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ABSTRACT 

Objective 

To evaluate the effect of methanolic extracts of Anogeissus acuminata (AA) in Diabetes 

mellitus and its complications like diabetic neuropathy, nephropathy and cardiovascular 

complications.  

Methods 

Type 1 DM was induced by injecting Streptozotocin (STZ), 50 mg/kg, i.p. in 6 hour fasted 

rats. Rats with DM were treated with methanolic extracts of AA for 8 weeks at doses 100 

and 300 mg/kg, orally. Human NPH Insulin (4 IU/kg, s.c.) was used as standard treatment. 

Plasma glucose levels (at 1, 2, 4, 8 weeks) and oxidative stress parameters (at 2 and 4 

weeks) were assessed. Effect on diabetic nephropathy was evaluated by recording kidney 

weights, serum creatinine, blood urea nitrogen (BUN) levels (at 8 weeks). Effect on 

neuropathy was evaluated by hot plate test (at 4 weeks), formalin test (at 6 weeks), 

intestinal charcoal meal test and sciatic nerve conduction velocity (at 8 weeks).  

Type 2 diabetes mellitus was induced in fructose fed rats by injection of STZ 40 mg/kg, 

i.p. in 6 hr fasted rats. Glibenclamide 5 mg/kg, p.o. was used as standard drug. Plasma 

glucose levels ( at 2, 4, 8 and 11 weeks), insulin levels (at 11 weeks), glycated Hb (at 11 

weeks), lipid levels (at 2 and 12 weeks) and oxidative stress parameters (at 2 and 12 

weeks) were evaluated at specified time points. At the end of 12 weeks of treatment, mean 

blood pressure was determined by carotid artery cannulation, heart rate and force of 

contraction of isolated heart was determined using Langendorff heart technique. Heart 

weight, left ventricular weight and Serum CK-MB and LDH levels were measured. Insulin 

resistance and β cell function was determined using Homeostatic Assessment method. 

Preliminary phytochemical screening of both extracts was done as per standard protocol. 

Quantification of tannins and flavonoids was done in extracts by AOAC official method 

and spectrophotometry respectively. HPTLC fingerprinting was performed using quercetin 

and gallic acid as marker compounds. In vitro anti-oxidant activity of the extracts was 

assessed by DPPH assay, Reducing power assay and Thiobarbituric acid method. In vitro 

PTP 1B inhibitory activity of the extracts was measured using in vitro ELISA kit. 
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Results 

Methanolic extracts of AA produced statistically significant (p< 0.05) hypoglycemic and 

antioxidant effect in animals with T1DM as well as T2DM. AA treatment could prevent 

elevations of serum creatinine and blood urea nitrogen levels in a dose dependent manner. 

Kidney hypertrophy could be attenuated remarkably as reflected by significantly lower 

kidney weight/100 gm body weight ratio (p< 0.05). AA treated rats exhibited beneficial 

effect on markers of neuropathy like, thermal and chemical hyperalgesia, charcoal meal 

transit and nerve conduction velocity as compared to diabetic rats (p< 0.05). Treatment 

with AA extracts also resulted in significant reduction in plasma glucose, HbA1C, lipid 

levels and oxidative stress parameters in Fructose fed STZ injected rats type 2 DM rats. 

DC rats had high levels of insulin resistance and reduced β cell function as assessed by 

HOMA method, while AA treated rats demonstrated significantly lower insulin resistance 

and improved β cell function. It could also prevent remarkably the development of 

cardiomyopathy as evaluated at 12 weeks. AA treatment resulted in improvement in 

cardiac and left ventricular hypertrophy as reflected by lower cardiac and left ventricular 

hypertrophy index. It could successfully improve the levels of cardiac enzyme markers like 

LDH and creatine kinase levels in a dose dependent manner. AA treatment could 

efficiently prevent abnormalities of haemodynamic parameters like mean blood pressure 

and heart rate in diabetic animals. Phytochemical investigation of AA extracts revealed the 

presence of abundant tannins and flavonoids in addition to several other secondary 

metabolites. Leaf extract was found to have 24.57% and 14.5% w/w tannins and flavonoids 

respectively, while bark showed presence of 13.63% and 57% w/w tannins and flavonoids 

respectively. HPTLC fingerprinting demonstrated several peaks, out of which one peak of 

leaf extract corresponded with that of gallic acid and one peak of bark extract matched 

with quercetin peak. Both extracts of AA also exhibited potent antioxidant activity in in 

vitro antioxidant assays. The in vivo beneficial effect of AA extracts on insulin resistance 

was confirmed by their ability to inhibit PTP1B activity. 

 

Conclusion 

The results suggest that methanolic extracts of AA exerted hypoglycemic and antioxidant 

effect on diabetic rats, which was comparable to that of standard. The treatment was also 
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able to attenuate development of diabetic complications like nephropathy, neuropathy and 

cardiovascular complications. 

Keywords 

Anogeissus acuminata, Diabetes mellitus, Diabetic nephropathy, Diabetic neuropathy, 

Cardiovascular complications. 
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CHAPTER 1. INTRODUCTION 

There has been drastic change in lifestyle and food habits in last decades, especially in the 

developing countries like India. This has also resulted in changes in status of health and 

disease. Prevalence of metabolic disorders like diabetes mellitus and hypertension has risen 

to epidemic levels. India is about to become diabetes hub of the world (Snehalatha and 

Ramachnadaran, 2009). Against the voluminous increase in prevalence of diabetes there 

has been little progress in drugs used in management of diabetes mellitus (DM). Most 

drugs used in treatment of DM address the issue of hyperglycemia. However, the recent 

findings have shown that, many factors other than carbohydrate metabolism play important 

role in pathogenesis of DM (Permutt, 2005). Factors like chronic inflammation, activation 

of immune system, oxidative stress, derangement of protein and lipid metabolism all play 

important roles in disease progression and development of diabetic complications (Navale 

and Paranjape, 2013). Several studies have suggested that presently used 

antihyperglycemic agents do not sufficiently give protection against target organ damage 

caused by DM.As a result, DM in long term culminates in micro and macrovascular 

complications like, neuropathy, nephropathy, retinopathy, cardiomyopathy and coronary 

artery disease.  

Diabetic neuropathy (DN) is the most common of all complications of DM, affecting as 

many as 50% of patients with type 1 (T1DM) and type 2 DM (T2DM). DN develops quite 

early in T2DM patients, while it may take many years to clinically manifest in T1DM. 

Early stages of DN may exert the symptoms of parasthesia and hyperalgesia progressing to 

thermal and chemical allodynia and then loss of sensation. High blood glucose may result 

in excessive entry of glucose in neuron. Here the excess glucose is shunted in polyol 

pathway, where it is converted to fructose and sorbitol by enzymes aldose reductase and 

sorbitol dehydrogenase. These polyols cannot leak out from the neuronal cell and exert a 

strong osmotic effect, which decreases nerve myoinositol level and reduces Na+/K+ -

ATPase activity. This hampers the conduction through the nerve resulting in decrease in 
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nerve conduction velocity. Damage to autonomic neurons of gut result in reduced intestinal 

motility and constipation. Autonomic neuropathy also manifests as genitourinary 

dysfunction. Oxidative stress, Advanced Glycation End products (AGEs) and lipid 

peroxidation also play an important role in neuronal damage and impaired repair 

mechanisms (Nishimura-YABE, 1998). 

Diabetes is the foremost cause of kidney associated mortality in chronic diabetes patients 

(Collins et al., 2007) and kidney disease can develop even if diabetes is under control 

(National Institute of Diabetes and Digestive and Kidney Diseases, 2008). Diabetes 

associated kidney disease develops in 30 to 40 % diabetic patients (DeFronzo, 1995). Both 

T1DM and T2DM may result in development of nephropathy, which is 

pathophysiologically and clinically similar to major extent. Albuminuria is the gold 

standard to assess the renal complication in diabetic patients. Albuminuria results from 

glomerular and/ or tubular damage of the diabetic kidney. Apart from this, diabetic 

nephropathy culminates with increased thickness of glomerular basement membrane, 

glomerulosclerosis and mesangial expansion. There is continued loss of functioning 

nephrons and deposition of fibrous tissue in kidney. This results in increase in relative 

kidney weight, reduced renal excretory capacity, increase in serum creatinine and blood 

urea nitrogen (BUN) levels (Navarro and Mora, 2006). 

Cardiovascular diseases are the cause of death in nearly 65% diabetic patients. Long 

standing hyperglycemia, poorly controlled blood pressure, microvascular disease of 

kidney, dyslipidaemia, coronary atherosclerosis, myocardial protein damage by AGE or 

oxidative stress and autonomic neuropathy are various factors responsible for development 

of diabetic cardiomyopathy (DC).  Hypertension, diastolic dysfunction, impaired heart rate 

variability, capillary basement membrane thickening, reduced efficiency of myocardium, 

left ventricular hypertrophy, changes in inner diameter of ventricles, leading to impaired 

filling and pumping of blood are some of the abnormalities associated with DC(Grundy et 

al., 1999).  

Thus, from many years of clinical experience and by several research studies it is clear that 

diabetic complications are multifactorial in nature and addressing only one aspect of the 

pathogenesis cannot sufficiently prevent the disease progression and development of 

diabetic complications. This may be the probable explanation for failure of present 

antidiabetic agents in prevention of long term complications of DM.  
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Many plants have been used in medicine since ancient time. Although undermined by the 

development of modern medicine, herbal medicine is continued to be used in many parts of 

the world. This is due to many reasons, some of them being their effectiveness and better 

safety profiles. Moreover, investigation on traditional medicinal herbs has been 

recommended by WHO Expert Committee on diabetes (Bailey and Day, 1989). Many 

scientists propose the multiple mechanisms possessed by a herbal drug to be responsible 

for their beneficial effects in chronic diseases. Because of combination of chemical 

constituents present in plants, they may exert synergistic effect and may also possess 

multiple mechanisms like improving insulin sensitivity, beta cell protection, decreased 

hepatic glucose output, anti-oxidant activity, anti-inflammatory activity, anti 

hyperlipidemic activity etc. Such multiple effects of plants may prove beneficial in 

preventing debilitating complications if used in treatment of DM. 

The plant, Anogeissus acuminata (AA) used in present study, belongs to the family 

Combretaceae. This plant is used in different parts of world by locales as medicine in 

different ailments including DM (Pullaiah and Naidu, 2003; Manosroi et al., 2011). 

Moreover, the plant is rich in phenolics, due to which it exerts varied pharmacological 

actions. AA extracts have demonstrated anti-inflammatory, anti-oxidant, analgesic, 

neuroprotective, HIV reverse transcriptase inhibitory activity in different studies 

(Hemamalini et al., 2010; Zaruwa et al., 2009; ArunaDevi et al., 2010; Hemamalini et al., 

2011). It has also demonstrated hypoglycemic action in alloxan induced DM in mice 

(Manosroi et al., 2011). Thus, it was hypothesised that AA may be a good antidiabetic 

agent on virtue of its varied actions and constituents and may be able to prevent the 

development of diabetic complications on long term. Therefore, it was evaluated in the 

present study for its antidiabetic action in two types of experimentally induced DM and in 

models of diabetic complications like diabetic nephropathy, neuropathy and 

cardiomyopathy.  

Further, attempt was made to evaluate the mechanism of action of AA in DM and its 

complications. Oxidative stress plays an important role in progression of DM and 

development of diabetic complications. A drug which is anti-oxidant may efficiently 

prevent development of diabetic complications, while controlling plasma glucose levels. 

Therefore, anti-oxidant activity of present drug was evaluated in in vivo and in vitro 

experiments.  
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Apart from this, insulin resistance is an important feature of T2DM. Insulin resistance 

results from abnormality in insulin receptor signaling. Recent findings have suggested that 

Protein Tyrosine Phosphatase 1B is a negative regulator of leptin and insulin receptor 

signaling pathway (He et al., 2014). Therefore, PTP1B inhibition is a potential drug target 

for treatment of type 2 diabetes and obesity (Combs, 2010). Phenolics have demonstrated 

potent PTP1B inhibitory activity (Jiang, Liang and Guo, 2012). AA being a plant rich in 

phenolics like flavonoids and tannins, is likely to have action on PTP1B enzyme. Hence, 

we attempted to assess the PTP1B inhibitory activity of AA in vitro.  

In the present study, preliminary phytochemical evaluation was also done to determine 

major constituents present in the extract. Further, analysis of major constituents identified 

was done using chromatographic methods. 

Thus, goal of the present study was to evaluate the antihyperglycemic activity of AA and 

to assess its potential benefit in prevention of complications of DM. The study was 

conducted with following objectives: 

1. Evaluation of leaf and bark extracts of AA for antihyperglycemic effect on models of 

type 1 and type 2 DM 

2. Evaluation of effects of AA treatment on development of diabetic nephropathy, 

neuropathy and cardiovascular complications. 

3. Evaluation of effect of AA extracts on oxidative stress parameters and insulin resistance 

to evaluate possible mechanism of action on diabetic complications. 

4. Preliminary phytochemical evaluation of leaf and bark extracts of AA  
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CHAPTER 2. Literature Review 

2.1. Diabetes Mellitus  

Diabetes mellitus is a disorder of carbohydrate, lipid and protein metabolism, 

characterized by high blood glucose levels and target organ damage at long term. 

However, as per research in recent decades, DM is much more than blood glucose 

level abnormalities. As glucose metabolism pertains to every cell of body, so does its 

abnormality. That means abnormalities of metabolism due to DM; affect each and 

every cell and organ of body. 

 

2.1.1. Prevalence of DM 

As per global report on diabetes released by WHO on 6th April, 2016, the prevalence 

of DM in adult population worldwide was 8.5% in 2014, which is nearly double of 

that (4.7%) in 1980(World Health Organization, 2016). With associated risk factors 

like obesity, it was considered a disease of developed nations; on the contrary, 

however, its prevalence has increased faster in lower-middle income countries than in 

higher income countries. According to estimates of International Diabetes federation 

(IDF), global expenditure on DM has more than tripled in the duration of 2003-2013, 

the reasons being increase in number of diabetics and increased treatment cost per 

capita(Whiting et al., 2011). This rise in expenditure is expected to continue, more 

conspicuously in low to middle income countries. Hyperglycemia was responsible for 

3.7 million deaths in 2014 worldwide, many of which were preventable. There were 

51 million people with DM in India in 2010, which is estimated to increase to 87 

million in 2030, a 58% rise (Snehalatha and Ramachnadaran, 2009). 

ICMR, New Delhi conducted the first study reporting prevalence of T2DM in India 

from 1972 to 1975 in 35,000 adults(Ahuja, 1979). The urban prevalence of T2DM in 

people of 40 years and above was 5% while that in rural population was 2.8%. 
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After that several studies were done in different parts of India, showing an 

increasing prevalence year by year. In 1988 Ramachandran et al reported a 

prevalence of 5% in astudy conducted in urban population of South India 

(Ramachandran et al., 1988). A national surveillance study in rural population was 

conducted between 1989 and 1991, reporting a prevalence of 2.8% (Ahuja, 2002).A 

survey conducted by Ramachandran et al in 1988 in Chennai showed 8.2% and 

2.4% prevalence in urban and rural areas respectively. Another study conducted by 

Ramachandran et al. in 2000 indicated an urban prevalence of 12.1%. A nationwide 

study conducted in 2008 estimated a prevalence of 7.3% and 3.2% in urban and 

peri-urban areas respectively. A study in rural areas in Delhi showed 0.4-1.5% 

prevalence (Ahuja, 1991). A study conducted using WHO criteria for diabetes 

diagnosis demonstrated the rural prevalence to be 2.7% (Sadikot et al., 2004). Thus, 

the prevalence rates vary widely depending on the area, time and criteria for 

diabetes diagnosis used in the study. However, over a long period it is observable 

that the prevalence of DM is increasing constantly in India. A large community 

based study conducted by ICMR in 2011 indicated that the prevalence of DM was 

lower in Northern India as compared to southern India (Anjana et al., 2011). A 

possible justification for this was given by the difference in origin of the two 

populations, that the north Indians are migrated Asian populations, while south 

Indians are indigenous population of India (Arora et al., 2010). The rise in DM 

prevalence is apparent from the observations that prevalence of diabetesin the city 

of Chennai increased from 8.3% in 1989 to 18.6% in 2006. Similarly, a recent 

study conducted in Delhi, between 2010 and 2012 reported a prevalence of 23.0%, 

higher than what was observed to be 14.2% in 1994 (Tandon and Raizada, 2014). 

 

Table 2.1. Studies showing prevalence of diabetes in India (urban and rural) in 

last five years (Tandon and Raizada, 2014) 

Year Place Prevalence (%) Urban Prevalence (%) Rural 

2011 Chandigarh 14.2 8.3 

2011 Tamil Nadu 13.7 7.8  

2011 Maharashtra 10.9 6.5 

2011 Jharkhand 13.5 3.0 

2012 Orissa 15.7 - 

2012 Haryana - 13.3 
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2012 Delhi (age >60 urban slum) 18.0 - 

2013 Manipur (Muslims only) - 16.6 

2013 West Bengal(Police men) 15.0 - 

2014 Chandigarh 16.4 - 

2014 Arunachal Pradesh - 19. 8 

2.1.2. Types of DM 

American Diabetes Association classifies DM in 4 categories: Type 1 Diabetes 

mellitus, Type 2 Diabetes mellitus, other specific types of diabetes and Gestational 

diabetes associated with pregnancy(Ahuja, 2002). 

Type 1 DM (T1DM) is characterized by severe deficiency of insulin due to beta cell 

damage. It is further classified in Type 1A and 1B depending on the mechanism of 

beta cell damage. Type 1A consists of the DM resulting from autoimmune 

destruction of beta cells, while in type 1B beta cell damage results due to 

unidentified factors therefore known as idiopathic in origin. 

Type 2 DM (T2DM) is a multifactorial disease, with several possible risk factors 

leading to insulin resistance and relative deficiency of insulin. 

 

 

2.1.3. Risk Factors of DM 

Genetic factors 

Heredity is an important factor for both types of DM. A family history of DM 

increases the chances of having DM 10 to 20 times. Human Leucocyte Antigen 

(HLA) located on chromosome 6 confers a 50% risk of T1DM. In contrast to this 

for T2DM there are several genes like, TCF7L2, KCNQ1, SLC30A8, FTO 

contributing towards the total risk of DM(Murea, Ma and Freedman, 2012). 

 

Epigenetics 

This phenomenon represents the effect of environment on gene function. This gives 

an explanation to the different occurrence of DM in individuals with similar genetic 
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risks(Ling and Groop, 2009). However, this phenomenon has also given an 

innovative way for prevention of DM using pharmacological or lifestyle 

interventions.    

 

Environmental factorsand Life style 

Factors like stress, being overweight, alcohol, smoking, diet, sedentary life style, 

age and ethnicity play important role in development of T2DM(Lin et al., 2011). 

More recently, maternal nutritional status has been linked with development of DM 

in later stages of life (Yajnik, 2010).  

 

2.1.4. Pathophysiology of Diabetes Mellitus 

2.1.4.1. Type 1 Diabetes Mellitus 

T1DM generally occurs in genetically susceptible individuals as a result of 

autoimmune destruction of pancreatic beta cells. Autoantibodies against at least one 

of the three antigens namely, insulin, glutamic acid decarboxylase (GAD) and islet 

auto-antigen-2 (IA2), may be present in nearly 90% of all T1DM patients 

(Gillespie, 2006). Autoantibodies towards one of the pancreatic beta cell zinc 

transporter- ZnT8 are found in 25% of patients without one of the above mentioned 

threeautoantibidies(Atkinson, 2012). 
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Figure 2.1: Time line ofpathogenesis of Type 1 DM. In an individual with 

genetic susceptibility, environmental trigger causes beta cell damage and a 

chronic loss of Beta cell ensues(Van Belle, Coppieters and Von Herrath, 2011). 

 

Attack by autoantibodies causes inflammation of beta cells i.e. insulitis. This 

condition continues for months or years before the symptoms of DM appear. 

Hyperglycemia develops only after 80-90% of beta cells are destroyed. Although 

insulin resistance plays no role in pathophysiology of T1DM, with increasing 

prevalence of obesity, it is possible that T1DM patient may also have insulin 

resistance in addition to insulin deficiency.  

Figure 2.2 represents the detailed pathogenetic process involved in development of 

T1DM. A co-existence of genetic susceptibility and environmental factors starts 

the unfortunate series of changes in pancreatic beta cells. Beta cell upregulates IFN 

α and causes expression of MHC class 1 on cell surface. This exposes the beta 

cells to potential damage by autoreactive CD8 positive T cells. The environmental 

factor also causes a peripheral metabolomic change upregulating immunological 

processes in the periphery (Silveira, 2007). This along with CD4 T cells, causes 

proliferation of B cell into plasma cell, which can release antibodies against beta 

cell. In addition to this CD8 T cells are activated and targeted towards pancreas. 

This process kills some more beta cells releasing more beta cell antigens,  
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resulting in heightened release of pancreatic autoantibodies. This destructive cycle 

continues till only 10-30% of beta cells are left, when clinical signs of DM appear. 

There is impaired utilization of glucose in peripheral tissues like, muscle and 

adipose tissue due to insulin deficiency. To counteract these effects, hormones like 

glucagon, cortisol, growth hormone and adrenaline are secreted. Glucagon 

increases gluconeogenesis and glycogenolysis increasing glucose output from the 

liver. Due to unavailability of glucose as a source of energy, fat is used, resulting in 

generation of ketone bodies as waste products. Such excessive generation of ketone 

bodies results in ketonuria and its accumulation in body may result in metabolic 

acidosis known as diabetic ketoacidosis (DK). DK is an acute emergency condition 

for the patient of T1DM and may prove to be fatal if not corrected. 

 

2.1.4.2. Type 2 Diabetes Mellitus 

Decreased insulin secretion, insulin resistance and disturbances in hepatic glucose 

metabolism are the important features of T2DM. 

 

Βeta cell dysfunction 

Glucose entry in the β cells of diabetic patients through GLUT2 is impaired. Thus, 

insulin secretion control point in these patients is changed from glucokinase to 

transport of glucose (Leahy, 1990). In later stage of disease, the second phase of 

insulin release is also affected. This failure of β cells is attributable to several 

factors like accumulation of glycogen or sorbitol within β cells. Non-enzymatic 

glycation of beta cell protein is also one of the mechanism steming from glucose 

toxicity within β cell (Robertson et al., 2003). Not only glucose dependent but 

insulin secretion in response to other secretogogues is also found to be impaired 

(Porte and Kahn, 1989). There is also impaired conversion of proinsulin to insulin 

(O'Rahilly, Turner and Matthews, 1988). Few patients of T2DM are found to have 

autoimmune destruction of pancreatic β cells (termed as LADA- Latent 

Autoimmune Diabetes in Adults). Few patients are also found with absence of 

glucokinase (referred to as Maturity Onset Diabetes of Young –MODY) (Groop 

and Bottazzo, 1994). However, in nearly 80 % of T2DM patients, the initial delay 
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of insulin secretion is followed by a hypersecretion of insulin in later phase. After 

many years of disease, β cell function is impaired, probably due to accumulation of 

intermediates of glucose metabolism (Kruszynska and Olefsky, 1996). This is the 

reason for secondary failures in management of T2DM with sulphonylureas (Jeng 

et al., 1989).  

 

Insulin resistance 

Insulin resistance is defined as reduced responsiveness of target cell towards 

insulin. In this condition, insulin fails to elicit glucose lowering response (Chawla, 

Nguyen, and Goh, 2011). Such decreased responsiveness to insulin is found in 

liver, skeletal muscle and adipose tissue cells in patients of T2DM, in especially 

those who are obese. Apart from DM IR has close associations with hypertension, 

obesity, polycystic ovary syndrome, non alcoholic fatty liver disease and metabolic 

syndrome(Liang and Koya, 2009; Laakso and Kuusisto, 2014). Insulin resistance 

originates from genetic or environmental factors. Several population based studies 

have demonstrated that the incidence of insulin resistance is higher in aboriginal 

populations migrated from different region of the world. Such migration has caused 

significant lifestyle, dietary and environmental changes leading to pathogenesis of 

DM. Extent of insulin resistance varies from patient to patient and in earlier phase 

of DM it may be masked by increased insulin secretion from beta cells.  Insulin 

resistance is attributable to decreased insulin triggered glucose entry via GLUT 4. 

Several mechanisms of insulin resistance are reduced insulin receptor kinase 

activity even after insulin binding to the receptor, number of available 

phosphorylation sites may be decreased or the signalling molecule may be down 

regulated causing decrease in binding of downstream signalling molecules to the 

intracellular part of insulin receptor, defect in activation of downstream kinase 

cascade and second messenger signalling pathway, impaired GLUT4 fusion to the 

cell membrane. Accumulation of lipid metabolites like fatty acyl CoA, diacyl 

glycerol etc, in skeletal muscle or hepatocyte inhibits phosphorylation of IRS-1 

(insulin receptor substrate 1) resulting in decreased phosphotidyl inositol 3 kinase 

activity downstream to IRS 1. In contrast to this, decrease in intracellular lipid 

metabolites secondary to weight loss in T2DM patients is accompanied by 

improved insulin sensitivity of the cell (Petersen and Shulman, 2006). Apart from, 
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lipid accumulation, inflammatory signalling molecules and genetic abnormalities of 

insulin receptor downstream proteins has also been implicated as reasons for insulin 

resistance (Sesti, 2006).  

Obesity and insulin deficiency induced lipid accumulation in adipocytes play major 

role in inflammation contributing to IR. Such lipid accumulation in tissue causes 

activation of NF-κB and c-Jun N-terminal kinase (JNK) signaling pathways and 

subsequently upregulate the production of proinflammatory cytokines like TNF-α 

and IL-6(Shoelson, 2006; Sharma et al., 2013). TNF α secreted by adipocytes 

activates JNK and IKKβ/ NFκB pathway. This increases serine- threonine site 

phosphorylation of IRS-1. IL-6 activates JAK-STAT signalling pathway, 

upregulates expression of SOCS3, thereby decreasing the expression of GLUT4, 

and IRS-1. Insulin resistance in skeletal muscle is mediated through activation of 

STAT3 and activation of NF-κB via expression of TLR-4. IL-6 also impairs insulin 

resistance by decreasing glycogen synthesis by upregulating the expression of 

FOG-2 and downregulating that of miR-200s.  

Inflammasome pathway is another mechanism linking inflammation to insulin 

resistance (Grant and Dixit, 2013). Caspase-1, NOD-like receptor proteins 

(NLRPs), apoptosis associated speck-like protein (ASC), neutrophilic alkaline 

phosphatases (NALPs) etc are essential components of inflammasome complex. 

Inflammasome NLRP3 is activated by mitochondrial stress and is being studied 

extensively as decrease in NLRP3 in obesity has shown to be associated with better 

insulin sensitivity (Vandanmagsar et al., 2011). Caspase 1 is another such mediator 

that activates macrophage infiltration to the adipocytes and increase expression of 

proinflammatory cytokines. Decrease in ASC and caspase 1 levels were associated 

with reduction in plasma insulin, leptin, and resistin levels (Stienstra et al., 2010). 

Thus, inflammasomes are potential targets to treat insulin resistance especially 

associated with obesity (Stienstra et al., 2011).  

Leptin, a white adipose tissue derived protein is also linked to development of IR 

(van der Wijden et al., 2014). Leptin suppresses hunger and increases energy 

expenditure. Further, a similar state of leptin resistance exists in obese patients, 

which reduces on weight loss (Wang et al., 2013). It was observed that leptin 

mediated PI3K signalling was essential for modulation of glucose metabolism and 

for β cell function (Yadav et al., 2013).  Moreover, leptin is also a recommended 

biomarker for IR in utero and is a potential treatment for IR, as its administration 
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improves insulin sensitivity, glucose metabolism and lipid metabolism (Toyoshima 

et al., 2005). Another protein released by adipose tissue is adiponectin which acts as 

anti-inflammatory cytokine in conditions of obesity, IR and T2DM. It is deficient in 

these conditions. It is elevated in conditions of rheumatoid arthritis and T1DM, 

where it plays pro-inflammatory role (Stofkova, 2009). AdipoR1 and AdipoR2 are 

the adiponectin receptors that are highly expressed in skeletal muscle and liver 

cells. It increases glucose consumption in liver and reduces glycogenesis, thus 

having beneficial effect on insulin resistance (Crimmins and Martin, 2007).   

Resistin is another important mediator released by macrophages in humans. Its 

levels are increased with rise in inflammatory mediators and IR (Reilly, 2005). It 

promotes insulin resistance mediated by TNF-α and IL-6 release via NF-κB-

dependent pathway (Szulinska et al., 2014). TLR4 receptors and MAPK signalling 

pathway are also involved in mechanism inducing IR (Benomar et al., 2013).  

Although TNF-α plays key role in linking inflammation to IR, attempts to reduce 

IR by administration of monoclonal antibodies targeted against, TNF-αhave 

remained inconclusive. On the other hand, thiazolidinediones (PPARγagonists)have 

demonstrated significant improvements in IR attributable to their anti-inflammatory 

activity (Pascual et al., 2005). On the basis of linkage between inflammation and IR, 

the glucose lowering effects of salicylates in diabetic patients is now recognised to be 

at least in part due to itsNF-κB inhibitory activity(Hundal et al., 2002; Shoelson, Lee 

and Yuan, 2003). Considering the fact that Aspirin exerts its anti-inflammatory 

action by inhibition of both COX 1 and COX 2, and may be associated with 

increased risk of bleeding, non acetylatedsalicylates like, sodium salicylate, 

salsalate, and Trilisate that directly inhibit inhibit NF-κB via IKKβ pathway were 

presumed to be safer alternatives. Clinical trials in patients of T2DM with salsalate 

demonstrated glucose lowering and HbA1C lowering effect. However, it could not 

cause long term reduction in AGE levels or endothelial dysfunction(Goldfine et al., 

2014; Barzilay et al., 2013) 

Insulin receptor substrate (IRS) molecules are important links between insulin 

receptor and its downstream second messengers. Four types of IRSs namely IRS1, 

IRS2, IRS3 and IRS4 have been identified which vary in their tissue distribution 

and molecular functioning. A defect in IRS genes may be central to inducing 

insulin resistance however, only the Gly→Arg972 substitution of IRS-1 has been 

found to be pathogenic in induction of IR(Sesti, 2001). 
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Protein Tyrosine Phosphatases are important mediators in insulin receptor 

signalling. These enzymes are sensitive to redox status of cells(Andersen et al., 

2001). Insulin inactivates this enzyme by oxidation of a critical amino acid residue 

in the enzyme. Conversely, this oxidation is mediated via generation of ROS, 

indicating physiological role of ROS in cell(Goldstein et al., 2005; Mahadev et al., 

2001). Inactivation of PTP prevents dephosphorylation of insulin receptor and IRS-

1, thus enhancing insulin receptor signalling. In opposite to this, PTP1B expression 

is increased in muscle and adipose tissue cells in the state of insulin resistance(Wu 

et al., 2001). Inactivation of PTP1B by genetic modification makes the mouse 

resistant to development of insulin resistance. Such mouse is also resistant to TNF-

α mediated IR(Nieto-Vazquez et al., 2007). Thus, PTP1B bears a great potential as 

a target to improve insulin sensitivity in diabetic patients. Several PTP1B inhibitors 

are under development as antidiabetic agents for treating T2DM(Koren and Fantus, 

2007). 

 

Role of Liver 

Fat content of liver closely correlates with hepatic insulin resistance in T2DM 

patients, even those who are non-obese. Hepatic energy handling is disturbed in 

patients with under-utilization and overproduction of glucose. Hepatic glucose 

overproduction significantly contributes to hyperglycemia in T2DM. Recently 

kidney has also been shown to be involved in abnormal glucose production in 

T2DM. The effectiveness of metformin (via action on hepatic glucose metabolism) 

confirms the role of liver in hyperglycemia of T2DM (Yki‐Järvinen, 2005). 

 

2.1.5. Current Treatment of DM 

Blood glucose level, Oral glucose tolerance test and HbA1C are considered for 

diagnosis of DM in addition to clinical features and family history of patient. 

However, it is important to consider age, race and anaemia or haemoglobinopathies 

in patient while interpreting the results. Table 2.2 describes the criteria for 

classification and diagnosis of diabetic state of patient. (Classification and 

Diagnosis of Diabetes, 2015). 
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Table 2.2: Criteria for diagnosis of DM 

test Normal Prediabetes Diabetes 

Random blood glucose 
level 

<200 mg/dl 
(<11.1 mmol/l)  

N/A ≥ 200 mg/dl  
(≥ 11.1 mmol/l) 

Fastingblood glucose 
level 

<108 mg/dl 
(< 6.1 mmol/l ) 

108 to 125 mg/dl 
(6.1 to 6.9 mmol/l ) 

≥126 mg/dl  
(≥ 7.0 mmol/l) 

2 hour post-prandial 
blood glucose level 

<140 mg/dl 
(< 7.8 mmol/l ) 

140 to 199 mg/dl 
(7.8 to 11.0 mmol/l ) 

≥ 200 mg/dl  
(≥ 11.1 mmol/l) 

HbA1C (%) < 6% 6 – 6.4% > 6.5% 

 

 

Insulin is the mainstay of management of T1DM. Various insulin preparations are 

developed in order to overcome shortcomings of natural insulin like, short 

duration of action and to reduce frequency of administration. Several drugs are 

available for the treatment of DM. Table 2.3 describes various oral hypoglycemic 

agents for T2DM. 

 

Table 2.3: Drugs approved by FDA for treatment of Type 2 DM alone or in 

Combination (Navale et al., 2013) 

Class Mechanism 
of Action 

Drug Effect 
on 
Weight 

Major 
Adverse 
effects 

Comments 

Sulphonylure
as: First 
generation  

K+ channel 
blocker, 
Stimulate 
insulin 
secretion 
from β cells 

 

Chlorpropamide 
Tolazamide 
Tolbutamide 

Weight 
gain 

Hypoglyce
mia 

Most widely used 
and well known to 
clinician, cheap  

Sulphonylure
as: Second 
generation  

Glimepiride 
Glipizide 
Gliburide 

Received wide 
acceptance 

Biguanides Reduce 
hepatic 
glucose 
output 

Metformin Weight 
neutral 

GI 
intolerance 

First line agent for 
obese patients, 
contraindicated in 
patients with 
renal, hepatic 
impairment or 
cardiovascular 
disease due to risk 
of lactic acidosis 

Thiazolidined
iones 

Agonist at 
PPAR-γ 
receptors, 
improves 
insulin 
sensitivity in 
peripheral 
tissues 

Pioglitazone 
 

Weight 
gain 

Edema Pioglitazone 
banned in June 
2013 for the risk 
of bladder cancer, 
but the ban was 
revoked one 
month later 
making the drug 
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available for use. 
Contraindicated in 
cardiovascular 
abnormality 

Non 
Sulphonylure
aSecretogogu
es 

Stimulate 
insulin 
secretion 
from β cells 

Repaglinide, 
Nateglinide 

 

Weight 
gain 

Risk of 
Hypoglyce
mia 

Taken with meal 
to control rapid 
onset 

Alpha 
Glucosidase 
inhibitors 

Dampen 
quick rise in 
post prandial 
blood sugar 
level by 
delaying 
complex 
carbohydrate 
absorption 

Acarbose 
Miglitol 

Weight 
neutral 

Gastrointes
tinal 
disturbanc
es 

Slow dose 
escalation to 
reduce 
gastrointestinal 
disturbances 

Dopamine 
Agonist 

Reduces 
insulin 
resistance 
mediated by 
central 
mechanism 

Bromocriptine Weight 
neutral 

Nausea, 
Vomiting, 
Dizziness, 
Headache, 
Diarrhoea 

Contraindicated in 
type I DM 

DPP-4 
Inhibitors 

Inhibits 
enzyme 
Dipeptidyl 
peptidase  
reducing 
degradation 
of incretin 
hormone and 
increase in 
insulin 
secretion 

Sitagliptin 
Saxagliptin 
Linagliptin 

Weight 
neutral 

Very few 
clinically 
significant 
side effects 

Approved for use 
alone or in 
combination with 
metformin 

GLP 1 
Analogues 

Stimulate 
insulin 
secretion, 
Slow gastric 
emptying, 
Induce 
satiety 

Exanetide 
Liraglutide 

Weight 
loss 

Nausea, 
Vomiting, 
Diarrhoea 

Parenteral 
administration is 
required 
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2.2. Diabetic Complications 

DM is a group of disease characterized by hyperglycemia. As glucose is 

ubiquitous entity for every cell of body, so are the effects of hyperglycemia. 

However, major tissues affected by hyperglycemia are nervous system, retina of 

eye, kidney, adipose tissue, liver and pancreatic β cells. Both types of DM result 

in long term complications which are broadly classified in two categories: 

Macrovascular and microvascular complications. Microvascular complications 

consist of diabetic retinopathy, neuropathy and nephropathy, while macrovascular 

complications include coronary artery disease, peripheral vascular disease and 

stroke. 

 

2.2.1. Diabetic Neuropathy 

Diabetic neuropathy (DN) is defined by the American Diabetes Association 

(ADA) as “the presence of symptoms and/or signs of peripheral nerve dysfunction 

in people with diabetes after the exclusion of other causes” (Standards of Medical 

Care in Diabetes-2007, 2006). The severity and progression of diabetic 

neuropathy is proportional to severity and duration of hyperglycemia, and occurs 

more commonly with T2DM, where it may also be present several years before 

the diagnosis of T2DM. It is also proposed that genetic predisposition in some 

individuals may promote faster progression of DN. The symptoms of neuropathy 

are the earliest and most common among other complications of DM (Boulton et 

al., 2004; Said, 2007) DN can be categorized in two types 

a) Peripheral neuropathy (generally of symmetrical and distal pattern)  

b) Autonomic neuropathy 

Numbness in extremities of typical stalking-glove pattern and sensory 

disturbances are the initial signs of peripheral neuropathy. Lower extremities are 

more affected as compared to upper limbs. This can progress as numbness, loss of 

vibratory sensation and proprioception, diminution of knee jerk reflex as large 

myelinated nerve fibres damage. Whereas the loss of small myelinated fibres or 

unmyelinated fibres can lead to painful sensations like, heat, or pin prick 

sensations. Such loss of protective sensory function increases the risk of foot 
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injuries that progress to ulceration and foot amputations (Boulton, Kirsner and 

Vileikyte, 2004). 

Autonomic neuropathy can affect gastro-intestinal system, cardiovascular system 

or reproductive system (Maser et al., 2003). Common signs of autonomic 

neuropathy are gastroparesis, constipation, diarrhoea, tachycardia, orthostatic 

hypotension and erectile dysfunction (Kempler et al., 2011). 

 

2.2.1.1. Pathophysiology of Diabetic Neuropathy 

Number of factors playing important role in development of neuropathy have 

been identified. Some of them are discussed here. 

 

Aldose reductase and production of polyols 

Glucose entry via nervous membrane is independent of carrier availability. Excess 

of glucose diffuses in neuron cell in the condition of hyperglycemia. This excess 

glucose causes several deleterious effects, the most prompt being its conversion to 

sorbitol by aldose reductase enzyme. Aldose reductase has low affinity for 

glucose in the condition of normoglycemia. However, in hyperglycemic state 

excess glucose is converted by aldose reductase (Oates, 2008). Sorbitol can not 

diffuse out of the cell and accumulates in the neuron. It causes an increase in 

osmotic pressure and reduces myoinositol content of cell. This inhibits protein 

kinase C and Na+-K+ ATPase activities in peripheral nerves. Na+-K+ ATPase is 

vital in maintaining the ionic movement across the axonal membrane and 

generation of action potential. Impaired Na+-K+ ATPase activity impairs impulse 

conduction via nerve fibre and decreases nerve conduction velocity. Such 

decrease in nerve conduction velocity can be recorded in isolated sciatic nerve of 

diabetic animals. It is one of the reliable parameters for diabetes induced 

neuropathy. 

 

Protein kinase C activation 

Excessive glycolysis in hyperglycemia causes formation of glycerol-3-

phosphateand then diacyl glycerol (DAG) (Xia et al., 1994). The PKC is 

upregulated by DAG and also by some oxidants like H2O2. Such PKC activity 
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modification results in disturbances in various key enzyme and protein functions, 

expression of cytokines and transcription factors as indicated in figure 2. 

These changes lead to altered nerve blood flow and conduction via the fibre. 

LY333531 an inhibitor of PKC has shown improvement of nerve function in 

animal studies (Cameron and Cotter, 2002). However, clinical studies with PKC 

inhibitors have failed to show significant improvement in neuropathy in contrast 

to other complications.  

 

Increase in oxidative stress 

Oxidative stress has been repeatedly incriminated to play an important role in 

development of neuropathy (van Dam, 2002). Figure 3 summarizes two important 

pathways which contribute to generation of oxidative stress in hyperglycemia. 

Non-enzymatic glycosylation reaction i.e. glycation is enhanced in the 

hyperglycemic state, leading to formation of intermediate amadori compounds. 

Further conversion of these compounds in advanced glycosylation end products 

(AGE) is associated with production of abundant ROS (Kaneto et al., 1996). 

Another pathway contributing to development of oxidative stress is the 

mitochondrial electron transfer system, where mitochondria overwhelmed with 

excessive glucose load lead to generation of lot of ROS as a byproduct of glucose 

metabolism. Several studies have demonstrated the effectiveness of antioxidants 

in preventing neuronal damage in clinical studies (Ametov et al., 2003). Oxidative 

stress has also been shown to reduce insulin synthesis and secretion (Rains and 

Jain, 2011) as shown in figure 4.Oxidative stress has also been shown to induce 

insulin resistance in 3T3-L1 adipocyte cell line (Rudich et al., 1998) and intact rat 

muscle (Dokken et al., 2008). 
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Figure 2.3: Mechanism of oxidative stress generation in hyperglycemia 

TCA cycle: Tricarboxylic acid cycle; AGE: Advanced glycosylation end products; ROS: Reactive 

oxygen species (Kawahito, Kitahata and Oshita, 2009). 

 

 

Figure 2.4: Effect of ROS on insulin sensitivity and secretion from pancreatic 

β cell 

(Kawahito, Kitahata and Oshita, 2009). PDX-1: Pancreatic duodenal homeobox-1. 

 

Inflammation  

Axonal loss and fibre demylination are two major pathologies associated with 

diabetic neuropathy.  Local or cells infiltrating by chemotaxis release pro-

inflammatory cytokines, which exert significant effects on fine metabolic balance 

of glial and neuronal cells. In condition of diabetes mellitus inflammatory effects 

of these cytokines are activated. Several studies have shown the association 

between increase in biochemical markers of inflammation and endothelial 

dysfunction in patients of peripheral diabetic neuropathy. Peripheral diabetic 

neuropathy is also associated with similar increase in markers of inflammation 
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(Doupis et al., 2009). Endogenous production of a key inflammatory mediator 

TNF-α is found to be increased in vascular and neural tissues of patients with 

diabetic neuropathy, leading to hypercoagulability, increased microvascular 

permeability and nerve damage, initiating the pathogenesis of characteristic 

aspects of diabetic polyneuropathy (Satoh, Yagihashi and Toyota, 2003). Apart 

from this, hypercoagulability and inflammatory leucocyte infiltration may lead to 

occlusion of perineural blood vessels.  

Infiltration of endoneurium with mononuclear cells resumes low-grade 

endoneurial inflammatory process, culminating in mixed, axonal and 

demyelinative nerve lesions. Chronic inflammation might result in segmental 

demyelination and remyelination of nerve fibres and necrotizing inflammation of 

perineurial and endoneurial blood vessels. This results in ischemia and additional 

generation of reactive oxygen species which boosts the continuing inflammatory 

process (Said, 2006). Moreover, it's been shown that TNF-α promoter gene 

polymorphism, C(−857)T, is considerably related to prolonged F-wave latency 

within the median nerve, that's a sensitive marker of peripheral nerve pathology, 

in patients with type two diabetes. Michałowska-Wender G et al, didn't notice 

distinction within the expression of TNF-α in serum of patients of diabetic 

polyneuropathy and control patients. However, they discovered higher levels of 

GRO-α in patients with subgroup of diabetic polyneuropathy with concurrent 

demyelinative changes (Michałowska-Wender, Adamcewicz and Wender, 2006). 

GRO-α, the growth-regulated oncogene acting in some neoplastic and 

inflammatory processes, promotes neoplastic growth, metastasis and infiltration 

by leukocytes. Uceyler et al, also demonstrated the association of different 

proinflammatory cytokine levels with pain in diabetic neuropathy (Uceyler et al., 

2007). 

 

Other factors 

A reduction in nerve blood supply and oxygen tension in sural nerve proportionate 

to reduction of nerve function has been reported in patients with diabetic 

neuropathy. Moreover, patients of chronic obstructive pulmonary disease develop 

a hypoxic neuropathy pathologically similar to diabetic neuropathy, indicating a 

possible involvement of nerve hypoxia. Therapies involving vasodilators and 
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angiogenesis promoters have been found to attenuate the development of diabetic 

neuropathy (Tesfaye, Malik and Ward, 1994).  Diabetic neuropathy has also been 

associated with deficiency of nerve growth factors, however supplementation with 

brain-derived neurotrophic factor (BDNF) and Nerve growth factor (NGF) has 

been found to be ineffective in inhibiting the development of diabetic neuropathy 

(Tomlinson, Fernyhough and Diemel, 1997). A significant disturbance of essential 

fatty acid metabolism exists in diabetic patients, which results in defect in 

conversion of this to prostaglandin and other mediators necessary to maintain 

nerve blood flow. However, trials with γ-Linolenic acid were found to be 

ineffective (Jamal, 1994). 

 

2.2.1.2. Current Management of Diabetic Neuropathy 

Current management is mainly supportive in nature, especially after its 

development. Pain is the main symptom and simple analgesics suffice for mild 

pain. However, opiates may be required in severe condition. Amitriptyline, 

duloxetine, gabapentine and pregabaline are clinically used to control painful 

diabetic neuropathy and are found to be effective. The management of peripheral 

neuropathy requires a holistic approach and patient should be informed about the 

importance of foot care and regular checkups. Autonomic neuropathy manifesting 

in gastroparesis and erectile dysfunction has devastating effects on life style. Mild 

cases of gastroparesis can be treated with metoclopramide, domperidone, 

erythromycin and dietary changes, however, severe cases may require 

implantation of electrode to stimulate gastric contractions (Boulton et al., 2005).  
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Table 2.4: Treatment of diabetic neuropathy based on newer targets (Boulton 

et al., 2005) 

Pathology 
addressed 

Mechanism of action Drug Status of drug 

Polyol 
pathway 

Inhibit aldose reductase enzyme 
and prevent formation of polyols 

Sorbinil 
Tolrestat 
Ponalrestat 
Zopolrestat 
Zenarestat 
Lidorestat 
AS-3201 
Fidarestat 
Epalrestat 

Withdrawn (AE) 
Withdrawn (AE) 
Ineffective 
Withdrawn 
Withdrawn (AE) 
Withdrawn (AE) 
Effective in Clinical 
Trials, studies ongoing  
Effective in Clinical 
Trials, studies ongoing 
Marketed in Japan 

Decreased 
nerve 
Myo-
inositol 

Replineshes nerve myo-inositol Myo-inositol Equivocal results in trials 

Increasedo
xidative 
stress 

Reduces oxidative stress α-Lipoic acid Effective in Clinical 
Trials, studies ongoing 

Nerve 
hypoxia 

Increase nerve blood flow 
 

 
 
 
Increase angiogenesis 

Vasodilators 
ACE 
inhibitors 
PG analogs 

 
phVEGF165 ge
ne transfer 

 
Effective in one RCT 
Effective in one RCT 

 
 
RCTs ongoing 

Increased 
activity of 
Protein 
kinase C 

Increase nerve blood flow 
 

Protein kinase 
C-β inhibitor 
(ruboxistaurin) 

RCTs ongoing 

Decrease 
in C-
peptide 

Increase nerve blood flow 
 

C-peptide Studies ongoing 

Decrease 
in 
Neurotrop
hism 

Nerve regeneration, growth 
 

brain-derived 
neurotrophic 
factor (BDNF) 
Nerve growth 
factor (NGF) 

Ineffective 
 
 

Ineffective 

Decrease 
in long-
chain fatty 
acid 
metabolis
m 

Prevents long-chain fatty acid 
accumulation 

Acetyl-L-
carnitine 

Ineffective 
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Decreased 
GLA 
synthesis 

Increases essential fatty acid 
metabolism 

γ-Linolenic 
acid (GLA) 

Withdrawn 

Increase in 
nonenzym
aticglycati
on 

Decreases advanced glycation end 
product (AGE) accumulation 

Aminoguanidi
ne 

Withdrawn 

 

AE: Adverse Effects, RCT: randomized clinical trial 

 

2.2.2. Diabetic Nephropathy 

2.2.2.1. Pathophysiology of Diabetic Nephropathy 

Diabetic nephropathy is typically defined as “macroalbuminuria or 

macroalbuminuria and abnormal renal function as represented by an abnormality 

in serum creatinine, calculated creatinine clearance, or glomerular filtration rate”. 

Progressive renal disease in diabetes is a multifactorial disease beginning initially 

via a process of glomerular hyperfiltration and increased GFR. 

Several histological changes observed in glomeruli of diabetic patients are, 

mesangial expansion, thickening of the glomerular basement membrane (GBM) 

and glomerulosclerosis. All these result in reduced filtration efficiency of the 

nephrons and extensive renal involvement in progression of diabetic 

complications. Nephropathy also serves as a risk factor for diabetic 

cardiomyopathy (Gilbert, 2006).  

Hyperglycemia leads to AGE formation, which glycates the tissue matrix proteins 

that are resistant to degradation and are highly cross linked. Increased mesangial 

cell glucose concentration also leads to its proliferation and then hypertrophy. In 

addition to such reduced clearance of ECM, its excessive production driven by 

cytokines like, VEGF and TGF β results in glomerular basement membrane 

thickening and mesangial expansion. TGF β causes stimulation of collagen and 

fibronectin and supports mesangial expansion. Such ECM deposits are observable 

under light microscopy as Kimmelstiel-Wilson nodules.  

Proteinuria is a classic marker and contributor to diabetic nephropathy. Increased 

glomerular permeability results in entry of protein in the renal tubules some of 

which are then taken up by proximal tubular cells triggering inflammatory 
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response there. This leads to interstitial scarring and fibrosis. This results in 

Tubulointerstitial fibrosis seen in advanced stages of diabetic nephropathy.  

Activation of rennin angiotensin system occurs in mesangial cells, proximal 

tubular cells and podocytes. Angiotensin II (ATII) is an important contributor to 

diabetic renal damage and is present at high concentration in kidney. ATII causes 

constriction of glomerular efferent arteriole leading to increased intraglomerular 

pressure. ATII also upregulates renal growth factors and fibrosis through ATII 

type 1 receptors, which secondarily stimulate activity of TGF-β and other growth 

factors (Parving et al., 2001). 

Multiple experimental and clinical studies have indicated the involvement of 

inflammatory mediators like, IL-1, IL-6, IL-18, TNF-α and TGF-β1 in 

development and progression of diabetic nephropathy. Various renal cells produce 

inflammatory cytokines in response to disturbed metabolic and vascular factors. 

IL-1 stimulates proliferation of mesangial cells and promotes matrix synthesis. It 

increases vascular permeability in the kidney leading to the development of 

intraglomerular haemodynamic abnormalities. It disturbs the expression of 

chemotactic factors, adhesion molecules and prostaglandin synthesis. IL-6 also 

increases fibronectin expression and glomerular permeability. IL-18 augments the 

pathogenic process by increasing release of other inflammatory cytokines, such as 

IL-1, interferon γ and tumor necrosis factor, and is found to be associated with 

endothelial cell apoptosis. 

TNF α and TGF β also play an important role in pathogenesis of diabetic 

nephropathy.  

 

Patients with diabetes associated microalbuminuria or nephropathy are at higher 

risk of cardiovascular mortality and morbidity. Significant interactions exist 

between heart and kidney, therefore integrated approach of treating the 

nephropathy is advised. Such condition of renal associated cardiac damage 

cardiac associated renal damage is denoted as cardio-renal syndrome (Ronco et 

al., 2009).There are many factors leading to cardio-renal damage, however, 

haemodynamic factors are found to play pivotal role. Both the organs are involved 

in maintenance of extracellular fluid volume and are sensitive to such alterations. 

Renin Angiotensin Aldosterone system is activated by juxtaglomerular apparatus 

of kidney in response to lowered perfusion pressure.  
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Macula densa of the kidney can detect lower sodium levels which may be 

associated with volume depletion. Activation of macula densa causes  

On the other hand, decrease in cardiac output can be restored by a mechanism via 

kidney. Kidney lead to rennin release and causes water and sodium retention. 

Thus, increases extra cellular fluid volume and venous return. Due to increased 

venous return cardiac output increases by Frank-Starling mechanism. This also 

corrects the renal perfusion pressure. Decreased cardiac output also activates 

RAAS due to activation of sympathetic nervous system. Thus, mechanism of 

functional restore of heart and kidney depends on each other. In this setting it is 

obvious that failure of function of one will adversely affect the other. Further, 

atherosclerosis or vascular damage complicates the scenario of either organ 

damage. 

 

2.2.2.2. Current Management of Diabetic Nephropathy 

Treatment of diabetic nephropathy is aimed at delaying the loss of renal function 

and prevention of its cardiovascular complications. The multiple factors addressed 

during treatment are microalbuminuria, hypertension, control of blood glucose, 

weight management, smoking cessation and dyslipidaemia. However, anaemia, 

acidosis, mineral and bone disease and malnutrition are some common conditions 

secondary renal disease, which also need to be treated.  

Reduction in blood pressure is vital in prevention and treatment of diabetic 

nephropathy. The target blood pressure of 120-130 mm Hg is recommended for 

patients of T2DM to prevent loss of renal function and prevention of diabetic 

nephropathy (ACCORD Study Group, 2010). Albuminuria is another important 

risk factor for nephropathy in diabetic patients. Initiation of treatment is 

recommended for patients with urinary albumin excretion of >30 mg/day. 

Following interventions are suggested for control of BP and albuminuria in DM 

patients: 

1. Limiting sodium intake to less than 6 gm salt per day. 

2. Blockade of RAAS with ACE inhibitors or angiotensin receptor blocker 

drugs with maximum tolerable doses. Treatment with ACE inhibitors in clinical 

studies have demonstrated a reduction in progression of nephropathy in diabetic 
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patients (Lewis et al., 1993; Heart Outcomes Prevention Evaluation (HOPE) 

Study Investigators, 2000) 

3. Diuretic therapy can be started with loop diuretic or thiazide diuretic 

respectively while taking in account for possible side effect of prescribed drugs. 

4. If target blood pressure is not achieved add aldosterone receptor blocker to 

the therapy albeit with monitoring of potassium levels 

5. If still target BP is not achieved add calcium channel blocker or beta 

blocker to the regimen to achieve the best possible BP control 

Apart from this, best possible glycemic control should be achieved to prevent 

development and progression of renal damage. A target HbA1c of < 6.5% is 

advised for young otherwise healthy individuals. However, for older patients with 

significant renal damage or cardiovascular disease, 7-7.5% HbA1C can be 

targeted (Shurraw and Tonelli, 2013).  

Dyslipidaemia is the important bridge between diabetic renal disease and cardiac 

disease. Control of lipid levels is an important corner stone of complication 

preventive therapy for DM. Statin therapy is recommended in nearly all diabetic 

patients as per current guidelines. Collaborative Atorvastin Diabetics Study 

(CARDS) demonstrated a 37% lower incidence of cardiovascular events in 

diabetic patients without any elevations in LDL levels treated with statin. A meta 

analysis considering different studies shows that a lipid lowering therapy is 

advisable in patients with estimated glomerular filtration rate (eGFR) of  > 15 

ml/min/1.73 m2. While that in patients with eGFR<15ml/min/1.73 m2has shown 

conflicting result and therefore it is not advised (Upadhyay et al., 2012).  

Obesity or excessive weight increases the risk of diabetic renal damage and 

subsequent cardiac damage significantly. Therefore, weight reduction is important 

strategy for the diabetic kidney patients especially if the BMI is more than 25 

kg/m2. Other measures such as cessation of smoking and regular exercise of at 

least 30 minutes per day can improve the outcome. 

 

Pancreatic β cell transplantation in type 1 diabetics resulted in dramatic 

improvement in various pathological parameters over time (Fioretto et al., 1998). 

However, in patient with established nephropathy renal replacement therapy may 

be needed. 
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2.2.3. Diabetic Retinopathy 

2.2.3.2. Pathophysiology of Diabetic Retinopathy 

Retinopathy is one of the commonest diabetic complication having grave 

consequences like blindness. The development and progression of DM is 

dependent on severity and duration of hyperglycemia and develops in both types 

of DM. However, its development may even preceed by several years in T2DM 

(Fong et al., 2004). Several factors have been identified for pathogenesis of 

retinopathy as presented in figure 2.5.  

 

 

Figure 2.5. Schematic diagram indicating the pathogenesis of diabetic 

retinopathy (Stitt et al., 2013) 

DME- Diabetic macular edema, PEDF, pigment epithelium-derived factor, PDR- proliferative 

diabetic retinopathy, AGE- advanced glycation end-products, RAGE- Receptor for advanced 

glycation end-products, PDGF B- platelet-derived growth factor-B, VEGF- vascular endothelial 

growth factor, BM- Basement Membrane. 

 

Aldose reductase is the enzyme involved in conversion of glucose to sorbitol (i.e. 

glucose alcohol). Glucose can diffuse through membranes without need of carrier 



Literature Review 
 

30 
 

in certain tissues, where it is later converted in sorbitol. Excessive intracellular 

glucose in retinal cells owing to hyperglycemia produces excessive sorbitol, 

which can not diffuse back out of the cell and accumulates causing osmotic stress. 

Several studies have demonstrated accumulation of sorbitol with formation of 

microaneurysm, basement membrane thickening and loss of pericytes. Pericytes 

surrounding retinal capillaries are important components of blood retinal barrier. 

Loss of pericytes secondary to osmotic or oxidative stress weakens blood retinal 

barrier and increases capillary permeability. This type of changes leads to 

formation of acellular capillaries with thick basement membrane. Studies with 

several aldose reductase inhibitors have shown promising results in preclinical 

studies, however, most of them have failed in clinical studies (Fong et al., 2004; 

Gabbay, 1975; Gabbay, 2004). High blood glucose level promotes non-enzymatic 

glycation of proteins and formation of glycoproteins i.e. Advanced Glycation End 

Products (AGEs). It was also observed that expression of AGE receptor (RAGE) 

is increased in diabetic patients (Hudson et al., 2007). AGEs cause cross-linking 

in basement membrane of retinal blood vessel proteins and also reduced their 

degradability. This reduces their elasticity and also causes death of pericytes and 

endothelial cells (Beltramo et al., 2002; Stitt et al., 2004). AGE inhibition is the 

potential therapy for prevention of diabetic retinopathy and several AGE 

inhibitors are under clinical development. 

 

2.2.3.3. Management of Diabetic Retinopathy 

At present clinical management of DR does not involve any medicines. 

Techniques like retinal photocoagulation and focal laser treatment are the 

mainstay of treatment. However, several new agents under development for 

treatment of DR are mentioned in Table 2.5. 
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Table 2.5. Potential therapies in treatment of diabetic retinopathy (Nawaz et 

al., 2013) 

Targets Drug 

Inhibitor of AGE formation Pyridoxamine, Aminoguanidine, OPB-9195, ALT-946, 
ALT-711, LR-90, N-PheracylThiazolium Bromide 
(PTB), Alagebrium 

Protein Kinase C (PKCs) inhibitors Ruboxistaurin (RBX), PKC412 

Aldose Reductase Inhibitors (ARIs) Sorbinil, Tolrestat, Epalrestat, Lidorestat, Zenarestat, 
Ranirestat, Ponalrestat, Zopolrestat, ARI-809, Fidarestat 

Nonsteroidal Anti-Inflammatory Drugs 
(NSAIDs) 

Aspirin, Nepafenac, Sodium salicylate, Sulfasalazine, 
Baicalein,  Genistein, Nepafenac, Celecoxib 

 

2.2.4. Diabetic Cardiomyopathy 

2.2.4.1. Pathophysiology of Diabetic Cardiomyopathy 

Diabetic cardiomyopathy is defined as structural and functional alterations in 

myocardium associated with diabetes and not directly with coronary artery disease 

(CAD). It is one of the reasons for heart failure in diabetic patients among other 

causes like coronary artery disease and myocardial ischemia. Structural changes 

observed in myocardium are discussed followed by the pathophysiological 

mechanisms. 

 

Left ventricular hypertrophy (LVH) 

LVH is an independent risk factor for heart failure and results in reduced 

myocardial compliance. Several studies have shown presence of increased LV 

thickness and mass in diabetic patients (Aneja et al., 2008; Galderisi et al., 1991). 

Leptin induced cardiomyocyte hypertrophy has been observed in obese diabetic 

patients (Xu et al., 2004). Similarly, resistin released from adipose tissue is found 

to cause cardiomyocyte hypertrophy in vitro through IRS-1 and MAPK signaling 

pathways (Kim et al., 2008). One set of observations indicates hyperinsulinaemia 
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causing LVH, as deletion of insulin receptors has been found to reduce cardiac 

size (Belke et al., 2002).  

 

Myocardial lipotoxicity 

Increased myocardial lipid deposition has been found in LV of diabetic patients 

and this was found to be augmented by presence of obesity, insulin resistance and 

impaired glucose tolerance (McGavock et al., 2007). Increased fatty acid uptake 

and utilization has been found in diabetic patients of both types and also in animal 

models (Abel, Litwin and Sweeney, 2008; Boudina and Abel, 2007).  The exact 

mechanism of fatty acid induced cell death is not clear however, involvement of 

ceramide biosynthesis, detachment of cytochrome C from the mitochondrial 

membrane and decreased mitochondrial cardiolipin level are identified as some of 

the mechanisms leading to myocardial apoptosis (Listenberger, Ory and Schaffer, 

2001; Ostrander et al., 2011). Lipotoxicity is also accompanied by alterations in 

ER membrane phospholipids, leading to ER swelling and ER stress (Borradaile et 

al., 2006). 

 

Elevated myocardial oxidative stress 

Although many studies have proved a key role of oxidative stress in induction of 

diabetic cardiomyopathy, the exact mechanism of oxidative stress generation is 

not known. Experimental and human studies have suggested the involvement of 

lipid accumulation and increased FA metabolism in generation of ROS (Boudina 

et al., 2007). However, hearts of Akita mouse model of T1DM have not shown 

presence of elevated ROS in spite of increased FA metabolism (Bugger et al., 

2008). This model however, lacks insulin resistance and exhibits normal insulin 

sensitivity. Concurrent with this was an observation that deletion of insulin 

receptors specific to myocardium resulted in increased hydrogen peroxide 

production and mitochondrial uncoupling (Boudina et al., 2009). This data 

indicates that insulin resistance may predispose myocardial mitochondria for ROS 

generation. ROS may also generate nitrosative stress by interacting with NO or 

alter gene expression in cardiomyocyte (Frustaci et al., 2000; Aragno et al., 2006). 
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Myocardial cell death 

Both necrotic and apoptotic cell death was found to be increased in hearts of 

diabetic patients with heart failure. Necrotic cell death was even higher with 

concurrent hypertension (Frustaci et al., 2000). Various mechanisms like leptin 

deficiency, hyperglycemia and activation of RAS have been implicated in 

myocardial cell death (Frustaci et al., 2000; Barouch et al., 2006; Shenet al., 

2009).    

 

Interstitial and perivascular fibrosis 

Several studies have shown an increased collagen deposition in myocardium 

surrounding blood vessels and between the muscle fibres. TGF β is supposed to 

play important role in development of fibrosis. Gene expression of TGF β is 

enhanced in condition of DM (Ban and Twigg, 2008). Insulin resistance is 

probably another important factor in inducing fibrosis as CIRKO mice lacking 

cardiac insulin receptor demonstrated similar features of fibrosis (McQueen et al., 

2005). Cardiac fibrosis is a consistent feature of STZ induced models (Way et al., 

2002) while it is absent in db/db mice (Van den Bergh et al., 2007).  

 

Functional changes in myocardium 

Cardiac dysfunction in DM is associated with three types of functional changes, 

Diastolic dysfunction (DD), Systolic dysfunction and diminished contractile 

reserve. DD is detectable very early in diabetic patients and found to be present in 

as high as 40–75% patients of T1DM and T2DM without CAD. Several 

mechanisms like TG accumulation (Christoffersen et al., 2003) and disturbed 

calcium homeostasis (Dong et al., 2006) have been implicated in inducing DD. 

Subtle changes in systolic function can be observed after development of DD in 

animal models as well as human subjects. Accumulation of glycation end products 

in cardiac tissue and insulin resistance are key mechanism responsible for systolic 

dysfunction (Joshi et al., 2009). DM patients may have cardiac dysfunction even 

if they are asymptomatic. However, exercise can induce cardiac dysfunction in 

such asymptomatic patients. This is secondary to diminished contractile reserve of 

heart due to impairment of myocardial sympathetic innervation (Scognamiglio et 
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al., 1998). This can serve as marker for early detection of cardiac dysfunction in 

diabetic patient after adjusting for age and gender specific parameters.  

 

 

 

Figure 2.6: Mechanisms of cardiac dysfunction (Boudina and Abel, 2010) 

 

 

Changes in myocardial metabolic pattern 

Reduced GLUT4 content and defect in its translocation results in reduced rates if 

glucose oxidation. On the other hand, fatty acid oxidation via Randle cycle is 

increased. Activation of PPAR-alpha signaling pathways secondary to increase 

FA uptake in myocardium, further suppresses glucose oxidative enzymes. FAs are 

inefficient substrates and result in increased myocardial oxygen consumption and 

reduced cardiac efficiency (How et al., 2006). Mitochondrial dysfunction has been 

causally linked with cardiac dysfunction in diabetes based on various animals and 

human studies (Bugger and Abel, 2009). Changes in mitochondrial proteome, 

increased number of mitochondria, increased ROS generation and mitochondrial 

insulin resistance are some of the mechanisms implicated in development of 

cardiac dysfunction (Boudina and Abel, 2010).  

 

2.2.4.2. Management of Diabetic Cardiomyopathy 

Diabetic Cardiomyopathy may be asymptomatic in early stages, however, in later 

stages it may appear as overt heart failure. Patients develop symptoms related to 

forward heart failure or backward heart failure or both due to lack of pumping 

ability or impaired venous dumping due to congestion. Fatigue, weakness, 
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syncope, angina, dyspnoea, increased jugular vein pressure, edema in lower 

extremities and hepatomegaly may appear as symptoms of worsening cardiac 

function (Fang, Prins and Marwick, 2004). Perivascular and interstitial fibrosis is 

the hallmark of diabetic cardiomyopathy and the extent of fibrosis correlated 

fairly with the heart weight. Collagen crosslinking in addition to collagen 

deposition in diabetic hearts result in reduced myocardial compliance (Factor, 

Minase and Sonnenblick, 1980). Such interstitial fibrosis can be assessed by 

cardiac MRI (Picano et al., 1990). However, echocardiography can reveal 

diastolic dysfunction even in asymptomatic patients and those without any cardiac 

hypertrophic changes. Important aspects of treatment are, lifestyle modifications, 

regulation of blood glucose levels, and minimisation of cardiac risk factors and 

therapy of heart failure in patient with overt cardiac damage.  

 

Lifestyle modification 

This includes cessation of smoking, dietary changes, aerobic exercise and weight 

reduction are the pillars of the pillars of therapy. Several studies have proved 

lower incidence rate of diabetic cardiomyopathy in T2DM patients who reduced 

body weight and had regular aerobic exercise (Kodama et al., 2013; Stolen et al., 

2009; Epp et al., 2013) 

 

Tight Glycemic Control 

Maintenance of euglycemia reduces the chances of diabetic cardiomyopathy and 

other cardiovascular adverse events (Sharma and Srinivasan, 2009). Although a 

variety of drugs are available to reduce blood glucose levels, they have limitations 

in their use in patient with cardiomyopathy. Metformin is contraindicated in 

patient with heart failure due to risk of lactic acidosis (Nichols et al., 2005). 

Insulin therapy in T2DM patients has been implicated to increase cardiovascular 

risk in several studies (Smooke, Horwich and Fonarow, 2005). However, as the 

studies were retrospective, this remains debatable. Pioglitazone increases body 

weight and causes fluid retention in 5-10% patients, thus increasing the burden on 

diabetic heart. It may worsen the heart failure and may increase hospitalization 

(Erdmann et al., 2007). However, incretin based therapies like DPP4 inhibitors 
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and GLP-1 analogue have shown better outcomes in patients with cardiovascular 

complications (Poornima et al., 2008). These drugs have shown beneficial effects 

like weight loss, reduced lipid levels, anti atherogenic effect and cardioprotective 

activity (Bose et al., 2004). However, more data is required to accept this for the 

clinical practice. The most debatable question in management of diabetic 

cardiomyopathy is how low one should go in blood glucose levels to minimise the 

risk of cardiomyopathy. ACCORD, ADVANCE and VADT trials have shown no 

reduction in cardiovascular events or related mortality (Miki et al., 2012).  

 

Treatment of Heart failure 

ACE inhibitors, Angiotensin receptor blocker and aldosterone receptor 

antagonists are the main agents in treatment of heart failure and LV ejection 

fraction reduction. Diuretics can be added to treatment if needed (Vermes et al., 

2003; Shindler et al., 1996). IV abradine therapy may be added to benefit the 

therapeutic outcomes. Abradine use has shown to reduce heart failure related 

hospitalizations in DM patients (Swedberg et al., 2010).  

Thus, therapeutic strategies for diabetic cardiomyopathy are based on general 

management of heart failure. Further studies are required to understand the 

pathophysiology and to lay confirmatory treatment of diabetic heart failure.  
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2.3  The Plant : Anogeissus acuminata 

 

 

Figure 2.7: Anogeissus acuminata tree with fruits 

 

Plant Name: Anogeissus acuminata 

Family: Combretaceae 

Distribution: Common in dry deciduous forests of western India, in Gujarat, 

Rajasthan and Madhya pradesh 

Common Names: Dhokra, Dhau, Dhok (Rajasthan) 

  Dhav, KaloDhavdo (North Gujarat) 

Kardhai (Madhya Pradesh) 

Ethnomedicinal uses:  

 Aerial parts of AA are used in the treatment of Diabetes in India (Pullaiah 

and Naidu, 2003) 

 Gum is taken by pregnant tribal ladies for their good health in Northern 

parts of Gujarat (Patel and Patel, 2011) 

 Stem bark is used in dysentry, Gum is used in urinary problems in certain 

parts of Andhra Pradesh (Padal et al., 2010) 
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 In traditional and tribal medicine of Andhra Pradesh the plant is used to 

treat painful inflammatory conditions (Hemamalini et al., 2010)  

 Poultice is applied on snakebite wound (Dahare and Jain, 2010) 

 Stem and bark is used for toothache and dental caries in Tripura tribe of 

Bangladesh (Hossan et al., 2009) 

 Bark juice is applied as antiseptic in Western Mizoram (Lalfakzuala, 

Lalramnghinglova and Kayang, 2007) 

 Arial parts are used in cardiovascular diseases and as diuretic in tribal parts 

of Rajasthan (Jain et al., 2005) 

 Decoction of bark is given for gastric disorders in Rajasthan (Jain et al., 

2005) 

 Tender shoots chewed and sap swallowed for treatment of dysentry and 

diarrhoea in Tribal parts of Andhra Pradesh (Raju and Reddy, 2005) 

 

2.2.5. Chemical Constituents 

The plant has tannins, flavonoids, alkaloids, glycosides and saponins. The plant is 

rich in complex tannins of flavono-ellagitanin type. Acutissimin A, Acutissimin 

C, Eugenigradin are the flavono-ellagitanninspresent in the plant (Lin et al.,1991). 

Apart from this plant has large amount of ellagitannins and ellagitannin dimers, 

like, Castamollinin, Anogeissusin A and B, Anogeissinin, castalagin, 

castamollinin, castalin, vescalagin and vescalagincarboxylic acid (Rimando et al., 

1994a) . Grandinin is the ellagitannin glycoside of castalagin and lyxose sugar 

present in the plant. Various lignans have been detected in aerial parts of AA, 

namely, pterostilbene, Anolignan A, B and C, secoisolariciresinol, leiocarpan A 

(Rimando et al., 1994b).  

 

2.2.6. Pharmacological Studies 

 

Hypoglycemic action 

Manosroi and co-workers demonstrated the hypoglycemic effect of AA for the 

first time (Manosroi et al., 2011). In their study they tested five plants selected 

from database of Thai traditional medicine. The aqueous extract of bark of AA 
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was tested for its hypoglycemic action over a period of 4 hr in normal and alloxan 

induced mice. The effect was compared to standard treatments insulin and 

glibenclamide. In vitro free radical scavenging effect was tested by DPPH assay. 

AA demonstrated highest DPPH radical scavenging action with IC50 value of 

11.00 g/mL, 4 times that of the standard ascorbic acid. AA did not show 

hypoglycemic activity in normal mice, however, shown a highest blood glucose 

reduction of 78.96% in diabetic mice at a dose of at 100 mg/kg bw. The 

hypoglycemic activity of AA was 1.1 folds of insulin and 1.76 folds of 

glibenclamide effect. They postulated improved glucose uptake by the tissue to be 

the possible mechanism for action of AA.  

Hemamalini and Vijusha also demonstrated the hypoglycemic effect of 

methanolic extract of leaves in alloxan induced DM in rats over a period of 7 days 

(Hemamaliniand Vijusha, 2012).  

Zaruwa et al also assessed the hypoglycemic effect of methanolic extract of AA 

bark and its subfractions on alloxan induced DM in mice. Sub-fraction SF5 

showed the highest blood glucose reduction at the dose of 400 mg/kg bw. They 

also evaluated the mechanism of the SF5 fraction by its combination with 

potassium channel opener and calcium channel blocker drugs. The effect of SF5 

reduced when combined with K+ channel opener drug, indicating insulin release 

by K+ channel blockade to be the potential mechanism of SF5 (Zaruwa et al., 

2012). Zaruwa et al in his recent study has examined different fractions of 

methanolic extract of AA for its hypoglycemic action. The researchers have 

isolated and structurally characterized a compound- castalagin responsible for the 

hypoglycemic effect of AA (Zaruwa et al., 2015). 

 

Anti-oxidant activity 

Moses et al also found the identical results when he tested methanolic extract of 

11 different Thai plants in DPPH assay AA being one of them. AA demonstrated 

the highest free radical scavenging activity with EC50 of 51 ± 0.001 mg/ml, 7.3 

folds of Vitamin E (Moses, Manosroi and Manosroi, 2009).  
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Neuroprotective activity 

A polyphenolic compound, 5,7,3′,4′,5′-pentahydroxy dihdroflavanol-3-O-(2″-O-

galloyl)-β-D-glucopyranoside (AP1) isolated from AA was evaluated for its effect 

on focal transient cerebral ischaemia in rats induced by middle cerebral artery 

occlusion (MCAO). It was also evaluated for in vitro antioxidant and COX 

inhibitory activity. AP1 treatment at a dose of 30 mg/kg i.p., before reperfusion 

injury could significantly reduce the cerebral edema, infarct volume, number of 

penumbral apoptotic cells. It also could decrease lipid peroxidation, protein 

carbonyl levels, total thiols in brain and corrected the abnormality of 

neurobehavioural score. Treatment with AP1 could also significantly bring down 

the catalase activity and NO levels in animals. AP1 demonstrated reducing and 

NO scavenging activities in in vitro studies. It also significantly inhibited 

cyclooxygenase activity (COX-1 and COX-2) and decreased lipid peroxidation. 

Researchers proposed the potential of using AP1 as a neuroprotective agent in 

stroke as it attenuated apoptosis and had a good antioxidant and anti-inflammatory 

activity (ArunaDevi et al., 2010).  

 

Analgesic activity 

Methanolic extract of AA has also been evaluated for its analgesic activity by 

Hemamalini et al. The methanolic extract of AA leaves were evaluated for their 

central and peripheral analgesic activity using acetic acid induced writhing model 

and tail flick method respectively at a dose of 300mg/kg P.O. The extract 

produced significant decrease in number of wriths and a significant increase in 

reaction time in tail flick test (Hemamalini et al., 2011). 

 

Acute toxicity study 

The extract was also subjected to acute toxicity study, in which it was found to 

produce no change in motor activity or gross behaviour of the animals during 24 h 

of observation post administration upto a dose of 3 g/kg (Hemamalini et al., 

2011).  
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HIV–1 reverse transcriptase inhibitory activity and cytotoxic activity 

Anolignan A and B have demonstrated potent HIV–1 reverse transcriptase 

inhibitory activity (Rimando et al., 1994a). Pterostilbene, conocarpan and 

dihydrodehydrodiconiferyl alcohol, isolated from AA demonstrated in vitro 

cytotoxicity on various cancer cell lines, including human breast cancer cell line 

and murine lymphoid neoplasma cells (Rimando et al., 1994b). Pterostilbene was 

found to possess potent antioxidant and cycloxygenase enzyme inhibitory activity. 

It was also found to prevent neoplastic change in mouse mammary organ culture 

model (Rimando et al., 2002).  
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3. Materials and Methods 

 

3.1. Experimental Animals 

The present study was carried out in male Wistar albino rats weighing 170-200 gm. The 

animals were obtained from Sun Pharma Advance Research Centre (SPARC),Tandalja. 

Animals were housed in groups of 2 rats per cage under well maintained condition of 

temperature and humidity. A 12h/12h light-dark cycle was maintained throughout the period 

of experiments. Animals were given free access to conventional laboratory chow diet and tap 

water ad libitum. The protocols for the experiments were approved by the IAEC (Institutional 

Animal Ethics Committee) as per the guidance of the CPCSEA (Committee for the Purpose of 

Control and Supervision of Experiments on Animals), (Protocol Numbers: PIPH 26/13 and 

PIPH 35/13). 

 

3.2. Collection and authentication of plant material 

Aerial parts and bark of the plant Anogeissus acuminata, family, Combretaceae, were 

collected from wastelands of Khedbrahma, Gujarat in the month of March. The herbarium of 

the collected sample was submitted for authentication at NISCAIR, Delhi. The sample was 

identified as Anogeissus acuminata and was preserved with reference no. 

NISCAIR/RHMD/consult/2013/2290/70.  

 

3.3. Preparation of extracts 

Leaves and bark of plant were dried in the shade and were separately made into a coarse 

powder. Methanolic extracts of leaves and bark were prepared using a Soxhlet extractor. 50 

gm of either powder was extracted in a Soxhlet extractor with methanol (200 ml × 3) as a 
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solvent. The filtered extract was dried in vacuum drier and stored at 4°C.  The yield for the 

leaves and bark was 16% and 14.9% w/w respectively in terms of dried starting material.  

 

3.4. Gas chromatographic evaluation of the extracts for residual solvent 

Both leaf and bark methanolic extracts of AA were subjected to gas chromatography analysis 

for checking residual methanol content using GC-FID with Headspace Auto sampler, having 

Agilent RTx-130 column. Instrument parameters set according to USP -467. Leaf and bark 

extracts showed the presence of 271.55 ppm and 1526.39 ppm methanol residues respectively, 

which were far below the maximum allowable limit of 3000 ppm for methanol. No other 

solvents were detected in the extract. 

 

3.5. Induction and Characterization of DM models  

Induction of T1DM 

Type 1 diabetes mellitus was induced in rats by injection of STZ (Himedia Labs, Mumbai) in 

citrate buffer (pH: 4.5) at a dose of 50 mg/kg i.p. 10% glucose solution was provided to rats 

instead of drinking water for one dayfollowing STZ injection to prevent the hypoglycemia due 

to sudden release of insulin from pancreatic beta cells by STZ. After 48 hours of STZ injection 

blood glucose levels (BGL) were determined using a glucometer (One Touch Glucometer, 

Jhonson and Jhonson Ltd). Animals with BGL> 250 mg/dl were considered diabetic. 

Induction of T2DM 

Type 2 DM was induced by Fructose + STZ model (Wilson and Islam, 2012). The animals 

were given 10% fructose solution in place of drinking water for 3 weeks, after 3 weeks 40 

mg/kg, i.p. STZ was injected in 6 hour fasted rats.48 hours after the STZ injection, blood 

glucose levels were measured. Animals with blood glucose levels above 250 mg/dl were 

considered diabetic. 
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Intravenous Insulin Tolerance Test for detecting insulin sensitivity 

On the 15th day of induction of diabetes, Insulin (0.1 IU/kg) was administered by i.v injection 

and blood samples were collected at 3, 10, 15, 20 minutes for the measurement of plasma 

glucose. The value is presented as a percentage reduction in plasma glucose level. A graph 

was plotted for a percentage reduction in plasma glucose level Vs time. Slope (KITT) of the 

lines was determined. KITT > 2.0 %/min represented normal insulin sensitivity while that less 

than 1.5 %/min indicated reduced insulin sensitivity or insulin resistance (Patarrão, Wayne 

Lautt and Paula Macedo, 2014).  

 

3.6.  Experimental design  

The study was divided in four phases as depicted in figure 3.1. Phase 1 consisted of evaluation 

of antihyperglycaemic action of extracts in two models of DM (T1DM and T2DM). Phase 2 

consisted of evaluation of extracts in complications of DM (Neuropathy, Neprhopathy and 

Cardiomyopathy). Phase 3 was conducted to study the possible mechanisms of action of drug 

responsible for its protective effect on diabetic complications. Phytochemical evaluation of 

AA was carried out in Phase 4 of the study, where various standard techniques and tests were 

used to shed light on the chemical constituents of the plant.  
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Figure 3.1: Schematic presentation of Experimental design and parameters evaluated 
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3.7. Evaluation of antihyperglycemic effect in Type 1 diabetes mellitus 

3.7.1.  Grouping of animals 

Aniamls with BGL > 250 mg/dl were divided into six groups with 6 animals in 

each.Moreover, one group of six normal animals (untreated with STZ) was kept as group I or 

normal control. Treatment was continued for 8 weeks as per following plan for various groups. 

Group I: Normal Control (NC): Blank acacia suspension, 1ml, orally 

Group II: Diabetic Control (DC): Blank acacia suspension, 1ml, orally 

Group III: Standard treatment (Std): Human NPH Insulin (4 IU/kg/day), Subcutaneously 

(Pinheiro et al) 

Group IV: Test 1 (LE100): Leaf extract suspended in water using acacia as suspending agent, 

100 mg/kg bw, orally 

Group V: Test 2 (LE300): Leaf extract suspended in water using acacia as suspending agent, 

300 mg/kg bw, orally 

Group VI: Test 3 (BE100): Bark extract suspended in water using acacia as suspending agent, 

100 mg/kg bw, orally  

Group VII: Test 4 (BE300): Bark extract suspended in water using acacia as suspending 

agent, 300 mg/kg bw, orally 

 

3.7.2. Determination of Body Weight, Food Intake and Water Intake 

Body weight of animal was determined gravimetrically using calibrated scale. The difference 

of food placed in the cage and food found at the end of 24 hours gave the food consumed by 

animal during 24 hours. Similarly, water consumed by animal was estimated by difference of 

water placed and left at the end of 24 hours.  

Phase I Study: Evaluation of Antidiabetic action  
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3.7.3. Determination of Plasma Glucose Levels 

Blood was drawn from lightly anaesthetized animals from the retro orbital plexus in gray top 

tubes at 0, 1, 2, 4 and 8 weeks after starting the treatment. The tubes were inverted 4-5 times 

to mix the contents. Plasma glucose level was determined by glucose oxidase method using 

Selectra ELITECH clinical systems fully automated biochemistry analyser.  

 

3.8. Evaluation of antihyperglycemic effect in Type 2 diabetes mellitus  

3.8.1. Grouping of animals 

Animals were divided into 6 groups with 6 animals in each. Animals untreated with fructose 

and STZ were kept in normal control group. Treatment was given for 12 weeks in following 

manner. 

Group I: Normal Control (NC): Blank acacia suspension, 1ml, orally 

Group II: Diabetic Control (DC): Blank acacia suspension, 1ml, orally 

Group III: Standard treatment (Std): Glibenclamide (5 mg/kg b.w.), Orally 

Group IV: Test 1 (LE100): Leaf extract suspended in water using acacia as suspending agent, 

100 mg/kg bw, orally 

Group V: Test 2 (LE300): Leaf extract suspended in water using acacia as suspending agent, 

300 mg/kg bw, orally 

Group VI: Test 3 (BE100): Bark extract suspended in water using acacia as suspending agent, 

100 mg/kg bw, orally  

Group VII: Test 4 (BE300): Bark extract suspended in water using acacia as suspending 

agent, 300 mg/kg bw, orally 
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3.8.2. Determination of Body Weight, Food Intake and Water Intake 

Body weight, food intake and water intake of animals were determined at 0, 2, 4, 8 and 12 

weeks post induction of DM.   

3.8.3. Determination of Plasma Glucose Levels 

Blood was drawn from lightly anaesthetized animals from the retro orbital plexus in gray top 

tubes at 0, 2, 4, 8 and 11 weeks after starting the treatment. The tubes were inverted 4-5 times 

to mix the contents. Plasma glucose level was determined by glucose oxidase method using 

Selectra ELITECH clinical systems fully automated biochemistry analyser.  

3.8.4. Determiantion of Glycated Hb levels 

At 11 weeksblood was collected from lightly anaesthetized animals in purple top tube 

containing EDTA. HbA1C was determined by Immunoturbidimetry method using Selectra 

ELITECH biochemistry analyser. 
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3.9. Evaluation in diabetic neuropathy 

Following methods were used to evaluate the effect of standard and test treatments on diabetic 

neuropathy during 8 weeks of treatment. 

3.9.1. Assessment of thermal nociceptive response  

Effect of AA and standard treatment on thermal nociceptive response was determined at the 

end of 8 weeks of treatment. Nociceptive threshold to radiant heat was quantified using the hot 

plate paw withdrawal test as previously described (Bianchi et al., 2004). Briefly, a 40 cm high 

Plexiglas cylinder was kept over the hot plate and the temperature was maintained at 60 ± 

0.2°C. Paw withdrawal latency was defined as the time between placing the rat on the hot 

plate and the time of withdrawal, or licking of hind paw, or discomfort manifested by the 

animal. (Cut off time: 60 s) Animals were tested twice, with a 30 min interval between tests. 

3.9.2. Assessment of chemical nociception in formalin test 

Diabetic neuropathy results in marked chemical induced hyperalgesia which worsens between 

4 to 8 weeks. Response to chemical stimulus was assessed by formalin test at 6 weeks after 

starting the treatment by formalin test. Briefly, the animal was acclimatized to the observation 

box before any testing began. Then, 50 μl of 0.2% formalin was injected subcutaneously into 

the plantar surface of one hind paw. The animal was observed for next 60 min and number of 

hind limb flinches was counted for each animal. (Dubuisson and Dennis, 1977). 

3.9.3. Assessment of autonomic function by charcoal meal test 

At 8 weeks of treatment, overnight fasted animals of different groups were orally administered 

2 ml charcoal meal (10% charcoal in 5% gum acacia) and 25 min later the rats were killed by 

cervical dislocation. The abdomen was opened and the intestine was removed from pyloric 

junction to caecal end. The farthest distance travelled by the charcoal meal through the small 

intestine and total length of the small intestine were measured. Gastrointestinal transit was 

expressed as the percentage of the distance travelled by the charcoal meal relative to the total 

Phase II Study: Evaluation in diabetic complications 
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length of small intestine and expressed as percentage of intestinal transit using following 

formula (Janssen and Jageneau, 1957): 

% Transit = 
      

    
 

3.9.4. Determination of Nerve Conduction Velocity 

At the end of 8 weeks of treatment, the animals were sacrificed by cervical dislocation under 

anaesthesia. Sciatic nerve was isolated from the animal and mounted in the nerve chamber 

(BSL MP36 assembly, Biopac Systems, Inc., Goelta, CA).The nerve was stimulated at knee 

end and the time to travel the ankle end was recorded (frequency 20 Hz, duration 0.1 ms, 

amplitude 1.5 V, sampling 20 k/s). The ratio of Distance between two ends and the time was 

calculated as nerve conduction velocity (Zangiabadi et al., 2011). 

 

3.10. Evaluation in Diabetic Nephropathy 

Following methods were used to evaluate the effect of standard and test treatments on diabetic 

nephropathy during 8 weeks of treatment. 

3.10.1. Collection of urine   

At the end of 8 weeks of treatment animals were placed in metabolic cages for 24 hours and 

the volume of urine collected was measured. The urine collected in container was centrifuged 

to remove solid particles if any. The volume of supernatant fluid was recorded and considered 

as 24 hr urinary volume.  

3.10.2. Determination of urinary protein 

Urinary protein content was measured by sulphosalicylic acid method. Standard plot was 

prepared by taking absorbance (at 500 nm) of reaction mixtures of albumin at different 

concentrations as mentioned in table 3.1. From test tube number 1-5,1.25 ml was transferred in 

test tubes labelled a-e respectively. To each of these test tubes a-e, 3.75ml of 3% 

sulphosalicylic acid solution was added. Absorbance was recorded after 5 min at 500 nm. A 
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graph of concentration Vs Absorbance was plotted. R2 value and formula for line was 

determined using Microsoft Excel, 2010.  

Table 3.1. Preparation of standard curve for sulphosalicylic acid 

For test samples,1.25 ml of filtered urine was mixed with 3.75ml of 3% sulphosalicylic 

acid solution in the test tube. Blank solution was prepared by mixing 3.75 ml of 0.9% 

NaCl solution instead of sulphosalicylic acid. Absorbance was measured after 5 min in 

a spectrophotometer at 500 nm.Concentration of protein in urine asmple was calculated 

using formula derived from standard curve (Kaminskas and Mazeikiene, 2012). 

 

3.10.3. Serum Creatinine and BUN Levels 

Serum creatinine and blood urea nitrogen levels in overnight fasted animals were determined 

using Selectra ELITECH clinical systems fully automated biochemistry analyser (Matsumoto 

and Hatano, 1989). Creatinine was determined using Jaffe’s reagent and measuring the 

absorbance of coloured complex formed. BUN determination was based on Kinetic Enzymatic 

method. 

3.10.4. Kidney Weight to Body Weight Ratio 

At the end of 8 weeks of treatment, rats were sacrificed by cervical dislocation under 

anaesthesia. Body weight of the animals was determined just before sacrifice. Kidneys were 

removed, washed with physiological saline, cleared of fatty tissue and weighed. Kidney 

weight /100 gm of body weight were calculated for each animal as per following formula: 

Test 

tube 

no. 

Volume of albumin 10mg/ml 

solution added (ml) 

0.9% NaCl (ml) Final Protein 

Concentration (g/L) 

1 0.05 9.95 0.05 

2 0.1 9.9 0.1 

3 0.2 9.8 0.2 

4 0.5 9.5 0.5 

5 1.0 9.0 1.0 
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Kidney weight /100 gm of body weight = 
( )×

 ( )
 

 

3.11. Evaluation in Diabetic Cardiomyopathy 

Parameters for cardiomyopathy were evaluated in animals with T2DM over 12 weeks of 

treatment period.  

3.11.1.Determination of lipid levels  

Blood was collected in yellow top (Serum separator tubes) for determination of lipid levels at 

2 and 12 weeks after starting treatment. All the samples were stored below 4°C before sending 

to the pathology lab. Endpoint enzymatic PAP method was used for determination of Total 

Cholesterol, Triglyceride, LDL and HDL levels in serum samples. 

3.11.2 Determination of LDH and CK-MB levels 

Serum LDH and CK-MB levels were determined at 12 weeks post treatment. Kinetic UV 

SFBC and Immunoinhibition Kinetic UVmethods were used respectively for determination of 

LDH and CK-MB levels using autoanalyzer. 

3.11.3 Measurement of Haemodynamic parameters 

Measurement of mean blood pressure 

The animals were anaesthetized by Ketamine (100 mg/kg, i.p.) + Xylazine (7 mg/kg, i.m.). 

The body temperature was maintained at 37 ± 1 °C during the experiment. Carotid artery 

behind the trachea was exposed and cannulated for the measurement of mean blood pressure 

using a transducer attached to Student physiography (Parasuraman and Raveendran, 2012).  

Determination of heart rate and force of contraction 

After determination of mean blood pressure animals were sacrificed with cervical dislocation 

and thoracic cavity of the animals were rapidly opened.  Heart was isolated and mounted as 

per the Langendorff heart technique. Chenoweth-Keolle buffer (119.8 mmol/L NaCl, 5.6 

mmol/L KC1, 2.88 mmol/L CaCl2, 4.5mmol/L MgCl2, 3.8 mmol/L NaHCO3 and 5mmol/L 
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glucose) was used for perfusion of heart (Goyal et al., 2011). It was continuously bubbled with 

air. The responses were recorded using force transducer and strain guage coupler attached to 

the student’s physiograph. The assembly was calibrated using 500 mg weight attached to the 

transducer in place of heart. This calibration factor was used for calculation of force of 

contraction (mg) of hearts. 

Determination of Cardiac Hypertrophy Index and Left Ventricular Hypertrophy Index 

At the end of the experiment, the hearts were blotted with filter paper to remove excess of 

water. Extraneous tissues from heart were removed and weight of the heart was noted.Index of 

hypertrophy was calculated as ratio of heart weight to body weight (HW/BW) using following 

formula (Goyal and Patel, 2011).  

Cardiac Hypertrophy Index =  
  ( )

  ( )
 

Left ventricle of the heart was isolated and weighed. Left Ventricular Hypertrophy Index was 

calculated using following formula: 

Left Ventricular Hypertrophy Index =  
   ( ) 

  ( )
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3.12. In vivo anti-oxidant activity in type 1 and type 2 diabetic rats 

3.12.1. Determination of Malondialdehyde (MDA) level 

Method described by Ohkawa et al (1979) was used for estimation of lipid peroxidation 

product MDA. Supernatant (0.2 ml) was mixed with 0.2 ml of 8% w/v sodium dodecyl sulfate, 

1.5 ml of 20% acetic acid in 0.27 M hydrochloric acid, 1.5 ml freshly prepared solution of 

thiobarbituric acid (TBA) (1% w/v) and 0.6 ml of distilled water. The mixture was heated in a 

water bath at 95°C for 45 minute, cooled and 2 ml of the mixture was mixed with 2 ml of 10% 

(TCA) trichloro acetic acid. The resulting mixture was centrifuged at 1000 rpm for 5 min. The 

intensity of pink color developed was read against blank at 532 nm. The amount of (MDA) 

(thiobarbituric acid reactive material) was calculated using molar extinction coefficient 1.56 × 

105 M-1 Cm-1 and reported as nmoles of MDA/ml. 

3.12.2. Determination of catalase level 

Decomposition of H2O2 in presence of catalase was estimated by Aeibiand Bergmeyer(1974). 

A 50µl supernatant was added to buffered substrate (50 mM phosphate buffer, pH 7 

containing 10 mM H2O2) to make total volume 3 ml. The decrease in the absorbance was read 

at 240 nm for 2.5 min at an interval of 15 sec. The activity was calculated usingthe following 

formula: 

Volume activity (U/ml) =  
(∆ ∆ )×  ( )×

. ×    ( )
 

3.12.3. Determination of GSH (Reduced Glutathione) level 

Reduced GSH levels were estimated as per the method described by Beutler et al (1963). The 

supernatant (2 ml) was mixed with 10% chilled (TCA) trichloroacetic acid. The mixture was 

kept in ice bath for 30 min and centrifuged at 1000g for 10 min at 4°C. 0.5 ml supernatant was 

mixed with 2.0 ml 0.3 M disodium hydrogen phosphate and 0.25 ml 5, 5’-dithiobis-2- 

nitrobenzoic acid (40 mg/100ml in 1% sodium citrate) was added just before measuring the 

absorbance at 412 nm. Standard curve for GSH was prepared using glutathione. Results were 

expressed as µg of GSH/ml. 

Phase 3 Study: Assessment of mechanism of action 
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3.13. In vitro anti-oxidant activity 

The antioxidant activity of AA extracts was determined by different in vitro methods such as 

DPPH free radical scavenging assay, Reducing power assay, TBA assay. The different 

extracts were dissolved in methanol. All the assays were carried out in triplicate, and average 

values were considered.  

3.13.1. DPPH assay 

DPPH scavenging activity of the plant extracts was carried out according to the method of 

(Gyamfi, Yonamine and Aniya, 1999).Methanolic solution of plant extracts (50 µl) at different 

concentrations (10 µg/ml-10 mg/ml) was mixed with 450 µl of trisHCl buffer (50 mM, pH 

7.4). One milliliter 0.1 mM DPPH in methanol was added to the above mixture. The mixture 

was shaken vigorously and incubated for 30 min at room temperature. Absorbance of the 

resulting solution was measured at 517 nm UV Visible Spectrophotometer. Methanolic 

solution of  leaf or bark of AA was used as blank and DPPH methanolic solution served as 

control. The Vitamin C was used as a standard antioxidant in this method. Percentage of 

DPPH scavenging activity was determined as follows:  

% inhibition =
( )×

 

Where AControl= absorbance of control, Atest= absorbance of test 

Decreased absorbance of the reaction mixture indicates stronger DPPH radical scavenging 

activity. 

3.13.2. Reducing Power assay 

One milliliter of methanolic solution of plant extracts (final concentration 1 to 50 µg/ml) was 

mixed with 2.5 ml phosphate buffer (0.2 M, pH 6.6) and 2.5 ml potassium ferricyanide [K3Fe 

(CN)6] (10 g/l). After 20 min incubation at 50°C, 2.5 ml of trichloroacetic acid (100 g/l) was 

added to the mixture, which was then centrifuged at 3000 rpm for 20 min. Finally, 2.5 ml of 

the supernatant solution was mixed with 2.5 ml of distilled water and 0.5 ml FeCl3 (1 g/l). 

Absorbance of the resultant solution was measured at 700 nm in UV-Visible 

Spectrophotometer. The assay was carried out in triplicate. 2.5 ml solution of ascorbic acid 

(concentration 1 to 50 µg/ml) and phosphate buffer were used as standard and control 
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solutions, respectively. Methanolic solution of plant extracts was used as blank. Increased 

absorbance of the reaction mixture indicates stronger reducing power. Percentage reducing 

power for each solution was calculated by considering highest absorbance of vitamin C as 

100% (Oyaizu, 1986).  

3.13.3. TBA method 

The method of Ottolenghi was used. Two ml of 20% trichloroacetic acid and 2 ml of 0.67% 2-

thiobarbituric acid was added to 1 ml of 10μg/ml sample solution. The mixture was placed in a 

boiling water bath. The solution after cooling  was centrifuged at 3000 rpm for 20 min. 

Absorbance of supernatant was measured at 552 nm. Water instead of sample was used as 

blank. Vitamin C was used as standard. Antioxidant activity was based on the absorbance 

observed at 14th day (Alam, Bristi and Rafiquzzaman, 2013).  

3.14. Determination of Insulin level and Calculation of HOMA-IR and 

HOMA-β 

Insulin levels were determined by radioimmunoassay method at 11 weeks after starting the 

treatment. The fasting blood sample for determination of insulin was collected in red top tube 

containing clot activator. All the samples were stored below 4°C before sending to the 

pathology lab. HOMA-IR and HOMA- β scores were calculated using fasting serum insulin 

and fasting plasma glucose levels at 11 weeks of treatment according to the following formula 

(Matthews et al., 1985) using conversion factors:  

Insulin (1U/l = 7.174 pmol/l)  

Blood glucose (1 mmol/l = 18 mg/dl). 

HOMA-IR = 
[  ( / ) ×   ( / )]

.
 

HOMA- β = 
[  ×  ( / )] 

[   ( / ) – . ]
 

3.15.  PTP1B inhibitory activity in vitro 

PTP1B inhibition colorimetric assay kit (ab139465) was purchased from Abchem 

(Cambridge,. UK). Phosphate curve was prepared by using phosphate solution in 
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concentration range of 0.25 – 3.0 nM. Each experiment was performed in triplicate. Leaf and 

bark extracts were tested in final concentration range of 1- 400 μg/ml. Suramin in final 

concentration of 1-100 μg/mlwas used as standard. Solutions of test and standard were 

prepared in phosphate buffer provided with kit at concentrations 15 times that of expected 

final concentrations. To each well of a 96 well plate, 10μl of test or standard, 85μl of assay 

buffer, 5 μl of (0.5 ng/μl) PTP 1B enzyme and 50 μl of 75 μM PTP1B substrate were added 

and incubated at 30 °C. After 30 min reaction was terminated by addition of 25 μl of provided 

red assay reagent and allowed to stand for 20 min before reading the absorbance at 620 nm on 

ELISA plate reader (Na et al., 2009). The curve-fitting program Prism 5 (GraphPad Software, 

San Diego, CA) was used to calculate IC50 values. 
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3.16 Preliminary phytochemical screening 

Leaf and bark AA extracts were subjected tofollowing preliminary phytochemical tests for the 

identification of chemical constituents like, carbohydrates, glycosides, alkaloids, amino acids, 

flavonoids, fixed oil, tannins, gum and mucilage, phytosterolsetc using standard methodology 

(Khandelwal, 2007). 

 

3.17 HPTLC fingerprinting of AA extracts 

Optimization of mobile phase was done using various mobile phases to get optimum 

separation of bands (Wagner and Bladt, 1996). However, toluene: ethyl acetate: formic acid 

(4.5:3.0:0.2  v/v/v) showed best result. This mobile phase was further used for HPTLC 

fingerprinting analysis. Chromatography was performed on Merck Silica gel 60F254 TLC 

precoated aluminum plates. 20 μlof freshly prepared samples were applied on the plate as a 

band of 10mm width with the help of LINOMAT V® Automatic Sample Spotter at the 

distance of 10 mm from the edge of the plate. The plate was developed to a distance 80mm in 

a CAMAG® twin trough chamber (10x 10 cm) previously equilibrated with mobile phase for 

20 minutes. After development, densitometric evaluation of plate was performed at 254nm in 

absorption mode using TLC scanner 3 linked to WinCats Software (CAMAG®). 

 

3.18 Quantification of tannins in extracts 

25 ml extract was added to 25 ml indigo sulphonic acid in conical flask. This mixture was 

titrated against 0.1 M potassium permanganate solution until golden yellow colour was 

obtained (Horwitz, Chichilo and Reynolds, 1975).  Tannin content was calculated using factor 

-each ml of 0.1 M potassium permanganate solution is equivalent to 0.004157g of tannin 

compound calculated as tannic acid. 

 

3.19 Quantification of flavonoids in extracts 

Flavonoids were quantified using aluminum chloride method.In this method Quercetin was 

used as standard. Calibration curve of quercetin (6.25, 12.5, 25, 50, 100 µg/ml) was prepared. 

Phase 4 Study: Phytochemical Evaluation  
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1ml of standard or extract solution was taken into 10ml volumetric flask, containing 4ml of 

distilled water. 0.3ml of 5%NaNO2was added to the flask. After 5min, 0.3ml 10%AlCl3 was 

added to the mixture. 2 ml of 1M NaOH was added and volume was made up to 10 ml with 

distilled water. The absorbance of the resulting solution was noted at 510 nm using UV-

Visible spectrophotometer (Zhishen, Mengcheng and Jianming, 1999). 
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3.20  Statistical Analysis 

Data were expressed as mean ± SEM. Statistical analysis was done by one-way or two way 

analysis of variance (ANOVA) followed by appropriate post hoc analysis, using GraphPad 

Prism version 5.03 for Windows, GraphPad Software, San Diego California USA. P values 

<0.05 were considered as significant. 
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CHAPTER 4: Results 

 

4.1 Gas chromatographic evaluation of the extracts for residual solvent 

GC evaluation of the plant extracts showed that methanol residue was1526.39 ppm and 

271.55 ppm for leaf and bark extract respectively, which was under USP limit of 3000 

ppm.  

 

4.2 Characterization of DM models by detecting Insulin sensitivity using Intravenous 

Insulin Tolerance Test 

Animals with DM induced by STZ injection (50 mg/kg) had KITT 2.189 ±0.35 %/min 

while those with fructose + STZ induced DM had KITT of 0.644 ±0.23 %/min. The slope 

(KITT) of the lines obtained, if more than 2.0 %/min represents normal insulin sensitivity 

while that less than 1.5 %/min indicates reduced insulin sensitivity. This indicates that the 

STZ injected animals had normal insulin sensitivity, while fructose + STZ animals had 

reduced insulin sensitivity or insulin resistance. Therefore, STZ injected animals were 

used as model for T1DM and fructose + STZ administered rats were used as T2DM 

model. Figure 4.1 indicates reduction in plasma glucose levels against time in both types 

of diabetic animals. 
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Figure 4.1: Insulin Sensitivity Test for two models of diabetes. 

Analyzed using GraphPad Prism 5.03. Linear regression analysis. Each point represents Mean ± SEM of 6 
experiments 

D-STZ: Animals with diabetes induced by 50 mg/kg streptozotocin, i.p. once 

D-FrSTZ: Animals with diabetes induced by 10% fructose for 3 weeks + 40 mg/kg streptozotocin, i.p. once 

 

 

 

 

 

 

 

 

 

 

 

 



Results 
 

63 
 

 

4.3 Effect of AA treatment in type 1 DM model 

 

4.3.1 Effect of AA Treatment on Body Weight, Food Intake and Water Intake  

Body weight was reduced significantly in diabetic control animals. Treatment with 

insulin and AA leaf and bark extracts for 8 weeks was found to prevent loss in body 

weight (Table 4.1, Fig 4.2). Diabetic animals also demonstrated increased food and 

water intake. Insulin and AA leaf and bark treatment showed less distortions of these 

parameters (Table 4.2 and 4.3, Fig 4.3 and 4.4 respectively).  

Table 4.1.Effect of AA Treatment on Body Weight of type 1 diabetic rats 

 Body weight (gms) 

Time↓ NC DC Insulin LE100 LE300 BE100 BE300 

0 week 206.67 ± 
5.1 

196.67 ± 
6.7 

215.83 ± 
9.3 

209.17 ± 4 217.5 ± 8.8 237.5 ± 
2.1*** 

232.5 ± 
3.8** 

1 week 210 ± 5.3 193.67 ± 
7.9 

212.5 ± 8.5 221.67 ± 
7.5* 

206.67 ± 
3.3 

217.17 ± 
8.7 

211.67 ± 
5.9 

2 weeks 215.83 ± 6 194.17 ± 
4.2 

214.17 ± 
8.4 

226.67 ± 
9.4** 

205 ± 5.5 220.83 ± 
7.1* 

218.33 ± 
4.8 

4 weeks 224.17 ± 
7.4 

193.33 ± 
3.3$ 

222.5 ± 
7.7* 

240 ± 
8.6*** 

221.67 ± 
6* 

234.17 ± 
4.7*** 

233.33 ± 
5.6*** 

8 weeks 244.17 ± 
7.8 

188.33 ± 4$ 229.17 ± 
8.8*** 

250 ± 
8.2*** 

238.33 ± 
6.9*** 

243.33 ± 
6.7*** 

248.33 ± 
5.4*** 

 

Values are expressed as Mean ± SEM, N=6. 

$: Value differs significantly from corresponding normal control group (P<0.01) 

*- Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 

 

 

Phase I Study: Evaluation of Antidiabetic action  
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Figure 4.2: Effect of A. acuminata extract on body weights of diabetic rats  

Analysed using two way ANOVA followed by Bonferroni post test, Each point represents Mean ± SEM of 6 
experiments,$: Value differs significantly from corresponding normal control group (P<0.01) 
*- Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
 LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals treated 
with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 mg/kg, 
p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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Table 4.2. Effect of AA treatment on water intake of type 1 diabetic rats 

 

Time↓ 

Water intake (ml)/ animal/day 

NC DC insulin LE100 LE300 BE100 BE300 

1 week 25.0 ±1.4 40.3 ±1.0$ 27.7 
±1.2*** 

30.0 
±1.7*** 

28.0 
±1.1*** 

28.0 
±0.4*** 

28.0 
±1.1*** 

2 weeks 26.7 ±1.1 53.0 ±1.1$ 35.0 
±1.3*** 

33.0 
±1.5*** 

30.0 
±1.1*** 

30.0 
±0.9*** 

32.0 
±0.7*** 

4 weeks 28.3 ±1.0 56.8 ±1.8$ 41.2 
±1.5*** 

37.5 
±2.1*** 

30.0 
±0.9*** 

34.0 
±0.4*** 

35.0 
±1.3*** 

8 weeks 28.7 ±0.9 64.0 ±2.0$ 45.0 
±1.8*** 

39.2 
±1.5*** 

34.0 
±0.4*** 

40.0 
±2.9*** 

35.5 
±0.4*** 

 

Values are expressed as Mean ± SEM, N=6. 

$: Value differs significantly from corresponding normal control group (P<0.01) 

*- Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.3: Effect of A. acuminata extract on water intake in type 1diabetic rats  
Analysed by two way ANOVA followed by Bonferroni post test 
*** Values differ significantly from Diabetic Control (DC) group (p< 0.001) 
$ Value differs significantly from Normal Control (NC) group (p< 0.001), Each point represents Mean ± 
SEM of 6 experiments,LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf 
extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), Bars 
indicate water intake at different time points 1,2, 4 and 8 weeks respectively. 
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Table 4.3. Effect of AA Treatment on food intake of type 1 diabetic rats 

Time↓ Food intake (gm)/ animal/ day 

NC DC insulin LE100 LE300 BE100 BE300 

1 week 24.83 ±0.8 39.83 ±1.6$ 27.83 
±2.0*** 

30.0 
±1.1*** 

28.0 
±1.1*** 

27.5 
±0.2*** 

27.0 ±0.9*** 

2 weeks 27.17 ±0.7 44.83 ±1.0$ 35.0 
±1.8*** 

32.67 
±1.8*** 

30.0 
±0.7*** 

30.0 
±1.1*** 

31.83 ±0.4*** 

4 weeks 27.83 ±0.7 49.0 ±2.0$ 41.0 
±0.8*** 

38.67 
±2.6*** 

30.17 
±1.0*** 

34.0 
±1.1*** 

35.0 ±1.8*** 

8 weeks 32.17 ±2.1 50.0 ±2.3$ 45.0 ±1.6* 41.83 
±1.38*** 

34.0 
±0.9*** 

40.0 
±1.1*** 

35.5 ±0.2*** 

Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.01) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.4: Effect of A. acuminata extract on food intake in type 1 diabetic rats 
Analysed by two way ANOVA followed by Bonferroni post test 
*** Values differ significantly from Diabetic Control (DC) group (p< 0.001), *(p< 0.05) 
$ Value differs significantly from Normal Control (NC) group (p< 0.001), Each point represents Mean ± 
SEM of 6 experiments,LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf 
extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), Bars 
indicate food intake at different time points 1,2, 4 and 8 weeks respectively. 
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4.3.2 Effect on Plasma Glucose Levels  

Diabetic control animals had constantly elevated levels of plasma glucose. A 

significant fall in PGL was evident in all treated animals (150.8±10.8, 127.7±7.7, 

166.8±9.1, 146.0±12.9 and 161.5±7.0 mg/dl in LE100, LE300, BE100, BE300 and 

standard group respectively) compared to DC group (357.5±8.6 mg/dl) at 8 weeksof 

treatment as shown in table 4.4 and fig 4.5.  

Table 4.4. Effect of AA Treatment on plasma glucose levels of type 1 diabetic rats 

Time↓ 

Plasma Glucose level (mg/dl) 

NC DC insulin LE100 LE300 BE100 BE300 

0 week 83.67 ±4.0 405.5 
±35.4$ 

440.0 
±11.0 

383.83 
±26.6 

396.33 
±15.6 

344.0 ±34.79 369.83 
±20.9 

1 week 84.83 ±3.1 368.0 ±9.4$ 159.0 
±2.2*** 

137.67 
±10.4*** 

122 
±10.9*** 

154.67 
±18.48*** 

137 
±17.9*** 

2 weeks 88.0 ±2.0 363.0 
±15.3$ 

161.83 
±5.9*** 

134.5 
±4.8*** 

118.5 
±7.0*** 

158.17 
±14.16*** 

138.67 
±18.8*** 

4 weeks 85.67 ±2.5 367.5 
±14.3$ 

172.67 
±8.9*** 

160.33 
±10.7*** 

118.67 
±7.1*** 

165.5 
±20.73*** 

142.17 
±19.1*** 

8 weeks 83.33 ±1.5 357.5 ±8.6$ 161.5 
±7.0*** 

150.83 
±10.8*** 

127.67 
±7.7*** 

166.83 
±9.06*** 

146 
±12.9*** 

 
 
Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.01) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.5: Effect of A. acuminata extract on Plasma glucose levels in type 1diabetic 

rats  

Analyzed using two way ANOVA followed by Bonferronipost test,  
***Values differ significantly from Diabetic Control (DC) group (p< 0.001)  
$ Value differs significantly from Normal Control (NC) group (p< 0.001), Each point represents Mean ± 
SEM of 6 experiments,LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf 
extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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4.4 Effect of AA treatment in type 2 DM model 

4.4.1 Effect of AA Treatment on Body Weight, Food Intake and Water Intake 

T2DM induced by fructose and STZ injection resulted in increased water intake and 

food intake of animals. However, there was no significant body weight gain 

corresponding with food intake in DC rats. Instead there was a significant reduction in 

body weight of DC animalsupto 12 weeks of DM (table 4.5, fig 4.6). In contrast to this, 

body weights of glibenclamideas well as AA treated rats increased normally similar to 

NC animals. Disturbances in water and food intake of the animals were also partially 

mitigated by AA treatment (Table 4.6, Fig 4.7 and Table 4.7, Fig 4.8).  

 

Table 4.5. Effect of AA Treatment on body weight of type 2 diabetic rats 

Time↓ 
NC 

(gm) 

DC 

(gm) 

Glibenclamide 

(gm) 

LE100 

(gm) 

LE300 

(gm) 

BE100 

(gm) 

BE300 

(gm) 

0 week 201.7 ±6.7 204.2 ±7.4$ 205.0 ±6.6 207.5 ±7.4 210.8 ±6.6 210.0 ±6.5 215.8 ±6.9 

2 week 225.0 ±6.1 190.8 ±4.9$ 224.2 ±7.8*** 223.3 
±4.9*** 

225.8 
±5.8*** 

228.3 
±5.9*** 

230.0 
±8.1*** 

4 weeks 249.2 ±5.4 183.3 ±8.0$ 245.8 ±8.4*** 245.8 
±4.9*** 

240.8 
±5.1*** 

247.5 
±5.3*** 

244.2 
±6.0*** 

8 weeks 286.7 ±4.9 173.3 ±7.7$ 275.8 ±5.2*** 272.5 
±5.3*** 

277.5 
±3.4*** 

276.7 
±5.6*** 

280.8 
±3.3*** 

12 
weeks 

330.0 ±5.3 165.0 ±7.3$ 310.0 ±5.8*** 298.3 
±4.8*** 

305.0 
±4.1*** 

309.2 
±4.9*** 

314.2 
±3.5*** 

 
Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.001) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.6: Effect of A. acuminata extract on body weights of Type 2 diabetic rats  

Analysed using two way ANOVA followed by Bonferronipost test*** Values differ significantly from 

Diabetic Control (DC) group (p< 0.01) , Each point represents Mean ± SEM of 6 experiments, NC: 

Normal control animals, DC: Diabetic control animals, Glibenclamide: Diabetic animals treated with 

Glibenclamide ( 5 mg/kg, p.o./day), LE100: Diabetic animals treated with leaf extract (100 mg/kg, 

p.o./day), LE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic 

animals treated with leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf 

extract (300 mg/kg, p.o./day) 
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Table 4.6.  Effect of AA Treatment on food intake of type 2 diabetic rats 

Time↓ 
NC 

(gm/anim
al/day) 

DC 

(gm/anim
al/day) 

Glibencla
mide 

(gm/anim
al/day) 

LE100 

(gm/anim
al/day) 

LE300 

(gm/anim
al/day) 

BE100 

(gm/anim
al/day) 

BE300 

(gm/anim
al/day) 

1 week 22 ±0.7 24.7 ±0.6 25.7 ±1.5 24.7 ±1.6 23.7 ±0.6 23.3 ±0.9 23 ±1 

2 week 23.3 ±0.9 30 ±0.7 27.3 ±1.6 28 ±1.5 25.3 ±1.8 26.7 ±1.1 24.7 ±1.1 

4 weeks 24.3 ±0.8 30 ±1.8 29 ±1.3 30.7 ±1.6 27.3 ±1.1 29.3 ±0.8 26.7 ±1.1 

8 weeks 26 ±1.9 30.7 ±2.9 31 ±0.6 31.7 ±1.2 28.7 ±1.1 30.7 ±0.6 27.7 ±0.8 

12 weeks 26 ±1.3 32.3 ±1.6 32.7 
±0.6*** 

32.7 
±0.6** 

30.3 
±0.2* 

32 ±1.3** 29.7 ±0.8 

 

Values are expressed as Mean ± SEM, N=6.  
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.7: Effect of A. acuminata extract on food intake in Type 2 diabetic rats 

Analysed using two way ANOVA followed by Bonferroni post test 

* Values of groups LE300, BE300 at 2 weeks differ significantly from Diabetic Control (DC) group 

(p< 0.05), Each point represents Mean ± SEM of 6 experiments, NC: Normal control animals, DC: 

Diabetic control animals, Glib: Diabetic animals treated with Glibenclamide ( 5 mg/kg, p.o./day), 

LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals 

treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 

mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), Bars indicate 

food intake at different time points 1,2, 4, 8 and 12 weeks respectively. 
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Table 4.7.  Effect of AA treatment on water intake of type 2 diabetic rats 

Time↓ NC 
(ml/animal/
day) 

DC 
(ml/animal/
day) 

Glibenclam
ide 
(ml/animal/
day) 

LE100 
(ml/animal/
day) 

LE300 
(ml/animal/
day) 

BE100 
(ml/animal/
day) 

BE300 
(ml/animal/
day) 

1 
week 

31.00 ± 
1.32 

43.67 ± 
1.48$ 

48.33 ± 
1.48 

43.67 ± 
2.43 

48.00 ± 
1.10 

44.67 ± 
1.84 

51.67 ± 
2.79* 

2 
weeks 

33.67 ± 
0.76 

56.00 ± 
1.83$ 

41.67 ± 
1.05*** 

45.33 ± 
0.76*** 

45.00 ± 
1.83*** 

49.67 ± 
1.94 

40.00 ± 
1.83*** 

4 
weeks 

35.00 ± 
0.63 

61.33 ± 
2.76$ 

44.67 ± 
1.12*** 

50.33 ± 
0.21*** 

43.33 ± 
2.23*** 

51.33 ± 
2.01** 

41.33 ± 
3.29*** 

8 
weeks 

35.67 ± 
1.38 

63.33 ± 
2.11$ 

44.00 ± 
1.93*** 

48.67 ± 
2.01*** 

43.33 ± 
1.05*** 

50.67 ± 
2.62*** 

40.33 ± 
0.56*** 

12 
weeks 

36.00 ± 
2.90 

67.67 ± 
2.38$ 

47.33 ± 
0.92*** 

51.67 ± 
0.56*** 

42.67 ± 
3.94*** 

54.00 ± 
2.66*** 

44.33 ± 
0.76*** 

 

Values are expressed as Mean ± SEM, N=6.  

$: Value differs significantly from corresponding normal control group (P<0.001) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.8: Effect of A. acuminata extract on water intake in Type 2 diabetic rats 

Analysed using two way ANOVA followed by Bonferronipost test, Values of all groups except BE100 

at 2, 4, 6, 8 weeks differ significantly from Diabetic Control (DC) group (p< 0.01), Each point 

represents Mean ± SEM of 6 experiments, NC: Normal control animals, DC: Diabetic control animals, 

Glibenclamide: Diabetic animals treated with Glibenclamide ( 5 mg/kg, p.o./day), LE100: Diabetic 

animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals treated with leaf 

extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), 

BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), Bars indicate water intake at 

different time points 1,2, 4, 8 and 12 weeks respectively. 
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4.4.2 Effect on Plasma Glucose Levels 

Methanolic extract of AA produced a significant hypoglycemic effect as seen by 

plasma glucose levels of 346.6±16.86 Vs 116.3±14.66, 116.3±9.93 mg/dl for DC, 

LE300 and BE300 respectively at 11 weeks as shown in table 4.8 and fig 4.9.  

Table 4.8. Effect of AA Treatment on Plasma glucose levels of type 2 diabetic rats 

 NC 
(mg/dl) 

DC 
(mg/dl) 

Glibencla
mide 
(mg/dl) 

LE100 
(mg/dl) 

LE300 
(mg/dl) 

BE100 
(mg/dl) 

BE300 
(mg/dl) 

0 week 87±8.9 310.8±16.9$ 300.5±13.6 287.5±11.3 298.5±6.6 317.2±7.1 309±16 

2 week 91.3±8.8 308.7±16.8$ 111±5.4*** 165.8±19.6
*** 

118.7±19**
* 

200.3±23**
* 

119.2±9*** 

4 weeks 90.5±7.8 324.5±15$ 110±6.3*** 165.2±16.6
*** 

121.7±19.5
*** 

207.7±23.2
*** 

118.3±9.5*
** 

8 weeks 87.8±6.5 336.2±17$ 119.8±4*** 167.7±12.2
*** 

117.8±16.3
*** 

204.2±22.4
*** 

124.5±13.1
*** 

11 weeks 83.3±3.7 346.7±16.9$ 127±5.5*** 159.7±13.7
*** 

116.3±14.7
*** 

197.5±21.5
*** 

116.3±9.9*
** 

 
Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.001) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.9: Effect of A. acuminata extract on Plasma glucose levels in diabetic rats  

Analysed using two way ANOVA followed by Bonferroni post test, *** Values differ significantly from 

Diabetic Control (DC) group (p< 0.001), $ Value differs significantly from Normal Control (NC) group 

(p<0.001), Each point represents Mean ± SEM of 6 experiments,NC: Normal control animals, DC: Diabetic 

control animals, Glibenclamide: Diabetic animals treated with Glibenclamide ( 5 mg/kg, p.o./day), LE100: 

Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals treated with leaf 

extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), 

BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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4.4.3 Effect on Glycated Haemoglobin levels 

A consistent reduction in PGL was evident from the values of HbA1C measured at 11 

weeks (11.6±0.44 Vs 7.83±0.7, 7.5±0.61 % for DC, LE300 and BE300 respectively) as 

shown in table 4.9 and fig 4.10.  

Table 4.9.Effect of AA Treatment on Glycated Hb levels of type 2 diabetic rats 

 
Weeks NC DC 

Gibencla
mide 

LE100 LE300 BE100 BE300 

HbA1C 
(%) 

11 weeks 
5.88 
±0.09 

11.58 
±0.44$ 

7.17 
±0.39** 

9.43 
±1.05 

7.83 
±0.7** 

9.33 
±1.03 

7.57 
±0.61** 

 

Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.001) 
#: Value differs significantly from corresponding normal control group(P <0.05) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.10: Effect of A. acuminata extract on glycatedhaemoglobin levels in 

diabetic rats at 11 weeks 

Analysed by One Way ANOVA followed by Tukey’stest 

**Values differ significantly from Diabetic Control (DC) group (p< 0.01), * (p< 0.05)   $Value differs 

significantly from Normal Control (NC) group (p< 0.001), Each point represents Mean ± SEM of 6 

experiments, NC: Normal control animals, DC: Diabetic control animals, Glib: Diabetic animals treated 

with Glibenclamide ( 5 mg/kg, p.o./day), LE100: Diabetic animals treated with leaf extract (100 mg/kg, 

p.o./day), LE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic 

animals treated with leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract 

(300 mg/kg, p.o./day) 
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4.5 Effect of AA extracts in Diabetic Neuropathy in T1DM animals 

 

4.5.1 Effect of AA treatment on Thermal Nociceptive Response 

Untreated DM resulted in initial signs of neuropathy as indicated by increased 

peripheral nociception of thermal stimulus. When tested by hot plate method at 4 

weeks of treatment, DM rats had a significantly lower response time (11±1.2 S) as 

compared to normal rats (22 ±1.2 S) (Table 4.10 and fig 4.11). Treatment with AA 

extract prevented such hyperalgesia as indicated by significant increase in nociceptive 

response time in treated rats (18± 0.76 S, 20±1.9 S, 19.0± 1.2 S, 20.0±1.4 S and 19±1.7 

S respectively for LE100, LE300, BE100, BE300 and standard). 

Table 4.10. Effect of AA Treatment on thermal nociception in type 1 diabetic rats 

Parameter NC DC Insulin LE100 LE300 BE100 BE300 

Response time (s) 22 ±1.2 11 ±1.2$ 19 ±1.7** 18 ±0.76* 20 ±1.9*** 19 ±1.2** 20 ±1.4*** 

 

Values are expressed as Mean ± SEM, N=6. 

$: Value differs significantly from corresponding normal control group (P<0.01) 

* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.11: Effect of A. acuminata extract on nociceptive threshold in hot plate test 
in diabetic rats at 4 weeks 
Analysed by  one way ANOVA followed by Tukey'stest, ***Values differ significantly from Diabetic 
Control (DC) group (p< 0.001), **(p< 0.01), * (p< 0.05), $ Value differs significantly from Normal Control 
(NC) group (p< 0.001), Each point represents Mean ± SEM of 6 experiments,NC: Normal control animals, 
DC: Diabetic control animals, LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), 
LE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated 
with leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, 
p.o./day) 
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4.5.2  Effect of AA treatment on chemical nociception in formalin test 

After 6 weeks of treatment, rats in DC group showed significantly increased number of 

hind limb flinches (33.3 ± 1.8) as compared to normal rats (12.8 ± 0.83). As shown in 

table 4.11 all AA treated groups and standard group exhibited less chemical allodynia 

as reflected by reduced number of limb flinches (26± 1.9, 23±1.5, 25.1± 1, 24.1±1.6 

and 24.5±1.5 respectively for LE100, LE300, BE100, BE300 and standard) (fig 4.12). 

Table 4.11. Effect of AA Treatment on nociceptive response in type 1 diabetic rats 

Parameter NC DC Insulin LE100 LE300 BE100 BE300 
Sum of flinches / 
60-min 12.83 ±0.83 33.33 ±1.8$ 

24.5 
±1.54** 26 ±1.93* 23 ±1.51*** 

25.17 
±1.08** 

24.17 
±1.66*** 

Values are expressed as Mean ± SEM, N=6. 

$: Value differs significantly from corresponding normal control group (P<0.01) 

* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.12: Effect of A. acuminata extract on nociceptive response in formalin test in 
diabetic rats at 6 weeks 
Analysed by  one way ANOVA followed by Tukey’s test  ***Values differ significantly from Diabetic 
Control (DC) group (p< 0.001), **(p< 0.01), * (p< 0.05), $ Value differs significantly from Normal Control 
(NC) group (p< 0.001), Each point represents Mean ± SEM of 6 experiments,NC: Normal control animals, 
DC: Diabetic control animals, LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), 
LE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated 
with leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, 
p.o./day) 
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4.5.3  Effect of AA treatment on autonomic function by charcoal meal test 

Diabetes induced autonomic neuropathy results in reduced gastrointestinal motility. 

This was tested in animals by charcoal meal test. Distance travelled by charcoal meal 

was significantly lower in DC rats (52.5±2.3 %) as compared to that in NC group 

(78.7±3.19 %). While distance travelled by charcoal meal was significantly higher than 

DC in AA treated groups and standard group(63.6± 1.6, 68.2±1.7, 63.5± 2.9, 65.2±3.1 

and 65±1.6 % respectively for LE100, LE300, BE100, BE300 and standard) (Table 

4.12 and fig 4.13).  

Table 4.12. Effect of AA Treatment onintestinal transit of charcoal meal in type 1 

diabetic rats 

Parameter NC DC Insulin LE100 LE300 BE100 BE300 
Transit of 
Charcoal meal 
(%) 78.17 ±3.20 52.5 ±2.32$ 65 ±1.63* 

63.67 
±1.65* 

68.17 
±1.74** 63.5 ±2.91* 

65.17 
±3.08* 

 
Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.01) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.13: Effect of A. acuminata extract on intestinal transit of charcoal meal 
in diabetic rats at 8 weeks 
Analysed by one way ANOVA followed by Tukey’s  test 
** Values differ significantly from Diabetic Control (DC) group (p< 0.01), * (p< 0.05) 
$ Value differs significantly from Normal Control (NC) group (p< 0.001), Each point represents Mean ± 
SEM of 6 experiments, NC: Normal control animals, DC: Diabetic control animals, LE100: Diabetic 
animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals treated with leaf extract 
(300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), BE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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4.5.4 Effect of AA treatment on Nerve Conduction Velocity 

DC rats had significantly lower nerve conduction velocity (35.4±1.1 m/s) as compared 

to that in NC rats (48.9±0.74 m/s). Treatment with AA extract for 8 weeks resulted in 

significantly higher nerve conduction velocity as compared to diabetic control animals 

(40.6± 1.4, 43.8±1.7, 40.6± 1.0, 42.3±0.8 and 41.6±0.9 m/s respectively for LE100, 

LE300, BE100, BE300 and standard) (Table 4.13 and fig 4.14).  

Table 4.13. Effect of AA treatment on nerve conduction velocity of type 1 diabetic 

rats 

Parameter NC DC Insulin LE100 LE300 BE100 BE300 
Nerve conduction 
velocity (m/s) 48.90 ±0.74 35.43 ±1.12$ 

41.68 
±0.92** 

40.60 
±1.40* 

43.82 
±1.70*** 

40.65 
±1.03* 

42.32 
±0.87** 

 
Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.01) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.14: Effect of A. acuminata extract on sciatic nerve conduction velocity in 
diabetic rats at 8 weeks 
Analysed by one way ANOVA followed by Tukey’s test 
***Values differ significantly from Diabetic Control (DC) group (p< 0.001), **(p< 0.01), * (p< 0.05), $ 
Value differs significantly from Normal Control (NC) group (p< 0.001), Each point represents Mean ± 
SEM of 6 experiments, NC: Normal control animals, DC: Diabetic control animals, LE100: Diabetic 
animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals treated with leaf extract 
(300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), BE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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4.6 Effect of AA treatment on Diabetic nephropathy 

 

4.6.1 Effect of AA treatment on urinary volume and proteinuria  

At 8 weeks post-induction, urine formation was significantly reduced and urinary 

protein excretion (UPE) was significantly higher in DC animals, due to renal damage 

and leakage of protein in tubular fluid. AA treated animals showed significantly 

improved urine volume and UPE (3.5±0.3, 1.8±0.3, 3.6±0.2, 21.7±0.2 mg/day in 

LE100, LE300, BE100 and BE300 respectively) as compared to those in untreated 

diabetic rats (6.5±0.2 mg/day) (Table 4.14 and fig 4.15). 

Table 4.14. Effect of AA Treatment on urinary volume and urinary protein 

excretion in type 1 diabetic rats 

Parameter NC DC Insulin LE100 LE300 BE100 BE300 

Urine 
volume 
(ml) 

8.67 
±0.71 

4.92 
±0.60$ 

8.20 
±1.14* 

8.08 
±1.14* 

9.40 
±0.61** 

8.30 
±0.86* 

8.78 
±0.44* 

Urinary 
Protein 
(mg/day) 

0.32 
±0.04 

6.51 
±0.21$ 

2.50 
±0.35*** 

3.53 
±0.37*** 

1.83 
±0.34*** 

3.60 
±0.19*** 

1.76 
±0.22*** 

 
Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.01) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.15: Effect of A. acuminata extract on urine volumes and urinary protein in 
diabetic rats at 8 weeks 
Analysed by one way ANOVA followed byTukey’s Multiple comparison test, *** Values differ 
significantly from Diabetic Control (DC) group (p< 0.001), **(p< 0.01), * (p< 0.05), $ Value differs 
significantly from Normal Control (NC) group (p< 0.001), Each point represents Mean ± SEM of 6 
experiments,NC: Normal control animals, DC: Diabetic control animals, LE100: Diabetic animals treated 
with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals treated with leaf extract (300 mg/kg, 
p.o./day), BE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals 
treated with leaf extract (300 mg/kg, p.o./day) 
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4.6.2 Effect of AA treatment on Serum creatinine and BUN levels 

Rats in DC group exhibited high levels of serum creatinine (1.09± 0.03 mg/dl) and 

BUN (189.3± 13.4 mg/dl) levels as compared to normal animals (0.61 ± 0.05 mg/dl 

and 61.8 ±5.4 mg/dl respectively). AA treated animals showed significantly lower 

levels of serum creatinine (0.78±0.05, 0.71±0.07, 0.79±0.07, 0.68±0.10 and 0.89±0.10 

mg/dl for LE100, LE300, BE100, BE300 and standard group respectively) and BUN 

(129.8±17.6, 111.1±12.9, 128.5±12.9, 107.6±11.7 and 119.5±11.17 mg/dl for LE100, 

LE300, BE100, BE300 and standard group respectively) (Table 4.15 and fig 4.16).  

Table 4.15. Effect of AA treatment on serum creatinine and BUN levels in type 1 

diabetic rats 

Parameter NC DC Insulin LE100 LE300 BE100 BE300 

Creatinine 
(mg/dl) 

0.61 ±0.05 1.09 
±0.03$ 

0.89 ±0.1* 0.78 
±0.06* 

0.72 
±0.08** 

0.8 ±0.08* 0.68 
±0.1** 

BUN 
(mg/dl) 

61.83 
±5.43 

189.33 
±13.43$ 

119.5 
±11.17** 

129.83 
±17.64* 

111.17 
±12.89*** 

128.5 
±12.97** 

107.67 
±11.77*** 

 
Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.01) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.16: Effect of A. acuminata extract on serum creatinine and blood urea 
nitrogen levels in diabetic rats at 8 weeks 
Analysed by  one way ANOVA followed by Tukey’s test, *** Values differ significantly from Diabetic 
Control (DC) group (p< 0.001), **(p< 0.01), * (p< 0.05), $ Value differs significantly from Normal Control 
(NC) group (p< 0.001), Each point represents Mean ± SEM of 6 experiments,NC: Normal control animals, 
DC: Diabetic control animals, LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), 
LE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated 
with leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, 
p.o./day) 
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4.6.3 Effect of AA treatment on Kidney weight to body weight ratio 

Uncontrolled diabetes mellitus on long term resulted in kidney hypertrophy and fluid 

accumulation. Treatment with AA extracts could prevent this as presented by 

significantly lower KW/100 gm body wt(0.69±0.05, 0.62±0.04, 0.65±0.06, 0.61±0.07 

and 0.69±0.07 respectively for LE100, LE300, BE100, BE300 and standard groups) as 

compared to diabetic animals (0.94±0.04)(Table 4.16 and fig 4.17). 

Table 4.16. Effect of AA treatment on kidney weight to body weight ratio in type 

1 diabetic rats 

Parameter NC DC Insulin LE100 LE300 BE100 BE300 

KW (gm)/ 
100 gm 
Body wt 

0.55 ±0.06 0.94 
±0.04$ 

0.7 ±0.08* 0.69 
±0.05* 

0.63 
±0.04** 

0.65 
±0.06** 

0.62 
±0.08** 

 
Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.01) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.17: Effect of A. acuminata extract on kidney weights to body weight ratio 

in diabetic rats at 8 weeks 

Analysed by One way ANOVA followed by Tukey’stest 

**Values differ significantly from Diabetic Control (DC) group (p< 0.01), * (p< 0.05)   $Value differs 

significantly from Normal Control (NC) group (p< 0.001), Each point represents Mean ± SEM of 6 

experiments, NC: Normal control animals, DC: Diabetic control animals, LE100: Diabetic animals 

treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals treated with leaf extract (300 

mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), BE300: 

Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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4.7 Evaluation in cardiovascular complications 

 

4.7.1 Effect of AA treatment on lipid levels 

LE300 and BE300 treatment also caused a significant reduction in total cholesterol, 

triglyceride and LDL level, and increase in HDL levels as compared to DC rats(Table 

4.17 and fig 4.18).  

Table 4.17.Effect of AA Treatment on lipid levels of type 2 diabetic rats 

 Weeks NC DC Gibencla
mide 

LE100 LE300 BE100 BE300 

TC 
(mg/dl) 

2 weeks 80.42 
±3.97 

123.98 
±3.99$ 

98.56 
±3.18** 

103.22 
±7* 

99.13 
±8.9** 

111.22 
±8.74 

100.91 
±5.24* 

12 weeks 78.21 
±3.67 

134.88 
±5.62$ 

106.89 
±3.03*** 

97.86 
±4.29*** 

90.19 
±4.09*** 

113.89 
±5.98* 

102.96 
±7.62*** 

TG 
(mg/dl) 

2 weeks 78.67 
±6.14 

195.83 
±35.22$ 

111.25 
±16.41** 

108.5 
±22.75** 

102.62 
±11.13** 

99.98 
±10.37** 

111.69 
±22.36** 

12 weeks 82.65 
±10.56 

204.03 
±40.32$ 

125.94 
±20.43* 

111.54 
±13.1** 

96.27 
±7.73*** 

120.87 
±13.91** 

114.18 
±16.33** 

LDL 
(mg/dl) 
 

2 weeks 34.83 
±1.05 

50.61 
±4.33$ 

46.45 
±4.29 

40.87 ±1* 38.56 
±1.14** 

39.67 
±2.69* 

41.32 
±2.09* 

12 weeks 37.8 
±1.71 

54.82 
±1.97$ 

40.05 
±3.69*** 

43.34 
±3.36* 

42.1 
±1.26** 

43.98 
±3.43* 

41.23 
±3.39** 

HDL 
(mg/dl) 
 

2 weeks 27.72 
±3.18 

15.99 
±1.73# 

22.6 
±2.45 

26.9 
±3.94* 

27.98 
±4.57* 

25.96 
±4.4 

26.41 
±2.24* 

12 weeks 28.49 
±3.6 

14.29 
±1.18# 

21.83 
±1.68 

22.86 
±4.03 

28.18 
±3.37** 

25.48 
±3.25* 

25.81 
±0.9* 

 

Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.001) 
#: Value differs significantly from corresponding normal control group(P <0.05) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.18: Effect of A. acuminata extract on Total Cholesterol, Triglyceride, 

LDL and HDL Levels in serum of diabetic rats at 2 and12 weeks 

Analyzed by two way ANOVA followed by Bonferroni post test, Values differ significantly from 

Diabetic Control (DC) group ***(p< 0.001), **(p<0.01), *(p<0.05), Values differ significantly from 

Normal control (NC) group $(p<0.001), # (p<0.05), Each point represents Mean ± SEM of 6 

experiments, NC: Normal control animals, DC: Diabetic control animals, Glib: Diabetic animals treated 

with Glibenclamide ( 5 mg/kg, p.o./day), LE100: Diabetic animals treated with leaf extract (100 mg/kg, 

p.o./day), LE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic 

animals treated with leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract 

(300 mg/kg, p.o./day) 
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4.7.2 Effect of AA treatment on Serum LDH and Creatine Kinase MB levels 

Serum LDH and Creatine Kinase MB levels are sensitive markers of cardiac muscle 

damage. LDH and CK-MB levels in serum were significantly elevated in DC rats 

(182.16±12.26U/L and 28.71±3.14U/L respectively), while those were significantly 

lower in standard (100.9±6.93 and 17.53±2.46 U/L) and AA treated groups 

(106.95±9.8, 87.21±13.7, 120.66±21.0, 112.83±12.3 U/L LDH and 18.61±3.4, 

17.25±1.8, 21.21±3.4, 18.15±1.9 U/L CK-MB for LE100, LE300, BE100 and BE300 

respectively), indicating less damage to myocardium in these animals(Table 4.18 and 

fig 4.19). 

 

Table 4.18.Effect of AA Treatment on biochemical parameters of type 2 diabetic rats 

at 12 weeks 

 NC DC Gibencla
mide 

LE100 LE300 BE100 BE300 

LDH (U/L) 50.4 ± 3.6 182.2 ± 
12.3$ 

101.0 ± 
6.9** 

107.0 ± 
9.9*** 

87.2 ± 
13.7*** 

120.7 ± 
21.1* 

112.8 ± 
12.3** 

CK-MB 
(U/L) 

13.3 ± 1.0 28.7 ± 3.1# 17.5 ± 2.5* 18.6 ± 3.5* 17.3 ± 1.9* 21.2 ± 3.5 18.2 ± 2.0* 

 
Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P < 0.001) 
#: Value differs significantly from corresponding normal control group (P < 0.01) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.19: Effect of A. acuminata extract on Serum LDH and Creatinine Kinase 

levels in diabetic rats at 12 weeks  

Analysed by one way ANOVA followed by Tukey’s test 

*** Values differ significantly from Diabetic Control (DC) group (p< 0.001), **(p< 0.01), *(p< 0.05), 

$Value differs significantly from Normal Control (NC) group (p< 0.001), #Value differs significantly from 

corresponding normal control group (P < 0.01), Each point represents Mean ± SEM of 6 experiments, NC: 

Normal control animals, DC: Diabetic control animals, Glib: Diabetic animals treated with Glibenclamide ( 5 

mg/kg, p.o./day), LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic 

animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract 

(100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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4.7.3 Effect of AA treatment on Hemodynamic parameters 

DC rats had significantly higher (Mean Blood Pressure) MBP (118.5±2.8 mmHg) as 

compared to NC (88.6±3.1 mmHg) rats. Animals treated with glibenclamide, LE300 

and BE300 had significantly lower MBP (98.0±4.6, 91.1±4.3 and 96.6±5.5 mmHg) as 

compared to DC rats (Table 4.19, fig 4.20). It was observed that DC rats had 

significantly lower heart rate (255±14.0 beats/min) as compared to NC rats (350±8.1 

beats/min), while that in standard (285±20.7 beats/min) and LE300 (325± 18 

beats/min) treated rats was significantly higher compared to DC rats (Table 4.19, fig 

4.21). There were no significant differences in force of contraction between the groups 

(Table 4.19, fig 4.22). DC rats had significantly higher cardiac and left ventricular 

hypertrophy index (4.29±0.04 and 0.795±0.013) indicating hypertrophy of heart and 

LV. LE300 and BE300 treatment could prevent both cardiac and LV hypertrophy, 

while standard treatment, LE100 and BE100 treated animals had significantly lower 

cardiac hypertrophy index(Table 4.19 and fig 4.23 and 4.24).  
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Table 4.19. Effect of AA Treatment on heamodynamic parameters of type 2 diabetic 

rats at 12 weeks 

 NC DC 
Gibencla
mide 

LE100 LE300 BE100 BE300 

Mean Blood 
Pressure 
(mm Hg) 

88.67 ± 
3.18 

118.5 ± 
2.81$ 

98.0 ± 
4.64* 

102.0 ± 
6.55 

91.17 ± 
4.35** 

105.83 ± 
6.76 

96.67 ± 
5.58* 

Heart Rate 
(Beats/ min) 

350.0 ± 
8.16 

255.0 ± 
14.08$ 

285.0 ± 
20.78 

311.67 ± 
14.24 

325.0 ± 
18.03* 

303.33 ± 
19.26 

321.67 ± 
10.14* 

FOC (mg) 
550.0 ± 
28.87 

508.33 ± 
23.86$ 

550.0 ± 
28.87 

508.33 ± 
30.05 

508.33 ± 
35.16 

533.33 ± 
33.33 

533.33 ± 
16.67 

Left 
ventricular 
Wt to BW 
ratio (mg/gm 
body weight) 

0.623 ± 
0.017 

0.795 ± 
0.013$ 

0.720 ± 
0.031 

0.757 ± 
0.026 

0.680 ± 
0.019** 

0.733 ± 
0.016 

0.700 ± 
0.022* 

Heart Wt to 
BW ratio 
(mg/gm 
body weight) 

3.10 ± 0.07 
4.29 ± 
0.04$ 

2.86 ± 
0.20*** 

3.67 ± 
0.12** 

3.19 ± 
0.07*** 

3.65 ± 
0.19** 

3.18 ± 
0.10*** 

 

Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P < 0.001) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.20: Effect of A. acuminata extract on Mean Blood pressure in diabetic 

rats at 12 weeks 

Analysed by one way ANOVA followed by Tukey’s test, ** Values differ significantly from Diabetic 

Control (DC) group (p< 0.01), *(p<0.05), Value differs significantly from Normal Control (NC) group $ 

(p< 0.01), Each point represents Mean ± SEM of 6 experiments, NC: Normal control animals, DC: 

Diabetic control animals, Glib: Diabetic animals treated with Glibenclamide ( 5 mg/kg, p.o./day), 

LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals 

treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 

mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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Figure 4.21: Effect of A. acuminata extract on Heart Rate in diabetic rats at 12 

weeks 

Analysed by one way ANOVA followed by Tukey’s test, * Values differ significantly from Diabetic 

Control (DC) group (p< 0.05), $Value differs significantly from Normal Control (NC) group (p< 0.01), 

Each point represents Mean ± SEM of 6 experiments, NC: Normal control animals, DC: Diabetic control 

animals, Glib: Diabetic animals treated with Glibenclamide ( 5 mg/kg, p.o./day), LE100: Diabetic 

animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals treated with leaf extract 

(300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), BE300: 

Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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Figure 4.22: Effect of A. acuminata extract on Force of Contraction in diabetic 

rats at 12 weeks 

Analysed by one way ANOVA followed by Tukey’s test, No significant difference between the groups 

(p< 0.05), Each point represents Mean ± SEM of 6 experiments, NC: Normal control animals, DC: 

Diabetic control animals, Glib: Diabetic animals treated with Glibenclamide ( 5 mg/kg, p.o./day), 

LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals 

treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 

mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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Figure 4.23: Effect of A. acuminata extract on left ventricular hypertrophy in 

diabetic rats at 12 weeks 

Analysed by one way ANOVA followed by Tukey’s test, Values differ significantly from Diabetic 

Control (DC) group ** (p< 0.01), * (p< 0.05), $Value differs significantly from Normal Control (NC) 

group (p< 0.001), Each point represents Mean ± SEM of 6 experiments, NC: Normal control animals, 

DC: Diabetic control animals, Glib: Diabetic animals treated with Glibenclamide ( 5 mg/kg, p.o./day), 

LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals 

treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 

mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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Figure 4.24: Effect of A. acuminata extract on Cardiac Hypertrophy in diabetic 

rats at 12 weeks 

Analysed by one way ANOVA followed by Tukey’s test, ***Values differ significantly from Diabetic 

Control (DC) group (p< 0.001), ** (p< 0.01), $Value differs significantly from Normal Control (NC) 

group (p< 0.001), Each point represents Mean ± SEM of 6 experiments, NC: Normal control animals, 

DC: Diabetic control animals, Glib: Diabetic animals treated with Glibenclamide ( 5 mg/kg, p.o./day), 

LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: Diabetic animals 

treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf extract (100 

mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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4.8 In vivo anti-oxidant activity in type 1 DM rats 

Rats in DM group had significantly elevated level of MDA, while decreased levels of 

glutathione and catalase. Treatment with AA extracts significantly reduced lipid 

peroxidation and increased glutathione and catalase levels at 2 and 8 weeks as presented in 

Table 4.20 and fig 4.25, fig 4.26 and fig 4.27. 

 

Table 4.20. Effect of AA Treatment on oxidative stress parameters of type 1 

diabetic rats 

Parameter Time NC DC Insulin LE100 LE300 BE100 BE300 

MDA 
levels 
(nmol/ml) 

2 week 1.60 
±0.49 

4.50 
±0.56$ 

2.27 
±0.62* 

1.97 
±0.48 

1.87 
±0.58 

1.93 
±0.37 

2.13 
±0.52 

8 week 1.97 
±0.79 

5.27 
±0.62$ 

2.9 
±0.59* 

3.17 
±0.79 

2.27 
±0.71** 

2.73 
±0.92* 

2.37 
±0.54** 

Catalase 
(U/ml) 

2 week 0.773 
±0.07 

0.336 
±0.03$ 

0.603 
±0.09** 

0.68 
±0.04*** 

0.703 
±0.09*** 

0.651 
±0.05** 

0.693 
±0.07*** 

8 week 0.81 
±0.04 

0.466 
±0.03$ 

0.57 
±0.06 

0.65 
±0.08 

0.72 
±0.05* 

0.68 
±0.06* 

0.738 
±0.06** 

GSH 
levels 
(µg/ml) 

2 week 11.81 
±1.79 

5.81 
±0.76$ 

9.25 
±2.20 

10.85 
±1.04* 

10.96 
±1.10* 

9.90 
±0.86 

10.82 
±0.62* 

8 week 11.39 
±0.80 

4.45 
±0.74$ 

9.97 
±1.36** 

8.90 
±1.58* 

11.42 
±1.02** 

9.57 
±1.40* 

9.82 
±1.38* 

 

Values are expressed as Mean ± SEM, N=6. 

$: Value differs significantly from corresponding normal control group (P<0.01) 

* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 

Phase 3 Study: Assessment of mechanism of action 
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Figure 4.25: Effect of A. acuminata extract on Lipid peroxidation in serum of STZ- 
diabetic rats at 2 and 8 weeks 
Analysed using two way ANOVA followed by Bonferroni post test ** Values differ significantly from 
Diabetic Control (DC) group (p< 0.01), * (p< 0.05), $ Value differs significantly from Normal Control (NC) 
group (p< 0.001), Each point represents Mean ± SEM of 6 experiments,NC: Normal control animals, DC: 
Diabetic control animals, LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf 
extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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Figure 4.26: Effect of A. acuminata extract on catalase levels in serum of STZ- 
diabetic rats at 2 and 8 weeks 
Analysed by  two way ANOVA followed by Bonferronipost test, *** Values differ significantly from 
Diabetic Control (DC) group (p< 0.001), **(p< 0.01), * (p< 0.05), $ Value differs significantly from Normal 
Control (NC) group (p< 0.001), Each point represents Mean ± SEM of 6 experiments,NC: Normal control 
animals, DC: Diabetic control animals, LE100: Diabetic animals treated with leaf extract (100 mg/kg, 
p.o./day), LE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals 
treated with leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 
mg/kg, p.o./day) 
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Figure 4.27: Effect of A. acuminata extract on Glutathione levels in serum of STZ- 
diabetic rats at 2 and 8 weeks 
Analysed by  two way ANOVA followed by Bonferronipost test, ** Values differ significantly from 
Diabetic Control (DC) group (p< 0.01), * (p< 0.05), $ Value differs significantly from Normal Control (NC) 
group (p< 0.01), Each point represents Mean ± SEM of 6 experiments,NC: Normal control animals, DC: 
Diabetic control animals, LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with leaf 
extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day) 
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4.9 In vivo anti-oxidant activity in type 2 diabetic rats 

Serum MDA, GSH and catalase levels were determined at 2 weeks and 12 weeks. All AA 

treated groups significantly reduced oxidative stress markers, supporting the observation 

that the extracts have strong antioxidant activity (Table 4.21 and fig 4.27, fig 4.28, fig 

4.29). 

Table 4.21.Effect of AA Treatment on oxidative stress parameters of type 2 diabetic 

rats at 2 and 12 weeks 

 

Time NC DC 
Gibencla
mide 

LE100 LE300 BE100 BE300 

MDA 
levels 
(nmol/ml) 

2 weeks 0.193  ± 
0.011 

0.533  ± 
0.03$ 

0.397  ± 
0.03 

0.363  ± 
0.042* 

0.272  ± 
0.032*** 

0.368  ± 
0.035* 

0.277  ± 
0.035*** 

12 
weeks 

0.207  ± 
0.019 

0.608  ± 
0.028$ 

0.478  ± 
0.038 

0.378  ± 
0.068*** 

0.368  ± 
0.075*** 

0.417  ± 
0.059** 

0.352  ± 
0.049*** 

GSH 
levels 
(mg/ml) 

2 weeks 12.35  ± 
0.48 

8.03  ± 
0.27$ 

10.65  ± 
0.62* 

10.52  ± 
0.78* 

11.38  ± 
1.03** 

10.77  ± 
0.45** 

10.87  ± 
0.62** 

12 
weeks 

12.53  ± 
0.45 

7.23  ± 
0.16$ 

10.42  ± 
0.51** 

11.52  ± 
0.58*** 

11.6  ± 
0.92*** 

10.92  ± 
0.49*** 

11.4  ± 
1.17*** 

Catalase 
(U/ml) 

2 weeks 0.882  ± 
0.03 

0.447  ± 
0.019$ 

0.635  ± 
0.058 

0.677  ± 
0.057* 

0.73  ± 
0.065** 

0.643  ± 
0.074* 

0.722  ± 
0.089** 

12 
weeks 

0.86  ± 
0.034 

0.445  ± 
0.032$ 

0.632  ± 
0.058 

0.648  ± 
0.068* 

0.732  ± 
0.056** 

0.652  ± 
0.082* 

0.688  ± 
0.064* 

 

Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P < 0.001) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.28: Effect of A. acuminata extract on Serum MDA Levels in Type 
2diabetic rats at 2 and12 weeks 
Analysed by two way ANOVA followed by Bonferroni Test, Values differ significantly from Diabetic 
Control (DC) group ***(p< 0.001), ** (p< 0.01), * (p<0.05), Value differs significantly from Normal 
Control (NC) group $ (p< 0.001), Each point represents Mean ± SEM of 6 experiments, NC: Normal 
control animals, DC: Diabetic control animals, Glib: Diabetic animals treated with Glibenclamide ( 5 
mg/kg, p.o./day), LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with 
leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, 
p.o./day) 
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Figure 4.29: Effect of A. acuminata extract on Serum Glutathione Levels in Type 

2 diabetic rats at 2 and12 weeks 

Analysed by two way ANOVA followed by Bonferroni Test, Values differ significantly from Diabetic 
Control (DC) group ***(p< 0.001), ** (p< 0.01), * (p<0.05), Value differs significantly from Normal 
Control (NC) group $ (p< 0.001), Each point represents Mean ± SEM of 6 experiments, NC: Normal 
control animals, DC: Diabetic control animals, Glib: Diabetic animals treated with Glibenclamide ( 5 
mg/kg, p.o./day), LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with 
leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, 
p.o./day) 
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Figure 4.30: Effect of A. acuminata extract on Serum Catalase Levels in Type 2 

diabetic rats at 2 and12 weeks 

Analysed by two way ANOVA followed by Bonferroni Test, Values differ significantly from Diabetic 
Control (DC) group ***(p< 0.001), ** (p< 0.01), * (p<0.05), Value differs significantly from Normal 
Control (NC) group $ (p< 0.001), Each point represents Mean ± SEM of 6 experiments, NC: Normal 
control animals, DC: Diabetic control animals, Glib: Diabetic animals treated with Glibenclamide ( 5 
mg/kg, p.o./day), LE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), LE300: 
Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), BE100: Diabetic animals treated with 
leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals treated with leaf extract (300 mg/kg, 
p.o./day) 
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4.10 In vitro anti-oxidant activity of the extracts 

 

4.10.1 DPPH assay 

IC50 value for Vitamin C, leaf and bark of the plant in DPPH assay were 31.06 ± 1.16, 

39.20 ± 1.26 and 35.44 ± 1.22 μg/ml respectively (fig 4.31). 
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Figure4.31: DPPH assay for A. acuminata LE, BE and Vitamin C 

Values are expressed as mean ± standard deviation (n=3). Analysed using GraphPadPrism 5.3, 

Non linear fit. Log (inhibitor) vs. normalized response -- Variable slope, Each point represents 

Mean ± SEM of 3 experiments, Vit C: Vitamin C, LE: A. acuminata Leaf extract, BE: A. 

acuminata bark extract 
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4.10.2 Reducing Power assay 

Higher value of absorbance indicated stronger reducing capacity. AA leaf extract and 

bark extract both displayed stronger absorbance. The EC50 values for vitamin C, LE 

and BE were23.54, 36.77 and 38.24 μg/ml respectively (fig 4.32).  
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Figure 4.32: Reducing power assay for A. acuminata LE, BE and Vitamin C. 

Values are expressed as mean ± standard deviation (n=3), Vit C: Vitamin C, LE: A. acuminata Leaf 

extract, BE: A. acuminata bark extract, Curves differ significantly from each other at P< 0.001, 

Analysed using two way ANOVA. 
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4.10.3 Thiobarbituric acid (TBA) assay 

Both the extracts show inhibition of lipid peroxidation as demonstrated by their lower 

absorbance values as compared to negative control (water) (fig 4.33).  
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Figure 4.33: TBA assay for A. acuminata LE, BE and Vitamin C 

Values are expressed as mean ± standard deviation (n=3). Analysed by One way ANOVA followed by 

Tukey’stest, *** Values differ significantly from Negative Control (p<0.001), **(p< 0.01), * (p< 0.05), 

Each point represents Mean ± SEM of 3 experiments, Vit C: Vitamin C, LE: A. acuminata Leaf extract, 

BE: A. acuminata bark extract 
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4.11 Effect of AA treatment on Insulin resistance and pancreatic beta cell function 

DC rats had higher insulin levels (54.9±5.52 µU/ml) as compared to normal rats 

(47.4±4.7 µU/ml). However, higher levels of insulin in DC rats were quite lower when 

seen in proportion to the plasma glucose level in these animals. This may be due to 

exhausted beta cell function resulting from insulin resistance and glucose toxicity. AA 

treatment reduced the insulin levels (53.6±7.02 and 52.7±5.56 µU/ml respectively for 

LE300 and BE300). Although, there was found no significant difference in insulin 

levels between control and treated groups, it reveals a beneficial effect on functioning 

of beta cells when seen in conjugation with glucose levels. Insulin resistance and beta 

cell function were determined using Homeostatic Model Assessment method. IR was 

significantly lower in all AA treated groups except BE100. DC rats also had 

significantly diminished beta cell function, which was found to be significantly higher 

in standard, LE300 and BE300 groups (Table 4.22 and fig 4.34). 

Table 4.22.Effect of AA Treatment on serum insulin level and HOMA scores of type 2 

diabetic rats 

 NC DC 
Gibencla
mide 

LE100 LE300 BE100 BE300 

Serum 
Insulin 
(microU/ml) 

47.42 
±4.73 

54.94 
±5.52 

75.36 
±5.57 

66.08 
±9.89 

53.61 
±7.03 

65.51 
±4.54 

52.7 ±5.56 

PGL (mg/dl) 
83.33 
±3.69 

346.67 
±16.87$ 

127 
±5.5*** 

159.67 
±13.73*** 

116.33 
±14.66*** 

197.5 
±21.47*** 

116.33 
±9.94*** 

HOMA- 
beta score 

580.73 
±94.45 

69.82 
±6.05$ 

433.12 
±35.1*** 

264.18 
±41.5 

412.45 
±42.77*** 

201.6 
±37.03 

401.98 
±63.69** 

HOMA IR 
score 

11.36 
±1.47 

47.7 
±6.46$ 

23.78 
±2.34** 

26.25 
±4.22* 

16.51 
±4.43*** 

32.3 ±4.85 
15.1 
±1.93*** 

 

Values are expressed as Mean ± SEM, N=6. 
$: Value differs significantly from corresponding normal control group (P<0.001) 
* Significantly different from diabetic control (P < 0.05), ** (P < 0.01), *** (P < 0.001) 
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Figure 4.34: Effect of A. acuminata extract on Serum insulin, HOMA-IR 

(Homeostatic Model Assessment- Insulin resistance) and HOMA-β in diabetic rats at 

11 weeks 

Analysed by one way ANOVA followed by Tukey’s test, Values differ significantly from Diabetic 
Control (DC) group ***(p< 0.001), ** (p< 0.01), * (p<0.05) 
$Value differs significantly from Normal Control (NC) group (p< 0.001), Each point represents Mean ± 
SEM of 6 experiments, NC: Normal control animals, DC: Diabetic control animals, Glib: Diabetic 
animals treated with Glibenclamide ( 5 mg/kg, p.o./day), LE100: Diabetic animals treated with leaf 
extract (100 mg/kg, p.o./day), LE300: Diabetic animals treated with leaf extract (300 mg/kg, p.o./day), 
BE100: Diabetic animals treated with leaf extract (100 mg/kg, p.o./day), BE300: Diabetic animals 
treated with leaf extract (300 mg/kg, p.o./day) 
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4.12 PTP1B inhibitory activity in vitro 

Both extracts demonstrated significant PTP1B inhibitory activity with IC50 value 

65.60 ±1.14 and 43.78 ±1.20 μg/ml for leaf and bark extracts respectively against 6.61 

±1.63 μg/ml for Suramin (fig 4.35). 
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Figure 4.35: PTP1B inhibitory activity of A. acuminata LE, BE and Suramin. 

Values presented as mean ± SEM. Analysed using GraphPad Prism 5.3; Non linear curve fit; log(inhibitor) 

vs. response -- Variable slope (four parameters), Each point represents Mean ± SEM of 3 experiments, LE: 

A. acuminata Leaf extract, BE: A. acuminata bark extract 
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4.13 Preliminary phytochemical screening 

Phytochemical tests of the extracts revealed the presence of several chemical 

constituents as shown in Table 4.23. Major constituents noted were tannins, 

flavonoids, phenols and saponins. 

Tannins and flavonoids are constituents known to have varied pharmacological 

actions, so they were probably the principal constituents of plant responsible for its 

antidiabetic action. Therefore, quantification of tannins and flavonoids was carried out. 

 

Table 4.23.Chemical constitutents reported in methanolic extracts of leaf and bark of 

Anogeissus acuminata.  

Chemical constituent Test Bark extract Leaf extract 

Alkaloids Dragendorff test + + 

Hager’s test + + 

Mayer’s test - - 

Wagner’s test - - 

Glycosides Borntrager’s test - - 

Legal’s test - - 

Carbohydrates Molisch’s test  - - 

Fehling’s test - - 

Tannin Fecl3 test +++ +++ 

Triterpenoids LibermanBuchard test - - 

Flavonoids Shinoda’s test ++ ++ 

Alkali test ++ ++ 

Acid test ++ ++ 

Phenols Fecl3 test + + 

Lead acetate test + + 

Saponins Foam test + + 

Steroids Salkowski’s test - - 

LibermanBuchard test - - 

Fixed oils and fats Spot test - - 

Proteins and free amino acid Biuret test  + + 

+ : presence, - :  absence 

 

 

Phase 4 Study: Phytochemical Evaluation  
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4.14 HPTLC fingerprinting analysis 

The HPTLC analysis of both AA extracts demonstrated several peaks of different Rf 

values as given in table 4.24. One peak in leaf extract with Rf value 0.12 was found to 

be corresponding with that of tannin standard Gallic acid. Quercetin was used as 

marker for flavonoids. One peak in chromatogram for bark extract having Rf value 

0.31 was found corresponding with peak of Quercetin (figure 4.36, 4.37). This 

indicates that Gallic acid was one of the constituent of LE, However, there were 

several other prominent peaks also indicating that there are other constituents which 

are present in significant amount. It would be interesting to note that two peaks at Rf 

value 0.38 and 0.51 are present in both extracts, which indicate some common 

constituent present responsible for its action. 

 

Table 4.24. Peak list and Rf values of chromatogram of Anogeissus acuminta extracts at 

254 nm. 

Peak No Maximum Rf Peak Area % Area 

Leaf extract 

1 0.12 3081.7 39.02 

2 0.26 1445.4 18.30 

3 0.38 2349.7 29.75 

4 0.51 1020.8 12.93 

Bark extract 

1 0.31 5804.2 13.42 

2 0.38 18932.1 43.77 

3 0.44 9525.1 22.02 

4 0.50 8996.4 20.80 
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Figure 4.36: HPTLC chromatogram of gallic acid and leaf extract 
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Figure 4.37: HPTLC chromatogram of quercetin and bark extract 
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4.15 Quantification of tannins and flavonoids 

Leaf extract was found to have 24.57% w/w tannin and 14.5% w/w flavonoids. Bark 

extract was found to have 13.63% w/w and 57% w/w tannin and flavonoid content 

respectively. 
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CHAPTER 5. DISCUSSION 

DM is a chronic disorder of carbohydrate, fat and lipid metabolism associated with long 

term microvascular and macrovascular complications. Complications like diabetic 

nephropathy, neuropathy, retinopathy and cardiomyopathy result from substantial 

disturbances in metabolism and cellular homeostatic mechanisms occurring due to lack of 

insulin or insulin resistance. 

One of the common complication of DM, diabetic neuropathy has been found most 

difficult to prevent and manage as it starts very early in the course of DM and the damage 

is irreversible in nature (Boulton et al., 2005). UK prospective Diabetes Study (UKPDS) 

and Diabetes Control of Complications Trial (DCCT) has established that, Diabetic 

nephropathy is the leading cause of end stage renal disease. However, aggressive treatment 

of microalbuminuria may prevent progression to frank macroalbuminuria (Bakris et al., 

2007). It was also proposed that protection from macrovascular complications requires a 

multifactorial approach with tight management of blood glucose, blood pressure and lipid 

levels (Vithian and Hurel, 2010). Several other studies have shown the importance of 

reducing oxidative stress (Giacco and Brownlee, 2010), insulin resistance (Groop, 

Forsblom and Thomas, 2005) and inflammation (Kaul, 2013) as important targets for 

prevention of complications of DM. This makes it apparent that a drug should encompass a 

blend of effects to be effective in preventing development of diabetic complications. 

Herbal drugs have more than one constituents with varied effects and mechanisms making 

them suitable for management of multifactorial diseases like DM. Several herbal drugs are 

under study for their potential use in such multifactorial diseases. Our present study was 

aimed at the evaluation of AA in diabetes and its complications as it is traditionally used in 

treatment of DM and has been reported to have several beneficial effects like antidiabetic, 

anti-oxidant, anti-inflammatory and neuroprotective activity. 
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In the present study, we explored the pharmacological effects of methanolic extracts of AA 

on STZ and Fructose+ STZ induced DM and diabetic neuropathy, nephropathy and 

cardiomyopathy.  

Insulin resistance is the key feature that differentiates T1DM from T2DM. We assessed the 

insulin sensitivity in both animal models used to confirm the type of pathology they 

develop. 

Single high dose STZ i.p. injection in rats is known to develop a disease similar to T1DM 

by damaging beta cells of pancreas. It is a glucose and N –acetyl Glucosamine (GlcNAc) 

analogue, which enters the beta cells of the pancreas via GLUT 2 transporter. It damages 

beta cells via three mechanisms: 

i) DNA methylation and fragmentation 

ii) NO production 

iii) Free radical generation.  

iv) NO production and free radical generation increase oxidative stress and cause 

cell death (Eleazu et al., 2013) 

 

T1DM is characterized by pancreatic beta cell death and insulin deficiency with normal 

insulin sensitivity. The mechanism of cell death in T1DM is autoimmune or infectious in 

nature. However, STZ induced DM replicates the pathology of T1DM most closely. Thus, 

it is believed to induce T1DM in animals. On the other hand, several studies have 

demonstrated that fructose administration causes development of insulin resistance 

(Zavaroni et al., 1980; Martinez, Rizza and Romero, 1994; Thorburn et al., 1989) and 

hyperinsulinaemia. Fructose enters the cell via GLUT 5. Expression of these transporters is 

independent of insulin. Thus, in contrast to glucose intake, fructose intake in body does not 

evoke release or insulin. Fructose serves as an unregulated source of glycerol-3-phosphate 

and acetyl-CoA for hepatic lipogenesis, thus it is highly lipogenic. These effects of 

fructose combined with beta cell damaging effect of STZ are believed to induce a 

syndrome similar to T2DM.  

This is confirmed with our observations in an insulin tolerance test done on both types of 

induced DM animals. The insulin sensitivity index (KITT) of STZ injected animals was > 

1.5%/min indicating normal insulin sensitivity and a model of T1DM.Animals with 

fructose + STZ induced DM, demonstrated KITT <1.5%/min i.e. reduced insulin sensitivity 
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or had insulin resistance. Thus, we considered this model for assessment of effects of AA 

in T2DM. Animals used in present study also developed same pathologies as confirmed by 

lower insulin sensitivity and HOMA IR values. 

 

All STZ injected animals demonstrated high plasma glucose levels at 0 day, while both AA 

extracts could reduce this hyperglycemia significantly which was found to be similar to 

standard treatment with insulin. Studies by Manosroi et al and Hemamalini et al have also 

shown hypoglycemic activity of AA aqueous and Methanolic extracts, respectively in 

alloxan induced DM in rodents (Manosroi et al., 2011; Hemamalini and Vijusha, 2012). 

The diabetic animals in the present study developed classical signs of diabetes such as loss 

of body weight, hyperphagia and polydipsia. AA treatment significantly prevented these 

signs, indicating a better control of the disease. 

Oxidative stress is generated in state of hyperglycemia via different pathways like the 

hexosamine pathway, mitochondrial electron transfer system and by the Amadori 

compounds. This oxidative stress further reduces insulin secretion and increases insulin 

resistance. It also promotes disease progression and target organ damage (Kawahito, 

Kitahata and Oshita, 2009). Lipid peroxidation is an important mechanism that results in 

cell membrane damage and induction of apoptosis or necrosis. Malondialdehyde (MDA) is 

one of the end product and marker of lipid peroxidation (Ayala, Muñoz and Argüelles, 

2014). In line with this fact, our diabetic control animals also developed severe state of 

oxidative stress as indicated by an increase in serum MDA levels. However, treatment with 

AA extract could efficiently suppress the lipid peroxidation in diabetic animals. 

Glutathione is a tripeptide present in all cells of the body as a constitutive defense 

mechanism against oxidative damage and decrease in GSH levels is indicative of oxidative 

stress in the tissue. In the present study also diabetic control animals have demonstrated 

significantly lower reserves of reduced glutathione, while that in AA treated rats was 

higher than DC rats. Catalase is the enzyme which breaks down the highly damaging 

hydrogen peroxide into water and oxygen. Decreased catalase levels may result in 

increased damage to various proteins, lipids and DNA (Tiwari et al., 2013; Asmat, Abad 

and Ismail, 2016). In the present study, catalase levels of untreated diabetic rats were found 

to be significantly lower than the normal control animals. This indicates a disturbed 

antioxidant system of the animals. Treatment with AA extracts could prevent such 

depletion of catalase in a dose dependent manner. It would be interesting to note that, AA 
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bark extract has been reported previously to possess potent anti-oxidant activity probably 

attributable to its high phenolic content. Several constituents present in AA, like, gallic 

acid, quercetin, pterostilbene, flavano-ellagitannins etc. are proven antioxidants. Moreover, 

AA has also demonstrated potent antioxidant activity in in vitro assays (Moses, Manosroi 

and Manosroi, 2009; Manosroi et al., 2011). Such strong antioxidant activity is a desirable 

feature for an anti diabetic agent as oxidative stress is a common pathway leading to cell 

death after different cell damaging stimuli. 

Diabetic neuropathy (DN) is the most common type of diabetic complication occurring in 

60-70 % of DM patients in different forms. It results from endoneurial capillary 

dysfunction, nerve injury resulting in demyelination, apoptosis or necrosis of peripheral 

nerves, including cranial nerves, spinal nerves and their branches. STZ induced DM results 

in peripheral neuropathy with early signs such as allodynia and hyperalgesia, while later 

symptoms of DN include slow nerve conduction velocity, hypoalgesia, motor 

incoordination, degeneration and demyelination of nerves and loss of epidermal nerve 

fibers. 

Hyperalgesia to thermal nociceptive stimulus occurs between the duration of 2-6 weeks 

after induction of diabetes (Somani and Shaikh, 2010). Persistent hyperglycemia leads to 

dysfunction of various local cytokines, leading to enhanced inflammatory effects of these 

cytokines. Such sub-clinical inflammation and oxidative stress at peripheral nerves lead to 

increased nociceptive response to various stimuli. The same phenomenon was observed 

with our STZ induced diabetic rats when they were tested for thermal nociception. This 

indicates that those animals had ongoing neurological damage associated with DN. 

However, animals treated with AA extracts resulted in preserved nociception in a dose 

dependent manner. Insulin treatment also showed a better nociceptive function, albeit less 

significantly than AA response. More significant effect of AA than Insulin on neuropathic 

parameters indicates accessory beneficial effects exerted by AA extract on the nervous 

system. Protection from oxidative damage, inflammatory mediators, apoptotic signals, 

polyol mediated damage may be some of the beneficial effects produced by AA extract 

responsible for its protection against diabetic neuropathy. 

In addition to this, chemical allodynia to hind paw injection of 0.2% formalin worsens in 

STZ diabetic rats between the duration of 4 to 8 weeks (Freshwater and Calcutt, 2005; 

Joshi and Honore, 2006). This was also observed in our study in which diabetic control rats 
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showed significantly elevated number of hind limb flinches i.e. paw scrapping and paw 

licking response as compared to normal non diabetic animals. Treatment with AA leaf as 

well as bark extract could prevent such allodynia as indicated by their significantly lower 

number of limb flinches.  Several antioxidant agents have shown to be effective in 

preventing neuronal damage and loss in sensory function (Ametov et al., 2003). Oxidative 

stress causes microvascular impairment leading to decrease in nerve blood flow, resulting 

in endoneurial hypoxia, and stimulation of inflammatory processes in the neurons. The 

strong anti-oxidant effect of AA as discussed earlier may be responsible for its protective 

effect against DN. Moreover, AA has also shown to possess neuroprotective, NO 

scavenging and COX 2 inhibitory activity in a rat model of transient focal cerebral 

ischemia (ArunaDevi et al., 2010). Anolignan B found in AA has also shown to possess 

anti-inflammatory and COX inhibitory activity (Eldeen et al., 2006). This suggests that 

these actions in addition to hypoglycemic effect may be responsible for its ability to 

prevent hyperalgesia and allodynia in peripheral neurons. Advanced Glycemic End product 

formation also plays an important role in the development of neuropathy. Vescalagin -an 

ellagitannin dimer present in AA has been shown to inhibit AGE formation in metabolic 

disorder in rats (Chang, Shen and Wu, 2013). Quercetin present in AA is a highly potent 

antioxidant and has shown neuroprotective action (Costa et al., 2016). 

Gastroparesis and constipation are common symptoms and consequences of autonomic 

neuropathy. Abnormalities of cholinergic neurons controlling gut motility results in 

reduced gut motility as indicated by less distance travelled by the orally administered 

charcoal meal in this test. In the present study, the untreated diabetic rats exhibited 

significantly lower charcoal meal transit as compared to normal rats, indicating presence of 

autonomic neuropathy. However, rats treated with AA extracts as well as insulin 

demonstrated significantly higher transit of charcoal meal, indicating a preserved neuronal 

function of enteric nervous system by this treatment. 

Hyperglycemia in untreated diabetic rats in present study resulted in reduced nerve 

conduction velocity. Insulin and all AA treated groups exhibited a significant improvement 

of NCV as compared to diabetic control rats. However, animals treated with 300 mg/kg of 

leaf extract had the most significant improvement which was concomitant with its highest 

antihyperglycemic action. Hyperglycemia results in entry of excessive glucose in Schwann 

cells of nerves. Such accumulated glucose activates aldose reductase pathway leading to 

formation and accumulation of sorbitol and fructose. This also results in depletion of myo-
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inositol thus compromising glutathione cycle and activity of sodium potassium ATPase 

pump. Na+/K+ ATPase plays a vital role in restoring the balance of sodium and potassium 

on either sides of the neuronal membrane. These disturbances hamper the impulse 

conduction via neuron, changes being more prominent in long nerves like sciatic nerve. 

Castalagin -an ellagitannin present in AA has demonstrated AGE formation and aldose 

reductase inhibitory activity (Zhang et al., 2014).  

Persistent hyperglycemia and other pathological factors like ROS, glycation of proteins, 

lipids and vital molecules of the cell, inflammatory cytokines etc. cause substantial damage 

to kidney. Such changes in diabetic kidney result in loss of nephrons and therefore, 

decreased formation of urine. In addition to this, glomerular basement membrane 

thickening, glomerulosclerosis and increase in mesangial matrix deposition also results in 

loss of renal function. In our study, the urine volume was higher in diabetic animals owing 

to osmotic effect of hyperglycemia, when measured at 2 weeks after development of DM. 

However, the urinary volume at 8 weeks was significantly lower as compared to normal 

animals, indicating renal damage and loss of excretory function. Treatment with Insulin 

and AA extracts could restore the abnormalities in urine volume at both stages, the most 

significant effect being that of 300mg/kg dose of leaf extract of AA.  

Proteinuria is considered to be the gold standard for screening and staging of diabetic renal 

damage (De Zeeuw et al., 2006). Not only glucose toxicity but also the low grade 

inflammation of renal tissue lead to renal tubular damage as well as alteration of 

glomerular filtration barrier, loss of glomerular charge selectivity (Nakamura and Myers, 

1988; Pietravalle et al., 1991; Morano et al., 1993) and loss of glomerular size selectivity 

(Deckert et al., 1993; Torffvit and Rippe, 1999; Gall et al., 1994). Diabetic nephropathy 

progresses from microalbuminuria to macroalbuminuria, and finally to End Stage Renal 

Disease (ESRD). Microalbuminuria is also a strong predictor of cardiovascular disease in 

patients with diabetes (Ruggenenti and Remuzzi, 2006; Dinneen, 1997). Diabetic control 

animals in our study developed prominent proteinuria. However, AA treatment could 

prevent it at both the dose levels. This indicates a protective effect of AA against renal 

glomerular and tubular damage.  

Loss of excretory function of kidney results in accumulation of waste products in the 

blood. Serum creatinine and Blood Urea Nitrogen are sensitive markers of renal function. 

Diabetes in untreated animals in the present study, resulted in significant increase in serum 
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creatinine and BUN levels indicating a worsening of kidney function, in concordance with 

the reduced urine volume at 8 weeks. Treatment with both extracts of AA could reduce 

both markers, demonstrating the protective effect of AA on diabetic nephropathy. 

Tubulointerstitial fibrosis and glomerulosclerosis are prominent signs of nephropathy in 

diabetic patient. These changes result from deposition of myofibroblasts and extracellular 

matrix in the diabetic kidney. Such fibrous tissue deposition occurs due to stimulation of 

various growth factors such as PDGF, TGF-β and IL-1 owing to ongoing inflammation. 

Such fibrosis and inflammation results in increased relative kidney weight in animal with 

diabetic renal disease, which was also observed in our diabetic control animals. AA 

treatment could reduce the kidney hypertrophy and inflammation as indicated by lower 

kidney weight ratios. Quercetin present in AA has shown protective effect on diabetic 

nephropathy (Gomes et al., 2014).  

Fructose and STZ injected model in our study represented Type 2 DM as confirmed by 

Insulin tolerance test discussed earlier. Diabetes in these animals resulted in increased food 

intake more prominently in early phase of diabetic state. However, the increase in food 

intake does not proportionately increase the body weight of animal. This may be due to 

lack of anabolic action of insulin on protein metabolism, which also results in muscle 

wasting and increase in adipose tissue mass. However, due to loss of muscle mass the body 

weight of animals decreases. In our study also there was a continuous loss of body weight 

over a period of 12 weeks in diabetic control group of animals. However, AA treatment 

could prevent such weight loss in treated animals and a normal pattern of increase in body 

weight was observed, which indicated overall better health of these animals. Diabetic 

animals also demonstrated an increase in water intake due to hyperglycemic state. The 

animals treated with AA presented with less polydipsia, which was proportionate to their 

plasma glucose levels. Induction of T2DM in animals resulted in very high increase in 

plasma glucose levels. AA treatment could reduce the plasma glucose levels in a dose 

dependent manner. Glycated haemoglobin levels were accordingly high in untreated 

diabetic animals indicating persistently elevated levels of plasma glucose in these animals. 

Higher doses of AA could bring down the HbA1C level to a significantly lower value. This 

supports the anti-hyperglycemic action of AA extracts in T2DM. However, as the average 

life span of RBC is 120 days and animals were tested on 77th day of induction of DM, 

haemoglobin glycated during this day of DM induction can not be fully reversed until 
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nearly 120 days. Thus, even though lower doses of AA could significantly reduce plasma 

glucose levels, they were not able to reduce the HbA1C value significantly.   

In the condition of insulin resistance and elevated lipid levels, there is an increased 

lipolysis leading to release of free fatty acids from adipose tissue (Volkova and 

Deedwania, 2007). Moreover, there is an increased use of fatty acid as energy substrate in 

diabetic hearts. However, fatty acid uptake of heart exceeds this utilization and results in 

accumulation of lipids in the heart leading to lipotoxicity and apoptosis of cardiomyocytes 

(Zhou et al., 2000). Dyslipidaemia has been the major predictor of cardiaovascular adverse 

events in diabetic patients. Metabolic syndrome in diabetic rats lead to elevated total 

cholesterol, triglyceride, LDL levels and decrease in HDL levels. AA treatment was able to 

reduce the lipid levels and increase HDL levels, indicating a beneficial effect on 

cardiovascular risk of diabetic animals. 

Treatment with AA demonstrated a highly significant reduction in oxidative stress in the 

diabetic animals, in contrast to glibenclamide treatment which produced only 

nonsignificant changes in oxidative stress parameters. AA extracts were found to be rich in 

phenolic compounds, which are known to be strong antioxidants.  Increased production of 

ROS and reduced cellular antioxidant mechanisms contribute to myocardial damage, 

apoptosis and then remodeling. Moreover, it also leads to disturbances of myocardial 

energetic leading to loss of efficiency of myocardium. Thus, oxidative stress is a major 

factor contributing in development of diabetic cardiomyopathy. Thus, its anti-oxidant 

mechanism may be one of the factor responsible for its protective effect against 

cardiomyopathy in DM.   

DC rats had higher insulin levels as compared to normal rats. However, higher levels of 

insulin in DC rats were insufficient when seen in proportion to the plasma glucose level in 

these animals. This may be due to exhausted beta cell function resulting from insulin 

resistance and glucose toxicity. AA treatment reduced the insulin levels. Although, no 

significant difference was found in insulin levels between control and treated groups, it 

reveals a beneficial effect on sensitivity of available insulin and functioning of beta cells 

when seen in conjugation with glucose levels. Studies by Manosroi et al., 2011, 

Hemamalini et al., 2012 and Zaruwa et al, 2015 also demonstrated anti diabetic effect of 

methanolic or aqueous extracts of AA in alloxan induced DM. However, our study is the 

first to demonstrate the effectiveness of AA in animal model of T2DM. We determined the 



Discussion 

132 
 

effect of AA treatment on insulin resistance (IR) and beta cell function using HOMA 

method. AA treatment could significantly reduce the IR in diabetic rats supporting its 

effectiveness in T2DM. Other plants rich in flavonoids like Prunus dulcis (Mill.) D.A. 

Webb (Sendrayaperumal, Pillai and Subramanian, 2014), Eriodictyon californicum (Hook. 

& Arn.) Torr (Zhang et al., 2012), Cochlospermum vitifolium (Willd.), oranges etc 

(Mulvihill et al., 2009) have also demonstrated IR lowering effect, suggesting the 

contribution of rich phenolic content of AA to be responsible for its antidiabetic effect. 

Quercetin, a flavonoid present in AA demonstrated beta cell protective effect and 

improved insulin sensitivity (Yan et al., 2015). 

To further assess its efficacy on insulin resistance, we assessed PTP1B inhibitory activity 

of AA extracts in vitro. Both AA extract demonstrated a significant inhibition of PTP1B 

enzyme, which is the negative regulator of insulin sensitivity. Thus, reduction of IR 

mediated via PTP1B inhibition may be one of the mechanism of antidiabetic action of AA. 

Apart from IR, AA extract also significantly increased the beta cell function of diabetic 

rats as demonstrated by HOMA β values. This indicates that it has either preserved the beta 

cell viability or has insulin secretogogue action or both. It is a known fact that long term 

hyperglycemia exerts glucose toxicity on pancreatic beta cell leading to cell death, the 

mechanism responsible for secondary failure of several oral hypoglycemic therapies in 

T2DM patients. Vescalagin present in AA has been shown to prevent β cell death by 

inhibiting cytokine and TNF α release (Chang, Shen and Wu, 2013). The effective blood 

glucose control and strong antioxidant property of AA may be pivotal in prevention of 

such glucose toxicity and beta cell death in treated animals. However, it is possible that it 

may also have insulin secretogogue activity as several phenolic compounds present in AA, 

like, pterostilbene (Manickam et al., 1997), gallic acid (Sameermahmood et al., 2009), 

quercetin (Youl et al., 2010),  have previously demonstrated the insulin secretogogue 

action. 

T2DM induced by fructose and STZ resulted in classical metabolic disorder developing not 

only hyperglycemia but also severe oxidative stress in the animals as was evident from the 

reduced glutathione and catalase levels and increased MDA levels in the diabetic rats. It is 

apparent that AA extracts owing to their phytoconstituents could alleviate this oxidative 

stress. AA treatment increased the levels of catalase and glutathione, while reduced the 

levels of MDA indicating reduced lipid peroxidation. However, as discussed earlier, potent 

antioxidant activity of AA has been previously demonstrated in in vitro and in vivo studies 
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(Moses et al, 2009, Manosroi et al., 2011). But its antioxidant activity in T2DM presents a 

potential benefit over the conventional treatments (like Glibenclamide, which has shown 

little protection against oxidative stress in present model), which do not interfere with 

disease progression process, resulting in loss of pancreatic beta cell viability and target 

organ damage on long term. 

Insulin resistance is a cause of dyslipidemia and elevated TG, FFA levels also promote 

insulin resistance. Both insulin resistance and dyslipidemia are major underlying 

abnormalities leading to cardiovascular disease. Thus it is clear that control of 

dyslipidemia is also a modality for prevention of cardiovascular disease (Ginsberg, 2000). 

Treatment with AA extracts could significantly improve the lipid levels of the animals. It 

could reduce levels of TG, Total cholesterol, and LDL, and increase levels of HDL in a 

significant manner at 2 and 12 weeks. Hypertriglyceridemia is a characteristic feature of 

disease induced by fructose. Our animals also developed severe elevations in TG levels. 

TG accumulation, so-called lipotoxicity is detrimental for pancreatic β-cells where it 

reduces glucose dependent insulin release and promotes apoptosis of these cells (Yang and 

Li, 2012). Pterostilbene a lignin present in AA has been found to possess hypolipidaemic 

activity via activation of peroxisome proliferator-activated receptor alpha (PPAR α) 

receptor (Rimando et al., 2005). One of the ellagitannin, Vescalagin found in the AA is 

known to possess hypotriglyceridemic action (Shen and Chang, 2013). Flavonoid 

Quercetin present in AA is also known for its hypolipidemic action (Yan et al., 2015). 

Serum Lactate dehydrogenase and CK-MB are sensitive biomarkers of cardiac damage 

(Fontes, Goncalves, and Ribeiro, 1999). LDH is released as a result of myocardial tissue 

necrosis, and correlates with the extent of myocardial damage. Both LDH and CK-MB are 

found to be increased in diabetic cardiomyopathy (Hall, 1991). In present study also there 

was significant increase in both enzymes at 12th week of DM induction, thus indicating 

profound myocardial damage, however, their levels in AA treated groups were 

significantly lower indicating a protective effect on heart. 

Diabetes in present animals also resulted in increase in mean blood pressure and decrease 

in heart rate, indicating the condition of cardiomyopathy in animals. However, there was 

no significant difference in force of contraction observed between the groups. Mean blood 

pressure was significantly reduced in animals treated with higher doses of AA. Elevated 

blood pressure is a prominent risk factor for coronary artery disease (McInnes, 1995) and 
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also for cardiomyopathy (Boudina and Abel, 2010). It indicates increased burden on heart, 

which may result in cardiac hypertrophy and/or ischaemic heart disease (Hayat et al., 

2004). Thus, ability of AA to reduce mean blood pressure in diabetic rats indicates a 

beneficial effect on cardiovascular system of these rats. One of the complex tannin 

Castalagin present in AA has been shown to possess hypotensive effect in spontaneously 

hypertensive rats (Lin, Hsu and Cheng, 1993). Thus, it is possible that effect of AA on 

blood pressure may be due to its complex tannin content. AA also could prevent the 

bradycardia associated with diabetic cardiomyopathy as reflected by significantly higher 

heart rate in AA treated groups as compared to diabetic control animals, indicating a 

preserved cardiac function.  

Experimentally induced diabetes has been shown to cause an increase in accumulation of 

protein and collagen formation. This causes structural and functional changes in the 

cardiac tissue. (Regan et al., 1981). Moreover, deposition of collagen in left ventricular 

interstitium causes myocardial fibrosis and stiffness resulting in cardiac dysfunction (Nagai 

et al., 1988; Weber, 1994). Several studies have indicated that fibrous tissue formation and 

accumulation of collagen increases the left ventricular mass in diabetic rats (Biernacka and 

Frangogiannis, 2011). Biopsy of diabetic human hearts has also supported the finding 

observed in rat hearts (Shimizu et al., 1993). Cardiac and left ventricular hypertrophy has 

shown to be represented by heart weight to body weight ratio and left ventricular weight to 

heart weight ratio respectively (Balakumar and Singh, 2006). Treatment with AA extracts 

could attenuate both cardiac and left ventricular hypertrophy significantly, indicating a 

preventive effect on cardiac remodeling. Quercetin, one of the flavonoid present in AA 

could prevent cardiac fibrosis in a study by inhibiting overexpression of transforming 

growth factor β1 (TGF-β1), connective tissue growth factor (CTGF), and excessive 

deposition of extracellular matrix (ECM) (Li et al., 2013). Thus, it is possible that effect of 

AA may be at least in part be attributable to its quercetin or other flavonoid content. 

 

Consistent with this supposition, the phytochemical analysis of AA extract shows presence 

of tannins, Flavonoids, alkaloids, saponins and proteins or amino acids. It is a well known 

fact that Combretaceous plants are rich in tannin and flavonoid content. AA extracts 

demonstrated a high tannin and flavonoid content; therefore it was quantified using 

standard methods. Both leaf and bark extracts demonstrated good amount of tannins and 

flavonoids. However, leaf extract had very high amount of tannins, while bark extract 
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showed presence of high amount of flavonoids. This was further supported by result of 

HPTLC fingerprinting analysis. Gallic acid and quercetin were used as markers. One of the 

peak of leaf extract corresponded with gallic acid peak, while one peak of bark 

chromatograph matched with quercetin peak. This, indicated that leaf had gallic acid in 

addition to other constituents, while quercetin was one of the constituent of bark extract. 

There were several peaks which were more prominent and common in both extracts. These 

may be other constituents potentially responsible for potent pharmacological actions 

observed in the present study. Several studies have revealed presence of unique complex 

tannins (flavano-ellagitannins) like, acutissimin A and C, eugenigradin etc. in AA in 

addition to simple tannins like gallic acid, ellagic acid etc. Ellagitannin dimers like 

castamollinin, anogeissusin A and B, anogeissinin, castalagin, castalin, vescalagin 

carboxylic acid, grandinin are also found to be present in AA. Apart from this various 

lignans like pterostilbene, anolignan A, B and C, secoisolariciresinol and leiocarpan are 

also present in AA. Several compounds out of this have demonstrated varied 

pharmacological actions. This justifies the beneficial effects of AA extract on T1DM, 

T2DM, neuropathy, nephropathy and cardiomyopathy. Anti-oxidant effect of tannin rich 

plants is most potent among all pharmacological activities. Our results of in vitro anti-

oxidant tests done with AA extracts confirm this notion. Both leaf and bark extracts 

demonstrated potent DPPH radical scavenging activity. DPPH is a colored and relatively 

stable free radical used in this assay. DPPH free radical reacts with reducing agent and 

loses its color. Thus, discoloration of reaction mixture is proportionate to the reducing 

power of the analyte. AA extracts showed potent activities with EC50 values comparable 

to that of Vitamin C. Our results are in agreement with results of study done by Manosroi 

et al in which they found AA aqueous extracts to have potent DPPH radical scavenging 

action (Manosroi et al., 2011).  

Reducing power assay involves the reduction of Fe+3/ferricyanide complex to the ferrous 

form of Perl’s Prussian blue. The Perl’s Prussian blue formed has absorbance peak at 

700nm. Both extracts of AA demonstrated a higher formation of Perl’s Prussian blue as 

indicated by their higher absorbance values. This implies that they are having potent 

reducing abilities and thereby can act as potent antioxidant defense for the tissue.  

TBA assay represents the ability of analyte to prevent the lipid peroxidation of fatty acid 

present in the reaction mixture. Lipid peroxidation is an important mechanism of damage 

to lipid components of cell, like, cellular and subcelluar membranes. Damage of lipid 
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bilayer of cell membrane is an important mechanism of cell damage which can lead to 

apoptosis or necrosis. Thus, ability to prevent lipid peroxidation may be a desirable 

property of any drug acting on chronic diseases. It is also an important pathway causing 

macrovascular and microvascular damage in long standing diabetes (Arora, Vig, and 

Arora, 2013). Both extracts of AA exhibited an ability to prevent lipid peroxidation 

comparable to that by vitamin C. 
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CHAPTER 6. CONCLUSIONS 

Observations from our study demonstrate the anti diabetic effect of methanolic extracts of 

A. acuminata leaf and bark in diabetic animals. AA extracts also showed beneficial effect 

on parameters of diabetic neuropathy and nephropathy, indicating less neuronal and renal 

damage inflicted by DM.  

Methanolic extracts of AA also exhibited beneficial effects on cardiac functional 

parameters like, mean blood pressure, heart rate, hypertrophy indices, lipid levels, serum 

LDH and CK-MB levels, oxidative stress status and insulin resistance. This indicates that 

AA has beneficial effect in preventing cardiovascular complications associated with 

diabetes mellitus.  

AA methanolic extracts possess potent antioxidant action, which may be an important 

mechanism of its protective effect on diabetic complications. In addition to this, based on 

the PTP1B inhibitory activity of extracts, we can conclude that it has ability to reduce 

insulin resistance and increase glucose uptake in tissue. These effects may be on account of 

its diverse tannin and flavonoid contents. Apart from this, as discussed earlier, various 

chemical constituents present in AA have demonstrated varied actions like, insulin 

secretogogue, hypolipidemic, hypotensive, anti-inflammatory, analgesic, neuroprotective, 

TNF α inhibitory, COX inhibitory, prevention of AGE formation and beta cell protective 

actions, which all in combination may provide an overall protection against disease 

progression and development of complications as observed in our study. 

The results of the present study can prove to be a useful lead for further investigational 

studies on AA, for evaluating the efficacy of this plant in management of Diabetes mellitus 

and its complications. Further, studies can be directed towards the isolation and 

characterization of active constituents present in the plant and estimation of mechanisms 

responsible for its beneficial effect. In addition to this, the studies can be designed to 

evaluate the safety and efficacy profile of the plant in preclinical and clinical settings.  
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Method: USP <467> Plant part #:    Leaf extract Analysis Date: 15/05 / 2015 Page 1 of 1 

Product: Anogeissus  acuminata  extarct 

 

 Written by Checked by Verified  By 

Designation  QC Chemist QC In charge QC Manager 

Signature Swati Patel Ankita Patel Anand karbelkar 

This document is the property of Pharmanza Herbal Pvt. Ltd. (PHPL). This document as a whole or part, cannot and should not be reproduced, stored in a retrieval 
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Instrument: GC-FID with Headspace Auto sampler 
Column: Agilent RTx-1301 
 
 

ND: None Detected.  ND results listed with a “<” sign indicate that the limit of detection has not been determined 
below the level noted.  
 
Instrument parameters set according to USP <467> and are available upon request.  Reference standard 
solution was prepared from stock standard solution diluted in Water.  Sample solution was prepared in Water.  
Values were calculated according to peak area for standard solution and adjusted for purity after calibration 
curve.  
 
Note: Residual solvents tested are selected based on solvents that may be used in commercial-scale botanical 
extraction.  
 

Analysis/Result USP Limit (ppm) Result (ppm) Pass/Fail USP Limit? 

Residual Solvents:    

Isopropanol 5000 ND Pass  

Ethyl acetate 5000 ND Pass 

Ethanol 5000 ND Pass 

Acetone 5000 ND Pass 

Chloroform 60 ND  Pass 

Cyclohexane 3880 ND Pass 

Toluene 890 ND Pass 

Methanol 3000 1526.39 Pass 

n-Hexane 290 ND Pass 

Benzene 2 ND Pass 

1,2-dichloroethane 5 ND Pass 
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Instrument: GC-FID with Headspace Auto sampler 
Column: Agilent RTx-1301 
 
 

ND: None Detected.  ND results listed with a “<” sign indicate that the limit of detection has not been determined 
below the level noted.  
 
Instrument parameters set according to USP <467> and are available upon request.  Reference standard 
solution was prepared from stock standard solution diluted in Distilled Water.  Sample solution was prepared in 
Distilled Water.  Values were calculated according to peak area for standard solution and adjusted for purity 
after calibration curve.  
 
Note: Residual solvents tested are selected based on solvents that may be used in commercial-scale botanical 
extraction.  
 

Analysis/Result USP Limit (ppm) Result (ppm) Pass/Fail USP Limit? 

Residual Solvents:    

Isopropanol 5000 ND Pass  

Ethyl acetate 5000 ND Pass 

Ethanol 5000 ND Pass 

Acetone 5000 ND Pass 

Chloroform 60 ND  Pass 

Cyclohexane 3880 ND Pass 

Toluene 890 ND Pass 

Methanol 3000 271.55 Pass 

n-Hexane 290 ND Pass 

Benzene 2 ND Pass 

1,2-dichloroethane 5 ND Pass 
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