EUROPEAN JOURNAL OF TRANSLATIONAL

AND CLINICAL MEDICINE 2023;6(2):51-65 R E S EA RC H A RTI C L E

The impact of ginger and curcumin
on diabetic nephropathy induced
by streptozotocin in rats

Alaa Taha!, Hanaa Ashour! ©, Manar Reffat?,

Omali Yousef Elkhawaga?

T Chemistry Department, Faculty of Science, Suez Canal University, Ismailia, Egypt
2 Biochemistry Division, Chemistry Department, Faculty of Science, Mansoura University, Mansoura, Egypt

Abstract

Background: Diabetes mellitus is a global health concern affecting 173 million adults annually that requires ef-
fective treatment. Medicinal plants such as ginger and curcumin, rich in bioactive compounds, have therapeutic
potential. The aim of this study was to evaluate the therapeutic potential of ginger and curcumin extracts in
diabetic nephropathy in the rat model. Material and methods: High-performance liquid chromatography was
used to examine ginger and curcumin extracts. Fifty male Sprague Dawley rats were divided into five groups: con-
trol, untreated diabetic, ginger-treated diabetic, curcumin-treated diabetic, and a ginger + curcumin combination
group. Diabetes was induced with a single intraperitoneal dose of streptozotocin. Rats received daily oral doses
of ginger, curcumin or the combination of both. After sixteen weeks, rats were anesthetized and various tests
were conducted to evaluate treatment outcomes. Results: The rats treated with combined ginger and curcumin
extracts had superior outcome in terms of more antioxidant activity, better glycemia management and less DN-
-related kidney damage (reduced albuminuria and less histological changes). Conclusions: Our findings indicate
that ginger and curcumin extracts have therapeutic potential in mitigating functional and structural alterations in
the kidneys of diabetic rats, possibly due to their anti-diabetic and anti-inflammatory properties.
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Abbreviations

e ALT —alanine aminotransferase

e  AST —aspartate aminotransferase

e AOA - anti-oxidant activity

e  BUN -—blood urea nitrogen

e  CAT —catalase

e DAB - 3,3’-diaminobenzidine tetrachloride
e DM —diabetes mellitus

e DN —diabetic nephropathy

e DPPH -2,2-diphenyl-1-1picryhydrazyl
e  GSH -reduced glutathione

e |L-6 —interleukin- 6

e MDA - malondialdehyde

e NF-kB — nuclear factor kappa B

e  OS-—oxidative stress

e  PKC - protein kinase C

e ROS —reactive oxygen species

e SOD - superoxide dismutase

e  STZ-streptozotocin

Introduction

Diabetes mellitus (DM), affecting 8.8% of people glob-
ally in 2017 and expected to rise to 9.9% by 2045 [1], often
leads to diabetic nephropathy (DN) in 30-40% of individu-
als. DN is linked to improper glycemia management, glyco-
sylated proteins, and renal tissue abnormalities. Research-
ers emphasize the role of reactive oxygen species (ROS) and
oxidative stress (OS) in DN pathophysiology [2-3]. Despite
recent medical trials, addressing vascular issues and poor
glucose control remains a challenge [4]. Early detection and
understanding the complex interplay of metabolic factors
are crucial to managing this chronic kidney disease [5].

Despite therapies with anti-hyperglycemic and renin-
-angiotensin system blocking drugs, DN development per-
sists. Exploring new treatment options is essential. Studies
investigating the potential benefits of nutritional antioxi-
dants in diabetes patients have been conducted. Addition-
ally, there’s a growing demand for herbal medications de-
rived from medicinal plants [6].

The ginger plant (Zingiber officinale Roscoe) belongs to
the Zingiberaceae family, renowned for its medicinal signif-
icance and wide distribution. This family encompasses 53
genera and over 1200 medicinal plants, primarily found in
tropical regions with large rhizomes. Ginger is cultivated in
Southeast Asia, Australia, Brazil, West Africa, and the Unit-
ed States [7-8]. Its chemical analysis reveals more than 400
compounds, including phenolic and terpene compounds
like gingerol, shogaol, and paradols, which contribute to its
diverse biological activities. Ginger is widely used as a con-

diment in various cuisines around the world [9-10]. Ginger’s
phytochemical composition underscores its health-en-
hancing properties [11]. It serves as an antioxidant, pro-
tecting the body from oxidative stress and DNA damage
while counteracting free radicals [12]. Ginger’s therapeutic
effect in managing diabetic complications is believed to
involve reducing oxidative stress and inflammation, partly
through inhibiting the NF-kB signaling pathway [13]. Stud-
ies indicate that ginger, containing compounds like Zerum-
bone, alleviates renal damage in diabetic rats. Thanks to its
anti-inflammatory benefits, ginger can be helpful in condi-
tions such as gout, osteoarthritis and rheumatoid arthritis.
Ginger’s functions include regulating blood glucose levels,
pain relief, cardiac stimulation, antiemetic, antimicrobial,
and antifungal actions [14]. Ginger exhibits protective ef-
fects on diabetic liver, kidney, eye, and nervous system
complications. Numerous experiments confirm ginger ex-
tract’s ability to lower blood glucose levels in both diabetes
types, demonstrating a dose-dependent pattern [15].

Curcumin, extracted from the rhizome of turmeric be-
longs to the Zingiberaceae family, grows predominantly
in India, Southeast Asia and China. Curcumin is a potent
component in herbal medicine and is extensively studied
for various health conditions [16]. Its primary compound,
polyphenol curcumin, exhibits powerful anti-inflamma-
tory, antioxidant, and anticarcinogenic properties. In dia-
betes management, curcumin’s effectiveness lies in its in-
teraction with key molecules and pathways crucial in the
disease’s progression. Studies show curcumin’s ability to
alleviate insulin resistance, a factor in metabolic syndrome.
Both ginger and curcumin contain antioxidants that acti-
vate redox-sensitive transcription factors, bolstering cellu-
lar antioxidant defenses [17-18]. Given the importance of
dietary management in diabetes, interventions using nat-
ural substances like ginger and curcumin offer promising
strategies to mitigate the renal complications of DM.

In this study we aimed to assess the impact of curcumin
and ginger on kidney function, antioxidant activity (AOA)
and lipid peroxidation in diabetic rats with DM induced by
streptozotocin (STZ). We also explored the effects of ginger
extract, curcumin extract, and their combination on treat-
ing DN in rat models with DM.

Material and methods

Chemicals and extraction

Acetonitrile and STZ were obtained from Sigma-Aldrich
(St. Louis, USA). Superoxide dismutase was obtained from
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Biodiagnostic Company, Egypt. The ginger and curcumin
powders were obtained from the Imtenan Egypt Company.
Methyl alcohol was obtained from El Nasr Pharmaceutical
Chemicals Company in Egypt.

The ginger powder (500g) and curcumin powder (500 g)
were soaked in pure methanol for 72 hours two times.
Then, the extract was clarified, and the residue was re-
jected. Excess alcohol was eliminated from every extract
using a rotary evaporator at 50 °C and afterwards dried
in a freeze-dryer. The sticky extracts were collected and
stored at -20 °C before the experiment [19].

Preliminary phytochemical investigation
of the plants

The presence of carbohydrates was determined by the
Molisch’s test [20]. A few sodium hydroxide drops deter-
mined the presence of flavonoids according to the alkaline
reagent test [21]. The presence of saponins was deter-
mined based on the presence of foam. The presence of
tannins was tested using a 2% solution of FeClI3 [22]. Addi-
tionally, the presence of glycoside content was detected ac-
cording to the Wagner and Hager tests [23]. The reaction of
Liebermann detected the presence of steroid content [24].
The presence of terpenoids was determined according
to Salkowski’s test (a reddish-brown tint appeared upon
contact) [25]. The total flavonoids in each plant extract
were determined by spectrophotometric analysis us-
ing the reference substances quercetin and gallic acid,
respectively [26].

Analysis of the plant extracts’ anti-oxi-
dant activity (AOA)

The obtained extracts’ ability to react with stable
2,2-diphenyl-1-1picryhydrazyl (DPPH) free radicals (meas-
ured by using a spectrophotometer at wavelength 517 nm)
was used to determine the extracts’ antioxidant activity
(AOA) [27-28]. The total flavonoid content (extracted from
ginger and curcumin) was calculated using a colorimetric
assay. A freshly prepared extract (0.5 g) was put in a tube
with 5 ml of methanol (80%) in this assay. The extracts were
inverted and mixed after vertexing the tubes and letting
them stand for 20 minutes. A clear micro-centrifuge tube
was filled with 2 ml of each extract, and then the tubes un-
derwent a 5-minute, 4 °C, 12000 rpm centrifugation. The
supernatant was analyzed within two weeks after being
stored at -20 °C in a clear microcentrifuge tube. A combi-
nation of 600 pl of distilled water and 45 pl of NaNO2 was
added with 150 pl of the methanol extract. After the incu-
bation of the solution at room temperature for 5 minutes,
45 pl of AICI3 (10%) was added, and the combination was

then re-incubated for 1 minute. Finally, 300 pl of distilled
water and 1M NaOH were added. In place of the extract,
a blank containing 80% aqueous methanol was used to
calculate the absorbance at 510 nm. Using catechin as the
standard, the concentration was calculated using a calibra-
tion curve. Catechin equivalents (CE) were expressed as mg
of CE/g fresh weight [29].

Spectroscopic Investigation

The ginger extracts were analyzed on a high-perfor-
mance liquid chromatography (HPLC) instrument Agi-
lent1260 (Agilent Technologies, Santa Clara, USA). The se-
ries column used was the Agilent C18 column (4.6 mm x 250
mm, i.e., 5um). The mobile phase consisted of acetonitrile:
5% Acetic Acid (50:50, v/v). The sample solvent was metha-
nol. The flow rate was set to 2 ml/min. The injection volume
of the sample, which was dissolved in methanol, was 25
um. The column’s temperature was 25°C, the wavelength
of detection was 280 nm, and the run was 20 min [30].
The curcumin extract was analyzed using the same HPLC in-
strument and mobile phase as the ginger extract. For each
of the curcumin sample solutions, the injection volume of
the sample dissolved in methanol in the column was 20 m.
At 425 nm, the multiple wavelength detector was adjusted.
Finally, the column was stored at 40 °C [30].

Experimental Animals

Fifty male Sprague Dawley rats weighing between 180
and 200 g were selected. Before the experiment, the an-
imals were given a week to get used to the lab environ-
ment in separate metal cages with five animals per cage.
Clean and fresh water was made available at all times.
Throughout the study, the nutritional status of the rats
was monitored under standard environmental conditions
(temperature 23-27 °C, 60% humidity). The animal experi-
ment in this study were performed in compliance with the
guidelines of the Guide for the Care and Use of Laboratory
Animals and approved by the Suez Canal University Animal
Care Committee (REC 26/2022).

Induction of TLDM

In order to induce DM, a single intraperitoneal injection
of 60 mg STZ dissolved in citrate buffer (pH 4.5) / kg body
weight was given to 40 of the 50 rats [31]. The glycemia
of all rats was measured in blood samples obtained from
the tail vein 72 hours following an overnight fast. After that,
blood sugar levels were checked every three days using
a GlucoDr Super Sensor glucometer (OneTouch Technolo-
gy, All Medicus Co, Korea). The study comprised of 38 rats
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who developed DM (chronic hyperglycemia = 250 mg/dl)
one week after the STZ injection [32].

Experimental Design and Groups

The 50 rats were divided into 5 groups. The control
group (n = 10) received 0.25 ml of citrate buffer (pH 4.5)
intravenously. As mentioned above, 40 rats that were in-
jected with STZ and we subdivided them into 4 additional
groups of 10 each: DM (not treated with any substance),
DM-ginger (treated with 350 mg/kg/day of ginger extract),
DM-curcumin (treated with 350 mg/kg/day of curcumin)
and DM ginger + curcumin (treated with combination of
both extracts). An intragastric tube was used to administer
both extracts orally after dissolving in water. The conversion
of drug dosages to human equivalent doses was used [33].
Drug treatment began 8 weeks after the STZ injection and
continued for additional 8 weeks, making the total study
duration 16 weeks. At the end of week 16 of the exper-
iment, all the rats were sacrificed via cervical dislocation
and tissue samples were obtained for analysis.

Urine Samples

Rats from each group were weighed every 2 weeks and
kept apart in metabolic cages to enable 24-hour urine col-
lection. The rodents’ access to food and water remained
unlimited. The total volume of urine output was measured.
In addition, urine samples were collected every 24 hours,
stored at -80 °C and were used to calculate the excretion of
urinary albumin.

Biochemical estimation and evaluation

Glucose levels, liver function (alanine aminotrans-
ferase, ALT; aspartate aminotransferase, AST), and kidney
function (blood urea nitrogen and creatinine) were exam-
ined in the serum. Albuminuria changed due to the experi-
ment’s measurement of the inflammation markers IL6 and
malondialdehyde (MDA) and the antioxidants; superoxide
dismutase (SOD), reduced glutathione (GSH), and catalase
(CAT).

To determine the amount of glucose in blood samples,
glucose kits (Engineering Chemistry for Lab Technology,
BioMed-Glucose L. S., Badr City, Egypt) were used [34].
Creatinine levels were measured using kits (Diamond Diag-
nostics Company Hannover, Germany) [35]. Berthelot en-
zymatic colorimetric method was used to measure blood
urea nitrogen (BUN) (Diamond Diagnostics Company, Han-
nover, Germany) [36].

Utilizing micro-albuminuria kits from ABC Diagnostic
in New Damietta, Egypt, urine samples were collected in

accordance with the manufacturer’s instructions to test
urinary albumin excretion (ug/ml) [37]. Using methods that
considered the urine volume (ml) in 24 hours, albuminuria
was computed as g/24 hours. ALT and AST weremeasured
using the kits (Cat. No. 264001 and 260001) from Spectrum
Diagnostics Company was used to detect ALT in serum. Ad-
ditionally, AST was measured in serum according to the kit
of aspartate aminotransferase from the Company of Spec-
trum Diagnostics (Cat. No. 260001).
Inflammatory Markers and
Anti-oxidant Parameters

Kidney

The right kidney of all rats was taken and homogenized
in phosphate buffer to test the mean OS parameters, MDA,
GSH, CAT, SOD, and IL-6 levels using specialized kits follow-
ing the manufacturer’s instructions. The following kits were
used: a rat IL-6 ELISA kit from Bioassay Technology Labora-
tory Company (Shanghai, China) and MDA, GSH, CAT, and
SOD kits from the Bio-Diagnostic Company (Dokki, Giza,
Egypt; MD2529, CA2517 and SD2521, respectively).

Histopathology and immunohistoche-
mistry

Neutral buffered formalin (10%) was perfused into the
left kidneys of all rats, which were then processed into
5-mm paraffin sections for histological examination. He-
matoxylin and eosin (H & E), Masson, periodic acid-Schiff
(PAS), and immunostaining renal sections against NF-kB
were used to stain all kidney tissues [6]. NF-kB expres-
sion was assessed through the immunostaining of depa-
raffinized samples slides using polyclonal NF-kB antibody
(sc-59103) from Santa Cruz Biotechnology Inc., CA, USA)
diluted 1:50.

Data analysis

After doing a one-way analysis of variance (ANOVA),
the parametric data presented as mean + SD were exam-
ined using the post-hoc Scheffé test. The Kruskal-Wallis
H, chi-square “x2” or Fisher’s exact test were applied to
examine quantitative data. P < 0.05 served as the signifi-
cance threshold.

Ginger and curcumin extract contained the highest
phytochemical content and AOA (Table 1). The two Zingib-
eraceae plant species were examined phytochemically to
identify seven naturally occurring classes (carbohydrates,
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Carbo- - . . - . .
hydrates Saponins | Flavonoid | Glycosides | Steroids | Alkaloids | Tannins | Terpenes
Curcumin +++ - + ++ - ++ dhodk +++
Ginger ++ +++ +++ - - + 4k L

The signs (-) and (+) denote a negative test, (+) a weakly positive test, (++) a moderately positive test, and (+++) a strongly positive test,

respectively.

Table 2. Total flavonoid contents and DPPH scavenging activity

Plant Part Total flavonoid content (mg/g dry wt.) DPPH (1%)
Curcumin roots 175.667 89.632%
Ginger roots 186.800 95.789%
Table 3. HPLC analysis of the ginger extract

Peak name RT Area % Area Height Amount Units
6-gingerol 2.386 7655845 51.64 2009871 957.578 ppm
8-gingerol 3.635 1494096 10.08 270289 181.579 ppm
6-shogaol 4.245 2534128 17.09 430806 266.302 ppm
10-gingerol 6.120 2184887 14.74 259930 333.790 ppm
8-shogaol 7.354 487584 3.29 50571 71.738 ppm
10-shogaol 12.289 469197 3.16 79936 76.559 ppm

saponins, glycosides, tannins, alkaloids, flavonoids, and
steroids). It was found that ginger extract had a significant
amount of phenolic (flavonoids). The high glycoside con-
tent was recorded in curcumin. The high saponins content
was recorded in ginger. The high carbohydrate content was
recorded in ginger. Furthermore, the high terpene content
was recorded in curcumin extract. The highly alkaloid con-
tent was recorded in curcumin extract.

DPPH scavenging activity

Each extract underwent quantitative analysis to esti-
mate the outcomes of the analysis of scavenging activity
(2, 2-diphenyl-1-1picryhydrazyl, DPPH). It was found that
the scavenging activity of ginger was more than that of cur-
cumin (Table 2).

Total Flavonoids Contents

Each extract underwent quantitative analysis to deter-
mine its estimated total flavonoid concentration. The gin-
ger extract had a greater total flavonoid content than the
curcumin extract (Table 2).

HPLC Results

HPLC chromatogram results of ginger extract interpre-
tation are shown in (Table 3, Figure 1). The peak identifi-
cation of the ginger extract component depends on re-
tention time, peak area, and height of the ginger extract
compared with the standard. It was found that the detailed
levels 6-gingerol was more abundant than 6-shogaol,
The

10-gingerol, and 8-gingerol.

10-shogaol and 8-shogaol.

lowest peak was

The sample performed in HPLC triplicate resulted in
the identification of the curcumin extract. By dividing the
overall area of peaks, which included the primary curcumin
peak, demethoxycurcumin, and at least bisdemethoxycur-
cumin, one can determine the standard or curcumin ex-
tract ratio. By dividing the standard’s ratio by the standard’s
ratio times the standard’s potency, the amount of curcum-
in in curcumin extract was estimated (Table 4; Figures 2a
and 2b).

Characterization of STZ-induced diabetes

Based on their fasting blood glucose levels, 96% of
the rats developed DM one week following the STZ injec-
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tion. Before the 16 week-long observation was completed,
rats with DM who received no treatment had a mortality
rate of 30% (n = 3). The same mortality rate was observed
in the curcumin group (30 %, n = 3), whereas in the gin-
ger group it was 20% (n = 2). No mortality was noted in
the control group.

Glycemia, kidney function and liver func-
tion

We noted a significantly increased glycemia in the
control group and the untreated diabetic group (p < 0.05).
In contrast, glycemia was significantly lower after treatment
with the extracts of ginger, curcumin or their combination
(p < 0.05) (Table 5). It was found that there was a more sig-
nificant increase in renal function parameters (creatinine
and blood urea nitrogen) in the control group and untreated
diabetic group (p < 0.05). However, there were significant-
ly lower levels of creatinine and blood urea nitrogen) after
treatment with either of the extracts or their combination
(p < 0.05). Combining ginger and curcumin extracts
achieved reduced blood urea nitrogen and creatinine lev-
els (p < 0.05) (Table 5). There was a highly significant in-
crease in liver function parameters (ALT, AST and albumin
levels) in the untreated diabetic group compared to the
control group (p < 0.05). After the treatment of the dia-
betic group with ginger extract, curcumin extract, or their
combination. (ALT, AST, and albumin levels) decreased
significantly (p < 0.05), with a more pronounced decline
in the group treated with combined ginger and curcumin
(p <0.05) (Table 5).

Body weight, kidney weight to body
weight, IL-6, OS parameters and AOA

The treated groups’ mean body weight increased after
the treatment (p < 0.05). In the treated groups compared
to the STZ-diabetic group, the mean kidney weight and the
renal weight to body weight ratio decreased (p < 0.05), and
0S and inflammation markers decreased (p < 0.05) after
extract treatment compared to STZ diabetics that were not
treated. Additionally, anti-oxidant levels were significantly
higher (p < 0.05) in the treated groups (Table 6). The ra-
tio of kidney weight to body weight significantly decreased
following treatment with the extracts (p < 0.05) after treat-
ment with ginger and curcumin extract. It was noted that
the treatment using extracts of ginger and curcumin to-
gether reduced the kidney weight relative to body weight
(p < 0.05) (Table 6).

Following treatment with ginger and curcumin extract,
there was a significant (p < 0.05) decrease in IL6 and MDA.
The treatment with combined ginger and curcumin ex-
tracts was produced a more significant reduction in IL6 and
MDA levels (p < 0.05) (Table 6).

There was a significant decrease in glutathione, cat-
alase and SOD levels in the control group compared to
the untreated diabetic group (p < 0.05). In contrast, the
levels of these antioxidants significantly increased after
treatment with the extracts (p < 0.05), with greater in-
crease more following treatment with combined extracts
(p < 0.05) (Table 6).
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Peak name RT Type Width Area % Area
Standard curcumin 4.7 BB 0.181 1197.24 100%
Bisdemethoxycurcumin 3.7 BV 0.1724 413.2 19.864%
Demethoxycurcumin 4.23 \AY 0.1763 533.2 25.63%
Curcumin 4.77 MM 0.1978 1133.9 54.505%
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Figure 2a. HPLC chromatogram of a standard (Curcumin)
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Figure 2b. HPLC chromatogram of Curcumin extract
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Table 5. Blood glucose levels, kidney function and liver function tests

DM ginger +

" P-val
curcumin alue

Control DM untreated DM ginger DM curcumin

Creatinine
(mg/dl)

0.764 £ 0.06® | 2.171 £ 0.30° | 0.9438 + 0.13%* | 1.104 + 0.08° | 0.9486 + 0.10%* | 0.0001 ***

Urea
(mg/dl)

ALB
(g/d)

ALT
u/mn

AST
(u/mn

28.4 + 6.50° 75.75 = 7.88° 39.25 + 5.8¢ 40.96 + 3.85° | 32.14 + 4.48 | 0.0001 ***

4.068 £ 0.09% | 3.413 £ 0.38> | 3.995 + 0.282 | 4.013 £+ 0.312 4.11 £ 0.192 | 0.0002 ***

29 + 2,55 50.76 + 4.505° | 33.81 + 5.7 35 + 7.95° 25.47 £ 2.55¢ | 0.0001 **x*

23.6 £ 3.97* | 47.94 £ 6.78° | 29.88 £ 4.35* | 33.14 £ 9.28% | 23.15 £ 4.52¢ | 0.0001 ***

Glucose

(mg/dl) 104.8 = 15.227 | 451.9 + 30.48> | 107.5 + 11.1® | 119.1 £ 31.41% | 93.14 + 11.622 | 0.0001 ***

The post-hoc Scheffé test (p < 0.05) was employed after one-way ANOVA was used to analyze the mean and standard deviation of the data.
As a result, a < 0.05 p-value indicates that having numerous letters in the same column is significant.

Table 6. IL-6, OS parameters, AOA, body weight and kidney weight

DM DM DM ginger +

Parameters Control untreated DM ginger curcumin curcumin P-value
BW (g) 243 £ 0.19° | 139.6 % 7.67° | 226.1 + 4.42% | 202.1 + 8.63¢ | 245.3 + 35.08° | 0.0001***
KW (9)/ 4.664 + 0.31° | 8.026 + 0.66° | 6.069 + 0.16° | 6.683 + 0.09¢ | 5.882 + 0.09¢ | 0.0001***

BW (g)

SOD (u/g) 719 + 2.69° 424.1 £ 4,52 | 521.1 + 3.57¢ | 440.2 £ 5.629| 729.2 £+ 8.057¢ | 0.0001***

MDA

106.5 + 1.352 | 328.9 £ 6.81° | 134.5 + 3.08¢ | 212.9 + 4,109 | 125.2 + 3.002¢ | 0.0001***
(nmol/g)

CAT (u/g) 3.584 + 0.08%¢ | 1.221 £ 0.23° | 3.223 £ 0.29% | 2.72 £ 0.12° | 3.913 £ 0.27¢ | 0.0001***

GSH
(mg/g)

21.82 £ 4,10° | 10.2 £ 2.24°> | 21.08 £ 1.92 | 21.82 + 2.622 | 24.76 + 2.122 | 0.0001***

IL6
(Pgm/ml)

BW - body weight, KW - kidney weight
The mean +SD data were analyzed using one-way ANOVA, and the post-hoc Scheffé test was run (p < 0.05). This means various letters in the
same column are significant at p < 0.05.

21.64 £ 3.52@ | 111.5 £ 9.23% | 60.27 + 7.84¢ | 56.29 + 12.9¢| 36.92 + 4.1¢ | 0.0001***

Albuminuria Histopathology
There were variations in albuminuria (mg/24 h) in all The kidney sections obtained from the control group
the groups of rats we observed. The rats treated with gin- revealed no collagen accumulation, interstitial tissue or

ger, curcumin or a combination of the two extracts all had abnormal glycogen (Figures 3-B, 3-C, and 3-D). Conversely,
a significant increase in 24-hour urine volume and protein sections of kidney samples from DM rats sections displayed
excretion. Starting from the 10th week of treatment, al- significant blue collagen (Figure 3-H) and tubular dilation
buminuria decreased in the groups receiving the extracts, with glycogen buildup (blue arrows). Kidney sections ob-
with the best effect in rats treated with a combination of tained from rats treated with ginger contained glyco-
ginger and curcumin extracts (p < 0.05) (Table 7). gen-free areas, reduced collagen (blue arrows), and milder
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Control DM untreated DM ginger DM curcumin D?ug‘i::gfi':' P value
179.8 £7.94 | 174.4+4.44 | 1752+ 9.44 | 1752 £6.41 | 173.2 + 2.86 | 0.65 NS
196.94 + 7.835 | 504.8 + 6.37 | 486.4 + 14.32| 496.2 + 11.60 | 479 + 12.26 | °2:0001
215.66  6.97 | 760.16 + 4.70 |776.6 + 14.31| 775+ 19.46 | 780.6 + 14.8 | 0001
237.5+6.96 | 996.16 +4.70 |991.2 + 10.77| 996.2 + 6.76 | 954.4 + 62.2 | 20001
260.966 + 6.85 | 1402.106 + 8.55 | 1391 + 5.43 | 1397.6 + 3.91 | 1396.2 + 6.90| ;00!
WELN 284.66 + 6.33 | 1795.288 + 25.42 | 1490.8 + 5.26 | 1491.2 + 8.84 | 1488 + 12.56 | ©,001
307.46 + 7.91 | 2224.976 + 70.51 | 1558 + 14.94 | 1563.2 + 15.69 | 1567 + 19.68 | 00001
WEPW 364.466 + 7.74 | 2501.2 + 9.52 | 1323 + 16.38 | 1326.4 + 17.31 | 1307 + 14.43 | 0:0001
WETH 398.466 + 8.47 | 2859.6 + 25.97 |918.2 + 27.44 | 923.2 + 27.84 | 874.4 + 43.8 | 0.0001

Albuminuria (mg / 24 hours) changes during the 16 weeks (W) of the experiment data are expressed as mean + SD. An increase in 24-hour
urine volume and an increase in urine protein excretion were seen in the diabetic control group. However, when diabetic rats were given

the extract, they all decreased (p < 0.05).

tubular changes (Figure 3-L, 3-J, and 3-G). Kidney samples
from curcumin-treated rats revealed reduced collagen and
showed minimal tissue changes (Figure 3-N and 3-0). Final-
ly, sections of kindeys of rats treated with combined ginger
and curcumin extracts displayed no collagen, minimal tis-
sue, and no glycogen deposition (Figure 3-R, 3-S, and 3-T).

Immunohistochemistry

Microscopic views of immunostained renal sections
against NF-kB in the control group showed negative ex-
pression, according to IHC counterstained with Mayer’s
hematoxylin (Figure 3-A). The diabetic group’s brown tubu-
lar expression was positive in microscopic images of immu-
nostained renal sections against NF-kB (Figure 3-E): A very
slight positive reaction was seen in the diabetic group
treated with ginger in comparison to the curcumin-treated

diabetic group in microscopic images of immunostained re-
nal sections against NF-kB (Figure 3-M) (Figure 3- I). In the
group treated with combined extracts, brown tubular ex-
pression (blue arrows) and negative expression are shown
(Figure 3-Q)

Insulin deficiency leads to persistent hyperglycemia
and metabolic imbalances, making diabetes challenging
to treat [38]. Diabetic nephropathy (DN) is a major cause
of renal failure, affecting 15-25% of TADM and 30-40% of
T2DM patients [39]. STZ-induced diabetes mimics these
conditions. In our study, prolonged hyperglycemia led to
DN, evident in decreased antioxidant levels, intense ROS
production, reduced kidney function and abnormal renal
histology [40-41]. These findings emphasize the link be-
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Figure 3. Histopathological and immunohistochemical assessments

tween sustained hyperglycemia, oxidative stress and DN
progression.

The basis for the DM model in our study was the chemo-
therapy drug STZ, which damages pancreatic cells and re-
duces insulin production leading to chronic hyperglycemia

[42]. This study demonstrated how persistent hyperglyce-
mia encouraged energy imbalances with strong lipolysis
through increased feed intake and weight loss in animals
[42-43]. Polydipsia, polyuria and decreased GFR were seen
as a result of STZ’s involvement in the hemodynamic al-
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terations brought on by glomerular hyperfiltration [43].
Because systemic hyperglycemia negatively affects glomer-
ular filtration, which leads to an excessive buildup of intra-
cellular glucose, endothelial cells cannot manage glucose
transport through the plasma membrane. The high intra-
cellular glucose levels encourage manufacturing cytokines
e.g. transforming and vascular endothelial growth factors.
Through vasodilating prostanoids and nitric oxide, these
substances cause macrovascular endothelial lesions and
increase glomerular permeability. Additionally, these mac-
romolecules change the hemodynamics of the glomerulus,
intensifying vasodilation of the afferent arteriole compared
to the efferent one. Glomerular hyperfiltration results from
a final representation of artery imbalance [43-45]. An on-
going rise in hydrostatic pressure (intraglomerular pressure
that forces fluid through capillaries while albumin is lost into
the ultra-filtrate) is a sign of changes caused by glomerular
dysfunction [44, 46]. Proteoglycans and collagen IV, which
are in charge of thickening the basal glomerular membrane
and altering the negative charge of the podocytes, are two
molecules synthesized and catabolized during glomerular
dysfunction. Protein loss in the urine and glomerulosclero-
sis with a reduced GFR are signs of glomerular dysfunction
[46-47]. In our study, the characteristics of renal lesions
linked to macrovascular changes of diabetic nephropathy
were validated in animals that had undergone nephrec-
tomy, demonstrated by the increased kidney and relative
weight (kidney weight/body weight). The chronic hypergly-
cemia affected the glomerular basal membrane’s structure.
It promoted extracellular matrix growth in the mesangial
area, which resulted in tubular area hyperplasia and hy-
pertrophy [47]. The progression of kidney disease was has-
tened in diabetic animals that received left nephrectomy in
this investigation using the STZ-induced DM model in rats.
The signs of DN included increased urine albumin excretion
and impaired renal function (elevation in plasma creatinine
concentration and reduced GFR).

The main factor thought to contribute most significant-
ly to intracellular ROS generation is chronic hyperglyce-
mia. Significant amounts of glucose are transferred inside
the glomerular endothelium, mesangial cells and tubular
epithelium cells because some cells cannot maintain in-
tracellular glucose homeostasis, thus speeding up glyco-
lysis and releasing an excessive quantity of ROS [45, 48].
In addition to being mediated by hydrogen peroxide
(H202), unattached iron, and the creation of additional
free radicals such OH- and peroxynitrite, an oxidative lesion
cascade is initiated by a chain reaction that breaks down
lipids, proteins and nucleic acids by creating the (ONOO-)
02. radical [45, 49]. The elevated levels of urine peroxides
and thiobarbituric acid reactive substances (TBARS) in dia-
betic rats served as additional evidence of the importance

of ROS in the experimental model of DN. H202 is an ex-
tremely effective membrane-crosser and when its level is
too high, it emits OH and TBARS are excreted in the urine,
a clear sign of lipid peroxidation caused by unbound iron
[48-49]. Due to changes in mitochondrial permeability,
aberrant ATP synthesis, unbalanced intracellular calcium
levels and other ROS-mediated disorders, the mitochon-
drial area was particularly vulnerable to cell death through
necrosis and apoptosis [50]. Excessive ROS triggered the
activation of numerous antioxidant mechanisms, including
enzymatic systems and free radical scavengers. The anti-ox-
idant enzymes (e.g. reduced glutathione (GSH), catalase
(CAT)) converted H202 into water [45, 48]. The unbalanced
antioxidant enzymes utilized in hyperglycemia were SOD,
GSH and CAT [45]. Thiol levels dropped in diabetic rats af-
ter nephrectomy, suggesting that the antioxidant enzyme
is active. Much research supported the role of ROS in the
diabetic nephropathy lesion mechanism. An in vivo investi-
gation using mesangial cells exposed to high glucose con-
centrations demonstrated significant ROS production [51],
using ginger and curcumin to treat diabetic nephropathy.
Ginger and curcumin are two well-known functional foods
from the Zingiberaceae family that have anti-inflammatory
qualities [52-53]. Ginger is known for its anti-inflammatory
properties attributed to its phenolic compounds, which in-
clude 6-gingerol (6-g) [54] and 6-shogaol (6-s) [55] as these
are the main compounds involved in decreasing the main
proinflammatory mediators, e.g., IL-6 and TNF [53]. Short
pre-clinical and clinical studies on turmeric’s anti-inflam-
matory effects were conducted [56-59].

In our study, we found that STZ diabetic rats had higher
MDA levels, indicating increased production of free radicals
and related lipid peroxidation. However, administering the
ginger, curcumin or a combination of both extracts to di-
abetic rats significantly decreased the MDA level. Accord-
ingly, we hypothesized that administering ginger extract,
curcumin extract, or a combination of them for diabetic
rats would reduce the generation of free radicals and the
peroxidation of lipids, thereby preventing oxidative dam-
age to cellular structures. Our results also showed that
those extracts could increase the intracellular activity of
SOD, CAT and GSH enzymes. In contrast, the activity of the
above-mentioned enzymes all dramatically decreased in
the diabetic rats not receiving treatment. This might high-
light a weak antioxidant defense against damage caused by
free radicals. We hypothesize that treatment with extracts
reduced OS by scavenging free radicals and/or enhanc-
ing endogenous antioxidant activities, thereby improv-
ing diabetic condition, reducing inflammatory state and
advancing the treatment of kidney functions and tissue.
One treatment method for challenging diseases involving
inflammation is combination therapy with a synergistic
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