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ARTICLE INFO ABSTRACT

Original paper In view of many complications of diabetes, kidney failure is considered as one of the main complications.
The oxidative stress-induced due to persistent hyperglycemic conditions is the major cause of kidney
disease. The present study was designed to explore the nephroprotective efficacy of polyherbal (PH)
extract in a diabetic model induced by streptozotocin (STZ). STZ (55 mg/kg body weight, intraperitoneal)
was injected in overnight fasting rats to develop the diabetic experimental model. Effect on kidney injury
was evaluated by investigating biochemical and histological evidences in renal tissue after 56 days of
treatment of PH extract. Results showed the high glucose level in STZ treated rats that suggested
hyperglycemia persistence along with the successful establishment of nephropathy in diabetic rats with
altered renal function, inflammatory cytokines level as well as oxidative and nitrosative stress.
Administration of PH extract significantly improved the glycemic condition, glomerular function and
proximal reabsorptive markers. Further, elevated pro-inflammatory cytokines levels and disturbed redox
status were restored. Moreover, findings were fostered and substantiated by histopathological
examinations. Our work strongly proposes that the nephroprotective effect of the PH extract on renal
damage could be attributed due to its anti-inflammatory and antioxidant properties. Thus, PH extract could
have potential as a pharmaceutical drug for diabetes mellitus (DM). Additional long-term study or clinical
trial is required for further investigations.
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Introduction compelling dialysis or kidney replacement for survival

Diabetes mellitus (DM) is described as a metabolic
syndrome that causes morbidity and mortality leading
to tissue damage with consequent microvascular and
macrovascular manifestations (1, 2). Diabetic
nephropathy (DN) is one of the foremost severe
manifestations of DM, which is described as the
dysfunction of the nephrotic system due to persistent
hyperglycemic conditions. It became the most
important explanation of the end-stage renal disease,

(3). Studies in patients with type 2 diabetes mellitus
indicate that while poor metabolic control is the most
important determinant of the development of
nephropathy, hyperlipidemia and hypertension are
equally responsible for this condition (4). DN is
characterized by a change in functional as well as
structural integrity, which causes intraglomerular
hypertension leading to further deterioration of the
kidney and consequently resulting in end-stage renal
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disease (5-7). Structural and functional changes occur
at glomeruli and tubular level and are marked as a
glomerular epithelial cell (podocyte) loss, renal
hypertrophy, mesangial expansion, expansion of
tubular basement membranes, tubular atrophy, and
glomerular basement membrane thickening and
fibrosis due to excessive accumulation of extracellular
matrix (ECM) proteins (8).

Accumulating evidence showed hyperglycemia-
induced oxidative stress leads to overproduction of
reactive oxygen species (ROS) and depletion of
antioxidants, which alters the metabolic pathways in
the kidneys and causes progression of DN (9-11).
Excessive ROS generation stimulates renal fibrosis and
inflammation and leads to significant tissue damage by
increasing lipid peroxidation, DNA fragmentation, and
protein modification, as well as mitochondrial
dysfunction (12, 13). It is reported that the induction
of inflammation and oxidative stress by the mechanism
of hyperglycemia may play a crucial role in the
pathogenesis of DN (14-16). The development of DN
is linked with significant inflammatory molecules
infiltration such as tumour necrosis factor-o. (TNF-a,),
transforming growth factor-f (TGF- B) and interleukin
-1 (IL-1B) (17, 18). Although several mechanisms
have been proposed in the progression of DN, the exact
mechanism remains unexplored, and it seems that these
mechanisms act synergistically in rendering renal
disease.

Synergism is a versatile phenomenon that has been
preferred by nature for decades. Pharmaceutical
preparation using different formulations is preferred for
the treatment of diabetes in the modern system of
medicine. It has been assumed that combining different
properties of herbs like blood glucose control,
antioxidants, and anti-inflammatory helps to make a
golden remedy provided by herbal formulations (19,
20). Polyherbal formulations are plant-based
preparation that may work collaboratively by their
diverse, active constituents within themselves (21).
These preparations provide maximum therapeutic
efficacy without causing any side effects.

Co-administration of different medicinal plants has
been shown to prevent DN (18). In the present study
four plants (Cichorium intybus Linn., Cucumis melo
Linn,  Cynomorium  coccineum,  Cynomorium
songaricum) were selected for polyherbal preparation.
In the traditional system of medicine different

preparations of Cichorium intybus L., commonly
known as Chicory or Kasni, have been practiced for
digestive and hepatic problems and lower glucose
levels and inflammation (22, 23). Several studies have
reported the antioxidant, inflammation-reducing, and
blood-glucose-lowering activities of Cichorium and, to
some extent investigating the mechanistic approach
also (24-27). The effectiveness of chicory is attributed
owing to the consistency of medically important
phytochemicals, including alkaloids, inulin,
sesquiterpene lactones, coumarins, minerals, vitamins,
unsaturated sterols, monomeric flavonoids, saponins,
tannins and polyphenols (23).

Cucumis melo has been shown to possess an array of
medicinally important beneficial effects in traditional
systems of medicine, including anti-inflammatory,
antioxidant and anti-diabetic and also managing the
severity of renal ailments such as renal and urinary
bladder stones, ulcers in the urinary tract and burning
micturition (28-31). Phytoconstituents present in the
seeds of Cucumis melo contain chromone derivatives,
phenolic glycoside, arginine, aspartic acid, glutamic
acid, alpha-galactosidases, dihydroxy triterpenes,
sitosterol 2, and beta-sitosterol, etc.(31).

Cynomorium sps. has been used in the traditional
Chinese medicine system and other parts of the world
due to their various health benefits and has been
regarded as a "treasure of drugs". Many research
studies have shown that two sps of Cynomorium family
namely C. songaricum and C. coccineum, displayed a
huge array of pharmacological activity, including
antihypoxia, antioxidant, antidiabetic, immunity
improving and neuroprotective (32-35). The major
phytoconstituents present in Cynomorium plants were
phenolic compounds, steroids, triterpenes, organic
acids, saccharides and glycosides (36).

Keeping on the view of the above effects of the
herbals for possible nephrotic disorders and other
biological activities, the present study was focused on
experimentally elucidating the combining beneficial
outcomes of polyherbal preparation in the management
of DN.

Materials and methods
Chemicals and reagents

Streptozotocin (STZ), ethylene diamine tetraacetic
acid (EDTA), nicotinamide adenine dinucleotide
phosphate reduced form (NADPH), pyrogallol,
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Glutathione (GSH), 5, 5’-dithiobis-2-nitrobenzoic
acid) (DTNB), 1,1,3,3-tetramethoxypropane (TMB), p-
nitrophenyl-N-acetyl-B-d-glucosaminide, sodium
nitrite, thiobarbituric acid (TBA), sodium nitrate, were
obtained from Sigma-Aldrich Chemicals Pvt. Ltd.
(India). Bovine serum albumin (BSA) was purchased
from Srl and Merck Chemical Pvt. Ltd. (India). All the
other chemicals were of analytical reagent grade. Plant
materials were purchased from the local market of
Delhi, INDIA.

Preparation of Polyherbal (PH) extract

Four single herbal materials, namely Cichorium
intybus (Root and seeds), Cucumis melo (Seeds),
Cynomorium coccineum (Stem) and Cynomorium
songaricum (Stem) were mixed equally to make PH
extract. The respective part of plant material was dried
in the shade and made into coarse powder for
extraction. Extraction was done with distilled water
using soxhlet apparatus for 3 days. After cooling the
extraction was filtered to remove the residue. The
extraction was concentrated using a rotary evaporator
under reduced pressure and then dried to get a fine
powder. The yield of crude extract, called PH extract,
was stored in an air-tight bottle for further analysis. The
dried powder was dissolved in normal saline with
proper proportion for the study.

Acute Toxicity Study

According to OECD guidelines, the acute toxicity
study of the PH extract was assessed using male Wistar
rats weighing 130-140 g to find out the dose. The
animals were fasted 6-8 hours prior to carrying out the
experimental plan. Different doses of PH formulation
were given intraperitoneally (i.p.). The LD50 was
calculated according to Miller and Tainter. Polyherbal
formulation did not show any mortality even at the
higher dose (2000mg/kg, p.0); on this basis, the dose
(200mg/kg) of formulation (36) was selected for
further studies in animal models.

Experimental animals

Male Wistar rats (15010 g), 7-8 weeks old, were
obtained from the Animal House facility of Jamia
Hamdard, New Delhi. Animals were freely permitted
to acclimatize with animal house conditions for one
week before the experiment and were provided free
access to standard laboratory rodent feed and water ad

libitum prior to the experiment. All procedures for
using animals were reviewed and approved by
Institutional Animal Ethics Committee registered
under the Committee for the Purpose of Control and
Supervision of Experimental Animals (173/CPCSEA).

Experimental Design

Animals were divided into four groups of six rats
each. Diabetes was induced in rats by giving STZ (55
mg/kg body weight) intraperitoneally (i.p.). After three
days of STZ administration, blood was taken from 12 h
overnight fasted rats via the tail vein. Fasting blood
glucose (FBG) level was assessed using a glucometer.
The animals with fasting blood glucose levels of more
than 250 mg/dl were considered diabetic and used in
the study. The experimental design and treatment
protocols were as follows:

Control (C): served as normal control and given
single i.p. injection of normal saline only.

Diabetic (D): served as diabetic and given a single
dose of STZ (55mg/kg body weight; i.p.) and then kept
untreated for 56 days to develop DN.

D+PH: animals were given PH extract orally (200
mg/kg body weight) for 56 days after diabetes
induction.

C+ PH: served as treatment control and given PH
extract orally (200 mg/kg body weight) for 56 days.

FBG concentration using a strip-operated
glucometer was determined after 56 days in all groups
and 24 hours urine was also collected for estimation of
urinary protein, 8-Oxo-7,8-dihydro-2-deoxyguanosine
(8-OHdG), N-acetyl-p-D-glucosaminidase (NAG) and
creatinine estimation in order to mark the progression
of renal damage.

Collection of sample and tissue preparation

During a 24-hour cycle, the urine samples were
collected and stored under oil (mineral) to prevent
vaporization. After collection, the measurement of the
volume of the urine was done. Blood was taken retro-
orbitally from the eye and serum was separated and
stored at —80 °C for further analysis. The rats were
sacrificed, one kidney was quickly extracted, and the
cortex was separated from the medulla for homogenate
preparation. Subsequently, the other kidney was
detached and stored for histopathological tests in a 10%
buffered formalin solution. Homogenization of
Cortical slices was carried out in ice-cold phosphate
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buffer. The centrifugation of homogenate was done at
800xg for 5 min at 4°C to remove the nuclear debris
and a small quantity of supernatant was stored to
measure malondialdehyde (MDA). The remaining
supernatant was further centrifuged to obtain the post-
mitochondrial supernatant (PMS), which served to
estimate other biochemical assays.

Evaluation of kidney function

Creatinine level in urine and serum was estimated
using a commercial assay kit using the sarcosine
oxidase method. Clearance was calculated by using the
standard equation of Arreola-Mendosa et al. (37).
Glomerular filtration rate (GFR) was measured from
creatinine clearance. Blood urea nitrogen (BUN) level
was measured in serum by the urease method using
commercial assay Kkits and expressed as mmol/l.
Estimation of protein excreted in urine had been used
as a sensitive indicator of renal disease. Proteinuria was
measured as total protein (mg/24 hr) described by the
Bradford method (38). NAG level in urine was
measured to detect damage at the tubular level. It was
estimated using the method previously reported by
Price et al. (39), with slight modification by Pedraza-
Chaverri and co-workers (40). One unit of NAG was
expressed as the amount of enzyme releases per 1umol
of p-nitrophenol in the assay medium.

Urinary 8-OHdG level

Urine samples were centrifuged at 2,000g for 20 min
and after that dilution was done to assess the 8-OHdG
level. Urine level of 8-OHdG was determined by
ELISA assay (Elabscience, Texas, USA) and expressed
as total amounts excreted in 24 h.

Assessment of Inflammatory cytokines in the Serum

ELISA assay Kkits determined serum levels of
inflammatory molecules (TGF-B1, IL-1p and TNF-a)
according to the manufacture’s protocols (Elabscience,
Texas, USA).

Assay for Nitric oxide (NO) as (NO2- + NO3-)

As nitric oxide is an unstable product, it was
determined as a combined nitrite/nitrate level (the
stable degradation by-products of nitric oxide).
Reducing agent copperized cadmium was utilized to
reduce nitrate into nitrite and then color development

reaction was done by adding Griess reagent in acidic
condition (41).
Assessment of oxidative stress in renal tissue

Renal lipid peroxidation was evaluated as MDA and
is expressed as nmol MDA formed/h/ mg protein using
Ohkawa et al. (42) method. The total GSH level was
assessed using DTNB as reported earlier by Gherghel
and co-workers (43). Glutathione peroxidase (GPX)
activity was estimated using H.O; as the substrate (44).
The glutathione reductase (GR) activity was measured
by the protocol of Carlberg and Mannervik (45), with
some modifications. The assay mixture comprised of
phosphate buffer, GSSG, NADPH, EDTA, and PMS
(10%) in a final volume of 2.0 ml. The enzyme activity
was estimated at 25°C by determining the vanishing of
NADPH at 340 nm. Superoxide dismutase (SOD)
enzyme was assessed using the Marklund and
Marklund (46) method and expressed as protein
units/mg. Claiborne (47) method was used for catalase
activity. The assay system comprised phosphate buffer,
hydrogen peroxide, and PMS. A deviation in
absorbance was noted down at 240 nm.
Histopathological analysis of tissues

In histopathological tests, the kidney retained in 10
% buffered formalin solution was used. A small piece
of renal tissue with medulla & cortex and the whole
kidney tissue was dehydrated and immersed in paraffin
after fixation in buffered formalin solution. At least
three cross-sections of each kidney were taken as slices
of 3-4 um thickness and then stained with hematoxylin
and eosin (H and E), respectively. The tissue sections
were mounted with DPX mountant after two changes
of xylene washes of 2 min each. The slides were then
observed for microscopic evaluation (bright field). A
microscope system was used for microphotographs.
Kidney stains PAS were used to determine the severity
of glomerular lesions, mesangial growth, absence or
existence of any protein casts in the tubular atrophy,
tubules, and lymphocytic infiltration. The kidney
tissue's H & E staining procedure was done to evaluate
the degree of damage to the renal architecture.

Protein assay

Total protein estimation was done in the homogenate
and PMS as described previously (Bradford, 1976) (38)
utilizing BSA as a standard.
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Statistical analysis

Analysis was done employing the statistical
software SPSS 23. ANOVA test was used for
comparison between the groups followed by Tukey—
Kramer test post-analysis test for multiple comparisons
with P <0.05 being considered statistically significant.
The data were expressed as mean+S.E.M.

Results and discussion
Effect of PH extract on FBG level

The blood glucose level (Figurel) measured after 56
days showed significant (P<0.05) persistent elevation
in the diabetic group compared to the control group.
Supplementation with PH extract significantly
(P<0.05) reduced the blood glucose level in the D+PH
group after 56 days compared to the diabetic group. No
significant change was noted in the normal rat treated
with PH extract C+PH group.

500
400 1

300 1§

FBG (mg/dl)

200 1§

100

C D D+PH C+PH

Figure 1. Effect of PH extract treatment on the blood glucose
level. Values represented as mean + S.E.M. ("P<0.05
diabetic (D) group vs. control (C)/C+PH group; “"P<0.05
D+PH group vs. D group).

Effect of PH extract on kidney function markers
Serum creatinine and creatinine clearance

The level of serum creatinine was significantly
(P<0.05) elevated. In contrast, creatinine clearance was
significantly (P<0.05) decreased in the diabetic group
as compared to the control group at the end of 56 days
study period (Figures 2 A and 2 B). High serum
creatinine levels and decline in creatinine clearance
were taken as an index of altered GFR in DN.

Supplementation with PH extract significantly (P<
0.05) ameliorated the alterations in GFR at the end of
the study by decreasing serum creatinine level while
improving the creatinine clearance compared to
diabetic rats.
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Figure 2. (A) Effect of PH extract treatment on serum
creatinine level in experimental groups. Values represented
as mean + S.E.M. ("P<0.05 diabetic (D) group vs. control
(C)IC+PH group; ™P<0.05 D+PH group vs. D group). (B)
Effect of PH extract on creatinine clearance in experimental
groups. Values represented as mean + S.E.M. (*P<0.05
diabetic (D) group vs. control (C)/C+PH group; **P<0.05
D+PH group vs. D group).

Blood Urea Nitrogen (BUN)

Estimation of BUN level is a sensitive index to
evaluate kidney function. After 56 days of diabetes
induction, diabetic rats had a significant (P0.05) rise in
BUN compared to control rats. (Figure 3). Treatment
with PH extract lowered the BUN level in D+PH,
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wherein there was no significant change in BUN level
in the C+PH extract-treated group compared to the
control group.
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Figure 3. Effect of PH extract treatment on BUN level in
experimental groups. Values represented as mean + S.E.M.
("P<0.05 diabetic (D) group vs. control (C)/C+PH group;
""P<0.05 D+PH group vs. D group).
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Figure 4. Effect of PH extract treatment on excretion of
urinary protein in experimental groups. Values represented
as mean + S.E.M. ("P<0.05 diabetic (D) group vs. control
(C)/C+PH group; ™P<0.05 D+PH group vs. D group).

Proteinuria

The urinary excretion of protein is a more sensitive
indicator of renal damage that occurs during DN. The
total protein level in urine (Figure 4) was significantly
(P<0.05) increased in the diabetic group compared to
the control group. Supplementation with PH extract
significantly (P<0.05) decreased the proteinuria in the

D+PH group at the end of the study, no significant
reduction was found in the C+PH group. Proteinuria
levels in the PH extract supplemented group were
similar to those in the control group.

Effect of PH extract on NAG level

The effect of PH extract on NAG level in urine was
also determined in this study. The urine concentration
of NAG (Figure 5) in the diabetic group was
significantly higher than those in the control groups (P
<0.05). Treatment with PH extract 200 mg/kg in the
diabetic group caused a significant decrease in the
NAG urine level in comparison with the diabetic
control group (P <0.05). The NAG concentration in the
C+ PH extract was not significantly different compared
to the control group (P >0.05). Thus, 56 days of
treatment of PH extract in diabetic rats significantly
reduced NAG level as compared to the control.
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Figure 5. Effect of PH extract treatment on NAG level in
experimental groups. A significant increase in NAG level
was observed in the D group in serum. PH extract treatment
preserved the level significantly. Values represented as mean
+ S.E.M. ("P<0.05 diabetic (D) group vs. control (C)/C+PH
group; "P<0.05 D+PH group vs. D group).

Effect of PH extract on urinary 8-OHdG excretion

8-OHdG is suggested as one of the overriding
patterns of ROS-induced oxidative DNA modification,
and it has been indicated index of oxidative stress.
Therefore, measuring 8-OHdG excretion in the urine
functioned as a valid biomarker for monitoring
diabetes-related oxidative damage. A dramatic increase
in urinary 8-OHdG level was observed in diabetic rats
versus the control group (Figure 6). PH extract
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administration for 56 days produced a significant
decline in the 8-OHdG level in the D+PH group as
compared to the untreated diabetic group. The
synergistic therapy reverted 8-OHdG back to the
normal control level.
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Figure 6. Effect of PH extract on urinary 8-OHdG excretion
in experimental groups. A significant increase in the 8-
OHdG level was noted in the D group in the urine sample.
PH extract treatment significantly decreased its level in the
D+PH group. Values represented as mean + S.E.M. ("P<0.05
diabetic (D) group vs. control (C)/C+PH group; “"P<0.05
D+PH group vs. D group).

Effect of PH extract on inflammatory cytokines
production

To investigate the anti-inflammatory effect of PH
extract, we measured the level of TGF-B1, IL-1p and
TNF-a in serum. The levels of TGF-B1, IL-1B, and
TNF-o found in the serum of diabetic rats were all
considerably (P >0.05) higher than the levels found in
the serum of control rats. (Table 1). PH extract
administration significantly (P >0.05) diminished
inflammatory molecule levels in diabetic rats compared
to untreated diabetic rats. Therefore, our data indicate
that diabetes resulted in significantly (P <0.05) elevated
levels of TGF-B1, IL-1p and TNF-a of control values.
Treatment of diabetic rats in the D+PH group,
significantly (P <0.05) improved the levels of TGF-B1,
IL-18 and TNF-o in comparison to that of diabetic
untreated rats.

Table 1. Effect of PH extract on inflammatory cytokines in
the serum

Control D D+PH C+PH
©
TGF- 1.24+0.53 3.1240.94* 2.12+0.66™  1.27+0.58
B1(ng/ml (+151.61%) (-32.05%) (+2.41%)
)
IL-1B 80.39+2.1 239.85+8.4" 136.74#5.2" 83.31+3.9
(pg/ml) (+198.35%) " (+ 3.63%)

(-42.99%)

387.45+6.1"  310.2245.
689.99+105 * 9
- (-43.85%)  (+1.55%)

TNF-a 305.48+7.
(pg/ml) 9

(+125.87%)

Values represented as mean * S.E.M. Diabetic group
indicated a significant elevation in TGF-f1, IL-1p and TNF-
o in kidney tissue. PH extract treatment preserved the marker
levels significantly. *P<0.05 diabetic (D) group vs. control
(C) / C+PH group; **P<0.05 D+PH group vs. D group.

Effect of PH extract on cortex NO

Total nitric oxide level in the renal cortex was raised
(P< 0.05) significantly in the diabetic rats while
compared to control ones (Figure 7) showing the
nitrosative stress condition. Administration of PH
extract significantly modulated this increase in the
D+PH group when compared to the diabetic group.
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Figure 7. Effect of PH extract on renal cortex NO level in
experimental groups. A significant increase in NO level was
observed in the D group in the renal cortex. While
administration with PH extract significantly augmented its
level in the D+PH group. Values represented as mean *
S.E.M. ("P<0.05 diabetic (D) group vs. control (C)/C+PH
group; "“P<0.05 D+PH group vs. D group).
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Effect of PH extract on oxidative stress in the kidney

Renal MDA was evaluated as an indicator of renal
lipid peroxidation. GSH, GPx, GR, SOD and Catalase
levels were determined as an index of antioxidant status
during diabetes-induced oxidative stress. GSH, GPXx,
GR, SOD and Catalase levels were significantly (P <
0.05) reduced, whereas the levels of MDA were
significantly (P<0.05) increased in the kidney of the
diabetic group compared to the control group (Table 2).
Administration of PH extracts significantly (P<0.05)
restored the level of GSH and antioxidant enzymes and
diminished the lipid peroxidation in kidney tissues as
compared to the diabetic group.

Table 2. Effect of PH extract on oxidative stress markers in
the kidney

Control D D+PH C+PH

©
MDA 0.38+0.23  1.11+0.34"  0.64+0.46™ 0.35+0.41
(nmol MDA (+192.10%)  (-42.34%) (-7.89%)
formed/h/mg protein)
GSH (nmol/mg 7.12+1.6 247091  3.32+1.2" 7.89+14
protein) (-65.31%)  (+34.41%) (+10.81%)
GPx 25.04439 11.89+45"  18.35+5.1" 26.10+4.9
(hmol (-52.51%)  (+54.33%) (+4.23%)
NADPH/min/mg
protein)
GR 11.87+1.9 5.21+3.5 8.32+4.1" 10.47+£3.9
(nmol (-56.11%) (+59.69%) (-11.79%)
NADPH/min/mg
protein)
SOD (U/mg protein) 6.74+0.86  2.69+0.89"  4.13+1.1" 6.12+1.3

(-60.09%) (+53.53%) (-9.20%)

CAT 4555+4.6  19.67+3.4"  36.88+4.8™ 44.88+3.8
(nmol H,0; (-56.82%) (+87.49%) (-1.47%)

consumed/min/mg
protein)

Values represented as mean + S.E.M. Diabetic (D) rats exhibited a
significant increase in MDA level with a decreased GSH, GPx, GR, SOD
and CAT activity in kidney tissue. PH extract treatment restored all these
changes.*P<0.05 diabetic (D) group vs. control (C)/ C+PH group; **P<0.05
D+PH group vs. diabetic (D) group.

Histopathological findings

Histologically control renal tissue shows well
preserved renal parenchyma. Normal glomeruli were
seen surrounded by the Bowman’s capsule and renal
tubules. There were no inflammatory or degenerative
lesions were seen. While in the diabetic group,
degenerative changes were seen in renal tubular
epithelial cells characterized by necrotic changes,
edema and vacuolation. Atrophy of the glomeruli was
also seen. The focally hyaline deposit was seen in renal
tubules. Findings showed that treatment with PH

extract restored most of the renal tissue with well-
preserved renal parenchyma. Mild degenerative
changes were seen focally. There were no
inflammatory lesions seen (Figure 8).

Figure 8. H&E stained section of Kidney showing 1)
Control Kidney— Apparently normal glomerulus and renal
tubules 40X. 2) Control Kidney— Normal renal tubules 40X.
3) Diabetic Kidney — Atrophied glomerulus and mild
degenerative changes in the surrounding renal tubular
epithelial cells 40X. 4) Diabetic Kidney- Oedematous
changes in tubules, vacuolation in tubular epithelial cells and
necrotic changes 40X. 5) Diabetic kidney — Hyaline deposit
in renal tubule 40X.6) Treated Kidney — Normal glomerulus
and renal tubules 40X. 7) Treated Kidney— Normal renal
tubules 40X.

Polyherbal formulations have been known to show
potential response in the treatment of a vast number of
diseases. The therapeutic effect of the polyherbal
formulation was employed due to the presence of
various phytoconstituents acting synergistically (48).
The potentiality of these formulations was found high
even at low doses and safe at high doses. Considering
the therapeutic efficacy of polyherbal formulation, our
study was focused to evaluate the hypoglycemic and
nephroprotective action of PH extract composed of
four plant’s extracts Cichorium intybus, Cucumis melo,
Cynomorium coccineum and Cynomorium songaricum
in STZ-induced DN in rats. Treatment with the PH
extract had significantly ameliorated the severity of
renal dysfunction and improved hyperglycemia-
induced oxidative damage during DN. Our data
revealed that the administration of PH extract at a dose
of 200 mg/kg body weight significantly reduced blood
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glucose levels in STZ-induced diabetic rats. This may
be because the PH extract used in our study involves
four individual medicinal plants, which were already
reported for their antidiabetic activity (23, 34, 49) as
well as for reducing hepatic glucose-6-phosphatase
activity (50) in diabetic rats. Another possible cause for
the noted response could be the remarkably enormous
concentration of phytoconstituents present in PH
extract, which may enhance glucose uptake, increase
insulin-sensitizing and secreting properties (51-54).

Earlier reports suggested that DN progression leads
to a decline in GFR due to expansion of mesangial
matrix and increased glomerular matrix proteins level
caused by persistent hyperglycemia (55, 56). In
diabetic rats, measurement of BUN and serum
creatinine was done to evaluate the altered GFR during
DN progression (57). In the present study, serum
creatinine and BUN level were found to be increased,
whereas a reduction in creatinine clearance was found
in the diabetic group coinciding with a previous study
(57). We demonstrated that treatment with PH extract
for 56 days ameliorated the GFR in diabetic rats
significantly, indicating the nephroprotective role of
herbal formulation. The study suggested the
antihyperglycemic action of PH extract to improve
GFR, subsequently reducing mesangial expansion and
accumulated matrix proteins.

The proteinuria in DN is mainly due to diminished
reabsorption of filtered plasma proteins by tubules,
resulting in an elevated loss of low molecular weight
proteins in urine (58)(56). Many studies have also
reported that altered GFR resulted in the development
of proteinuria by changing blood flow and vascular
permeability, resulting in protein penetration into
bowman’s space (6, 59). The present study showed a
significantly elevated level of total protein excreted in
the urine in the diabetic group. While supplementation
with PH extract in diabetic rats decreased the degree of
proteinuria, improvement in proteinuria in diabetic rats
receiving PH extract may be due to hypoglycemic and
inhibiting TGF-B induced tubular injury and NO
synthesis that could contribute to protein infusion into
bowman’s space (57).

N-acetyl-p-d-glucosaminidase (NAG) is a somewhat
high molecular weight enzyme found in the proximal
tubules' epithelial cells. As DN progression occurs, it
results in secretion of NAG in urine following the renal

tubular damage (60). Actually, urinary excretion of
NAG has been suggested as a foremost tubular
susceptible marker for the evaluation of tubule-
interstitial damage during the advancement and
progression of renal injury (60, 61). The present study
showed that with the progression of DN, the NAG level
was found to be increased in diabetic rats. It is
suggested that the antioxidant property of PH extract is
the main cause of the reduction of NAG level in the
treatment group, further showing nephroprotective
action through a subsequent decline in tubule-
interstitial damage and kidney inflammation elicited
due to hyperglycemic condition consistent with
previous studies (4, 62).

According to recent studies, 8-OHdG is produced
following DNA oxidation and is the most common
quantifiable marker for oxidative stress to indicate
DNA damage (63, 64). Research has reported the
increased levels of 8-OHdG in the urine of diabetic
patients (63). Hence, urinary excretion of 8-OHdG may
be considered as an index of oxidative damage to DNA
in the whole body. Our study found that the amount of
urinary 8-OHdG excretion was markedly elevated in
the diabetic group, while this alteration was modulated
after PH extract administration. This response may be
due to the antioxidant property of the higher
phytoconstituent present in PH extract in line with the
earlier studies (4, 65).

Considerable studies have suggested a strong
association ~ of  chronic  inflammation  and
hyperglycemia with the severity of kidney dysfunction
(66, 67). Accumulation of pro-inflammatory molecules
has been connected to insulin resistance and renal
fibrosis progression in a clinical study during diabetes
(68, 69). In general, accumulated inflammatory
cytokines evoked TGF-B1, resulting in fragmentation
of the epithelial-mesenchymal transition (EMT),
leading to renal fibrosis (70). Furthermore, TGF-B1
leads to the progression of DN, contributing to
extracellular matrix (ECM) accumulation, ultimately
leading to glomeruli scarring or hardening in diabetes
(71). Increased levels of inflammatory cytokines such
as TNF-a and IL-1p were found in the development of
nephropathy, thus playing a role in DN's pathogenesis
(72). In the present study, elevated levels of TGF-p1,
IL-1B and TNF-a were found in diabetic rats consistent
with the findings of the earlier studies. This study
evaluated that PH extract significantly lowered TGF-
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B1, IL-1B, and TNF-a levels in the serum of diabetic
rats due to their anti-inflammatory property (73). Also,
Circhorium intybus was found to inhibit NF-kB and
TNF-o expression through modulation of NLRP3
inflammasome activation, leading to an anti-diabetic
effect by improving insulin resistance and inhibiting
inflammation (74).

According to reports, NO has a function in
maintaining GFR and renal perfusion, whereas
excessive NO generation induces afferent arteriolar
expansion, glomerular thickening, and hyperfiltration
(75)(76). NO2— +NO3- together can be taken as a
basis of NO generation due to its instability. This study
demonstrated that cortex NO level was higher in
diabetic rats compared to control in line with the
previous studies in animals and humans (76, 77).
Additionally, NO carried out renal damage through the
production of cytotoxic agent peroxynitrite by binding
to superoxide radicals agent (76). The supplementation
of PH extract for 56 days significantly diminished the
NO level in the diabetic-treated group. This beneficial
effect of PH extract can be correlated with the
antioxidant and anti-inflammatory potential by
downregulating the expression of inducible NO
synthase (77).

Considerable evidences have suggested that high
blood glucose level leads to ROS formation, which is
closely associated with renal dysfunction (78, 79). ROS
accumulation decreased the antioxidant system that
resulted in oxidative damage to DNA, lipids, and
proteins during DN. Along with this, persistent
hyperglycemia impaired scavenging mechanisms via
the glycosylation of antioxidant enzymes, such as SOD
and catalase (80). Similar to these findings, the present
study showed that the level of MDA, a lipid
peroxidation product increased as well as levels of
GSH, GR, SOD, GPx and catalase were decreased
significantly in diabetic rats while treatment with PH
extract restored all these ailments. Our results showed
that the PH extract counteracts oxidative stress and
increases antioxidant defense status in experimental
animals due to antioxidant properties (81). Also, the PH
extract may contain an enormous level of
phytoconstituents that could synergistically preserve
renal damage during oxidative stress, probably via
attenuation of NFxB and the JNK/MAPK pathway
(82). Thus, our findings are consistent with prior
research that has shown that inhibiting the NF-kB and

MAPK signal transduction pathways decreases
hyperglycemia-induced DN. (82). Another possible
mechanism of action of PH extract may be due to the
occurrence of its active constituents: quercetin
upregulated glucose transporter 4 (GLUT 4) and
insulin receptor resulted in raised glucose uptake, and
gallic acid, a quencher of free radicals reducing
oxidative damage associated with the progression of
diabetes (83).

Our results were also consistent  with
histopathological examinations. Significant abnormal
changes were observed in renal glomerulus and tubules
in diabetic rats. All severe changes were restored with
PH extract treatment, suggesting the nephroprotective
potential of PH extract in DN.

Conclusions

In summary, the present work evaluated that the PH
extract exhibits synergistic nephroprotective activity
revealed by lowering blood glucose, improving the
renal function, inflammatory and oxidative stress
markers, thus providing a multifactorial approach for
prevention of DN. PH extract has a significant
therapeutic beneficial effect on the protection of the
kidney against STZ-induced DN, possibly through
attenuating kidney function markers and inhibiting
oxidative stress and cytokine levels. Hence, it might
help in the preservation of renal integrity as well as the
hyperglycemia-induced oxidative stress condition.
This study showed the beneficial effects of PH extract
on DN might play a vital role in managing
complications of diabetes and also attain a therapeutic
value; further exploration is needed.
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