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Review Article
Psidium guajava L.: Review on Role of Bioactive Compounds in Human Disease Management 

Abstract
[bookmark: _GoBack]Plants continue to serve as an important reservoir of various phytochemicals with significant therapeutic value in traditional and modern medicine. Psidium guajava L. (guava), belonging to the family Myrtaceae, is widely distributed in tropical and subtropical regions and is recognized for its nutritional as well as medicinal value. Different parts of the plant, especially the leaves, contain a rich array of phytoconstituents such as flavonoids, phenolic acids, tannins, and catechins, which are responsible for its diverse biological activities. Accumulating evidence from experimental and clinical studies indicates that guava exhibits multiple pharmacological effects, including antidiabetic, antioxidant, anti-inflammatory, antimicrobial, cardioprotective, hepatoprotective, anticancer, and antihypertensive properties. These effects participate in the regulation of glucose metabolism, suppression of oxidative stress, and modulation of inflammatory pathways. This review amalgamates available information on the ethnomedicinal uses, phytochemical composition, and therapeutic potential of P. guajava in the control of widely prevalent diseases such as diabetes, cardiovascular disorders, cancer, and infectious conditions. In addition, it highlights safety considerations, current applications in herbal formulations, and existing limitations in research. The review underscores the potential of guava as a valuable natural source for drug development and emphasizes the necessity for further systematic and well-controlled clinical studies to substantiate its efficacy and safety for broader medicinal use.
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1. Introduction
The knowledge and interpretation of health by the indigenous population, utilizing Ayurveda and traditional Chinese medicine, is referred to as Ethnomedicine (Anyinam, 1995). Promoting health and improving the quality of life using indigenous drugs of natural origin are practised all over the world (Patwardhan et al., 2005).  The usage of plants as herbal medicines has led to several processes to discover new bioactive compounds (Fabricant & Farnsworth, 2001). The current review is compiled on the basis of analysis of article search related to Psidium guajava L bioactive compounds and their effect on disease management available on NCBI, google scholar and Scopus
Psidium guajava L., commonly known as guava, is a small tree belonging to the myrtle family (Myrtaceae) (Morton, 1987). The production of guava trees is from tropical to sub-tropical countries, mainly India, Bangladesh, Pakistan, southern Mexico to northern South America, and many other tropical countries worldwide (Salazar et al. 2006). Nutritionists consider guava as a poor man’s “apple of tropics’’ and superfruit due to the presence of diversified bioactive compounds and distinguished antioxidant activity (Joseph & Priya, 2011). The content of vitamin C in guava is four times that of an orange (Hassimotto et al. 2005). The average constituent present in guava fruit is 83% water, 15% carbohydrates, 2.58% protein, 2.8-5.5% crude fibre, 0.6% fat, and 0.7% ash. The other micronutrients present in the guava fruits is calcium (23mg/100g), Iron (0.09 mg/100g), phosphorous (42mg/100g), Vitamin C (250-300mg/100g) and Vitamin A (200-400 IU.100g) (Kadam et al. 2012; Flores et al. 2015). The antidiarrheal, antimicrobial, hepatoprotective, antispasmodic, antiallergic, anti-inflammatory, and equal effectivity against cardiovascular disease have been found in guava, as evident by pharmacological studies (Gupta et al. 2018; Upadhyay et al. 2019). The leaves of the guava tree have high medicinal value and are consumed either orally or topically, depending on the illness. In countries like India, China, Pakistan, and Bangladesh, the consumption of decoction, infusion, and boiled preparation is the best method to overcome rheumatism, diarrhoea, diabetes mellitus, and cough, while in South East Asia, decoction is used as a gargle for mouth ulcer (Gutiérrez et al. 2008; Shruthi et al. 2013; Morais-Braga et al. 2016; Sanda et al. 2011). The anti-bactericidal application is prevalent in Nigeria (Sanda et al. 2011). The product is externally used for skin and wound application in Mexico, Brazil, the Philippines, and Nigeria (Sanda et al. 2011). The chewing stick is used for oral care in Nigeria (Sanda et al. 2011). Currently, an active interest in the study of plant and their chemical component, including bioactive compound and their effect on several diseases, and their use for human health as functional food and/or nutraceuticals (Bernal et al. 2011). In recent years, the guava leaves tea and products are available on the internet and also widely available in shops in Japan (Matsuda et al. 2007), because the phenolic compounds found in guava leaves have been claimed to be food for specific health use (FOSHU). The phenolic compounds found in guava leaves have beneficial health effects related to the modulation of blood sugar level (Arai et al. 2008). Therefore, this review aims to summarize the studies carried out across the world in vitro and in vivo using Psidium guajava L against various diseases to date. 
1.  Infectious and Parasitic Diseases
 The antibiotic-resistant clinical isolates of Staphylococcus aureus strains were inhibited by aqueous and organic extracts of guava leaves, demonstrating their antibacterial activity (Anas et al. 2008). The methanolic extract inhibits the growth of different strains such as Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Proteus spp., and Shigella spp. (Chah et al. 2006). Furthermore, aqueous, acetone-water, methanolic, spray-dried extracts, and essential oils possess a potential inhibitory effect on the growth of Gram-positive, Gram-negative bacteria and Fungi (Nair & Chanda, 2007). As evident from these studies, the Gram-positive bacteria exhibited greater inhibitory zone and minimum inhibitory concentration (MIC) than Gram-negative bacteria (Nair & Chanda, 2007). Concerning anti-fungal activity, less inhibition was reported than for bacteria, although higher inhibition was found in Candida glabrata and Candida krusei, and no activity for Aspergillus spp. (Nair & Chanda, 2007). Metwally et al. isolated five flavonoids from leaves of guava and found them effective as antibacterial and antifungal, although some content of tannin, catechin, and gallic acid was present in the leaf extract (De Araújo et al. 2014). The acetone extract of Psidium guajava leaves exhibits acaricidal and insecticidal properties and causes the death of Hippobosca maculata adult flies (Zahir et al. 2010). The growth of Trypanosoma brucei was inhibited by the ethanolic extract of guava leaves acting as a trypanocide agent (Adeyemi et al. 2011). The guava leaves act as an anti-malaria agent due to their inhibitory activity and high resistance indices as reported elsewhere (Kaushik et al. 2015). The essential oils present in guava leaves were found to be effective against the growth of Toxoplasma gondii, preventing Toxoplasmosis (Lee et al. 2013). Additionally, guava leaves act against diarrhea as they show inhibitory effects against enteric pathogens like Vibrio cholerae, V. parahemolyticus, Aeromonas hydrophila, Escherichia coli, Shigella spp., and Salmonella spp. The growth of the influenza virus, including oseltamivir-resistant strain prevention of viral entry into host cells due to the presence of flavanols was observed in different studies (Nwinyi et al. 2008; Sriwilaijaroen et al. 2012). The potential use of guava leaves as environmentally friendly antibiotics has been proven by its use in vivo against tilapia (Oreochromis niloticus) (Pachanawan et al. 2008). The pathogen against shrimp, such as yellow-head virus, white spot syndrome virus, and Vibrio harveyi, was inhibited by guava leaves exhibiting anti-viral and anti-bacterial activity. Furthermore, the guava leaves increased the activities of prophenoloxidase, nitric oxide synthase in serum, superoxide dismutase, acid phosphatase, alkaline phosphatase, and lysozyme in serum and hepatopancreas (Yin et al. 2014). The trypanocidal effect of guava leaves in albino mice prevents sleeping sickness (Adeyemi et al. 2009), thereby tissue lipid peroxidation was ameliorated and glutathione concentration was elevated (Akanji et al. 2009). The guava leaves exhibit anti-malaria effect in BALB/c mice, inhibiting Plasmodium berghei via parasitaemia suppression (Rajendran et al. 2014). The infectious diarrhoea was prevented by the extract of guava leaves through the inhibition of intestinal colonisation of Citrobacter rodentium in Swiss albino mice (Gupta & Birdi, 2015). Furthermore, in chicks, the symptoms of diarrhoea caused by E. coli infection were reduced (Geidam et al. 2015). The symptoms caused by Vibrio cholerae, a human pathogen, in mice were improved by guava leaf extracts (Shittu et al. 2016). The presence of condensed tannins in the guava plant results in the prevention from helminth, gastrointestinal nematodes by increasing the level of haemoglobin, packed cell volume, globulin, glucose, and calcium, and lowering the level of blood urea (Jan et al. 2013)
2. Neoplasm
The antiproliferative activity of guava leaves extract was evaluated against the human colon adenocarcinoma cell line (COLO320DMA), and it was found that guava leaves extract reduced the proliferation due to the presence of quercetin and quercetin glycosides (Kawakami et al. 2009). Moreover, three cancer cell lines cervical cancer (HeLA), breast cancer (MDA-MB-231), osteosarcoma (MG-63) proliferation was tested using different extract, the proliferation was reduced in breast cancer and osteosarcoma cell line but no change found in cervical cancer cell line, further, the ether extract was most effective followed by methanol and water (Sulain et al. 2012). The ethanolic extract of guava leaves and stem reported anti-tumor activity on HeLa and adeno colorectal carcinoma (RKO-AS45-1), while its effect was less significant on lung fibroblast cell line (Wi-26VA4) (Vieira Braga et al. 2014). The organic extract of guava leaves has antitumor activity in human breast carcinoma benign cells (MCF-7) and also in murine fibrosarcoma (L929sA). The extract from budding guava leaves induces high cell-killing rate coefficients, anti-angiogenesis, and anti-migration activity, resulting in anti-tumor effect against human prostate epithelial (PZ-HPV-7) and (DU-145) carcinoma cells (Peng et al. 2011; Chen et al. 2009). The terpenes bioactivity from guava is exhibited by an enriched mixture of guajadial, psidial A, and psiguadial A and B posing anti-proliferative effect for nine human cancer line: leukaemia (K-562), breast (MCF-7), resistant ovarian cancer (NCI/ADR-RES), lung (NCI-H460), melanoma (UACC-62), prostate (PC-3), colon (HT-29), ovarian (OVCAR-3) and kidney (786-O) (Rizzo et al. 2014). The antiproliferative activity was displayed against human mouth epidermal carcinoma (KB) and murine leukaemia (P388) cell lines by essential oils from guava (Manosroi et al. 2006). The leukaemia (Kausmi-1) cancer cell line was inhibited by the hexane fraction of leaves, the cytotoxicity caused against the cancer cell line at a higher half maximal inhibitory concentration (IC50) due to less concentration of bioactive compounds of leaves (Levy & Carley, 2012). The cytotoxic and apoptotic effect against the PC3 cell line and the apoptotic effect in LNCaP was reported. The growth in LNCaP is androgen-dependent; therefore, it lacks cytotoxicity, while that of PC-3 is androgen-independent (Ryu et al. 2011). An ethanol extract of leaves was administered to B6 mice after inoculation of melanoma cells; the result suggested that the extract had a vaccine effect instead of a therapeutic effect, as it suppresses T-regulatory cells against the tumor (Seo et al. 2005). The in vivo solid Ehrlich murine breast adenocarcinoma model was tested for the evaluation of the monoterpene fraction of guava leaves containing guajadial, psidial A, and psiguadial A and B. The results suggested that these compounds may act as phytoestrogens, presenting tissue-specific antagonistic and agonistic activity on estrogen receptors (Rizzo et al. 2014)
3. Disease of the blood and immune system
[bookmark: _Hlk196817057][bookmark: _Hlk196747250]The lipopolysaccharide-induced nitric oxide synthase and cyclooxygenase-2 protein level expression in mouse macrophage (RAW264.7) cells was decreased by fermented guava leaf extract through down-regulation of nuclear factor-ĸB transcriptional activity (NF-ĸB) (Choi et al. 2008). This biological activity was also reported in other work (Jang et al. 2013; Jang et al. 2014). Jhang et al. evaluated that the inhibitory effect on prostaglandin production is directly correlated to total phenolic content (Jang et al. 2013). The nuclear factor-ĸB was suppressed at the transcriptional level due to a lack of binding between nuclear factor-ĸB and DNA in murine fibrosarcoma (L929sA) and two breast cancer cell lines (MDA-MB231 and MCF7) (Kaileh et al. 2007). Sen et al. verified that the flavonoid fraction of guava leaf inhibits nuclear factor-κB activation in Labeo rohita head-kidney macrophage (Sen et al. 2015). The hypotonicity-induced lysis of erythrocyte membranes was inhibited by methanol and ethanol extract (Madduluri & Sitaram, 2014). Laily et al. found that guava leaves can modulate lymphocyte proliferation response, therefore can be used as an immune stimulant agent (Laily et al. 2015). The anaemia indicates failure in the immune system. In this context, guava extract improves the values of haemoglobin, packed cell volume, red-blood cell counts, mean corpuscular volume, and mean concentration of haemoglobin count, while decreasing white blood cell and neutrophil levels in trypanosomiasis-infected Wistar rats (Adeyemi et al. 2010; Anorue et al. 2025). However, the same trend in haematological pattern was recorded in mice, but no alteration in erythron was detected (Udem et al. 2011). The survival rate of mice improved with lethal endotoxemia by the intake of guava leaves. Further, the anti-inflammatory response of leaves was dose-dependent in induced hyperalgesia in Sprague-Dawley rats (Jang et al. 2014). The leukocyte migration was reduced in Swiss mice, depicting the anti-inflammatory activity of aqueous and acetone-water extract. The acetone-water extract also exhibits a peripheral analgesic effect by blocking the effect or release of endogenous substances that excite pain nerve endings (De Araújo et al. 2014). The analgesic effect was reported in Swiss albino rats. The ethanol extract reduces writhing response, and after administration of distilled extract (methanol and aqueous extract) leads to jumping response (Stalin, 2013) 
4. Endocrine and Metabolic disease
[bookmark: _Hlk196818014][bookmark: _Hlk196817585]Several studies have been done to elucidate the anti-diabetic compound present in guava leaves. The hypoglycemic effect of these leaves of different origins occurs via different assays. However, the main mode of action is through inhibition of enzymes related to this activity (Soman et al. 2010). The advanced glycation end-product formation was inhibited by guava leaves, exhibiting its anti-glycative potential (Soman et al. 2010). In the albumin/glucose model system, the aqueous extract of guava leaves inhibited glycation end product (Soman et al. 2010). Catechin, quercetin, and gallic acid exhibited an 80% inhibitory effect while ferulic acid showed no activity (Wu et al. 2009). In another study, sucrase, maltase, and alpha-amylase were inhibited by seven pure flavonoid compounds (quercetin, kaempferol, guajaverin, avicularin, myricetin, hyperin, and apigenin) and clear synergistic effect against alpha-glucosidase (Wang et al. 2010). The flavonol glycosides peltatoside, hyperoside, methylquercetin, hexoside, isoquercitrin, quercetin/morin, pentoside, and guaijaverin found in the ethanolic extract of guava leaf inhibit dipeptidyl-peptidase-IV. Additionally, there was no significant difference found between the uptake of whole guava extract into the epithelial cell line (CaCo-2) as compared with individual flavonol-glycosides (Eidenberger et al. 2013). Lee et al confirmed inhibition of glucose transporters by catechin and quercetin in the CaCo-2 cell line (Lee et al. 2015). The quercetin was found as an active compound in glucose uptake in liver cells, resulting in hypoglycemia in diabetes when tested with aqueous guava leaf extract in rat clone 9 hepatocytes (Cheng et al. 2009). The methanolic extract of guava leaves was found to be efficient in lowering glucose levels (Basha & Kumari, 2012). The activity of protein tyrosine phosphatase 1B was inhibited by guava-acid mediated gold nanoparticle (Basha et al. 2010). The adipogenic factor and markers were inhibited by the ethanolic extract of guava leaves when tested in pre-adipocyte cell lines and thereby prevented obesity in vivo (Yoshitomi et al. 2012). The potential of aqueous extract of guava leaves against insulin-resistant mouse (FL83B) cells for glucose uptake and glycogen synthesis confirmed improved expression and phosphorylation of insulin signaling-related protein, promoting glycogen synthesis and glycolysis pathway (Liu et al. 2015). This work provides new insight into the improvement in insulin resistance by guava extract in hepatocytes (Liu et al. 2015). The significant potential was observed in guava leaves against diabetes mellitus worldwide (Akinloye et al. 2010). The rabbit fed with a high cholesterol diet, when tested with aqueous guava leaves extract, the plasma cholesterol level was reduced, a spike in high-density lipoprotein, a dip in low-density lipoprotein, and significantly reduced associated hyperglycemia (Akinloye et al. 2010). In addition, guava extract showed hypolipidemic and hypoglycemic potentials (Akinloye et al. 2010). The oxidative stress induced by hypercholesterolemia in rats was reduced by guava leaves (Mesquita Freire et al. 2014; Kumar et al. 2026). The blood glucose-lowering effect was observed along with a reduction in the number of lipid droplets via inhibition of protein tyrosine phosphatase 1B in Leprdb/Leprdb mice treated with guava leaves extract (Oh et al. 2005). The ratio of Ca: Mg was altered by aqueous and ethanolic extracts of guava leaves in streptozotocin-treated diabetic rats (Mansoori et al. 2012). However, long-term guava leaves extract administration in low-dose streptozotocin and nicotinamide induced Sprague- Dawley rats resulted in raised plasma insulin level, glucose utilization, and activity of hepatic enzymes (Shen et al. 2008). Moreover, the leaves decreased protein glycation and lowered blood glucose level (Soman et al. 2010). The administration of ethanolic extract of guava leaves for 21days in alloxan-induced diabetic rats decreased blood glucose, total cholesterol, triglycerides, low-density lipoprotein cholesterol, very low-density lipoprotein cholesterol, and significantly increased high-density lipoprotein cholesterol (Adeyemi & Akanji, 2011). Several workers reported that guava leaves extract alters the activity of alkaline phosphatase, aspartate aminotransferase, alanine aminotransferase, and acid phosphatase in the kidney, liver, and serum (Udem et al. 2011; Adeyemi & Akanji, 2011). The daily administration of guava leaves altered serum homeostasis and pathological variations in rat tissues (Adeyemi & Akanji, 2012).
5. Disease of the Circulatory System
[bookmark: _Hlk196819423]The endothelial cell damage causes atherosclerosis that leads to Cardiovascular disorders. The in-vitro protective effect was demonstrated in bovine aortic endothelial cells by the extract of budding guava leaves, delaying low-density lipoprotein oxidation and preventing oxidized low-density lipoprotein cytotoxicity (Owen et al. 2007). A similar effect was found in human umbilical-vein endothelial cells due to the ability to suppress reactive oxygen species production, nitric oxide release, and save cell viability reduction, and inhibiting the expression of NF- ĸB (Hsieh et al. 2007a). The budding guava leaves reduced thrombin clotting time and inhibited the activity of antithrombin III, showing anticoagulant ability in plasma. Thus, the incidence of development of cardiovascular disorder can be reduced (Hsieh et al. 2007b). The phenolic acids and flavonoids present in guava leaves have been found to inhibit in rat tissue homogenate the activity of two enzymes, xanthine oxidase and angiotensin 1-converting enzymes, which are involved in gout and hypertension (Anyachukwu Irondi et al. 2016). After checking the antihypertensive effect in vitro of red and white guava leaves, the assessment of lipid peroxidation in rats exhibited that the activity may be related to rosmarinic acid, eugenol, cavacrol, catechin, and caffeic acid, since they were the major constituents of the extract (Ademiluyi et al. 2015). The guava leaf extract reduces atherosclerosis development in apoE-knockout mice; the effect was connected to the presence of ethyl gallate and quercetin (Kawakami et al. 2012; Takahashi et al. 2015). The vascular reactivity was reduced against vasoconstrictor agents, as was atherosclerosis in streptozotocin-induced diabetic rats (Mansoori Bahrani et al. 2012). Furthermore, the cardiac hypertrophy was reduced by the ethyl acetate fraction of guava leaves in streptozotocin-induced diabetic rats due to anti-glycative effect (Soman et al. 2013).
6. Diseases of the Digestive System
The mutant strain of Streptococcus was inhibited by Guaijaverin isolated from guava leaves. Furthermore, guaijaverin exhibits anti-plaque activity and can serve as an alternative in oral care (Prabu et al., 2006). Mangifera indica L. and Mentha piperita L. leaves showed less bactericidal effect as compared with guava leaves on early (Streptococcus sanguinis) and late (Streptococcus mutans), whereas when compared with the plant extract mixture, the effect of the guava plant is slightly lower (Shafiei et al. 2016). The early settlers and primary colonizers of dental plaque were inhibited by the whole extract, preventing the generation of dental biofilm by targeting growth, adherence, and co-aggregation (John et al. 2013a). The anti-plaque property in guava leaves might be due to the presence of flavonoids and tannins (John et al. 2013b). The guava leaf extract neutralizes leukotoxin secreted by Aggregatibacter actinomycetemcomitans, leading it to be considered for treatment of the aggressive form of periodontitis (Kwamin et al. 2012). Further extract rich in guava flavonoids prevents dental caries by inhibiting the growth of oral flora (Thalikunnil et al. 2012). Moreover, the guava extract was found to soothe toothache based on its analgesic, anti-inflammatory, and anti-microbial properties and has been reviewed positively as an adjuvant for treating periodontal disease (Jayakumari et al. 2012; Ravi & Divyashree, 2014). The reports of cytotoxic and hepatoprotective properties of guava leaves regarding liver disorders were reported. Further, a study carried out on clone 9 cells treated with different extracts of guava leaves showed that only ethanol and acetone extracts have a high cytotoxicity effect at high concentration (Chen, 2011). However, the ethanolic extract showed hepatoprotective activity, although the hot-water extract reported a greater hepatoprotective effect and lower cytotoxicity (Chen, 2011). 
The guava leaves inhibit gastric lesions by reducing gastric secretory volume, acid secretion, and increasing gastric pH, thereby preventing the stomach from ulceration (Livingston Raja & Sundar, 2012). The flavonoids in the leaves of guava exhibit anti-ulcer activity and protect the mucosa from ulcer (Jayakumari et al. 2012). The aqueous extract of guava leaf was evaluated against experimentally induced diarrhea in rats; the anti-diarrheal activity of the extract was exhibited by inhibiting intestinal transit and delaying gastric emptying, offering protection equivalent to a control drug (Ojewole et al. 2008). Another study described this effect as antimicrobial and a reduction in the gastrointestinal motility ability of the extract (Ezekwesili et al. 2010). The anti-spasmodic activity in the rabbit was related to the blocking of calcium channels, which inhibits gut motility (Shah et al. 2011). The guava leaves ameliorate hepatic damage by reducing serum parameters of hepatic enzymes and histopathological changes in acute liver damage induced in rats (Roy et al. 2006).
7. Disease of the Skin and Subcutaneous Tissue
The acne-causative bacteria Propionibacterium were inhibited by the leaf extract of guava (Qa’dan et al. 2005). Further antimicrobial activity was also demonstrated against pathogenic bacteria associated with wound, skin, and soft tissue infections (Abubakar, 2009). The dermatophytic fungi were inhibited by the acetone and methanol extract, hence can be considered as a new agent against skin disease (Padrón-Márquez et al. 2012). The phenols present in guava leaves showed antifungal activity when tested on human skin fibroblast cells (Suwanmanee et al. 2014). The acetone, methanol, ethanol, and aqueous extract from 4 different parts (branch, fruit, leaf, and seed) were evaluated for tyrosine inhibitor activity, and the ethanolic extract from guava leaves reached the highest activity (You et al. 2011). Therefore, leaves were best for inhibiting browning and boosting the whitening of skin. In addition, the inhibition of cytokine-induced Th2 chemokine expression by ethyl acetate extract of guava leaves in human keratinocyte cell line showed a positive effect on atopic dermatitis (Han et al. 2011). The reports from UV-induced melanogenesis inhibition by guava leaves suggested guava leaves for both direct and indirect prevention of skin melanogenesis caused by UV radiation (Lee et al. 2016). The finding demonstrates that methanolic guava leaves extract inhibits tyrosinase, the key enzyme in melanin synthesis, and the ORAI1 channel that has been associated with UV-induced melanogenesis (Lee et al. 2016). To control pruritus in atopic dermatitis, guava leaves have been suggested as a therapeutic agent; the reduction in serum immunoglobulin E level improves skin lesions and eczematous symptoms (Choi et al. 2012). Moreover, the guava leaves exhibit wound healing properties by repairing epithelium with connective tissue and minimizing inflammatory cell localization (Porta Santos Fernandes et al. 2010). Further, guava leaves extract showed inhibitory activity against cutaneous anaphylaxis reaction when tested on rat skin (Baroroh & Utami, 2016).
8. Other Activities Related to Several Diseases
The antioxidant potential of aqueous guava extract decreases radiolabeling of blood constituents as it alters the membrane structure involved in ion transport into cells (Abreu et al. 2006). The anti-allergic effect of guava leaves in rat mast (RBL-2H3) was exhibited by inhibition of degranulation, cytokine production, and blocking high-affinity immunoglobulin E receptor signaling (Han et al. 2011). The triterpenoid present in guava leaves acts as a therapeutic agent against diabetic neuropathy by inhibiting pro-inflammatory cytokines and enhancing physical functions (Wang et al. 2016). The modulation of radio signals by guava leaves prevents DNA damage and apoptosis in cancer patients (Kumar et al. 2016). The guava leaves prevent sperm head abnormality caused by caffeine-induced spermatotoxicity, restoring normal values of sperm viability, sperm count, and sperm motility (Ekaluo et al. 2016).
9. Limitation of Psidium guajava L Leaf extract
The leaf extract of Psidium guajava L hold promise in traditional medicine but has key limitation due to potential hypoglycemic risk by reducing blood sugar level, higher dose causes liver toxicity and skin irritation in patients with eczema and cannot be substituted as clinical antibiotics for gram negative bacteria
10. Gaps in Knowledge and Future Research Priorities
Despite extensive research on P. guajava L., several important gaps still hinder its effective therapeutic application. A major limitation is the lack of standardization in extraction methods and phytochemical profiling, leading to variability in bioactive composition and inconsistent pharmacological outcomes. Although numerous studies report antidiabetic, antioxidant, and anticancer properties, detailed molecular mechanisms- particularly involving key signalling pathways such as PI3/Akt, AMPK, and NF-κB remain insufficiently explored. Furthermore, most findings are derived from in vitro and animal models, with a clear scarcity of well-designed clinical trials to validate efficacy, safety, and optimal dosage in humans. The bioavailability and pharmacokinetic behaviour of guava-derived compounds are also poorly understood, which may limit their clinical effectiveness. Additionally, the synergistic or antagonistic interactions among multiple phytoconstituents have not been systematically investigated. Toxicological evaluations, especially long-term and high-dose studies, are inadequate, raising concerns regarding safety and herb-drug interactions. Variation in phytochemical content due to cultivar differences, geographical conditions, and agronomic practices is often overlooked. Research has largely focused on leaves, while other plant parts such as seeds, bark, and roots remain underexplored. Moreover, limited efforts have been made towards advanced drug delivery systems and disease-specific translational studies. Addressing these gaps is essential to fully establish P. guajava L. as a scientifically validated therapeutic agent.


11.  Conclusion
Ethnomedicinal knowledge must be supported by experimental validation to substantiate its use as an alternative therapeutic approach. Extracts from Psidium guajava L. leaves have shown significant potential in the management of several globally prevalent diseases. The pharmacological evaluation and disease-specific characterization of individual phytochemicals from P. guajava further reinforce its therapeutic relevance. Continued investigation into the biodiversity of guava and the isolation and purification of its bioactive constituents may lead to the discovery of novel compounds with promising pharmacological applications and broaden its role as a source of alternative therapeutic agents.
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