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ABSTRACT 
In the present work antihyperglycemic screening of the polyherbal powder was carried out by oral administration of 
an aqueous extract of polyherbal powder on alloxan-induced diabetic rats. The polyherbal powder displayed a 
substantial increase in hypoglycemic efficacy at a dose of 100 mg/kg and 200 mg/kg in both Alloxan-induced diabetic 
rats and normal rats. The powder also exhibited enhancement in various parameters like the glycogen content of the 
liver, restoration of pancreatic β-cells, body weight, and carbohydrate metabolizing enzymes. Results obtained showed 
that the Alloxan diabetic rats on treatment with polyherbal powder at various doses of 100 mg/kg and 200 mg/kg 
considerably improved their body weights to 222.30 ± 3.42 g and 221.6 ± 3.60 g when compared to non-diabetic rats 
respectively. In addition to this, the histopathological analysis demonstrated that polyherbal powder enhanced the 
histological architecture of the islets of Langerhans significantly which is on par when compared to the standard 
Glibenclamide.  
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INTRODUCTION 
The importance of traditional medicine and its consumption is growing intensely throughout the world 
mainly due to its ability to allow extreme public usage of health information especially when conventional 
treatment is ineffective in the treatment of new infectious diseases and some advanced cancer.1-3 Currently 
medicines derived from plants are applied in the treatment of various ailments such as inflammation, 
depression, and cardiovascular problems. Herbal medicines are also playing a crucial role as starting 
materials in the synthesis of potent pharmaceutical drugs, especially in drug discovery and development.4-

6 Large proportion of natural products in drug discovery shows additional drug likeliness and greater 
biological compatibility in comparison to synthetic drugs which further explores the possibility of 
converting them as potential candidates for the drug discovery process.7-9 The separation and identification 
of phytochemicals is always a unique challenge because the multiple active compounds present in the plant 
extract can deliver a synergistic effect that may not be possible for any single-component drug.10,11 Diabetes 
mellitus is the largest health issue of the present century and the leading cause of 4 million death per year.12 
This become a very big challenge to control its prevalence level. Over the centuries, various types of 
research have been ongoing for finding suitable therapy for replenishing the destroyed beta cells in the 
pancreas and reducing its secondary complications.13 Herbal formulations for antidiabetes along with multi-
beneficiary effects are a promising economically viable alternative as they eliminate the adverse side effects 
and low cost.14-17 Even though numerous drugs are available in the market for the treatment of diabetes, 
there is a need for effective therapy as most of the drugs possess limitations mainly due to their higher cost 
and severe side effects associated with them such as an increase in weight, toxicity to the liver, 
hypoglycemia, heart-related diseases development of gastrointestinal disorders.18 By considering the role 
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of oxidative stress and its influence in worsening diabetes mellitus, extensive research is being carried out 
to explore appropriate antidiabetic and antioxidant therapy.  
 

 
Fig.-1: Various Side Effects of Antihyperglycemic Drugs 

 

The main limitation associated with the incorporation of phytomedicines in present clinical therapies is the 
absence of proper systematic scientific and clinical data showing their effectiveness and safety.19 The 
current research focuses on antihyperglycemic screening of the aqueous extract of polyherbal powder. The 
rationale of this work is to find out novel herbal formulations to be utilized in the management of diabetes 
mellitus a major chronic metabolic disease that is causing more deaths throughout the globe.         
                                

EXPERIMENTAL 
Chemicals 
Alloxan monohydrate was obtained from S.D Fine. Chem. Ltd, Mumbai, India. Glibenclamide was obtained 
from Micro Labs, Hosur, India. 
 

Collection of Plant Materials 
Seven folk Indian medicinal plants namely Eugenia-jambolana (seeds), Trigonella-foenum-graecum 
(whole plant), Aegle-marmelos (leaves), Cassia-auriculata (flowers), Marsilea-quadrifolia (Whole Plant), 
Mangifera-indica (leaves) and Musa-paradisiaca (flower) were collected from Madurai district, 
Tamilnadu, India. The collected plants were authenticated by Dr. M. Shanthi, HoD, Department of Botany, 
S.F.R College, Sivakasi, Tamilnadu, India.  
 

Preparation of Plant Extract 
The shade-dried herbal powder of 100 g of each of all eight samples was taken and subjected to methanol 
extraction using the Soxhlet apparatus. After the completion, the extract was filtered off and further distilled 
in a vacuum under pressure. It was dried and stored in the refrigerator at 4 οC until required for the 
determination of antihyperglycemic activity Fig.-2. The Phytochemical screening and spectroscopic 
investigation of the polyherbal extract have been reported in our previous work.20  
 
HPLC Analysis of PHE 
HPLC is a versatile, reproducible chromatographic technique for the identification of secondary metabolites 
in plants. 500 mg of the methanolic extract was treated with 10 mL of the reagent acetonitrile and water in 
a ratio of 30:70. The methanolic extract of the PHE sample was subjected to HPLC analysis in HPLC 
SHIMADZU, LC-10 ATVP.  0.02 mL of the diluted sample was injected into the system under optimized 
chromatographic conditions. A chromatogram was recorded and studied for various compounds present in 
the polyherbal extract. 
 

Selection of Animals 
Male Wistar rats weighing 180-200 g were selected and used for this study. The animals were housed under 
standard husbandry conditions maintaining a temperature of (22 ± 5 οC) and relative humidity (55 ± 5 %) 
with 12 h each of day and night cycles. Rats were fed with standard pellets and water ad libitum. The animal 
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experiments were approved by the Institutional animal ethical committee.  IAEC Approval No. assigned is 
AKCP/IAEC/003/16-17.  

 
Fig.-2: Preparation of PHE (polyherbal extract) from Selected Medicinal Herbs 

 

Acute Oral Toxicity Studies of Poly Herbal Powder 
The acute oral toxicity studies of an aqueous solution of Poly Herbal Powder were carried out as per the 
OECD guidelines. Oral stepwise doses of an aqueous solution of polyherbal powder ranging from 5 mg/Kg, 
50 mg/Kg, 300 mg/Kg, 600 mg/Kg, and 1000 mg/Kg of body weight were administered through the oral 
route and daily observed for 24 hours. Nonsignificant signs of toxicity or mortality in the tested rats were 
noted. One-tenth of the upper limit dose was selected to evaluate the experimental design on antidiabetic 
activity. Hence the experimental dosage was fixed as 100 mg/Kg and 200 mg/Kg of body weight.  
 

Induction of Diabetes Mellitus 
In male Wistar rats, diabetes was induced by a single intraperitoneal injection of a freshly prepared solution 
of Alloxan monohydrate (150 mg/kg Body Weight) in 0.1 M citrate buffer (pH 5.5) to the overnight fasted 
diabetic rats whereas the normal rats were injected with citrate buffer as the vehicle.21 After 3 to 4 days of 
Alloxan monohydrate injection blood glucose levels were estimated and subsequently rats having blood 
glucose levels between 200-260 mg/dl were selected for further study. 
 

Experimental Procedure  
In the current research, antidiabetic activity was monitored in 25 rats (20 diabetic & 5 normal rats). The 
rats were divided into groups as follows 
Group-I:  Treated with 1 % Tween 80 in water orally after intraperitoneal injection of citrate buffer (0.1 M) 
- Normal control  
Group II:  Treated with 1 % Tween 80 in water orally after intraperitoneal administration of Alloxan 
monohydrate (150 mg/kg body wt) - Diabetic control 
Group-III: Diabetic rat administered orally with standard Glibenclamide (10 mg/Kg) through intragastric 
tube after 48 h of Alloxan monohydrate injection for a period of 28 days – Positive control 
Group-IV: Diabetic rat administered with 2 ml containing (100 mg/Kg) PHP daily through an intra-gastric 
tube for a period of 28 days – Treatment group [low dose] 
Group-V: Diabetic rat administered with 2 ml containing (200 mg/Kg) PHP daily through an intra-gastric 
tube for a period of 28 days – Treatment group [high dose]. 
 
Biochemical Analysis 
Estimation of Blood Glucose 
Blood glucose levels were measured by using single-touch glucometers (easy glucose monitoring kit - One 
Touch Ultra by Johnson & Johnson).22 
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Hexokinase and Glucokinase Activity 
The excised liver parts taken for analysis were perfused with ice-cold perfusion solution [0.15 M KCl, 2mM 
EDTA solution]. The liver tissues were further homogenized using 0.1 ml Tris-HCl buffer (50 mM, pH 7.4) 
and the homogenates were subjected to centrifugation for 30 min at 4 οC. By using glucose-6-phosphate 
dependent spectrophotometric analysis the glucose phosphorylation was investigated. 
 

Glucose-6-phosphatase Activity 
The excised liver homogenates were incubated in the MOPS-KCl buffer at a temperature of 37 °C in the 
presence of 10 mM glucose-6-phosphate for 10 min. The reaction was terminated by heat denaturation and 
further centrifuged for 20 min at 4 °C. The phosphate content of the supernatants was analyzed and glucose-
6-phosphatase activity was determined as per the reported method.24 

 

Glycogen Content 
Liver glycogen content was determined as per the method described by morales et al., (1950). The method 
involves the digestion of liver tissue in hot 30 % KOH followed by precipitation of the glycogen with 
ethanol. The glycogen content is treated with anthrone reagent and calorimetrically estimated for glucose 
content.25 

 

Histopathological Examination 
The pancreas of male Wistar rats treated with PHP and control were isolated for histopathological analysis. 
The isolated pancreas was stored in 10 % formalin after washing it in phosphate buffer saline. The 
corresponding pancreatic tissue was stained in eosin and haematoxylin to evaluate pancreatic β cells under 
a light microscope.27 

 

Statistical Analysis 
The results are expressed as mean ± S.D. The data obtained in various biochemical experiments were 
investigated using a one-way analysis of variance (ANOVA).  A difference in the mean P value < 0.001 
was considered significant. 

RESULTS AND DISCUSSION 
HPLC Analysis 
The purpose of this HPLC profiling method is to quickly confirm and identify the compounds present in 
PHE. Using Acetonitrile and water as a more discriminating solvent system, appropriate temperature and 
gradient elution allows about seven peaks well separated being resolved. Each peak is actually a cluster of 
phenolic acids and flavanoids that makes interpretation based on retention time easy. Results were presented 
in Fig.-3-4 and the corresponding compounds resolved were recorded in Table-1. The absorption peak with 
RT (Retention time) of 1.840 was identified as protocatechuic acid. The peak with RT of 2.10 was referred 
to as Gallic acid. The compound epicatechin (-) showed the characteristic absorption peak with RT of 2.477. 
The peak with RT 2.677 attributed to the presence of para-anisic acid. The peak with RT value 2.870 
assigned the presence of catechin. The peak with RT value 3.330 was reported as quercetin. The absorption 
peak with RT 4.600 located the presence of the compound glycollic acid. The compounds proto-catechuic 
acid, gallic acid, epicatechin (-) and catechin located are polyphenols. Quercetin and para-anisic acid 
identified are flavanoids.  
 

 
Fig.-3: HPLC Chromatogram of PHE 

Thus PHE, a rich source of polyphenols and flavanoids are significant antioxidants, capable of reducing 
oxidative stress, eliminate the free radicals mediated toxicity effectively, increases the metabolic rate, 
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speeds up fat oxidation, inhibit carbohydrate hydrolyzing enzymes, enhance insulin activity and prevents 
hyperglycemia. 

Table-1: HPLC Analysis of PHE 
Peak No RT Compound Name 

1 1.840 Proto Catechuic acid 
2 2.100 Gallic acid 
3 2.477 Epi Catechin(-) 
4 2.677 Para Anisic acid 
5 2.870 Catechin 
6 3.333 Quercetin 
7 4.600 Glycolic acid 

a Retention time 

 
Fig.-4: Bioactive Compounds Identified from the Methanolic Extract of PHP 

 

Effect of PHP on Body Weight 
The results obtained from effect of PHP on body weight analysis on normal and diabetic rats clearly depicts 
considerable decrease in mean body weight of diabetic rats (178.42 ± 2.40) when compared to normal rats 
(211.40 ± 3.15). Treatment with poly herbal powder at a dose of 100 mg/kg and 200 mg/kg to the diabetic 
rats significantly improved the body weights (222.30 ± 3.42 and 221.6 ± 3.60 g) which is higher when 
compared to diabetic rats which are not treated with PHP [Group-II] and also in par with the positive control 
[Group-III]. (Table-2). 

Table-2: PHP Effect on Body Weight of Normal and Diabetic Rats in Each Group 
Groups Initial Body Weight (g) Final Body Weight (g) 
Group I  204.12 ± 4.15          211.40 ± 3.15 
Group II  181.75 ± 4.75          178.42 ± 2.40 
Group III  202.12 ± 4.75          224.30 ± 4.55 
Group IV  219.60 ± 5.52          222.30 ± 3.42 
Group V           209.42 ± 4.16          221.60 ± 3.60 

 

Effect of PHP on Plasma Glucose Levels 
Treating diabetic rats with poly herbal powder significantly reduces blood glucose levels. In diabetic control 
[Group-II] at the end of 2nd and 3rd week of treatment there was a marked increments in the blood glucose 
levels (175.05 ± 3.30 and 215.6 ± 4.45) as compared to normal rats. Subsequently treatment with PHP at a 
dose of 100 mg/kg and 200 mg/kg reveals a marked decrease in elevated blood glucose levels (115.35 ± 
4.92 and 101.55 ± 3.40) [Group-IV] (88.56 ± 4.46 and 86.30 ± 3.20) [Group-V] with p < 0.001 is considered 
as significant. The effect of PHP was found to be maximum at the end of 28th day and also on par to that of 
standard Glibenclamide (74.62 ± 4.70) respectively (Table-3). 
 

Table-3: Effect of PHP on Blood Glucose Levels of Normal and Diabetic Rats 
Groups Initial 14th Day 28th Day 
Group I   72.60 ± 3.72  77.80 ± 3.2  70.12 ± 3.33 
Group II 154.60 ± 4.60 175.05 ± 3.30 215.60 ± 4.45 
Group III  87.90 ± 4.20   84.35 ± 3.08  74.62 ± 4.70 
Group IV 125.28 ± 4.05 115.35 ± 4.92 101.55 ± 3.40 
Group V   123.60 ± 4.08    88.56 ± 4.46                86.30 ± 3.20 
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Effect of PHP on Glycogen Content 
Table-4 depicts the values of liver glycogen content in experimental rat groups. At the end of 4th week when 
compared to normal control [Group-I] a decrease in glycogen content (8.25 ± 0.52 mg/g) was noticed in 
diabetic control group [Group-II].  On the other side treatment of diabetic rats with PHP at two doses (100 
mg/kg and 200 mg/kg) demonstrated an elevated glycogen content respectively which was on par to that of 
standard Glibenclamide. This elevated levels of glycogen was mainly attributed due to increase in 
peripheral uptake of glucose by the stimulated insulin released from pancreatic β-cells. The 
phytoconstituents present in the PHP plays a major role in mimicking the insulin action thereby promoting 
the entry of glucose into the tissues.  
 

Table-4: Effect of PHP on Glycogen Content (mg/g tissue) 
Groups Glycogen Content (mg/g tissue) 
Group I 40.30 ± 2.36 
Group II 08.25 ± 0.52 
Group III 30.50 ± 1.60 
Group IV 22.40 ± 1.12 
Group V                  24.85 ± 1.30 

 

To control blood glucose homeostasis hepatic enzymes plays a crucial role in the management of Type-2 
diabetes. They predominantly phosphorylate glucose to glucose-6-phosphate thereby blocking glucose 
inside the cell. So an elevated levels of hepatic enzymes is very essential in inducing antihyperglycemic 
activity. In the present work when compared to diabetic control [Group-II] there was a substantial increase 
in mean level of enzymes (p < 0.001) Glucokinase, Hexokinase and substrate Glucose-6-phosphate in 
experimental groups [Group-III, IV & V] when treated with PHP and standard Glibenclamide (Table-5). 
  

Table-5: Effect of PHP on Enzymes Involved in Carbohydrate Metabolism in Rats 
Groups Hexokinase (µg/mg) Glucose-6-Phosphate (µg/mg) Glucokinase (µg/mg) 
Group I 0.278 ± 0.01 0.392 ± 0.01 23.90 ± 0.15 
Group II 0.080 ± 0.04 0.118 ± 0.07 04.80 ± 0.18 
Group III 0.176 ± 0.02 0.281 ± 0.01 16.20 ± 0.92 
Group IV 0.130 ± 0.05 0.232 ± 0.07 12.15 ± 0.50 
Group V         0.131 ± 0.06                0.242 ± 0.08 16.16 ± 0.90 

 

Histopathological Studies 
Degradation of the pancreatic β-cells due to the production of free radicals is a crucial feature involved in 
the Alloxan induced diabetes. The PHP helps to neutralize the free radicals generated in the pancreas and 
thus decreases the toxicity of Alloxan and its associated secondary complications.28-34 

 

 
Fig.-5: Histopathological Studies of PHP [A] Normal [B] Diabetic [C] Glibenclamide (Std) treated [D] Low dose 

PHP treated [E] High Dose PHP Treated 
 

Histopathological studies of male wistar rats from various treated groups clearly reveal that the PHP 
possesses the ability to increase the pancreatic β-cells in diabetic rats when compared to non-diabetic rats. 
Figure-5A represents the normal pancreatic cells in standard quantities. The regular acinar cells are oriented 
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in lobules with prominent nuclei. Figure-5B depicts the reduced number of acinar cells around the islets 
which are mostly surrounded by eosinophilic material and few atrophic cells. Figure-5C illustrates 
regeneration of acinar cells around the islets with small inflammatory cell infiltration. Besides there is no 
accumulation of eosinophilic material. Figure-5D and 5E represents renewal of acinar cells around the islets 
of Langerhans similar to standard Glibenclamide signifying the existence of stable cells in the islets with 
the capacity of restoring. The important phytochemicals of PHP [flavonoids and phenolic compounds] may 
have potentially inhibited further damage to the remaining β-cells in the islets of Langerhans by wiping up 
the circulating reactive oxygen species induced by the Alloxan intended to destroy the β-cells and thereby 
permitting remaining phytochemicals of the plant to perform regenerative activities. 
 

CONCLUSION 
In conclusion the results obtained from experimental studies provide pharmacological insights into seven 
folk Indian medicinal plants possessing antihyperglycemic activity. The research outcomes encourage the 
utilization of traditional herbal medicinal practices for the management of diabetes mellitus. The 
antihyperglycemic activity of PHP is mainly attributed to the synergistic efficacy of the various 
phytoconstituents present in the prepared polyherbal formulation. In the future additional toxicological and 
pharmacological investigations need to be considered to further characterize and prove the safety of 
bioactive constituents acquired from these medicinal plants. 
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