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ABSTRACT

Objective: To assess the nephroprotective potential of agmatine in a
rat model of streptozotocin-induced diabetic nephropathy.

Methods: A single dose of streptozotocin (40 mg/kg) coupled with
a fructose diet induced diabetes in Wistar rats. Agmatine (40 and
80 mg/kg) was administered to rats for 12 weeks. The body weight
and fasting blood glucose were measured weekly. Insulin level,
urine output, total protein, albumin, blood urea nitrogen, creatinine,
and cystatin-C were also determined at the end of the experiment.
Furthermore, superoxide dismutase, glutathione, interleukin-1p,
interleukin-6, and tumor necrosis factor-alpha were evaluated in
kidney tissue. Histopathological study was also performed using
hematoxylin and eosin staining.

Results: Agmatine at both doses significantly increased final body
weight, and lowered fasting blood glucose, urine output, insulin,
total protein, albumin, blood urea nitrogen, creatinine, and cystatin-C
levels compared with the diabetic group (P < 0.05). Inflammatory
markers and antioxidant effect were significantly improved in
agmatine-treated rats. Moreover, the histopathological changes in
renal structure were ameliorated by agmatine treatment.
Conclusions: Agmatine alleviates diabetic nephropathy by
improving renal functions and reducing inflammation and oxidative
stress. The molecular mechanisms of its nephroprotective actions

need to be investigated in future study.

KEYWORDS: Agmatine; Type 2 diabetes; Nephropathy; Oxidative

stress; Nephroprotection

1. Introduction

Diabetes mellitus (DM) has the potential to impact multiple
organs within the body, with the extent and severity of its effects

being contingent upon its duration and intensity. This can result in

the manifestation of diverse organ failures[1]. DM is the primary
etiological factor for chronic kidney disease (CKD) on a global
scale. It has been reported that approximately 40% of individuals
with diabetes may develop CKD throughout their lifespan|2].
Diabetic nephropathy (DN), which is also referred to as diabetic
kidney disease (DKD), is distinguished by structural modifications
in the kidney. Specifically, there is an expansion of mesangial cells
and thickening of the basement membrane in the glomeruli, as well
as hypertrophy of the tubules|3].

The kidneys of diabetic patients are affected by several metabolic
abnormalities, including hyperaminoacidemia, glomerular
hyperfiltration and hyperperfusion, and hyperglycemia. These
abnormalities are known to cause inflammation and eventual
fibrosis[4].

Maintaining intensive glycemic control is of utmost importance in

the early stages of the disease for preventing DKD. Several studies
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have indicated that intensive glucose control may not effectively
decrease the likelihood of CKD advancement or cardiovascular
mortality in advanced stages of DKDJ5]. According to the guidelines
established by the Kidney Disease: Improving Global Outcomes, it
is recommended that the target range for HbAlc should fall between
<6.5% to <8.0%. The determination of the precise target should
be based on the degree of hypoglycemia risk that is present in each
patient]6].

Agmatine is a naturally occurring byproduct of L-arginine
metabolism that has been found to exhibit antioxidant, anti-apoptotic,
and anti-inflammatory characteristics[7.8]. Numerous subsequent
studies have examined the physiological and pharmacological impact
of agmatine on mammals. Agmatine has demonstrated protective
effects against various disorders, including cardio-protection,
nephro-protection, gastro-protection, neuro-protection, and gluco-
protection[9]. The experimental findings of Lortie et al. indicate
that agmatine can enhance the glomerular filtration rate (GFR) by
stimulating endothelial nitric oxide synthase (eNOS)[10]. Therefore,
the objective of the current study was to assess the protective effect
of two different dosages of agmatine against streptozotocin (STZ)-
induced DN in rats.

2. Materials and methods

2.1. Chemicals and drug solutions

STZ (S0130), agmatine (A7127) and fructose (1286504) were
purchased from Merck, Germany. Glucose solution was purchased
from the local pharmacy. All chemicals used in the study were of
analytical grade. Solution of STZ was prepared in sodium citrate
buffer (0.1 M, pH-4.4), agmatine and fructose solutions were

prepared in normal saline and water, respectively.

2.2. Animals

Male adult Wistar rats (n = 30), weighing approximately 200-250 g,
were procured from the College of Pharmacy Animal House at King
Abdulaziz University, and used in this study. The animals were kept in
separate standard cages at standard animal room temperature (23 + 1)°C
and 12 hours of light/dark cycle were maintained during the whole study

period. They had free access to Purina rat chow and water.

2.3. Ethical statement

This research was approved by the Research Ethics Committee at
Faculty of Pharmacy, King Abdulaziz University (PH-1442-44). This
research was conducted by implementing regulations of the Law
of Ethics of Research on living creatures in the Kingdom of Saudi
Arabia.

2.4. Induction of diabetes

The experimental induction of DM in rats involved the
administration of drinking water containing a weight-per-volume
concentration of 10% fructose for the entirety of the study.
Following 14 days during which fructose water was consumed,
a single administration of STZ at a concentration of 40 mg/kg
b.w. was administered[11]. Rats that received STZ injections were
administered a 5% glucose solution for 24 h in order to counteract
the reduction in blood glucose levels induced by the drug. Glucose
concentration was measured in rats after 72 h using the Accu-
Chek test strip glucometer (Roche Diagnostics GmbH, Mannheim,
Germany) by puncturing the tail vein. Rats having a blood glucose
level exceeding 250 mg/dL were deemed to be afflicted with diabetes
and were subsequently incorporated into the study. The initiation of
treatments occurred on the fifth day after STZ injection, and this was

designated as the first day of treatment.

2.5. Experimental design

After acclimatization for one week, the animals are randomly
divided into four groups (n = 6). Group 1 (control): rats received
only a vehicle sodium carboxyl methyl cellulose (0.5% Na-CMC).
Group 2 (diabetic control): the experimental diabetes was induced;
Group 3 (AGM 40): diabetic rats received fructose 10% + low dose
agmatine (40 mg/kg daily)[12]. Group 4 (AGM 80): diabetic rats
received fructose 10% + high dose agmatine (80 mg/kg daily)[13].

Groups 1 and 2 were given 0.5% Na-CMC five times weekly.
Groups 3 and 4 were given agmatine 40 and 80 mg/kg, respectively
five times weekly at the same time for 12 weeks. All drugs were
freshly prepared in 0.5% Na-CMC and given by oral gavage.

At the end of the experiment, rats were kept in metabolic cages for
24-hour urine collection. Then the rats were deprived of food for 12
h before they were anesthetized using ether. After anesthesia, blood
was withdrawn from the retro-orbital plexus to estimate glucose
level and other biochemical markers. Rats were euthanized via
cervical dislocation and their abdomens were opened where the right
and left kidneys were removed, weighed, and divided sagittally into
two halves; the right halves were frozen in —80°C for homogenate

preparation.

2.6. Determination of body weight, kidney weight, and
kidney weight/body wetght ratio

The initial and weekly body weights of the rats were recorded
throughout the experiment. The left and right kidneys of each rat
were also weighed. The kidney to body weight ratio was determined
by computing the mean weight of the bilateral kidneys, dividing it
by the body weight, and subsequently multiplying the quotient by

100 to obtain a percentage value.
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KW/BW ratio=(mean weight of the bilateral kidneys)/(body weight)>100

2.7. Blood sample collection

The rodents were anesthetized via an intraperitoneal injection of
ketamine 40 mg/kg and xylazine 5 mg/kg, then the blood samples
were obtained from the retro-orbital plexus utilizing yellow
gel venipuncture tubes. Following collection, the samples were
promptly subjected to centrifugation at 3000 rpm for 5 min. The
resultant serum was subsequently separated and stored at —80 °C for

biochemical analysis.

2.8. Preparation of renal homogenate

Following euthanasia, the right kidney of each rat was collected
and washed with a cold isotonic saline solution. Subsequently,
the kidneys were cryopreserved at —80 °C until further use. The
homogenate was generated through the process of thawing the
kidneys and subsequently measuring 0.1 g from each specimen.
The allotted quantity was meticulously diced with a disinfected
scalpel and subsequently introduced into 200 mL of chilled modified
phosphate-buffered saline. The process of homogenization was
accomplished through the utilization of the Ultra-Turrax® T 25.
Subsequently, the homogenate was subjected to centrifugation at
3000 rpm for 15 min and the resultant supernatant was procured and

preserved at —80 °C for subsequent analysis of the desired analytes.

2.9. Determination of diabetic biomarkers

2.9.1. Determination of fasting blood glucose (FBG) and
insulin

The blood glucose levels were assessed with ELISA Kit (MBS7233226),
while the plasma insulin levels were determined using the Rat Elisa kit
(MBS045315).

2.9.2. Homeostasis model assessment of insulin resistance

(HOMA-IR)
IR was calculated using the HOMA-IR equation:
HOMA-IR = Fasting insulin (mU/mL) x FBG (mg/dL))/405[14].

2.10. Determination of renal function and renal biomarkers

2.10.1. Urinary output

Polyuria is a clinical manifestation of DM, characterized by a urinary
output that exceeds 2.5 L per day or more than 40 mL/kg within 24 h.
As per the definition, the condition occurs when the amount of urine
excreted exceeds the normal range[15]. In order to quantify polyuria in

rats, they were subjected to metabolic cages for 24 h[16].

2.10.2. Total urinary protein and albumin
Total urinary protein was estimated using the commercial kit (Cat

No. MBS268472) and ELISA kit was used for estimation of urinary
albumin (Cat No. MBS564099).

2.10.3. Blood urea nitrogen (BUN), serum creatinine (Cr),
and cystatin—C (Cys—C)

BUN, serum Cr, and Cys-C were determined using myBiosource
ELISA Kits (Cat No. MBS2611086, Cat No. MBS2749827 and Cat
No. MBS042119, respectively).

2.11. Determination of oxidative stress in renal tissue

Commercial kit was used to assess oxidative stress markers
glutathione (GSH) (MBS749827) and superoxide dismutase
(SOD) (MBS042119) in renal tissue. Instructions provided by the
manufacturer were followed for measuring the concentration of

stress markers.

2.12. Determination of inflammatory markers in renal tissue

A commercial kit was used to assess inflammatory markers interleukin-
1B (IL-1B) (MBS264984), interleukin-6 (IL-6) (MBS726707), and
tumor necrosis factor-alpha (TNF-a) (MBS355371) in renal tissue.
Instructions provided by the manufacturer were followed for measuring

the concentration of stress markers.

2.13. Histopathological examination

The kidney samples were subjected to standard histological
processing, which involved a 48-h fixation in 10% neutral buffered
formalin, followed by dehydration, clearing, and paraffin embedding.
The examination of 4-pm-thick sections stained with hematoxylin
and eosin (H&E) was conducted using a electric light microscope
(Carl Zeiss Axiostar Plus, Oberkochen, Germany). The renal
components were examined for indications of injury by a pathologist
who was blinded to the treatment groups. The tubular injury was
evaluated in tubules of a specific segment that exhibited distinct
tubular alterations, such as tubular dilatation/flattening, loss of brush
border, vacuolated cells, cellular detachment, localized necrosis,

intraluminal nuclei, and debris.

2.14. Statistical analysts

All the data are presented as mean + standard deviation (SD). The
statistical analysis of the data was performed using SPSS 20 (SPSS
Corp., Armonk, NY, USA). One-way ANOVA was used to compare
the data followed by Tukey’s multiple comparisons. P values < 0.05

were considered statistically significant.
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3. Results 0.05). However, treatment with 40 and 80 mg/kg agmatine markedly
increased body weight and decreased kidney to body weight ratio
3.1. Effect of oral administration of agmatine on body weight ~ compared with the diabetic group (P < 0.05).
in diabetes—induced nephropathy in rats
3.2. Agmatine modulates diabetic parameters in STZ-
The diabetic group exhibited a noteworthy reduction in body  ;nduced DN in rats
weight with a significant elevation in the kidney-to-body weight

ratio in comparison to the control group, as depicted in Table 1 (P < As illustrated in Figure 1A, there was a significant increase in blood

Table 1. Effect of oral administration of agmatine on body weight in diabetes-induced nephropathy in rats.

Parameters Normal control Diabetic control Agmatine (40 mg/kg) Agmatine (80 mg/kg)
Initial body weight (g) 227.75 +12.66 223.87 +15.08 222.75+12.71 223.25+11.29
Final body weight (g) 360.37 + 11.97 29275 +15.61" 324.87 + 14.15" 342.00 + 10.87

0.35+0.01 0.42 + 0.03" 0.33+0.02° 0.33+0.01°

Values are expressed as mean + SD (n=6). Statistical analysis is carried out by one-way ANOVA and Tukey’s post hoc test. "P < 0.05 compared with the normal

Kidney to body weight ratio

control group, P < 0.05 compared with the diabetic control group.
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Figure 1. Agmatine improves (A) fasting blood glucose, (B) fasting serum insulin, and (C) HOMA-IR in rats with streptozotocin-induced diabetic nephropathy.
Values are expressed as mean = SD (n = 6). Statistical analysis is carried out by one-way ANOVA and Tukey’s post hoc test. "P<0.05 compared with the normal
control group, "P<0.05 compared with the diabetic group. HOMA-IR: homeostasis model assessment of insulin resistance; AGM: agmatine.
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Figure 2. Agmatine improves renal function in diabetes-induced nephropathy. (A) Urine output, (B) total protein, (C) urinary albumin, (D) blood urea nitrogen,
(E) serum creatinine, and (F) cystatin-c. Values are expressed as mean + SD (n = 6). Statistical analysis is carried out by one-way ANOVA and Tukey’s post hoc

test. *P<0.05 compared with the normal control group, "P<0.05 compared with the diabetic group.
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glucose levels (P < 0.05) of the diabetic group as compared to the
control group. Conversely, a significant reduction in blood glucose
levels was observed in the groups treated with 40 and 80 mg/kg
agmatine when compared to the diabetic group (P < 0.05).

Moreover, the insulin level and HOMA-IR in the diabetic group
were significantly higher (P < 0.05) compared to the control group.
Treatment with agmatine at doses of 40 and 80 mg/kg resulted in a
notable decrease in both HOMA-IR and fasting insulin levels when
compared with diabetic group (Figure 1B and C).

3.3. Agmatine improves renal function in STZ-induced DN

in rats

As shown in Figure 2, the urine output and the levels of total
protein, urinary albumin, BUN, Cr, and Cys-C in the diabetic group
were markedly higher in comparison with the control group (P <
0.05). Agmatine treatment at 40 and 80 mg/kg pronouncedly lowered

these increased parameters (P < 0.05).

3.4. Agmatine reduces oxidative stress in DN

Figure 3A shows a marked decline in the SOD activity in STZ-
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induced diabetic rats as compared to the control group (P < 0.001).
Agmatine treatment at 40 and 80 mg/kg significantly increased
the SOD activity as compared to the diabetic control group.
Furthermore, the GSH level in the diabetic group was significantly
lower in comparison with all other test groups (P < 0.05) (Figure
3B). However, 40 and 80 mg/kg agmatine markedly enhanced the
GSH level (P <0.05).

3.5. Agmatine attenuates inflammation in diabetic renal

tissues

As shown in Figure 4, IL-1pB, IL-6, and TNF-a levels were
significantly raised in the diabetic group as compared to control (P <
0.05). Rats treated with both doses of agmatine showed a significant
decline in these inflammatory marker levels as compared to the
diabetic group (P < 0.05).

3.6. Agmatine ameliorates the tubular damages induced by

DN

The photomicrograph of kidney tissue from the control group

revealed the normal histological structure of renal corpuscles
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~

Figure 3. Agmatine reduces oxidative stress in streptozotocin-induced diabetic nephropathy. (A) SOD; (B) GSH. Values are expressed as mean £ SD (n = 6).

Statistical analysis is carried out by one-way ANOVA and Tukey’s post hoc test. “P<0.05 compared with the normal control group, "P<0.05 compared with the

diabetic group, *P<0.05 compared with the diabetic group treated with 40 mg/kg agmatine. SOD: superoxide dismutase; GSH: glutathione.
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Figure 4. Agmatine attenuates inflammation in renal tissue of streptozotocin-induced diabetic rats. (A) IL-1p, (B) IL-6, (C) TNF-a. Values are expressed as

mean = SD (n = 6). Statistical analysis is carried out by one-way ANOVA and Tukey’s post hoc test. “P<0.05 compared with the normal control group, "P<0.05

compared with the diabetic group, *P<0.05 compared with the diabetic group treated with 40 mg/kg agmatine.
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and tubules (Figure 5A). Each renal corpuscle was formed of a
glomerulus and Bowman’s capsule. The glomerulus was a tuft of
capillaries and had a basement membrane.

In contrast, the diabetic group (Figure 5B) showed some
morphological changes such as atrophic glomeruli, while in others,
the glomeruli appeared hypertrophied with a reduction in capsular
space. In addition, some glomeruli showed dilated peripheral
capillary loops with vacuolization. Eosinophilic hyaline depositions
were found between the capillary loops, which might be diffused or
nodular. Mild to moderate inflammatory cell infiltration with areas
of inter-tubular hemorrhage could also be seen in some sections.
Regarding proximal convoluted tubules (PCTs), some tubules
showed swollen vacuolated lining cells that bulged into the lumen
while other tubules showed atrophied lining with the disappearance
of the brush borders. Meanwhile, widening of the lumen of distal
convoluted tubules (DCTs) with flattening of their epithelial lining
was seen with some pyknotic nuclei.

As illustrated in Figure 5C, the diabetic group co-treated with 40
mg/kg of agmatine showed improved renal structure when compared
to the diabetic group. Nevertheless, some glomeruli still showed
atrophic changes with a localized deposition of eosinophilic hyaline
material and dilatation of the peripheral capillary loops. Moreover,
fewer areas of intertubular hemorrhage were present. Moreover,
some of the PCTs and DCTs appeared nearly normal while others
showed evidence of damage in the form of small vacuolation or loss
of brush borders. For the diabetic group co-treated with 80 mg/kg
of agmatine (Figure 5D), more improved structural changes were
observed. The majority of renal cortex, PCTs, and DCTs appeared
similar to control findings. However, some congested blood vessels

and dilated interstitial spaces could be seen.

4. Discussion

DN is a significant complication that exerts a considerable influence

on global populations[17]. The pathogenesis of DN encompasses
a spectrum of functional alterations, including augmented
intraglomerular pressure, activation of the renin-angiotensin system,
oxidative stress, and fibrotic changes, which are compounded by an
inherent genetic predisposition[18]. Moreover, it has been observed
that individuals suffering from DN exhibit elevated levels of
circulating inflammatory mediators such as adhesion molecules and
chemokines, along with intrarenal immune cell infiltration[19].

Elevated blood glucose levels, or hyperglycemia, have been
associated with an increase in the production of advanced glycation
end products and the promotion of a proinflammatory environment.
These factors have been correlated with a gradual decline in
glomerular filtration rate (GFR). Elevated levels of adhesion
molecules, infiltrating cells, reactive oxygen species (ROS),
cytokines, and metalloproteinases have been identified as indicative
markers of the aforementioned condition[19,20]. The hemodynamics
of the kidneys are negatively impacted by IR, as evidenced by
previous research[19-21].

This study examined the potential protective properties of agmatine
at different dosages (40 and 80 mg/kg/day) based on earlier
studies|7,13] against DN in rats. In this study, histopathological
parameters were employed along with assessments of renal
function, inflammatory markers, and oxidative stress. Elevated
blood levels of BUN and Cr have been associated with renal
impairment across various conditions and instances of chemical
poisoning[22]. Following STZ treatment, it was observed that there
was a significant increase in both serum biochemical parameters.
The correlation between significant reductions in body weight and
kidney hypertrophy index in DM has been linked to hyperglycemia,
hypoinsulinemia, and the degradation of muscle proteins[23]. The
administration of agmatine at both doses resulted in a significant
increase in body weight and prevented the loss of muscle tissue
caused by hyperglycemia in STZ-induced DN.

The present study confirmed that agmatine treatment at both low

and high doses resulted in a noteworthy decrease in FBG and insulin

Figure 5. Representative photomicrographs of kidney sections (H&E, x 400). (A) The control group shows that the renal corpuscle is formed of a glomerular

tuft of capillaries (G), surrounded by Bowman’s capsule and separated by capsular space (CS). (B) The diabetic group shows hypertrophied (G1) and atrophied

(G2) glomeruli with wide interstitial spaces (*). Some proximal convoluted tubules (PCTs) and distal convoluted tubules (DCTs) appeared dilated with

flattening of the limning cells. (C) The diabetic group treated with 40 mg/kg of agmatine shows improved glomerulus (G). However, interstitial spaces (¥),

thickened blood vessels (bv), and some damaged PCTs are noticed. (D) The diabetic group treated with 80 mg/kg of agmatine shows significantly improved

glomeruli (G).



8L+AWAOANOMMBeAAAAYO/FOAEIDTIASALLIAIPOOAEIEAHIOIN/ADAU

MVYTXOMADYOINXYOHISABZIYTCA+RYNIOITWNOTZTARY HAOSINAUE Aq qide/woa mm| sfeusnolj/:dny woly papeojumoq

¥202¢/€2/20 uo

14 Fatemah O. Kamel et al./ Asian Pacific Journal of Tropical Biomedicine 2024; 14(1): 8-16

level, and HOMA-IR, which was comparable to the normal control
group. The impaired kidney functions in rats with STZ-induced
diabetes were indicated by elevated levels of BUN, total protein,
and Cr, as well as changes in the histomorphological architecture
of the kidneys, characterized by tubular necrosis, severe glomerular
mobbing, and intertubular hemorrhage. These findings align with the
results found in previous studies[24.25]. Agmatine treatment exhibited
a mitigating effect on the progression of the DN, which was
evidenced by a reduction in indicators of renal function as well as
the attenuation of renal injuries caused by oxidative stress, fibrosis,
and inflammation|26].

The occurrence of DN is attributed to the impact of hyperglycemia-
induced oxidative and osmotic stress, as reported in previous
studies[24,27]. Several in vitro studies have demonstrated that
hyperglycemic conditions lead to an elevation of ROS, resulting
in kidney damage[27]. Under hyperglycemic conditions, cortical
glomerulus cells, such as endothelial, mesangial, and tubular
epithelial cells, exhibited a significant increase in the accumulation
of ROS. The kidneys may experience an increase in size due to
the accumulation and excessive production of TNF-0/28.29]. Renal
hypertrophy can arise due to an elevation in the pace of protein
synthesis or a reduction in the degradation of extracellular organelles
within the renal system. The study demonstrated that agmatine
treatment resulted in the reduction of kidney hypertrophy markers,
leading to the reversal of renal hypertrophy in DN rats[28,30].
Changes in the levels of cellular GSH and SOD are considered as
reliable markers of oxidative stress.

Elevated levels of lipid peroxidation and nitric oxide can lead to
heightened oxidative stress, resulting in the depletion of enzymes
responsible for antioxidant defense. Previous studies have
established a correlation between GSH and SOD with diabetes-
induced DNJ31,32]. The aforementioned results offer additional
evidence for the effectiveness of agmatine therapy in treating DN
rats, as well as their ability to act as antioxidants. The administration
of agmatine at doses of 40 and 80 mg/kg to DN rats resulted in
a significant decrease in oxidative stress, as evidenced by the
restoration of normal levels of antioxidant defense enzymes.

The Nrf2/HO-1 pathway functions as a significant intracellular
defense against oxidative stress in the fight against oxidative
stress[32,33]. The cellular pathway is responsible for regulating the
activity of phase Il detoxifying enzymes, which in turn helps to
mitigate the harmful effects of ROS and maintain optimal cellular redox
homeostasis. The upregulation of HO-1, GPx, and NAD(P)H NQO1
expression is observed in response to oxidative stress, facilitated by a
regulatory antioxidant element|34,35]. Agmatine exhibits antioxidant
and antihyperglycemic properties that have the potential to stabilize
membrane lipids and reduce the likelihood of lipid oxidation,
thereby mitigating oxidative stress. Agmatine therapy resulted in a
reduction of FBG, insulin and HOMA-IR.

The inflammatory response is a pivotal factor in the development
of numerous pathological conditions, which are characterized by an
elevation in cytokines and inflammatory mediators. The progression
of DN is attributed, at least in part, to the presence of inflammatory
cytokines such as IL-1p, IL-6, and TNF-a[19.20]. TNF-0, was found
to induce cell death in various types of cells including epithelial,
glomerular, and mesangial cells, and is known to cause direct
renal damage by generating free radicals. Furthermore, increased
IL-6 results in alterations in the extracellular matrix dynamics and
elevation of endothelial permeability, in addition to enhancing
mesangial cell proliferation and fibronectin level(36.37]. IL-1 has
been associated with intraglomerular hemodynamic abnormalities,
which are involved in the production of prostaglandins(38]. The
findings of this study demonstrate that agmatine exhibits anti-
inflammatory properties by significantly reducing inflammatory
marker levels in renal tissue.

The prioritization of targeting the nuclear factor kappa B (NF-
kB) is recommended for the reduction of oxidative stress and
inflammation. DN is characterized by the induction of oxidative
stress, which subsequently contributes to the progression of renal
dysfunction by upregulating NF-kB activity(39]. The activity of NF-
kB is necessary for the phosphorylation and degradation of inhibitors
of NF-xB (IxkB). The imbalance in cytokine levels and oxidative
stress is triggered by the activation of NF-kB[40]. The NF-xB
activation during DN may be attributed to the heightened production
of pro-inflammatory cytokines[36.38.39]. The experimental results
indicate that treatment with agmatine significantly reduced the high
levels of inflammatory cytokines, which may be attributed to NF-xB
activation and needs further investigation.

Nevertheless, the present study has certain limitations pertaining to
the investigation of molecular processes associated with antioxidant
defence systems. Additionally, the study did not examine the protein
and gene expressions of pro-inflammatory markers including 1L-6,
TNF-a, cyclooxygenase-2, and NF-kB (p65).

In conclusion, the results of our experiments demonstrate that
agmatine has a nephroprotective impact by lowering inflammatory
and oxidative stress levels. Further studies need to be carried out to
elucidate the molecular mechanisms of the nephroprotective effect

of agmatine.
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