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Abstract: Alhagi camelorum, a traditional herb belonging to the Fabaceae family, has shown significant therapeutic
potential in the treatment of metabolic, digestive, hepatic, and autoimmune disorders. This review consolidates recent
advancements in the extraction techniques, phytochemical analysis, and pharmacological evaluations of Alhagi
camelorum, with a specific focus on its incorporation into phospholipid complexes to enhance bioavailability and
therapeutic efficacy. The plant’s rich phytochemical composition, including flavonoids, tannins, alkaloids, and
saponins, contributes to its wide-ranging biological activities. Recent studies emphasize the role of innovative drug
delivery systems, such as phospholipid complexes, in overcoming the challenges of low solubility and bioavailability
typically associated with plant-based compounds. These complexes not only improve the absorption of bioactive
components but also amplify their therapeutic effects. The emerging evidence highlights its potential as a novel
approach in drug delivery systems, particularly for antidiabetic applications, making Alhagi camelorum an exciting
subject of research in natural product-based therapeutics.
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1. Introduction

Alhagi camelorum, commonly used in traditional medicine, is known for its wide range of pharmacological properties,
including anti-inflammatory, antidiabetic, antioxidant, and antimicrobial activities. This plant is rich in bioactive
compounds such as flavonoids, tannins, alkaloids, saponins, and phenolic compounds, which contribute to its
therapeutic potential. These compounds are known to act synergistically, providing multifaceted benefits in managing
chronic and acute conditions. For instance, flavonoids and phenolic compounds exhibit strong antioxidant activities,
which help combat oxidative stress—a major contributor to inflammation, diabetes, and cardiovascular diseases.
Alkaloids play a crucial role in modulating metabolic pathways, including glucose metabolism, while saponins are
known to enhance insulin secretion, further substantiating their antidiabetic properties.

Despite its historical and ethnopharmacological use, the full potential of Alhagi camelorum remained underutilized
until recent scientific advancements. A key challenge in leveraging its therapeutic potential has been the low
bioavailability of its active constituents, primarily due to their hydrophilic nature and large molecular structures that
hinder cellular absorption. Modern advancements in drug delivery systems, particularly the development of
phospholipid complexes, have addressed these limitations. Phospholipid complexes, also known as phytosomes, bind
the bioactive constituents of Alhagi camelorum with phospholipids to form a lipid-compatible structure. This approach
enhances the solubility, stability, and absorption of the phytoconstituents, enabling them to reach systemic circulation
more effectively.

D

4 R The Pharmaceutical and Chemical Journal

(g

?J{/Q

—

54



Sharma A et al The Pharmaceutical and Chemical Journal, 2025, 12(6):54-58
Furthermore, the incorporation of phospholipid complexes provides a targeted and sustained release of active
compounds, reducing the frequency of administration and minimizing side effects. These advancements mark a
significant leap in optimizing the pharmacokinetics and pharmacodynamics of Alhagi camelorum, paving the way for
its integration into contemporary therapeutic regimes for conditions such as diabetes, inflammation, and microbial
infections.

2. Phytochemical Composition
Alhagi camelorum contains diverse bioactive compounds, including:

e Flavonoids: These polyphenolic compounds are well-known for their potent antioxidant properties, which
help neutralize free radicals and prevent oxidative damage. Additionally, flavonoids have shown promising
antidiabetic effects by modulating key enzymes involved in carbohydrate metabolism, enhancing insulin
sensitivity, and reducing blood glucose levels. Specific flavonoids such as quercetin and kaempferol, present
in Alhagi camelorum, have been reported to protect pancreatic beta cells and improve glucose uptake by
tissues.

« Alkaloids: Alkaloids in Alhagi camelorum have demonstrated significant roles in glucose homeostasis.
These nitrogen-containing compounds influence insulin secretion and glucose metabolism by interacting
with cellular receptors and enzymes. By modulating pathways associated with insulin signaling, alkaloids
contribute to improved glycemic control and reduced insulin resistance.

e Saponins: Saponins, characterized by their amphipathic structures, are critical for their hypoglycemic
effects. They enhance the secretion of insulin from pancreatic beta cells and increase glucose uptake by
peripheral tissues. Additionally, saponins possess membrane-stabilizing properties, which contribute to their
anti-inflammatory and protective effects against cellular damage.

e Tannins and Phenolic Compounds: Tannins and phenolics are abundant in Alhagi camelorum and act as
robust antioxidants. These compounds reduce oxidative stress by scavenging reactive oxygen species (ROS)
and inhibiting lipid peroxidation. Their anti-inflammatory properties further enhance their therapeutic
potential in managing chronic conditions such as diabetes and cardiovascular diseases. Phenolic compounds
also exhibit antimicrobial properties, providing a dual benefit of protecting against infections while managing
metabolic conditions.

e These phytochemicals are central to the plant’s pharmacological activities, making it a promising candidate
for the development of natural therapeutic agents. The synergistic interaction between these compounds
amplifies their overall therapeutic effects, offering a holistic approach to managing various diseases. Modern
analytical techniques such as HPLC and mass spectrometry have been instrumental in identifying and
quantifying these bioactive compounds, paving the way for the standardization and formulation of Alhagi
camelorum-based therapies.

3. Pharmacological Activities

Antidiabetic Activity

Numerous studies underscore the potential of Alhagi camelorum as a natural remedy for diabetes. In a prominent
study by Nezafat and Nasrollahzadeh (2021), alcoholic extracts of the plant were found to significantly lower fasting
blood sugar levels in diabetic rats. These findings suggest that the plant targets key mechanisms in glucose metabolism.
Additionally, the extract contributed to improved lipid profiles, with notable increases in HDL (high-density
lipoprotein) levels, a marker of good cholesterol. Enhanced insulin secretion was also observed, which highlights the
plant's capability to stimulate pancreatic beta-cell function. Together, these outcomes suggest that Alhagi camelorum
extracts hold promise for developing plant-based antidiabetic therapies.

Anti-Inflammatory Activity

The anti-inflammatory potential of Alhagi camelorum was studied by Verma et al. (2022), particularly in topical gel
formulations. Methanol and chloroform extracts of the plant were tested for their ability to alleviate inflammation.
Results showed that the extracts were highly effective in reducing swelling and redness, indicating strong anti-
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inflammatory activity. The plant’s phytochemicals may inhibit inflammatory pathways, making it a viable candidate
for treating skin conditions or localized inflammatory disorders. Furthermore, the use of gel-based formulations
enhances bioavailability and ensures targeted delivery, demonstrating its suitability for topical applications.

Antioxidant Properties

The antioxidant potential of Alhagi camelorum is another noteworthy aspect, as discussed by Demir et al. (2015). This
study emphasized the role of phenolic compounds found in the plant, which act as free radical scavengers and protect
cells from oxidative stress. Advanced extraction techniques, including automated methods and ultrasonic-assisted
methods, were used to isolate fractions rich in antioxidants. These techniques ensure the preservation of bioactive
compounds, resulting in more potent extracts. Such findings suggest that Alhagi camelorum could be a natural source
for antioxidant supplements or functional foods designed to combat oxidative stress and related diseases, such as
cardiovascular or neurodegenerative disorders.

Antimicrobial Activity

Lalghari et al. (2014) explored the antimicrobial activity of Alhagi camelorum flower extracts, focusing on their
effects against Escherichia coli and Staphylococcus aureus, two pathogenic bacteria responsible for various infections.
The study attributed the antimicrobial properties to the plant's volatile compounds, particularly those rich in
carbohydrates. These volatile compounds might disrupt microbial cell walls or interfere with essential processes,
leading to bacterial inhibition. This activity highlights the potential of Alhagi camelorum as a natural antimicrobial
agent, particularly for use in pharmaceutical preparations, cosmetics, or food preservation.

4. Advances In Drug Delivery Systems: Phospholipid Complexes

Phospholipid complexes have emerged as an innovative approach to overcome the low bioavailability of plant-based
compounds. These complexes enhance the solubility, absorption, and pharmacokinetics of bioactive phytochemicals
by forming lipophilic structures.

Mechanism of Action Phospholipid complexes are formed by binding phytoconstituents to the polar heads of
phospholipids, resulting in a lipophilic surface that improves cellular uptake and bioavailability. These complexes
mimic cell membranes, facilitating targeted and sustained drug delivery.

Formulation and Characterization The preparation of Alhagi camelorum phospholipid complexes involves solvent
evaporation techniques. Formulations optimized for extract concentration, phospholipid-to-cholesterol ratio, and
solvent type have shown improved entrapment efficiency and particle size, enhancing therapeutic potential.

Key parameters for evaluation include:

« Entrapment Efficiency: Indicates the percentage of active compounds successfully encapsulated.

« Particle Size: Affects the bioavailability and stability of the formulation.

« In Vitro and In Vivo Studies: Assess the therapeutic efficacy and pharmacokinetics of the complex.

Applications in Diabetes Management The phospholipid complex of Alhagi camelorum extract has demonstrated
promising results in enhancing antidiabetic effects. By improving bioavailability and stability, these complexes offer
a potential alternative to synthetic antidiabetic drugs, with reduced side effects and better patient compliance

5. Therapeutic Potential and Future Directions

The research on Alhagi camelorum highlights its versatility as a medicinal plant with significant pharmacological
benefits. Future studies should focus on:

« Standardization of Extracts: Ensuring consistent quality and potency of phytochemical content.

« Clinical Trials: Evaluating the safety and efficacy of Alhagi camelorum formulations in human populations.

» Exploration of Novel Drug Delivery Systems: Further development of phospholipid complexes and other advanced
formulations to maximize therapeutic potential.
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6. Limitations and Delimitations

Limitations:

« Lack of extensive clinical trials: Most studies on Alhagi camelorum are preclinical and conducted on animal models,
limiting the generalizability of the findings to humans.

* Variability in plant composition: Differences in environmental conditions, harvesting techniques, and extraction
methods can lead to inconsistent results.

« Limited exploration of toxicity: Comprehensive studies on the long-term safety and potential side effects of A.
camelorum are lacking.

« Scalability challenges: The formulation of phospholipid complexes at a commercial scale requires further research
and optimization.

Delimitations:

* The review focuses specifically on the therapeutic potential and pharmacological activities of Alhagi camelorum,
excluding other species within the same genus.

« Studies included emphasize the development of phospholipid complexes and their applications, without delving into
other drug delivery systems.

* The discussion is limited to published research available in English, potentially omitting relevant studies in other
languages.

7. Challenges and Future Perspectives

Despite its promising pharmacological profile, the therapeutic application of A. camelorum faces challenges such as:
« Lack of large-scale clinical trials to confirm its efficacy and safety.

« Standardization of extraction and formulation techniques.

« Limited understanding of its molecular mechanisms in therapeutic applications.

Future research should focus on addressing these challenges and exploring novel delivery systems like nanoparticles
or liposomes to further enhance its therapeutic potential.

8. Conclusion

Alhagi camelorum, commonly known as camelthorn, holds immense potential as a source of bioactive compounds
with a wide array of therapeutic benefits. This desert plant has been traditionally valued for its medicinal properties,
and recent scientific advancements have uncovered its rich phytochemical profile, including flavonoids, alkaloids,
saponins, and polysaccharides. These constituents exhibit potent antioxidant, anti-inflammatory, antidiabetic, and
antimicrobial activities, making the plant a versatile candidate for addressing various chronic and lifestyle-related
diseases.

One of the significant challenges in utilizing plant-based bioactive compounds in therapeutic applications is their
limited bioavailability and stability. Phospholipid complexation has emerged as a breakthrough technology to
overcome these limitations. By binding the phytoconstituents of Alhagi camelorum to phospholipids, researchers have
successfully enhanced their solubility, permeability, and overall bioefficacy. This innovation not only improves the
absorption of these compounds in the body but also ensures sustained and targeted delivery, reducing the required
dosage and minimizing potential side effects.

The application of Alhagi camelorum in the treatment of diabetes is particularly promising. The plant's bioactive
compounds have been shown to regulate blood glucose levels, improve insulin sensitivity, and mitigate oxidative
stress—Kkey factors in managing diabetes and preventing its complications. Beyond diabetes, its anti-inflammatory
and antimicrobial properties position it as a potential therapeutic agent for conditions such as arthritis, cardiovascular
diseases, and infections.

Furthermore, the integration of Alhagi camelorum into modern drug delivery systems opens new avenues for herbal
medicine. Advanced formulations such as nanoparticles, liposomes, and hydrogels could further enhance the plant's
therapeutic potential by enabling precise delivery to specific tissues or organs. This could revolutionize the way plant-
based medicines are developed and administered, bridging the gap between traditional knowledge and modern
pharmaceutical technology.
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With continued research, Alhagi camelorum could become a cornerstone of herbal medicine, offering innovative and
effective solutions for managing chronic diseases. Its incorporation into cutting-edge drug delivery systems not only
underscores its medicinal value but also highlights the growing potential of phytopharmaceuticals in addressing global
health challenges.
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