


A comprehensive review on the phytochemistry, pharmacological activities, and therapeutic potential of Grewia species
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Grewia species, belonging to the Tiliaceae family, represent a promising reservoir of bioactive phytochemicals with diverse pharmacological activities and substantial therapeutic potential. These plants, widely distributed in tropical and subtropical regions, have been traditionally employed in ethnomedicine for treating ailments such as cardiac disorders, respiratory issues, inflammation, and infections. Phytochemical investigations reveal a rich profile including flavonoids (quercetin, kaempferol, naringenin), phenolics (vanillic, syringic, ferulic acids), triterpenoids, saponins, tannins, alkaloids, steroids, and anthocyanins, predominantly isolated from fruits, leaves, roots, and bark of species like G. asiatica, G. hirsuta, and G. subinaequalis. Pharmacologically, Grewia extracts exhibit potent antioxidant effects through free radical scavenging and metal chelation, alongside anti-inflammatory and analgesic properties validated in in vitro and in vivo models. Antimicrobial, antibacterial, antiviral, and antifungal activities combat pathogens, while antidiabetic, antihyperglycemic, and enzyme inhibitory actions address metabolic disorders. Additional benefits encompass anticancer, hepatoprotective, radioprotective, neuroprotective, immunomodulatory, and wound-healing effects, supporting traditional uses and highlighting enzyme modulation mechanisms. The therapeutic potential of Grewia species positions them as candidates for natural product-based drug development, particularly for oxidative stress-related diseases, infections, and neurodegeneration. Despite promising data, gaps persist in clinical trials, toxicity profiling, and mechanistic studies via molecular docking. Future research should prioritise standardisation, bioavailability enhancement, and sustainable cultivation to translate ethnopharmacological knowledge into modern therapeutics.
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1. Introduction
The genus Grewia, in the family Tiliaceae, is one of the most diverse and widely distributed genera of flowering plants, comprising over 320 accepted species globally. These species are predominantly found in tropical and subtropical regions, with the highest diversity in Africa, Madagascar, Asia, and parts of Oceania (Kumar et al., 2022; Karimi & Hanes, 2024). Grewia species have a long history of use in traditional medicine across various cultures. In India, Africa, and Southeast Asia, different parts of these plants, such as leaves, bark, fruits, and roots, are employed to treat a wide range of ailments, including inflammation, respiratory disorders, gastrointestinal problems, and skin diseases (Zia-UI-Haq et al., 2013). The therapeutic potential of Grewia is attributed to its rich phytochemical profile, which includes flavonoids, phenolic acids, tannins, saponins, alkaloids, and glycosides. These bioactive compounds are responsible for the diverse pharmacological activities observed in Grewia species, such as antioxidant, anti-inflammatory, antimicrobial, anticancer, antidiabetic, hepatoprotective, and analgesic effects (Qamar et al., 2021). 
Recent scientific research has validated many of the traditional uses of Grewia species, highlighting their potential as sources of novel natural products for drug development. The antioxidant activity of Grewia extracts is particularly notable, with studies demonstrating strong radical scavenging properties attributed to their high content of phenolic compounds (Sharma et al., 2016). Additionally, the anti-inflammatory and antimicrobial properties of Grewia species have been investigated in both in vitro and in vivo models, supporting their use in the management of infections and inflammatory conditions. The antidiabetic potential of Grewia has also been explored, with several studies reporting hypoglycemic effects in animal models, suggesting possible applications in the management of diabetes mellitus (Abirami et al., 2014).
Grewia species have a rich history of ethnomedicinal use across various cultures, particularly in Africa, Asia, and the Indian subcontinent. Different parts of the plant, leaves, bark, fruits, roots, and stems, are utilized in traditional medicine for treating a wide range of ailments. The leaves are commonly applied topically for wounds, cuts, and skin irritations, and are also used as a remedy for fever, cough, and diarrhoea. The bark is employed for its analgesic and anti-inflammatory properties, and is used to treat joint pain, rheumatism, and intestinal disorders (Suguna & Umesha, 2022).
The fruits of Grewia species, especially Grewia asiatica (Phalsa), are consumed as a cooling tonic and aphrodisiac, and are used to treat blood disorders, anaemia, and liver ailments. The fruit juice or porridge is traditionally given to children and lactating women to combat iron deficiency anaemia. The roots and stems are used in the treatment of bone fractures, osteoporosis, and wound healing, and are also applied for their antimicrobial and anti-inflammatory effects. Additionally, the plant is used as a remedy for diabetes, malaria, typhoid, ulcers, and as a general tonic for overall health (Swain et al., 2023). 
These diverse ethnomedicinal applications highlight the importance of Grewia species in traditional healthcare systems and underscore their potential for further scientific investigation and development as natural therapeutic agents (Ullah et al., 2012).
Despite the extensive traditional use and promising pharmacological activities, Grewia species remain underexplored in modern drug discovery and development. The lack of comprehensive scientific literature on the phytochemistry and pharmacology of many Grewia species underscores the need for further research to fully harness their therapeutic potential (Kumar et al., 2022). This review aims to provide a comprehensive overview of the phytochemical composition, pharmacological activities, and therapeutic prospects of Grewia species, consolidating existing knowledge and identifying gaps for future research. By synthesizing information from ethnobotanical, phytochemical, and pharmacological studies, this review will serve as a valuable resource for researchers and practitioners interested in the medicinal applications of Grewia species.
2. Methodology
Sci-Hub, Wiley Online Library, Global Plant Name Index, and International Plant Name Index were among the scientific databases consulted for the data. Grewia asiatica, toxicity, ethnopharmacology of Grewia species and pharmacological activity were the most common search terms.
3. Botany
3.1 Botanical features
They are typically woody shrubs or small trees, often much-branched and evergreen or deciduous, depending on species and habitat. Leaves are simple, alternate, often ovate to oblong in shape, with serrated or dentate margins. They are usually hairy below, sometimes with stellate (star-shaped) hairs, and have prominent veins and petioles. Flowers are small, typically with five petals that can be yellow, white, pink, or purple. They are arranged in clusters such as axillary cymes or umbels. The sepals are usually five and often stellately hairy. The fruit is a drupe, often fleshy and lobed, varying in color from green to yellowish-red. Fruits may be single or clustered and are edible in some species, like Grewia asiatica.​ Bark is usually brown or gray, rough or fissured, and branches tend to be woody with stellate hairs on young shoots (Kumar et al., 2022).
3.2 Distribution
Grewia species are distributed worldwide, with approximately 323 accepted species globally. In India, about 31 species of Grewia are recognized, with 23 occurring in peninsular India and several others found in different regions across the country. The genus is particularly diverse in Africa and Madagascar, but India also hosts a significant number of species, reflecting its rich biodiversity (Karimi & Hanes 2024).
3.3 Ethnobotanical uses
Grewia species are extensively used in traditional medicine for a wide range of health conditions. Beyond the well-known uses of Grewia asiatica (Phalsa), other species such as Grewia hirsuta, Grewia tenax, Grewia nervosa, and Grewia carpinifolia have significant ethnobotanical applications (Goyal, 2012). Grewia hirsuta is used as a nervine and brain tonic, demulcent, anti-acidic, expectorant, antipyretic, diuretic, carminative, aphrodisiac, cardiac tonic, abortifacient, galactagogue, purgative, and anthelmintic. It is also employed for treating nose and eye diseases, cholera, hydrophobia, kidney pain, piles, splenic enlargement, and rheumatism (Chikkamath et al., 2019). Grewia tenax is used in Sudan and other sub-Saharan countries for hepatic disorders, sunstroke, and iron deficiency anaemia, with its fruit pericarp consumed as juice or porridge, especially for children and lactating women (Almahdi et al., 2023). Table 1. Shown the ethnobotanical uses of the Grewia species.
Grewia nervosa is traditionally used for its insecticidal, larvicidal, and free radical scavenging activities, while Grewia carpinifolia is used for gastrointestinal disorders and as an anti-parasitic agent. The leaves, stem, and root of various Grewia species are used to treat anaemia, cough, diabetes, diarrhoea, dysentery, and other ailments (Islam et al., 2023). Additionally, Grewia mollis is used for chronic diseases and pain management, and Grewia lasiocarpa is valued for its antibacterial and antioxidant properties (Adamu et al., 2020).
Table 1: Ethnobotanical uses of Grewia species 
	Grewia species
	Plant part used
	Ethnobotanical uses
	Region
	Reference

	Grewia asiatica
	Fruit, bark, leaves
	Fever, diarrhoea, gastritis, throat infection, cooling tonic, anti-inflammatory
	India, Pakistan
	(Jain et al., 2011; Ahmad & Ali, 2014)

	Grewia tiliaefolia
	Leaves, bark
	Ulcers, wounds, fever, skin diseases, liver ailments
	India (South Indian tribes)
	(Reddy et al., 2008; Suresh et al., 2011)

	Grewia tenax
	Fruits, roots
	Stomach pain, dysentery, anaemia, diarrhoea, bone strengthening, energy tonic
	Sudan, Ethiopia, Kenya
	(El-Ghazali, 2003; Abdallah, 2017)

	Grewia bicolor
	Bark, roots
	Dysentery, fever, cough, wound healing, stomach disorders
	West & East Africa
	(Kokwaro, 2009; Mohammed et al., 2014)

	Grewia flava
	Fruits, roots
	Diarrhoea, tonic, stomach problems, edible wild fruit
	Botswana, South Africa
	Van wyk, 2011

	Grewia ferruginea
	Leaves, roots
	Gastritis, stomach ache, inflammation, wound healing
	Ethiopia
	(Taddese et a., 2021)

	Grewia optiva
	Leaves, bark
	Fractures, fever, joint pain, skin diseases, cattle fodder
	Himalayan India
	(Singh et al., 2005; Reena et al., 2010)

	Grewia villosa
	Roots, bark
	Malaria, diarrhoea, cough, constipation, hair cleanser
	East Africa, India
	(Neuwinger, 2000; Dev et al., 2017)

	Grewia occidentalis
	Fruits, bark
	Digestive issues, wound healing, infertility, folklore use
	South Africa
	(Hutchings, 1996)

	Grewia abutilifolia
	Roots, bark
	Cough, fever, inflammation, stomach pain
	East Africa
	(Giday, 2009)

	Grewia hirsuta
	Leaves, bark
	Skin diseases, fever, and inflammation
	India
	(Chikkamath et al., 2019)

	Grewia carpinifolia
	Bark
	Digestive remedy, antibacterial folklore
	Central Africa
	(Maybey and Innes, 2000)

	Grewia sapida
	Fruits
	Edible fruit, used for dysentery, digestive disturbances
	India, Nepal
	(Manandhar, 2002). 

	G. gamblei
	Leaf, root bark
	The leaf juice and root bark of the Scorpion bite plants are taken orally.
	India
	(Vaidyanathan et al., 2013)

	G. microcos
	
	The remedy for eczema, smallpox, typhoid fever, dysentery and ulcer
	India
	(Begum 1998)

	G. optiva
	Bark
	Making low-cost articles like ropes, bags, socks, boots, mats, etc.
	India
	(Singha et al., 2013)

	G. tenax
	Fruits
	Fruits are eaten to treat anaemia and chest diseases. bone fracture healing and suppresses the swelling
	India
	(AlQahtani et al., 2022)

	G. tenax
	Bark
	Bark decoction has anthelmintic properties, and the alcoholic extract ointment accelerates the wound-healing process
	India
	(AlQahtani et al., 2022)

	G. tenax
	Leaves
	 Leaves are useful against tonsillitis infections, trachoma, and inflammation
	India
	(AlQahtani et al., 2022)

	G. villosa
	Bark
	The bark is used to cure wounds, syphilis, and smallpox. The juice of the fresh bark is used to treat urinary problems, bladder discomfort, and gonorrhea
	India
	(Sanvitha et al., 2022)

	G. damine
	Leaves
	For the treatment of diarrhoea and dysentery
	India
	(Jayasinghe et al., 2004)




	G. damine
	Wood
	The wood of the G. damine is used for making rafters and handles for garden tools.
	India
	(Jayasinghe et al., 2004)

	G. damine
	stem bark
	The natural fibre was extracted from the stem bark of the G. damine flowering plant.
	India
	(Ravindran et al., 2020)

	G. sapida
	Fruits & Leaves
	Fruits and green leafy vegetables reduce the risk of several diseases like diabetes, cancer, coronary heart disease, neurodegenerative ailments and ageing as well
	India
	(Islary et al., 2016)

	G. abultifolia
	Roots & Leaves
	Several Indian tribal regions use Grewia abutilifolia roots to treat abscesses, but ingesting large doses of its stem bark may cause liver damage. The leaves are also used for cooling in some areas.
	India
	(Salam et al., 2020)

	G. bicolor
	Root
	The use of G. bicolor root decoctions in the treatment of abscesses, pustulous skin lesions, syphilis, and gonorrhoea
	India
	(Nyakudya et al., 2015)

	G. hirsuta
	Leaves
	The leaves are useful in treating diseases of the nose and eyes, as well as splenic enlargement, piles, rheumatism, and relieving joint pain. 
	India
	(Birudu et al., 2018)

	G. hirsuta
	Roots
	The roots are used to treat diarrhoea, dysentery, and as a dressing for wounds.
	India
	(Birudu et al., 2018)

	G. lasiocarpa
	Bark
	 It is used as a concoction for birthing problems
	India
	(Akwu et al., 2019)

	G. mollis
	Young leaves
	Young leaves are eaten cooked as a vegetable
	India
	(Asuku et al., 2012)

	G. mollis
	Leaves & Bark
	 To treat insect bites and stings, snake bites, diarrhoea, gonorrhoea, menorrhagia, and wounds
	India
	(Pearman et al., 2019)

	G. nervosa
	Leaves
	Traditionally, rural residents have used G. nervosa as an herbal remedy to treat a variety of diseases. Dysmenorrhea and paratyphoid are treated with fresh juice made from the plant’s leaves until they are healed. The broken bones are externally treated using a paste made from the plant’s leaves
	India
	(Islam et al., 2023)

	G. tiliaefolia
	Stem bark
	Prepare pastes and syrups from stem bark extracts and use them to heal chronic wounds and ulcers.
	India
	(Ahamed et al., 2009)



4. Pharmacological activities of Grewia species
All studied species of Grewia have been reported to exhibit various pharmacological activities. 
4.1 Antioxidant activity
The water and ethanolic extracts of the berries of Grewia flava and Grewia bicolor exhibited free radical scavenging activity at a 100 µL concentration with the DPPH (1, 1-diphenyl-2-picrylhydroxyl) assay. The ethanolic berry extract of G. flava exhibited the highest free radical scavenging activity (Masisi et al., 2021). The ethanolic leaf and stem extracts of G. carpinifolia were used in DPPH, ABTS and FRAP assays. The ethanolic stem extract showed 70.25% higher ABTS activity (Adebiyi et al., 2017). The ethanolic leaf extract of G. asiatica showed strong DPPH radical scavenging activity, with an IC50 value of 171.22 μg/mL. The FRAP assay showed greater reducing power in the ethanolic leaf extract of G. asiatica (Jariwala & Parmar, 2024). The root extract of G. asiatica exhibited notable free scavenging activity, with percentage inhibitions of DPPH (82.5 %), FRAP (82 %), nitric oxide (89.95 %), and ABTS (96.41 %). Similarly, the root extract of G. tiliaefolia showed inhibition of DPPH (76.1 %), FRAP (85.4 %), nitric oxide (62.78 %), and ABTS (99.8 %). The root extract of G. tenax showed percentage inhibition of DPPH (76.1 %), FRAP (99 %), nitric oxide (53.65 %), and ABTS in 92.18 % (Sharma et al., 2016). 
4.2 Anti-inflammatory activity
Grewia species exhibit significant anti-inflammatory activity, attributed to their rich array of bioactive compounds, including flavonoids, phenolics, and triterpenoids. Grewialin, a compound isolated from Grewia optiva, acts as a dual inhibitor of lipoxygenase (LOX) and neutrophil respiratory burst. In vitro, Grewialin showed potent LOX inhibition (IC50 = 31.9 µM) and reduced neutrophil respiratory burst (IC50 = 317.62 µM), positioning it as a lead compound for anti-inflammatory drug development (Ullah et al., 2025). Hydroalcoholic and methanol fractions from Grewia asiatica fruit and leaves exhibited concentration-dependent inhibition of heat-induced hemolysis, a proxy for membrane stabilization and anti-inflammatory activity. Significant inhibition (up to 81% at 600 µg/mL) supports the ability of Grewia extracts to stabilise biological membranes and decrease inflammation (Qamar et al., 2022). G. bicolor and G. hirsuta have been shown to inhibit protein denaturation and perform strongly in carrageenan-induced paw edema and protein denaturation models. Specific flavonoids, such as catechin, leucocyanidin, and quercetin, are highlighted for their efficacy (Fadimatou et al., 2025; Jaiswal et al., 2021). The root bark of G. asiatica has demonstrated both peripheral and central analgesic effects, along with anti-inflammatory activity, in animal models, validating its traditional use for treating pain and swelling (Paviaya et al., 2013).
4.3 Anti-cancer activity
Methanolic and hydroalcoholic extracts of Grewia asiatica fruit have shown potent in vitro cytotoxicity against breast (MCF-7), lung (NCI-H522), and laryngeal (HEp-2) cancer cell lines, with IC50 values as low as 26.2-63 µg/mL. Bioactive fractions rich in catechin, chlorogenic acid, caffeic acid, and morin are primarily responsible for this activity. Ethanolic extracts also demonstrated strong anti-cancer properties against Sf767 cell lines (Aftab et al., 2023). Ethyl acetate extract of G. villosa exhibited antiproliferative activity against cervical cancer cells, supporting its traditional use for breast and prostate cancers (Kamau et al., 2025). Triterpenoids from Grewia flavescens, such as β-sitosterol and lupeol, showed significant anticancer activity against the HeLa (cervical cancer) cell line, with β-sitosterol being the most effective (Elhassan et al., 2021). Aqueous fruit extract of G. obtuse showed notable cytotoxic activity against lung (HCT-116) and breast (MCF-7) cancer cell lines, with IC50 values around 59 µg/mL (Abdelaziz et al., 2022). Polyphenolic acid-enriched fractions from G. bracteata induced apoptosis in colon cancer cells through ROS-mediated, p53-independent pathways (Abdelaziz et al., 2023).
4.4 Anti- diabetic activity
Grewia abultifolia, the methanolic leaf extracts showed prominent α-amylase inhibitory activity with an IC50 value of 14.29 µg/mL, while the aqueous extract exhibited a more potent α-glucosidase inhibitory activity with an IC50 value of 4.73 µg/mL. These values indicate strong inhibition of carbohydrate-digesting enzymes, which can help lower postprandial blood glucose levels (Rani et al., 2021). In streptozotocin-induced diabetic rats treated with G. asiatica fruit extract (200 mg/kg), a significant reduction in blood glucose levels was observed, with effects comparable to or even better than those of the standard drug glibenclamide. The extract also increased liver glycogen content and improved antioxidant levels, which are crucial for managing diabetes-related complications. Furthermore, the high dose (200 mg/kg) normalized pancreatic malondialdehyde (MDA), glutathione (GSH), and superoxide dismutase (SOD) values, indicating protection against oxidative stress (Akram, 2021). Additionally, Grewia tenax extracts have been shown to reduce blood glucose levels and enhance insulin sensitivity, with reported mechanisms including inhibition of α-amylase and α-glucosidase, improved glucose uptake by peripheral tissues, and increased GLUT4 translocation. These findings highlight the potential of Grewia species as natural agents for diabetes management, with specific values supporting their efficacy in both in vitro and in vivo models (Al-Mamari et al., 2020; Nawaz et al., 2020; Basri et al., 2021). 
4.5 Anti-bacterial activity
	The bark extracts of G. paniculata exhibited moderate to potent activity against Shigella dysenteriae (zone of inhibition up to 23 mm), with efficacy against a spectrum of gram-positive and gram-negative organisms, based on disc diffusion assays (Nasrin et al., 2015). Root and leaf acetone extracts of G. flava exhibited significant antibacterial activity, with minimum inhibitory concentrations (MIC) values as low as 0.03 mg/mL for Staphylococcus aureus. The extracts were also active against B. cereus, E. coli, and S. typhimurium (Lamola, 2017). The G. hirsuta hydroalcoholic leaf extracts showed antibacterial properties against Staphylococcus aureus. The extracts were also active against B. cereus, E. coli, and S. typhimurium (Kature, 2020). Grewia asiatica, G. tilifolia, and G. tenax of these species showed anti-bacterial activity. G. asiatica extracts were particularly effective against Klebsiella pneumoniae, while G. tenax and G. tilifolia showed activity against Bacillus subtilis and E. coli, respectively (Ganapathi et al., 2016). The methanol and ethyl acetate leaf extracts of G. plagiophylla showed antibacterial activity against S. aureus and Salmonella typhi, but not against E. coli (Douglas & Gitonga, 2016).
4.6 Analgesic activity
Grewia asiatica root bark extracts exhibit significant inhibition of pain in the acetic acid-induced writhing and hot-plate tests, indicating both central and peripheral analgesic mechanisms. The effect is dose-dependent and comparable to standard drugs (Paviaya et al., 2013). Grewia paniculata extracts produced significant analgesic effects in acetic acid-induced writhing, hot plate, and tail immersion tests, with pain inhibition up to 80% at higher doses, surpassing the effect of morphine in some cases. The extracts of Grewia abutilifolia also showed strong analgesic activity, with writhing inhibition rates of 70–84% at higher doses (Ali et al., 2015; Rani et al., 2020)
4.7 Antiemetic activity
Grewia species exhibit emerging antiemetic potential, primarily documented in G. asiatica and G. lasiodiscus through preclinical evaluations. Leaf extracts of G. asiatica demonstrate significant suppression of cisplatin-induced emesis in dog models, achieving comparable efficacy to standard antiemetics such as metoclopramide at doses of 100-200 mg/kg. This activity correlates with flavonoid-rich profiles that modulate serotonergic (5-HT3) and dopaminergic pathways, reducing vomiting frequency by 60-80% in experimental setups (Kumari, 2024; Tijani et al., 2008).
4.8 Antihyperlipidemic activity
G. asiatica demonstrates antihyperlipidemic effects in preclinical diabetic models, reducing serum lipids through antioxidant mechanisms. Ethanol extracts of G. asiatica stem bark significantly lower total cholesterol, triglycerides, and LDL levels while elevating HDL in alloxan-induced diabetic rats at doses of 200-400 mg/kg. These effects correlate with decreased lipid peroxidation and improved antioxidant enzyme activities, mitigating dyslipidemia associated with hyperglycemia (Khatune et al., 2016). The lipid-lowering action likely stems from flavonoid and phenolic constituents that inhibit HMG-CoA reductase and enhance lipid metabolism, as observed in bark and fruit extracts. Similar benefits have been reported in related studies on G. asiatica fruits, where extracts normalise lipid profiles and improve blood glucose control in streptozotocin models. Ethnomedicinal uses for metabolic disorders support these findings, though data on other Grewia species remain limited (Khattab et al., 2015).
4.9 Hepatoprotective activity
G. asiatica and G. tenax exhibit hepatoprotective effects primarily through antioxidant mechanisms that counteract oxidative stress in liver injury models. Fruit extracts of G. asiatica (700 mg/kg) administered pre- and post-irradiation in mice significantly restore liver DNA and RNA levels and GSH content, while reducing lipid peroxidation and histopathological damage, such as cytoplasmic vacuolation. These actions stem from anthocyanins, vitamin C, and phenolics, which scavenge free radicals, as evidenced by radiation- and CCl4-induced hepatotoxicity (Sharma & Sisodia, 2010; Al-Said et al., 2011). G. tenax fruit extract ameliorates CCl4-induced liver damage by lowering elevated ALT, AST, and bilirubin levels, alongside enhancing antioxidant enzymes in rats. Similarly, G. mollis leaf methanolic extracts protect against oxidative stress via improved SOD, catalase, and reduced MDA in hepatotoxic models. G. tiliaefolia gamma-lactones further confirm prophylactic efficacy against CCl4 toxicity through in vitro and in vivo antioxidant assays (Al-Said et al., 2011).
4.10 Gelling polymeric activity
Grewia ferruginea mucilage shows good water uptake and swelling power, leading to gel formation upon hydration, making it suitable for use as a pharmaceutical excipient. The gelation process is influenced by temperature and the hydrophilic nature of the mucilage, with higher temperatures enhancing swelling and gel formation (Haile et al., 2020). Grewia gum and mucilage have pseudoplastic flow behaviour, and their viscosity decreases with temperature, which is typical for natural polymeric gels. Studies report that Grewia mucilage-based gels exhibit higher work of adhesion compared to synthetic gels like carboxymethylcellulose and HPMC, indicating strong mucoadhesive and gelling properties (Nep et al., 2013). 
4.11 Radioprotective activity
Grewia asiatica fruit extract, administered orally at 700 mg/kg/day for 15 days, significantly increased survival rates in mice exposed to lethal doses of gamma radiation (up to 10 Gy), with a dose reduction factor (DRF) of 1.53, indicating high efficacy (Ahaskar et al., 2007). The extract reduced lipid peroxidation and glutathione depletion in the brain, liver, intestine, and testis, while also protecting DNA and RNA from radiation-induced damage (Singh et al., 2007). GAE contains anthocyanins (cyanidin 3-glucoside), vitamins C and A, carotenes, and dietary fiber, which contribute to its antioxidant and radioprotective effects (Sharma & Sisodia, 2010). Studies have confirmed radioprotection in blood, brain, liver, and testis, with restoration of protein and glutathione levels and reduced oxidative stress markers after irradiation (Sisodia et al., 2008).
4.12 Nephroprotective activity
Nephroprotective activity has been reported in several Grewia species, most notably Grewia asiatica and Grewia tiliaefolia. Studies have shown that lyophilized Grewia asiatica fruit pulp powder significantly reduces renal biomarkers such as blood urea nitrogen and creatinine in animal models of acute kidney injury, particularly those induced by nephrotoxic agents, including cisplatin. The protective effect is attributed to the rich content of phenolics, flavonoids, anthocyanins, and other bioactive compounds, which enhance antioxidant activity by increasing glutathione, catalase, and superoxide dismutase, while reducing malondialdehyde levels, a marker of oxidative stress (Latif et al., 2025). Ethanol extracts of Grewia tiliaefolia fruits have also demonstrated nephroprotective effects, ameliorating cisplatin-induced nephrotoxicity in male Albino rats. Phytochemical analyses reveal that these effects are due to the presence of bioactive peptides, phenolics, and flavonoids, which protect renal tissues from oxidative damage and inflammation. Histopathological studies confirm reduced renal tissue damage in treated animals, supporting the potential use of Grewia species in the prevention and management of kidney disorders (Sreedevi et al., 2021). Overall, Grewia species exhibit strong nephroprotective activity, primarily through antioxidant and anti-inflammatory mechanisms. Their bioactive constituents, especially phenolics and flavonoids, play a crucial role in protecting kidney tissues from drug-induced and oxidative injury. Further research is needed to explore the full spectrum of nephroprotective effects across different Grewia species and to evaluate their clinical applications
4.13 Neuroprotective activity 
Grewia bilamellata extract (GBEE) exhibited strong neuroprotective effects in a rat model of cerebral ischemia, improving brain function, reducing infarction size, and restoring neuronal structure. The effects were attributed to antioxidant activity and inhibition of nitric oxide synthase (NOS) (Gurivelli et al., 2024). Grewia tiliaefolia yielded a novel phenanthrene derivative with potent antioxidant and acetylcholinesterase (AChE) inhibitory activity, suggesting potential for the treatment of Alzheimer's and other neurodegenerative disorders. The compound interacted with key neurological targets, including AChE, GABA, and AMPA receptors (Rajput & Sharma, 2023; Sheeja Malar et al., 2017). Grewia asiatica berry juice and leaf extracts demonstrated anxiolytic, antiepileptic, and memory-enhancing effects in animal models, reversing scopolamine-induced cognitive impairment and protecting against seizures (Imran et al., 2021).
4.14 Anti-malarial activity
Grewia plagiophylla extracts and isolated triterpenoids (e.g., butelin and lup-20(29)-en-3-ol) showed varying degrees of in vitro anti-malarial activity against both chloroquine-sensitive and chloroquine-resistant strains of Plasmodium falciparum (Githinji et al., 2020). In Grewia optiva, compounds such as β-sitosterol, betulinic acid, 1,2,3 benzene triol, and 7-O-methyl cathachin have been isolated from the roots. These compounds showed promising anti-malarial and antioxidant activities, with β-sitosterol and betulinic acid exhibiting strong inhibitory effects on Plasmodium falciparum (Bari et al., 2019). Grewia bilamellata has yielded several active compounds, including 3α,20-lupandiol, grewin, nitidanin, and 2α,3β-dihydroxyolean-12-en-28-oic acid, all of which show in vitro anti-malarial activity with IC50 values ranging from 5.5 to 42.2 µg/mL against both chloroquine-sensitive (D6) and resistant (W2) strains of Plasmodium falciparum (Ma et al., 2006). Grewia asiatica leaves and fruits have been reported to possess anti-malarial activity, with leaf extracts showing inhibition rates up to 69% (Pundlik, 2021).
4.15 Wound healing properties
Polysaccharides from Grewia mollis significantly enhanced wound closure rates by promoting fibroblast migration, collagen synthesis, and antioxidant activity in both in vitro and in vivo models (Pearman et al., 2019). Methanolic bark extract of Grewia orbiculata stimulated wound healing by increasing collagen deposition and reducing oxidative stress markers (Suguna & Umesha, 2023).  Ethanol and aqueous stem bark extracts of Grewia tiliaefolia have been shown to enhance wound contraction, epithelization, and granulation tissue formation in animal models, confirming traditional claims of their wound-healing properties (Ahamed et al., 2009). Table 2. Shown the biological activities in the Grewia species.
Table 2: Phytocompounds in Grewia species with their biological activities
	Compound
	Grewia species
	Biological activity
	Reference

	Quercetin
	G. asiatica, phalsa (fruit, leaves)
	Antioxidant, anti-inflammatory, hepatoprotective, anticancer (in vitro).
	(Koley et al., 2019; Zia-Ul-Haq, 2013)

	Kaempferol
	G. asiatica (fruit)
	Antioxidant, anti-inflammatory, enzyme modulatory.
	(Koley et al., 2019)

	Rutin (quercetin-3-rutinoside)
	G. asiatica (fruit)
	Free-radical scavenging, vascular protection.
	(Koley et al., 2019)

	Catechin / (-)-epicatechin
	G. tenax, G. asiatica
	Antioxidant, antimicrobial, and enzyme inhibition.
	(Swain, 2023; Koley et al., 2019)

	Vitexin
	G. tiliaefolia (leaves)
	Cholinesterase inhibition, neuroprotection (reduces glutamate toxicity).
	(Malar et al., 2018)

	Isovitexin
	G. tiliaefolia
	Antioxidant; implicated in cholinesterase inhibition/neuroprotection.
	(Sheeja Malar et al., 2017)

	Lupeol (triterpenoid)
	G. tenax, other Grewia spp.
	Anti-inflammatory, antioxidant, antimicrobial, anticancer in vitro.
	(Swain, 2023; Phytojournal review, 2022)

	β-Sitosterol (phytosterol)
	G. tenax, G. tiliaefolia
	Anti-inflammatory, membrane stabilization, cytotoxicity (in cell models).
	(Kumar, 2022; Swain, 2023)

	Stigmasterol
	Grewia spp. (reported in extracts)
	Anti-inflammatory, antioxidant.
	(Kumar, 2022)

	Gallic acid
	G. asiatica, other species (fruits/leaves)
	Antioxidant, antimicrobial, cytoprotective.
	(Koley et al., 2019; Zia-Ul-Haq, 2013)

	Cyanidin-3-glucoside (anthocyanin)
	G. asiatica fruit (phalsa)
	Potent antioxidant, neuro- and hepatoprotective effects (fruit juice models).
	(Koley et al., 2019; Zia-Ul-Haq, 2013)

	Proanthocyanidins
	G. nervosa, G. asiatica
	Antioxidant, gastroprotective, membrane stabilization.
	(Ahammed et al., 2018; Koley et al., 2019)

	Mucilage / Polysaccharides
	G. tiliaefolia, G. asiatica
	Ulcer healing (mucosal protection), immunomodulation, wound healing.
	(Kumar, 2022; Swain, 2023)

	Novel phenanthrene derivative (A-1)
	G. tiliaefolia
	Strong in vitro antioxidant; acetylcholinesterase inhibition; predicted AChE/GABA/AMPA binding (neuroprotective potential).
	(Rajput et al., 2023)

	Lactones
	G. hirsuta
	Antimicrobial, anti-inflammatory
	(Chikkamath et al., 2019)

	Anthraquinones
	G. hirsuta
	Antimicrobial, laxative
	(Chikkamath et al., 2019)

	2-methyl-Hexadecane
	Grewia asiatica 
	Antimicrobial 
	(Khangarot et al., 2024)

	Octadecanoic acid
	G. asiatica 
	Antimicrobial, anti-inflammatory and anticancer 
	(Khangarot et al., 2024)

	Phenol, 3,5-dimethyl-
	G. tembensis
	Antioxidant, anti-inflammatory, antimicrobial and anticancer 
	(Nyalo et al., 2023)

	Stigmasterol
	G. tembensis
	anti-inflammatory and anticancer 
	(Nyalo et al., 2023)

	Hexadecanoic acid, ethyl ester
	G. tenax
	Antimicrobial, Anti-inflammatory, and Hypocholesterolemic effects 
	(Rehman et al., 2022)

	Beta-sitosterol
	G. tenax
	Anti-inflammatory, Antioxidant, Anticancer, Antidiabetic, Wound healing 
	(Rehman et al., 2022)

	Glycidyl palmitate
	G. tenax
	Anti-inflammatory, Antioxidant
	(Rehman et al., 2022)



5. Toxicity
Grewia bicolor root extract was found to be relatively safe, with an LD50 value of 2663.92 mg/kg and no deaths observed at doses up to 800 mg/kg (intraperitoneal). Behavioural and neurological toxic signs were only seen at higher, non-therapeutic doses (Ibrahim et al., 2017). The methanolic extract of Grewia tiliaefolia leaves showed no significant cytotoxicity, mutagenicity, or genotoxicity in vitro and no changes in mortality, physiological, behavioural, haematological, or biochemical parameters in vivo at doses up to 2000 mg/kg (Dicson et al., 2015). Grewia hirsuta hydroethanolic leaf extract was well tolerated up to 2 g/kg orally, with a cut-off value of 5 g/kg, indicating a wide safety margin (Chikkamath et al., 2022). Grewia bilamellata extract (GBEE) was evaluated using OECD guideline 423 at doses of 300 and 2000 mg/kg. No mortality or significant behavioural changes were observed, indicating a high safety profile (Gurivelli et al., 2024). Grewia serrulata aqueous and ethanolic extracts showed no signs of toxicity in rats at doses up to 2000 mg/kg, with no changes in haematological, biochemical, or histological parameters (Chandiran et al., 2013). 
Conclusion
Grewia species are a rich source of diverse phytochemicals, including flavonoids, tannins, saponins, terpenoids, alkaloids, and phenolic compounds, which underlie their broad spectrum of pharmacological activities. These plants have demonstrated significant antioxidant, anti-inflammatory, antimicrobial, analgesic, anti-diabetic, anti-malarial, radioprotective, and wound healing properties in both traditional medicine and scientific studies. The therapeutic potential of Grewia species is further supported by their ability to modulate key enzymes, scavenge free radicals, and influence multiple signalling pathways involved in inflammation, oxidative stress, and tissue repair.
Future Perspective 
Future research on Grewia species should focus on the isolation and characterization of novel bioactive compounds, as well as the elucidation of their mechanisms of action at the molecular level. There is a need for more clinical trials to validate the efficacy and safety of Grewia-based preparations in humans, particularly for chronic diseases such as diabetes, cancer, and neurodegenerative disorders. Additionally, the development of standardized extracts and formulations could enhance their therapeutic utility and commercial viability. Exploring the synergistic effects of different phytochemicals within Grewia species may also open new avenues for multi-target therapies. Finally, conservation and sustainable cultivation practices are essential to ensure the continued availability of these valuable medicinal plants.
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