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48 Abstract

49 Background

50 Momordica charantia L. (Cucurbitaceae) has been used to control hyperglycemia in people with 

51 type 2 diabetes mellitus in Asia, South America, and Africa for decades. However, a meta-analysis 

52 of clinical trials confirmed very low-quality evidence of its efficacy. To potentially increase the 

53 certainty of evidence, we evaluated the effect of M. charantia L. in comparison with vehicle on 

54 glycemic control in animal models of type 2 diabetes mellitus. 

55 Methods

56 Review authors searched in MEDLINE, Web of Science, Scopus, and CINAHL databases without 

57 language restriction through April 2019. Two authors independently evaluated full texts, assessed 

58 the risk of bias, and extracted data. We analyzed the influence of study design and evidence of 

59 publication bias. 

60 Results

61 The review included 66 studies involving 1861 animals. They had a follow up between 7 and 90 

62 days. Majority 29 (43.9%) used Wistar albino rats, and 37 (56.1%) used male animals. Thirty-two 

63 (48%) used an aqueous extract of fresh fruits. M. charantia L. reduced fasting plasma glucose 

64 (FPG) and glycosylated hemoglobin A1c in comparison to vehicle control (42 studies, 815 

65 animals; SMD, -6.86 [95% CI; -7.95, -5.77], 3 studies, 59 animals; SMD; -7.76 [95%CI; -12.50, -

66 3.01]) respectively. Magnitude of FPG was large in Wistar albino rat subgroup; SMD; -10.29, 

67 [95%CI; -12.55, -8.03]. Publication bias changed FPG to non-significant -2.46 SMD, [95%CI; -

68 5.10, 0.17]. We downgraded the evidence to moderate quality due to poor methodological quality, 

69 high risk of bias, unexplained heterogeneity, suspected publication bias, and lack of standardized 

70 dose.
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71 Conclusion

72 M. charantia L. lowers elevated plasma glucose level in type 2 diabetes mellitus animal models. 

73 Publication bias and poor methodological quality call for future researches to focus on 

74 standardizing dose with chemical markers and provide measures to improve preclinical type 2 

75 diabetes mellitus studies.

76 Systematic review registration CRD42019119181

77 Keywords

78 Bitter gourd; type 2 diabetes mellitus; efficacy; safety; meta-analysis; preclinical.
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93

94 Introduction

95 Type 2 diabetes mellitus (T2DM) is a chronic hyperglycemic condition in response to 

96 progressively impaired glucose regulation due to insulin resistance and beta-cell dysfunction [1,2]. 

97 The chronicity of hyperglycemia causes microvascular complications in the retina, renal 

98 glomerulus and peripheral nerves [3]; and increases the risk of accelerated atherosclerosis and 

99 premature death [4]. Other complications include dementia, sexual dysfunction, depression and 

100 lower-limb amputations [5–7]. 

101 People with T2DM use oral hypoglycemic agents (OHAs) for glycemic control and ameliorating 

102 diabetes complications, but the OHAs have in recent years been linked to intolerable side effects 

103 and increasing failure rate [8],  leaving the majority of people with T2DM using  medicinal plants 

104 as alternative therapy [9,10]. Momordica charantia L. (Family; Cucurbitaceae) is one of such 

105 medicinal plants and well known in African, Ayurveda, and traditional Chinese systems of 

106 medicine for its use in diabetes mellitus. It is also a vital market vegetable in southern and eastern 

107 Asia, and most African countries [11,12]. 

108 The antidiabetic activity of M. charantia L. has been investigated in several animal models of type 

109 2 diabetes mellitus [13,14].  Majority of these studies used chemically induced T2DM in various 

110 animal species and assessed improvement of features of T2DM such as hyperglycemia, insulin 

111 resistance, beta-cell dysfunction, serum insulin level, beta- cell mass, dyslipidemia [15–18]. These 

112 features are also crucial in the clinical evaluation of the efficacy of antidiabetic activity of herbal 

113 products as reported in previous systematic reviews and meta-analysis based on randomized 

114 clinical trials [19,20]. 
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115 Pharmacological studies have established several potential modes of actions through which M. 

116 charantia L. could lower high blood glucose and prevent complications. The proposed 

117 mechanisms include; improved histological architecture of the islets of Langerhans and beta-cell 

118 regeneration [16,21,22], insulin secretagogue [23,24], enhance peripheral glucose utilization, 

119 inhibit glucose-6-phosphatase and fructose biphosphatase glucogenic enzymes [25], increases 

120 peroxisome proliferator-activated receptor gamma (PPAR-γ) activity and decreases protein Kinase 

121 C (PKC-β) activity in kidneys [26]. Despite the number of preclinical studies performed each year 

122 continuing to increase, and our understanding of M. charantia L. mode of action is improving,  a 

123 recent meta-analysis of five randomized clinical trials confirmed its glucose lowering ability with 

124 only very low certainty of evidence [19]. There is also a lack of consensus on the proposed mode 

125 of action due to contradictory findings of existing preclinical studies. The contradictory findings 

126 of preclinical studies and the weak clinical evidence indicate the existing challenges in translating 

127 animal studies of M. charantia L. to clinical practice. Given the sheer volume of preclinical 

128 experiments of the efficacy of treatment with M. charantia L. in T2DM, a structured process is 

129 needed to objectively evaluate and provide robust, informative summaries of these studies.  

130 Systematic review and meta-analysis of animal studies is one of the promising structured process 

131 of assessment which could facilitate rigorous methodological quality, risk of bias, and publication 

132 bias assessment in animal studies and determine their influence on clinical generalizability of 

133 animal studies findings [27–29]. Given the very low-quality human evidence, considering 

134 evidence from animal studies might change the assessment of the apparent magnitude of effect or 

135 might potentially increase our certainty in the evidence [30].

136 Therefore, this systematic review and meta-analysis of animal studies aimed to evaluate the 

137 evidence of the efficacy of treatment with M. charantia L. on animal models of type 2 diabetes 
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138 mellitus. We also described the impact of study design methodological features and publication 

139 bias on the efficacy of M. charantia L. and suggested areas of focus for future animal research 

140 which may reliably predict clinical efficacy.  

141 Materials and methods

142 This systematic review and meta-analysis is based on registered protocol number 

143 CRD42019119181 [31]. We reported results according to the PRISMA guidelines, the PRISMA 

144 abstract checklist, and guidelines for reporting systematic review and meta-analysis of animals 

145 studies [28,32,33]. 

146 Information source and search strategy

147 Review authors searched MEDLINE through PubMed platform, Web of Science through a web of 

148 knowledge platform, CINAHL, and Scopus. The authors also searched gray literature to include 

149 conference papers, technical reports, thesis and Dissertations in Google Scholar, Google, 

150 OpenGrey, ProQuest Dissertations & Theses, and British Library EThos. Review authors searched 

151 each database through April 2019. They also screened reference lists of included studies and 

152 reviews for additional eligible studies not retrieved by the search.

153 The search strategy involved a combination of MeSH terms and keywords.  The search terms were 

154 divided into three components i.e., the population component with the following words; “animals,” 

155 “animal,” “animals model,” “preclinical studies,” “experimental animals,” “experimental animal,” 

156 “laboratory animal,” “laboratory animals,” “rodents,” “rodent,” “rabbits,” “rabbit,” “rats,” “rat,” 

157 “diabetic rats,” “animal disease model,” “mice,” “mouse.” The intervention component’s terms 

158 were “Momordica charantia,” “bitter melon,” “bitter gourd,” and “karela.” The last component 

159 had “diabetes mellitus, type 2,” “non-insulin dependent diabetes mellitus,” “NIDDM,” “glucose 
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160 metabolic disorders,” “metabolic diseases,” “hyperlipidemia,” “hyperglycemia,” “insulin 

161 resistance,” and “glucose intolerance” terms. The three search components were combined with 

162 the boolean logic term “AND” while the keywords within each component were combined with 

163 “OR.” Search filters for the identification of preclinical studies in PubMed were applied to increase 

164 search efficiency [34]. Review authors did not restrict language during the search and 

165 identification of studies. The final searches for each database were re-run just before the final 

166 analyses to retrieve the most recent studies eligible for inclusion: The appendix S2 elaborated 

167 search strategy and their results for PubMed, Scopus, and CINAHL databases (S2 Appendix). 

168 Study design and animal models eligibility  

169 Review authors included experimental animal studies if they were either randomized or non-

170 randomized controlled designed, original full article with data presented numerically or 

171 graphically, and those conducted in animal models of type 2 diabetes mellitus. The animal models 

172 were carefully assessed to include those which closely mimic at least some aspects of the 

173 pathophysiology of humans with type 2 diabetes mellitus such as insulin resistance and β-cells 

174 failure to ensure construct validity [35]. Our review also included all sex, age, species and strain 

175 of animals. However, the review excluded studies done in a human, in vitro, ex vivo, and in-silico 

176 designs, and before-after studies without a description of the control group.

177 Intervention and comparison eligibility 

178 The preclinical intervention group included animals from studies that evaluated the efficacy or 

179 safety of the treatment with M. charantia L. preparations (whole extract or fraction of any part of 

180 the M. charantia L.) in any dosing, dosage forms, and frequency. The included studies should have 

181 induced T2DM in animals before administered the M. charantia L. preparations. The comparison 

182 group included animals from studies that induced experimental T2DM and treated with vehicle or 
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183 standard treatment. Healthy animal control was also included to establish the extent of T2DM 

184 induction.  The review excluded preclinical studies that evaluated the efficacy of polyherbal 

185 preparations of M. charantia L. or isolated pure compounds, concurrent treatment with standard 

186 oral hypoglycemic agents or insulin, and control treated with any other drug. 

187 Study records

188 1. Study selection and data management

189 Review authors pooled identified articles into Mendeley software var. 2.1 (Elsevier). After 

190 deduplication, the titles and abstracts of studies retrieved using the search strategy and those from 

191 additional sources were screened independently by two review authors (ELP & AK). The two 

192 authors then retrieved full texts and independently assessed them for eligibility against 

193 predetermined inclusion criteria. They resolved their disagreement over the eligibility of particular 

194 studies through consensus. 

195 2. Data items and collection process

196 Two review authors extracted data independently from the included studies using a pilot tested 

197 data collection form. Discrepancies between the authors were identified and resolved through 

198 consensus. Reviewers contacted corresponding authors of included studies via email to obtain 

199 numerical data of studies that had data presented graphically, missing or when additional data were 

200 required. Two categories of data of interest extracted were; 1) Primary outcome representing 

201 fasting plasma glucose level, and 2) Secondary outcomes included; glycosylated hemoglobin A1c 

202 (HBA1c), Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), Homeostatic model 

203 assessment for assessing β-cell function (HOMA-B), serum insulin level, number of insulin-

204 positive cells, triglycerides (TGs), total cholesterol (TC), high density lipoprotein cholesterol 
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205 (HDL-c), low density lipoprotein cholesterol (LDL-c), liver glycogen, weight, alanine 

206 aminotransferase (ALT), aspartate aminotransferase (AST), alkaline phosphatase (ALP), gamma-

207 glutamyl transpeptidase (GGT), urea, and serum creatinine.

208 Taxonomical assessment 

209 The taxonomical and nomenclatural accuracy was assessed by comparing reported taxonomical 

210 information with existing standards in open botanical database accessible at www.theplantlist.org.  

211 Frequency of erroneous names use, types of such errors, identification of a specimen, and voucher 

212 specimen deposited were assessed according to methods proposed by Rivera and colleagues [36]. 

213 The authors gave “A” grade for studies with full information about the species of plant, 

214 identification of specimen, and deposited voucher specimen, while they grade “B” those studies 

215 with partial information about the species of plant such as studies which did not present 

216 information on identification of specimen and a voucher specimen and those with inaccurate 

217 taxonomic information. Finally, the authors rated “C” to studies with incomplete or not presented 

218 at all information about the species of plant, or identification of specimens and a voucher specimen.

219 Methodological quality and risk of bias assessment 

220 Review authors used SYRCLE's risk of bias tool to assess the risk of bias for each preclinical 

221 animal study included [37]. The tool assessed domains of random sequence generation, baseline 

222 characteristics, allocation concealment, random housing, blinding of investigators/caregivers, 

223 random outcome assessment, blinding of assessor, incomplete outcome data, selective outcome 

224 reporting, and other sources of bias. Each criterion was assigned value as high, low or unclear risk 

225 of bias. The authors also used a modified CAMARADES checklist to assess the methodological 

226 quality of the included studies. This checklist combined the reporting of several measures to reduce 
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227 bias and some indicators of external validity. The quality indicators are based on 10 criteria; 1) 

228 peer-reviewed publication 2) statement of control of temperature 3) random allocation to treatment 

229 or control 4) blinded caregiver/investigator 5) blinded assessment of outcome 6) use of co-

230 interventions/co-morbid 7) appropriate animal model (age, sex, species, strain) 8) sample size 

231 calculation 9) compliance with animal welfare regulations 10) statement of potential conflict of 

232 interests [38]. Each study was given a quality score out of a possible total of 10 points. Finally, the 

233 authors calculated mean score and categorized studies into "low quality" for mean score 1–5 and 

234 "high quality" for mean score 6–10.

235 Data synthesis

236 Quantitative data were pooled in a statistical meta-analysis using Review Manager (RevMan) 

237 software 5.3 (Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014).  

238 Continuous variables analyzed in a meta-analysis included; FPG, HbA1c, serum insulin level, 

239 number of insulin-positive cells, TGs, TC, HDL-c, LDL-c, liver glycogen, ALT, AST, ALP, urea, 

240 serum creatinine, and weight.  Since the same outcomes reported in different measurement scale, 

241 we used the standardized mean difference (SMD) to evaluate the effect of M. charantia L. in 

242 comparison to vehicle control.  The SMD considered the difference in means between intervention 

243 and control groups at follow up divided by pooled standard deviation of the two groups to convert 

244 all outcome measures to a standardized scale with a unit of standard deviation. The inverse of 

245 variance-weighted method was used to attribute the relative contribution of each included study to 

246 pooled SMD effect of M. charantia L. and its 95% confidence intervals [39]. The authors used the 

247 random effect model for pooling effect estimates because the effect sizes from animal studies were 

248 more likely to differ due to the difference in design characteristics.
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249 Qualitative data were summarized in the form of a table. We used signs (+) and (-) to indicate the 

250 direction of increased or decreased effect respectively. Variables analyzed qualitatively were 

251 HOMA-IR, HOMA-B, morphological structure of islet of Langerhans, number of beta-cells and 

252 number of insulin secretory granules.

253 1. Heterogeneity assessment

254 We used the I2 statistic to quantify heterogeneity in primary studies [40]. The I2 of 75 or more was 

255 considered as indicative of substantial heterogeneity [41,42].  Sensitivity analysis was done to 

256 examine potential factors that influence heterogeneity on the primary outcome (FPG).  For this 

257 analysis we considered risk of bias score, methodological quality score, and performed subgroups 

258 analysis by study design (randomized and non-randomized design), duration of treatment, dose, 

259 mode of preparation of M. charantia L., animal species (mouse, rat, rabbit, dog, other), animal 

260 strains (KK mice, C57BL/6J mice, others), animal age, sex (male, female), and model of induction 

261 of type 2 diabetes mellitus (chemical, genetic, surgical, high-fat diet). 

262 2. Publication bias

263 Publication bias for each outcome was assessed by testing the asymmetry of the funnel plot using 

264 Egger’s test [43]. For the publication bias assessment, we only considered meta-analysis of ten or 

265 more studies because test power is generally too low to distinguish chance from real asymmetry 

266 when it includes a smaller number of the primary studies  [43,44]. When publication bias was 

267 detected, the trim and fill method was used to correct the probable publication bias by imputing 

268 missed studies and adjusted the effect size [45]. 

269 3. Assessment of confidence in cumulative evidence

270 Review authors used “The Grading of Recommendations, Assessment, Development, and 

271 Evaluation (GRADE) approach” as a framework to rate the certainty in the evidence of preclinical 
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272 animal studies [30,46]. The authors rated the certainty for each outcome by considering the risk of 

273 bias (as assessed by SYRCLE’S risk of bias tool), inconsistency (as assessed by heterogeneity 

274 tests, confidence intervals, and P-values), imprecision, publication bias, and indirectness as 

275 proposed by Leeflang and colleagues [30]. After considering all factors, the authors rated evidence 

276 as high, moderate, low or very low-quality.  

277 Results

278 Results of the search

279 We identified 443 articles through electronic and manual searching. After removing duplications 

280 and screening the articles based on the titles and abstracts, 181 articles remained. The full-texts of 

281 these articles were examined for eligibility according to the inclusion and exclusion criteria. 

282 Review authors further excluded 115 articles because one was a thesis for which a published article 

283 retrieved, 12 were only abstracts, 16 were inappropriately designed, 45 had not induced T2DM 

284 before administering the M. charantia L., 18 had no outcomes of interest, 16 did not investigate 

285 the intervention of interest and seven were duplicate publications. For each set of duplicate 

286 publications, we included one article which had most data. We also contacted the corresponding 

287 authors, and only one responded and shared full texts. The remaining majority of other authors 

288 failed to respond. Therefore, the systematic review qualitatively synthesized graphically presented 

289 data. Finally, we included 66 studies in qualitative analysis and 48 studies in meta-analysis. A 

290 PRISMA flow diagram is presented to show the screened, excluded and included articles (Fig 1). 

291

292 Fig 1. Flow diagram for screened included and excluded studies.

293

294 Description of included studies 
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295 The majority of included studies 51 (77.3%) used rats, whereas 12 (18.2%) used mice and only 3 

296 (4.5%) used rabbits. Regarding the strains of animal species used; 29 (43.9%) studies used Wistar 

297 albino rats, 11 (16.7%) used Sprague-Dawley rats and the remaining 14 different strains used are 

298 as shown in table 1.  However, three of the included studies did not specify any strains used. 

299 Among the studies included, 37 (56.1%) used male animals, six used only female animals (9.1%), 

300 12 (18.2%) used equal numbers of male and female animals, and the remaining studies did not 

301 provide information on the sex of the animals used.

302 About 32 (48.5%) studies used alloxan monohydrate, 27 (40.9%) studies used Streptozotocin 

303 (STZ) whereas two studies each used a high-fat diet and nicotinamide + STZ. One study each used 

304 remaining induction materials; cyproheptadine, genetically induced model, and high-fat diet + 

305 STZ.

306 The dose of STZ used ranges from a minimum of 35 mg/kg to a maximum of 200 mg/kg. The 

307 average dose was 77.59 ± 44.9 mg/kg. On the other hand, alloxan monohydrate used at a minimum 

308 dose of 32 and a maximum dose of 150 mg/kg with an average of 104.75 ± 35.447 mg/kg. The 

309 time taken to confirm stable T2DM after exposure to induction material was between one and 90 

310 days. The majority of studies used models of T2DM with FPG levels at baseline ≥ 11.1 mmol/L, 

311 while three studies had models with ≥ 6 mmol/L [47–49].

312 Thirty-two (32) of these studies used an aqueous extract of fresh or dried fruits, and 17 used an 

313 alcoholic extract. The remaining studies used acetone extract, hydroalcoholic extract, petroleum 

314 ether extract, supernatant aqueous extract, and powdered dried fruits.

315 About 62 studies used fruits of M. charantia L., three used leaves, and one used seeds. Saifi et al., 

316 2014 is the only study that described quality control measures of the intervention; the remaining 

317 studies did not describe quality control measures (Table 2). The studies administered the M. 
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318 charantia L. between 7 days and 90 days. Table 1 & 2 summarized characteristics of the included 

319 studies. 

320 Table 1. Baseline characteristics of the included studies
Study ID Country Species/strain Sex Age(wks)/

Weight (g)

Animal model 

(n)

Induction Dose 

(mg/kg)

Time

(days) 

FPG

(mmol/L)

Abas 2014 Malaysia Rat/Sprague-

Dawley M

nm / 200-

300

N (6), V (6), A 

(6), T (6) STZ 60 30

>8

Abdollahi 2011 Malaysia Rat/Sprague-

Dawley Both 12/ 200-250

N (7), V (7), A 

(7), T (7) STZ 85 90

>11

Ahmed 2004 UAE Rat/Wistar 

albino M 12/ 200-300

N (10), V (10),  

T (10) STZ 60 nm

>16.7

Ahmed 1998 UAE Rat/Wistar 

albino M

nm / 200-

250

N (5), V (5), T 

(5) STZ 60 7

>16.7

Akhter 2018 Bangladesh Rat/Mixed 

albino M

8-12/200-

300

N (12), V (12), 

T (12) Alloxan 100 10

>8.3

Alejandra 2016 Mexico Rat/Wistar 

albino M

nm /150-

250

N (6), V (6), T 

(30) Alloxan 150 3

>8.3

Almarzooq 

2009

S/ Arabia Mice/Swiss 

albino Both 8/20-25

N (10), V (10), 

T (10) Alloxan 50 nm

nm

Aswar 2012 India Rat/Wistar 

albino M

nm /160-

200

N (6), V (6), A 

(6), T (12) Alloxan 120 2

nm

Ayoub 2013 India Rat/Wistar 

albino F

nm /170-

210

N (10), V (10), 

A (10), T (20) STZ 45 3

>11.1

Batran 2006 Egypt Rat/ Sprague-

Dawley Both

nm /120-

150

V (6), T (12)

Alloxan 150 nm

nm

Bhat 2018 India Rat/Wistar 

albino M

8-12/200-

250

V (6), T (6)

STZ 50 30

>11.1

Cakici 1994 Turkey Mice/albino

M nm /20-40

N (5), V (8), A 

(4), T (5) CH 45 8

>13.9

Chandra 2008 India Rat/ Sprague-

Dawley M

Adult/180-

200

N (6), V (6), A 

(6), T (6) STZ 65 3

10-11.1

Chandru 2016 India Rat/Wistar 

albino Both

12-16/170-

250

N (6), V (6), A 

(6), T (6) STZ 55 3

>13.9
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Chaturvedi 

2005

Botswana Rat/ Horts 

Men M

nm /200-

250

N (5), V (5), T 

(5) Alloxan 60 nm

nm

Day 1990 UK Mice/ Theiller 

Origin M Adult/

N (5), V (5), T 

(5) STZ 200 nm

nm

Fernandes 

2007

India Rat/Wistar 

albino Both 72/150-200

N (8), V (8), A 

(8), T (24) Alloxan 100 6

>13.9

Grover 2001 India Mice/albino

Both

nm /30-50 N (6), V (6), T 

(6) STZ 150 10

>16.7

Gupta 2007 India Rat/ Charles 

Foster M

nm /120-

140

N (6), V (6), T 

(6) STZ 35 2

>7.8

Hafzur 2011 Pakistan Rat/Wistar 

albino nm 4/ nm

N (11), V (8), 

A (8), T (8) STZ 100 60

6.1-9.4

Hossain 2011 Bangladesh Rat/ Long-

Evans M 8/150-180

N (5), V (5), A 

(5), T (5) Alloxan 110 2

>11.1

Hossain 2014 Bangladesh Rat/ Long-

Evans nm

nm /150-

200

N (6), V (6), A 

(6), T (18) STZ 55 7

13.3-13.9

Ibrahem 2010 Iraq Rat/Wistar 

albino M 8/ 150-200

N (10), V (10), 

A (10), T (10) Alloxan 150 7

>13.9

Jafri 2015 India Rat/Wistar 

albino Both

nm /200-

300

N (15), V (15), 

T (15) Alloxan 100 7

7.8-9.4

Kolawole 2011 Nigeria Rat/Wistar 

albino M

nm /180-

250

N (5), V (5), A 

(5), T (15) Alloxan 120 8

>7.8

Kumar 2013 India Mice/ Swiss 

albino F 8/28-32

N (6), V (6), T 

(6) Alloxan 150 nm

nm

Lal 2011 India Rat/Wistar 

albino nm

Adult/110-

160

N (5), V (5), A 

(5), T (5) STZ 50 2

≥11.1

Ma 2017 China Rat/ SPF-

grade CD M

nm/ nm N (8), V (8), A 

(8), T (24) HFD+STZ 25 7

≥11.1

Mahdi2003 India Rat/albino

M

nm /150-

200

N (6), V (6), A 

(6), T (6) STZ 65 3

nm

Mahmoud 

2017

Egypt Rat/albino

M

6-8/150-

200

N (6), V (6), T 

(6) STZ 45 7

>11.1

Matheka 2012 Kenya Rat/ Sprague-

Dawley F 24/200-250

V (7), T (7)

Alloxan 125 27

>7.1
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Miura 2001 Japan Mice/ KK-Ay M 12/22-25  V (5), T (5) Genetic Na na 16.7

Mohammady 

2012

Egypt Rat/albino

M

nm /120-

160

N (10), V (10), 

A (10), T (10) Alloxan 100 nm

10-16.7

Mushtaq 2016 Pakistan Rabbit/ O. 

cuniculus F

nm /1000-

2000

N (5), V (5), A 

(5), T (10) Alloxan 55 15

≥16.7

Nagy 2012 Egypt Rat/ Sprague-

Dawley M 17/150-200

N (10), V (10), 

T (10) STZ 60 7

8.9

Nivitabishekam 

2009

India Rat/ Sprague-

Dawley M

nm /180-

250

N (5), V (5), A 

(5), T (5) NAM+STZ 120+60 7

8.3

Nkambo 2013 Uganda Rat/Wistar 

albino M

nm /150-

180

N (6), V (6), A 

(6), T (12) Alloxan 65 5

>11.1

Parmar 2011 India Rat/ Wistar 

albino nm 12/7-10

N (6), V (6), T 

(12) STZ 90 90

>7.8

Platel 1995 India Rat/ Wistar 

albino M

Adult/150-

160

N (12), V (12), 

T (12) STZ 50 15

nm

Rathi 2002 India Rat/ Wistar 

albino nm

nm/ nm N (8), V (8), T 

(24) Alloxan 32 2

>9.7

Reyes 2006 Philippines Rat/ Sprague-

Dawley F

nm /140-

150

N (5), V (5), T 

(5) Alloxan 125 4

>16.7

Rezaeizadeh 

2011

Malaysia Rat/ Sprague-

Dawley nm 12/ nm

N (7), V (7), A 

(7), T (7) STZ 85 90

>11

Rohajatien 

2018

Indonesia Rat/ R. 

norvegicus M 8-12/ nm

N (6), V (6), T 

(6) STZ + NA 65+20 5

>11.1

Saha 2012 Bangladesh Rat/ Long-

Evans M

nm /142-

170

N (5), A (5), T 

(10) Alloxan 125 3

>6

Saifi 2014 India Rat/Wistar 

albino Both

nm /150-

200

N (6), V (6), A 

(6), T (6) Alloxan 120 2

>11.1

Sani 2015 Nigeria Rat/

nm

nm /100-

150

N (5), V (5), T 

(15) Alloxan 100 2

>11.1

Sathishsekar 

2005

India Rat/Wistar 

albino M

nm /160-

180

N (6), V (6), A 

(6), T (12) STZ 55 7

>13.9

Sharma 2014 India Mice/Swiss 

albino nm

16-24/28-

32

N (6), V (6), T 

(12) Alloxan 150 21

>11.1
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Shibib 1993 Bangladesh Rat/Wistar 

albino M

nm /180-

250

N (5), V (4), T 

(4) STZ 65 3

nm

Shih 2008 Taiwan Mice/ 

C57BL/6J M 5/ nm

N (9), V (9), T 

(18) HFD 60

6.7

Singh 1989 India Rat/Wistar 

albino Both

nm /100-

150

N (18), V (18), 

T (54) Alloxan 60 nm

nm

Singh 2007 India Rat/Wistar 

albino nm

nm/ nm N (6), V (6), T 

(18) Alloxan 60 8

nm

Singh 2008 India Rat/Wistar 

albino nm

7-8/100-

150

N (18), V (18), 

T (54) Alloxan 60 nm

nm

Sitasawad 2000 India Mice/ Balb/c

M 6-8/ nm

N (?), V (?), A 

(?), T (?) STZ 200 nm

nm

Srivastava 

1988

India Rat/ Charles 

Foster Both

nm /150-

200

N (10), V (10), 

T (30) Alloxan 120 3

8.3

Srivastava 

1993

India Rat/ Charles 

Foster Both

nm /150-

200

N (20), V (10), 

T (10) Alloxan 120 3

8.3

Tahira 2014 Pakistan Rabbit/

M

nm /1000-

1500

N (7), V (7), A 

(5), T (7) Alloxan 80 nm

>11.1

Tarkang 2012 Nigeria Rat/Wistar 

albino M

nm /180-

200

N (4), V (4), T 

(4) Alloxan 120 10

>13.9

Tripath 2010 India Rat/Wistar 

albino M

nm /120-

150

N (5), V (5), T 

(5) Alloxan 150 4

>15.6

Vangoori 2013 India Rabbit/albino

Both

Adult/1000-

4000

V (5), A (5), T 

(15) Alloxan 150 nm

12.2-27.8

Wahesh 2012 Egypt Rat/ Sprague-

Dawley M

nm /200-

220

N (6), V (6), T 

(6) STZ 50 3

>13.9

Han 2008 China Mice/Kunming 

strain nm

nm /20-22 N (12), V (12), 

T (36) Alloxan 75 2

>11.1

Wang 2014 Taiwan Mice/ KK/HIJ

M 6/19-22

N (8), V (8), T 

(8) HFD Nm 60

nm

Yousaf 2016 Pakistan Mice/nm

F 6-8/21-23

N (?), V (?), A 

(?), T (?) STZ 150 nm

>10.5

Chowdhury 

2012

Bangladesh Rat/ Long 

Evans M

nm/ nm N (5), V (5), A 

(5), T (5) STZ 60 nm

16.20 ± 

0.90
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Karunanayake 

1990

Sri-Lanka Rat/ Sprague-

Dawley M

nm/ 195 ± 

21

V (18), T (20)

STZ 50 3

nm

321 Time = Time taken to confirm stable T2DM induced; M = male; F = female; S/ Arabia = Saudi 
322 Arabia; UK = United Kingdom; UAE = United Arabs Emirates; NAM+STZ = 
323 Nicotinamide+Streptozotocin; CH = Cyproheptadine; N = Normal control group; V = 
324 Vehicle/saline control group; A = Active treatment group; T = Intervention group; nm = not 
325 mentioned; ? = No number of animals; na = not applicable; Dose = Dose for inducing T2DM

326

327 Table 2. Baseline characteristics of the included studies
Study ID Nature of M. charantia L. Quality control of 

product

Duration of 

treatment (days)

References

Abas 2014 Aqueous extract of fresh fruit nm 28 [50]

Abdollahi 2011 Aqueous extract of fresh fruit nm 30 [51]

Ahmed 2004 nm 70 [52]

Ahmed 1998 Supernatant aqueous extract of fresh fruit nm 63 [22]

Akhter 2018 Aqueous extract of fresh fruit nm 21 [53]

Alejandra 2016 Aqueous extract of fresh leaves* nm 30 [54]

Almarzooq 2009 Supernatant aqueous extract of fresh fruit nm 90 [55]

Aswar 2012 Aqueous extract of fresh fruit nm 7 [15]

Ayoub 2013 Alcoholic extract of fresh fruits nm 45 [56]

Batran 2006 70% ethanolic extract of fresh fruits nm 30 [57]

Bhat 2018 Aqueous extract of fresh fruit nm 28 [58]

Cakici 1994 50% ethanolic extract of fresh fruits* nm 7 [59]

Chandra 2008 Supernatant aqueous extract of fresh fruit nm 30 [60]

Chandru 2016 Aqueous extract of fresh fruit nm 28 [26]

Chaturvedi 2016 70% methanolic extract of fresh fruits nm 45 [61]

Day 1990 Aqueous extract of fresh fruits nm 7 [62]

Fernandes 2007 Ethanolic extract of fresh fruits nm 30 [16]

Grover 2001 Aqueous extract of fresh fruits nm 40 [63]

Gupta 2007 95% alcoholic extract of fresh fruits nm 7 [64]

Hafzur 2011 Hydro-alcoholic extract of fresh fruits nm 28 [47]

Hossain 2011 Petroleum ether fraction of fresh fruit nm 7 [65]
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Hossain 2014 Aqueous extract of fresh fruits nm 90 [66]

Ibrahem 2010 Aqueous extract of fresh fruits nm 30 [67]

Jafri 2015 Aqueous extract of dried fruits nm 60 [68]

Kolawole 2011 Methanolic extract of fresh fruits nm 28 [69]

Kumar 2013 Aqueous extract of dried fruits nm 21 [70]

Lal 2011 Aqueous extract of dried fruits nm 28 [71]

Ma 2017 70% ethanolic extract of fresh fruits* nm 60 [72]

Mahdi 2003 Aqueous extract of fresh fruits nm 30 [73]

Mahmoud 2017 Supernatant aqueous extract of fresh fruit nm 21 [74]

Matheka 2012 Aqueous extract of fresh fruits nm 28 [75]

Miura 2001 Aqueous extract of fresh fruits nm 21 [76]

Mohammady 2012 Aqueous extract of fresh fruits nm 30 [77]

Mushtaq 2016 Ethanolic extract of fresh fruits nm 15 [78]

Nagy 2012 Supernatant aqueous extract of fresh fruits nm 56 [79]

Nivitabishekam 2009 Methanolic extract of fresh fruits** nm 28 [80]

Nkambo 2013 Methanolic extract of fresh fruits* nm 7 [81]

Parmar 2011 Supernatant aqueous extract of fresh fruits nm 56 [82]

Platel 1995 Freeze dried powder of fresh fruit nm 48 [24]

Rathi 2002 Aqueous extract of fresh fruits nm 21 [83]

Reyes 2006 Aqueous extract of fresh fruits nm 27 [84]

Rezaeizadeh 2011 Aqueous extract of fresh fruits nm 30 [85]

Rohajatien 2018 Fresh fruits feeding nm 30 [14]

Saha 2012 Aqueous extract of fresh fruits nm 21 [48]

Saifi 2014 70% hydroalcoholic extract of fresh fruits Yes 21 [86]

Sani 2015 Aqueous extract of fresh leaves nm 30 [87]

Sathishsekar 2005 Aqueous extract of fresh fruits nm 30 [88]

Sharma 2014 Aqueous extract of fresh fruits nm 21 [89]

Shibib 1993 Ethanolic extract of fresh fruits nm 7 [90]

Shih 2008 Aqueous extract of fresh fruits nm 30 [49]

Singh 1989 Acetone extract of fresh fruits nm 30 [91]

Singh 2007 Acetone extract of fresh fruits nm 30 [92]

Singh 2008 Alcoholic extract of fresh fruits nm nm [93]
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Sitasawad 2000 Supernatant aqueous extract of fresh fruits nm nm [94]

Srivastava 1988 Aqueous extract of fresh fruits nm 20 [95]

Srivastava 1993 Aqueous extract of fresh fruits nm 21 [96]

Tahira 2014 Alcoholic extract of fresh fruits nm 14 [97]

Tarkang 2012 Aqueous extract of fresh fruits nm 28 [98]

Tripath 2010 Powdered seeds nm 30 [99]

Vangoori 2013 Ethanolic extract of fresh fruits nm 35 [100]

Wahesh 2012 95% ethanolic extract of fresh fruits nm 30 [101]

Han 2008 Aqueous extract of fresh fruits nm 10 [102]

Wang 2014 Aqueous extract of fresh fruits nm 60 [103]

Yousaf 2016 Aqueous extract of fresh fruits nm nm [104]

Chowdhury 2012 95% ethanolic extract of fresh fruits nm 7 [105]

Karunanayake 1990 Supernatant aqueous extract of fresh fruits nm 30 [23]

328 *Investigated dose-response relationship; ** standardized dose based on chemical markers

329

330 Taxonomical assessment of included studies

331 All 66 included studies used the scientific names; however, the majority 58 (87.9%) of the 

332 scientific names were not correct. The most recurrent type of error was missing plant authority 

333 names 39 (59.9%) and missing plant family names 26 (39.4%). Table 3 illustrates other types of 

334 errors identified.

335 Table 3. The common type of errors in scientific name identified in the included studies

Particulars N (%)

Use of the scientific name

Correct name 8 (11.6)

Incorrect name 58 (87.9)

Type of errors in incorrect names 
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Misspelling of genus or species 3 (5.2)

Inconsistent use of Italics 6 (10.3)

Inappropriate capitalization 5 (8.6)

            Missing author 39 (59.9)

Non-standard author abbreviation 13 (22.4)

Missing of a period of abbreviation 5 (8.6)

No family name 26 (39.4)

            Misspelling 7 (12.1)

336

337 Four (4) out of 66 included studies were given taxonomical validation score of “A” because they 

338 presented full information about plant name, identification of specimens, and voucher specimen 

339 deposited. On the other hand, ten studies were given a score of “B” since only partial information 

340 about plant name and identification of specimen were present. It is worth noting that, the majority 

341 of included studies (52) had inadequate or no information about taxonomical identification of plant 

342 species (Table 4).

343 Table 4. Taxonomical validation score

Study ID Scientific name 

(Family)

Plant Identification Voucher Score

Abas 2014 Momordica charantia 

(Cucurbitaceae)

Identified by a botanist UKMB 40067 B

Abdollahi 2011 Momordica charantia 

(cucurbitacea)

C

Ahmed 2004 Momordica charantia 

(L) (Cucurbitaceae)

C
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Ahmed 1998 Momordica charantia 

(Cacurbitaceae)

C

Akhter 2018 Momordica charantia C

Alejandra 2016 Momordica charantia 

(Cucurbitaceae)

Identified by Dr. Albino Moreno C

Almarzooq 2009 Momordica charantia 

(Cucurbitaceae)

C

Aswar 2012 Momordica charantia 

L. (Cucurbitaceae)

Dr.Mrs.P.Y.Bhogaonkar, Ex. Head 

of the Botany Depart. Amravati

B

Ayoub 2013 Momordica charantia 

(Cucurbitaceae

C

Batran 2006 Momordica charantia 

L (Cucurbitaceae)

Prof. Boulous, L. Prof. of 

Taxonomy Alexandria Univ.

B

Bhat 2018 Momordica Charantia C

Cakici 1994 Momordica charantia 

L. (Cucurbitaceae)

Co-author Bilge Sener BS 1023 A

Chandra 2008 Momordica charantia Department of Botany, S.P.G. 

College, Lucknow.

C

Chandru 2016 Momordica Charantia C

Chaturvedi 2005 Momordica charantia Herbarium section of the 

Department of Botany, University 

of Nairobi

C

Day 1990 Momordica charantia 

L. (Cucurbitaceae)

C

Fernandes 2007 Momordica charantia 

Linn 

C
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Grover 2001 Momordica Charantia 

(Cucurbitaceae)

Head, Department of Botany, 

Miranda House, University of 

Delhi (India).

C

Gupta 2007 Momordica charantia 

Linn (Cucurbitaceae)

NM C

Hafzur 2011 Momordica charantia Prof. Dr. Surayya Khatoon, 

Chairperson, Department of 

Botany, University of Karachi, 

Pakistan

C

Hossain 2011 Momordica charantia 

(Cucurbitaceae)

Mr. AHM Mahbubur Rahman C

Hossain 2014 Momordica charantia 

Linn (Cucurbitaceae)

C

Ibrahem 2010 Momordica charantia  National Herbarium at Abu-Graib C

Jafri 2015 Momordica charantia C

Kolawole 2011 Momordica Charantia 

L (Cucurbitaceae)

Botanist B

Kumar 2013 Momordica charantia 

(Cucurbitaceae)

Dr. Ramakant Pandey (Botanist) C

Lal 2011 Momordica charantia The National Botanical Research 

Institute, Lucknow, India

97768 C

Ma 2017 Momordica charantia 

L. (Cucurbitaceae)

Prof. Dr. Lijing Geng MC-120925 A

Mahdi2003 Momordica charantia Department of Pharmacology, 

State Government T.T. College, 

Lucknow

C
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Mahmoud 2017 Momordica charantia 

Linn (Cucurbitaceae)

Prof. Dr. Assem El Shazly, Depart 

of P'cognosy, Faculty of 

Pharmacy, Zagazig University

B

Matheka 2012 Momordica charantia Herbarium of the University of 

Nairobi

C

Miura 2001 Momordica charantia 

L. (Cucurbitaceae)

C

Mohammady 

2012

Momordica charantia C

Mushtaq 2016 Momordica charantia 

L. 

Dr. M. Ishtiaq (Taxonomist, Dept. 

of Botany)

C

Nagy 2012 Momordica Charantia C

Nivitabishekam 

2009

Momordica charantia 

L (MC) 

C

Nkambo 2013 Momordica charantia 

L (Cucurbitaceae)

The Department of Botany, 

Makerere University

B

Parmar 2011 Momordica charantia 

(Cucurbitaceae)

C

Platel 1995 Momordica charantia C

Rathi 2002 Monordica charantia 

(Cucurbitaceae)

Head of the Department of Botany, 

Miranda House, University of 

Delhi, India

C

Reyes 2006 Momordica charantia 

(Cucurbitaceae)

The Botanical Herbarium, museum 

of natural history, University of the 

Philippines, Los Banos, College, 

Laguna, Philippines

67268 B
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Rezaeizadeh 

2011

Momordica charantia 

(Cucurbitacea)

C

Rohajatien 2018 Momordica charantia, 

L (Cucurbitae)

C

Saha 2012 Momordica charantia The Bangladesh National 

Herbarium, Dhaka.

C

Saifi 2014 Momordica charantia 

Linn (Cucurbitaceae)

Laboratory of National Institute of 

Science Communication and 

Information Resources 

(NISCAIR), New Delhi

NISCAIR/Consu

lt

/RHMD/-2010-

11/1620/218

A

Sani 2015 Mormodica charantia 

Linn (Cucubaceae)

identification by Botanist

Sathishsekar 

2005

Momordica charantia 

(MC) LINN 

(Curcurbitaceae)

Prof. V. Kaviyarasan Retained in the 

department 

herbarium.

A

Sharma 2014 Momordica charantia Botanist, Department of Botany, 

Sam Higgin bottom Institute of 

Agriculture, Technology & 

Sciences, Allahabad, Uttar 

Pradesh, India.

C

Shibib 1993 Momordica charantia C

Shih 2008 Momordica charantia 

L. (Cucurbitaceae)

Graduate Institute of Chinese 

Pharmaceutical Sciences, China 

Medical University

B

Singh 1989 Momordica charantia 

(Cucurbitaceae)

C
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Singh 2007 Momordica charantia 

(Linn.)

The Botany Department of Meerut 

College.

Kept in the 

laboratory

C

Singh 2008 Momordica charantia 

(Curcurbitaceae)

C

Sitasawad 2000 Momordica charantia 

L. (Cucurbitaceae)

C

Srivastava 1988 Mormodica charantia 

Linn 

C

Srivastava 1993 Momordica charantia 

Linn (Cucarbitaceae)

C

Tahira 2014 Momordica charantia 

Linn (Cucurbitaceae)

Dr. Mansoor Hameed, Ass. Prof., 

Department of Botany, University 

of Agriculture, Faisalabad, 

Pakistan,

Kept at the 

laboratory.

B

Tarkang 2012 Momordica charantia Dr. Tsabang Nole, a botanist at 

IMPM.

C

Tripath 2010 Momordica charantia 

(Cucurbitaceae)

C

Vangoori 2013 Momordica charantia C

Wahesh 2012 Momordica charantia C

Han 2008 Momordica charantia 

(Cucurbitaceae)

Dr. Z. Feng, Shandong University 

of Traditional Chinese Medicine

B

Wang 2014 Momordica charantia 

Linn (Cucurbitaceae)

C

Yousaf 2016 Momordica charantia C

Chowdhury 2012 Momordica charantia 

(Cucurbitaceae)

C
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Karunanayake 

1990

Momordica charantia 

L. (Cucurbitaceae)

C

344

345 Methodological quality 

346 The quality score of the majority of studies included in the analysis 51 (77.3%) was between 2 and 

347 3. The median score was 3 (interquartile range 1), which means that these studies had poor 

348 methodological quality. Interestingly, all 66 studies reported publication in a peer-reviewed journal 

349 and claimed to have used appropriate animal models of T2DM. However, none of these studies 

350 described the method of random allocation of animals to the treatment or control group, blinded 

351 caregiver/investigator, blinded assessment of outcome, and sample size calculation. Surprisingly, 

352 only one study described co-interventions of animal models used at baseline [66]. About 25 studies 

353 reported compliance with animal welfare regulations while 21 studies reported a statement of 

354 maintaining a constant temperature, and only 14 studies provided a statement of potential conflict 

355 of interest. Table 5 Summarizes the methodological quality assessment of studies included in the 

356 analysis. 

357 Table 5. Methodological quality assessment of the included studies
Study ID 1 2 3 4 5 6 7 8 9 10 Score Quality Grade

Abas 2014 X X X X 4 Low

Abdollahi 2011 X X X X 4 Low

Ahmed 2004 X X 2 Low

Ahmed 1998 X X 2 Low

Akhter 2018 X X X 3 Low

Alejandra 2016 X X X 3 Low

Almarzooq 2009 X X X 3 Low
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Aswar 2011 X X X 3 Low

Ayoub 2013 X X X 3 Low

Batran 2006 X X X 3 Low

Bhat 2018 X X X X X 5 Low

Cakici 1994 X X 2 Low

Chandra 2008 X X X 3 Low

Chandru 2016 X X X X X 5 Low

Chaturvedi 2005 X X 2 Low

Day 1990 X X X 3 Low

Fernandes 2007 X X X X X 5 Low

Grover 2001 X X 2 Low

Gupta 2007 X X X 3 Low

Hafzur 2011 X X 2 Low

Hossain 2011 X X X 3 Low

Hossain 2014 X X X X X X 6 High

Ibrahem 2010 X X 2 Low

Jafri 2015 X X 2 Low

Kolawole 2011 X X X 3 Low

Kumar 2013 X X X 3 Low

Lal 2011 X X 2 Low

Ma 2017 X X X 3 Low

Mahdi 2003 X X X 3 Low

Mahmoud 2017 X X X 3 Low
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Matheka 2012 X X X 3 Low

Miura 2001 X X X 3 Low

Mohammady 2012 X X X 3 Low

Mushtaq 2016 X X X 3 Low

Nagy 2012 X X X X X 5 Low

Nivitabishekam 

2009 X X X

X 4 Low

Nkambo 2013 X X 2 Low

Parmar 2011 X X X 3 Low

Platel 1995 X X 2 Low

Rathi 2002 X X 2 Low

Reyes 2006 X X 2 Low

Rezaeizadeh 2011 X X X X 4 Low

Rohajatien 2018 X X 2 Low

Saha 2012 X X X X 4 Low

Saifi 2014 X X X X 4 Low

Sani 2015 X X 2 Low

Sathishsekar 2005 X X X 3 Low

Sharma 2014 X X X X 4 Low

Shibib 1993 X X 2 Low

Shih 2008 X X X X 4 Low

Singh 1989 X X 2 Low

Singh 2007 X X 2 Low
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Singh 2008 X X X 3 Low

Sitasawad 2000 X X 2 Low

Srivastava 1988 X X X 3 Low

Srivastava 1993 X X 2 Low

Tahira 2014 X X X 3 Low

Tarkang 2012 X X 2 Low

Tripath 2010 X X X X 4 Low

Vangoori 2013 X X 2 Low

Wahesh 2012 X X 2 Low

Han 2008 X X 2 Low

Wang 2014 X X X X X 5 Low

Yousaf 2016 X X 2 Low

Chowdhury 2012 X X 2 Low

Karunanayake 

1990 X X

2 Low

358

359 Risk of bias assessment 

360 The risk of bias of the preclinical studies included in the analysis was assessed using SYRCLE’s 

361 risk of bias tool. The results indicated that all studies included did not perform allocation 

362 concealment, random animal housing, blinding of animal caregivers and investigators, random 

363 outcome assessment and blinding of outcome assessment. This could mean that these studies were 

364 prone to systematic errors due to the design flaw that could overestimate the effect of the M. 

365 charantia L. Four studies were given unclear risk of bias with regard to random sequence 
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366 generation because review authors found inadequate description of the method used for random 

367 sequence generation [15,56,85,92]. Summary of the risk of bias across all studies and risk of bias 

368 of each included study is provided in Fig 2 and S3 appendix respectively.

369

370 Fig 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as 

371 percentages across all included studies.

372 Effect of intervention

373 Primary outcome; Fasting Plasma Glucose (FPG)

374 About 42 preclinical studies (n = 815) had data on FPG. The pooled estimate indicated moderate 

375 quality evidence that M. charantia L. significantly reduced FPG compared with a vehicle control 

376 group, representing -6.86 of SMD (95% CI; -7.95, -5.77), I2 = 90. Interestingly, all studies 

377 consistently favored M. charantia L. (Fig 3).

378

379 Fig 3. Forest plot of preclinical studies comparing M. charantia L. and vehicle control; 

380 measuring fasting plasma glucose 

381 Secondary outcomes

382 a. Glycosylated hemoglobin A1c (HbA1c)

383 The data from three preclinical studies were pooled for assessment of HbA1c (Fig 4). There was 

384 moderate quality evidence that M. charantia L. significantly lowered HbA1c level in a treated 

385 group (n = 34) compared to the vehicle control group (n = 25); -7.76 of SMD (95% CI; -12.5, -

386 3.01). The I2 = 82% was indicating the presence of heterogeneity in individual studies.
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387 b. Serum insulin  

388 Results indicated very low-quality evidence that serum insulin level observed in M. charantia L. 

389 treated group (n = 132) was significantly increased compared with the vehicle control group (n = 

390 85); 4.28 of SMD (95% CI; 2.35, 6.22). The I2 of 93% was indicating the presence of 

391 heterogeneity. Only one study (Shih et al., 2008) had a significant effect size in the opposite 

392 direction (Fig. 4). The review authors downgraded the evidence to very low-quality due to a severe 

393 risk of bias and imprecision, serious inconsistency, and strongly suspected publication bias (S4 

394 Appendix).

395 c. Insulin-positive cells

396 There was an increase in the number of insulin-positive cells in the M. charantia L. treated group 

397 (n = 32) compared to the vehicle control group (n = 22); 3.25 of SDM (95% CI; -0.21, 6.70). 

398 Although such an increase was not statistically significant, all the three studies favored the 

399 intervention (Fig. 4). The I2 was 93% indicated the presence of heterogeneity in the individual 

400 study.

401

402 Fig 4. Forest plot of preclinical studies comparing M. charantia L. and vehicle control; 

403 measuring (A) HBA1c, (B) Serum insulin level, (C) Insulin-positive cells in pancreases 

404 d. Liver glycogen

405 The pooled data from four studies indicated that there was no statistically significant increase in 

406 liver glycogen in the M. charantia L. treated group (n = 56) compared to the vehicle control group 

407 (n = 36); 1.11 of SDM (95% CI; -3.20, 5.43). The I2 of 97% indicated the presence of 

408 heterogeneity. Two studies favored M. charantia L., and another two studies favored the vehicle 

409 control group (Fig 5). 

410
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411 Fig 5. Forest plot of pre-clinical studies comparing M. charantia L. and vehicle control; 

412 measuring liver glycogen 

413 e. Triglycerides (TGs)

414 The data from 13 preclinical studies were pooled for assessment of triglycerides (Fig 6). Results 

415 showed a very low-quality evidence that M. charantia L. significantly lowered TGs level in treated 

416 group (n = 142) compared to vehicle control group (n = 87); -9.12 of SMD (95% CI; -11.76, -

417 6.49). The I2 was 92% indicated the presence of substantial heterogeneity in individual studies.

418 f. Total cholesterol (TC)

419 Figure 6 showed that M. charantia L. treated group (n = 216) had a significantly reduced level of 

420 total cholesterol compared with the vehicle control group (n = 125) with SMD of -10.38 (95% CI; 

421 -13.04, -7.73). The I2 was 95% indicated the heterogeneity. The certainty of this evidence was 

422 assessed as low (S4 Appendix).

423 g. High-density lipoprotein cholesterol (HDL-c)

424 The HDL-c was assessed by integrating data from eight studies (Fig 6). There was low quality-

425 evidence that the HDL-c level in M. charantia L. treated group (n = 72) increased compared to the 

426 vehicle control group (n = 50), 4.37 SDM (95% CI; 2.29, 6.45). The I2 was 89% indicated the 

427 presence of heterogeneity.

428 h. Low-density lipoprotein cholesterol (LDL-c)

429 The LDL-c level in the M. charantia L. treated group (n = 72) was significantly decreased 

430 compared to that observed in the vehicle control group (n = 50). The SMD of -6.71 (95% CI; -

431 9.06, -4.36). The I2 was 89% indicated the presence of heterogeneity (Fig 6).

432

433 Fig 6. Forest plot of preclinical studies comparing M. charantia L. and vehicle control; 

434 measuring (A) TGs, (B) TC, (C) HDL-c, (D) LDL-c 
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435 i. Alanine aminotransferase (ALT), Aspartate aminotransferase (AST), and Alkaline 

436 phosphate (ALP) 

437 There was a significant reduction of ALT (SMD; -5.14; [95% CI; -7.33, -2.95]), AST (SMD; -

438 3.60; [95% CI; -4.95, -2.25]), and ALP (SMD; -3.58; [95% CI; -4.94, -2.22]) in the M. charantia 

439 L. treated groups compared with the vehicle control groups. The I2 were 77%, 64% and 82% 

440 respectively; indicated the presence of significant heterogeneity (Fig 7).

441

442 Fig 7. Forest plot of preclinical studies comparing M. charantia L. and vehicle control; 

443 measuring (A) ALT, (B) AST, (C) ALP 

444 j. Serum creatinine and plasma urea

445 There was a significant reduction of serum creatinine (SMD; -4.52; [95% CI; -6.42, -2.61]) and 

446 plasma urea (SMD; -2.68; [95% CI; -4.13, -1.22]) in the M. charantia L. treated groups compared 

447 with the vehicle control groups. The I2 were 84% and 89% respectively; indicated the presence of 

448 significant heterogeneity (Fig 8).

449

450 Fig 8. Forest plot of preclinical studies comparing M. charantia L. and vehicle control; 

451 measuring (A) Serum creatinine, (B) Plasma urea 

452 k. Effect of M. charantia L. on body weight

453 About 14 preclinical studies provided quantitative data on weight. We reported a significant 

454 increase in body weight in the M. charantia L. treated groups (n = 148) compared with the vehicle 

455 control groups (n = 114). The SMD was 2.96 (95% CI; 1.63, 4.29), and I2 was 56% which indicates 

456 the presence of moderate heterogeneity in individual studies (Fig 9).

457 Fig 9. Forest plot of preclinical studies comparing M. charantia L. and vehicle control; 

458 measuring body weight 
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459

460 Subgroup analysis

461 Review authors considered subgroup analysis for M. charantia L. versus vehicle control on FPG 

462 level for rats, mice and rabbits’ species (Fig. 4). The test for subgroup analysis suggested that there 

463 was a statistically significant subgroup effect (P = 0.002), I2 = 83.8%, meaning that animal species 

464 significantly modified the effect of M. charantia L. in comparison to vehicle control. The treatment 

465 effect favored M. charantia L. across all the three species. However, the treatment effect was 

466 higher for rats than mice and rabbits. Hence the subgroup effect is quantitative. However, there 

467 was still heterogeneity between results in studies within subgroup which requires further 

468 exploration.

469 Another subgroup analysis considered for M. charantia L. versus vehicle control on FPG level 

470 was animal strain; Wistar albino rats, Sprague-Dawley rats, and Charles Foster rats. The test for 

471 subgroup differences indicated that there was a statistically significant subgroup effect (P = 

472 <0.00001), I2 = 85.4%, meaning that animal strains significantly modified the effect of M. 

473 charantia L. in comparison to vehicle control. The treatment effect favored M. charantia L. over 

474 vehicle control for all animal strains (Wistar albino rats, Sprague-Dawley rats, and Charles Foster 

475 rats); therefore, the subgroup effect is quantitative.  It is interesting to note that effect size was 

476 greater for Wistar albino rats (SMD; -10.29, 95%CI; -12.55, -8.03), I2 = 90% than for Sprague-

477 Dawley rats (SMD; -6.71, 95%CI; -10.02, -3.40), I2 = 88%, and Charles Foster rat (SMD; -2.15, 

478 95%CI; -3.69, -0.60), I2 = 80%.  This analysis indicated a substantial unexplained heterogeneity 

479 between the studies with each subgroup as indicated by their I2. It is also important to note that the 

480 subgroup analysis could not detect subgroup effects of other animal stains (Horts men rats, Long-
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481 Evans rats, Swiss albino mice, Kunming mice, C57BL/6J and KK/HIS mice) because a small 

482 number of studies contributed the data.

483 Evaluation of publication bias

484 Review authors assessed publication bias for M. charantia L. versus vehicle control on FPG, TC, 

485 TGs, serum insulin and body weight by visually assessing funnel plots. Egger’s tests for funnel 

486 plot asymmetry suggested that there was a statistically significant publication bias for FPG, TC, 

487 TGs, and serum insulin (P <0.0001). However, there was no evidence of publication bias for the 

488 weight (P = 0.062). 

489 The trim and fill analysis imputed 19 potentially missed experimental studies for FPG, 9 for TC, 

490 5 for TGs and one missed study for serum insulin. The imputed missed experimental studies 

491 changed the significance or magnitude of the overall pooled effect size for these outcomes. Use of 

492 random effect models indicated that FPG changed to non-significant reduction -2.46 SMD, 

493 (95%CI; -5.10, 0.17), similarly, the TGs changed to -1.95 SMD, (95%CI; -8.67, 4.76), while the 

494 magnitude of effect size of TC reduced to -2.22 SMD (95%CI; -2.68, -1.77) from the original 

495 analysis, and that of serum insulin increased to 4.58 SMD (95%CI; 0.65, 8.50). The fig 10A and 

496 10B illustrate the effect of adjustment by trim and fill analysis. 

497

498 Fig10A. Trim and Fill adjustment of publication bias on the standardized mean difference for 

499 fasting plasma glucose (FPG), total cholesterol (TC), triglycerides (TGs), and serum insulin.

500 Fig 10B. Trim and Fill adjustment of publication bias on the standardized mean difference for 

501 body weight

502
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503 Discussion

504 Summary of the main findings

505 This systematic review and meta-analysis is to the best of our knowledge the first to provide 

506 quantitative estimates of the effect of M. charantia L. on essential attributes of type 2 diabetes 

507 mellitus in experimental studies. The cumulative evidence concludes that the administration of M. 

508 charantia L. to animal models of T2DM can reduce fasting plasma glucose level. Review authors 

509 grade the quality of evidence as moderate because of the very serious risk of bias of included 

510 studies, strong evidence of publication bias and unexplained heterogeneity. The suspected 

511 publication bias in our meta-analysis could have impacted on the overall effect of M. charantia L. 

512 on FPG. About 19 studies deemed missing and adjusted estimate reduced FPG level to non-

513 significant, suggesting that our findings may be inflating M. charantia L. efficacy. However, we 

514 should consider this interpretation with caution because the authors assessed publication bias only 

515 by considering the asymmetric nature of the funnel plot. It should be pointed out that publication 

516 bias is not the only explanation for funnel plot asymmetry. Previous studies have established 

517 several other factors that could lead to asymmetric funnel plot such as true heterogeneity, poor 

518 methodological quality, artefactual, and chance [43]. With these factors become ubiquitous in 

519 preclinical studies, as reported in other assessments [106–108], it could be safe to assume their 

520 influence on funnel plot asymmetry observed. The finding that publication bias overstated effect 

521 size is in line with other systematic reviews studies [109,110]. 

522 The present results of meta-analysis confirmed that administering M. charantia L. extracts for at 

523 least three months could increase serum insulin level, HDL-c, and body weight while significantly 

524 reduced HbA1c, triglycerides, total cholesterol, LDL-c, ALT, AST, ALP, urea, and creatinine. The 

525 plausible explanation for the increase in serum insulin level could be that M. charantia L. works 
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526 by enhancing insulin release from the partially destroyed beta-cells in the pancreases or increase 

527 beta-cell mass or both. The results of qualitative synthesis supported this argument. Seven studies 

528 reported that M. charantia L. increases the number of β-cells in the pancreas thereby improving 

529 the capability to produce insulin [22,51,56] and partially restore the healthy cellular population 

530 and enlarged size of islets with hyperplasia [15,47,55,56,66]. The observed decrease in 

531 triglycerides, total cholesterol, LDL-c and increase in HDL-c underscore the potential of M. 

532 charantia L. in controlling type 2 diabetes mellitus and its associated complications. The review 

533 results further confirm the hepato-renal protective effect of M. charantia L. that could partly 

534 explain the long history of its use as a nutritional food and herbal medicines for various ailments 

535 in local communities in Asia, South America, and Africa [111,112].

536 Quality of the evidence

537 Study methodological quality is a critical factor that threatens the validity of preclinical studies. 

538 According to the CAMARADES quality score, all studies included in our meta-analysis are of 

539 poor methodological quality with an average score of 3. Besides, the SYRCLEs risk of bias tool 

540 assessed all studies as having a high risk of bias in the domains of random sequence generation, 

541 allocation concealment, random housing, blinding investigators/caregivers, random outcome 

542 assessment, and blinding outcome assessment. High risk of bias in these domains means that the 

543 studies have poor internal validity. It is now clear that these aspects of experimental design can 

544 have a substantial impact on the reported outcome of experiments [113]. While researchers 

545 recognized the importance of these issues for decades, they are rarely reported in publications of 

546 animal experiments [108]. 

547 Our review found that two studies out of 66 assessed, did not report the number of animals used. 

548 While the studies that reported, have no description of the method used to calculate the sample 
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549 size. Similar findings were reported in another review of animal studies in India [107]. Reporting 

550 animal numbers is essential so that the biological and statistical significance of the experimental 

551 results can be assessed or the data reanalyzed and is also necessary if the experimental methods 

552 are to be repeated [114].  Appropriate sample size calculation ensures a study designed with 

553 sufficient power to detect the true effect of the intervention; thus failure to use adequate sample 

554 size can potentially have an impact on science, ethics, and economy.  

555 The meta-analysis reported higher heterogeneity because included studies used different 

556 methodological design features such as; different induction materials for T2DM, different dose of 

557 interventions, duration of administration, different types of extracts, different outcome 

558 measurement scales, and the small sample size. Of particular concerns is the high dose of STZ and 

559 alloxan used to induce T2DM. Although these induction materials are widely used to induce 

560 experimental T2DM, alloxan can cause kidney toxicity due to its very narrow effective dose and 

561 a higher dose of STZ could completely knock off beta-cells and potentially induce type 1 diabetes 

562 mellitus [115].  The previous study indicated that a single dose of 45mg/kg  STZ leads to 

563 hyperglycemia and a higher mortality rate than multiple doses of 30mg/kg [116]. Inspired by a 

564 growing understanding of disease pathophysiology, researchers have now revealed that a 

565 combination of high-fat diet and low dose STZ produce a model of T2DM that closely mimic a 

566 natural history of human with T2DM [117,118]. Our findings suggest that the concern about 

567 different model of inducing T2DM varying similarity to human with the condition is warranted. 

568 These design features could potentially be sources of heterogeneity, and by extension, influence 

569 constructs validity of the study. 

570 The meta-analysis included studies from at least 20 different countries, meaning that M. charantia 

571 L. can have varying constituents according to the region of origin, harvesting season, mode of 
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572 cultivation, or different climatic conditions; thus, could have different therapeutic effects. This 

573 geographical variation could mean that standardization of dose based on chemical markers is 

574 essential; however, only one study described such a standardization approach. We reported about 

575 87% of the included studies used scientific names incorrectly. Kim and his colleagues reported 

576 similar high percentage (78.6%) in their systematic review [119]. The incorrect use of names could 

577 be the result of insufficient knowledge of taxonomy or negligence in part of researchers. The 

578 erroneous identification is a severe problem that may diminish the utility of research results. Such 

579 inappropriate uses of plant names within the literature are a permanent source of confusion for 

580 future research, search engines and databases [36].

581 The clinical translation of M. charantia L and other herbal products from the disciplines of natural 

582 product development has been slow and inefficient. The inefficiencies could be partly due to 

583 suboptimal research practices that propagate biases that hamper clinical translatability. The biases 

584 due to small studies effect, methodological flaws, use of inappropriate animal models of the human 

585 condition, use of unstandardized intervention, inappropriate use of statistics, and poor or selective 

586 reporting need immediate attention. Together, this systematic review and meta-analysis suggests 

587 that previous clinical trials of M. charantia L. could have been conducted based on inadequate 

588 evidence of efficacy from preclinical studies, and partly this could explains conflicting clinical 

589 trial results observed in the meta-analysis [20,120,121].

590 Strength of the study

591 A significant strength of our study is that it is the first and timely systematic review and meta-

592 analysis of M. charantia L. using animal studies. Amid a growing number of preclinical and 

593 clinical studies investigating the efficacy and underlying mechanism of action of M. charantia L. 

594 in glycaemic control, we provided a more in-depth insight into the current state and level of 
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595 available preclinical evidence. We also provided evidence of major methodological, taxonomical 

596 flaws, and risk of bias that could potentially threat validity and clinical generalizability of 

597 preclinical studies of M. charantia L. Future studies could now consider improving design features 

598 that are threats to internal, constructs and external validity. Authors, reviewers, and editors should 

599 also thrive to adhere to the proposed reporting guidelines of preclinical studies such as ARRIVE 

600 [114] to improve the quality of preclinical reports and their utilization in advancing scientific 

601 knowledge.

602 Conclusion

603 Momordica charantia L. reduced elevated fasting plasma glucose level with moderate quality 

604 evidence in animal models of type 2 diabetes mellitus. It also significantly reduced glycosylated 

605 hemoglobin, alanine aminotransferase, aspartate aminotransferase, alkaline phosphate, urea, 

606 serum creatinine, and several lipid profile parameters. This conclusion must be interpreted in light 

607 of strongly suspected publication bias, high risk of bias and poor methodological quality of primary 

608 studies. In order to enhance clinical generalizability, future researches should focus on 

609 standardizing dose of M. charantia L. with known chemical markers, provide adequate quality 

610 control data, conduct preclinical studies that are designed with random allocation, blinding of 

611 investigators and assessors, and power calculation of sample size.
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