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Introduction 
 

Diabetic nephropathy (DN) is slow and 

progressive loss of kidney function over a 

period of several years is another important 

microvascular complication of diabetes and is 

defined as glomerular filtration rate <60 

mL/min/1.73 m
2
 for 3 months or more (Levey 

and Mulrow, 2005). Diabetic nephropathy is 

the primary cause of chronic kidney disease 

(CKD) which is leading cause of renal failure, 

also known as end-stage renal disease (ESRD) 

(Fong et al., 2004; Mogensen, 1999; 

Ruggenenti and Remuzzi, 1998), which impair 

the quality of life and also increases morbidity 

and mortality. In addition, treatment of CKD 

International Journal of Current Microbiology and Applied Sciences 
ISSN: 2319-7706 Volume 8 Number 01 (2019)   
Journal homepage: http://www.ijcmas.com 
 

The major purpose of our study is to evaluate the impact of cinnamon on long term pre-

diabetic induced renal alterations caused by intraperitonial induction of neonatal 

streptozotocin (nSTZ). Two-day old male Sprague Dawley (SD) rat pups (n=30) received a 

single intra peritoneal injection of STZ (90 mg/kg bw) dissolved in 0.1M citrate buffer, pH 

4.5 while Control pups (n=8) received the vehicle alone. All rats were maintained on an 

AIN-93G/M diet in individual cages and a subset of pre-diabetic animals received 3% 

cinnamon in the AIN-93 diet. The majority of nSTZ rats exhibited impaired glucose 

tolerance (IGT) (2h glucose>140mg/dl) or pre-diabetes by 2 months and the same was 

maintained up to the 10 months as evidenced by OGTT as well as blood glucose levels. 

Functional abnormalities of the kidney were studied by plasma as well as urinary 

parameters. Renal pathological changes were observed by H&E staining and 

immunoblotting was performed to determine the protein expressions of nephrin and 

podocin. Urinary albumin, urea levels are elevated, whereas plasma albumin levels are 

decreased in pre-diabetes rats compared to control rats. Protein and mRNA expression 

levels of nephrin and podocin were lower in PD animals when compared to control. 

Cinnamon cinnamon (CN) reduces urinary albumin levels, and also marginally prevented 

the loss of protein and mRNA expressions of nephrin and podocin. Our findings might 

provide a basis for long term pre-diabetes induced renal alterations ameliorated by 

cinnamon, but the exact molecular mechanisms still require further elucidation. 
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is involved with high cost throughout the 

treatment period, especially when the person 

enters to ESRD stage (Agarwal 2005; Ahlawat 

et al., 2017). This leads to an increasing 

financial burden on both individuals as well as 

on health care systems. 

 

The incidence/prevalence and progression of 

DN may depend upon the type of diabetes, 

severity of hyperglycemia and duration of 

diabetes (Shahbazian and Rezaii, 2013; 

Unnikrishnan et al., 2007). Around 20-30% of 

both type-1 and type-2 diabetic subjects have 

an evidence of diabetic nephropathy 

(Shahbazian and Rezaii, 2013) and nearly 

30% of chronic renal failures are due to 

diabetic nephropathy in India (Agarwal and 

Dash, 2000). According to the earlier Indian 

studies, the prevalence of diabetic 

nephropathy varied from 2.2% to 31%). The 

progression of diabetic nephropathy to ESRD 

is involved with several progressive steps 

which includes hyperfiltration, 

microalbuminuria (early nephropathy), 

macroalbuminuria with decreased glomerular 

filtration rate (GFR) (Palatini, 2012) followed 

by the structural alterations like glomerular 

basement membrane thickening, and 

glomerular sclerosis (Pourghasem et al., 

2015). 

 

Cinnamon (CN) is derived from the inner bark 

of Cinnamomum trees and has a long history 

as a culinary and medicinal plant. There are 

two primary varieties of CN, including 

Cinnamomum cassia and Cinnamomum 

zeylanicum. Cinnamomum zeylanicum is 

known as the ‘true cinnamon’; it is lighter in 

colour, sweeter and has a more delicate 

flavour than Cinnamomum cassia, which has a 

stronger taste and is darker. Short-term 

ingestion of cinnamon on in vivo glucose 

tolerance in healthy human volunteers has also 

shown fasting glucose and two hour glucose 

lowering effect (Solomon and Blannin, 2007). 

In another study, Cinnamon ingestion reduced 

the glucose response to OGTT in healthy 

humans (Solomon and Blannin, 2009). In 

addition, it also lowers the postprandial 

glucose in healthy subjects (Hlebowicz et al., 

2007). 

 

In addition to its hypoglycemic potentials CN 

has also shown its beneficial effects in delay 

of prevention of various complications. Earlier 

our group demonstrated beneficial effects of 

procyanidin-B2 enriched fraction of CN in 

type-1 diabetes induced cataract and 

nephropathy in rat model (Muthenna et al., 

2013; Muthenna et al., 2014). These beneficial 

effects of procyanidin-B2 enriched CN 

fraction is through its antiglycating potentials. 

The other group has shown beneficial effect of 

cinnamon oil on early stage diabetic 

nephropathy against alloxan-induced renal 

damage and its effect mainly through its 

antioxidant and antidiabetic properties (Mishra 

et al., 2010). 

 

However, beneficial effects of cinnamon in 

pre-diabetes induced renal complications are 

not well studied. Hence the main purpose of 

this study is to assess the beneficial effects of 

CN in vivo against longterm pre-diabetes 

induced renal abnormalities using nSTZ rat 

model. 

 

Results and Discussion 

 

Effect of CN on plasma glucose and insulin 

response during OGTT 

 

Glucose response during OGTT two months 

after STZ injection showed significant higher 

plasma glucose levels at all time points, except 

0 min, in untreated PD rats compared to those 

of control rats indicating development of IGT 

but not IFG (Fig. 1). Insulin levels were 

significantly lower at 30 min after glucose 

challenge (Fig. 1C) in untreated PD rats when 

compared to control rats, but insulin levels at 

0 and 120 min were similar between control 
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and untreated PD rats. In addition, there was 

no difference in HOMA-IR index between 

untreated PD and control rats indicating that 

nSTZ animals did not develop insulin 

resistance. These findings are well correlated 

with the previous experiment reported in 

chaper-2 and also with our previous study 

(Patil et al., 2014). 

 

In addition to these observations, OGTT 

graphs before termination or at ten months of 

the experiment showed significant higher 

plasma glucose levels at all time points in 

untreated PD rats, compared to those of 

control rats indicating these animals 

maintained IGT and also developed IFG (Fig. 

1). Whereas, insulin levels were significantly 

lower at 30, 60 min after glucose challenge 

(Fig. 1D) in untreated PD rats when compared 

to control rats, but there is no difference in 

insulin levels at 0 and 120 min between 

control and untreated PD rats (Fig. 1D). 

Together these OGTT glucose and insulin 

responses indicated that nSTZ rats developed 

of IGT by two months and its persistence for 

at least 10 months. Moreover, CN-treated PD 

rats exhibited significant hypoglycemic as the 

2 hours glucose completely normalised and it 

also improved insulin levels at 30 min and 120 

min when compared to untreated PD rats (Fig. 

1). 

 

Clinical nephropathy parameters 
 

Clinical parameters related to nephropathy 

were estimated in urine and presented in Table 

1. Urinary albumin, creatinine levels were 

significantly higher and urinary urea levels 

were marginally higher in untreated PD rats 

than control rats indicating initiation of renal 

abnormalities in PD rats. Interestingly, urinary 

creatinine significantly lower and albumin, urea 

and urine output were slightly low in the CN-

treated PD rats than in untreated PD rats 

indicating its protective role in PD induced 

renal abnormalities (Table 1). Similarly, 

Plasma parameters related to nephropathy 

were estimated and presented in Table 2. 

Plasma urea, blood urea nitrogen (BUN) and 

glomerular filtration rate (GFR) were 

significantly higher in untreated PD rats when 

compared to control rats. However, plasma 

albumin significantly lower and creatinine 

levels were marginally low in untreated PD 

rats when compared the control rats indicating 

altered renal function in PD rats. Feeding of 

CN to PD rats has prevented renal 

abnormalities by preventing altered albumin, 

creatinine, urea, BUN and GFR (Table 2). 

 

Kidney morphology by Haematoxylin and 

Eosin (H&E) 

 

In addition to the clinical parameters, we have 

also studied morphology of kidney in control, 

PD and PD+CN group rats by H&E. As 

observed in the previous experiment, in this 

study also there was a modest glomerular 

lesion in untreated PD rat kidney sections 

when compared to control rat kidney sections 

indicating development of structural 

alterations in PD state. Feeding of CN to PD 

rats prevent glomerular lesions compared to 

untreated PD rats (Fig. 2). These protective 

changes were similar as reported by the other 

studies in alloxan or STZ induced kidney 

damages or nephropathy in rats (Mishra et al., 

2010; Qusti et al., 2016) 

 

Nephrin and podocin mRNA Expression in 

kidney by qRT-PCR 

 

There was a marginal down regulation of 

nephrin mRNA expression and significant 

down regulation of podocin mRNA expression 

was observed in untreated PD group compared 

to the control group (Fig. 3) indicates the 

development of nephropathy in the PD rats. 

This data further supporting the clinical and 

histological results. Feeding of CN to PD rats 

significantly prevented down regulation of 

nephrin and podocin mRNA expressions 

compared to the PD rats (Fig. 3). 
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Nephrin and podocin protein expressions 

by Western blot  
 

To further substantiate our qPCR results, we 

have also used western blotting method to 

study the expression of nephrin and podocin at 

protein levels in the control, PD and CN-

treated PD rat kidneys. 

 

As expected, the relative expression of 

nephrin and podocin was slightly lower in 

untreated PD rat kidneys than in the control rat 

kidneys indicating development of renal 

abnormalities. Feeding of CN to PD rats 

marginally prevented loss of nephrin, but not 

podocin protein when compared to untreated 

PD rat kidneys (Fig. 4). 

 

Oxidative stress and antioxidant enzyme in 

the kidney 

 

MDA levels were similar in all three groups, 

but significantly enhanced the activity of SOD 

in the untreated PD group as compared to that 

of control group which indicates that long-

term pre-diabetes also increases oxidative 

stress (Table 3). CN-treated PD rats showed 

SOD activity near to the controls when 

compared to untreated PD rats, indicating that 

CN prevented oxidative stress in the PD rat 

kidney due to its antioxidant property (Table 

3). Similar findings were reported in alloxan 

or STZ induced oxidative stress in kidney in 

rats (Mishra et al., 2010; Qusti et al., 2016). 

 

Table.1 Urinary nephropathy parameters 

 

 

Parameters Groups 

Control PD PD+CN 

Albumin (mg/24 h) 20.73±1.26 42.46±4.90* 33.06±3.10 

Creatinine (mg/24 h) 12.43±1.16 17.33±1.65* 11.56±1.08
$
 

Urea (mg/24 h) 610±53 890±111 690±61 

Water intake (mL/24 h) 33.13±0.91 35.80±1.42 40.16±2.98 

Urine output (mL/24 h) 8.40±1.20 13.60±1.72 10.84±1.62 

Values are mean ± SE, n=9-12 animals per group. *p<0.05 vs. Control, 
$
p<0.05 vs. PD. 

p<0.05 was considered as statistically significant by ANOVA 

 

Table.2 Plasma nephropathy parameters 

 

 

Parameters Groups 

Control PD PD+CN 

Albumin (mg/dL) 24.51±2.32 22.56±0.52* 24.37±0.95 

Creatinine (mg/dL) 0.65±0.03 0.63±0.03 0.64±0.02 

Urea (mg/dL) 25.69±1.59 33.32±2.35* 34.56±1.83 

BUN (mg/dL) 11.97±0.74 15.52±1.09* 16.11±0.85 

GFR/kg/bw 3.20±0.09 4.82±0.39* 3.12±0.41
$
 

Values are mean ± SE, n=9-12 animals per group. *p<0.05 vs. Control; 
$
p<0.05 vs. PD. 

p<0.05 was considered as statistically significant by ANOVA. BUN, blood urea nitrogen; 

GFR, glomerular filtration rate; bw, body weight 
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Table.3 Malondialdehyde (MDA) and superoxide dismutase (SOD) activity in control, PD and 

PD+CN group rat kidneys 

 

Parameters Groups 

Control PD PD+CN 

MDA (nmol/g kidney)  0.62±0.03 0.60±0.04 0.59±0.07 

SOD (U/min/100 mg protein)  32.48±1.53 43.01±2.11* 34.21±2.26$ 

Lipid peroxidation [malondialdehyde (MDA)] was expressed as nmol/g kidney 

and superoxide dismutase (SOD, enzyme) was expressed as Units/min/100 mg 

proteins. Values are mean ± SE, n=6-9 animals per group. *p<0.05 vs. Control 

and $p<0.05 vs. PD.  p<0.05 was considered as statistically significant by ANOVA 

 

Fig.1 Glucose (A and B) and insulin (C and D) responses at various time points (0, 30, 60 and 

120 min) during OGTT on overnight-fasted rats. OGTT was conducted in control, PD and 

PD+CN group rats after 2
nd

 and 10
th

 month of STZ injection. Values are mean ± SE, n=9–12 

animals per group. *p<0.05 vs. Control; $p<0.05 vs. PD group. p<0.05 was considered as 

statistically significant by independent-test and  ANOVA. OGTT, Oral glucose tolerance test 

 

 
 

Fig.2 Representative kidney sections of control, PD and PD+CN groups stained with 

haematoxylin and eosin (H&E). The stained kidney sections were examined under a light 

microscope and images were captured at a magnification of 400x 
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Fig.3 Nephrin and podocin mRNA expression in rat kidneys from the control, PD and PD+CN 

groups by qRT-PCR. Values are mean ± SE of three independent mRNA preparations for each 

group. *p<0.05 vs. Control; $p<0.05 vs. PD. p<0.05 was considered as statistically significant by 

ANOVA 
 

 

 
Fig.4 Representative western blot (A) and densiometry (B) of nephrin and podocin protein 

expression in the kidney of control, PD and PD+CN group rats. Equal protein loading was 

confirmed with a β-actin antibody. The graphs represent comparative densities of each band 

normalised to the corresponding level of β -actin. Values are mean ± SE of three independent 

protein preparations for each group 
 

 
 

In conclusion, our findings might provide a 

basis for long term pre-diabetes induced 

renal alterations attenuated by cinnamon due 

to its hypoglycemic and antioxidant property, 

but the exact molecular mechanisms still 

require further elucidation. 
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