


Review Article

Pharmacological and Therapeutic Perspectives of Anisochilus carnosus– A Mini review



ABSTRACT
Anisochilus carnosus, commonly referred to as "Gal kapparawalliya," is a member of the Lamiaceae family and is a widely recognized medicinal plant used extensively in traditional medicine systems across the globe. This review highlights the presence of several paramount phytochemicals, including steroids, alkaloids, flavonoids, terpenoids, anthraquinones, phenols, saponins, tannins, and phytosterols, which underpin their significant therapeutic attributes. Additional important phytoconstituents that enhance its medicinal properties include stigmasterol, β-sitosterol, pyrrolidine alkaloid, luteolin, apigenin, ursolic acid, corosolic acid, 24-hydroxy corosolic acid, maslinic acid, and 3β, 7β, 24-trihydroxy-urs-12-en-28-oic acid. Pharmacological research has shown the varied therapeutic effects of A. carnosus, including anti-inflammatory, analgesic, antioxidant, antimicrobial, antidiabetic, hepatoprotective, and anticancer properties, attributed to its rich array of bioactive phytoconstituents. Given these observations, this review aims to offer a detailed account of the taxonomical, phytochemical, and pharmacological attributes of A. carnosus and provides valuable insights for future research and the potential development of innovative therapeutic agents.
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1. INTRODUCTION
Throughout history, various societies have utilized plants for medicinal purposes, nutrition, pest control, and more. In recent decades, there has been a growing emphasis on studying medicinal plants to validate their traditional applications. These plants contain a wealth of natural chemical substances that possess significant therapeutic benefits. Communities have cultivated their own traditional wisdom regarding plant-based medicine, which has become a valuable resource and cultural legacy for their countries. Therefore, it is essential to safeguard and preserve this traditional knowledge and to create a digital database of herbal medicine. This initiative will aid in storing and accessing information about traditional practices for the benefit of humanity (1). Herbal remedies have gained significant interest lately as alternative treatments for managing or preventing lifestyle-related diseases, yet there is still limited understanding of how they function. The rising curiosity in plant-based products has led to increased research into their possible health advantages (2). Anisochilus carnosus is a significant medicinal plant widely used in traditional medicine (3). This annual herb is known for its medicinal properties, including antiulcer, expectorant, stimulant, and anti-hepatic effects. Given its high medicinal value and effectiveness in treating various health issues, there is an urgent necessity to explore non-traditional methods for the future commercial cultivation of A. carnosus. The plant is notably rich in phytochemicals, particularly phenolic compounds. Typically, A. carnosus is propagated through seeds, although the germination rate is relatively low (30%). A. carnosus is often regarded as a folk remedy with an extensive range of medicinal applications and belongs to the Lamiaceae family. The components of A. carnosus have been evaluated for their antitumor properties in various carcinogenic models. Furthermore, this plant has been documented to exhibit antimicrobial (4), anticancer (5), anti-inflammatory (6), analgesic &  antipyretic activities (7) as well as hepatoprotective properties (8).

1.1  Taxonomical Classification 
Domain: Eukaryota
Kingdom: Plantae
Phylum: Magnoliophyta
Class: Magnoliopsida
Order: Lamiales
Family: Lamiaceae
Genus: Anisochilus
Species: Anisochilus carnosus

1.2  Vernacular Names (9)
English-Kapurli/ Thick Leaved Lavender
Sinhala- Gal Kapparawalliya
Tamil- Karppura-valli
Sanskrit- Ajapada

1.3 Geographic Distribution
This species is distributed across several regions in Asia, including Hong Kong, Macao, Shanghai, Tianjin, India (Deccan Peninsula, Sikkim, Assam), Myanmar, Burma, Nepal, Thailand, and Sri Lanka (10) (11).

I recommend considering including a map of the distribution of A. carnosus

1.4 Botanical Description: Leaves, Inflorescence, Flowers, Root
Anisochilus carnosus is an aromatic, semi-succulent herbaceous annual plant showing in Fig.1 (12).
Stem
The stems range from 30 to 60 cm in height and are branched (13). Each stem is erect and quadrangular, with internodes 2.5 to 6 cm in length. The stems exhibit a dense covering of appressed trichomes (14).

Leaves
The length of the leaf petioles ranges from 1.3 cm to 5 cm and has a dense, white velvety texture. The leaves are shaped ovate-oblong to circular, with heart-shaped to rounded forms, featuring crenulated margins and blunt to rounded tips (13). The leaves are arranged oppositely, petiolate, with petioles measuring 0.5 to 3 cm long; the lamina is broadly ovate to rhomboid or oblong ovate, measuring 2.8 to 5.4 cm by 2.4 to 4.2 cm, with an obtuse to shortly acuminate apex. The margins are crenate, while the leaf base ranges from subcordate to round or subtruncate, exhibiting puberulent surfaces that are densely spotted brown on both sides, and the secondary veins have up to 16 pairs, arranged as alternate, opposite, or subopposite (14).

Flowers
Flower spikes are between 3 and 7.5 cm in length and 1 to 2 cm in width and appear 4-angled when in fruit. The sepal is approximately 4.5 mm long, with the tube constricted at the opening (13). The flowers can be sessile or have short pedicels measuring 0.5 to 1.0 mm in length; the calyx is 4 to 4.5 mm long, with a densely pubescent tube that has a dilated base measuring 1.5 to 2.0 mm and an upper lip that is 2.0 to 3.0 mm long, reflexed and pointed, the upper portion of the lip is ovate, while the lower part is truncate with the tip suffused in red or pink. The fruiting calyx expands to 7 to 8 mm in length. 
The corolla is purple, ranging from 6 to 9 mm in length with a slender, protruding, and recurved tube that is visible for 4 mm, densely covered with soft hairs and red glands. The upper lip reaches up to 3 mm in length, is shorter than the lower lip, has 4 lobes, with the lateral lobes being transparent to white and smaller, while the middle lobes are purplish. The lower lip measures 4 to 5 mm long and is concave or boat-shaped. There are 4 stamens, with dark purple, dorsifixed anthers. The nutlets are 4 in number, broadly ovate, black, measuring 1 × 0.8 mm, and inconspicuously emarginated at the apex (14).

Inflorescence
The inflorescence is a sub-globose spike organized in dichasial cymes, with the upper peduncle measuring up to 5.7 cm in length, while the lateral ones reach up to 4 cm. Two basal bracts are pubescent and measure between 1 and 2 mm long (14).

Root
A substantial tap root features a brownish-white cork layer and emits an aromatic scent. The stems are sturdy and branched (12).

Seed
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Description automatically generated][image: Anisochilus carnosus - Wikipedia]Seeds are tiny, suborbicular, flattened, and brown (15).
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Figure.1: Morphology of the A. carnosus plant


2. TRADITIONAL USES
It is a versatile ethnomedicinal plant utilized for the treatment of various health issues such as gastrointestinal disorders, respiratory problems, coughs, colds, and fevers. Its combination with Ocimum basilicum, Mentha piperita, and Alpinia galanga has been noted to alleviate skin inflammation and combat influenza (10). The leaves and aerial parts of this plant have been traditionally utilized to treat gastric ulcers and abdominal pains (16) (1). In Sri Lanka, the plant is utilized for treating coughs in children and soothing sore throats (17). Additionally, the plant is used to address ailments categorized under Urdhvajatrugata Roga, which refers to diseases affecting the area above the clavicle (collarbone) in Sri Lankan Ayurveda (18). The tribes in the Bhilla district of Maharashtra, India, utilize the roots of this plant to alleviate symptoms of cold, cough, and fever. The Paliyar tribal community in Tamil Nadu, India, applies a paste made from the leaves to the affected areas as a remedy for various skin conditions like eczema and psoriasis (19). The people in the Salem district of Tamil Nadu, India, utilize leaves for treating stomach pain. The plant acts as an expectorant, promoting sweating, curing liver issues, and alleviating colds (20). Tribal communities of Karnataka, Maharashtra, Rajasthan, and Tamil Nadu utilize this traditional medicine for various health issues. The entire plant serves as a diaphoretic, stimulant, and expectorant; it is also used to treat liver ailments, respiratory issues, colds, and skin disorders, as Nilesh Guptha reported. Furthermore, the leaves are utilized for coughs, dropsy, digestive problems, and ulcerations on the fingers (21).

3. PHYTOCHEMICAL COMPOSITION
The literature proposes that A. carnosus has a rich and varied phytochemical composition, which includes numerous bioactive compounds with medicinal relevance (16). These phytochemical constituents play a role in the plant's therapeutic properties and health-related applications.
Interestingly, almost all components of the A. carnosus species have been studied for their phytochemical properties, except for the seeds, and different phytoconstituents have yet to be isolated. Several significant phytoconstituents that have been documented include alpha-cis-burganotene, caryophyllene, beta-selinene, luteolin, and apigenin.
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Table 1. Phytochemical composition of the A. carnosus
	S. No
	Phytochemical
	Plant part
	Reference

	1
	Steroids- stigmasterol and β-sitosterol
	Leaves/flowers
(Ethanol extract)
	(15)
(22)
(23)


	2
	Alkaloids- pyrollidine alkaloid
	Leaves/ flowers
(Ethanol/ Methanol extract)
	(15)
(22)
(23)
(16)

	3
	Flavonoids- leuteolin and apigenin
	Leaves/ flowers
(Ethanol extract)
	(15)
(22)
(23)
(16)

	4
	Terpenoids- triterpenoids
ursolic acid, corosolic acid, 24-hydroxy corosolic acid, maslinic acid, 3b, 7b, 24-trihydroxy-urs-12-en- 28-oic acid
	Leaves/ flowers
(Ethanol extract)
	(15)
(22)
(23)
(16)
(2)


	5
	Anthraquinones
	Leaves/flowers
(Ethanol extract)
	(23)
(15)


	6
	Phenols
	Plant
	(12)
(15)
(16)

	7
	Saponins
	Leaves/flowers
(Ethanol extract)
	(23)
(16)


	8
	Tannins
	Leaves/flowers
(Ethanol extract)
	(23)
(15)
(16)



	9
	Oils – carvacrol, alpha-cis-burganotene, caryophyllene, b- sellinene and camphor 

Resins
	Leaves
(Ethanol extract)
	(15)
(22)

	10
	Carbohydrates (very less)
	Leaves/ flowers
(Ethanol extract)
	(23)


	11
	Phytosterol
	Leaves
(Ethanol, Acetone extract)
	(15)
(22)
(13)

	12
	Glycosides
	Leaves/flowers
(Ethanol extract)
	(23)


	13
	Quinone
	Whole plant           (water extract)
	(12)

	14
	Carboxylic Acid
	Whole plant
(water extract)
	(12)



Upon reviewing the records, it has been noted that phytochemical screening has been conducted on the ethanol and water extracts of A. carnosus plant materials, revealing the presence of several phytochemical constituents, including alkaloids, carbohydrates, flavonoids, glycosides, saponins, steroids, tannins, phenols, and triterpenoids, while anthraquinones and amino acids are found to be absent.

4. BIOLOGICAL ACTIVITIES
4.1 [bookmark: _Hlk207718499]Hepatoprotective Activities
Anisochilus carnosus may contain an important source of potentially beneficial new compounds for creating effective treatments to address various liver issues (24) (25).

[bookmark: _Hlk214460202][bookmark: _Hlk208219004]Venkatesh and co-workers (26) (27) examined the hepatoprotective potential of ethanolic extracts from the leaves and entire stem of the A. carnosus plant against CCl4-induced hepatopathy. The findings of this study strongly indicate that the ethanolic extracts of the leaves and stems of A. carnosus exhibit hepatoprotective properties, which vary according to the dosage levels (26) (27). This team also evaluated the hepatoprotective effects of both alcoholic and aqueous extracts of A. carnosus at doses of 200 mg and 400 mg/kg (Alcoholic & Aqueous extracts of plant) in rats, which were subjected to Thioacetamide (TAA) induced hepatotoxicity. The extracts demonstrated hepatoprotective properties in a dose-dependent manner. Compared to the aqueous extracts, the alcoholic extracts of the plant exhibited more potent activity (28).

[bookmark: _Hlk214460384]The bio-efficacy research conducted by Nissar and co-workers (8) demonstrates that the leaf and leaf callus of A. carnosus contain secondary metabolites that have hepatoprotective properties. The presence of ethanol induces the creation of reactive oxygen species (ROS), resulting in significant oxidative stress that harms liver cells. Extracts from the leaves and leaf callus of A. carnosus have exhibited a dose-dependent protective effect on the liver in response to ethanol. The extent of hepatoprotection offered by these extracts was assessed by evaluating the percentage of cell viability using the MTT (3-(4,5-dimethylthiazole-2 yl)-2,5 diphenyl tetrazolium bromide) assay. These studies indicate that the leaf and leaf callus extracts possess active phytoconstituents that enhance the antioxidant defense within the cells, thereby reducing the likelihood of free radical production (8).

[bookmark: _Hlk214529921]Furthermore, Yadev and co-workers (2) also evaluated the ethanolic extract of the entire A. carnosus plant for its hepatoprotective properties in Wistar rats that had liver damage caused by paracetamol. The extract delivered at oral doses of 200 mg/kg and 400 mg/kg body weight showed a notable protective effect against paracetamol-induced liver toxicity by reducing serum levels of aspartate aminotransferase (SGOT), alanine aminotransferase (SGPT), total bilirubin, and malondialdehyde equivalent, which is an indicator of lipid peroxidation in the liver. The effectiveness of the ethanolic extract from the whole plant of A. carnosus was compared with the standard medication, silymarin (100 mg/kg, orally. These results suggest that A. carnosus whole plant has a significant hepatoprotective effect against paracetamol-induced liver toxicity in mice (2).

The Flavonoids and Terpenoids are recognized for their hepatoprotective potential (29). The hepatoprotective effect noted in A. carnosus may be attributable to the presence of terpenoids and flavonoids (2).

4.2 Anti-inflammatory Activities 
[bookmark: _Hlk208219137]Kannian and co-workers  (6) assessed the immunomodulatory properties of the aqueous extracts of A. carnosus against two cytokines related to innate immunity – TNF-α and IL-1β, along with two cytokines linked to adaptive immunity – IFN-γ (a Th1 cytokine) and IL-4 (a Th2 cytokine). The evaluation of the immunomodulatory effects was conducted using normal human peripheral blood mononuclear Cells (PBMCs). Considering the overall research, they clearly demonstrate that the aqueous extracts of A. carnosus have shown dose-dependent anti-inflammatory effects on the innate immunity cytokines, TNF-α and IL-1β, as well as the Th1 cytokine, IFN-γ, but did not affect the Th2 cytokine, IL-4 (6) (25).

4.3 [bookmark: _Hlk207718564]Analgesic and Antipyretic Activity
[bookmark: _Hlk214531211]It is evident that the alcoholic extracts from the leaves of A. carnosus have strong analgesic and antipyretic properties in response to various stimuli (7). The analgesic activity was assessed using the Tail immersion method and the Hot plate method in mice, while the Yeast-induced pyrexia method was employed in rats, to test for antipyretic effects. The different doses administered were 200 mg/kg and 400 mg/kg of body weight, specifically for evaluating both analgesic and antipyretic effects. In both methods for assessing analgesic activity, the extracts demonstrated significant effectiveness, and the dosages also yielded noteworthy results for antipyretic activity. Furthermore, this research provides scientific validation for the traditional use of this plant as reported in folklore (7).

4.4 [bookmark: _Hlk207718619]Diuretic activity
The research was conducted by Venkatesh and co-workers (30) to assess the diuretic properties of alcoholic leaf extracts of A. carnosus in normal rats. The extracts were orally administered to experimental rats at doses of 200 and 400 mg/kg. Furosemide served as the standard medication at a dose of 20 mg/kg in this study. The diuretic effect was assessed by measuring urine output and the levels of sodium and potassium in urine. The volume of urine was significantly elevated by the doses when compared to the control group. Additionally, the excretion of sodium also rose with the test substances. The diuretic action of the extracts was similar to that of the standard medication. Therefore, this study offers a quantitative foundation for justifying the traditional use of A. carnosus as a diuretic agent (30).

4.5 [bookmark: _Hlk207718657]Antioxidant Activity
[bookmark: _Hlk214532457]Antioxidant properties of A. carnosus plant were investigated through DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity, xanthine oxidase inhibition assay, and nitric oxide radical scavenging assay  (28). The alcoholic and aqueous extracts of A. carnosus were evaluated at doses of 200 mg and 400 mg/kg body weight. The extracts demonstrated antioxidant activity in a manner that depended on the dosage (28).

Another study examined the antioxidant properties associated with total phenolic concentration, total flavonoid concentration, and antioxidant activity of ethanolic extracts from the leaves and stems, along with their corresponding calli  (3). The highest total phenolic concentration was observed in the leaf callus, while the stem callus exhibited the greatest flavonoid concentration. 

The antioxidant activity in the extracts from both leaf and stem calli showed consistency. It can be shown that the callus extracts serve as a remarkable source of phytotherapeutic antioxidants, and those Secondary metabolites derived from callus cultures of A. carnosus hold potential for various biological applications (3).

It is reported that screening of the antioxidant and antimicrobial properties of A. carnosus leaf extracts. The antioxidant activity was assessed by measuring the decolorization of a solution due to the radical-scavenging ability of the extracts, which involved trapping the unpaired electron in DPPH. The greatest percentage decrease in the 1, 1-diphenyl-2-picryl hydrazyl radical (DPPH) was observed at an extract concentration of 400 µg/ml, resulting in an IC50 value of 29.23%. The total phenolic content and total antioxidant activity in the ethanol extract were quantified as µg/ml of gallic acid equivalents and 100 mg/ml of ascorbic acid equivalents, respectively. The reducing power exhibited a significant increase as the concentration rose. This investigation established that the ethanol extract of A. carnosus leaves serves as a promising source of natural antioxidants (31).

4.6 [bookmark: _Hlk207718723]Anticancer and Cytotoxic Activity 
[bookmark: _Hlk214539102]Anticancer properties of the ethanol extract derived from A. carnosus were assessed through in vitro cytotoxicity assays  (32). Members of the Lamiaceae family are known to contain anticancer substances, including terpenes and royleanones, among others. In an effort to create an anticancer medication, the lamiaceous plant known scientifically as A. carnosus underwent chemical analyses and in vitro toxicity tests, alongside a scientific examination of its antimicrobial capabilities. A GC-MS analysis (Gas Chromatography- Mass Spectrometry analysis) was conducted to identify the compounds present in the chosen plant extract, while in silico studies were performed to evaluate its anticancer properties. A total of 45 compounds were identified, with some exhibiting significant peak areas, such as styrene, thymol, 1,3-Bis(cinnamoyloxymethyl)adamantine, Hexadecanoic acid ethyl ester, (E)-9-Octadecenoic acid ethyl ester, 1,2-Benzenedicarboxylic acid diisooctyl ester, and 2-Benzyloxyethylamine  (32). The ethanolic extract of the selected plant was tested for its antitumor effectiveness against Ehrlich ascites carcinoma using in vitro techniques. The results indicated a high rate of cell death at elevated concentrations. Findings from both the in silico and in vitro investigations suggest that the ethanol extract of A. carnosus exhibits significant anticancer activity against Ehrlich ascites carcinoma. Further comprehensive phytochemical investigations could lead to the discovery of a new anticancer compound, facilitating the creation of a novel, safe, and effective anticancer medication derived from this natural source (32).

Furthermore, another study also showed that the anticancer activity of A. carnosus leaves against Ehrlich ascites carcinoma (EAC)  (19). In their study, they have measured the levels of luteolin in various extracts and fractions of A. carnosus using high-performance thin-layer chromatography (HPTLC) fingerprinting. A. carnosus displays significant anti-tumor activity that is likely due to the presence of various phytochemicals, including phytosterols, terpenoids, and flavonoids within the plant (19). A study have been explored the cytotoxic properties of petroleum ether, ethanolic, and aqueous extracts of A. carnosus against the BT-549 breast adenocarcinoma cell line through in vitro SRB (Sulforhodamine B) and MTT (3-(4, 5-dimethylthiazol-2-yl)-2, 5 diphenyltetrazolium bromide) assays  (5). They have also measured the luteolin content in the various extracts (ethanolic and aqueous) of A. carnosus using HPLC as an analytical tool. The findings revealed that both the petroleum ether and ethanolic extracts of A. carnosus exhibited significant cytotoxicity against BT-549 while the aqueous extracts showed a reduced cytotoxic effect. HPLC analysis of the luteolin content across the different extracts, using luteolin as the reference compound, indicated that the ethanol extract had the highest luteolin concentration (0.372% w/w), while the aqueous extract contained a lower concentration (0.282% w/w). Based on their results, it can be concluded that the petroleum ether and ethanolic extracts of A. carnosus demonstrate promising anticancer properties and have the potential to be developed as a therapeutic option for cancer treatment (5).


4.7 [bookmark: _Hlk207718838]Antimicrobial Activity
[bookmark: _Hlk214561016]Shetty and co-workers (4) investigated the activity of A. carnosus against 32 clinical strains collected from patients with gastrointestinal infections. A. carnosus leaves were extracted using water and ethanol through cold maceration and via the Soxhlet method with ethanol. The inhibition rates for A. carnosus decreased sequentially in the Soxhlet ethanol, aqueous, and ethanol extracts. It is essential to consider A. carnosus as a potential antimicrobial agent for eliminating Helicobacter pylori, particularly due to the increasing resistance of H. pylori strains to conventional drugs. These findings, along with the overall study, indicate that A. carnosus has significant antimicrobial properties and could be utilized for developing effective alternative therapies for H. pylori. Nevertheless, additional research is required to assess its in vivo effects on animals and humans (4).

[bookmark: _Hlk214613551]Another study stated the antimicrobial properties of A. carnosus by examining the compounds found in the ethanol extract through GC-MS analysis (Gas Chromatography- Mass Spectrometry analysis) (32). A total of 45 compounds were identified, and subsequent antimicrobial activity studies revealed that they were particularly effective against Staphylococcus aureus and Pseudomonas aeruginosa.  The findings of their research regarding the antimicrobial activity of the ethanol extract from the selected substance indicate that it could serve as a safe and effective antimicrobial agent for microbial infections (32).

[bookmark: _Hlk208219088][bookmark: _Hlk214560338][bookmark: _Hlk214560304]Kiruthiga and Sekar  (31) investigated the antibacterial properties of A. carnosus extract against three bacterial strains: Escherichia coli, Pseudomonas aeruginosa, and Bacillus subtilis. The antibacterial assessment was performed on various strains using the agar well diffusion technique. Among the tested bacterial strains, Bacillus subtilis exhibited the largest zone of inhibition, measuring 15 mm at a concentration of 800 µg/disc. So, the research indicates that the antibacterial effects of the leaf extract result from the bioactive compounds it contains (31).
[bookmark: _Hlk206075179]
[bookmark: _Hlk214560582][bookmark: _Hlk214560541]Similarly, Reshi and co-workers (33) reported that the antibacterial properties of chloroform, petroleum ether, ethyl acetate, methanol, ethanol, and aqueous extracts obtained from the leaves and leaf callus of A. carnosus against several bacterial strains, including Bacillus cereus, Bacillus subtilis, Staphylococcus aureus, Streptococcus pyogenes, Vibrio parahaemolyticus, Enterobacter aerogenes, Proteus mirabilis, and Klebsiella pneumoniae. The methanolic leaf extract exhibited the highest antibacterial effectiveness against K. pneumoniae. Among the callus extracts, the ethanolic callus extract showed the greatest bioefficacy against K. pneumoniae. The findings indicated that both the leaf and leaf-derived callus extracts from A. carnosus are potent against K. pneumoniae. Further research is necessary to isolate and characterize the active compounds present in the leaf and callus cultures (33).

[bookmark: _Hlk214616441]Kiruthiga and Sekar (31) explored the antifungal properties against Candida albicans, Aspergillus niger, and Trichoderma viridae. Antifungal testing was conducted on various strains using the agar well diffusion method. Among the fungal strains, Candida albicans exhibited the largest zone of inhibition. The ethanolic leaf extract of A. carnosus demonstrated significant antifungal activity. This study revealed that the antifungal effects in the leaf extract result from the bioactive compounds contained in A. carnosus (31).

[bookmark: _Hlk214616803]Further, another study showed that antifungal screening against Candida albicans using agar well diffusion technique with extracts of A. carnosus from petroleum ether, chloroform, ethyl acetate, ethanol, and water obtained via Soxhlet extraction  (35). Among the various extracts, those derived from ethanol, ethyl acetate, and water exhibited the highest antifungal activity. In contrast, petroleum ether and chloroform extracts displayed moderate activity. This research indicates that A. carnosus can be utilized for the treatment of Candidiasis. The antifungal properties of this plant can be attributed to the presence of antifungal compounds within it (35).

4.8 [bookmark: _Hlk207718885]Anti-gastric Activity
[bookmark: _Hlk214613752]The anti-ulcer activity on rats was assessed utilizing various gastric ulcer models, including acetic acid-induced chronic gastric ulcers, the healing of indomethacin-induced gastric ulcers, pylorus ligation, ethanol-induced gastric ulcers, stress-induced acute gastric ulcers, and cysteamine hydrochloride-induced duodenal ulcers (34). The extract was administered both orally and intraduodenally at two distinct doses of 100 mg/kg and 500mg/kg. Both dosages of the extract enhanced the healing process in the acetic acid-induced chronic gastric ulcer model. Both doses also exhibited significant anti-ulcer effects in cases of ethanol-induced and stress-induced gastric ulcers. It was established that the extract also diminished the ulcer area in the cysteamine-induced duodenal ulcer model. The higher dose of the extract proved to be more effective than the lower dose. The methanolic extract of A. carnosus leaves promotes the healing of gastric ulcers and inhibits the onset of experimentally induced gastric and duodenal ulcers in rats (34).














5. CONCLUSIONS
The current review presents an overview of the recent developments in the phytochemical and pharmacological properties of A. carnosus as a potential therapeutic agent. 
I recommend replacing the first paragraph with…. “This review presents an overview of recent advances in the study of the phytochemical and pharmacological properties of A. carnosus as a possible therapeutic agent.”
[bookmark: _GoBack]As indicated by the literature review, A. carnosus has notable medicinal applications, including antimicrobial, anti-inflammatory, antioxidant, antifungal, diuretic, antipyretic, hepatoprotective, and anti-cancer and cytotoxic effects. It exhibits strong free radical scavenging abilities, which are clearly demonstrated through various assays. 
The therapeutic effectiveness and pharmacological actions of A. carnosus are attributed to its rich phytochemical profile, which includes alkaloids, flavonoids, saponins, and tannins. Future research efforts should aim to clarify the mechanisms behind the actions of A. carnosus compounds, conduct well-structured clinical trials to confirm their therapeutic effectiveness in humans, and create standardized herbal formulations that optimize pharmacokinetic properties. 
Furthermore, studies examining possible interactions between herbs and drugs, as well as the exploration of new bioactive compounds found in A. carnosus, may offer significant insights for its incorporation into contemporary healthcare practices. 
In summary, A. carnosus emerges as a valuable botanical resource with substantial therapeutic potential, warranting increased focus and investigation to fully realize its benefits for human health and well-being.
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