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Pterostilbene (PTS), a compound most abundantly found in blueberries, is a natural analog of resveratrol. Several plant species, such 

as peanuts and grapes, produce PTS. It has increased bioavailability in comparison to other stilbene compounds, which may enhance 

its dietary benefit and possibly contribute to a valuable clinical effect. PTS is a naturally-derived stilbenoid structurally related to 

resveratrol, with potential antioxidant, anti-inflammatory, pro-apoptotic, antineoplastic and cytoprotective activities. Upon 

administration, PTS exerts its anti-oxidant activity by scavenging reactive oxygen species (ROS), thereby preventing oxidative stress 

and ROS-induced cell damage. Tetrahydrocurcumin (THC) is one of the major metabolites of curcumin which exhibits many of the 

same physiologic and pharmacological activities as curcumin and in some systems may exert greater antioxidant activity than curcumin. 

Oral administration of PTS (40 mg/kg body weight) THC at 80 mg/kg body weight to diabetic rats for 45 days resulted in a significant 

reduction in blood glucose and significant increase in plasma insulin levels. In addition, the diabetic rats had decreased the levels of 

plasma total protein, albumin, globulin and albumin/globulin ratio as compared to control rats. After treatment with PTS and THC total 

protein, albumin, globulin and albumin/globulin ratio were brought back to near normal levels. The activities of hepatic and renal 

markers were significantly elevated in diabetic rats as compared to control rats, and treatment with PTS and THC have reversed these 

parameters to near normal levels. In diabetic rats, the decreased levels of urea, uric acid and creatinine with increased levels of was 

observed, and treatment with PTS and THC have reversed these parameters to near normal levels. THC had a better protective effect 

when compared with PTS. 
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Introduction 

Diabetic nephropathy is the kidney disease that occurs as a result of diabetes. Cardiovascular and renal complications 

share common risk factors such as blood pressure, blood lipids, and glycemic control. Thus, chronic kidney disease may 

predict cardiovascular disease in the general population. The impact of diabetes on renal impairment changes with 

increasing age. Serum markers of glomerular filtration rate and microalbuminuria identify renal impairment in different 

segments of the diabetic population, indicating that serum markers as well as microalbuminuria tests should be used in 

screening for nephropathy in diabetic older people. The American Diabetes Association and the National Institutes of 

Health recommend estimated glomerular filtration rate calculated from serum creatinine at least once a year in all people 

with diabetes for detection of kidney dysfunction (Dabla, 2010).   

 

The liver and kidney plays a major role in the pathogenesis of type 2 diabetes. It contributes to insulin resistance, along 

with muscle and adipose tissues, and it has a major impact on the incidence of hyperglycaemia. Hepatic diseases such as 

cirrhosis, viral hepatitis and nonalcoholic fatty liver disease are associated with altered glucose metabolism and a higher 

prevalence of diabetes mellitus (DeFronzo et al.,  1992). 

 

All of the liver function tests, with the exception of bilirubin, are measurements of enzyme levels. These enzymes are 

normally present in liver cells, and there is a certain “normal” level of these enzymes circulating in the bloodstream. When 

the liver becomes inflamed or damaged, these enzymes are released into the bloodstream in abnormal amounts by the 

damaged cells. This results in elevated levels in the bloodstream. Bilirubin, another substance commonly measured in the 

blood to detect liver disease, is produced from the breakdown of red blood cells (Pari and Murugan, 2004). Again, a 

 

Abstract 

mailto:manomuruganphd@gmail.com


         Journal of Pharmaceutical Negative Results ¦ Volume 12 ¦ Issue 01 ¦ 2021 104 
 

normal bilirubin level is maintained as the liver continually removes bilirubin from the bloodstream for further processing. 

If the liver is impaired, however, bilirubin is not removed, and the level in the bloodstream will rise (Murugan and Pari, 

2007).  

 

The kidney function tests do not measure enzymes, but measure breakdown products of normal body processes. Blood 

urea nitrogen (BUN) is produced as a result of protein breakdown. BUN is formed in the liver and carried via the 

bloodstream to the kidneys to be eliminated (Murugan and Pari, 2005). Creatinine is a breakdown product of a specific 

type of muscle protein. It is formed in certain muscles and is carried via the bloodstream to be eliminated by the kidneys. 

If the kidneys become impaired and unable to eliminate the usual amount of these substances, the BUN and creatinine 

blood levels will rise (Pari and Murugan, 2006). 

 

THC, produced from curcumin by hydrogenation, are colorless which render these products useful in non-colored food 

and cosmetic applications that currently employ synthetic antioxidants (Murugan and Pari, 2006). THC is one of the major 

metabolites of curcumin, with potential bioactivity. This metabolite was identified in intestinal and hepatic cytosol from 

humans and rats (Murugan and Pari, 2007; Murugan and Pari, 2008). The reduction of curcumin to THC seems to occur 

primarily in a cytosolic compartment (Ireson, 2002). Final reduction of THC to hexahydrocurcuminol may occur in 

microsomes (possibly by cytochrome P450 reductase) (Ireson, 2002). Recently, attention has focused on THC, as one of 

the major metabolites of curcumin, because this compound appears to exert greater antioxidant activity in both in vitro 

and in vivo systems (Pari and Murugan, 2004). In our previous study, we have demonstrated the antidiabetic effect of 

THC in streptozotocin (STZ) induced diabetic rats (Pari and Murugan, 2005).  

 

Plants play a major role in the introduction of new therapeutic agents and have received much attention as sources of 

biologically active substances. Pterocarpus marsupium has been used for many years in the treatment of diabetes mellitus 

(Warrier, 1995).  PTS was found to be one of the active constituents in the extracts of the heartwood of Pterocarpus 

marsupium (Maurya et al. 2004). It is suggested that PTS might be one of the principal anti-diabetic constituents of 

Pterocarpus marsupium (Maurya et al. 2004). An aqueous extract of heartwood of P. marsupium has been tested clinically 

and found to be effective in non-insulin dependent diabetes (NIDDM) patients. When administered to STZ-induced 

hyperglycemic rats, PTS and marsupin, two of the major phenolic constituents in aqueous decoction of the heartwood of 

P. marsupium, significantly decreased plasma glucose (Pari and  Amarnath Satheesh, 2006).  

 

To our knowledge, so far no other biochemical investigations have been carried out on the effect of PTS compared to THC in 

hepatic and renal functional  markers and protein levels status of experimental diabetic rats. The present investigation was carried 

out to study the effect of PTS and THC on hepatic and renal functional markers and protein levels in rats with STZ and 

nicotinamide induced diabetes. 

 

Materials and methods 
Drugs and Chemicals 

THC and pterostilbene was a gift provided by Sabinsa Corporation, USA. All other chemicals and biochemicals were of 

analytical grade. 

 

 Induction of diabetes  

Type 2 diabetes mellitus was induced (Masiello et al., 1998) in overnight fasted rats by a single intraperitonial injection 

(i.p) of 65 mg/kg body weight STZ, 15 min after the i.p administration of 110 mg/kg body weight of nicotinamide. STZ 

was dissolved in citrate buffer (pH 4.5) and nicotinamide was dissolved in normal saline. Hyperglycemia was confirmed 

by the elevated glucose levels in plasma, determined at 72 h and then on day 7 after injection. The animals with blood 

glucose concentration more than 200 mg/dl will be used for the study.  

 

Experimental design  

In this experiment, rats were divided into 4 groups of 6 rats each.  

Group 1: Normal rats. 

Group 2: Diabetic control rats. 

Group 3: Diabetic rats given aqueous extract of THC (80 mg/kg body weight) in aqueous suspension daily using an 

intragastric tube for 45 days (Pari and Murugan, 2005). 

Group 4: Diabetic rats given Pterostilbene (40 mg/kg body weight) in aqueous suspension daily using an intragastric tube 

for 45 days (Pari and  Amarnath Satheesh, 2006).  

At the end of 45 days, the animals were deprived of food overnight and sacrificed by decapitation.  Blood was collected 

in tubes containing potassium oxalate and sodium fluoride mixture for the estimation of blood glucose. Plasma was 

separated for the estimation of insulin. Collection of urine by using metabolic cages animals kept in overnight. 

 

Analytical methods 

Total protein and albumin kit, Biuret and BCG Dye Binding method for in vitro estimation- Diagnostics. Serum enzymatic 

activities of aspartate transaminase, alanine transaminase, alkaline phosphatase, and gamma glutamyl transpeptidase were 

determined on fully automated chemistry analyzer Roche/Hitachi-912 (Roche Diagnostics, Manheim, Germany) using 

Roche Diagnostics GmbH kits. The values were expressed as IU/L serum. 
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The levels of urea, ureic acid, creatinine, albumin and total protein were estimated spectophotometrically according to the 

standard procedures using commercially available diagnostic kits (Sigma Diagnostics (I) Pvt Ltd, Baroda, India).  

 

Statistical analysis  

The data for various biochemical parameters were analyzed using analysis of variance, and the group means were 

compared by Duncan’s multiple range test. Values were considered statistically significant if p < 0.05 (Duncan, 1957).  

 

Table 1.   Effect of THC and PTS on the levels of blood glucose, plasma insulin, haemoglobin and glycosylated 

haemoglobin in normal and experimental rats 

Groups Fasting blood glucose 

(mg/dl) 

Plasma insulin 

(U/ml) 

Total 

haemoglobin 

(g/dl) 

Glycosylated 

haemoglobin                  

(mg/g Hb) 

Normal 100.23  5.32a 12.12  0.44a 12.35  0.36a  0.33  0.03a  

Diabetic control 298.32  7.30b  3.95  0.30b  8.72  0.35b  0.80  0.04b  

Diabetic + THC                                                

(80 mg/kg) 
117.25  6.15c 9.57  0.73c 11.36  0.56c 0.40  0.03c 

Diabetic + 

Pterostilbene                 

(40 mg/kg) 

138.58  6.25d 8.21  0.25d 10.87  0.50d  0.48  0.03d 

Values are given as mean  S.D for 6 rats in each group.  

Values not sharing a common superscript letter differ significantly at p<0.05 (DMRT). 

 

Table 2. Effect of THC and PTS total protein, albumin, globulin and A/G ratio in plasma of control and 

experimental animals. 

Groups Total protein (g/dl) Albumin (g/dl) Globulin (g/dl) 

                     

A/G ratio 

Control rats 6.85  0.36a 3.58   0.20a  3.25 0.15a 1.15  0.02a 

Diabetic control 
4.03  0.27b   1.78 0.12b   2.14  0.14b 0.87  0.03b 

Diabetic + THC  (80 mg/kg)                               
6.48  0.30c  3.45  0.13c   3.09 0.15c 1.15   0.01c 

Diabetic + PTS (40mg/kg)                     
5.90  0.35d   3.12 0.15d  2.85  0.16d 1.07  0.01d 

Values are given as mean  S.D for 6 rats in each group. A/G ratio- albumin/globulin ratio. 

Values not sharing a common superscript letter differ significantly at p<0.05 (Duncan’s multiple range test). 

 

Table 3. Effect of THC and PTS on serum aspartate transaminase (AST), alanine transaminase (ALT), alkaline 

phosphatase (ALP) and gamma glutamyl transpeptidase (GGT) in control and experimental diabetes 

Groups AST (IU/L) ALT (IU/L) ALP (IU/L)                     GGT (IU/L) 

Control rats 75.52  5.12a 29.53  1.77a 75.54 5.12a 11.47  0.48a 

Diabetic control 
125.02  7.25b 65.84 3.71b 149.32  8.58b 28.75  1.55b 

Diabetic + THC  (80 mg/kg)                               
85.45  6.25c 35.22  2.55c 87.52 6.35c 14.45  1.09c 

Diabetic + PTS (40mg/kg)                     
94.19  5.32d 41.25 2.31d 95.21  5.35d 18.58  1.05d 

Values are given as mean  S.D for 6 rats in each group. 

Values not sharing a common superscript letter differ significantly at p<0.05 (Duncan’s multiple range test). 

 

Table 4. Effect of THC and PTS on serum Urea, Ureic acid and Creatinine in control and experimental diabetes 

Groups Urea    

(mg/dl) 

Ureic acid                                                      

(mg/dl) 

Creatinine                                                         

(mg/dl) 

Control rats 24 .19  1.25a 1.17  0.06a 0.93  0.05a 

Diabetic control 38.50  2.69d 2.30  0.15b 2.30  0.15b 

Diabetic + THC  (80 mg/kg)                               26.56  1.13c  1.27  0.05c 1.07  0.05c 

Diabetic + PTS (40mg/kg) 30.26  1.65d 1.39   0.05d 1.23  0.04d 

Values are mean  SD for 6 rats in each group. 

Values not sharing a common superscript letter differ significantly at p < 0.05 (Duncan’s multiple range test).  
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Table 5. Effect of THC and PTS on Urea in urine, Ureic acid, Creatinine and Albumin, Urine volume                                                                 

in control and experimental diabetes 

Groups Urea in urine 

(mg/dl)   

Ureic acid 

(mg/dl)   

Creatinine 

(mg/dl) 

Albumin 

( g/dl)                     

Urine volume 

(ml/day) 

Control rats 144.52  8.02a 7.57   4.62a 2.79 0.15a 145.21  7.12a 9.21  0.36a 

Diabetic control 105.54   

7.21b 

5.54  0.26b 1.70 0.11b 310.77  

13.02b 

20.02 1.21b 

Diabetic + THC  (80 

mg/kg)                               
130.21  8.12c 7.21   0.54c 2.54   0.15c 160.21  9.21ac 11.05  0.55c 

Diabetic + PTS 

(40mg/kg)                     
115.40  7.15d

  

7.15   0.11d 2.35  0.15d 185.14  8.78c   12.24  

0.54d 

 

Values are mean  SD for 6 rats in each group. 

Values not sharing a common superscript letter differ significantly at p < 0.05 (Duncan’s multiple range test). 

 

Results 
Table 1 shows the level of blood glucose, total haemoglobin, glycosylated haemoglobin and plasma insulin of different 

experimental groups. There was a significant elevation in blood glucose level, whereas plasma insulin levels decreased 

significantly in diabetic rats, compared with normal rats. Administration of PTS and THC tended to bring blood glucose 

and plasma insulin towards normal. The diabetic control rats showed a significant decrease in the level of total 

haemoglobin and significant increase in the level of glycosylated haemoglobin. Oral administration of PTS and THC to 

diabetic rats significantly restored total haemoglobin and glycosylated haemoglobin levels. The effect of THC was more 

prominent when compared with PTS. 

 

The levels of total protein, albumin, globulin and albumin/globulin ratio in the plasma of normal and diabetic rats are 

presented in the table 2. The diabetic rats had decreased levels of plasma total protein, albumin, globulin and 

albumin/globulin ratio when compared with control rats. After treatment with PTS and THC total protein, albumin, 

globulin and albumin/globulin ratio were brought back to near normal levels. The protective effect of THC was more 

prominent compared with PTS. 

 

Table 3 represents the effect of PTS and THC on changes in the activities of serum aspartate transaminase, alanine 

transaminase, alkaline phosphatase and gamma glutamyl transpeptidase of normal and experimental rats. The activities of 

hepatic markers were significantly elevated in diabetic rats when compared to control rats. PTS and THC treatment to 

diabetic rats reversed the above changes in a significant manner when compared to diabetic control rats. The effect of 

THC was more prominent compared with PTS. 

 

The level of urea, uric acid and creatinine in the serum of control and diabetic rats are represented in the table 4. In our 

study, the levels of urea, uric acid and creatinine are elevated remarkably in the serum of diabetic rats as compared with 

control rats. Diabetic rats treated with PTS and THC showed the reversed of these parameters near normal levels. The 

effect of THC was more potent than PTS. 

 

Table 5 shows urine output and the levels of urea, uric acid, creatinine and albumin in the urine of diabetic rats. Diabetic 

rats have decreased levels of urea, uric acid, creatinine and increased levels of albumin was observed, and treatment with 

PTS and THC has reversed these parameters to near normal levels. 

 

Discussion 
Diabetes mellitus (DM) is the most common disorder of endocrine system in humans, characterized by hyperglycemia 

over a prolonged period of time. Hyperglycemia usually occurs due to insulin secretion impairment, defects in the 

metabolic action of insulin, or both. The long term hyperglycemia in diabetes is related to both micro and macrovascular 

disorders. Various organs, e.g., the liver, eyes, kidneys and nerves, are negatively affected by chronic hyperglycemia, 

which also causes an increased risk of cardiovascular disease (CVD) (Punthakee et al., 2018). The liver has an essential 

role in glucose homeostasis through its ability for storing glycogen in the fed state and producing glucose by both processes 

of glycogenolysis and gluconeogenesis in the fasting state. An abnormal liver function test in itself may be a biochemical 

indicator for the diagnosis of metabolic disorders. For instance, lipid and glucose abnormalities, fatty liver disease, and 

increased activities of liver enzymes are markers of liver tissue damage. Increased levels of these markers was linked with 

type 2 diabetes, metabolic syndrome, and insulin resistance (Elkrief et al., 2016). The scope of liver disease in type 2 

diabetes includes abnormal liver enzymes and non-alcoholic fatty liver disease (NAFLD), liver cirrhosis, hepatocellular 

carcinoma (HCC), and acute liver failure (Mahran et al., 2017). Most patients with type 2 DM have some form of 

nonalcoholic fatty liver disease. However, it is becoming clear that the link between non-alcoholic fatty liver disease and 

type 2 DM is more complex than previously believed. Moreover, numerous pathophysiological and cardiometabolic risk 

factors (proinflammatory and profibrotic pathways) are shared between these two diseases. Additionally, strong 
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epidemiological evidence suggests a bidirectional relationship between these two disease conditions and that non-

alcoholic fatty liver disease may precedes and/or promotes the development of type 2 DM (Mantovani et al., 2018). 

 

New drugs are investigated in animals both for desired for desired effects and for the undesired (toxic) effects. This is 

important because any hepatic and renal damage will alter structure and function of these vital organs and have serious 

effects on over all metabolisms. Liver is the most important organ in the metabolism of drugs and other substances. Liver 

cell destruction shows its effects mostly as important in the liver cell membrane permeability, which results in the leaking 

out of tissue content into the blood stream (Ozsoy-Sacan et al. 2006). In several organs, cell membrane damage is followed 

by release of a number of cytoplasmic enzymes to the blood, a phenomenon that provides the basis for clinical diagnosis. 

Abnormal levels in serum of aspartate transaminase, alanine transaminase and alkaline phosphatase are of clinical and 

toxicological importance, being indicative of tissue damage by toxicants or disease condition (Singh et al. 2001). 

 

Moreover, the appearance of abnormally low levels of microalbumin in the urine is the first clinical renal complication in 

diabetes mellitus. Diabetic nephropathy is one of the main causes of morbidity and mortality in diabetes mellitus. Actually, 

the increase of death rate of diabetes mellitus occurs mainly in people with DM and proteinuria, not only from the end-

stage renal disease but also from CVD, with the latter being particularly common in type 2 diabetic patients. Clinically, 

diabetic nephropathy is characterized by the development of kidney damage , which is reflected by increased albuminuria, 

renal function impairment (reduction in glomerular filtration rate GFR), high blood pressure, and increased morbidity and 

mortality rates related to complications of the cardiovascular system (Persson and Rossing, 2018). The results of the 

present study reported that all serum levels of renal function markers were significantly elevated in DM patients in 

comparison to healthy controls. These results are in accordance with those of other investigations (Chutani and Pande, 

2017) which found increases in the levels of renal function markers in DM patients in comparison to non diabetic subjects. 

 

Patients with Nonalcoholic fatty liver disease (NAFLD) have been characterized by elevated ALT, AST and GGT 

Therefore, these hepatic enzymes were used as markers for liver fat accumulation to predict incident diabetes before direct 

measurements of liver fat became easily available (Ohlson et al., 1998; Sattar et al., 2004; Vozarova et al., 2004). However, 

prediction powers of ALT, AST and GGT for incident diabetes have been inconclusive. In addition, hepatocellular damage 

or cholestasis may also contribute to the elevation in the activity. Increased activity of gamma glutamyl transpeptidase in 

streptozotocin -induced diabetic rats was lowered to near normal by PTS and THC treatment that indicates the possible 

prevention of necrosis by PTS and THC treatment. 

 

 ALP elevation has been commonly seen in patients with bones diseases and/or renal hyper filtration, and bone diseases 

and renal hyperfiltration have been associated with diabetic patients. In particular, renal hyperfiltration has been observed 

in patients with newly diagnosed type 2 diabetes. However, many studies reported no association between ALP level and 

diabetes risk (Pari and Murugan, 2004; Vozarova et al., 2002). In our study, the activities of serum transaminases were 

found to be elevated in diabetic rats. In this context, several investigators reported increases in aspartate transaminase and 

alanine transaminase in the liver and serum of streptozotocin diabetic rats (Singh et al. 2001; Murugan and Pari, 2005; 

Murugan and Pari, 2007). The changes in levels of serum enzymes are directly related to changes in the metabolism in 

which the enzymes are involved. The increased protein catabolism accompanying gluconeogenesis in diabetic state might 

be the reason for the elevated activities of these enzymes, which were brought back to near normal by PTS and THC 

treatment. This result shows that the normalizing effects of PTS and THC on hepatocellular damage and suppression of 

gluconeogenesis. 

 

The observation of an increased serum activity of alkaline phosphatase in diabetes has been interpreted as a manifestation 

in serum of the increased phoshatase activity that may occur in tissues in the diabetic state (Belfiore et al. 1972). In this 

condition, increased activity has been reported for glucose-6-phosphatase and fructose-1,6-bisphosphatase in the liver. 

These phosphatases are enzymes distinct from alkaline phosphatase. Belfiore et al. (1973) also reported that owing to 

some overlapping substrate specificity shows by the phosphatases, and the possibility that an enhanced alkaline 

phosphatase might be present in tissues of diabetics, it can also be ruled out that phosphatases released from tissues, mainly 

liver, might contribute to the elevated serum alkaline phosphatase activity (Geidam et al. 2004). 

 

The activity of serum alkaline phosphatase was observed to increase in streptozotocin diabetic rats. Supporting our finding, 

it has been found that the liver was necrotized in streptozotocin diabetic rats (Mansour et al. 2002). Therefore, the increase 

of the activity of alkaline phosphatase in serum is mainly due to the leakage of the enzyme from the liver into circulation 

(Mansour et al. 2002). On the other hand, the administration of PTS and THC to diabetic rats reduced alkaline phosphatase 

activity towards its normal. 

 

In accordance with above findings, streptozotocin - induced diabetes has a significant role in the alteration of liver 

functions since the activities of spartate transaminase, alanine transaminase, alkaline phosphatase and gamma glutamyl 

transpeptidase were significantly increased. However, the PTS and THC treatment to diabetic rats significantly reduced 

the activities of serum enzymes. In our previous reported that THC treatment, as there was no significant change in the 
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activities of serum enzymes in normal rats (Pari & Murugan, 2004; Pari and Murugan, 2006), it can be stated that the drug 

is non-toxic to the mammalian system. 

 

Urea in the major nitrogen containing metabolic product of protein metabolism; uric acid is the major product of purine 

nucleotides, adenosine and guanosine; creatinine is endogenously produced and released into body fluids and its clearence 

rate. The diabetic hyperglycemia and creatinine which are considered as significant markers of renal function (Perone et 

al. 1992) and decreased urea, uric acid and creatinine and increased urine output which resemble the present result. 

Treatment with PTS and THC resembles the present result. Treatment with PTS and THC reversed these parameters to 

near normal level which could be due to decreased metabolic disturbances of other pathway such as protein and nucleic 

acid metabolism as evidenced by improved glycemic control. The clinical manifestation of diabetic nephropathy is the 

development of microalbuminuria. Gomes et al. (1997) observed animals; developed albuminuria may be due to impaired 

tubular reabsorption or leakage of albumin due to damaged glomerular membrane ascribed to alterations in size or changes 

in selective barriers of the glomerular or both.  

 

In conclusion, our study suggests that the liver and kidney functions are highly altered in diabetic state. Treatment with 

PTS and THC reversed these changes in diabetic rats, which indicates that PTS and THC protect the hepatic and renal 

function in diabetic condition.  
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