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Original Article

Purpurin, a Natural Anthroquinone  
Ameliorates Streptozotocin-induced Diabetic 
Nephropathy via Attenuating Hyperglycemia, 
Dyslipidemia, and Inflammation in Rats

Yan Shang1,2 and Abubucker Peer Mohideen3

Abstract

Background: Throughout the world, diabetic nephropathy has been treated by managing hyperglycemia and hypertension 
with antidiabetic and antihypertensive drugs, but the potency of reversing the diabetic nephropathy-induced complications 
is still questionable.
Materials and Methods: This study was focused on elucidating the nephroprotective effect of purpurin, a natural 
anthraquinone, against diabetic nephropathy induced in an in vivo model. Diabetic nephropathy was induced in rats by 
injecting streptozotocin (STZ) and then treating them with purpurin. The rats were analyzed for food intake, body weight 
gain, fasting blood glucose (FBG), glycated hemoglobin (HbA1C), serum insulin, and homeostasis model assessment of insulin 
resistance (HOMA-IR) to analyze the anti-glycemic effect of purpurin on diabetic nephropathy-induced rats. The lipid profile, 
blood urea nitrogen (BUN), serum creatinine, and lactate dehydrogenase (LDH), and kidney injury molecule-1 (KIM-1) levels 
were assessed. Proinflammatory cytokines, such as tumor necrosis factor α (TNF-α), interleukin 1β (IL-1β), and interleukin 
6 (IL-6), were quantified to determine the anti-inflammatory effect of purpurin on diabetic nephropathy-induced rats. Finally, 
histopathological analysis of kidney tissue was performed.
Results: Purpurin effectively decreased the body weight, FBG, HbA1C, HOMA-IR values, and increased insulin levels. It 
significantly decreased lipid profiles while increasing high-density lipoprotein (HDL) in diabetic nephropathy-induced rats. It 
also decreased the BUN, creatinine, LDH, and KIM-1 levels. The reduction in proinflammatory cytokine levels was observed 
in the purpurin-treated diabetic nephropathy rats. Finally, the histopathological analysis confirms the nephroprotective effect 
of purpurin.
Conclusion: Taken together, our results conclude that purpurin possesses therapeutic potency to ameliorate diabetic-
induced nephropathy, and it can be a promising drug for diabetic nephropathy in the future.

Keywords

Diabetes, diabetic nephropathy, hyperglycemia, dyslipidemia, inflammation, purpurin.

Corresponding author:
Yan Shang, Department of Nephrology, Shanxi Bethune Hospital, Shanxi 
Academy of Medical Sciences, Tongji Shanxi Hospital, Third Hospital of 
Shanxi Medical University, Taiyuan 030032, China.
E-mail: yanshang001@outlook.com

Introduction

Chronic kidney disease is one of the most threatening 
worldwide health issues, affecting more than 17 million 
global population.1,2 The annual rate of chronic kidney 
diseases incidence increases by 8%, and it is more prevalent 
in developing countries than in developed countries.3,4 Global 
Burden of Disease study has reported that chronic kidney 
disease-related mortality has increased drastically, and it has 
been ranked as the 12th leading cause of mortality and one of 
the 10 causes that lead to poor life quality.5,6 Comparatively, 
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patients with chronic kidney disease have a more miserable 
life than depression or diabetic or osteoarthritis patients.7 The 
most prevalent causes of chronic kidney disease are diabetes 
and hypertension.

Diabetic nephropathy, a microvascular complication, was 
reported in both type 1 and type 2 diabetic patients.8 Diabetic-
induced nephropathy triggers kidney-related diseases and 
increases the incidence of cardiovascular and arterial 
complications.9 Most of the mortalities reported in diabetic 
patients are associated with chronic kidney disease.10,11 
Diabetic nephropathy is characterized by progressive loss of 
renal function, increased proteinuria, interstitial fibrosis, and 
disruption of glomeruli.12 Although the disruption in 
metabolism, hemodynamics of the kidney, excess activation 
of renin-angiotensin, and inflammation are the identified 
pathogenesis of diabetic nephropathy,13 the exact mechanism 
has yet to be elucidated.

Patients with prolonged hyperglycemia14 and 
hypertension15 are more susceptible to the initiation and 
progression of diabetic nephropathy. Lifestyle factors such as 
increased protein and fat intake, smoking, lack of exercise, 
and obesity are also assumed to be risk factors for diabetic 
nephropathy.16,17 Glomerular hyperfiltration and dyslipidemia 
are reported to trigger the progression of nephropathy. 
Genetic factors also play a major role in the initiation and 
progression of nephropathy in diabetic patients.18 Activation 
and recruitment of immune cells are the hallmark events 
involved in diabetic nephropathy pathogenesis. Inflammatory 
cytokines, growth factors, chemokines, adhesion molecules, 
and immune cells play a vital role in diabetic mellitus and its 
associated complications.19,20 Proinflammatory cytokines 
such as tumor necrosis factor α (TNF-α), interleukin 1 (IL-1), 
and interleukin 6 (IL-6) were reported to be increased in 
experimental diabetic nephropathy in vivo models. Immune 
monocytes and macrophages, as well as mesangial, 
endothelial, dendritic, and renal tubal cells, produced 
TNF-α.21,22 Interleukins were produced by the adipocytes, 
leukocytes, mesangial cells, and endothelial cells. The 
overexpression of IL-6 and IL-1 have been reported in 
experimental diabetic nephropathy, which is supported by 
increased albumin excretion and renal hypertrophy.23

At present, managing hyperglycemia and hypertension are 
the vital therapies prescribed to diabetic nephropathy patients. 
Antihypertensives, such as ACE inhibitors and angiotensin 
receptors, are considered to be the gold-standard treatment 
for diabetic nephropathy patients.24,25 These therapies are 
effective in patients with slow progression, but they render 
only limited recovery in diabetic nephropathy patients.26 
These drugs are also not potent in reversing the established 
complications; hence, it is necessary to develop a much more 
potent drug to treat diabetic nephropathy.

Purpurin is a naturally occurring anthraquinone found in 
the roots of Rubia cordifolia, a perennial plant distributed 
worldwide. Purpurin is a polyketide derivative of the 
anthracenedione ring.27 It possesses various medicinal 

properties, such as neuromodulatory, antioxidant, anti-
inflammatory, photodynamic, and antigenotoxic.28 In this 
study, we assessed the protective role of purpurin against 
diabetic-induced nephropathy in the streptozotocin (STZ)-
induced diabetic experimental model.

A recent study revealed that purpurin effectively 
ameliorated hepatotoxicity,29 suppressed atopic dermatitis,30 
protected hepatorenal injury,31 and demonstrated 
neuroprotective effects32 in various study models.

Materials and Methods

Experimental Animals

Adult healthy male Wistar rats weighing about 220 ± 50 g 
were housed in standard laboratory conditions with 22 ± 3°C 
and 45 ± 5% humidity and a 12 h light/dark cycle. All the 
animals were given free access to a laboratory rat pellet diet 
and hygienic water. The rats were acclimatized for 10 days 
before the initiation of the experiment.

Experimental Protocol

Once the acclimatization period was completed, the rats 
were grouped into four groups with six rats. Group I: Control 
rats were treated with only saline. Group II: Diabetic 
nephropathy-induced rats were intraperitoneally injected 
once with 45 mg/kg STZ dissolved in 10-mM sodium citrate 
buffer. Group III: Low-dose purpurin-treated rats are the 
STZ diabetic-induced rats, which were confirmed as diabetic 
in animals and then orally treated with 50 mg/kg purpurin 
for 8 weeks. Group IV: Standard control rats (the diabetic 
rats) were treated with the standard diabetic drug metformin 
for 8 weeks. The diabetic rats were induced as per the 
protocol for Group II rats. The diabetic induction in rats was 
confirmed by the blood glucose levels greater than 
16 mmol/L. After the treatment period, the rats were 
anesthetized using pentobarbital sodium, a blood sample 
was drawn with a cardiac puncture, and the kidney tissue was 
collected for further analysis.

Assessment of Food Intake and Body Weight Gain

Every day at 10.00 am, the rats were fed 200 g of the standard 
laboratory rat pellet diet and allowed free access to the diet. 
On the next day, by 10.00 am, the remaining food was 
collected and weighed. The remaining pellet weight was 
noted daily, and the body weight was measured twice weekly 
for the entire treatment period and recorded.

Estimation of Fasting Blood Glucose

The rats were subjected to overnight fasting before the fasting 
blood glucose (FBG) was assessed. Orbital sinus blood was 
carefully collected, and the samples were subjected to glucose 
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estimation using the glucose estimation kit purchased from 
Randox Laboratories Ltd, UK.

Quantification of Glycated Hemoglobin

The levels of glycated hemoglobin (HbA1C) in experimental 
animals were quantified using the commercially available 
ELISA kit (Abbexa, UK). The serum samples were subjected 
to experiments as per the guidelines of the manufacturer. The 
final product was measured at 450 nm using a microplate 
ELISA reader, and the yellow color intensity was directly 
proportional to the HbA1C concentration in the sample.

Quantification of Insulin Levels

The insulin levels in the experimental animals were quantified 
using a commercially available ELISA kit (Sigma Aldrich, 
USA). All the reagents and the samples were cooled down to 
room temperature before the initiation of the experiment. The 
standards and the samples were run in triplicates as per the 
procedure provided. The final absorbance of the standard and 
sample was measured at 450 nm immediately after the 
addition of the stop solution using a microplate ELISA reader.

Insulin Resistance Detection

The plasma insulin resistance in the experimental animals 
was detected using the homeostasis model assessment of 
insulin resistance (HOMA-IR). HOMA-IR was calculated 
with fasting glucose and insulin levels using the following 
formula:

HOMA-IR Fasting Glucose mmol L
Fasting Insulin uIU mL

=
×

[ ( / )
( / )]] / . .22 5 29

Assessment of Total Lipid Profile

The total lipid profile was assessed in experimental animals, 
and the levels of total, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), very low-density lipoprotein 
(VLDL) cholesterol, triglycerides (TG), and free fatty acids 
(FFA) were quantified in the serum samples using a 
colorimetric assay kit (Sigma Aldrich, USA). The experiments 
were performed in triplicates as per the procedure provided 
by the manufacturer.

Assessment of Renal Dysfunction Marker Levels

The kidney profile in the experimental animals was assessed 
by measuring the levels of blood urea nitrogen (BUN), serum 
creatinine, and lactate dehydrogenase (LDH). BUN levels 
were measured spectroscopically using the urease method with 
a colorimetric assay kit (Elabscience, USA). The ammonia 

content measured at 580 nm is directly proportional to the urea 
content. Serum creatinine levels were measured using a 
colorimetric assay kit (Elabscience, USA), and the final 
absorbance was measured at 515 nm. The creatinine content 
was indirectly proportional to the final absorbance detected. 
The LDH activity was quantified using a colorimetric assay kit 
procured from Abcam, USA. The LDH reduces NAD to 
NADH, which in turn interacts with the specific probe to form 
the color intensity, which was measured at 450 nm.

Quantification of Kidney Injury Molecule-1 Protein

Kidney injury molecule-1 (KIM-1), a marker of nephrotoxicity, 
was quantified in the experimental animals using the ELISA 
kit (MyBiosource.com, USA). The kidney tissue homogenate 
from the experimental animals was prepared and used for 
the estimation of KIM-1 analysis. The final enzyme-substrate 
reaction was terminated with a stop solution, and the final 
yellow color intensity was measured at 450 nm. The OD 
value was directly proportional to the level of KIM-1 protein 
in the experimental samples.

Quantification of Proinflammatory Cytokines

Proinflammatory cytokines, which are the markers of 
inflammation, were quantified using an ELISA kit (Abcam, 
USA). TNF-α, interleukin 1β (IL-1β), and IL-6 were measured 
using the Sandwich ELISA method; the plasma samples were 
added to the precoated ELISA plates, and the test was 
performed as per the protocol of the manufacturer. Finally, 
the 3,3′,5,5′-Tetramethylbenzidine (TMB) substrate was 
added to the wells develops the color intensity, which 
is directly proportional to the cytokine levels. The reaction 
was further arrested with a stop solution, and the final yellow 
color intensity was measured at 450 nm.

Renal Histopathological Analysis

The kidney tissue of the experimental animals was fixed with 
10% buffered formalin overnight and then subjected to tissue 
processing. The processed tissue was embedded in paraffin, 
and the paraffinized tissue was sectioned into slices of 
4-micron thickness. The sliced sections were deparaffinized 
and fixed onto albumin-coated glass slides. The section was 
stained with hematoxylin and eosin stains, and the stained 
sections were viewed and imaged under a light microscope 
for further histopathological analysis.

Statistical Analysis

To assess the difference between the control and treatment 
groups, the data of the experiments were statistically analyzed 
with one-way ANOVA followed by the post hoc test Newman–
Keuls test using the SPSS 17.0 version software. All the 
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experiments were repeated three times, and the statistically 
analyzed data were represented as the mean ± SEM. The 
difference with p-values < 0.05 was considered significant.

Results

Effect of Purpurin on Food Intake and Body 
Weight in Diabetic Nephropathy-induced Rats

Figure 1A and B depicts the initial and final food intake of rats 
after the induction of diabetic nephropathy with STZ. Initially, 
in the first week of the treatment period, the control rats 
consumed about 20 ± 0.8 g of food, whereas in the eighth week, 
the consumption increased to 42 ± 0.6. Diabetic nephropathy-
induced, untreated rats drastically increased their food 
consumption from 40 ± 1.2 g to 78 ± 1.3 g. Purpurin and the 
standard diabetic drug metformin significantly reduced the 
food consumption in the eighth week to 69 ± 1.2 g and 46 ± 0.9 
g, respectively, compared to the diabetic nephropathy-induced, 
untreated rats.

Figure 1C and D represents the initial and final weight 
gain in rats after the induction of diabetic nephropathy with 
STZ. The untreated, diabetic nephropathy-induced showed a 
substantial increase in their body. On the eighth week of 
treatment, the diabetic nephropathy-induced, untreated rats 
showed about 330 ± 5 g increase in their body weight, whereas 
the control and purpurin-treated rats showed only 15 ± 0.8 g 
and 10 ± 0.7 g of weight gain, respectively. Metformin 
treatment showed a significant decrease in body weight, with 
rats losing 60 ± 2 g by the eighth week of treatment.

Effect of Purpurin on the FBG and HbA1C Levels in 
the Diabetic Nephropathy-induced Rats

Figure 2A and B illustrates the results of fasting blood sugar 
levels in the control and diabetic nephropathy-induced rats. 
The diabetic-induced, untreated rats showed an extensive 
increase in their fast blood glucose 55 ± 0.9 mmol/L compared 
to the normal control, which was only 8 ± 0.08 mmol/L. 
Whereas on the eighth week of treatment, the diabetic 
untreated rat showed a decrease in its fasting blood sugar 
level of 44 ± 0.7 mmol/L. No significant difference in the 
fasting blood sugar level was observed in both purpurin and 
metformin treatments in the eighth week compared to the first 
week of treatment.

Figure 2C and D represents the levels of HbA1C in the 
control and diabetic-induced rats. The levels of HbA1C in 
control rats decreased during the eighth week of the treatment 
period. Although a significant increase in the HbA1C levels 
was observed in diabetic nephropathy-induced untreated rats, 
purpurin-treated rats and metformin-treated rats on the eighth 
week of treatment.

Effect of Purpurin on the Serum Insulin 
and HOMA-IR Levels in Diabetic 
Nephropathy-induced Rats

The serum insulin level on the initial and final week of 
treatment in diabetic nephropathy-induced rats is depicted in 
Figure 3B. The control rats exhibited 26 ± 0.8 µU/mL of 
insulin on the first week of treatment, whereas in the final 

Figure 1. Effect of Purpurin on the Food Intake and Bodyweight in the Diabetic Nephropathy-induced Rats.

Note: Food intake and weight gain in control, diabetic nephropathy-induced, purpurin-treated, and metformin-treated. Food intake was 
measured daily, and body weight was measured twice a week. The representative values of Week 0 and Week 8 were represented in 
figure. n = 6. Data are represented as mean ± SEM. *,#p < 0.05 considered statistically significant.
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Figure 2. Effect of Purpruin on the FBG and HbA1C Levels in the Diabetic Nephropathy- induced Rats.

Note: FBG and HbA1C in the control, diabetic nephropathy-induced, purpurin-treated, and metformin-treated. The representative 
values of Week 0 and Week 8 are represented in figure. n = 6. Data are represented as mean ± SEM. *,#p < 0.05 considered statistically 
significant.

Abbreviations: FBG, fasting blood glucose; HbA1C, glycated hemoglobin.

Figure 3. Effect of Purpurin on the Serum Insulin and HOMA-IR Levels in the Diabetic Nephropathy-induced Rats.

Note: Serum insulin and HOMA-IR in the control, diabetic nephropathy-induced, purpurin-treated, and metformin-treated. The 
representative values of Week 0 and Week 8 were represented in figure. n = 6. Data are represented as mean ± SEM. *,#p < 0.05 
considered statistically significant.

Abbreviation: HOMA-IR, homeostasis model assessment of insulin resistance.
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week, it increased to 32 ± 0.3 µU/mL. Diabetic nephropathy-
induced untreated rats showed a significant increase of 28 ± 
0.6 µU/mL of insulin in the eighth week, whereas it was only 
18 ± 0.2 µU/mL. The metformin treatment also increased the 
level of serum insulin from 35 ± 0.7 µU/mL in the first week 
to 46 ± 0.5 µU/mL in the eighth week. A minimal increase in 
the levels of insulin was observed in purpurin-treated patients, 
which increased from 31 ± 0.6 µU/mL in the first week to 34 
± 0.8 µU/mL in the eighth week of treatment.

The insulin resistance in control and diabetic nephropathy-
induced rats was calculated using the HOMA-IR method, and 
the values are depicted in Figure 3C and D. No significant 
change was observed in the HOMA-IR value was observed in 
the control and diabetic nephropathy-treated rats on the first 
and eighth week of treatment. It decreased from 28 to 26 in 
purpurin-treated rats and from 24 to 19 in metformin-treated 
rats on the eighth week of treatment. The diabetic nephropathy-
induced, untreated rats showed an increased value of 30 
compared to all the other groups.

Effect of Purpurin on the Lipid Profiles of Diabetic 
Nephropathy-induced Rats

The total lipid profile in control and diabetic nephropathy-
induced rats has been assessed using the values depicted in 
Figure 4. Diabetic nephropathy-induced, untreated rats 

showed a significant increase in the levels of total cholesterol 
(TC) (255 ± 7 mg/dl) and TG (320 mg/dl) compared to the 
control rats (185 ± 5 mg/dl and 180 mg/dl), respectively. Both 
purpurin and metformin treatments significantly decreased 
the TC (230 ± 6 and 210 ± 5 mg/dl, respectively) and TG (280 
and 270 mg/dl). The LDL and VLDL were significantly 
increased to 280 ± 1.8 mg/dl and 72 ± 3 mg/dl, respectively, 
in diabetic nephropathy-induced untreated rats compared to 
the control rats (170 ± 2.3 mg/dl and 55 ± 4 mg/dl, 
respectively), whereas the HDL levels were decreased to 
22 ± 5 mg/dl in diabetic nephropathy untreated rats. Both 
purpurin and metformin decreased the levels of LDL and 
VLDL and increased the levels of HDL significantly 
compared to the diabetic nephropathy-induced levels in the 
untreated rats. Purpurin treatment significantly decreased the 
levels of FFA to 1.9 ± 0.04 mmol/L compared to the untreated 
diabetic nephropathy-induced rats, which showed 2.2 ± 0.02 
mmol/L of FFA.

Effect of Purpurin on the BUN, LDH, 
and Creatinine Levels in the Diabetic 
Nephropathy-induced Rats

Kidney biomarkers BUN, creatinine, and LDH were 
quantified in the control and diabetic nephropathy-induced 
rats, and the results are depicted in Figure 5. BUN levels were 

Figure 4. Effect of Purpurin on the Lipid Profiles of Diabetic Nephropathy-Induced Rats.

Note: TC, TG, HDL, LDL, VLDL, FFA in control, diabetic nephropathy-induced, purpurin-treated, and metformin-treated. n = 6. Data 
are represented as mean ± SEM. *,#p < 0.05 considered statistically significant.

Abbreviations: TC, total cholestrol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL, very 
low-density lipoprotein; FFA, free fatty acids.
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significantly increased to 65 ± 2 IU/L in diabetic nephropathy 
induced in untreated rats compared to the control rats, which 
showed 52 ± 4 IU/L. No significant difference in BUN levels 
was observed between control and purpurin-treated rats. 
Metformin significantly decreased the BUN levels to 
42 ± 3 IU/L compared to the control rats. Creatinine levels 
were significantly increased to 5.7 ± 0.07 U/L in diabetic 
nephropathy-induced rats compared to control (4.5 ± 0.03 U/L), 
purpurin-treated (4.9 ± 0.04 U/L), and metformin-treated 
(4.2 ± 0.03 U/L) rats. Both the purpurin and metformin 
treatments significantly decreased the levels of LDH to 
470 ± 2 U/mg protein and 360 ± 4 U/mg protein, respectively, 
compared to the diabetic nephropathy-induced untreated 
(585 ± 3 U/mg protein) rats.

Effect of Purpurin on KIM-1 Level in the Diabetic 
Nephropathy-induced Rats

Figure 6 illustrates the results of KIM-1 protein levels in the 
control and diabetic nephropathy-induced rats. Diabetic 
induction significantly increased the levels of KIM-1 protein 
to 93 ± 0.8 pg KIM-1/g compared to the control 49 ± 0.6 pg 
KIM-1/g. Purpurin and metformin treatment significantly 
decreased the levels of KIM-1 protein to 78 ± 0.4 and 55 ± 0.6 
pg KIM-1/g protein, respectively, in the diabetic nephropathy-
induced rats.

Effect of Purpurin on Inflammatory Markers Level 
in Diabetic Nephropathy-induced Rats

The levels of proinflammatory cytokines TNF-α, IL-1β, and 
IL-6 were quantified in the control and diabetic nephropathy-
induced rats and the results were depicted in Figure 7. 
Diabetic-induced untreated rats showed a significant increase 
in the levels of all three TNF-α (985 pg/mL), IL-1β (3050 pg/
mL), and IL-6 (2750 pg/mL) cytokines compared to the 
control rats (520, 1670, and 1020 pg/mL, respectively). The 
treatment with purpurin significantly decreased the levels of 
TNF-α (720 pg/mL), IL-1β (2900 pg/mL), and 
IL-6 (1450 pg/mL) compared to diabetic nephropathy-
induced untreated rats.

Effect of Purpurin on the Histopathological 
Analysis of Renal Tissues in Diabetic 
Nephropathy-induced Rats

The representative images of H&E-stained section of control 
(A), diabetic nephropathy-induced untreated (B), purpurin-
treated (C), and metformin-treated rats (D) are depicted in 
Figure 8. The control normal renal histoarchitecture with 
uniform glomerular thickness and mesangial matrix, whereas 
the diabetic nephropathy-induced untreated rats showed 
increased glomerular basement membrane thickness with the 

Figure 5. Effect of Purpurin on the BUN, LDH, and Creatinine Levels in the Diabetic Nephropathy-induced Rats.

Note: BUN, serum creatinine, LDH in control, diabetic nephropathy-induced, purpurin-treated, and metformin-treated rats. n = 6. Data 
are represented as mean ± SEM. *,#p < 0.05 considered statistically significant.

Abbreviations: BUN, blood urea nitrogen; LDH, lactate dehydrogenase.
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Figure 6. Effect of Purpurin on KIM-1 Level in the Diabetic Nephropathy-induced Rats.

Note: KIM-1 protein in control, diabetic nephropathy-induced, purpurin-treated, and metformin-treated rats. n = 6. Data are 
represented as mean ± SEM. *,#p < 0.05 considered statistically significant.

Abbreviation: KIM-1, kidney injury molecule-1.

Figure 7. Effect of Purpurin on Inflammatory Markers Level in the Diabetic Nephropathy-induced Rats.

Note: TNF-α, IL-1β, IL-6 in control, diabetic nephropathy-induced, purpurin-treated, and metformin-treated rats. n = 6. Data are 
represented as mean ± SEM. *,#p < 0.05 considered statistically significant.

Abbreviations: TNF-α, tumor necrosis factor-α; IL-1β, interleukin 1β; IL-6, interleukin 6.
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expanded mesangial matrix. Compared to the diabetic 
nephropathy-induced untreated rats, the purpurin-treated and 
the metformin-treated rats decreased the glomerular basement 
thickness, and the mesangial matrix was decreased.

Discussion

A predominant microvascular complication reported in 
diabetic patients is diabetic nephropathy, which further leads 
to renal failure and end-stage renal disease.30 Diabetes tends 
to be the leading cause of renal failure-induced mortality and 
morbidity in developing countries. Both type 1 and type 2 
diabetes play a crucial role in renal failure, whereas it is more 
prevalent in type 2 diabetes patients.20,31 Antiglycemic and 
antihypertensive drugs, such as ACE inhibitors, Angiotensin 
II receptor blockers, were not so potent and still, and the 
incidence of diabetic nephropathy remains increasing. Most 
of the discovered drugs failed during the clinical Phase III 
trials,32,33 hence it is necessary to discover a potent drug to 
ameliorate diabetic nephropathy.

Obesity is closely linked with various diseases, such as 
diabetes, hypertension, cardiovascular diseases, atherosclerosis, 
and chronic kidney disease.34,35 Globally, the incidence rate of 
chronic renal disease is prevalent in obese diabetic patients.36 

Obesity alone is considered an independent risk factor for the 
initiation and progression of nephropathy.37 A high body mass 
index was reported to be prevalent in patients with diabetic 
nephropathy.38 Hence, in this study, we analyzed the role of 
purpurin on weight gain in rats with diabetes induced by STZ. 
Initially, between the diabetic-induced untreated and purpurin-
treated rats, there was no significant difference in food intake 
or body weight gain; whereas, in the final week of treatment, 
the diabetic-induced untreated rats had increased food intake 
and significantly gained weight than the purpurin-treated rats, 
indicating that purpurin had significantly prevented weight 
gain in diabetic-induced rats (Figure 1).

Hyperglycemia causes renal cell growth impairment via 
the production of growth factors, which in turn disrupts the 
extracellular matrix.39 Increased intracellular glucose levels 
activate the diacylglycerol-protein kinase pathway, 
hexokinase, and cause oxidative stress, resulting in diabetic 
kidney disease.40 The changes in the metabolic and 
hemodynamic function due to hyperglycemia cause renal 
failure. Hyperglycemia causes increased binding of glucose 
molecules to the amino acids, thereby increasing 
the production of advanced glycosylated end products. These 
advanced glycosylated end products bind to the collagen 
protein, thereby leading to renal failure.41,42 In our study, 

Figure 8. Effect of Purpurin on the Hitopathological Analysis of Renal Tissues in the Diabetic Nephropathy-induced Rats.

Note: The control rats showed normal renal histoarchitectures (Group I). The diabetic nephropathy-induced rats demonstrated increased glomerular 
thickness (yellow arrows) and expanded mesangial matrix (black arrows) (Group II). The purpurin- and metformin-treated diabetic nephropathy rats 
revealed decreased glomerular basement thickness and mesangial matrix (Groups III and IV, respectively).
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purpurin treatment significantly reduced the FBG, increased 
the serum insulin, and decreased the HbA1C, thereby 
maintaining the glycemic levels in diabetic-induced rats 
(Figure 2). It also decreased the levels of HOMA-IR, which 
confirms that purpurin had prevented the diabetic rats from 
developing insulin resistance, a severe complication that 
must be treated in diabetic patients.

Dyslipidemia is the most often underdiagnosed condition 
in patients with chronic kidney disease. The altered lipoprotein 
metabolism causes dyslipidemia, which leads to the 
accumulation of atherogenic particles.43,44 The levels of TC, 
TG, oxidized LDLs, and elevated levels of apolipoprotein 
ß-containing lipoproteins were reported in chronic kidney 
disease patients.45 Impaired HDL and impaired HDL 
metabolism were also observed during chronic kidney 
disease.46,47 Purpurin treatment significantly decreased the 
levels of TC, TG, FFA, and LDL and increased the levels of 
HDL in diabetic-induced rats (Figure 4), indicating the 
hypercholesteremic effect of purpurin against diabetes-
induced rats.

KIM-1 is a transmembrane protein present in the epithelial 
cells. These KIM-1 proteins are biomarkers for renal proximal 
tubular damage, ischemic kidney diseases, and proteinuria 
conditions.48,49 It is considered to be a more potent biomarker 
than serum creatinine levels during renal injury.50 During 
post-ischemic kidney conditions, the KIM-1 protein 
recognizes the dead cells and initiates phagocytosis. The 
elevated KIM-1 protein leads to renal tubular cell damage.51 
Therefore, in our study, we analyzed the levels of KIM-1 
protein in diabetic-induced rats. Purpurin significantly 
decreased the levels of KIM-1 as well as the BUN, serum 
creatinine, and LDH levels in the diabetes-induced rats, 
confirming the nephroprotective role of purpurin against 
STZ-induced diabetes.

Excessive accumulation of lipids causes adipocyte stress 
due to hypertrophy and hyperplasia; this condition in turn 
leads to hypoxia in cells, causing inflammation. The 
increased infiltration of macrophages and pro-inflammatory 
cytokine release aggravates insulin resistance in diabetic 
conditions.52,53 The proinflammatory cytokines TNF-α, 
IL-6, and IL-1 further stimulate the synthesis of other 
cytokines and activate NF-κB. The activated NF-κB 
maintains a hyperglycemic condition that affects glucose 
uptake and enhances insulin resistance during diabetic 
conditions.54 Therefore, attenuating inflammatory cytokines 
play a crucial role in diabetes and its related complications. 
Purpurin treatment significantly decreased the levels of 
TNF-α, IL-6, and IL-1 in diabetic-induced rats this may be 
the reason for reduced HOMA-IR levels and insulin 
resistance in diabetic-induced rats. Furthermore, our 
histopathological analysis of renal tissue in diabetic-induced 
rats confirms that purpurin significantly reduced hypertrophy 
of glomerular and tubular cells, thereby preventing 
glomerular lesions in STZ-induced diabetic rats.

Conclusion

Our findings revealed that purpurin effectively decreased the 
blood glucose and cholesterol levels, prevented insulin 
resistance, and decreased the levels of kidney injury markers 
BUN, creatinine, LDH, and KIM-1 levels in the diabetic 
nephropathy-induced rats. It also attenuated pro-inflammatory 
cytokines and prevented the renal tissue damage induced by 
STZ. Therefore, it was clear that purpurin can ameliorate 
diabetic nephropathy in rats. However, additional studies are 
still needed in the future to understand the exact therapeutic 
potential of purpurin in diabetic nephropathy.

Summary

Diabetic nephropathy, a microvascular complication, is 
reported in most of the diabetic patients and causes increased 
mortality if untreated on time.

Purpurin effectively decreased blood glucose and 
cholesterol levels, preventing insulin resistance and decreased 
the levels of kidney injury markers BUN, creatinine, LDH, 
and KIM-1 protein.

Histopathological analysis of renal tissue in diabetic-
induced rats confirms that purpurin significantly reduced 
hypertrophy of glomerular and tubular cells, thereby 
preventing glomerular lesions in STZ-induced diabetic rats.

Abbreviations

BUN: Blood urea nitrogen; LDH: Lactate dehydrogenase; TNFα: 
Tumor necrosis factor α; VLDL: Very low-density lipoprotein; 
LDL: Low-density lipoprotein; HDL: High-density lipoprotein; 
IL-1β: Interleukin 1β; IL-1: Interleukin 1; IL-6: Interleukin 6; 
FBG: Fasting blood glucose; HbA1C: Glycated hemoglobin; 
HOMA-IR: Homeostasis model assessment of insulin resistance; 
TC: Total cholesterol; TG: Triglycerides; FFA: Free fatty acids; 
KIM-1: Kidney injury molecule-1; STZ: Streptozotocin

Ethical Approval

This work has been approved with the ethical approval No: (No. 
SXBH-2022-P2-026).

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect to 
the research, authorship, and/or publication of this article.

Funding

This study was supported by the Shanxi Academy of Medical 
Sciences, Tongji Shanxi Hospital, Third Hospital of Shanxi Medical 
University, Taiyuan, 030032, China.

References

1.		 Jager KJ and Fraser SDS. The ascending rank of chronic kid-
ney disease in the global burden of disease study. Nephrol Dial 



Shang and Mohideen	 471

Transplant 2017; 32(suppl_2): ii121–ii128. DOI: 10.1093/ndt/
gfw330, PMID 28201666.

2.		 Crews DC, Bello AK, and Saadi G, World kidney day steering, 
committee. Burden, access, and disparities in kidney disease. 
J Nephrol 2019; 32(1): 1–8. DOI: 10.1007/s40620-019-00590-
6, PMID 30707401.

3.		 Thompson CS. Diabetic nephropathy: Treatment with phos-
phodiesterase type 5 inhibitors. World J Diabetes 2013; 4(4): 
124–29. DOI: 10.4239/wjd.v4.i4.124, PMID 23961322.

4.		 Jia Q, Yang R, Liu XF, et al. Genistein attenuates renal fibro-
sis in streptozotocin-induced diabetic rats. Mol Med Rep 
2019; 19(1): 423–31. DOI: 10.3892/mmr.2018.9635, PMID 
30431100.

5.		 GBD. Global, regional, and national age-sex specific all-cause 
and cause-specific mortality for 240 causes of death, 1990–
2013: A systematic analysis for the Global Burden of Disease 
Study 2013. Lancet 2015; 385(9963): 117–71. DOI: 10.1016/
S0140-6736(14)61682-2, PMID 25530442.

6.		 Rhee CM and Kovesdy CP. Epidemiology: Spotlight on CKD 
deaths—increasing mortality worldwide. Nat Rev Nephrol 
2015; 11(4): 199–200. DOI: 10.1038/nrneph.2015.25, PMID 
25734769.

7.		 GBD. Global, regional, and national incidence, prevalence, 
and years lived with disability for 354 diseases and injuries for 
195 countries and territories, 1990–2017: A systematic analy-
sis for the global burden of disease study 2017. Lancet 2018; 
392(10159): 1789–58. DOI: 10.1016/S0140-6736(18)32279-7, 
PMID 30496104.

8.		 Sagoo MK and Gnudi L. Diabetic nephropathy: An overview. 
Methods Mol Biol 2020; 2067: 3–7. DOI: 10.1007/978-1-4939-
9841-8_1, PMID 31701441.

9.		 Roumeliotis S, Mallamaci F, and Zoccali C. Endothelial dys-
function in chronic kidney disease, from biology to clinical 
outcomes: A 2020 update. J Clin Med 2020; 9(8): 2359. DOI: 
10.3390/jcm9082359, PMID 32718053.

10.	 Bjornstad P and Cherney DZ. Renal hyperfiltration in adoles-
cents with Type 2 diabetes: Physiology, sex differences, and 
implications for diabetic kidney disease. Curr Diab Rep 2018; 
18(5): 22. DOI: 10.1007/s11892-018-0996-2, PMID 29557063.

11.	 Koye DN, Magliano DJ, Nelson RG, et al. The global epidemi-
ology of diabetes and kidney disease. Adv Chronic Kidney Dis 
2018; 25(2): 121–32. DOI: 10.1053/j.ackd.2017.10.011, PMID 
29580576.

12.	 Tominaga T, Abe H, Ueda O, et al. Activation of bone 
morphogenetic protein 4 signaling leads to glomeruloscle-
rosis that mimics diabetic nephropathy. J Biol Chem 2011; 
286(22): 20109–16. DOI: 10.1074/jbc.M110.179382, PMID 
21471216.

13.	 Fernandes SM, Cordeiro PM, Watanabe M, et al. The role of 
oxidative stress in streptozotocin-induced diabetic nephropa-
thy in rats. Arch Endocrinol Metab 2016; 60(5): 443–49. DOI: 
10.1590/2359-3997000000188, PMID 27812607.

14.	 Stratton IM, Adler AI, Neil HA, et al. Association of glycaemia 
with macrovascular and microvascular complications of type 2 
diabetes (UKPDS 35): Prospective observational study. BMJ 
2000; 321(7258): 405–12. DOI: 10.1136/bmj.321.7258.405, 
PMID 10938048.

15.	 Adler AI, Stratton IM, Neil HA, et al. Association of sys-
tolic blood pressure with macrovascular and microvascular 
complications of type 2 diabetes (UKPDS 36): Prospective 

observational study. BMJ 2000; 321(7258): 412–19. DOI: 
10.1136/bmj.321.7258.412, PMID 10938049.

16.	 Lim AKh. Diabetic nephropathy: Complications and treatment. 
Int J Nephrol Renovasc Dis 2014; 7: 361–81. DOI: 10.2147/
IJNRD.S40172, PMID 25342915.

17.	 Feodoroff M, Harjutsalo V, Forsblom C, et al. Smoking and 
progression of diabetic nephropathy in patients with type 1 
diabetes. Acta Diabetol 2016; 53(4): 525–33. DOI: 10.1007/
s00592-015-0822-0, PMID 26668013.

18.	 Tziomalos K and Athyros VG. Diabetic nephropathy: New risk 
factors and improvements in diagnosis. Rev Diabet Stud 2015; 
12(1–2): 110–18. DOI: 10.1900/RDS.2015.12.110, PMID 
26676664.

19.	 Navarro-González JF and Mora-Fernández C. The role of 
inflammatory cytokines in diabetic nephropathy. J Am Soc 
Nephrol 2008; 19(3): 433–42. DOI: 10.1681/ASN.2007091048, 
PMID 18256353.

20.	 Lopez-Parra V, Mallavia B, Egido J, et al. Immunoinflammation 
in diabetic nephropathy: Molecular mechanisms and therapeu-
tic options. Intech Chapters 2012: 127–46.

21.	 Navarro JF, Milena FJ, Mora C, et al. Renal pro-inflammatory 
cytokine gene expression in diabetic nephropathy: Effect of 
angiotensin-converting enzyme inhibition and pentoxifyl-
line administration. Am J Nephrol 2006; 26(6): 562–70. DOI: 
10.1159/000098004, PMID 17167242.

22.	 Dong X, Swaminathan S, Bachman LA, et al. Resident den-
dritic cells are the predominant TNF-secreting cell in early renal 
ischemia-reperfusion injury. Kidney Int 2007; 71(7): 619–28. 
DOI: 10.1038/sj.ki.5002132, PMID 17311071.

23.	 Samsu N. Diabetic nephropathy: Challenges in pathogenesis, 
diagnosis, and treatment. BioMed Res Int 2021; 2021: 1497449. 
DOI: 10.1155/2021/1497449, PMID 34307650.

24.	 Lewis EJ, Hunsicker LG, Clarke WR, et al. Renoprotective 
effect of the angiotensin-receptor antagonist irbesartan in 
patients with nephropathy due to type 2 diabetes. N Engl J Med 
2001; 345(12): 851–60. DOI: 10.1056/NEJMoa011303, PMID 
11565517.

25.	 Zhong Y, Zhang X, Cai X, et al. Puerarin attenuated early dia-
betic kidney injury through down-regulation of matrix metal-
loproteinase 9 in streptozotocin-induced diabetic rats. PLoS 
One 2014; 9(1): e85690. DOI: 10.1371/journal.pone.0085690, 
PMID 24454919.

26.	 Nelson RG and Tuttle KR. Prevention of diabetic kidney 
disease: Negative clinical trials with renin-angiotensin sys-
tem inhibitors. Am J Kidney Dis 2010; 55(3): 426–30. DOI: 
10.1053/j.ajkd.2009.10.001, PMID 20005029.

27.	 Fouillaud M, Venkatachalam M, Girard-Valenciennes E, et al. 
Anthraquinones and derivatives from marine-derived fungi: 
Structural diversity and selected biological activities. Mar 
Drugs 2016; 14(4): 64. DOI: 10.3390/md14040064, PMID 
27023571.

28.	 Singh J, Hussain Y, Luqman S, et al. Purpurin: A natural 
anthraquinone with multifaceted pharmacological activities. 
Phytother Res 2020. DOI: 10.1002/ptr.6965, PMID 33254282.

29.	 Hussain Y, Singh J, Raza W, et al. Purpurin ameliorates alcohol-
induced hepatotoxicity by reducing ROS generation and pro-
moting Nrf2 expression. Life Sci 2022; 120964. DOI: 10.1016/j.
lfs.2022.120964, PMID 36115584.

30.	 Oh JH, Kim SH, Kwon OK, et al. Purpurin suppresses atopic der-
matitis via TNF-α/IFN-γ-induced inflammation in HaCaT cells. 



472	 Pharmacognosy Magazine 19(2)

Int J Immunopathol Pharmacol 2022; 36: 3946320221111135. 
DOI: 10.1177/03946320221111135, PMID 35794850.

31.	 Rakshit S, Sahu N, Nirala SK, et al. Protective activity of pur-
purin against d-galactosamine and lipopolysaccharide-induced 
hepatorenal injury by upregulation of heme oxygenase-1 in the 
RBC degradation cycle. J Biochem Mol Toxicol 2022; e23168. 
DOI: 10.1002/jbt.23168, PMID 35838105.

32.	 Kim W, Kwon HJ, Jung HY, et al. Neuroprotective effects of 
purpurin against ischemic damage via MAPKs, Bax, and oxida-
tive stress cascades in the gerbil hippocampus. Mol Neurobiol 
2022; 59(4): 2580–92. DOI: 10.1007/s12035-021-02642-0, 
PMID 35094304.

33.	 Konda PY, Poondla V, Jaiswal KK, et al. Pathophysiology of 
high fat diet induced obesity: Impact of probiotic banana juice 
on obesity associated complications and hepatosteatosis. Sci 
Rep 2020; 10(1): 16894. DOI: 10.1038/s41598-020-73670-4, 
PMID 33037249.

34.	 Elmarakby AA and Sullivan JC. Relationship between oxida-
tive stress and inflammatory cytokines in diabetic nephropathy. 
Cardiovasc Ther 2012; 30(1): 49–59. DOI: 10.1111/j.1755-
5922.2010.00218.x, PMID 20718759.

35.	 Gaballa M and Farag Y. Predictors of diabetic nephropathy. 
Open Med 2013; 8(3): 287–96. DOI: 10.2478/s11536-012-
0055-3.

36.	 Packham DK, Wolfe R, Reutens AT, et al. Sulodexide fails to 
demonstrate renoprotection in overt type 2 diabetic nephropa-
thy. J Am Soc Nephrol 2012; 23(1): 123–30. DOI: 10.1681/
ASN.2011040378, PMID 22034636.

37.	 Rossing P. Diabetic nephropathy: Could problems with 
Bardoxolone methyl have been predicted? Nat Rev Nephrol 
2013; 9(3): 128–30. DOI: 10.1038/nrneph.2013.13, PMID 
23381371.

38.	 Neeland IJ, Turer AT, Ayers CR, et al. Dysfunctional adipos-
ity and the risk of prediabetes and type 2 diabetes in obese 
adults. JAMA 2012; 308(11): 1150–59. DOI: 10.1001/2012.
jama.11132, PMID 22990274.

39.	 Maric-Bilkan C. Obesity and diabetic kidney disease. 
Med Clin North Am 2013; 97(1): 59–74. DOI: 10.1016/j.
mcna.2012.10.010, PMID 23290730.

40.	 Hu F and Zhang T. Study on risk factors of diabetic nephropa-
thy in obese patients with type 2 diabetes mellitus. Int J Gen 
Med 2020; 13: 351–60. DOI: 10.2147/IJGM.S255858, PMID 
32753935.

41.	 Chen HM, Shen WW, Ge YC, et al. The relationship between 
obesity and diabetic nephropathy in China. BMC Nephrol 
2013; 14: 69. DOI: 10.1186/1471-2369-14-69, PMID 
23521842.

42.	 Kalantar-Zadeh K and Kopple JD. Body mass index and risk 
for end-stage renal disease. Ann Intern Med 2006; 144(9): 701–
02. DOI: 10.7326/0003-4819-144-9-200605020-00021, PMID 
16670146.

43.	 Amorim RG, Guedes GDS, Vasconcelos SML, et al. Kidney 
disease in diabetes mellitus: Cross-linking between hypergly-
cemia, redox imbalance and inflammation. Arq Bras Cardiol 
2019; 112(5): 577–87. DOI: 10.5935/abc.20190077, PMID 
31188964.

44.	 Kawanami D, Matoba K, and Utsunomiya K. Signaling 
pathways in diabetic nephropathy. Histol Histopathol 
2016; 31(10): 1059–67. DOI: 10.14670/HH-11-777, PMID 
27094540.

45.	 Makita Z, Radoff S, Rayfield EJ, et al. Advanced glyco-
sylation end products in patients with diabetic nephropa-
thy. N Engl J Med 1991; 325(12): 836–42. DOI: 10.1056/
NEJM199109193251202, PMID 1875967.

46.	 Shahbazian H and Rezaii I. Diabetic kidney disease: Review 
of the current knowledge. J Renal Inj Prev 2013; 2(2): 73–80. 
DOI: 10.12861/jrip.2013.24, PMID 25340133.

47.	 Moradi H, Vaziri ND, Kashyap ML, et al. Role of HDL dys-
function in end-stage renal disease: A double-edged sword. J 
Ren Nutr 2013; 23(3): 203–06. DOI: 10.1053/j.jrn.2013.01.022, 
PMID 23611547.

48.	 Vaziri ND. Role of dyslipidemia in impairment of energy 
metabolism, oxidative stress, inflammation and cardiovascu-
lar disease in chronic kidney disease. Clin Exp Nephrol 2014; 
18(2): 265–68. DOI: 10.1007/s10157-013-0847-z, PMID 
23974528.

49.	 Bulbul MC, Dagel T, Afsar B, et al. Disorders of lipid metab-
olism in chronic kidney disease. Blood Purif 2018; 46(2): 
144–52. DOI: 10.1159/000488816, PMID 29705798.

50.	 Agrawal S, Zaritsky JJ, Fornoni A, et al. Dyslipidaemia in 
nephrotic syndrome: Mechanisms and treatment. Nat Rev 
Nephrol. 2018; 14(1): 57–70. DOI: 10.1038/nrneph.2017.155, 
PMID 29176657.

51.	 Cohen DE and Fisher EA. Lipoprotein metabolism, dyslipid-
emia, and nonalcoholic fatty liver disease. Semin Liver Dis 2013; 
33(4): 380–88. DOI: 10.1055/s-0033-1358519, PMID 24222095.

52.	 Ichimura T, Bonventre JV, Bailly V, et al. Kidney injury mol-
ecule-1 (KIM-1), a putative epithelial cell adhesion molecule 
containing a novel immunoglobulin domain, is up-regulated 
in renal cells after injury. J Biol Chem 1998; 273(7): 4135–42. 
DOI: 10.1074/jbc.273.7.4135, PMID 9461608.

53.	 Bonventre JV and Yang L. Kidney injury molecule-1. 
Curr Opin Crit Care 2010; 16(6): 556–61. DOI: 10.1097/
MCC.0b013e32834008d3, PMID 20930626.

54.	 Tian L, Shao X, Xie Y, et al. Kidney injury molecule-1 is 
elevated in nephropathy and mediates macrophage activation 
via the Mapk signalling pathway. Cell Physiol Biochem 2017; 
41(2): 769–83. DOI: 10.1159/000458737, PMID 28214834.

55.	 Bonventre JV. Kidney injury molecule-1 (KIM-1): A urinary 
biomarker and much more. Nephrol Dial Transplant. 2009; 
24(11): 3265–68. DOI: 10.1093/ndt/gfp010, PMID 19318357.

56.	 de Luca C and Olefsky JM. Inflammation and insulin resis-
tance. FEBS Lett 2008; 582(1): 97–105. DOI: 10.1016/j.febs-
let.2007.11.057, PMID 18053812.

57.	 Queiroz JC, Alonso-Vale MI, Curi R, et al. Control of adipo-
genesis by fatty acids. Arq Bras Endocrinol Metabol 2009; 
53(5): 582–94. DOI: 10.1590/s0004-27302009000500011, 
PMID 19768249.

58.	 Freitas MC, Ceschini FL, and Ramallo BT. Resistência à 
insulina associada à obesidade: Efeitos anti-inflamatórios 
do exercício físico. R Bras Ci e Mov 2014; 22(3): 139–47. 
DOI: 10.18511/0103-1716/rbcm.v22n3p139-147.


