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i- Nitric oxide
ii-Aspartate amino-transferase
iii -Alanine amino-transferase
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ALT: Alanine amino-transferase, AST: Aspartate amino-transferase, STZ: Streptozotocin ALP:

Alkaline phosphatase
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i -High fat diet-streptozotocin
ii -Relative centrifuge force


https://dor.isc.ac/dor/20.1001.1.16834844.1399.22.1.1.8
https://ijem.sbmu.ac.ir/article-1-2732-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-09 |

[ DOR: 20.1001.1.16834844.1399.22.1.1.8 ]

[t s PO FIUR3 .__/'.'.3.‘/9_/..‘; el geslad coad ¢ S (g0 90

Lt puigilio ¢ juyie)3 32£ igalan ¥

8555 53 008 BalS o ake aaa oIS sl s S
Sl 5 ead s P=a /oY wa 50 VYA Glhee 4 ko

m‘&QQUJJyG;‘MLiéJJS)JﬁM

G oade cuba S ol LES Jate ) mha (St Hlaga
YYVEVY-/8) aalii 65, 4o cud 0 olahre (il 3l
el mas alad o (P=1/-YAY AAARATA/Y JLle o

Do ° LS - ol
o O Ol yad+aals 2 G+l
*
Pood * 0 ¥
Y0 - t ——
2 m———— essararabisssabssanestaey AL o
D PO -l gl
Py - s B Olaieaals B Ol Caly
2 Pooo Yo .
- . 1
2 .4 e
10T -il 10+
%
X
i
. T 1
. i b4
(2Lo) olej

lows SRl (S gien Hlagad ¥ g (Tabis 3 (Ao Glaghge 59 O 039 s pases O s (Y g gt A1)l gl
Cliit g sald 69,8 L HluAne &gldl # wilowd L jlas H G el ulile &) g 4 LAdidl .l Aale i)

Gl P 098 A Hu (s (4 ge alaad aiag e Gl |y Cubin o g S L Hla A2

9 S5E o o (a0, 8 4 0l (L gale
P<e/e ) VYTEYE Jolie Lo V- ERETUY) SYL ol susdd
ACAEVAE Jlie Lo VEEVEVTAE 5 S K o,
Jobo oo aalid 05,58 s s (Gl e 5150 P/ 0
oo 50 A LualS s 5 ate S0 s ead g il dallbs
s gaa s VY 5 (p=+/-014) So K oy plocs
A Al S dalllae Jobo 5 (p=/- £0V) Cal guasi) g0
S0 4 sade ol b KK o s o (gaum o
o olin b sad Gless cubis 658 59 (oo KS5E (ud
8555 Lol (iae BRI S5 (5 00 S oo (s el
hloa 50 59 SR o s 5 9 gk oo sualine sals

(P V) ol L8 Gas

3 P8 oyl o pases OlAn Gigad il
O g
8555 50 ol saaldie LB Y Hlosal 5o 4S5 shglen
VA VY ) S oy el dalllan g5t 50 (b
59 asSlis WY/YEVA Jolie 5o 5 s o a S ke
S PR RN NP 3 PP WP 1 [
VAIAEAV/Y Jlie 5o ;3 5o Js—e sSas Y- §/VEVANY)
995 aala s g, 51 YL (P<o/e oy Gl o 5o S
0 S saaldie 58 adid 5 s ol o oliie (5 S
GRALS s sate S 5o o Sle Ve 50 b SIS Sasa3
5 (D=1 VYY) amm 50 VA/Y Gl s S5 oy mlas
33 YA s 4y Gl sl o e el 0L S
=) gl Slosad Cinas s S sk sle Hu (p=1/V-V)



https://dor.isc.ac/dor/20.1001.1.16834844.1399.22.1.1.8
https://ijem.sbmu.ac.ir/article-1-2732-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-09 ]

[ DOR: 20.1001.1.16834844.1399.22.1.1.8 ]

A Sals > S s 5T o ol

JID (Lo Bl L;J..Cfi “lrea

* aaly

A a1 Olymiraald Olai+als

L]
b *1—
e - .

(5 (g3 53 255 (ua) oy oy il

v
(eke) olej
B o als o () P
v Ohigraals T o) aseculs

10+

1ood

Dot

(3 (3 33 055 es) 00 55915 i
a
|
|
‘
)
|
’T
‘
u
|

*
-
.
? T - WL C Sabey
LA | -"»»L_‘. Lo C")::;"C‘flls
* " -

g"‘"“)")éh“"
- 4

b4

*
.
—»

| Bl Sl

By B cnats WO oLcul
.
il

¢ T

o -
(sbe) olej

£5 b 5 (Gl slaghse 5u (B) 5918 9 (A) Galgedd) (oo o SIS 53 asses & s (AT oo 3923 31 Y Hlagad
Jare & gLl s adloadd Gl Hlane ) G padlE (1asilis & o do AL Gadl Aads ) b Sola (O gies lagas Y
ol pu £ 09,8y ya e Hhge wlaad iy co LS 1y Cubin 0 g S Ll Sae o gliST gualliog S L

o9 il 5o Al wal g \WUYARA/V) AST 5] lade
S (P<e/oee ) o o Wl aals VVW/TENY/Y Jolie
Jlie 5o 5l 5o o lalle s a aly ¥-Y/€£\Y/)) ALP
o3 pom (P</ee ey Gl e Alallgas aal g1/ YEY0/0
s YL sl o5 S @ s (b 6508 Ko ol
WA GEalS el Blua 6,55 50 s @l 530 5 6a3
ov/Y (2alS 5 (P=:/-104) ALT ooy mhoos 50 (gm0
Vo ualS 5 (P<+/+++V) AST o s mhos 53 (gm0

AST ALT Glaaspl ys assw olyiss jagad il
ALP 4
Do (ils 6,8 50 oS ol plis yila aallhs s
it g (p=+/+ V) psw sl GLok Lo p e ALT w35l
o8 aald o5 S (51 5) a g0 wald 85 S 51 YL (p=+/- - \Y)
aals £V/+E0/Y 5 ¥+ /VEY/A i 5 4 o bid 5 o gen bo
558 4 alis 8558 (sl Joslie Lo 5 o (ALl
oo (5l o Gllall i sals NO/VEE/A 5 £0/VEY /Y


https://dor.isc.ac/dor/20.1001.1.16834844.1399.22.1.1.8
https://ijem.sbmu.ac.ir/article-1-2732-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-09 ]

[ DOR: 20.1001.1.16834844.1399.22.1.1.8 ]

P Culgno le posa s ol (coolad spod 5 Cany (co090 [yl pamgloilin 9 iapiigs3 226 galan 5

SYL dalllas Jobo 5o S8 85,8 4t (ko sy S
oS dalllas Jsbs 5o (P=+/V+ 2 A) aumy0 YO/NN e 4

(53 )3 Mol s a3ly) @y ALT Cllilé

(53 3 lall (a2 a5 2500 AST il

c.k_su J‘d\g&\l .Aid‘)i ‘s.:b.:b sl o9 (P:‘/’YYK)ALP s Hd
ALT ‘13:)_{{ (50— c’a_t.u < als Ol—a—u.::" S_m'“. i )—J_.:)
ALP 5 (P=+/-¢¢¢ ¥-a/ot\Y/oY Julia ,u YVAEYA/T)
23 (P</ev oy AANE oY/ oY JlEs Hu YoodtVY/4)

. b a b
A
A1 S yadranld Sladeculs
*
o
Feq * 'TT
o =
f. e ) X
= !8 - ol Syl
l’oT ’ Hoogeals W ooyl
Y Pee
-i‘ r.. T
e
i i
L] L
5 b4
(ste) oo
B Al . Sl
Fieq
Olpdeaald O Ohieculs *
1A«
o
10+ 1 *
*
12 %
T o
+ - i,/ 2 e -l o

ol b .
= Ol aall - Oy culed

Sy s

(sk) obs;


https://dor.isc.ac/dor/20.1001.1.16834844.1399.22.1.1.8
https://ijem.sbmu.ac.ir/article-1-2732-fa.html

\ Sals > S s 5T o ol I 5 K s

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-09 ]

[ DOR: 20.1001.1.16834844.1399.22.1.1.8 ]

C o B cul
Aves . P
.'.3 Olals o ol
o
j‘ Food ..
—:: :-‘P - aall Subsy
.4 Food : X m Ohaeals m Ohieol
LS .
3 . -
3, ¢ ¢ g oo .
[
3 P
3 g oo
S
r ¥

(2be) oloj

P 2 e slagih g (C)ALPs(B)AST (A)ALT HJ'J oy by asas &l yiad sk jugad A1 -Y lagad
# aload (s jlame j) Sl jadlE (usilie &) o A LA Gl (Sl ) o S0l Sgdes Hlogan Y ped Jalia
yuF 098 A H3 o s Hhige uluad aias co LD 1y Cubin 09,8 L la e o glést g saldi 09 S L Hla e & glds

Cael

s aals [ ] [IrR)
« /A9 o oladraals T Ol Calss
*
« /¥4
*
. (
- ) -
‘2 s —_— .‘-'1- . - dals Culps
R ——
&l Fat m Ol = Olyade Culed
e
N
N ‘i el
i N
« /14 i‘
ofe T 3
. ¥ ¥

(sb) olsj

£8 b 5 o slaghige 5o AST as ALT iy au 3T (oo yow rrloss 3 paies &l 3 (Y gl 395 30 -F jlagal
S sane & gldl s abloads (lus jlame HI S jadlE uSilie &y guo o LAdESL el Sade ) pdows SOl (S ghes lagan Y
ol g £ 09,8y j3 2 yais Hhige wlaad iy oo L Iy Cubiu o g S L la Sae ogldi T gualdiog S L


https://dor.isc.ac/dor/20.1001.1.16834844.1399.22.1.1.8
https://ijem.sbmu.ac.ir/article-1-2732-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-09 |

[ DOR: 20.1001.1.16834844.1399.22.1.1.8 ]

IS Cudgoos/ = ouaiad ol solod 280 2 e (£903° [yl panalglin g iuiie)3 1€ gnlan A

slam il ooy clile 5 cnllad (Bbs olas slags s
S el sad G158 T AL e il 33l AST S ALT
Y e sulos b slagiss 50 ALP ‘;3:,_31 adale
Y s omls e Ghlan 5o oinpa anbige Gala)
croslie MMl oo il AST 5 ALT slaams T oly 50
oo oble Gialhdl siely (aaS Glhlen Ho (sl
o DA ke il e 4S T e WK (g 3
Oiapa u S sasS slaa T wl s (il 5 aS s Slae
s o 133l L ALT Gl 580 oS cacal s suls oLz
Mol i e e penlis 5 Gl

G oade (b es S Ho ol sl sala aalllas 5u
S5m0 0Y/Y 5,3 G ALT 5 AST laayyl ual<
O5SLS g Sl S e sl (Lol o as 50 VWA
S 53 $2S slam T o Slis S, se 59 glealls
LU, catine slallhe o s cael sats (5,158 caba
el su i saaliie (5u€ Lo BT L ol 5 9a3 G
ALT slam sl (2alS € Haie @l 5503 € &) g (0
S Sl =3l 5 Vo o slagh e 95 s AST
oS 0 Slac 5 sag el SIS 3 sa3 (inas s S e
L sud 40di5 (55 5 sLagige 59 oS cal (halS
GEolS s dalllas L allie s S e Con g sl
Err) Shhsa S do ol (8 5 ms 45 ol s
Lo 3T Galsdl oS ol el (G o 0 S e
A G ST s e all sLagh e 59 AST S ALT
il sud B yme ol (YL a0 5o ol alde ey o
=S 85Slac 55 4 ade OIES oS Sl sud (35108
I oSl oS Hlge 4o b g yo 0 Slae (ol 5 (o 5 05 o0
OV 59rS alidonin b S giue 5o oS JIE) 8 5ua)
s =< ,u NADPH oxidase ‘a:t‘}_.:T cullad (halS Giinaa
@3l 5a (ROS) ¢ 55aS) ol3T sla JLual, JSis (rals
SIS S el sa i 1515 e a ™ el gus
Lo el (e 0S5 Slae o cpin 5 olis Abla
Lagl sl oSl Gyl a s 5 ol o s ol 84
ol >3 Eels 5wl Gl 5 G p0-8 T sl
sl Sia ok Wl S0 € sad 0 o Gsa (B S
o0 WSl

ii- Reactive oxygen species

Wi ¥opss cuba «S oly plis dalllas ol sladails
33523 35S e 598 sLap 35T (po s el Rl 33
O (oo ol (EALS < e s ol A5 el
L ol et (2alS ol s S calllas it sle Lo Laay 33T
29 0= 050 8 el S K o i o 2ALS
25 ¥ ps oubs 0 W (ol slagi e
3K halS el s e il 5a3 dallls ol o
o9 a8 YAA 5 VY Gl 4 S 55 4 s (el
poms ol gl 5 S8 (Al s S aalllas aiid sle oLk
Y g b o Wine (plas slai e 5o Bl

\ S 4 S sAS 5 SIS a3 dhsls & (L8 olalllas

Y YANA s -

e zaa\y 5 MM maa s MMasaa A Maaa s Me e
oo il o 588 YA e 4 Lo dadllas 4S5 ol sad (3,15
SIVIA (ualS € sade SILAS a3 (pinas sl dallls
pid g o sle QUL 59 BB G G 055 we s VYV
et JolS sk 4 (s 055 o2 @i 3 S aalllas
sl oy SLEGIS bl allas 5 381 g0 g el s
YJWO‘Yriouyﬁmolyk\,gdajw&jlg
¥ e ks e slaghss 03y GRalS 4 saie Vel
Oil38 GeLNO @ Gad bus b cuyin o ol i .00 S oo
o iy Gad (sl s Gil3l Sl &S suk cGMP!
99 8 4S8 S e (558 s 33w Gtal38 T ke
o 28b Had glepgd isls (5 LRAS Ho page IS
oy 4o b (on @8 59 CGMP Giul8) 5wl
i lsais slagige so w5 SIS Susas
ol 30 5 alllas ol 5o ol sad GLIE Y £ b
L s oad aad 5 NO Sl b woliie < aid soliien) ol is
L Dus o=l O el b bl s 50 eNOS ‘,:,};,T
Jols ol 5o Las s o s clayueu by ) suliiwl
G Osie 1S, S plsie 4 wlgge 5 T el ol
0 nbs cnpae sl (2lie wlge b Glesa 5y (Siie sn
Tlasd 4 Lk
O ke ¥oped cnbo S uls lis sals dallbhs b
- ALP 5 AST ALT (slans3l oy ghas Gisl3a)
o aS ol sad sualidio dalllas ol Lo g an 00 S

i -Cyclic guanosine monophasphate


https://dor.isc.ac/dor/20.1001.1.16834844.1399.22.1.1.8
https://ijem.sbmu.ac.ir/article-1-2732-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-09 |

[ DOR: 20.1001.1.16834844.1399.22.1.1.8 ]

a Sals > S s 5T o ol IS 5 oS s

10.

11.

12.

13.

14.

15.

S s Glasad o Kas Ll e allie 8 5 15y sl
=000 93 (555052508 SBT3 50 (5l S 5 macliss
Sy pote oI cand il 5 550509 3a psle suSihia 5

50 g Sl (B 53y ol aladl Lo il asgd
ORa g3y o3 aile ulal O Sma o W5l e aMel -un 6

.d_)‘dldf\s‘).a.éla

References

Cho NH, Shaw JE, Karuranga S, Huang Y, da Rocha
Fernandes JD, Ohlrogge AW, et al. IDF Diabetes Atlas:
Global estimates of diabetes prevalence for 2017 and
projections for 2045. Diabetes research and clinical
practice 2018; 138: 271-81.

International Diabetes Federation. IDF Diabetes Atlas,
9th edn. Brussels, Belgium: 2019. Available from: URL:
http://www.diabetesatlas.org.

Younossi ZM, Golabi P, de Avila L, Paik JM, Srishord
M, Fukui N, et al. The global epidemiology of NAFLD
and NASH in patients with type 2 diabetes: A systematic
review and meta-analysis. J Hepatol 2019; 71: 793-801.
Zoppini G, Fedeli U, Gennaro N, Saugo M, Targher G,
Bonora E. Mortality from chronic liver diseases in dia-
betes. Am J Gastroenterol 2014; 109: 1020-5.

De Marco R, Locatelli F, Zoppini G, Verlato G, Bonora
E, Muggeo M. Cause-specific mortality in type 2
diabetes. The Verona Diabetes Study. Diabetes Care
1999; 22: 756-61.

Asrani SK, Devarbhavi H, Eaton J, Kamath PS. Burden
of liver diseases in the world. J Hepatol 2019; 70: 151-
71.

Munteanu MA, Nagy GA, Mircea PA. Current Manag-
ement of NAFLD. Clujul Med 2016; 89: 19-23.
Ghasemi A, Zahediasl S. Is nitric oxide a hormone? Iran
Biomed J 2011; 15: 59-65.

Bahadoran Z, Mirmiran P, Ghasemi A. Role of Nitric
Oxide in Insulin Secretion and Glucose Metabolism.
Trends Endocrinol Metab 2020; 31: 118-30.

Newsome PN, Cramb R, Davison SM, Dillon JF,
Foulerton M, Godfrey EM, et al. Guidelines on the man-
agement of abnormal liver blood tests. Gut 2018; 67: 6-
19.

Saligram S, Williams EJ, Masding MG. Raised liver
enzymes in newly diagnosed Type 2 diabetes are asso-
ciated with weight and lipids, but not glycaemic control.
Indian J Endocrinol Metab 2012; 16: 1012-4.

Mandal A, Bhattarai B, Kafle P, Khalid M, Jonnadula
SK, Lamicchane J, et al. Elevated Liver Enzymes in
Patients with Type 2 Diabetes Mellitus and Non-
alcoholic Fatty Liver Disease. Cureus 2018; 10: €3626.
Sathi MM, Alam MF. Hepatoprotective Potential of Sar-
gassum muticum against STZ-Induced Diabetic Liver
Damage in Wistar Rats by Inhibiting Cytokines and the
Apoptosis Pathway. Anal Cell Pathol (Amst) 2019;
2019: 7958701.

El-Wakf AM, Hassan HA, Mahmoud AZ, Habza MN.
Fenugreek potent activity against nitrate-induced diabe-
tes in young and adult male rats. Cytotechnology 2015;
67:437-47.

Gheibi S, Jeddi S, Carlstrom M, Kashfi K, Ghasemi A.
Hydrogen sulfide potentiates the favorable metabolic
effects of inorganic nitrite in type 2 diabetic rats. Nitric
Oxide 2019; 92: 60-72.

16.

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

S S

Sae (S b S eas (s plae lagi s 5o
oS lap sl oyl (alS s yate o5
JPE R SPC NY- 7| I GERRCH JUE- W PRCY U | PR UL g
o ¥ e el 4 Ol Lo suS cal slagedls
oS 5158 5 ae Sl sl o Wl g

Marchesini G, Brizi M, Bianchi G, Tomassetti S,
Bugianesi E, Lenzi M, et al. Nonalcoholic fatty liver
disease: a feature of the metabolic syndrome. Diabetes
2001; 50: 1844-50.

Wang H, Hu L, Li L, Wu X, Fan Z, Zhang C, et al.
Inorganic nitrate alleviates the senescence-related
decline in liver function. Sci China Life Sci 2018; 61:
24-34.

Jiang H, Torregrossa AC, Potts A, Pierini D, Aranke M,
Garg HK, et al. Dietary nitrite improves insulin sig-
naling through GLUT4 translocation. Free Radic Biol
Med 2014; 67: 51-7.

Gracia-Sancho J, Lavina B, Rodriguez-Vilarrupla A,
Garcia-Caldero H, Fernandez M, Bosch J, et al. Incr-
eased oxidative stress in cirrhotic rat livers: A potential
mechanism contributing to reduced nitric oxide
bioavailability. Hepatology 2008; 47: 1248-56.
Cordero-Herrera I, Guimaraes DD, Moretti C, Zhuge Z,
Han H, McCann Haworth S, et al. Head-to-head com-
parison of inorganic nitrate and metformin in a mouse
model of cardiometabolic disease. Nitric oxide 2020; 97:
48-56.

Lang JD Jr, Teng X, Chumley P, Crawford JH, Isbell
TS, Chacko BK, et al. Inhaled NO accelerates resto-
ration of liver function in adults following orthotopic
liver transplantation. J Clin Invest 2007; 117: 2583-91.
Li W, Meng Z, Liu Y, Patel RP, Lang JD. The hepa-
toprotective effect of sodium nitrite on cold ischemia-
reperfusion injury. Journal of Transplantation 2012;
2012.

Duranski MR, Greer JJ, Dejam A, Jaganmohan S, Hogg
N, Langston W, et al. Cytoprotective effects of nitrite
during in vivo ischemia-reperfusion of the heart and
liver. J Clin Invest 2005; 115: 1232-40.

Bjornsson B, Bojmar L, Olsson H, Sundqvist T, Sand-
strom P. Nitrite, a novel method to decrease ische-
mia/reperfusion injury in the rat liver. World J Gastr-
oenterol 2015; 21: 1775-83.

Gheibi S, Kashfi K, Ghasemi A. A practical guide for
induction of type-2 diabetes in rat: Incorporating a high-
fat diet and streptozotocin. Biomedicine Pharmacother
2017; 95: 605-13.

Singamsetty S, Watanabe Y, Guo L, Corey C, Wang Y,
Tejero J, et al. Inorganic nitrite improves components of
the metabolic syndrome independent of weight change
in a murine model of obesity and insulin resistance. J
Physiol 2015; 593: 3135-45.

Gheibi S, Jeddi S, Carlstrom M, Gholami H, Ghasemi
A. Effects of long-term nitrate supplementation on car-
bohydrate metabolism, lipid profiles, oxidative stress,
and inflammation in male obese type 2 diabetic rats.
Nitric Oxide 2018; 75: 27-41.

Carlstrom M, Larsen FJ, Nystrom T, Hezel M, Born-
iquel S, Weitzberg E, et al. Dietary inorganic nitrate
reverses features of metabolic syndrome in endothelial


https://dor.isc.ac/dor/20.1001.1.16834844.1399.22.1.1.8
https://ijem.sbmu.ac.ir/article-1-2732-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-09 |

[ DOR: 20.1001.1.16834844.1399.22.1.1.8 ]

(8 s QPSSR L}—{J/}«J b geslad ipad 3 G (g0 90

Ll panslorlin g Jiyiigr3 3ac gotan \-

29.

30.

31.

32.

33.

34.

35.

36.

nitric oxide synthase-deficient mice. Proc Natl Acad Sci
U S A2010; 107: 17716-20.

Ohtake K, Nakano G, Ehara N, Sonoda K, Ito J, Uchida
H, et al. Dietary nitrite supplementation improves insu-
lin resistance in type 2 diabetic KKA(y) mice. Nitric
Oxide 2015; 44: 31-8.

Varzandi T, Abdollahifar MA, Haeri Rohani SA, Piryaei
A, Zadeh-Vakili A, Jeddi S, et al. Effect of long-term
nitrite administration on browning of white adipose
tissue in type 2 diabetic rats: A stereological study. Life
Sci 2018; 207: 219-26.

Lai YC, Tabima DM, Dube JJ, Hughan KS, Vanderpool
RR, Goncharov DA, et al. SIRT3-AMP-Activated Pro-
tein Kinase Activation by Nitrite and Metformin Imp-
roves Hyperglycemia and Normalizes Pulmonary Hyp-
ertension Associated With Heart Failure With Preserved
Ejection Fraction. Circulation 2016; 133: 717-31.
Khorasani V, Jeddi S, Yaghmaei P, Tohidi M, Ghasemi
A. Effect of long-term sodium nitrate administration on
diabetes-induced anemia and glucose homeostasis in
obese type 2 diabetic male rats. Nitric oxide 2019; 86:
21-30.

Chaoui AA, Zaki A, Talibi A, Chait A, Derouiche A,
Aboussaouira T, et al. Effects of inorganic nitrates on
thyroid gland activity and morphology in female rats.
Therapie 2004; 59: 471-5.

Roberts LD, Ashmore T, Kotwica AO, Murfitt SA, Fer-
nandez BO, Feelisch M, et al. Inorganic nitrate promotes
the browning of white adipose tissue through the nitrate-
nitrite-nitric oxide pathway. Diabetes 2015; 64: 471-84.
Nisoli E, Clementi E, Paolucci C, Cozzi V, Tonello C,
Sciorati C, et al. Mitochondrial biogenesis in mammals:
the role of endogenous nitric oxide. Science 2003; 299:
896-9.

Lundberg JO, Carlstrom M, Weitzberg E. Metabolic
Effects of Dietary Nitrate in Health and Disease. Cell
Metab 2018; 28: 9-22.

37.

38.

39.

40.

41.

42.

43.

44.

Chitturi S, Abeygunasekera S, Farrell GC, Holmes-
Walker J, Hui JM, Fung C, et al. NASH and insulin
resistance: Insulin hypersecretion and specific associ-
ation with the insulin resistance syndrome. Hepatology
2002; 35: 373-9.

Shiva S, Sack MN, Greer JJ, Duranski M, Ringwood
LA, Burwell L, et al. Nitrite augments tolerance to
ischemia/reperfusion injury via the modulation of mit-
ochondrial electron transfer. J Exp Med 2007; 204:
2089-102.

Ogur R, Coskun O, Korkmaz A, Oter S, Yaren H, Hasde
M. High nitrate intake impairs liver functions and
morphology in rats; protective effects of alpha-toc-
opherol. Environ Toxicol Pharmacol 2005; 20: 161-6.
Brown GC, Borutaite V. Inhibition of mitochondrial
respiratory complex I by nitric oxide, peroxynitrite and
S-nitrosothiols. Biochim Biophys Acta 2004; 1658: 44-
9.

Peleli M, Hezel M, Zollbrecht C, Persson AE, Lundberg
JO, Weitzberg E, et al. In adenosine A2B knockouts
acute treatment with inorganic nitrate improves glucose
disposal, oxidative stress, and AMPK signaling in the
liver. Front Physiol 2015; 6: 222.

Tan G, Pan S, Li J, Dong X, Kang K, Zhao M, et al.
Hydrogen sulfide attenuates carbon tetrachloride-indu-
ced hepatotoxicity, liver cirrhosis and portal hype-
rtension in rats. PLoS One 2011; 6: €25943.

Tateya S, Rizzo NO, Handa P, Cheng AM, Morgan-Ste-
venson V, Daum G, et al. Endothelial NO/cGMP/V ASP
signaling attenuates Kupffer cell activation and hepatic
insulin resistance induced by high-fat feeding. Diabetes
2011; 60: 2792-801.

Hosoki R, Matsuki N, Kimura H. The possible role of
hydrogen sulfide as an endogenous smooth muscle
relaxant in synergy with nitric oxide. Biochem Biophys
Res Commun 1997; 237: 527-31.


https://dor.isc.ac/dor/20.1001.1.16834844.1399.22.1.1.8
https://ijem.sbmu.ac.ir/article-1-2732-fa.html

93/Iranian Journal of Endecrinology and Metalolism Vol 22 No.1 April-May 2020

[ Downloaded from ijem.sbmu.ac.ir on 2026-05-09 |

[ DOR: 20.1001.1.16834844.1399.22.1.1.8 ]

Original Article

Effects of Long-term Administration of Oral Sodium
Nitrate on Liver Enzyme Concentrations in Type 2 Diabetic
Male Rats

Shokri M*, Jeddi S?, Faridnouri H', Ghasemi A?

1School of Biology, Damghan University, Damghan, Iran, 2Endocrine Physiology Research Center, Research Institute for
Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran, I. R. Iran

e-mail: Ghasemi@endocrine.ac.ir

Received: 09/05/2020, Accepted: 29/07/2020

Abstract

Introduction: Liver disorders in patients with type 2 diabetes (T2D) are mostly associated with
higher serum levels of liver enzymes. This study aimed to investigate the effect of nitrate
administration on the serum levels of alanine amino transferase (ALT), aspartate aminotransferase
(AST), and alkaline phosphatase (ALP) in rats with T2D. Materials and Methods: In this study, 24
male Wistar rats were divided into four groups: control, control+nitrate, diabetes, and
diabetes+nitrate. T2D was induced using a combination of high-fat diet and injection of low-dose
streptozotocin (30 mg/kg). The rats in the nitrate-treated groups received sodium nitrate (100 mg/L
in drinking water) for six months. The serum levels of ALT, AST, and ALP were measured at the
beginning of the study and at three and six months after nitrate administration. Results: Diabetic
rats showed increased levels of ALT, AST, and ALP in the serum at six months. Nitrate decreased
the serum level of ALT by 17.6% (65.7%4.8 vs. 55.8%2.3 Ul/L; P=0.0659), AST by 52.2%
(161.3£13.3 vs. 106.0%6.1 UI/L; P<0.0001), and ALP by 15.1% (606.2+35.5vs. 514.4+12.6 Ul/L;
P=0.0339) within six months. Conclusion: Long-term and low-dose nitrate administration improved
the liver function of rats with T2D, as reflected by the reduced serum levels of ALT, AST, and ALP.

Keywords: Nitrate, Type 2 diabetes, Liver enzymes
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