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Abstract
Diabetes mellitus (DM) is characterized by persistently elevated blood glucose concentration that lead to multisystem complications. There are about 400 medicinal plants cited to have a beneficial effect on DM. We must choose products wisely based on data derived from scientific studies. However, a major obstacle in the amalgamation of herbal medicine in modern medical practices is the lack of clinical data on its safety, efficacy and drug interaction. Trials of these herbal products often underreport the side effects and other crucial intervention steps deviating from the standards set by Consolidated Standards of Reporting Trials. Due to a lack of knowledge of the active compounds present in most herbal medicines, product standardization is difficult. Cost-effectiveness is another issue that needs to be kept in mind. In this mini-review, we focus on the anti-hyperglycemic effect of herbal products that are commonly used, along with the concerns stated above.
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Core Tip: Diabetes mellitus is an age-old disease. The journey for its remedy came down from nature’s lap. Even in today’s world, half of diabetes patients have used herbal medicines once in their lifetime. It is important to know the active molecule and its interaction with other drugs, which will help to predict therapeutic efficacy and also to standardize the products. A major hindrance is the lack of clinical data providing its safety and efficacy. This review focuses on the dose and efficacy of herbal products that are commonly used, along with the concerns stated above.

INTRODUCTION
Diabetes mellitus (DM) is an age-old disease. It is  characterized by persistently elevated blood glucose concentration that manifests as passing large quantities of sweet-tasting urine. Its existence was found in 1550 BC in an Egyptian papyrus. In India, Charak and Susruta also reported the sweet taste of urine in polyuric states, which attracted ants and other insects in 400-500 BC[1]. Before the advent of allopathic medicine, plants and plant products derived from nature were the only place of trust for people for years. Then modern medicine came in the realm. Interestingly, many allopathic drugs have an herbal background.
Most prescribed drug metformin’s origin is linked to Galega officinalis which was used as herbal medicine in the 19th century in Europe[2]. This plant is rich in guanidine. In the 1930s, guanidine derivatives were in day to day practice, but because of toxicity, they were removed from the market. Metformin which is a dimethyl-biguanide, re-entered into the clinical practice as an antimalarial agent and presently, after 65 years of its discovery, this drug holds the first place in the management of DM. Similarly, alpha-glucosidase inhibitors like voglibose, acarbose and miglitol are derived from microbes[3]. Phlorizin is a compound found in the bark of the apple tree. In 1835, its glucosuric effect was documented. Many years later, from this observation, sodium-glucose cotransporter-2 (SGLT-2) inhibitors were invented[4]. So the study of natural products is expected to open the door for the development of novel drugs in the modern management of diabetes in the future.
Nevertheless, some areas of concern need to be addressed while using herbal products. These are the potential side effects, drug interactions, lack of product standardization and increasing cost. A major obstacle in the amalgamation of herbal medicine in modern medical practices is the lack of clinical data on its safety and efficacy. There is a need to conduct randomized control trials (RCTs) comparing herbal drugs with existing oral hypoglycemic drugs (OHAs). There are about 400 medicinal plants claimed to have beneficial effect in DM. Many of those products have overall health benefits but minimal effect on hyperglycemia. Here in this mini-review, we focus on the anti-hyperglycemic effect of herbal products that are commonly used, along with the concerns stated above.

SEARCH STRATEGY
Two authors (Giri S and Roy A) conducted the initial search in both ‘PubMed database’, and ‘Google Scholar’ for relevant articles. The references of these articles were also searched for additional relevant studies. The keywords used in the search were: ‘Herbal Products’; ‘HbA1C’; ‘Natural treatment’; ‘phytochemicals’; ‘Fasting blood glucose’; ‘HOMA-IR’. Only publications in English language were included. Kamalanathan S, Naik D and Sahoo J selected the relevant articles to be included.

COMMONLY USED HERBAL PRODUCTS
The prevalence of herbal medicine use among diabetes patients is reported to be as high as 58.5%[5]. Plant products have been used as herbal remedies individually or in formulations. GlycaCare-II is an herbal formulation supplement for subjects with DM that contains cinnamon, bitter melon, vijayasar, gurmar, jamun extract and a bioavailability enhancer piperine. Majeed et al[6] showed that this formulation has similar potential as metformin in the reduction of glycated hemoglobin (HbA1c) and fasting blood sugar (FBS). Diabecon, diasulin, and pancreatic tonics are similar formulated herbal drugs commonly available in market. However, one of the fundamental issues with these herbal formulations is that active ingredients are not precisely defined. But it is essential to define the active compounds to determine the therapeutic efficacy and standardization of a product.
Most commonly used plants in the formulated herbal drugs are cinnamon gurmar, cumin, black cumin, psyllium, sesame, barberry, aloe, vijayasar, bael, fenugreek, jamun, ginger, little gourd, neem, sweet potato, amla, bitter melons, garlic, turmeric, guduchi. Dose, efficacy, active molecules, cost of these herbal products are described in Table 1.

MECHANISM OF ACTION
Active compound of great interest are quercetin, palmatin, berberin, gymnemic, gurmarin, phlorizin, kaempferol, rosmarinic acid, cyanidin, rutin, catechin and ellagic acid[7]. Various natural products of plant origin have been reported to target on multiple sites (Figure 1).

NATURAL PRODUCTS WITH STRONG EVIDENCE AS ANTI-HYPERGLYCEMIC REMEDY
These are discussed in a decreasing order of their efficacy.

Cinnamon (cinnamomum)
Cinnamon's dried bark is used as a spice for many recipes. Since time immemorial, it has been an essential traditional medicine against diabetes. Its bark powder is sold in the hard gelatine capsule formulation. Sharma et al[8] from India, in a double blind RCT, studied the effect of 3 g and 6 g of cinnamon powder in 150 newly diagnosed diabetes individuals who were OHA naïve. Over 3 mo, significant glycemic control status (mean FBS fall 111 mg/dL and mean HbA1c fall 1.2%) was achieved in the cinnamon group. Similarly, a study from Iran compared the effect of cinnamon powder with probiotics (Lactobacillus acidophilus) on blood glucose in 136 patients[9]. A significant drop in FBS (33 mg/dL) was observed in them who consumed both cinnamon powder and probiotics. It is possible that cinnamon brings out the effect by modification of gut microbiome because its active ingredient cinnamaldehyde has anti-microbial properties.
On the contrary, a significant effect on blood glucose (fall by 11 mg/dL) was not observed in another Iranian RCT where 3 g of cinnamon powder was used over a period of 2 mo[10]. Similarly, Hasanzade et al[11] concluded that 1 g of cinnamon had no effect compared to placebo on glycemic control over one month. The heterogeneity of these results might be due to the variable duration of follow-up or due to differences in ethnicity and body composition of study participants. A study was designed to evaluate the glucose lowering efficacy of cinnamon with different body mass index (BMI) where 140 diabetes patients were randomly assigned to 4 groups: cinnamon (BMI ≥ 27, BMI < 27) and placebo (BMI ≥ 27, BMI < 27)[12]. At the end of 3 mo, glycemic outcomes were significantly more prominent (FBS fall by 20 mg/dL vs 6 mg/dL, P < 0.001) in patients with higher BMI in cinnamon group. When adjusted for BMI, visceral fat and homeostatic model assessment for insulin resistance (HOMA-IR) index by univariate model analysis, it was evident that glycemic outcomes were mediated through the decrement in insulin resistance. Therefore, it can be concluded that cinnamon has an antidiabetic effect. It acts though modification of gut microbiota and more of use in patients with higher BMI.

Gurmar (gymnema)
It is a perennial climber found in India and Africa. Various studies used 0.4-10 g/d gymnema leaf powder. It is available in tablet or capsule form. Its active compound, gymnemic acid is believed to block glucose absorption in the small intestine[13]. Gurmarin, another molecule in this product, has anti-sweetener activity. Li et al[14] from Pakistan demonstrated the effect of 1g powder on 32 middle aged diabetic patients in a non-randomized trial. After one month, mean FBS decreased by 81 mg/dL. Fall in HbA1C ranges from 0.32% to 1.57% in different studies[15,16].

Cumin (cuminum)
The effect of 100-500 mg of cumin on FBS reduction ranges from 3 mg/dL to 56 mg/dL[17,18]. The formulation used are oil or powder form. On the other hand, 2-3 g of black cumin powder can reduce FBS by 17-23 mg/dL and HbA1C by 0.3%-0.6%[19,20]. Both types of cumin have thymoquinone as their active component which acts as an antioxidant.

Psyllium (plantago)
Psyllium husk 6.8-10.5 g/d consumption reduces FBS from 20-53 mg/dL and HbA1C from 1%-1.6% with a significant decrement of insulin resistance (HOMA-IR reduction of 5.5)[21,22]. In a meta-analysis by Xiao et al[23], there were no major side effects on psyllium consumption. Water soluble fiber makes a barrier in the intestine for the absorption of glucose and other reducing sugars. It also influences release of various gut peptide, especially ghrelin and peptide YY and insulin. Alteration of gut flora is another possible mechanism that helps to control hyperglycemia. As in most of the studies, psyllium is found to have a consistent effect on glycemic control,  which can be considered a good alternative for diabetes management.

Sesame (sesamum)
The active compound is sesamine. FBS reduction ranges from 34 mg/dL to 52 mg/dL[24]. HbA1C reduction ranges from 0.7%-1.1%[25]. Dose of sesame used in various studies is 200 mg/d. Sesame oil consumption favorably changes insulin resistance, despite its modest effect on FBS. Although canola oil consumption increases FBS, when both oils are mixed for cooking, the beneficial effects of sesame oil is retained[26]. A blend of 20% cold-pressed un-refined sesame oil and 80% physically refined rice bran oil as cooking oil also lowered hyperglycemia and improved the lipid profile in a study by Devarajan et al[27]. Moreover, the combination of sesame oil blend and glibenclamide treatment in these patients significantly improved hyperglycemia.

Barberry (berberis)
The hypoglycemic effect of berberine was reported in 1988 when it was used to treat diarrhoea in diabetes patients in China. It is found in the roots, rhizomes, stems and bark of berberis. In a study on 36 diabetes patients, Yin et al[28] showed that the hypoglycemic effect of berberine (HbA1C fall 1.4%, FBS fall 68 mg/dL, PPBS fall 158 mg/dL) was similar to that of metformin (HbA1C fall 1.9, FBS fall 57 mg/dL, PPBS fall 138 mg/dL) over 3 mo of treatment. Usual dose of berberine 500 mg TID sometimes causes abdominal discomfort but, 300 mg TID is a well-tolerated dose.

Aloe (aloe vera)
It is a houseplant. Aloe vera gel is prepared from the leaf pulp. Aloe juice is an exudate from the outer skin of the leaves. And 600 to 1000 g of gel powder brings about 6-44 mg/dL fall in FBS and 0.4% to 0.7% fall in HbA1C[29]. The active compound acemannan is a mucopolysaccharide.

Vijayasar (pterocarpus)
It is found as a component of many herbal products. The dose is 1-4 g of bark powder. A flexible dose open trial by Indian Council of Medical Research[30], 2-4 g/d Vijayasar, brought down blood glucose to the target range in 67 (69%) of 97 patients by 3-mo treatment. FBS, PPBS and HbA1c were decreased by 32 mg/dL, 45 mg/dL and 0.4%, respectively. No side effects were reported. In an RCT by Maurya et al[29] , efficacy of aloe vera, vijayasar and their combination was compared to 1 mg of glimepiride. It was found that aloe (FBS reduction by 43 mg/dL) and vijayasar (by 43 mg/dL) showed synergism (by 54 mg/dL) for blood glucose control, but they were inferior to glimepiride (by 72 mg/dL). Its active principle epicatechin augments insulin release by increasing the cyclic adenosine monophosphate level. Flatulence has been reported; otherwise it is safe. It can be concluded that supplementation of 4g powder can be considered for the treatment diabetes.

Fenugreek (trigonella)
It is a short lived plant and used for texture, flavor and color of food. Its health-promoting effect is outlined in Ayurvedic medicine. Usual dose is 1-100 g of seed extract powder. Its active compound amino acid 4-hydroxy isoleucine stimulates glucose induced insulin secretion from the perfused pancreas in vitro. The human trial showed a decrease in FBS range from 15 to 41 mg/dL, a decrease in HbA1C from 0.2% to 1.46% and HOMA-IR from 0.44 to 0.68. Singh et al[31] from India compared 500 mg fenugreek with 5 mg glipizide in 60 diabetes patients. The patients were randomized into three groups. They received either fenugreek seed extract 500 mg twice a day, glipizide 5 mg once daily, or a combination of glipizide 2.5 mg and fenugreek seed extract 500 mg once daily for 3 mo. It was found that both had significant effect on glycemic control. Glipizide monotherapy was more efficacious (mean FBS fall 58 mg/dL) in controlling hyperglycema than fenugreek monotherapy (mean FBS fall 41 mg/dL). However, it is fenugreek which reduced glycemia and dyslipidemia simultaneously and so this plant deserves a place in the management of metabolic syndrome. Another RCT from China[32] showed that 2 g of fenugreek powder when added to patients with uncontrolled blood glucose who were already on sulfonylurea for more than one year can further reduce the mean FBS by 33 mg/dL and HbA1C by 1.46%. Similarly, when added to metformin, it can further reduceblood glucose by 10 mg/dL[33]. Indeed it can be an add-on remedy for DM.

Bael (aegle)
In an RCT by Yaheya and Ismail[34], fenugreek seed powder 20 g (FG) and dried bael leave powder 5 g (BL) were compared with OHA. Four groups were set up. Groups 1 to 4 received FG, BL, FG+BL and OHA, respectively. After 4 mo, PPBS was compared to baseline. The highest reduction in glucose was observed in those patients who received a combination of FG and BL, suggesting that these two products may have a synergistic effect. BL showed a comparable reduction in PPBS to standard OHA. Similarly, an RCT from India showed that 20 g of bael leaf juice can reduce glucose by 34 mg/dL when added to OHA treatment over 2 mo[35]. Its active molecule, aegeline is proposed to upregulate the translocation of glucose transporter type 4 (GLUT 4). These results clearly indicate that bael is an inexpensive dietary supplement that has potential to improve glycemic control.

Jamun (syzygium)
In India, its kernel is used as household remedy for diabetes. Gallic acid and other phenolic compounds in Jamun are responsible for its anti-glycemic effect. Its seed, leaf, stem bark and fruit are used as herbal medicine. In an open labeled RCT by Acharya et al[36] , 10 g of jamun seed powder was compared with 500 mg metformin in 30 newly diagnosed type 2 DM patients over 6 mo. Jamun reduced mean FBS by 18 mg/dL and HbA1C by 0.4%, whereas metformin reduced them by 41 mg/dL and 1.4%, respectively. Fall in PPBS was not significant. Another RCT from India showed that jamun, when added to the existing OHA, brought about a significant reduction in both FBS (33 mg/dL) and PPBS (43 mg/dL) over 3 mo[37]. In most of the trials, leaves and seeds of jamun were used for the treatment of diabetes. In contrast, tea extracts prepared from the leaves did not show a hypoglycaemic effect.

Ginger (zingiber)
Its active compound gingerol and shogaol is thought to have antiglycemic property. It is claimed to have three significant properties — immunomodulatory, anticancer, and anti-inflammatory. A number of RCTs were performed to show its effect on blood glucose, but most of them show a modest reduction in glycemic parameters. Carvalho et al[38] showed that consumption of ginger powder 1.2 g/d over 3 mo can reduce mean FBS by 29 mg/dL. Similarly, an RCT by Makhdoomi Arzati et al[39] showed mean FBS reduction by 26 mg/dL and HbA1C reduction by 0.4% by 2 g of ginger powder in 10 wk. When added to standard treatment, 3 g powder of ginger decreased FBS by a further 19 mg/dL and HbA1C by 0.7% over 3 mo[40]. Although these results are encouraging, Mahluji et al[41] found that 2 g of ginger did not produce any effect on FBS and HbA1C but reduced serum insulin resistance over 2 mo.

Little gourd (coccinia)
It is an edible perennial vegetable. It has been widely used as an ingredient in traditional herbal medicine for the treatment of several diseases, including DM. Its leaf and fruit extract is formulated as a natural therapy. Several trials have shown that 500 mg to 1000 mg of coccinia powder can have a moderate glucose lowering effect. Wasana et al[42] found a reduction in insulin resistance along with a reduction of glycemic parameters (mean FBS by 25 mg/dL, mean HbA1C by 0.6%). Active compound pectin, triterpenes are responsible for its effect on blood glucose.

Neem (azadirachta)
Neem  is considered a miraculous tree for its medicinal effects. It is rich in alkaloids, flavonoids and terpenoids. Its root and stem bark contain nimbidiol, which is a diterpenoid that causes intestinal disaccharidase and glucoamylase inhibition[43]. Pingali et al[44] included 80 diabetes patients who were on metformin. Neem extract was prepared from its leaves and twigs and patients were randomly assigned to take capsules of 250 mg, 500 mg and 1000 mg of this extract. After 3 mo, significant reduction in FBS (23 mg/dL), HbA1C (1.5%) and HOMA-IR (2.6%) was noticed in the 1000 mg group. It can certainly be a weapon to combat DM as a herbal product.

Sweet potato (ipomoea)
This plant is native to the tropical and subtropical belts. Apart from cooking, it is also used in traditional medicine for DM. Its active compounds are isolated from leaves and tuber. It is rich in anthocyanins, polyphenols and flavonoids. Ludvik et al[45] have shown that 4 g powder of sweet potato can reduce FBS from 10 to 19 mg/dL and reduce HbA1C by 0.21% - 0.3%.

Amla (emblica)
Various studies used 1-10 g of amla powder. The average fall in FBS is 13 mg/dL and fall in HbA1C is 0.5%[46,47]. Active compounds are gallic acid, ellagic acid, quercetin, and chebulinic acid[48]. Triphala, a combination of amla, haritaki and bibhitaki, is considered to have a pleiotropic effect in ayurvedic medicine. Nevertheless, a systematic review by Phimarn et al[49] fails to establish any effect on blood glucose.

Bitter melon (momordica)
It is commonly used as an alternative therapy for the treatment of diabetes. Different doses (from 800 mg to 6 g/d) and different parts of this plant such as leaves, fruit pulp, seeds and whole plant have been studied for antidiabetic effect. Momordin and charantin are active compounds. Kim et al[50] conducted an RCT with 2.3 g of bitter melon powder on 96 diabetic subjects. At the end of 3 mo, the mean FBS reduction was only 5 mg/dL without any significant impact on other glycemic parameters. An open-label, randomized, active-controlled, multicentric, phase III study from India[51] compared 800 mg bitter melon fruit extract with metformin. Eighty-three subjects received bitter melon and 40 subjects received metformin. After 15 wk, mean fall in FBS and HbA1C in the bitter melon group was 14 mg/dL and 0.28% and in the metformin group 25 mg/dL and 0.62%, respectively. This study showed non-inferiority of bitter melon to metformin, although its effects were modest. Similarly, a weaker antidiabetic effect has been exhibited in comparison to glibenclamide 5 mg in a trial by Rahman et al[52].

Garlic (allium sativum)
Since antiquity, garlic has been part and parcel of many Indian dishes and herbal medicine. Garlic powder is formulated in capsule form. It has allicin, a sulfur-containing amino acid that can combine with cysteine and other sulphydryl group containing amino acids and spares insulin from inactivation[53]. Kumar et al[54] demonstrated that garlic, when added to metformin treatment, helps in further blood glucose reduction, although the effect is insignificant. Reduction of glycemia is modest in various studies.

Turmeric (curcumin)
Turmeric is used in food preparation as a spice. It has versatile pharmacological effects described by both in vitro and in vivo studies. Its bioactive molecule is curcumin which is present in the rhizome of this plant. Its active peroxisome proliferator-activated receptor gamma (PPAR-γ) is similar to thiazolidinedione. Despite its efficacy in in vitro studies, human trials fail to document any significant effect. Its bioavailability is a major hindrance to its efficacy. FBS reduction ranges from 2 to 9 mg/dL. The commonly used dose is 450-2100 mg/d[55].

Guduchi (tinospora)
A study on water extract or powder form of a mature stem of tinospora by Roy[56] and Mishra et al[57] demonstrated that 500-1500 mg capsule can reduce FBS by 5-8 mg/dL and HbA1C by 0.22%-0.54%. Its active compound, palmatine, is known to stimulate PPAR-γ).

Plant with SGLT-2 inhibitory effects
The discovery of novel SGLT-2 inhibitors dates back to 1835 when phlorizin was isolated for the first time from the barks of an apple tree by French chemists[58]. It is mainly found in the young shoots, roots, leaves and barks of the apple tree, while in fruit, it is most abundant in the seeds. Nevertheless, seeds of ripe fruit contain a toxic cyanogenic glycoside[59], so seeds of unripe fruit seeds are to be used. Apple, as an intact fruit, does not have glucose-lowering properties. Moreover, the bioavailability of natural phlorizin is less as it is hydrolyzed by lactase-phlorizin hydrolase in the brush border of the small intestine. Apart from the apple tree, quercetin, strawberry, rose hip and pear have phenolic components with SGLT-2 inhibitory effects. When consumed as food item, these may not bring about a reasonable effect due to the presence of carbohydrates within these fruits.

NATURAL PRODUCTS WITH WEAK EVIDENCE AS ANTI-HYPERGLYCEMIC REMEDY
Licorice
Its root extract has been used widely in Chinese medicine as antidiabetic therapy. However, evidence is not sound in human studies[60]. The active compound is glycyrrhizic acid. Due to its 11-beta hydroxysteroid dehydrogenase-2 enzyme inhibitory property, it can cause hypokalemia, hypertension and rhabdomyolysis[61].

Jack fruit
Rao et al[62] from India demonstrated the effect of jack fruit leaf flour on 40 diabetes patients in a RCT. They found that replacing an equal volume of wheat flour in daily meals with jackfruit flour could significantly lower the blood glucose level (mean FBS by 29 mg/dL, and mean HbA1C by 0.25%)[62]. However this finding needs confirmation by further RCTs.

Ayush-82
An ayurvedic hypoglycemic formulation consisting of seeds of mango, seeds of bitter melon, seeds of jamun, and leaves of gurmar were tried in fairly large sample size (n = 350), which revealed a statistically significant reduction in blood glucose levels in DM[63]. A polyherbal formulation named BGR-34 was developed by the Council of Scientific and Industrial Research, Government of India.
Similarly, nettle, pomegranate, shilajit, beans, tea, ginkgo biloba, saffron lack sufficient clinical data in diabetes management although these are cited as antihyperglycemic medicine in Ayurveda. Central Council for Research in Ayurvedic Sciences recommends certain fruits and vegetables for diabetes patients. Those are fenugreek, bitter melon, garlic, unripe banana, jamun, amla, pomegranate, bael, guava, apple, and orange.

SAFETY OF HERBAL MEDICINES
In common belief, herbal products are regarded to be very safe to consume. This is because most previous trials did not monitor side effects. This is a myth. We know about Chinese herb nephropathy due to aristolochia used for obesity. Among antidiabetic drugs, ginseng can cause insomnia, anxiety, and hypertension. Due to its estrogenic effects, it can cause breast tenderness and vaginal bleeding. Garlic, fenugreek, cinnamon and ginger can cause increased bleeding tendency due to the presence of a coumarin like compound. Aloe can also prolong bleeding time[64]. So these products must be stopped if the patient is on anticoagulants or patient plans an operation. Gastrointestinal side effects are quite common with ingestion of these natural products. Apart from these, fenugreek can also cause facial swelling and itching. As it contains mucilage, absorption of other drugs can be compromised. Both fenugreek and bitter melon are contraindicated in pregnancy. Alfa and beta momorcharin in bitter melon have abortifacient effect[65]. On the other hand, neem products have contraceptive property[66]. Bitter melon has been reported to cause hemolytic anemia in glucose 6 phosphate dehydrogenase deficient individuals (due to presence of vicine) and convulsion in children[65]. Side effects of amla are mild headache, fever, gastritis and increased bleeding tendency[67]. Aloe vera, turmeric, and ginseng have Cytochrome P450 (CYP) enzyme-inducing or inhibitory properties. Particularly, aloe vera can inhibit CYP3A4 and CYP2D6; thereby, it has the potential to alter levels of pioglitazone and repaglinide[68]. Similarly, consumption of neem can reduce the bioavailability of glipizide. Turmeric can inhibit P-glycoprotein 1, which is an efflux pump, and thereby increases glyburide concentration[69]. So intake of these products may lead to significant drug interaction.
Product standardization of these herbal formulations is not tightly regulated. Unlike allopathic medicines, herbal products are obtained from nature. The chemical composition of these herbs may alter based on the season and growing conditions. For example, ginsenoid, the active moiety in ginseng, varies from 36% to 112%[70]. Herbal medicine sold in India as antidiabetic remedy was found to contain glibenclamide as an adulterant[71]. Bioassays need to be developed for biological standardization and toxicological assessment. Many a time, heavy metals are found in various ayurvedic products much are above their acceptable range[72]. All these need to be considered before using those.

COST-EFFECTIVENESS OF HERBAL MEDICINES
Even though these products are readily available, processed plant products sold in the market in the proper formulation are costly. Cost of the products based on the price mentioned in Amazon online shopping app. at the time of writing of the article are mentioned in Table 1. The most popular drug metformin is a cheap drug. On head-to-head comparison studies with a low dose of metformin, it is evident that most of these products are inferior to metformin. Therefore cost-effectiveness has to be considered before consuming those.

CONCLUSION
Although many OHAs in modern medicine have a natural origin, consuming them in their original form may not bring out much benefit as we have discussed with the example of metformin. On the other hand, we have seen isolation of phlorizin paved the way to the discovery of modern SGLT 2 inhibitors. It is worth to find out the active molecule and their mechanisms of action not only for a better understanding of their effects but also for product standardization.
DM is a chronic disease and it is associated with multiple comorbidities. So, its remedies should be chosen wisely based on the data on their safety, efficacy and drug interactions. In this article, we have given an overview of herbal products with anti-hyperglycaemic effects based on various RCTs. We often use them as food items but in sub-optimal doses. We have also mentioned doses and proper formulation from the right part of the plant used in various clinical trials. Nonetheless, these trials of natural products often underreport the important steps of the interventions, thereby deviate from the standards set by Consolidated Standards of Reporting Trials. These need to be brought under a regulatory framework which will eventually generate faith in these herbal medicines. Last but not the least, cost-effectiveness should also be kept in mind before using them.
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Figure Legends
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Figure 1 Potential mechanism of action of herbal products. PPAR: Peroxisome proliferator-activated receptors; GLP-1: Glucagon-like peptide 1; DPP4: Dipeptidyl-peptidase 4; SGLT-2: Sodium-glucose cotransporter-2; GLUT4: Glucose transporter type 4.

Table 1 Description of plant products
	Herbal product
	Active molecule
	Part of plant
	Dose
	FBS fall (mg/dL)
	HbA1C fall (%)
	Cost (Rs.)
	Ref.

	Cinnamon
	Procyanidin type A polimer
	Bark
	0.5-6 g
	2-111
	0-1.2
	811/400 g
	[8,11]

	Gurmar
	Gymnemic acid
	Leaf
	0.4-10 g
	6-81
	0.3-1.5
	799/60 cap
	[15,16]

	Cumin
	Thymoquinone
	Seed
	0.1-0.5 g
	3-56
	1-1.8
	99/100 g
	[17,18]

	Psyllium
	NA
	Husk
	6.8-10.5 g
	20-53
	1-1.6
	105/100 g
	[21,22]

	Sesame
	Sesamine
	Seed
	0.2 g or 30 mL
	34-52
	0.7-1.1
	399/1 kg
	[24,25]

	Barberry
	Berberine
	Root, stem, bark
	0.9-1.5 g
	57-68
	1.4-1.9
	810/60 cap
	[28]

	Aloe
	Acemannan
	Leaf
	600-1000 g
	13-44
	0.4-0.7
	121/100 g
	[29]

	Vijayasar
	Epicatechin
	Bark
	1-4 g
	32-43
	0.4
	365/1 kg
	[30]

	Fenugreek
	4-OH isoleucin
	Seed
	1-100 g
	15-41
	0.2-1.5
	199/200 g
	[31,32]

	Bael
	Aegeline
	Seed, leaf, fruit pulp
	5-20 g
	34-41
	1.9
	325/400 g
	[34,35]

	Jamun
	Gallic acid
	Seed
	10 g
	18-33
	0.4-0.6
	265/250 g
	[37]

	Ginger
	Gingerol, shogaol
	Rhizome
	1.6-2 g
	10-29
	0.04-1.1
	400/300 g
	[38]

	Little gourd
	Pectin
	Leaf, fruit
	0.5-1 g
	20-25
	0.6-0.7
	NA
	[42]

	Neem
	Nimbidiol
	Root, bark
	1 g
	23
	1.5
	119/100 g
	[44]

	Sweet potato
	Anthocyanins
	Leaf, tuber
	4 g
	10-19
	0.2-0.3
	NA
	[45]

	Amla
	Gallic acid
	Fruit
	0.5-10 g
	13-15
	0.4-0.5
	209/200 g
	[46,47]

	Bitter melon
	Momordin, charantin
	Whole plant
	0.8-4 g
	5-15
	0.3
	399/500 g
	[51]

	Garlic
	Allicin
	Bulb
	0.9-1.5 g
	4-10
	0.2-0.8
	485/400 g
	[54]

	Turmeric
	Curcumin
	Rhizome
	0.5-2.1 g
	2-9
	0.02-0.9
	599/500 g
	[55]

	Guduchi
	Palmatine
	Stem
	0.5-1.5 g
	5-8
	0.2-0.5
	150/60 cap
	[57]

	Jack fruit
	Proanthocyanidin, flavonoids
	Leaf
	30 g
	29
	0.25
	266/400 g
	[62]


FBS: Fasting blood sugar; NA: Not available.
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