vitro Enzyme Assays & Molecular Docking 
	Inhibited AChE, BChE, alpha-glucosidase, and alpha-amylase; 18 metabolites identified.[48]

	Neuroprotective
	Methanol Extract (Roots)
	In silico molecular docking 
	Inhibitory effects against Acetylcholinesterase (AChE) and Butyrylcholinesterase (BChE)[48]

	Anti-ulcer / gastroprotective
	Ethanolic Extract of whole plant
	Clinical study
	Significant protection against gastric ulcers (e.g., aspirin-induced); decreased acid output and protected oxidation status.[37]

	Anti-ulcer / gastroprotective
	Water Extract of whole plant 
	Clinical study
	Used traditionally for enterocolitis, gastritis, peptic ulcers, and duodenal ulcers. Decreased acid production higher than ranitidine.[37]

	Endocrine / gonadal activity
	Hydroalcoholic Extract (Aerial Parts)
	Hypercholesterolemic Rats
	In hypercholesterolemic rats, significantly increased Testosterone, LH, and FSH levels while reducing Prolactin (PRL).[49]

	Anti-hyperpigmentation
	Methanolic Extract (Aerial Parts)
	Tyrosinase inhibition assay
	Used to treat hyperpigmentation disorders (e.g., melasma); effectively inhibited the activity of tyrosinase enzyme (63% inhibition.[4]




9. CONCLUSION AND FUTURE PROSPECTS - 
 Conclusions - 
The genus Alhagi (A. camelorum and A. maurorum) acts as a link between contemporary clinical research and ancient herbal knowledge, including that of Ayurveda and Unani. Its potent antioxidant and immune-stimulating properties stem from a diverse phytochemical composition that includes flavonoids, phenolics, and special polysaccharides. These plants have demonstrated extraordinary efficacy in controlling complex disorders such as Benign Prostatic Hyperplasia (BPH) and preventing chemotherapy-induced kidney damage, in addition to addressing common problems like kidney stones and ulcers. Alhagi is a top contender for the creation of natural drugs because it is extremely safe and has proven to be as effective as or even better than common medications like ranitidine and finasteride.
Additionally, A. camelorum's multi-target enzymatic inhibition is a distinctive feature of its therapeutic spectrum. Its position as a strong alpha-glucosidase and alpha-amylase inhibitor is established by recent studies, giving its anti-diabetic claims scientific support. It is an important possibility for endocrine study because of its ability to modify gonadal hormones (raising LH and FSH while decreasing Prolactin) in metabolic stress models. Alhagi is distinguished from other members of the Fabaceae family by the presence of distinct oleanane-type triterpenoids and sulfur-containing thiophenes in the roots, which provide a specific chemical template for the development of anti-inflammatory and neuroprotective drugs. Its dual action as a spasmolytic drug and a calcium channel blocker offers a complex pharmacological explanation for its historical efficacy in treating gastrointestinal hypermotility and urolithiasis.


Future Prospects:
1. Clinical Trials: While animal models and in vitro studies have provided strong evidence, there is a need for more extensive human clinical trials to standardize dosages for conditions like diabetes and hormonal restoration.
2. Drug Standardization: Future research should focus on isolating specific bioactive markers to ensure consistency in the commercial production of Alhagi-based supplements.
3. Dermatological Applications: Given the 63% tyrosinase inhibition observed, Alhagi presents a significant opportunity for the natural cosmetic industry as a safe depigmenting agent.
4. Ecological and Economic Growth: Encouraging the sustainable cultivation of Alhagi in arid regions could provide an economic boost to local communities while ensuring a steady supply for the global pharmaceutical market.
5. Mechanistic Mapping: Future studies should aim to map the exact molecular pathways (such as Caspase-3 suppression or 5-alpha reductase downregulation) in human cell lines to transition from traditional evidence to modern clinical protocols.
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