Original Article

Gentiopicroside ameliorates lipopolysaccharide-induced
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Abstract

Background: Inflammation is a major factor in the development of acute renal damage and the Toll-like receptor 4 (TLR4) signaling pathway
is a major contributor to inflammation in the kidney. Lipopolysaccharide (LPS), a specific ligand for TLR4, has been shown to induce acute
kidney injury in human and animal models. Gentiopicroside (GENT) is a natural secoiridoid glycoside with various biological activities.
Aim of study: This study aimed to investigate the renoprotective effect of gentiopicroside on LPS-induced AKI in mice model.

Method: Real-Time Quantitative gPCR method was used to measure mRNA level of the promising kidney biomarkerKIM-1, TLR-4,
transcription factors NF-kB, AP-1, IRF3 and proinfammtory markers IL-1f3 and iNOS. Furthermore, TNF-o. was measured by ELISA
analysis and biochemical analysis and histological analysis were used to detect renal function.

Results: The results showed that gentiopicroside significantly (p<0.05) inhibited LPS-induced TNF-a, and IL-1p. Furthermore, medium-
and high-dose gentiopicroside significantly suppressed the Toll-like receptor 4 (TLR4) / myeloid differential protein-88 (MyD88) / nuclear
factor-kappa (NF-B) signaling pathway. Urea and creatinine levels were also reduced with gentiopicroside. Kidney injury molecule -1 KIM-
1 expression which was the early indicator for AKI was also inhibited by gentiopicroside compared to LPS group.

Conclusion: Our data suggest that gentiopicroside protects against LPS-induced AKI via suppressing the TLR4-MYD88 dependant and
independent signaling pathway as well as improving renal function and structural kidney damage. As a result, gentiopicroside may have
therapeutic potential for LPS-induced SA-AKI.

Keywords: Acute kidney injury, Lipopolysaccharides, Gentiopicroside.

INTRODUCTION AKI can be caused by a number of events, such as heart

surgery , sepsis or organ transplantation (5)(6). Sepsis seems
Acute Kidney injury (AKI) one of the most severe and to be the most important cause of acute renal damage, and
clinically life-threatening syndromes, increases mortality lipopolysaccharide (LPS) is still the second most important

risk during uncontrolled  systemic inflammatory  cause of systemic inflammatory response syndrome
response(1)(2).  The Kkidney maintains homeostasis, (SIRS)(7).

regulates the extracellular environment (detoxification), and

excretes waste products(3). In AKI a higher levels of serum Address for correspondence: Saja Majeed Shareef, Al-Esraa University
urea and creatinine were revealed since the glomerular colees) DeEL:s:{neSgtath:?:;frggg;ngay]{ 'Ez‘r‘n
filtration rate dropped suddenly (4). e ’
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Flurry of evidences proposed that pathogen-associated
molecular patterns (PAMPs) plays important roles in the
pathogenesis of sepsis (8). PAMPs such as LPS are
originate from microorganisms and encourge the
inflammation in response to infections (9). In fact LPS is an
endotoxin found on the surface of Gram-negative
bacteria(10) which released into the bloodstream and
traveled to various organs including kidney then binds to
Toll-like receptor 4 (TLR4), which is present on the plasma
membrane of immune cells and on the surface of kidney
tubular epithelial cells(10). TLR4 forms homodimers when
it binds to a ligand. This starts intracellular signaling through
two major pathways: The first, from the plasma membrane,
the MyD88-dependent pathway, which leads to early NF-B
activation and the production of IL-1, TNF-a and IL-6. The
second, from the endosome, the TRIF-dependent (MyD88-
independent) pathway, which raises type | IFNs and late-
phase NF-B.(11)(12).

As supportive treatment, patients with sepsis-associated
acute kidney injury at present get fluid replacement,
intravenous antibiotics, vasoactive drugs, and diuretics (13)
However, the current treatment for septic AKI is nonspecific
and reactive, necessitating the development of innovative
therapeutic agents. Furthermore the mortality and frequency
of SA-AKI have remained high (14). Hence, it is essential to
explore effective therapeutic agents to reduce the mortality
of SA-AKI.

Natural products have long been utilized to treat a variety of
diseases in humans, and they are now acknowledged as
essential sources of therapeutic compounds (15).
Gentiopicroside (GENT)is a natural secoiridoid glycoside
that has been proven to be the key chemical ingredients for
Gentiana plants' significant pharmacological activities (16).
Itis isolated from plants of the genus Gentiana eg.(Gentiana
macrophylla Pall , Gentiana lutea and Gentiana scabra) (17)
(18). A vast number of pharmacological studies have
revealed that gentiopicroside has a range of activities,
including wound-healing ,anti-proliferative, and analgesic
actions(19). Importantly, gentiopicroside has anti-
inflammatory properties, which could attenuate an IL-1p-
induced inflammation in chondrocytes (20) Inflammatory
cytokines such as NFxkB1 , TNFo , IL6 were likewise
reduced by Gentiopicroside (17).

The objectives This work was to investigate the molecular
mechanisms and protective effects of GENT against LPS-
induced AKI in a mouse model via inhibiting TLR4
signaling pathways.

MaTERIALS AND METHODS
Chemicals and reagents

Gentiopicroside was purchased from Hangzhou Hyper-
Chem LTD CO (China) with CAS no. 20831-79-9. The
purity of the compound was certified to be 98% by high-
performance liquid chromatography (HPLC).
Lipopolysaccharide (LPS) from Escherichia coli O55:B5
was purchased from Sigma Chem. Co. (St. Louis, MO,

USA). TNF-a ELISA kits were purchased from Shanghai,
China. Serum Urea and creatinine assay Kit reagents were
supplied by AGAPPE DIGNOSTICS SWITZERL AND
GmbH (Germany). KIM-1, NF-«kB, IRF3, IL-1B, AP, and
iNOS, Primers were purchased from Macrogen / South
Korea. RNA extraction kit was purchased from TransGen
biotech/ China. EasyScript® One-Step gDNA Removal and
cDNA Synthesis SuperMix were purchased from TransGen,
biotech / China. TransStart® Top Green qPCR Super Mix
was purchased from TransGen, biotech. /China.

Animals and experimental Protocol

Thirty-two healthy adult Albino mice BALB/c weighing
between 20-30 gm were brought from and maintained in the
house of animals in the College of Pharmacy, University of
Baghdad. Mice were maintained at constant room
temperature with a 12:12 h light-dark cycle combined with ad
libitum feeding with a standard diet for rodents and tap water.
All of the experiments in this study were approved by the
scientific and ethical committee of the College of Pharmacy,
University of Baghdad. After two weeks of acclimatization,
animals were weighed and their first weights were
recorded. The animals were randomly divided into four
groups and each group contained eight mice (n=8): Group |
(Negative control group): Mice received 0.1 ml normal
saline, Group Il (Model of LPS-induced acute kidney injury):
mice received normal saline by for five consecutive days. On
the fifth day, mice received a single dose of intraperitoneal
LPS in dose (10mg/kg) and then euthanized 24 hours after
LPS administration. Group Il (Treatment group): mice
received low dose gentiopicroside (40 mg/kg/day) orally for
five consecutive days. On the fifth day, mice received a single
dose of intraperitoneal LPS (10mg/kg) and Group IV
(Treatment group): mice received high dose gentiopicroside
(80 mg/kg/day) orally once daily for five constitutive days.
On the fifth day, mice received a single dose of
intraperitoneal LPS (10mg/kg).

Euthanization was done by diethyl ether followed by cervical
dislocation. Retro-orbital sampling is used to collect blood
and subsequently centrifuged for 20 minutes at 3000 rpm and
4°C. The serum was then stored at -20 degrees Celsius for the
estimation of serum urea and creatinine.

Kidney tissue preparation

Right kidneys were removed from all mice. Then, kidney
tissue was divided into two parts for ELISA and PCR
analysis.

Renal Histology Staining and Evaluation

Twenty-four hours after LPS challenge, mice were sacrificed
and their left kidneys were removed for histopathological
examination. For morphological examination, each tissue
was fixed in 10% formalin, embedded in paraffin, sectioned,
and stained with hematoxylin and eosin.
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The semi-quantitative score for kidney injury was estimated
for each animal observed in blinded manner. The percentage
of tubules in renal cortex that showed tubular sloughing,
tubular dilation and loss of the brush border, were scored as
follows: 0, normal kidney; 1, <25%; 2, 25-50%; 3, 50—75%;
4,>75% (21).

Biochemical measurements

Renal function was assessed in mice of all groups at the end
of experiment. Serum urea and creatinine, as important
index of renal injury severity, were measured for the
assessment of renal function. After 24 hours of treatment,
serum was drawn from each animal and the concentrations
of urea and creatinine were analyzed by semi-automated
biochemical analyzer using commercial kit reagents
following the manufacturer’s instructions.

RNA Extraction and Real-Time Quantitative qPCR

Real-Time PCR was used to determine the mRNA expression
levels of NF—xB, IRF3, iNOS, IL-1b, AP and KIM-1. The
kidney tissue had been isolated and washed to remove any
blood then the tissue minced to small pieces. 50-100 mg from
tissue was put in each tube containing 1 ml of TRIzol and
frozen for later use and total RNA was isolated from the
kidney tissue by using TransZol Up Plus RNA Kit
(TransGen, biotech. ER501-01) according to the instructions
of the manufacturer. Then DNA-free total RNA was reverse-
transcribed and the complementary DNA was synthesized by
using of EasyScript® one-step gDNA removal and cDNA
synthesis supermix (TransGen, biotech. AE311-02). The
MRNA expression levels of NF-kB, IRF3, iNOS, IL1-b, AP
and KIM-1 were analyzed using gRT-PCR and the SYBR
Green Supermix (TransGen, biotech. AQ131-01). For the
purposes of gRT-PCR analysis, GAPDH was used as the
housekeeping for RNA quality and differences among
samples. The primers were synthesized by, Macrogen / South
Korea and the sequences are shown in table 1.

Table 1: Sequences of the primers for quantitative real-time PCR.

Primer Sequence (5'—3' direction)
F-GAPDH CGGGTTCCTATAAATACGGACTG
R-GAPDH CCAATACGGCCAAATCCGTTC
F-NF-xB AAGACAAGGAGCAGGACATG
R- NF-xB AGCAACATCTTCACATCCC
F-TLR4 TCCCTGCATAGAGGTAGTTCC
R-TLR4 TCAAGGGGTTGAAGCTCAGA
F- Kim-l1  GGCTCTCTCCTAACTGGTCA
(Haver) CCACCACCCCCTTTACTTCC
Ei"avcrl) KIn-l AG GCTGCAGGATGATGCGAT
e AP TTCTAGCCAGGACGACTTGC
AP CAATTCCTCCCCTGGCTAGA
IRE3 GGGATCCTGAACCTCGTTCG
P RES GGTGAAGGGACTGAGCTGTT
e NOS ACGTTCTCCGTTCTCTTGCAG
P NOS TGCCACCTTTTGACAGTGATG
e IL1p TGATGTGCTGCTGCGAGATT
R- IL-1p

Enzyme-Linked Immunosorbent Assay analysis of TNF-a

Various groups of kidney tissues were homogenized with
PBS (pH7.4) on ice, and then separated by centrifugation for
20 minutes at 2000-3000 RPM. The supernatants were

subsequently collected to determine the concentration of
TNF-o accordance with the manufacturer ’s instruction.

Statistical analysis

The data were presented as the mean * standard error of mean
(SEM). The analysis was performed using Statistical Package
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for the Social Sciences, version 25 (SPSS, version 25). One-
way analysis of variance (ANOVA) and the Tukey test were
utilized to assess the group differences. Independent t-test
was used to compare the means among treatment groups.
The differences between the groups were considered
statistically significant when the P value was less than 0.05
(P<0.05).

ResuLTs

Effects of Gentiopicroside on LPS-induced renal
dysfunction in mice

After 24 hours of LPS administration, the serum levels of
urea and creatinine significantly increased in the mice.
Strikingly, serum wurea and creatinine levels were
significantly reversed by GENT treatment. Parallel to the
worsening of renal function, histological evaluation of the
LPS group revealed obvious signs of tubular injury,
including tubular cell sloughing, brush border loss, and
tubular dilation in the cortex compared to normal group and
as a result of improved renal function, these histological
lesions were significantly diminished in the (GENT40mg/kg
+ LPS group) & (GENT 80 mg/kg + LPS). 5

:, Iii

Control GENT 40+LPS GENT80+LPS

Tubular injury score

Experimental groups
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Fig.1: Effects of GENT. on LPS-induced pathological kidney changes.
Representative histopathological images (X40) Blue arrow: normal
proximal tubules. Black arrow: tubular cells sloughing. Red arrow:
Tubular dilation and loss of brush border. normal (B) LPS group (C)
GENT 40 mg+ LPS (D) GENT 80 mg +LPS (E) Tubular injury score (F)

Serum urea level (G) Serum creatinine level

70
60
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40
30
20

10

0 .

Control LPS

The expression of KIM-1 gene (fold)

*denotes significant difference (P<0.05) vs LPS group.
# denotes significant difference (P<0.05) vs control group.

Effect of gentiopicroside on Kidney injury molecule-1
(KIM-1) in LPS induced AKI model

According to the gRT-PCR results, LPS significantly
upregulated the mRNA levels of KIM-1in kidney tissues of
Jnodel group compared to normal control group (54.95+7.38

aVs 3.38+1.00). THRMRNA levels upregulation was attenuated

by the small and high dose of GENT treatments compared
with the LPS model group [(4.68 £1.273082 & 2.19+0.78) vs
(LPS, 54.95 +7.38)] respectively. On the other hand, the
results showed that, there was a significant difference
(P<0.05) in KIM-1 expression in mice group treated with low
dose (40mg /kg) compared to the high dose of GENT
80mg/kg.

a* b*

Gento 40 + LPS

—E
Gento 80 +LPS

Fig.2: Effects of GENT on KIM-1 gene expression level in kidney tissue in LPS induced AKI.

Values are indicated as mean £ SEM. (n=8) for each group
* denotes significant difference (P<0.05) vs LPS group.

# denotes significant difference (P<0.05) vs control group
(GPI).

(a & b) non -identical small letters denotes significant
difference (P<0.05) among treatment groups

Effect of gentiopicroside on Toll-like receptor 4 TLR-4
expression level in LPS induced -AKI model

After 24h of LPS injection TLR-4 gene expression

significantly up-regulated compared to control group (15.74
+2.92 vs 1.98+ 0.72). The results revealed that, mice received
GENT 40mg/kg showed TLR4 mRNA downregulation
significantly(P<0.05) compared to LPS group (4.75 +0.65 vs.
15.74 £2.92). Furthermore, the increment in GENT dose to
80mg/kg/day showed a significant drop in TLR4 level
(1.77£0.48) compared to LPS group (15.74 +2.92).
Interestingly GENT seems to have dose-dependent effect on
TLRA4 renal expression with further attenuation in TLR-4 was
achieved with high dose.
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Fig.3: Effects of GENT on TLR4 gene expression in renal tissue in LPS induced AKI. Values are indicated as mean t + SEM. (n=8) for each group

* denotes significant difference (P<0.05) vs LPS group. (p<0.05) (21.70+ 2.50 Vs 1.37 £0.39) . Moreover, the results
# denotes significant difference (P<0.05) vs control group of our study showed that NF-«B levels in tissue homogenate
(GPI). for mice in all treated groups (40 mg/kg &80 mg/kg GENT)
(a2 & b) non -identical small letters denotes significant were significantly reduced (P<0.05) (0.99+0.18 &
difference (P<0.05) between treatment groups 0.50+0.28) compared to NF-«B levels in tissue homogenate

of mice in LPS group (21.70+ 2.50) as showed figure ().

o ) ) Furthermore, doubling the dose of GENT to 80 mg/kg
Effect of gentiopicroside on gene expression of NF-kB  ghqued no significant reduction (P>0.05) in NF-kB renal

in LPS-induced AKI model level compared to low dose 40mg/kg of GENT, and both
The level of NF-kB was intensely increased after 24 hours doses showed extremely reduction in NF-«B level.
of LPS injection in model group compared to control group

25 #
20

15

The expression of NFk-B gene (fold)

10
a* a*
5
0 . i —E
Control LPS Gento 40 +LPS Gento 80 +LPS

Fig.4: Effects of GENT on NF-kB gene expression level in renal tissue in LPS induced AKI .
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Values are indicated as mean = SEM. (n=8) for each group

* denotes significant difference (P<0.05) vs LPS group.

# denotes significant difference (P<0.05) vs control group
(GPI).

(a& b ) non -identical small letters denotes significant
difference (P<0.05) between treatment groups

Effect of gentiopicroside on activator protein-1 (AP-1)
in LPS induced AKI model

25

20

15

10

The expression of AP-1 gene (fold)

0 [

Control LPS

LPS injection also increased the expression of transcription
factor AP-1 mRNA level in renal tissue compared to negative
control group (18.16 +1.98 vs 1.41+0.47). The administration
of GENT (40 mg/kg (Group 1) & 80mg/kg (Group 1V)
revealed a significant attenuation in AP-1 mRNA expression
when compared to LPS group [(2.01+0.40 &0.84+0.25) vs
(LPS, 18.16 +1.98)]. Additionally, significant difference
(p<0.05) was demonstrated between (GENT 40mg/kg) and
(GENT 80mg/kg) in mRNA level of AP-1 (2.01+0.40 vs
0.84+0.25) respectively.

a* b*
— ——
Gento 40 +LPS Gento 80 +LPS

Fig.5: Effect of GENT on gene expression levels of AP-1 in kidney tissue in LPS induced AKI. Values are indicated as means + SEM. (n=8) for
each group.

* denotes significant difference (P<0.05) vs LPS group.

# denotes significant difference (P<0.05) vs control group
(GPI).

(a, &b) non -identical small letters denotes significant
difference (P<0.05) between treatment groups.

Effects of Gentiopicroside on TNF-a and interleukin-
1B(IL-1B8) levels of kidney tissue in LPS -induced AKI
model

LPS injections also significantly increased TNF-a
concentration and IL-1p gene expression compared to a

normal control group who received normal saline (p<0.05)
(655.974£19.13 Vs 191.29 +13.08) for TNF-a and
(49.08+5.23 Vs 3.58+1.98) for IL-1B. GENT administration
significantly reduced these increases (TNF-a: LPS,
655.97+19.13 ng/L vs. GENT 40mg, 229.96 +19.73 ng/L and
GENT 80 176.43+10.06 ng/L) (IL-1B: LPS, 49.08+5.23 vs.
GENT 40mg 21.66 = 2.17 and GENT 80mg 7.13+1.50 Figure
A, B). Additionally, doubling the GENT dose to 80
mg/kg/day, revealed significant attenuation in (TNF-a) and
(IL-1B) levels compared to low dose (40 mg/kg).
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Fig.6A: Effects of GENT on TNF-a level in kidney tissue in AKI mice model.
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The expression of IL-1f3 gene (fold)

Gento 40 +LPS Gento 80 +LPS

Fig.6B: Effects of GENT on IL-18 level in kidney tissue in AKI mice model.

Values are indicated as mean = SEM. (n=8) for each group
* denotes significant difference (P<0.05) vs LPS group.

# denotes significant difference (P<0.05) vs control group
(GPI).

(a, &b) non -identical small letters denotes significant
difference (P<0.05) between treatment groups

Effect of Gentiopicroside on Interferon Regulatory
Factor 3 (IRF3) in kidney tissue of LPS induced AKI
model

Our results revealed that administration of LPS in group Il
resulted in a significant increase in renal IRF3 levels as
compared to the negative control group (P<0.05) (37.14
+2.99 vs 2.10 £ 0.84) respectively. Besides, the pretreatment
with 40 mg/kg and 80 mg/kg GENT exhibited significant
attenuation in IRF3 level comparing with LPS group
((6.40+0.57& 3.69+0.3) vs (37.14 £2.99) respectively. At the
same time, no significant differences (P>0.05) was exhibited
in the levels of IRF3 between the treatment groups. Hence the
effect of GENT on IRF3 renal expression was dose-
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independent.
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The expression of IRF3 gene (fold)

0 L

Control LPS

a¥

Gento 40 + LPS

a*

Gento 80 + LPS

Fig.7: Effects of GENT on IRF3 gene expression in renal tissue in AKI mice model.

Values are indicated as mean + SEM. (n=8) for each group
* denotes significant difference (P<0.05) vs LPS group.

# denotes significant difference (P<0.05) vs control group
(GPI).

(a, &b) non -identical small letters denotes significant
difference (P<0.05) between treatment groups.

Effect of gentiopicroside on inducible nitric oxide
synthase (iNOS) in LPS induced AKI model

The Data presented in figure (11) showed a significant
elevation (P<0.05) in iNOS gene expression in renal tissue
after 24 hours from LPS administration as compared with

50 H
— 45
40
35
30
25
20
15
10

The expression of iNOS gene (fold

o iy

Control LPS

the control group (40.87+5.59 vs 2.23+1.00). Interestingly
the pretreatment with GENT. at a dose of (40 mg/kg)
produced a significant reduction (P<0.05) in iNOS gene
expression compared with the LPS model group (9.73 +1.85
vs 40.87+5.59). Furthermore, multiplication the dose of
GENT to 80 mg/kg mg/kg exhibited significant reduction
(P<0.05) in iNOS levels as compared to the LPS model group
(3.98 +1.44 vs 40.87 £ 5.59 )respectively. Moreover, the
results exhibited that, there was significant variation (P<0.05)
in INOS mRNA level between the low and high dose of
GENT administered to mice and the effect is dose -
dependent.

a*
b *
Gento 40 + LPS Gento 80 +LPS

Fig.8: Effects of GENT on iNOS mRNA level in renal tissue in LPS induced AKI mice model.
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Values are indicated as mean £ SEM. (n=8) for each group
* denotes significant difference (P<0.05) vs LPS group.

# denotes significant difference (P<0.05) vs control group
(GPI).

(a, &b) non -identical small letters denotes significant
difference (P<0.05) between treatment groups.

Discussion

Patients with sepsis-associated AKI have a high hospital
mortality rate, and LPS is one of the most prevalent causes
of this condition (22). Therefore, there is an urgent need for
therapeutic medicines that can prevent the progression of
LPS-induced SA-AK.

In present study, the injection of 10 mg /kg LPS induced
renal dysfunction by increasing serum urea and creatinine
and induced renal pathological changes, observed as a renal
tubular cells sloughing, loss of the brush border, and tubular
dilation in the cortex which was consistent with previous
studies(23). We found that treatment of GENT 40 and 80
mg/kg/day ameliorated LPS-induced kidney injury, as
revealed by a considerable reduction in blood urea and
creatinine levels and an improvement in the tubular injury
score. Kidney injury molecule-1 (KIM-1) is a promising
kidney injury biomarker. At an early stage of AKI, its
expression in proximal renal tubular epithelial cells is
greatly raised(24). The pretreatment with 40 and 80mg/kg
GENT revealed significant attenuation in KIM-1 gene
expression compared to LPS group. Altogether, these results
indicate that GENT has a protective effect against LPS-
induced functional and structural injury. To investigate the
anti-inflammatory mechanism of GENT, its effects on TLR4
signaling pathway was studied.

TLR4 receptor on renal tubular epithelial cells, can
recognize circulating pathogens and related chemicals, such
as lipopolysaccharide (LPS), at the onset of sepsis.
Activation of MyD88-dependent signaling induces the
phosphorylation of MAPKs and IKK, resulting in the
activation of NF-B and AP-1 transcription factors. Upon
activation of the MyD88-independent pathway, the complex
is activated, resulting nuclear localization of IRF3, thereby
initiating the type I IFN response and driving late-phase NF-
B activation (25)

Consistent with findings from a previous study, the current
study demonstrated that LPS significantly induced the gene
expression of TLR4 and the subsequent activation of
transcription factors NF-B, AP-1 and IRF3 in the renal tissue
of mice models(26).Interestingly the administration of low
and high dose of GENT revealed a significant reduction in
TLR4, NF-xkB and AP-1 gene expression in renal tissue
compared to model group. In present study the MyD88-in-
dependent pathway was also studied and the gene expression
of IRF3 was measured in renal tissue homogenate in treated
group. The results showed that mice received 40mg/kg and
80 mg/kg GENT were significantly attenuated the IRF3
MRNA level compared to LPS model. Transcription of NF-

kB, AP-1 and IRF3 initiated the production of pro-
inflammatory cytokines and effector cytokines such as TNF-
o, IFN-y , IL-1pB, which contributed to the pathogenesis of
AKI(12)(27). Our results regarding proinflammatory
cytokines revealed that GENT40 mg/kg and 80 mg/kg
suppress TNF- and IL-1 significantly when compared to the
LPS-injected group. Qiong et al. found that GENT prevented
LPS/IFN-y-induced inflammatory cytokines production by
macrophages through the NF-«B signaling pathway in vitro
and diminished the mRNA level of IL-1B, IL-6 and TNFa in
lung tissue(28). Furthermore nitric oxide NO plays a pivotal
role in tubular endothelial cells function (29). LPS stimulates
the production of endogenous NO by activating an inducible
NO synthase (iNOS)(31). Furthermore, a local induction of
iNOS in the kidney, particularly in the medulla and proximal
tubules, may be the cause of peroxynitrite-related tubular
injury as a consequence of local formation of reactive oxygen
and nitrogen species. (ROS and RNS) during systemic
inflammation(32). However our current study revealed that
GENT 40mg/kg and 80 mg/kg significantly decreased the
renal tissue level of INOS which providing evidence in
restoring the tubular function and attenuation in ROS and
RNS.

Besides, the results of our research showed that doubling the
dose of GENT to 80mg/kg lead to additional measurable
effect than 40 mg/kg which was statistically significant
(P<0.05). Thus the effect of GENT on LPS induced AKI is
dose dependent.

CoNCLUSION

This is the first study to demonstrate that Gentiopicroside had
a promising pharmacological action in the prevention of LPS-
induced kidney injury in a mouse model through its potent
reno-protective and anti-inflammatory effects. In this study,
pretreatment with low and high doses of gentiopicroside
improved renal pathological changes and inflammatory
responses. These ameliorative effects may have been
achieved by downregulating TLR4 (MyD88-dependent and -
independent pathways), inhibiting early and late NF-kB
pathways, and thereby suppressing the production of
inflammatory cytokines. These findings provide novel
insights into a promising candidate for treating Kkidney
damage caused by sepsis.
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