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Abstract – 

Aim: To study the protective response of herbal formulation (tablets) of Pueraria tuberosa  

water extract (PTAB) on alloxan induced rat diabetic model. Methodology: Alloxan (120 

mg/kg bw) was injected intraperitonially. Rats were divided into three groups: group 1 as 

normal, group 2 as diabetic control and group 3 were given PTAB  upto 14 days. Blood 

glucose and liver function tests were done using their respective kits. Hematoxylene and 

eosin staining was done to evaluate the morphological changes in liver tissues. Through 

immunohistochemistry, we have checked the protein expression of VEGF, MMP9  and ki67. 

Result: PTAB significantly decreases blood glucose level in a time dependent manner up to 

14 days. As compared to diabetic control, PTAB decreases SGOT, SGPT and alkaline 

phosphates after 14 days of treatment. In diabetic control, the morphology of liver tissues 

were found damaged due to deformed hepatocytes and dilated lobules. Most of the 

hepatocytes after PTAB treatment were comparatively found similar to normal rats tissues, 

along with  dilated blood vessels and normalized liver lobules. In addition to these results,  

PTAB suppresses the expressions of VEGF and MMP 9. Conclusion: PTAB was found to 

act as an effective hypoglycemic agent. In addition  to this, PTAB  also found  to inhibit 

inflammation  and apoptosis of liver. Thus, can be taken as a potential drug in liver diseases. 

 Keywords – Pueraria tuberosa, VEGF, hypoglycaemia, heapatocytes  and liver . 
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Introduction – 

Diabetes mellitus is a disease  caused due to  disorder of carbohydrate metabolism, results in  

chronic hyperglycaemia,  insulin deficit and resistance.(Young-Hyman and Davis, 2010). 

Metabolic syndrome includes  obesity, hypertension, hyperlipidemia and diabetes,  primarily 

caused by  oxidative stress and small grade inflammation. Diabetes considered as one of the 

five foremost causes of death in the world at present scenario. It would be raised from 171  to 

366 miliones during 2020-2030 (Wild et al., 2004).Type 1 diabetes was caused by the high 

dose administration  of alloxan /streptozotocin, that initiates the distruction of autoimmune 

process,  resulting in the damages/apoptosis of the beta cells in islets of langerhans.   

According to this model, alloxan  generates reactive oxygen species (ROS) leading to  

diabetic condition by the mechanism   of glucose auto-oxidation and protein glycosylation 

(Halliwell and Gutteridge, 2003)(Lenzen, 2008). Insulin deficiency leads to various types of 

metabolic adverse effect , such as increase in blood glucose, alkaline phosphatase and 

transaminase (Shanmugasundaram etal,1983)(Begun N,1978).The resultant metabolic 

derangement affects the liver. It leads to elevation in  serum bilirubin  as well as decrease  in  

serum protein, especially  albumin fraction. The liver is associated with the storage of 

glycogen. The imperative role of the liver in carbohydrate metabolism makes it as an 

important organ  in the pathophysiology of diabetic mellitus.. 

In this research, we have focused on some fundamental patho physiological mechanism with 

the help of protein expressions involved in proliferation and vascularisation such as VEGF, 

MMP9, and Ki67 against alloxan induced liver damages. The stages of the wound healing in 

liver tissue includes homeostasis, downregulation of inflammation, tissue repairing, which 

includes cell replication and extracellular matrix (ECM) modulation as well as tissue 

remodelling (Olczyk et al., 2014). Diabetic ulcer suffers from hyperglycaemia, caused by  

growth factors disorder such as VEGF and its receptor.The signaling pathways inquisitive 

with endothelial proliferation, immigration, and recruitment of endothelial progenitor cella 

(EPC) and bone marrow redemption (Simons, 2005). In the earlier studies, the recombinant 

VEGF has been used in experimental wound diabetic condition,  by in vivo and in vitro(Brem 

et al., 2009)(Gan et al., 2005) .  

Systemic oxidative stress is related to the visceral fat accumulation and metabolic syndrome 

(Fox et al., 2007) . Additionally oxidative stress plays an important role in the progression of 

nonalcoholic steatohepatitis (NASH)(Sakaguchi et al., 2011) Matrix metalloproteinase 

(MMP) is a zinc ion-dependent enzyme that helps to control the extracellular matrix, cellular 
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migration and tissue remodelling  (Nagase and Woessner, n.d.). MMP 1, MMP-2 and MMP-9 

plays an important role in the development of liver fibrosis (Hemmann et al., 2007). The 

MMP-9 activity and expression are related to oxidative stress (Bittner et al., 2010) . 

Stress condition induces some other pathological conditions like apoptosis of cells. The 

protein expression of ki67 binds to the nucleus of proliferating cells, exclusively in all cell 

cycle except in the Go phase (Srivastava et al., 2018a)(Gerlach et al., 1997). The evaluation 

of ki67 in hepatocytes proliferative index has been recommended as a useful technique for 

analyzing liver rejuvenation (Ojanguren et al., 1993) . 

The use of herbal medicinal plant for treating diabetes is the safer substitute in 

pharmaceuticals, which can transiently lower the blood glucose, prevents heart disease and 

high blood pressure and also capable of enhancing the antioxidant system, insulin  action and 

secretion (Surveswaran et al., 2007) . 

In the present study, we have selected  the tubers of Pueraria tuberosa Linn (Fabaceae), 

commonly known as, kudzu(Babu .P et al, 2006) of its tablets . In Sanskrit, it is called 

Swadukanda, Ikshuganha, Kandapalash  and in Hindi, it is called Vidarikanda (Ayurvedic 

Pharmacopeia , 2006) . Pueraria  tuberosa contains  the major isoflavonoids such as  

Puerarin, tuberostan, genistein, daidzin, tuberosin, pterocarpan, puerarone (Maji et al., 

2014)(Singh et al., 2013). Also includes major phyto constituents like steroid, triterpenoids, 

glycoside, carbohydrates, alkaloids, tannins and amino acids(Tripathi and Kohli, 2013) . 

Phyto-constituents are the major focus for clinical trials and drug discovery. 

Pueraria tuberosa possesses properties like anti-inflammatory (Tripathi et al., 2013), 

antioxidant(Pandey et al., 2007), nephroprotective (Tripathi et al., 2012),antihypertension  

(Verma et al., 2012) and anti hypoglycaemic through inhibition of  DPP-IV enzyme 

(Srivastava et al., 2015)(Srivastava et al., 2018b)(Srivastava et al., 2017)(Srivastava et al., 

2018c) . 

Puerarin is a major active ingredient of Pueraria tuberosa. Puerarin is responsible for many 

pharmacological actions of Pueraria tuberosa, studied on  the cardiovascular system, 

cerebrovascular system as well as on antidiabetic effect (Wong et al., 2011) (Wu et al., 2013). 

On the basis of our previous pre-clinical toxicity study, we have found that water extract of 

Pueraria tuberosa is safe under limit dose (500 mg/ kg bw) and duration (28 days) (Pandey et 

al., 2018a)  and also have prepared its herbal formulation(Pandey et al., 2018b) . The tablets 

of herbal extract of Pueraria tuberosa, especially formulation  FA has proved good physical 

properties such as thickness, hardness  disintegration and dissolution rate . The starch as an 

excipients was used at the concentration of 5% or 25 mg for preparation of 500 mg tablets.  
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Here,  we have further evaluated the potency of Pueraria tuberosa herbal tablet against liver 

necrosis induced by alloxan in diabetic rats as well as evaluated the hypoglycaemic  response 

in type 2 diabetic model. Another purpose of this study was to reveal the protective role of 

tablet through expression study of VEGF, MMP9, and Ki67 in the pathogenesis of  diabetes 

induced liver damage.  

   

Materials and Methodology  – 

 Reagents and instruments -.Alloxan was purchased from Sigma.  Polyclonal rabbit VEGF 

(AR483-5R)-BioGeneX), MMP9, mouse monoclonal KI67 (Biogenex) were the primary 

required antibodies and the secondary antibody was super sensitive polymer HRP-IHC 

detection system purchased from biogenesis. Leica RM2125 RT rotator microtome (Leica 

Biosystem Nussloch GmbH, Nussloch, Germany) and  Nikon microscope (Eclipse 50i, 

loaded with imaging Software –NIS Elements Basic research ) were used for imaging . 

 

Drug preparation –. Pueraria tuberosa tubers were purchased from Ayurvedic pharmacy, 

Banaras Hindu University, Ref. no YBT/MC/12/1-2007. Its coarse powder was used to 

prepare the water extract of Pueraria tuberosa (PTWE)  by water decoction method.  . 

500 mg tablet (PTAB) was prepared from the obtained extract by wet granulation method. 

For preparation of suspension we have crushed and dissolved 500 mg of tablet in 2 ml of 

double distilled water. This suspension was given to rats orally.  

Animals  – Charles foster albino male rats were purchased from the central animal house  ( 

Ref. 542/GO/ReBi/S/02/CPCSEA) Institute of medical sciences BHU Varanasi. The 

complete experimental procedure was permitted by our institutional ethical committee ( Ref. 

Dean/2017/CAEC/721). 

Experimental design-  

Charles foster albino male rats nearly of same age group having weight range of 130-150 g  

were acclimatized in our laboratory conditions for 7 days with free access to normal standard 

chow diet and tap water. Before alloxan dose, they were kept in fasting for 8 hours, and then 

injection was given at the dose of 120mg/kg bw. The rats were then separated into three 

groups (n=6). viz. group 1 for normal control, 2 for alloxan-induced diabetic control, and 
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group 3 for treatment by PTAB. The animals were sacrificed at their particular days along 

with normal rats.  

Alloxan Model -  Diabetic model was developed by intraperitoneal injection of alloxan 

monohydrate (120 mg/ kg bw). After five days of alloxan injection, rats with blood glucose 

levels of >200mg/dl were considered diabetic and used in this study. Treatment of PTAB  

was started after 5 days of  alloxan injection and continued upto next 14 days. Blood samples 

were collected at 7, 10 and 14 days. After treatment, rats of diabetic control and PTAB group 

were sacrificed and liver tissues were fixed in 10 % paraformaldehyde for histopathological 

studies. 

Biochemical evaluation – 

Liver function test (LFT) and Blood Glucose - SGOT ( Serum glutamic-oxaloacetic 

transaminase), SGPT (Serum glutamate–pyruvate transaminase), Alkaline Phosphatase 

(ALP) and plasma glucose were done using their respective Kits, purchased from accurex 

biomedical Pvt. Ltd. 

Histopathology – Formalin-fixed liver tissue embedded in paraffin was cut into the small 

sections of 5µm using Leica RM 2125 RT rotator microtome (Leica Biosystems Nussloch 

GmbH, Germany). The slides were stained with hematoxylin-eosin (H and E). The images 

were taken with Nikon microscope (Eclipse 50i, loaded with imaging software –NIS 

Elements Basic research) at 40 X . 

Immunohistochemical assessment ; The Poly-L–lysine coated slides were used in 

immunostaining. Immunostaining for VEGF, MMP-9 and  Ki 67  (ready to use )  was done 

according to the kit instructions. Antigen retrieval using citrate buffer, (PH 6.0) was done for 

90 min. at 40oC  prior to the incubation with primary antibody (Shri SR et al,1991) [38].  

After then slides were incubated with secondary antibody “Super sensitive polymer HRP-

IHC detection system”. Slides were counterstained with haematoxylin  then mounted with 

DOPEX. Images were taken  with light microscope (Nikon) at 40X. Brownish appearance in 

affected areas is the positive indicator of inflammation.   

 

Statistical analysis- For each experiment, one- way ANOVA test followed by post hoc 

analysis with Dunnett's test was done. all result was expressed as mean±SD. Statistical 

significant was considered at a p-value less than or equal to 0.05.  
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Results  – 

Liver function test – The SGOT, SGPT, and Alkaline Phosphatase activities were 

significantly raised in experimental diabetic control animals as compared to normal control. 

However, PTAB treatment for 14 days significantly decreased this rise in above 

parameters(Fig 1-B, C, D). Blood glucose- The elevated blood glucose level by alloxan were 

significantly reduced by PTAB, measured at 7, 10 and 14 days. (fig 1 –A). 

Histopathological evaluation –  Through  microscopic examination,  in  normal rats, 

periphery of central vein showed the normal hepatic architecture, also hepatocytes were 

found in normal morphology. In contrast to this, liver of diabetic rats showed severe injury 

illustrated by mononuclear cell infiltrate extending through hepatic tissue and hyperplasia.  

There was severe fibrosis which appears congested with dilation of blood vessels. On the 

other hand, sections from group third treated with  PTAB, showed the curative effect, in 

which most of the hepatocytes were comparatively similar to normal rats, with  dilated blood 

vessels and normalized liver lobules  (fig 2). 

Immunohistochemical  assessment of VEGF, MMP9 and Ki67 expression – 

The expression of VEGF and MMP9 significantly decreases in a tissue  of PTAB treated 

group as compared to diabetic control. In contrast to these, Ki67 have shown non-significant 

changes between each groups. 

Discussion – 

It is a disease that leads to a serious metabolic disorders affecting human health.. Severe 

diabetes can causes micro and macro vascular problems (Mohana Lakshmi et al., 2012) . 

Liver diseases like NASH, NAFLD, cirrhosis, acute liver disease etc. are expanding in this 

era due to changes in lifestyles. The liver is an insulin dependent tissue, which plays an 

important function in glucose and lipid homeostasis and is severely affected in diabetes. 

Decrease glycolysis impeded glycogenesis and increase in  gluconeogenesis are some of the 

alterings of glucose metabolism in the diabetic liver (Ivorra et al., 1989) . 

 

Many types of allopathic drugs have been developed in this era in order to treat this disease. 

Due to high cost-effective and many side effects provided by allopathic medicines, many 

scientists are also doing researches on herbal plants and their products.  
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This study was undertaken to evaluate the antidiabetic and hepatoprotective activity PTAB in 

alloxan-induced histopathological alteration. Normal control animal group was found to be 

stable while the alloxan induced diabetic control group demonstrates high-level cellular 

abnormalities including, necrosis, hepatocytes infiltration, and hyperplasia. In the PTAB 

treated group,  liver tissues showed  hepatocytes  regeneration  in the area of a central vein. 

(fig 2) . 

The elevated  activities of  GOT, GPT and ALP in blood indicates that diabetes have induced 

hepatic dysfunction. Here, in our results, PTAB proved as an effective inhibitor of these liver 

transaminase enzymes (fig 1).  

 

The Pueraria tuberosa is a very rich source of flavonoids such as, puerarin, daidzin, 

genistein, tuberosin and puerarin 4,6- diacetate (Maji et al., 2014)(Singh et al., 2013), those 

responsible for many pharmacological activities (Asthana et al., 2015) .   

In this experiment PTAB significantly decreases the blood glucose level in diabetogenic rats ( 

fig 1). The antihyperglycaemic activity caused by Pueraria must be due to the presence of 

flavonoids (Swanston-Flatt et al., 1990). Puerarin is the major phytoconstituents of tubers of 

Pueraria tuberosa. Puerarin compound has also been reported to be hypoglycaemic against  

streptozotocin –induced diabetes (Wu et al., 2013) . 

 

Alloxan produces different types of reactive oxygen species (ROS). ROS are proficient in 

oxidizing cellular proteins,  nucleic acids , and lipids. 

The protective effect of flavonoids found in biologicals are ascribed to their capacity to 

transfer hydrogen or electron to free radicals(Hanasaki et al., 1994), activates antioxidant 

enzymes(P.Cos et al 1998), chelates metal catalyst(I.Morel et al 1993) , reduces alpha-

tocopherol radical (Hirano et al., 2001)  and inhibits oxidases  (Lima et al., 2014)  . 

 VEGF  and MMP 9, the pleiotropic proteins generally enhanced in stress-induced diseases 

and affects many organs like intestine, heart, liver etc. As discussed above,  VEGF and 

MMP9  has a potential role in the development of liver diseases. This tablet preparation could 

be taken as a treatment against the same.   

The circulating VEGF concentration have been reported to be  higher in various diseased 

stage as compare to healthy persons (Ferrari and Scagliotti, 1996) . The serum VEGF 
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concentration significantly found to get higher in a diabetic patient as compared to  healthy 

control (Kakizawa et al., 2004). In our case, we have found the protective effect of PTAB, as 

it reduces the VEGF expression in diabetic liver tissues (Figure 3). 

MMPs belongs to the proteinase family, that is involved in matrix remodeling and being 

involved in both physiological and pathophysiological process. The activation of MMPs is 

sternly controlled by complex formation with tissue inhibitors of MMPs (TIMP). Deregulated 

expression of both MMPs and TIMPs has been reported in fibrotic liver disease and 

hepatocellular carcinoma (Iredale, 1997) . The effect of MMP9 expression in our diabetic 

liver tissue was found to be elevated  compared to normal tissue, and  this elevation were 

downregulated by PTAB  (fig 3) 

MMP 9 activity is correlated with endothelial dysfunction and apoptosis in case of diabetes 

mellitus. The pro-apoptotic role of MMP-9 in hyperglycaemic condition occurs by the 

activation of caspase -3  (Kowluru and Kanwar, 2009). MMP-9 is formed by kupffer cells 

(Knittel et al., 1999), induced by IL-beta and TNF alpha . MMP-9 is also involved in tissue 

inflammation, through ROS, studied in alloxan induced hyperglycemia (Halliwell and 

Gutteridge, 2003)(Lenzen, 2008)  . 

 

In contrast to the MMP 9 and VEGF, the expression change of Ki67 was found to be non-

significant between the groups. Thus, we can conclude that, here PTAB protects the liver, 

without involving the proliferative pathway. 

 

This experimental study should be expanded in the future at the cellular and molecular level 

in order to track the signaling pathways through which PTAB protects the liver by inhibiting 

the activity VEGF and MMP9.  

Conclusion -–PTAB was found to act as an effective hypoglycemic agent against alloxan 

induced diabetes up to 14 days.  In addition  to this, PTAB  also found  to inhibit 

inflammation  and apoptosis as indicated by the reduced expression of   VEGF and MMP 9 

protein expressions. 
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Figure legends- 

Fig 1- Biochemical analysis: A- Blood glucose of normal, diabetic and 7,10& 14 days PTAB 

treated group; B-GOT; C-GPT; D-Alkaline phosphatase (ALP) of normal, diabetic and 14 

days PTAB treated group. 

Fig 2- Histopathological analysis of liver: A- Normal; B- Diabetic control; C- PTAB treated 

group. Black arrow indicates necrosis, red arrow points towards central vein and green arrow 

is showing hepatocytes regeneration  

Fig 3-Immunohistochemical staining–VEGF ,MMP9 and Ki67 expression in normal 

control, diabetic control and PTAB treated liver tissues. Brownish colour indicates relative 

expression of respective proteins . 
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