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Abstract: Background: The metabolic changes associated with diabetes can lead to nephropathy
eventually resulting in end-stage renal disease. Current antidiabetic therapies do not effectively
prevent the onset of diabetic kidney diseases as well as progression. Aim: To evaluate the effect of
Coccinia indica leaf extract alone and in combination with pioglitazone, an antihyperglycemic agent
was used to modulate the progressive kidney damage induced by type 2 diabetes in rats. Hypotheses:
Pioglitazone causes severe adverse effects when administered for long-term therapy. The hypotheses
in this study is to examine the renoprotective effect of Coccinia indica leaf extract (200 mg/kg p.o.) when
co-administered with low-dose pioglitazone (7 mg/kg) in type-2-diabetes-induced nephropathy in
rats and simultaneously evaluate the hypoglycemic response as well. Methods: Rats (Males, Sprague
Dawley) were kept on a high-fat diet and were given a single dose of streptozotocin (35 mg/kg,
i.p.) to induce diabetic nephropathy. Treatment groups received either Coccinia indica leaf extract
or pioglitazone or pioglitazone with Coccinia indica extract, fenofibrate, or lisinopril for 7 weeks.
Blood glucose, antioxidant status, triglycerides, total cholesterol, creatinine, blood urea nitrogen,
and proteinuria levels were estimated and compared with the normal control and disease control
(untreated) groups. Results: The untreated diabetic rats showed increased blood glucose levels, lipid
profiles, and renal oxidative stress, along with an increase in nephropathy markers such as blood urea
nitrogen, creatinine, and proteinuria. Histopathological examination revealed glomerular damage.
Combination treatment with Coccinia indica leaf extract and a low dose of pioglitazone normalized
the nephropathic markers as well as histopathological changes. Conclusion: Coccinia indica leaf
extract when co-administered with a low dose of pioglitazone as antidiabetic therapy showed good
glycemic control and a beneficial renoprotective effect. Combination therapy would lower the dose
of pioglitazone and also protect kidneys from drug-induced toxicity as observed from normalized
nephropathic markers in a diabetic rat model.
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1. Introduction

Diabetes mellitus is an endocrine dysfunction of blood sugar regulation. It is characterized by
hyperglycemia either due to a deficiency in insulin due to autoimmune destruction of insulin-producing
beta cells in pancreas, or due to resistance to insulin. Diabetes mellitus can lead to multiple complications,
and end-stage renal failure is one of the leading causes of death due to diabetic complications [1].

Diabetic nephropathy refers to a condition with progressive kidney damage that leads to the
thickening of the glomerular basement membrane, glomerulosclerosis, degrading of podocyte adhesion,
mesangial cell expansion, tubulointerstitial fibrosis, and overall glomerular hypertrophy [2]. This leads
to a decreased glomerular filtration rate (GFR), worsening albuminuria, peripheral edema, and increased
arterial blood pressure [3]. Uncontrolled blood glucose level and persistent hypertension may lead to
structural and functional changes in kidney [4]. A hyperglycemic state reduces the mRNA levels of
peroxisome proliferator-activated receptor γ (PPARγ) in the glomeruli [5]. Progression of nephropathy
in diabetic patients may be accelerated in the presence of hyperlipidemic condition and considered
as an independent risk factor [6]. Thiazolidinediones such as pioglitazone have beneficial effects on
glucose and lipid metabolism [7].

Recent studies indicate antioxidant use can stall the formation of free radicals and reduce its
damaging effects in diabetes-induced animal models [8,9] and the severity of diabetes complications [10].
Reactive oxygen free radicals play a crucial part in renal injury among hyperglycemic patients [11,12].
Renal morphology and functional changes are specific characteristic futures of diabetic nephropathy in
rats. Fenofibrate and lisinopril are renoprotective compounds that have beneficial effect in diabetic
nephropathy [13,14].

Coccinia indica Cucurbitaceae is an ivy gourd native to India and is considered to be an “Indian
substitute for insulin” due to its efficacy in controlling hyperglycemia [15]. Coccinia indica has been
reported to have antidiabetic properties [16–18]. It is hypothesized that its antioxidant properties help
protect renal damage and ability to control lipid peroxidation, which would increase oxidative damage
in streptozotocin-induced diabetes [17]. Various parts of Coccinia indica possess different activities,
such as hypoglycemia, antilipidemic, anti-inflammatory, analgesic, antipyretic, antinociceptive,
hepatoprotective, antimicrobial, antitussive, antilithiatic, and antimutagenic. It is also useful in
curing some skin disorders, such as ring worm, psoriasis, scabies, other itchy skin eruptions, and ulcer
activity [19].

There is no report on the usefulness of the combination therapy of Coccinia indica leaf extract
with low-dose pioglitazone. Therefore, the present investigation is aimed at determining whether a
bioflavonoid-rich extract of Coccinia indica leaf alone or in combination with pioglitazone can modulate
the progressive damage of kidney induced by type 2 diabetes in rats. A low dose of pioglitazone was
used to prevent the hypoglycemic effect and to examine the synergistic activity with Coccinia indica
leaf extract, because glucose uptake and the tissue’s peripheral utilization by fat, liver, and muscle are
necessary for proper glycemic control and to prevent the adverse effect of its conventional dosage.

2. Methods

2.1. Drugs and Chemicals

Streptozotocin (18883-66-4) was purchased from Sigma Aldrich Ltd (St Louis, MO, USA) Lisinopril
was gifted by Dr. Reddy’s Laboratory, Hyderabad, India. Carboxymethyl cellulose was purchased from
Quest International, Bangalore, India. Fenofibrate and pioglitazone were purchased from Ranbaxy
Laboratory Ltd at Gurgaon, India. Analytical grade chemicals were used for the rest of the protocols.
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2.2. Plant Material—Ethanolic Extract of Coccinia indica

Coccinia indica dried leaves were extracted with ethanol. It was extracted by heating the mass for
5–6 h within a closed system that re-pumps Coccinia indica extra into the herb bed. This process was
done twice. The extracts were combined and concentrated with reduced pressure at a low temperature.
This was taken to a drier unit for drying and separated the product in a powder form. This was
further made into a fine powder in a multimill, and the product was blended to make a uniform and
homogenous lot.

2.3. Experimental Animals and Preliminary Work

Sprague Dawley male rats weighing around 180–200 g were used with the permission of the
Institutional Animal Ethical Committee. The species were stored in Vidya Siri College of Pharmacy,
Bangalore, India. Laboratory conditions of twelve-hour light–dark cycles, temperature at 23 ± 2 ◦C
and 50 ± 5% humidity, were all controlled. Water ad libitum and normal diet were provided to the
animals, before the dietary interventions. Animals were bred in an institutional animal house.

Before induction of disease and the start of therapy, we conducted a preliminary experiment,
wherein, the effect of low-dose pioglitazone and fenofibrate on blood glucose level and lipid profile,
respectively, was studied in normal rats.

2.4. Experimental Groups

Rats were divided into seven groups (n = 10 in each group). The rats belonging to the control
Group (Group I) were fed with a normal diet. The remaining 60 rats (Group II–VII) were fed with a
high fat diet (HFD) for two weeks. After 2 weeks of HFD, 60 rats (Groups II–VII) were given low-dose
streptozotocin (STZ, i.p. 35 mg/kg) to induce diabetes mellitus [20]. Group II diabetic rats were
considered the diabetic control (untreated). Diabetic rats from Groups III to VII were treated with
respective drugs/extract for 7 weeks orally after induction of diabetes. The medication/extracts were
dissolved in 0.5% w/v of carboxy methyl cellulose (CMC). Fenofibrate (30 mg/kg) [2], pioglitazone
(7 mg/kg), Coccinia indica leaf extract (200 mg/kg)combination of Coccinia indica leaf extract 200 mg/kg
plus pioglitazone and lisinopril only (1 mg/kg) [2] were administered to Groups III–VII, respectively.

2.5. Assessment of Diabetes and Lipid Profile

Glucose levels in the blood sampled from a tail vein was quantified using AccuCheck (a glucose
diagnostic kit—Ser.No.GB 14561388). Rats were designated as diabetic if non-fasting blood sugars
were ≥250 mg per deciliter and were forwarded for additional pharmacological studies. After 7 weeks
of streptozotocin administration (end of the treatment), serum was derived from blood samples, frozen,
and analyzed later for biochemical data. Serum glucose concentrations were derived using ready-made
kits (Crest Biosystems, India) via a glucose oxidase peroxidase (GOD-POD) method [21]. Total
serum cholesterol was quantified by using cholesterol oxidase peroxidase (CHOD/PAP) method [22].
A glycerol phosphate oxidase method was used to compute the serum triglyceride levels [23].

2.6. Pre- and Post-Prandial Glucose Measurement/Oral Glucose Tolerance Test (OGTT)

On oral glucose load, the rate at which glucose enters the intestine, the rate of intestinal absorption
of glucose, and the rate of insulin-driven metabolism shall determine the change in the blood glucose
concentration at various time intervals. A glucose tolerance test was performed before the start of the
therapy in 3 groups (Group I, IV, and V; normal control, pioglitazone treatment, and Coccinia indica
leaf extract treatment, respectively). This test was performed to assure the non-hypoglycemic effect
of medications. OGTT was also performed after the treatment period (after 7 weeks of therapy) in
five groups, Group I, II, IV, V, and VI, namely normal control, diabetes control, pioglitazone treated,
Coccinia indica leaf extract treated, and combination therapy of pioglitazone and Coccinia indica leaf
extract. While performing the test, the animals were fasted for 12 h and then administered with the
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predesignated medication. After 30 min of dose administration, 2.0 g/kg glucose was given by oral
gavage. Blood glucose levels were measured at 0, 30, 60, and 120 min after glucose load. The levels of
glucose were compared with normal group, diabetes control, and within the groups.

2.7. Evaluation of Diabetic Nephropathy.

Serum creatinine, blood urea nitrogen (BUN), and proteinuria were analyzed biochemically as
described below to determine the extent of diabetes-induced nephropathy.

2.7.1. Serum Creatinine

Using the alkaline picrate method [24], the serum creatinine was measured with a kit (Crescent
biosystems, Goa, India). A clear supernatant was formed by adding 2 mL picric acid to 0.2 mL of
serum. This mixture was centrifuged at 3000 rpm. The authors separated 100 µL of buffer reagent and
added the following: 0.1 mL standard creatinine, 1.1 mL of supernatant, and 0.1 mL water (distilled)
for standard, test preparation, and blank, respectively. Then, 0.1 mL reagent of picric acid was added
to blank as well as to the standard. The mixture was kept undisturbed for 20 min at room temperature.
Creatinine undergoes reaction with alkaline picrate, forming a reddish-orange compound that is read
at 520 nm using a spectrophotometer.

2.7.2. Blood Urea Nitrogen (BUN)

Serum urea was estimated by the Glutamate dehydrogenase (GLDH)–Urease method (end point
method) with the help of Semi Auto-Analyzer Urea Reagent. Twenty microliters of standard urea
(50 mg/dL) was mixed with 1000 µL of reagent. The mixture was kept aside (10 min) at 37 ◦C for
incubation. The produced mixture aspirated and calibrated to 50 mg/dL. The fasting serum urea was
measured by adding 20 µL of the serum sample to 1000 µL of the reagent. This was then mixed and
incubated for 10 min at the same temperature. Absorbance was measured at 505 nm using the Auto
Analyzer [25].

2.7.3. Protein in Urine

Total protein was measured using Biuret method. Hydrated copper sulphate (CuSO4·5 H2O, 3 g)
and sodium–potassium tartrate (KNaC4H4O6·4H2O, 9 g) were dissolved in half a liter of distilled
water. Five grams of potassium iodide (KI) was added to above copper sulphate solution. In another
vessel, 24 g of sodium hydroxide (NaOH) was mixed into 300 mL of distilled water. Both solutions
were combined, and the final volume was made up to 1 L with distilled water. This Biuret reagent was
stored at room temperature and used within 12 weeks of preparation.

Metabolic cage was used to collect the urine. Two milliliters of urine was aliquoted into a tube per
sample. Additional test tubes containing 2 mL of standard solution and a blank (distilled water) were
prepared separately. To each sample, 2 mL of perchloric acid (1.5 mol/L) was mixed. This mixture was
kept aside (10 min) at room temperature. The precipitate was pelleted via centrifugation at 3000 rpm for
15 min. The supernatant was discarded and 1.5 mL Biuret reagent was mixed with each sample. After
12 min, color intensity was measured and compared with the blank sample using spectrophotometry
at 540 nm [26,27].

2.7.4. Histopathological Analysis of Kidneys

Kidneys were isolated at the end of the experiment after animal sacrifice and were stored in 10%
phosphate buffered formalin. Tissues were dehydrated using 60% ethanol. Paraffin was used to embed
the tissue (5 µm sizes). Cell structure was examined after staining the tissue with hematoxylin and
eosin. Some samples were stained with acid Schiff reagent (PAS) in order to assess basement membrane
changes such as thickening, glycogen deposition, or Masson’s trichome to identify possible collagen
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deposition within tissues. Light microscopy was performed to visualize interstitial inflammatory cell
proliferation and possible lesions by the observers blinded to control vs. treatment groups [28].

2.8. Detection of Renal Oxidative Stress

2.8.1. Superoxide Dismutase (SOD) Activity

Tissue homogenate was prepared by homogenizing 100 mg of kidney tissue with 10 mL of
100 mM potassium dihydrogen phosphate buffer containing 1 mM Ethylenediaminetetraacetic acid
(EDTA), pH 7.4. The obtained homogenate was centrifuged at 12,000× g for 30 min at 4 ◦C, and the
protein concentration of the supernatant was used. Nitroblue tetrazolium (NBT, 0.4 mL), sodium
carbonate (Na2CO3, 1 mL), and EDTA (0.2 mL) were added to 100 µL of kidney tissue homogenate.
Spectrophotometric measurements were made at 560 nm prior to initiation of the reaction. An amount
of 1 mM hydroxylamine HCl (0.4 mL) was added to begin the reaction. The solution was incubated at
25 ◦C for 5 min and then measured the reduction of NBT at 560 nm. A control mixture was formed
without the use of tissue homogenate. Superoxide dismutase (units/mg of protein) of 1 enzymatic unit
is equivalent to the protein form in 100 µL of 10% tissue homogenate needed to prevent reduction of
24 mM NBT by 50% [29].

2.8.2. Catalase Activity

Phosphate buffer (pH 7, 1.9 mL) was added to 100 µL kidney tissue homogenate, and absorbance
was measured spectrophotometrically at 240 nm. One milliliter of hydrogen peroxide (H2O2) was
mixed with the above solution and allowed to rest for a minute at room temperature. Absorbance was
measured against phosphate buffer (blank solution) at 240 nm. The authors used 1 IU (International
Unit). catalase to initiate the degrading of 1mM H2O2 per minute at 37 ◦C and expressed as units/mg
of protein [30].

2.8.3. Estimation of Lipid Peroxidation

Kidney tissue homogenate (0.5 mL) was added to a solution of 1 mL of 0.6% thiobarbituric acid
(C4H4N2O2S) and 3 mL phosphoric acid (H3PO4). The mixture was boiled for 45 min using a water
bath. After cooling the mixture, 4 mL n-butanol was added. The resultant mixture was centrifuged
for 20 min at 20,000 rpm. The organic layer was decanted into a new test tube, and absorbance was
measured at 532 nm [31].

2.9. Statistical Evaluation

All the data were expressed as mean ± standard error of mean (SEM). The data were first tested
for normality and homogeneity and analyzed using one-way analysis of variance (ANOVA), followed
by Tukey’s multiple comparison test for the within-Group analysis, given the 5% significance level.
A p value less than 0.05 was considered to be statistically significant.

3. Results

We started our experiments with a preliminary study analyzing the effect of oral administration of
fenofibrate and low-dose pioglitazone to normal control, and we noted no significant effect on the lipid
profile and glucose levels (results not shown). Thereafter, we proceeded to conduct our experiments
as mentioned in Section 2, and the results of the same are discussed herewith. Various physiological
parameters analyzed in experiments were compared with normal and diabetic control groups (Groups
I and II). The results are documented systematically as follows.

3.1. Therapeutic Interventions on Blood Glucose

The treatment was given to diabetes-induced rats viz. Group III to Group VII, with fenofibrate,
pioglitazone, Coccinia indica leaf extract, combination therapy with pioglitazone, and Coccinia indica
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leaf extract and lisinopril, respectively, for 7 weeks. Blood glucose levels were measured at the
start of therapy and after 7 weeks. At the start of the therapy, blood glucose levels in diabetic rats
(Groups II–VII) were elevated in comparison to normal control rats (Group I). After 7 weeks of treatment,
fenofibrate-treated rats (Group III) showed no significant decrease, but pioglitazone-treated diabetic
rats (Group IV) showed a significant reduction in blood glucose level. The treatment of Coccinia indica
leaf extract (Group V) and extract co-administered with small dose of pioglitazone (Group VI) showed
a decrease in blood glucose levels in comparison to groups treated with pioglitazone (Group IV);
however, results were significant in Group VI. Diabetic rats treated with lisinopril alone (Group VII)
did not have a significant decrease in blood glucose levels (Figure 1).
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Figure 1. (A) Blood glucose levels in different groups of rats (normal, diabetic, and different treatment
groups) measured at the start of therapy (Day 0). All values are represented as mean± SEM, n = 10/group,
a p < 0.0001 when compared with normal control. (B) Blood glucose levels in different groups of rats
(normal, diabetic, and different treatment groups) measured after 7 weeks of treatment. All values
are represented as mean ± SEM, n = 10/group, a p < 0.001 when compared with normal control and
b p < 0.0001 when compared with diabetic control. ** p < 0.01, **** p < 0.001.

3.2. Pre- and Post-Prandial Glucose Measurement/OGTT

3.2.1. OGTT—Before Treatment

The clinical impact of Coccinia indica leaf extract and pioglitazone on oral glucose tolerance test is
shown in Figure 2. It is observed that, glucose level reached to peak level, 1 h post administration
and subsequently returned to normal fasting sugar level 2 h later. Similar responses were observed in
pioglitazone (7 mg/kg) as well as in Coccinia indica leaf extract treated groups. The effect of increase in
blood glucose level after 30 and 60 min post glucose administration, as well as lowering to a normal
level after 2 h of administration, were statistically non-significant when compared with normal rats
(p > 0.05) as well as within the groups. This indicates that Coccinia indica extract as well as pioglitazone
do not cause hypoglycemia in normal rats.



Separations 2020, 7, 58 7 of 16
Int. J. Mol. Sci. 2020, 21, x FOR PEER REVIEW 7 of 16 

 

 
Figure 2. Effect of Coccinia indica leaf extract (CIE) and pioglitazone (PIO) on OGTT in normal rats 
(before treatment) at 4 different time points, 0, 30, 60, and 120 min. All values are represented as mean 
± SEM (n = 10). NC = normal control group, PIO = pioglitazone treated, CIE = Coccinia indica leaf extract 
treated, NS = not significant when all groups were compared with normal control group (NC) as well 
as between groups. 

3.2.2. OGTT—After Treatment 

After 7 weeks of treatment with various predesignated therapies in diabetes-induced rats, OGTT 
was carried out. The fasting blood glucose values (mg/dL) for the rats belonging to the Groups I 
(normal control) and II (Diabetes control) was 79.83 ± 3.25, 407.83 ± 13.15, respectively. Diabetic rats 
treated with pioglitazone (Group IV), Coccinia indica leaf extract (Group V) and the combined therapy 
of pioglitazone plus Coccinia indica leaf extract (Group VI) showed blood glucose levels, 106.17 ± 4.20, 
120.00 ± 3.01, and 108.33 ± 3.91, respectively. In Figure 3, Group I rat data showed their peak blood 
glucose (1 h post glucose) and returned to almost baseline 2 h from glucose loading. The untreated 
diabetic rats had a 10% increase in blood glucose level at the end of 2 h. The treated diabetic rats 
showed considerably lower peak of levels of blood glucose, 2 h after glucose load, indicating more 
pronounced antihyperglycemic activity. The combined therapy of pioglitazone and Coccinia indica 
showed a better antihyperglycemic effect than when treated alone (Figure 3). 

 
Figure 3. Effect of Coccinia indica leaf extract alone and in combination with pioglitazone on OGTT in 
diabetes-induced treated rats, after 7 weeks of therapy. All values are represented as mean ± SEM, n 
= 10, a p < 0.0001, b p < 0.001, c p < 0.01 d p < 0.05 when compared with normal control. NS = not 
significant, STZ = streptozotocin, PIO = pioglitazone, CIE = Coccinia indica extract, NC = normal control 

Figure 2. Effect of Coccinia indica leaf extract (CIE) and pioglitazone (PIO) on OGTT in normal rats
(before treatment) at 4 different time points, 0, 30, 60, and 120 min. All values are represented as
mean ± SEM (n = 10). NC = normal control group, PIO = pioglitazone treated, CIE = Coccinia indica leaf
extract treated, NS = not significant when all groups were compared with normal control Group (NC)
as well as between groups.

3.2.2. OGTT—After Treatment

After 7 weeks of treatment with various predesignated therapies in diabetes-induced rats, OGTT
was carried out. The fasting blood glucose values (mg/dL) for the rats belonging to the Groups I
(normal control) and II (Diabetes control) was 79.83 ± 3.25, 407.83 ± 13.15, respectively. Diabetic rats
treated with pioglitazone (Group IV), Coccinia indica leaf extract (Group V) and the combined therapy
of pioglitazone plus Coccinia indica leaf extract (Group VI) showed blood glucose levels, 106.17 ± 4.20,
120.00 ± 3.01, and 108.33 ± 3.91, respectively. In Figure 3, Group I rat data showed their peak blood
glucose (1 h post glucose) and returned to almost baseline 2 h from glucose loading. The untreated
diabetic rats had a 10% increase in blood glucose level at the end of 2 h. The treated diabetic rats
showed considerably lower peak of levels of blood glucose, 2 h after glucose load, indicating more
pronounced antihyperglycemic activity. The combined therapy of pioglitazone and Coccinia indica
showed a better antihyperglycemic effect than when treated alone (Figure 3).
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3.3. Therapeutic Interventions Onserum Total Cholesterol and Trigylcerides

Significant increase in total triglycerides was observed in Group II (diabetic control) compared to
the normal control (Group I). Fenofibrate treatment (Group III) halted diabetes-induced fluctuations in
lipid profiles, but a low dose of pioglitazone (Group IV) had no significant effect on the cholesterol
level (Figure 4). Diabetic rats when treated with Coccinia indica (200 mg/kg p.o.) (Group V) showed
a substantial reduction in lipid concentration in comparison to untreated diabetes rats (Group II).
Pioglitazone when combined with Coccinia indica leaf extract (Group VI) produced a significant reduction
in lipid levels in comparison to its treatment alone (Group V). The lisinopril-treated Group exhibited
only a little decrease in the triglyceride levels (Figure 4).
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3.4. Therapeutic Interventions on Creatinine and Urea Nitrogen Level in the Blood

Serum BUN and creatinine markedly increased in Group II compared to the control. Diabetic rats
treated with fenfibrate (30 mg/kg, 7 weeks) (Group III) and pioglitazone (7 mg/kg, 7 weeks) (Group IV)
Coccinia indica (200 mg/kg, 7 weeks) (Group V) mildly prevented further increase in BUN as well as
creatinine. The concentration of BUN and creatinine reduced significantly with a combination therapy
of Coccinia indica and pioglitazone (Group VI) when compared to groups treated with either the extract
or drug alone (Figure 5A,B).

3.5. Therapeutic Interventions on Proteinuria

Diabetic rats had shown significant increase in proteinuria when compared to control group.
Fenofibrate (30 mg/kg) (Group III), pioglitazone (7 mg/kg) (Group IV), and Coccinia indica (200 mg/kg
p.o.) (Group V) moderately inhibited proteinuria in diabetic rats. Combined therapy of Coccinia indica
(200 mg/kg) with pioglitazone (7 mg/kg) significantly slowed down the occurrence of proteinuria in
comparison to rats treated with only extract vs. lisinopril (1 mg/kg, p.o.) (Figure 6).
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3.6. Therapeutic Interventions on Renal Oxidative Stress

Untreated diabetic rats showed increased levels of thiobarbituric acid-reactive substances (TBARS)
as a byproduct of lipid peroxidation. The rats with high blood glucose concentration exhibited a
reduction in levels of superoxide dismutase (SOD) and catalase in serum when compared with Group I.
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While fenofibrate (30 mg/kg) (Group III), pioglitazone (7 mg/kg) (Group IV), and Coccinia indica leaf
extract treatment alone (200 mg/kg) (Group V) mildly reduced the levels of diabetes-induced renal
TBARS as well as elevated the renal SOD and catalase levels. Combination therapy of Coccinia indica
leaf extract with pioglitazone (Group VI) has shown a marked therapeutic effect when compared with
the treatments either involving the extract/drug alone or lisinopril (Figure 7A,B).
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Figure 7. (A) Thiobarbituric acid-reactive substances (TBARS) and (B) superoxide dismutase (SOD) and
catalase activities in all the treated and untreated controls. All values are represented as mean ± SEM,
n = 10, (A) a p < 0.0001, b p < 0.001 when all groups were compared with control group. ## p < 0.01,
# p < 0.05 when compared with diabetic control group. NS = not significant (B) a p < 0.0001 when all
groups were compared with control group. # p 0.0001, b p < 0.001 when compared with diabetic control
group. NS = not significant.

3.7. Histopathological Analysis

The pathological changes observed in the kidneys of diabetic rats (Group II) were a reduction
in glomerular capillary size and an increase in glomerular mesangium compared to normal rats
(Group I). Treatment with fenofibrate, pioglitazone, Coccinia indica leaf extract, combination therapy,
and lisinopril for a period of 7 weeks prevented the diabetes-induced changes in glomeruli. Treatment
with combination of Coccinia indica leaf extract and low-dose pioglitazone (Group VI) markedly
protected the kidney from pathological structural abnormalities compared to solo treatment (Group V),
it was also superior to the diabetes rats treated with lisinopril alone (Group VII). Lisinopril is frequently
prescribed in diabetic nephropathy to get adequate control in proteinuria (Figure 8).
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Figure 8. Representative light microscopy (10×) photographs of hematoxylin and eosin-stained
5 µm thick renal histopathological sections of all the groups namely (a) Group I—Normal control,
(b) Group II—Diabetes control, (c) Group III—Fenofibrate treated, (d) Group IV—Pioglitazone treated,
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4. Discussion

Diabetic nephropathy is the main complication of diabetes resulting in end-stage renal disease.
Increased oxidative stress and activation of glucose-dependent pathways in kidneys cause proteinuria,
glomerulosclerosis, and tubulointerstitial fibrosis. We systematically explored the renoprotective effect
of Coccinia indica leaf extract through a series of experiments. We observed that the combination
therapy of Coccinia indica leaf extract with pioglitazone (low dose) was not only antidiabetic (Figure 1B)
but also lowered the triglycerides levels (Figure 4). The combination treatment showed normalization
of elevated blood glucose level in diabetic rats without any hypoglycemic effect (Figure 3) and also
reduced the oxidative stress (Figure 7). The combined therapy of Coccinia indica leaf extract with a low
dose of pioglitazone showed renoprotective effect in diabetes-induced nephropathy in rats as observed
from reduction in serum creatinine and blood urea nitrogen (Figure 5) as well as urinary protein
secretion (Figure 6). The metabolism of creatine phosphate in the skeletal muscles produces creatinine,
a waste product filtered by kidneys, and serum creatinine levels are dependent on glomerular filtration
rate. An increase in serum creatinine is indicative of renal dysfunction and is directly correlated
with the extent of damage and failure of renal function. BUN measures the waste product of protein
metabolism. A substantial increase in the concentration of BUN is indicative of kidney dysfunction [32].
Worsening proteinuria (micro or macro) represent progressive glomerulosclerosis and tubulointerstitial
fibrosis. When caused by diabetes, proteinuria leads to tubular cell inflammation, perpetuating the
progression of interstitial fibrosis and tubular atrophy [33].

The presence of small quantities of albumin in urine (microalbuminuria) predicts development
of clinical diabetic nephropathy [34]. The abnormalities in blood, urine, and the development of
glomerular destruction coincides with prior experimental studies related to diabetic nephropathy.
In our study, the untreated diabetic rats for 7 weeks presented abnormalities in serum creatinine, BUN,
and proteinuria, thus suggesting the presence of diabetic nephropathy. The therapeutic intervention
with either Coccinia indica leaf extract or pioglitazone mildly reduced diabetic nephropathy by lowering
the abnormal serum measurements. It is important to document that the simultaneous administration
of Coccinia indica leaf extract with a low dose of pioglitazone showed a synergistic effect in delaying the
advancement of diabetic nephropathy when compared to treatments with either separately.

Studies indicate hyperlipidemia being an independent hazard in triggering and the advancement
of diabetic nephropathy [35]. A high level of low-density lipoproteins increases production of reactive
oxygen species and induces angiotensin-II-mediated mesangial cell proliferation [36]. Therefore,
increased circulating lipids influence the beginning and progression of nephropathy in diabetes [6].
Our study concurs with this established paradigm and shows an increased triglyceride concentration
and serum cholesterol in untreated diabetic rats. Increased lipoprotein concentration could have
caused a remarkable change in the size of the glomerulus blood vessel and a consequent increase in
mesangial cells that was supported by our histopathological study. PPAR α deficiency is observed
during increased levels of circulating lipids and fenofibrate; a PPAR α agonist has been proven to
be effective in the treatment of diabetic nephropathy [13]. Diabetic rats when treated with Coccinia
indica were shown to reverse the lipid abnormalities, and this reversing capability was enhanced
by combining pioglitazone with Coccinia indica leaf extract. The present study demonstrated the
synergistic effect of the combination therapy of Coccinia indica with pioglitazone in reversing the lipid
abnormality. This synergy in the combination treatment might be due to the anti-oxidant activity of
pioglitazone enhancing the insulin sensitivity [37], which in turn, could affect the insulin-responsive
genes that regulate glucose and lipid metabolism. Thiazolidinediones have been shown to increase
antilipolytic action of insulin by enhancing the insulin sensitivity [38]. The additive antioxidant activity
of Coccinia indica leaf extract and pioglitazone would have increased the antilipolytic action of insulin
by enhancing the insulin sensitivity. Thus, due to this additive effect, the combined therapy of Coccinia
indica leaf extract and pioglitazone could have resulted in the observed hypolipidemic response. A low
dose of pioglitazone allows us to establish the absence of hypoglycemia when pioglitazone therapy is
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advised for the long term along with the concurrent benefits of anti-oxidant activity and anti-lipolytic
activity, which further lead to the enhanced renoprotection.

Compared to the newer generation of anti-diabetes drugs such as Sodium-Glucose transport
proteins SGLT inhibitors like empagliflozin, pioglitazone has a significant and marked reduction
in myocardial infarction and stroke [39] and is more cost-effective too. Additionally, pioglitazone
improves beta-cell function, causes significant reduction in glycated hemoglobin, and also reduces
nonalcoholic steatohepatitis [37], thus making it an ideal candidate towards prevention of metabolic
syndrome. The adverse effects are effectively reduced with lower doses and are outweighed by the
other potential multiple benefits.

The proposed combination therapy is promising for preventing and delaying the progression
of diabetes nephropathy as well as the other complications of diabetes, especially when treated
for prolonged periods and can prevent hypoglycemia usually caused by a conventional dosage
of pioglitazone.

The initiation and advancement of diabetic nephropathy is due to uncontrolled hyperglycemia.
Hyperglycemia causes a reduction in mRNA levels of PPAR γ in glomerulus [5]. Renal upregulation
of angiotensin II is observed in uncontrolled diabetic condition [40]. Treatment with combination
of Coccinia indica leaf extract and a low dose of pioglitazone had significant effects on lowering the
serum glucose concentration as measured during a glucose tolerance test. Pioglitazone exhibits
its antihyperglycemic action by acting through PPARγ [7]. Similarly, Coccinia indica leaf extract is
well-documented for its antihyperglycemic activity [15–18]. Long-term therapy of pioglitazone causes
hypoglycemia and cardiovascular toxicity and hence in the present study a low dose of pioglitazone
was chosen and combined with Coccinia indica. The adverse effects of pioglitazone can be prevented by
reducing the dose of pioglitazone, and combining it with herbal extracts could synergize its antidiabetic
effect. Similarly, our study results have depicted the synergistic influence of Coccinia indica leaf extract
with pioglitazone in lowering blood glucose levels. In spite of partial glucose-lowering capacity, these
agents protect kidneys by decreasing albuminuria and thus help to restore the endothelial function in
kidneys of diabetic patients [41]. The renoprotective effect of low-dose pioglitazone in our study might
be attributed by decreasing albuminuria. The synergistic glucose-lowering effect produced by the
combined therapy of low-dose pioglitazone and Coccinia indica could produce more beneficial effect in
protecting the kidneys from hyperglycemic state as well as preventing hypoglycemia on long term use.

Oxidative stress in the kidney is known to increase as a result of increased uptake of glucose,
which then leads to increased reactive oxygen species production [42]. Increased oxidative stress
leads to increased production of extra cellular matrix components [43] causing an expansion of
the mesangial matrix compromising the filtration process. Histopathological analyses revealed
an increase in glomerular mesangium in untreated diabetic rats when compared to normal rats.
Treatment with Coccinia indica leaf extract and pioglitazone prevented these pathological changes in the
glomeruli. It is hypothesized that the antioxidant properties of Coccinia indica leaf extract contribute
to its renoprotectiveness [17,18]. Increased plasma concentration of TBARS indicates the induction
of oxidative stress, which would increase oxidative damage in streptozotocin-induced diabetes.
Decrease in lipid peroxidation products measured as TBARS was observed following treatment with
pioglitazone [44]. Coccinia indica leaf extract has the ability to control lipid peroxidation [17,18].
Treatment with Coccinia indica leaf extract or pioglitazone mildly inhibits stress caused by reactive
oxygen species in diabetes-induced renal damage by decreasing renal TBARS. Simultaneously these
treatments also increased SOD–catalase concentrations. Therefore, it seems that Coccinia indica leaf
extract, pioglitazone, and its combination have the ability to protect the kidney through its antioxidative
properties. The overarching effect of pairing Coccinia indica leaf extract and pioglitazone with the
goal of inhibiting the deleterious course of diabetic nephropathy corresponds to lowering circulating
lipids, proper blood glucose control, and halting Reactive oxygen species (ROS). Lisinopril has been
regularly utilized as a baseline medicine for comparison due to its diabetic renoprotective effect, which
is well-documented in basic and clinical studies [14]. The renoprotective impact of Coccinia indica leaf



Separations 2020, 7, 58 14 of 16

extract with a small dose of pioglitazone observed in our study was superior to lisinopril treated rats,
in attenuating diabetic nephropathy.

5. Conclusions

Combined treatment with Coccinia indica leaf extract and a low dose of pioglitazone stalled the
progression of diabetic nephropathy possibly by controlling blood glucose levels, normalizing lipid
levels, and reducing ROS stress. This treatment may also synergistically provide protection against
diabetic renal damage with simultaneous prevention of hypoglycemia caused by pioglitazones when
administered for a longer period.

Regular consumption of food containing these properties might decrease the possibility of
development of diabetes and can delay the advancement of diabetes complication, especially in case of
a pre-diabetic state. Further long-term studies are required to evaluate the efficacy of the combined
therapy of Coccinia indica leaf extract with a low dose of pioglitazone for halting the progression of
diabetic renal damage in early type 2 diabetes mellitus patients.
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