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Potential ofPterocarpuserinaceus aqueous stem bark extract to 
prevent oxidative kidney damage in diabetic rats. 
 

ABSTRACT 

Diabetes is a chronic, metabolic disease characterized by elevated levels of blood glucose, which over 
time leads to serious damage to the heart, blood vessels, eyes, kidneys and nerves.  This present studies 
investigated the potential ofPterocarpuserinaceus of aqueous stem bark extract to prevent oxidative 
kidney damage in diabetic rats. Thirty six (36) male wistar rats of 100 to 200g were used in this study. 
Diabetes mellitus was induced by injecting alloxan at the dose of 150mg/kg body weight and aqueous 
extract of Pterocarpuserinaceus stem bark at doses of 100, 200 and 400mg/kg b.wtwere administered 
orally for 14 days. Blood glucose level and oral glucose tolerance test was determined. At the end of the 
experiment, the serum, kidney tissue and kidney homogenate were obtained for the determination of 
kidney function parameters, histology, lipid peroxidation, antioxidant and inflammation 
markers.Phytochemical results shows the presence of phenols, tannins, saponins, alkaloids, glycosides, 
cardiac glycosides and flavonoides. Diabetic rats administered with Pterocarpuserinaceus aqueous stem 
bark extract showed significant (P<0.05) decrease in, blood glucose, creatinine, blood urea nitrogen 
(BUN), potassium, MDA, TNF-alpha, IL-6 and TGF-β when compared with diabetic control rats. Also a 
non significant (P>0.05) decrease in uric acid, albumin, and an increase in sodium, GSH when compared 
with the diabetic control group. A significant (P<0.05) increase was observed in SOD, CAT, GPx, and 
GST when compared with diabetic control rats. The kidney histostructure was also protected.Thus, from 
this study the aqueous extract of Pterocarpuserinaceus stem bark exhibited significant antihyperglycemic, 
improvement in kidney indices, antioxidant and anti inflammatory propertiesand prevented kidney tissue 
damage in alloxan-induced diabetic rats which might be useful for diabetes mellitus patients. 

Keywords.Alloxan, anti inflammatory, antioxidant, Diabetes mellitus,  Kidney, Pterocarpuserinaceus. 

1. INTRODUCTION  

Diabetes mellitus (DM) is a metabolic syndrome, characterised by chronic hyperglycaemia and glucose 
intolerance because of defects in insulin secretion, action, or a combination of both [1]. It is a chronic 
metabolic disorder that leads to long-term complications affecting some tissues such as heart, kidney, 
retina, and peripheral nerves. Diabetic nephropathy (DN) is one of the most serious complications of 
diabetes and the most common cause of end-stage renal failure characterized by specific renal 
morphological and functional alterations and reactive oxygen species (ROS) play an important role in high 
glucose induced renal injury [2]. Oxidative stress is induced by the imbalance of reactive oxygen species 
generation and endogenous antioxidant activity. This ROS elicits inflammatory signalling pathways which in 
turn induces oxidative stress and inflammation which are main causes for DN [3]. In humans, diabetic 
nephropathy manifests as a clinical syndrome consisting of albuminuria, a progressive decline in renal 
function. Previous studies have shown that hyperglycemia-induced oxidative stress contributes significantly 
to kidney injury. This fact is given credence by the observation that attenuation of oxidative stress in 
Alloxan induced diabetic rats prevent diabetic nephropathy [4]. PterocarpuserinaceusPoir.(P.erinaceus) 
from the Fabaceae is a medicinal plants traditionally used to treat several diseases including diabetes  
mellitus [5]. It is popularly known as, African rosewood, African kino, or teak (in English). In Northern 
Nigeria it is called ”madobiya”, “sha jinni”,” banuhi”, “zanchi” while in the South, it is called “apepe”, “era”, 
“osundudu” or “upeka” [6]. 

The aim is to determine the potential of Pterocarpuserinaceus  aqueous stem bark extract in preventing 
oxidative kidney damage in diabetic rat. 

2 MATERIALS AND METHODS 

2.1 Plant Sample Collection and Extraction 
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The stem bark Pterocarpuserinaceuswas collected from Gudi, Akwanga local Government, Nasarawa 
State, Nigeria and taxonomically identified and authenticated by department of Plant science and 
Biotechnology, Faculty of Science, Nasarawa University Keffi, Nigeria.The plant was washed, shade dried 
for 30 days and then reduced to powder form using mortar and pestle. Maceration method was used 
according to[7]. Five hundred grams (500 g) of the pulverized Pterocarpuserinaceusstem bark was soaked 
in 2500 ml of the extracting solvent (hot water) in the ratio of 1g of sample to 5ml of (i.e. 1:5) and stirred for 
few minutes, it was allowed to stand at room temperature for 48 hours with occasional agitation to increase 
penetration of solvent to the active compounds, after which the mixture was filter with muslin cloth (folded 
twice). The filtrates was then  concentrated using water bath, dispensed in a glass bottle and stored in the 
refrigerator. 

2.2 Phytochemical Screening 

The qualitative phytochemical screening was carried out according to the methods as described by  Vishnu 
et al [8]. 

 2.3: Radical DPPH Scavenging Assay 

The DPPH free radical scavenging assay was performed according to[9]. Two hundred (200 µL) of 0.1 mM 
DPPH prepared in methanol was added to 100 µL of the plant extract. The resulting mixture were 
incubated at room temperature in the dark for 15 minutes. Absorbance was observed at 517 nm. The 
experiment was carried out in triplicates and percentage inhibition of the DPPH radical scavenging activity 
was calculated. 

% Inhibition= ((A0-A1)/A0) x 100where A0 is the absorbance of the control(ascorbic acid) and A1 is the 
absorbance of the sample. 

2.4 Acute Oral Toxicity Studies 

The Lorke's method was used to determine the acute toxicity. This method has two phases. Phase 1 
involves nine rats of three rats per group. they were administered Pterocarpuserinaceusorally at the dose 
of 10, 100 and 1000 mg/kg. second phase involving three rats of one rat per group were given 1600, 2900 
and 5000 mg/kgb.w of the extract. Animals were kept under close observation for 24 hours in each phase 
and then observed for any change in the general behavior and/or physical activities; mortality was recorded 
within 48 hours [10]. 

2.5Experimental Animals 

Thirty six (36)male albino wistar  rats weighing 100-200 g were used in the study. They were purchased 
from University of Jos. they were housed 6 rats per cage and allow acclimatization to laboratory condition 
for one week before the beginning of experiments according toAl-Fartosy[11]. Animals were maintained at 
room temperature and with a 12h light/12h dark cycle and allowed ad libitum access to feed and water.  

2.6 Induction of Diabetes Mellitus 

Diabetes was induced by an intraperitoneal injection of 150 mg/kg single dose of alloxan dissolved in 
normal saline .The animals were fasted for twelve hours before alloxan was injected. They were left for 72 
hours (3 days) for diabetes to develop, after which blood glucose level were again determined to ascertain 
that the rats were diabetic. Rats with fasting blood glucose ≥200 mg/dl were included in the study and 
randomized to different groups [12]. Also glucose level were checked weekly till the end of the experiment. 

2.7 Experimental Protocol 

Six groups with six rats in each group received the following treatment schedule: 
Group A (Normal control): Rats given only feeds and water 



 

3 
 

Group B (Diabetic control): Diabetic rats + feed and water  

Group C: (Positive control): Diabetic rats + 25mg/kg b.wtVit C 

Group D: Diabetic rats + 100mg/kg b.wt of extract + feed and water 

Group E: Diabetic rats + 200mg/kg b.wt of extract + feed and water 

Group F: Diabetic rats + 400mg/kg b.wt of extract + feed and water 

2.8Fasting blood glucose determination  

Tail tips of the rats were pricked to obtain blood for FBG determination. This was carried out using 
glucometer (ACCU CHEK) [13]. The fasting blood glucose level was done 72hours after injection and then 
weekly till the end of the experiment. 

2.9  Oral Glucose Tolerance Test (OGTT)  

The OGTT was carried out on the 14th day of the experiment. Overnight fasted rats were orally 
administered with glucose (2 g/kg body weight) 30 mins after extract/ drug administration. Blood samples 
were collected from tail vein at 0, 30, 60, 90, and 120 min after glucose administration for immediate 
measurement of blood glucose levels.  

2.10 Biochemical investigation 

 At the end of 14 days, the animals were fasted overnight (12hrs) and was  euthanized  and  dissected.  
Whole  blood  obtained  by  cardiac  puncture into  non heparinized  tubes  were  allowed  to  clot  for  1h,  
30mins and afterwards centrifuged (4000g for 10mins) to remove cells and recover serum for the 
biochemical assays.serum uric acid was determined using the method ofBarham and Trinder[14], Serum 
Creatinine was determined using the method of Bartels and Bohmer[15]. The method ofFawcett and Scott 
[16] was used to determine blood urea nitrogen . Sodium was determined using  the method as described 
byMaruna; Trinder[17; 18], potassium was determined with the method of Tietz, [19]. The method of Grant 
et al., [20] was used to determine serum albumin. 

2.11 Preparation of kidney homogenate 

The kidney were removed immediately after sacrifice, trimmed and rinsed with isotonic saline, minced and 
a homogenate was prepared with 10% (w/v) phosphate-buffered (0.1 M, pH 7.4) using a homogenizer. The 
kidney homogenate was centrifuged and the supernatant was used to estimate the following parameters: 
Malondialdehyde (MDA) as described byBuege&Aust,[21] superoxide dismutase (SOD) by the method of 
Sun &Zigman [22], Catalase (CAT)  as described bySinha,[23],Reduced glutathione (GSH) by the method 
ofSedlak& Lindsay[24], Glutathione peroxidise (GPx) as described byUrsiniet al., [25], Glutathione 
transferase (GST) using the method of Habiget al., [26].The levels of inflammatory cytokines (serum TNF-α 
and IL-6 and TGF-β) were also measured using commercially ELISA kits as per manufacturer’s 
instructions. 

 

2.12Histopathology Test 

The kidneys were collected and washed with normal saline and preserved in 10% buffered formalin. The 
tissues then trimmed into sections, processed, and embedded in paraffin. Five microns thickness sections 
of the kidney were cut, stained with haematoxylin and eosin (H and E) and observed under the 
microscope[27]. 
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2.13Statistical Analysis 

Data were analyzed using Statistical Package for the Social Sciences (SPSS) Version 25 and presented 
as mean ± SD of triplicate determinations. Multiple group comparisons were performed using LSD test 
following one-way analysis of variance (ANOVA) in order to detect intergroup differences. Significant 
differences were expressed as p < 0.05.  

3 RESULTSAND DISCUSSION 

3.1 RESULTS 

3.1.1 Phytochemical Analysis 

Phytochemical   screening of Pterocarpuserinaceus stem bark shows the presence of phenols, tannins, 
saponins, alkaloids, glycosides, cardiac glycosides and flavonoides. 

Table 1: Phytochemical analysis of aqueous extract of Pterocarpuserinaceusstem bark 

Phytochemicals  
Qualitative 
composition 

Phenols + 

Tannins + 

Saponins + 

Alkaloids + 

Glycosides + 

Terpenoids - 

Cardiac glycosides            + 

Steroids - 

Phlobatannins - 

Flavonoids + 

Anthroquinones - 

All values represent Mean ±SD (n=3).+ means presence while – means absence 

3.1.2DPPH radical scavenging activity of aqueous extract of Pterocarpuserinaceusstem bark 

Table 2 shows the DPPH radical scavenging activity of the aqueous extracts of   
Pterocarpuserinaceusstem bark  and standard ascorbic acid (AA). Pterocarpuserinaceuspossessed the 
higher activity (93.14  ± 0.46 %, 82.35±0.92%) at  aconcentration of 300 µg/ml and 400 ug/ml  when 
compared with the standard ascorbic acid(AA) which was  90.79 ± 0.23% and 91.91±0.45%  at the same 
concentrations. 

 

Table 2:DPPH radical scavenging activity of aqueous extract of Pterocarpuserinaceusstem bark 

Concentration 
ug/ml  

%  inhibition  
Pterocarpuserinaceus 

%  inhibition 
Ascorbic acid 
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100 32.35 ±  0.46 86.63±0.23 

200 23.86±1.39    87.75±0.23 

300 93.14±0.46 90.79±0.23 

400 82.35±0.92 91.91±0.45 

All values represent Mean ±SD (n=3) 

3.1.3Effect of aqueous extract ofPterocarpuserinceus  stem bark on oral glucose tolerance test 
(OGTT) 

Oral glucose tolerance testas presented in Table 3 after the glucose load,showed that the mean blood 
glucose level increased up to 30 mins in all groups. It then started decreasing progressively up to 120 mins 
in groups C, D, E and F. Group B continued to increase from 30mins up to 120 mins. There was a 
significant (p<0.05) increase in group B glucose level when compared with group A (normal control). Also a 
significant (p<0.05) decrease was observed with groups C, D, E and F when compared with group B 
(diabetic control). 

Table 3: Effect of aqueous extract of Pterocarpuserinceus  stem bark on oral glucose tolerance test 
(OGTT) on 14th day of experiment in mg/dl. 

Groups 0hr 30min 60min 90min 120min 
     

A 71.10±2.70b 125.100±8.10b 105.100±4.30b 119.70±0.90b 106.20±9.00b 

B 304.20±5.40a 451.20±4.52a 450.00±7.20a 514.80±3.60a 516.60±3.60a 

C 121.50±4.50ab 405.00±16.20a 297.00±5.40ab 237.60±8.25ab 162.00±16.20b 

D 118.80±14.40ab 272.40±88.79ab 263.40±67.11ab 236.40±76.79ab 143.40±50.47b 

E 114.30±2.70ab 339.30±114.30a 260.10±99.90ab 213.30±45.90ab 131.40±1.80b 

F 85.20±11.71b 396.60±49.37a 328.80±107.78a 304.80±52.74ab 177.60±64.66b 

All values represent Mean ±SD (n=3); a=significant (p<0.05) when compared with A; b=signficant (p<0.05) when 
compared with B; A= normal control, B= diabetic control, C=diabeticrats + Vit C, D=diabeticrats + 100mg/kg b.w of 
extract, E= diabeticrats + 200mg/kg b.w of extract, F= diabeticrats + 400mg/kg b.w of extract 

3.1.4Effect of aqueous extract of   Pterocarpuserinaceusstem bark on some serum kidney function 
parameters  

As shown in Table 4 levels of serum Uric Acid (UA), creatinine (SCr) and blood urea nitrogen (BUN) were 
significantly (p<0.05) increased in diabetic control group B when compared with normal control rats. 
Administration of P. erinaceus (100 mg/kg, 200 mg/kg, 400 mg/kg) b.wt in groups D, E, F significantly 
(p<0.05) decreased BUN and SCr levels when compared to the diabetic control group. The decrease in UA 
in vit C and all thePterocarpuserinaceusgroup (D, E, F) were not significant (p>0.05) when compared with 
the diabetic control group B. There was a decrease in the level of Na+  and  K+ in the diabetic group (B) 
when compared with  the normal control (A) but was not significant (p>0.05). Also there was an increase in 
the level of Na+ in Pterocarpuserinaceustreated  groups (D, E, F) and vit C which was not significant 
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(p>0.05). K+ decreased significantly (p<0.05) with Pterocarpuserinaceus(200 mg/kg, 400 mg/kg) in groups 
E and F when compared with diabetic control group. Serum albumin significantly (p<0.05) reduced in 
diabetic control group. When administered with Pterocarpuserinaceus(100 mg/kg, 200 mg/kg, 400 mg/kg) 
in groups D, E, F and vit C, increased slightly but not significant (p>0.05)   when compared to diabetic 
control group B. 

Table 4: Effect of aqueous extract ofPterocarpuserinaceusstem bark on some serum kidney 
function parameters. 

GROUPS UA mg/dl BUN mg/dl SCr mg/l Na+mg/l K+mg/dl Albumin g/dl 
A 1.01±0.01 97.78±60.00b 0.62±0.03b 105.94±1.69 6.65±0.88 5.04±0.08b 

B 
1.34±0.06 220.00±3.35a 1.01±0.01a 103.13±1.12 6.07±0.20 4.70±0.21a 

C 
1.00± 0.00 165.56±1.11 0.42±0.13ab 106.5 ± 1.88 5.53±1.15 4.86 ± 0.19 

D 
1.08±0.15 114.07±51.75b 0.51±0.13b 105.88 ±5.36a 4.86±1.10 4.67 ±0.09a 

E 
1.21±0.28 91.11±34.92b 0.66±0.08b 107.88 ±10.06a 4.16±0.81b 4.56±0.17a 

F 
1.21±0.34 66.67±35.56b 0.68±0.13b 105.50 ±1.11a 3.6±0.12b 4.66±0.21a 

All values represent Mean ± SD (n=3); a=significant (p<0.05)  when  compared with A; b=signficant (p<0.05) when  
compared with B;.A= normal control, B= diabetic control, C=diabeticrats + Vit C, D=diabeticrats + 100 mg/kg b.w of 
extract, E= diabeticrats + 200 mg/kg b.w of extract, F= diabeticrats + 400 mg/kg b.w of extract, Na = sodium; K= 
Potssium; BUN = Blood Urea Nitrogen; SCr = serum creatinine, UA=Uric acid. 

3.1.5. Effect of aqueous extract of Pterocarpuserinaceusstem bark on lipid peroxidation and 

antioxidants of the kidney. 

As shown in table 5, there was a significant (p<0.05) increase in MDA levels in diabetic control when 
compared with normal control group. Administration of Pterocarpuserinaceus 
(100mg/kg,200mg/kg,400mg/kg) in groups D, E, F significant (p<0.05) reduced MDA levels. SOD, CAT, 
GPx, GSH, and  GST  levels significantly (p<0.05)  reduced in diabetic control group B when compared to 
normal control group A. Treatment with Pterocarpuserinaceus (100 mg/kg, 200 mg/kg, 400mg/kg b.w) in 
groups D, E, F increased SOD levels significantly (p<0.05) when compared with diabetic control. CAT 
level increased in groups D, E significantly (p<0.05). GPx increased significantly with group treated 
withPterocarpuserinaceus 400 mg/kg b.w (F) but was not significantly (p>0.05) increased in groups 
treated with 100mg/kg and 200mg/kg (D, E). Vit C reduced MDA, increased CAT, SOD and GST 
significantly (p<0.05), when compared with diabetic rats and non significantly (p>0.05) increased GSH 
and GPx when compared with diabetic control group. 
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Table 5: Effect of aqueous extract of   Pterocarpuserinaceusstem bark on lipid peroxidation and 
antioxidants of  the kidney 

GROUPS MDA  
mg/L 

SOD  
U/mg protein  

CAT  
U/ mg protein 

GPx 
U/mg protein 

 GSH  
 mg/L 

GST 
nmole/CDMB   

A 1.9±0.27b 522.05±53.07b 1336.38±287.12b 246.02±42.02b 10.52±1.98b 2.1±0.42b 

B 2.55±0.17a 242.64±20.72a 683.09±13.25a 163.31±1.96a 8.27±0.22a 0.35±0.02a 

C 1.8±0.05b 417.84±14.5ab 1292.41±150.49b 175.17±6.47a 9.07±0.33 1.12±0.01ab 

D 2.07±0.29b 423.2±5.80ab 977.77±88.71ab 173.35±3.97a 8.32±0.48 a 1.24±0.31ab 

E 2.1±0.60b 462.76±81.79ab 922.78±125.35ab 170.52±14.89a 8.35 ±0.52a 1.2±0.79ab 

F 1.99±0.02b 336.82±1.11ab 699.41±27.08 a 209.66±5.26ab 8.44 ±0.36a 1.67±0.31b 

All values represent Mean ±SD (n=3); a=significant (p<0.05) when compared with A; b=significant (p<0.05) when  
compared with B;.A= normal control, B= diabetic control, C=Alloxan induced rats + Vit C, D=diabeticrats + 100 mg/kg 
b.w of extract, E= diabeticrats + 200 mg/kg b.w of extract, F= diabeticrats + 400 mg/kg b.w of extract. MDA = 
Malondialdehyde, SOD = Superoxide Dismutase, CAT = Catalase, GPx=Glutathione Peroxidase, GST= Glutathione 
Transferase, GSH=Reduced Glutathione. 

3.1.6Effect of aqueous extract of Pterocarpuserinaceusstem bark on inflammatory cytokines in 
thekidney. 

Table 6 shows the results on inflammatory cytokines. TNF-alpha, IL-6 and TGF-β levels increased 
significantly (p<0.05) in diabetic control group B when compared to the normal control group A. Treatment 
with Pterocarpuserinaceus (100 mg/kg, 200 mg/kg, 400 mg/kg) in groups D, E, F  and Vit C significantly 
reduced TNF-alpha, IL-6 and TGF-β levels in diabetic rats when compared to diabetic control group.  

Table 6: Effect of aqueous extract of Pterocarpuserinaceusstem bark on inflammatory cytokines 
in the kidney 

GROUPS TNF-alpha 
ng/ml 

IL-6 
ng/ml 

TGF-β 
Pg/ml 

A 39.48±0.54b 47.26±11.49b 0.69±0.28b 

B 322.99±9.04a 137.52±5.00a 16.85± 0.87a 

C 34.07±4.33b 45.52±7.15b 0.54± 0.17b 

D 37.68±8.19b 50.43±16.14b 0.63 ± 0.31b 

E 30.65±8.79b 70.70±18.05b 2.43±2.30b 

F 28.85±6.27b 57.19±24.23b 0.69±0.33b 

All values represent Mean ±SD (n=3); a=significant (p<0.05) when compared with A; b=signficant (p<0.05) when 
compared with B; A= normal control, B= diabetic control, C=Alloxan induced rats + Vit C, D=diabetic rats + 100mg/kg 
b.w of extract, E= diabetic rats + 200 mg/kg b.w of extract, F= diabetic rats + 400 mg/kg b.w of extract. TGF-β = 
Transforming growth factor beta, TNFα = Tumor necrosis factor α, IL-6 = Interleukin 6 
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3.1.7Histopathological examination of the kidney 

Section from the kidney of the normal  control group shows the normal architecture of the convoluted 
tubules (CT), Bowman’s capsule (BC) and glomerulus (G) (A). In diabetic rats, kidney showed an increase 
in size of Bowman’s space and atypical convoluted tubules. when compared with the normal  control group 
(B). Sections of kidneys from animals treated with aqueous stem bark extract of Pterocarpuserinaceus(100, 
200 and 400 mg/kg) D, E, and F respectively, showed glomeruli (G), Bowman’s capsule (BC) and 
convoluted tubule (CT) at various stages of restoration. 

  A            B 

C               D  

E               F  

Figure 1:  Showing photomicrograph of the kidney. A= normal control, B= diabetic control, C=diabeticrats + Vit C, 
D=diabeticrats + 100mg/kg b.w of extract, E= diabeticrats + 200mg/kg b.w of extract, F= diabeticrats + 400mg/kg b.w 
of extract.convoluted tubules (CT), Bowman’s capsule (BC) and glomerulus (G) 

3.2 Discussion 

Phytochemical   screening of Pterocarpuserinaceusshows the presence of phenols, tannins, saponins, 
alkaloids, glycosides, cardiac glycosides and flavonoides. The  presence of these phytochemical in P. 
erinaceusstem bark was also reported by Ahmed et al., [28]; Patrick et al., [29].Also absence of 
anthroquinones was in agreement with Ajayi and Uguru, [30]. The difference in phytochemicals observed 
may be due to genetic variations and environmental factor [28]. It has also been reported that flavonoids, 
phenolics, saponins occurring in variety of plants are reported to have shown antidiabetes and antioxidant 
activity in laboratory animals [31].Therefore, the presence of one or all of these phytoconstituents might 
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beresponsible for the pharmacological properties of Pterocarpuserinaceusstem bark such as antidiabetic, 
and antioxidant activities.  

Acute toxicity test (LD50) of Pterocarpuserinaceusstem bark aqueous extract was found to be greater than 
5000 mg/kg b.wt. Therefore the doses used in acute toxicity are safe in the rats because there were 
nomortality, weakness or any visible sign of toxicity. This result agrees with other research work [32; 33]. 

The free radical scavenging activities is thought to be due to their hydrogen donating ability [34]. The 
results obtained in this study suggest that aqueous extract of Pterocarpuserinaceusstem bark showed 
radical scavenging activity and could be used as source of antioxidant for prevention and treatment of 
oxidative stress associated diseases. These results revealed that the aqueous  extract of 
Pterocarpuserinaceusstem bark had a similar free radical scavenging activity when compared with 
standard ascorbic acid. Patrick et al., [35] also showed that Pterocarpuserinaceuspossessed antioxidant 
activity with DPPH. 

A glucose tolerance test is used to determine body’s ability to handle or metabolize a standardized 
measures amount of glucose load [36]. This test can be used to diagnose pre-diabetes and diabetes. From 
the data obtained with the oral glucose tolerance test, it is clear that blood glucose levels reached a peak and  
returned to  near fasting values after 2 h in both  normal and treated  rats. Increased  blood glucose levels 
remained  high even after 2 h in diabetic control  rats.Pterocarpuserinaceusstem bark administration effectively 
prevented the increase in blood glucose without causing a hypoglycemic state, an effect due to the restoration 
of the delayed insulin response. This result is in line with Atchouet al., [37]which showed that 250mg/kg b.w of 
Pterocarpuserinaceusstem bark hydroethanolicextract  effectively decrease postprandial hyperglycemic 
condition. 

The kidney maintains optimum chemical composition of fluids by removal of metabolic waste such as 
urea,uric acid and creatinine. When there is a renal disease, the concentration of these metabolite 
increases in the blood [38]. Creatinine is a waste product that comes from the normal wear and tear on 
muscles of the body. The amount of creatinine in the serum is usually constant. In this study there was a 
significantly elevated level of creatinine  in diabetic control rats which is an indication of an impaired kidney 
function since it can be excreted easily by the kidney. Deficiency of insulin and the inability of glucose to 
reach the extra hepatic tissues  stimulates gluconeogenesis as alternate route of glucose supply. Free 
circulating glucogenic amino acids are released as a result of increased proteolysis which sustains 
gluconeogenesis. These glucogenic amino are deaminated in the liver to urea in urea cycle thus explaining 
the increased level of urea in diabetic control [39]. Uric acid is the end product of purine metabolism. In our 
current research, the increased levels of creatinine, BUN, and uric acid in diabetic control group supports 
renal damage, an important index of diabetic nephropathy in agreement with Ekakitieet al[40]. Also many 
other studies showed significant increase of these metabolites in diabetic rats [41;42].  However, oral 
administration of aqueous extract of Pterocarpuserinaceus stem bark improved this impairment in renal 
function by reducing serum creatinine, BUN, and uric acid. This also supports the anti-nephropathy 
(ameliorating) potential of the extract. In this study in serum albumin was reduced in diabetic control group 
which may be partially explained due to reduced reabsorption of albumin in the proximal convoluted tubule 
[43] or may be due to albuminuria, which is an important clinical marker of diabetic nephropathy [38]. The 
result shows  thatPterocarpuserinaceus aqueous stem back extract reduces the development of diabetic 
nephropathy by slightly increasing serum albumin as compared with diabetic control group.  

Electrolyte imbalance resulting from kidney failure, dehydration, fever, and vomiting has been suggested as 
one of the contributing factors toward complications observed in diabetes and other endocrine disorders 
[44]. The decrease in the the levels of Na+  and K+ levels in the diabetic control group when compared with 
the normal group may be as a result of an altered distribution of electrolytes and it is related to 
hyperglycemia induced osmotic fluid shifts or of total-body deficits brought about by osmotic diuresis 
[45]accompanied with the marked urinary loss of water and electrolytes. The increase in the level of Na+ in 
the group treated with Pterocarpuserinaceus(100mg/kg,200mg/kg, 400mg/kg ) is an indication that the 
extract may have the ability to improve insulin secretion and uptake in diabetic rats drives glucose and 
water into the cells, thereby reducing dehydration, reverses the initial direction of water movement and 
results in an increment of serum sodium levels [46]. On the other hand further decrease in K+ observed with 
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the groups treated withPterocarpuserinaceus(100 mg/kg, 200 mg/kg, 400 mg/kg ) may be due to 
redistribution of potassium K+ from the extracellular to the intracellular fluid compartment which happens 
when insulin is utilized by cells [47].This is an indication thatPterocarpuserinaceusaqueous extract may 
have the ability to improve insulin secretion and glucose uptake in diabetic rats. 

Oxygen free radicals react with all biological substances; however, the most susceptible ones are 
polyunsaturated fatty acids. Reactions with these cell membrane constituents lead to lipid peroxidation [48; 
49] Increased prooxidant activity, as indicated by elevated kidney malondialdehyde (MDA) levels in this 
study, is an indication of decline in defence mechanisms of enzymatic and non enzymatic antioxidants [50]. 
 Pterocarpuserinaceus aqueous stem bark extract significantly reduced the lipid peroxidation product levels 
in diabetic rats, confirming that Pterocarpuserinaceus aqueous stem bark extract is a potent antioxidants.In 
the present study, catalase  (CAT) superoxide dismutase  (SOD) and glutathione peroxidase  (GSH–Px) 
antioxidants and glutathione transferase (GST) activities were significantly decreased in  kidney of diabetic 
rats. The significant decrease in in these enzyme  activities could suggest that the enzyme has been 
inactivated by ROS, which are increased in diabetic rats. SOD catalyze the dismutation of superoxide (O2

−) 
to hydrogen peroxide (H2O2) and O2.H2O2is then deactivated by CAT or GPX [11]. GSH is a potent non-
enzymatic antioxidant whose actions includes conjugation with free radicals directly, enzyme-mediated 
neutralization of free radicals, and the regeneration of other antioxidants  vitamins such as Vitamin C [51]. 
The kidney of diabetic control rats showed a decreased level of GSH which might be due to increased 
utilization for scavenging free radicals and increased consumption by GPx and GST in which it acts as 
substrat. Treatment with Pterocarpuserinaceusand vitamin C ameliorated GSH, SOD, CAT, GPx and GST 
activities in kidney of diabetic rats. These results suggest that with Pterocarpuserinaceusstem bark extract 
has free radical scavenging activity, which may exert a beneficial effect against pathological changes 
caused by ROS. This result is in agreement with other studies [29; 34]. The antioxidant ativity of 
Pterocarpuserinaceusstem bark may be as a result flavonoid and tannins which were revealed in this 
study. They may have acted alone or in synergy. 

Proinflammatory cytokines and renal tubule fibrosis play an important role in the development and 
progression of diabetic nephropathy [52] In this present study, a significant (p<0.05)  increase in the levels 
of TNF-a, IL-6 and  andTGF-β in kidney tissue of diabetic control group rats. TNF-α is cytotoxic to 
glomerular, mesangial and epithelial cells and competent to induce direct renal injury through the 
generation of reactive free radicals in various cells, including mesangial cells. IL-6 accelerates mesangial 
cell proliferation, enhances fibronectin expression, affects extracellular matrix dynamics at both mesangial 
and podocyte levels and increases endothelial permeability [53]. TGF-β1 promotes extracellular matrix 
accumulation in the mesangium, which decreases glomerular filtration rate, and leads to glomerulosclerosis 
and interstitial fibrosis in diabetic kidney [54]. However treatment with Pterocarpuserinaceussignificantly 
(p<0.05) attenuated these pro inflammatory cytokines and TGF-β levels, thereby moderating the 
consequences of inflammation and lowered kidney fibrosis in diabetic rats. 

The results of the study showed that diabetic kidney changes may be protected by administration of 
Pterocarpuserinaceus  aqueous stem bark extract as seen in the mild restoration of treated group. The 
Pterocarpuserinaceus  aqueous stem bark extract possibly acts as an antioxidant thereby checking the 
oxidative damages to the microstructure of the kidney. 

4 Conclusion 

Data from the present study clearly indicate that the aqueous extract of Pterocarpuserinaceusstem bark 
exhibited significant antihyperglycemic, improved renal function test, prevented glomerular damage by 
reducing  oxidative stress which leads to lipid peroxidation, reducing inflammatory cytokines and as well 
regenerated the kidney tissues. The results of this present study supports the antidiabetic and antioxidant 
and anti inflammatory potential of Pterocarpuserinaceusstem back at as claimed in the traditional use. The 
flavonoids, tannins, alkaloids and phenols present in the extracts may be responsible for its activity as well. 
Further studies are required to investigate the actual mechanism of action of the bioactive components of  
aqueous  extract of Pterocarpuserinaceuswith the view to enhancing it for maximum antidiabetic and 
antioxidant activity. 
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