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ABSTRACT  

Background-The World Health Organization recommends promoting 

traditional alternative herbal therapies in poor countries because 

modern drugs are out of reach for many populations. Objective-This 

study aimed at assessing antidiabetic potentials and survival function 

in alloxan-induced diabetic guinea-pigs treated during 28 days with 

Harungana madagascariensis Lama ex. Poir, Physalis peruviana (L.), 

Solanum americanum, and Tithonia diversifolia (Hem) A. Cray leaf-

extracts. Methods- Animals were divided in 3 groups: negative control 

untreated group, reference group treated with glibenclamide 0.25mg/kg 

BW and test groups treated with plant extracts 200mg/kg BW. Blood 

samples were collected and glucose levels assayed at Day1, Day3, 

Day5, Day7, Day14, Day21 and Day28. Mean percentages of change 

(MPCs) in glucose level from Day1 baseline were calculated. Kaplan-

Meier survival test was applied to compare time-to-death occurrence 

during the 28 days of treatment. Results-All plants reduced glucose 

levels significantly, but comparative MPCs between groups from Day7 

to Day21 were significantly different (p<0.05). Kaplan-Meier Survival 

functions showed that all 6/6 animals in control group died within 10 

days (censored=0%) while 1/6 death occurred in reference group 

(censored=83.3%); 2/3 animals died in Solanum group 

(censored=33.3%); 1/3 animal died in Tithonia group 

(censored=66.7%); 0/3 or no death occurred during the time of 

observation in Harungana and Physalis groups (censored=100%). 

Conclusion-All four studied plants showed potential antidiabetic 

activity consistent with studies by others, but differed in their capacity 

to prevent death. This can be in part related to the efficacy and toxicity 

of each plant components. Extensive study is needed to fix appropriate 

medications regimens. 
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1. INTRODUCTION 

Diabetes mellitus is described as a complex chronic illness characterized by increased blood 

glucose levels resulting from the defect in insulin production or insulin action and it remains the 

most prevalent metabolic disorder in the world [1]. Globally in 2013, it was estimated that 

almost 382 million people suffer from diabetes for a prevalence of 8.3% [2]. In 2012, an 

estimated 1.5 million deaths were directly caused by diabetes and without intervention, this 

number is likely to increase more than twofold by 2030 [3].  

The claimed intervention certainly requires continuous medical care with multifactorial risk-

reduction strategies beyond pharmacological treatment [4]. The current pharmacological 

strategies include the administration of insulin for Type I diabetes and oral antidiabetic drugs for 

Type II. Oral antidiabetics include mainly the use of the sulfonyl urea derivatives like 

glibenclamide as insulin-releasing agents; biguanide derivatives like metformin acting mainly by 

increasing glucose consumption and reducing hepatic glucose build-up; alpha-glucosidase 

enzyme inhibitors like acarbose to reduce sugar absorption and new incretin mimetics (e.g. 

Exenatide) that mimic several of the actions of incretin hormones originating in the gut, such as 

glucagon-like peptide (GLP)-1, and Dipeptidyl peptidase-IV inhibitors (DPPI-IV e.g. 

saxagliptin) that suppress the degradation of many peptides, including GLP-1 [4].  

Those modern drugs are however out of reach for many populations living in resources-limited 

countries. Further to the recommendation by the World Health Organization (WHO) to promote 

traditional alternative herbal therapies, a thousand ethnomedicinal researches have been 

undertaken, and many documented a considerable inventory of plants used worldwide in 

alternative health systems to manage diabetic patients [5-9].  More than 800 plant species have 

been found important sources for the discovery and development of new types of antidiabetic 

molecules [10].  

This study was designed to seek out the antidiabetic potential effect of plants commonly used by 

regional traditional healers to treat diabetes mellitus and their capacity to prevent death in 

experimental induced-diabetic animals.  
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2. METHODS 

2.1. Plant extracts 

The used plants were collected in surrounding areas of Bukavu city in DR Congo. Fresh leaves 

of each plant were collected, shed-dried for one week, then ground in a mortar and finally sieved. 

Aliquots of crude powders were subjected to water extraction by maceration as commonly 

recommended [5, 6]. About 250 g of powdered leaves were soaked in 1500 ml of distilled water 

for 48 hours in the dark at room temperature and filtered with a filter paper. Thereafter the 

filtrates were dry-evaporated in an oven at 45˚C and the residues were reconstituted to a known 

concentration as dry extract in saline (1mg/ml). 

2.2. Alloxan-induced diabetic animals 

Guinea pigs of both sexes aged 3 to 4 months old and weighing 350 to 450 g were used. The 

animals were kept in the animal boundary of the Faculty of Medicine and Pharmacy at the 

Official University of Bukavu (UOB), prepared and used according to the standards required for 

experiment on laboratory animals [11]. A minimum number of animals had to be used in this 

explorative study to minimize unnecessary losses. Experimental diabetes was induced by s.c. 

injection of alloxan monohydrate (120 mg/kg BW) extemporaneously dissolved in physiological 

saline (10mg/ml) according to studies by others [12]. One week after, blood glucose test was 

performed using Glucometer (One Touch Ultra
®
) and animals presenting with blood glucose 

above 150 mg/dL were considered diabetic and recruited. 

2.3. Evaluation of antidiabetic activity 

The diabetic animals were segregated into homogenous groups (3 animals) based on the levels of 

glycemia. They were distributed in two series: (1)-baseline hyperglycemia < 200 mg/dL and (2)-

baseline hyperglycemia >200 mg/dL at Day1 of treatment. Randomly, Solanum and Physalis 

extracts were set to series-1, and Harungana and Tithonia extracts to series-2. Each series was 

constituted of Control group (CG), Reference group (RG), and Test groups (TG). CG animals 

received only saline solution (1mL/100g BW) each day until death. RG animals were treated 

daily with oral glibenclamide solution (2.5 mg/100g BW). TG animals were treated daily with 

the plant extracts in equivalent dose of 200 mg/kg BW. Blood samples were collected and 
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glucose concentrations were measured with Glucometer
R
 at Day1, Day3, Day5, Day7, Day14, 

Day21 and Day28 respectively for each survival animal. The number of deaths was recorded 

each day. 

2.4. Data analysis 

Mean percentage of change (MPC) in daily glucose level from Day1 baseline was calculated for 

each group. Kaplan-Meier survival analysis was applied to compare death event between 

treatments. The analysis was done with SPSS v17 for Windows. Statistical significance was set 

at p<0.05.  

3. RESULTS 

3.1. Antidiabetic activity 

Figure-1 shows daily glycemias as measured in survival animals. The mean glucose level in 

normal animals before any treatment was 86.8±9.4 mg/dL (71-96; n=24 animals); the mean 

alloxan-induced hyperglycemia one week after alloxan injection or Day1 of treatment was 232.5 

± 43.1 mg/dL (191 to 290; n=24 animals).  The changes (mg/dL glucose) from Day1 to Day28 

were respectively (199 to 85), (193 to 82), (191 to 95) in series-1 for glibenclamide, Solanum, 

Physalis; and (267 to 63), (253 to 101), (290 to 108) in series-2 for glibenclamide, Tithonia, and 

Harungana.  

 

Figure 1. Mean glycemia values measured in survival diabetic guinea pigs treated orally 

with aqueous leaf extracts of the four mentioned plants and glibenclamide in series-1 and 

series-2 
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Figure-2 presents MPCs for each group. From Day1 to Day5, the difference in MPCs is not 

statistically significant. From Day7 to Day28, there were statistical significant differences 

between the four plants and glibenclamide (p<0.05). At Day7, Solanum and Tithonia MPCs were 

the highest (19% and 14%); at Day14, Physalis and Solanum MPCs were the highest (48% and 

42%); at Day21, glibenclamide and Tithonia MPCs were the highest (62%; 51%); at Day28, 

glibenclamide and Harungana MPCs (64% and 62%) were the highest. Comparative MPCs at 

Day14 and Day28 were (8.7% and 62.4%) for Harungana, (22.7% and 60.2%) for Tithonia, 

(36.6% and 64.1%) for Glibenclamide, (41.6% and 57.6%) for Solanum and (47.8% and % 50.4) 

for Physalis. The estimated final MPCs at Day28 ranged from 50.4% to 64%, but in all survival 

animals the blood glucose concentration was almost returned to normal value. 

 

Figure 2. Mean percentage of change (MPC) in glycemia measured in censored animals 

from Day1 baseline to Day28. MPC= 100 x ((Glycemia at given day - Day1 baseline)/Day1 

baseline) 

3.2. Kaplan-Meier Survival Function 

Table 1 shows Kaplan-Meier Cases processing summary. At Day28, 0/6 animals in control-

untreated group survived (censored=0%); 5/6 in glibenclamide group survived 

(censored=83.3%); 1/3 in Solanum survived (censored=33.3%); 2/3 in Tithonia survived 

(censored=66.7%); 3/3 in Harungana and Physalis survived (censored=100%).  
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Table 1. Kaplan-Meier Survival function cases processing summary 

Treatments Total N N of Events Censored N (%) 

Control untreated 6 6 0 (0.0%) 

Glibenclamide treated 6 1 5 (83.3%) 

Solanum americanum treated 3 2 1 (33.3%) 

Tithonia diversifolia treated 3 1 2 (66.7%) 

Harungana  madagascariensis treated 3 0 3 (100.0%) 

Physalis peruviana treated 3 0 3 (100.0%) 

As shown in Figure 3, all 6 control-untreated animals from series 1 and series 2 died within the 

first 10 days; one death in glibenclamide reference drug occurred after 21 days; two deaths in 

Solanum group occurred between 7 and 14 days; one death in Tithonia group occurred after 14 

days. For Harungana and Physalis, there was no death during the 28 days time of observation. 

 

Figure 3 Kaplan-Meier Survival functions in alloxan-induced diabetic guinea-pigs treated 

with different plant extracts 
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4. DISCUSSION 

Many studies have demonstrated hypoglycemic potential properties of the studied plants but no 

studies reported on animal survival. The findings in this study are consistent with studies by 

others regarding the percentage of reduction in glucose levels from baseline.  

Studies on P. peruviana in rats and mice [13-16], humans [17] and in vitro molecular docking 

using Molegro Virtual Docke [18] demonstrated the antihyperglycemic activity of the fruits. Our 

previous study demonstrated the activity of leaf-extracts in single dose on oral glucose tolerance 

test (OGTT) [14], and in this study, repeated doses of leaf-extracts confirmed the previous result.  

Studies of H. madagascariensis hydroethanolic extracts of stem bark showed their potential to 

reduce edema size formation and also the glucose levels in diabetic animals by inhibiting the 

activity of α-amylase [19, 20]. Those extracts decreased the food intake and body weight in the 

test group animals which was dose dependent, compared to the control group [21]. In our study, 

the aqueous leaf-extracts were used and also exhibited antidiabetic activity when administered 

daily at 200 mg/kg BW. 

T. diversifolia has been commonly used in folk medicine to treat abscesses, microbiological 

infections, snake bites, malaria and diabetes. Anti-hyperglycemic studies of this plant showed 

significant activity in reducing blood levels of glucose, total cholesterol, triglyceride and low 

density lipoprotein-cholesterol (LDL-cholesterol) and increasing high density lipoprotein-

cholesterol (HDL-cholesterol) in alloxan-induced diabetic mice and rats [22-24]. Phytochemical 

studies of the plant identified three sesquiterpenes [25] and two monoterpenes [26] that 

significantly increase glucose uptake in 3T3-L1 adipocytes without significant toxic effects in 

vitro. Most of the pharmacological activities have been attributed to sesquiterpene lactones 

(STLs) and some chlorogenic acid derivatives (CAs) in the leaves of this species. Our findings 

on antidiabetic potentiality of local plant species support those reports. Some studies on Solanum 

genus concluded that aqueous extracts of the leaves of S. nigrum are endowed with potential 

antihypertensive activity [27, 28]. S. americanum local species tested in the current study also is 

endowed with antidiabetic effect.  
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Concerning the survival functions, in spite of small number of animals used in this explorative 

study and the short period of observation, we found some significant differences in the survival 

profile (Figure 3). All untreated guinea-pigs died quickly in 10 days certainly due to 

hyperglycemia. However, it appeared from some above mentioned studies on alloxan-induced 

diabetic mice and rats that control untreated diabetic animals could survive beyond 21 days 

despite pancreas damage and high glucose levels (>350 mg/dL). This pushes to wonder whether 

guinea-pigs are more sensitive to hyperglycemia than mice or rats. 

Administration of Solanum and Tithonia extracts resulted in early deaths compared to 

Harungana and Physalis extracts. Although deaths could be linked to various experimental 

factors or to sensitivity of individual animals used, we cannot rule out the contribution of the 

intrinsic efficacy and toxicity of each plant. Harungana and Physalis may be more efficient in 

regenerating pancreatic B cells activity and also less toxic at low doses. Toxicological studies 

have shown that the hydroethanolic extract of H. madagascariensis could be toxic only when 

consumed at high doses (≥1.25 g/kg) [21]. The same observation was made for P. peruviana 

leaf-extracts [14]. 

Studies on the mechanisms of alloxan-induced diabetes showed that alloxan is not per se toxic 

[29]; rather it generates oxidant free radicals [30], triggers direct effect on islet cell permeability 

[31] and inhibits glucose-stimulated insulin release at the site of hexose transport [32]. Plant 

antioxidants such garlic, onion and fenugreek were found able to restore and regenerate 

pancreatic B cells by increasing the number of Langerhans islets [33]. Radical scavenging 

capacity was exhibited by increase in reduced glutathione (GSH) and a decrease in the 

concentrations of malondialdehyde (MDA) in alloxan-induced diabetic rats in vivo and against 

1,1 Diphenyl-2-picrylhydrazy (DPPH) in-vitro [33]. It has also been postulated that the 

antidiabetic, antioxidant and anti-inflammatory activities of plant extracts could be 

complementary by reducing the high levels of inflammatory and oxidative stress markers which 

have been associated with the diabetic condition [34]. For instance, the main active constituents 

of P. peruviana are Physalins A, B, D, F and glycosides. It has been shown that Physalins B and 

F have a potent cancer suppressive activity by inhibiting the proliferation of lymphocytes, and 

also inhibit both the production of proinflammatory cytokines and activation of macrophages. 
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Physalins contained in Physalis can increase enzyme activity Superoxide dismutase (SOD) and 

catalase [35] to prevent free radicals damaging effect to pancreatic B cells. 

This could possibly explain the ways the four studied plants also produce their effects against 

diabetic conditions. Those with less intrinsic toxicity and having high capacity of quick 

regeneration of Langerhans islets would have better survival profiles. 

5. CONCLUSION 

All four studied plants showed potential antidiabetic activity consistent with studies by others, 

but differed in their capacity to prevent death. This can be in part related to the efficacy and 

toxicity of each plant components. 
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