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ii- Mean Corpuscular Volume

iii- Mean Corpuscular Hemoglobin Concentration
iv - Mean Corpuscular Hemoglobin


https://dor.isc.ac/dor/20.1001.1.16834844.1396.19.5.4.8
http://ijem.sbmu.ac.ir/article-1-2290-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.16834844.1396.19.5.4.8 ]

K

(Sl 59 p S sleo) 38

198 ea— 3T ) goslai PRI (002 lul puleilio g jayLi9s3 32€ galan Y¥Y

S wans ¥ S Lajiall sl sl ST uu

(V Dlasay)

o) panl 2w, G, 4 SeE eSs sl
sy ) saliied Loy (o) oued] el oS

w5 4 SHE Seslal sl (SsedT Dus s Ssed]

coror @2l sl s

IEYVOSRE-T A SPIV-SRE 1

Sosea a3l GoSosa (P sladsle Gioled 5 Bal
g9 ol sl ws sule gola slad gl o A a8 S
EDTA il Lo 5o oS ke VA) 'asead Siieal 1555 (pual
s iolad s @iy, (0sa shlghess @l @
Sysmex sKico b s daallbae LG Lo S sladshe

STZ 555

A

5 05> S (Se il

O Sl 5 pon sladsle Giolad ()0 s oSe )l

s e sla3ss b oless pasd
O 8595 933yl STZ ¢ 3 93 (slad sl (i jlasi CBC" Laadllas s ol Jal o 3 (AS slad =) jla gad

Gleatuilie Sl Lasals dadllas UL Ho sl g

| J‘,IS b\’;t:\@.uﬂuﬁ BE) _}‘Ju:\’«ﬁ CJJLB ;OL__L} &
u:\..nlﬁJ QJ;L)L.quL: od J“AL&M C.ULETJ((p=‘/’ZE)

(P<:/-0) aas o lis ),

SAL b glagise (a1 Glhee calllae 0L o

slae s S 5o mua IS a3 Lass SIS slaghge )

Ad e XK (p<t/0) Llaae GRalK cuw b

(Y Dlase)

poSskie Y01 910+ 590 Ly pass &l i 5uala - ¥yl gad
lasg S yu f ol e Slaghise (93 SISy fiad 5
Aol Leals dadlss LL 0 sl ¢ Jyias
SN=A Glae gledd aShlis
Cuol JHIS 09 K b dawlio Hu Hlsaae ol Soly #
o ks oS b dunlio 5o Hlubne olis T (p<-/-o)
(P<+/0) aas o ol

i- Ethylene diamine tetra acetic acid (EDTA)

ii- Complete blood count

sobel Jalas
rdlar— Lo Lasals bl a3
& lassly .as alssl Graph Pad Prism (Version 6)
S Bl Sl Shge 4 € Loy S Do
05e31 5 (ANOVA) 6k S Guilisly Jalas wiad ol
sladsle 5 XK (o5 slasals Julas (gl (asdad 52
obsgine gl Glsie @ -0 35S P s aladl isa

s q1s Sl o

LSl

@ (D) uba 058 slagise oo callbae LG Lo
s (C) UK 0y S 5l it (p=+/-£8) olone sk
slasy S 5o ollgpa 055 2 8! maw SIS Hisa3

‘)‘J@M U:MLS S ult\lfd 6‘.&&\}0 o8 Lol ‘CA.A.:A'-n‘A.i J‘,IS

(Y Dlosad) (p<+/-0) ad &30
*
-
v T T
=T s T 0
S "".’.’.
———
= XXX
———
— OO
Y- — XXX
——— QNN
=
——— XXX
= 2
———
I 0‘0‘0’0’0‘
——— XRXX
= XXX
v = srereress
——— XX
- ANK
—
——— QXA
—
I 0‘0‘0’0‘0
0’0'0‘0’0

Jas +JaS S cuba tesbo + ol

ARCH B F-RYCH it Verolan Yoo olyis

pSskie YOr 9 Ve 590 b s &l iy TS Yl gad
JAs glacy S ju p (o sLaghige 059 3 i o


https://dor.isc.ac/dor/20.1001.1.16834844.1396.19.5.4.8
http://ijem.sbmu.ac.ir/article-1-2290-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.16834844.1396.19.5.4.8 ]

YEY 35 £ Sl Gt sadgl Lt (ol 5

I 5 Jlul ags

cble (MCV) 503 gladsl Lagie gs)lul
bugie 3 (MCHC) 3058 slads 5o Gal s sl sean
@i s S alad o 59 (MCH) 308 5o (a5 5oa

.(OJ‘JJA:\) J‘.\:ﬁ OL:Z-:\ ‘_) (5.)‘46:\"‘
A

3

d ¢

4

3

)

FOEER S

3
Joas +Jas +JaAS 0 el +ouba +euba
B Voeolas Yool s VorolAs Yool an

3y

E

3

%

k!

4

S

i

2
JAS AJAES S b reebs el
C Voeslsis Yool i ARERCHAB- R - PYCH BV

1

3

4 —

N

3

%

3 Y

)

3

1

Y

iﬂ, OIS S 4 ewbe tesbs +eubs

VorolAs Yor sl s Veralis Yool

poScslae YO+ 910+ 590 Ly pass ol i TS -0 yla gad
(C) MCHC 4 (B) MCH (A) MCV s s yisl s

SOk Loaly dadlas L Hu B () o slaghige o
SN=A Glae gledd aSilis

Ja slaad i oo sas N Hlasad 5o S sbilaa

Sl cuba 5 JOES slasy S o dalllae LG Lo Wi
85,5 o Wi slad s slaas Lol ol olis 1 (g ls sne
pabes S5AS Sasa o (P=1/+A%) JSES 51 S0mly b
09 Lol s s J sal€ alaal s (g 81 YIS glae s S o
o ol Sl e a Sl Vee S b slaghse
S e Sike You Sae Ll it asbes J s oluss el

(Sl s 5 2.5) 0o
(g2 0% £5) G5 s (Sl a0 ) T%) S0 J s shans

(302 53) 525 silas

slass S L0 o8 slad s slasd o K san Gl5ae
olds 1 ol bne las dalllas (LL Ho (Jsbos 5 JAS
5 JAS slas s S L0 pa SIS s Caigas 5 ol
onslsan (e 5 508 JuE alaxd g5 (b
(omby glagise dallas LG o (8 Llugad) il
o aiial S e 8 L awlie Hu 5V oo Ssiles
99 o8 oo oliit cubs slass S 50 aaan SIS Sasas
Olaane GRalS G Sl oo a S le Yoo g Ve G0
(6 53) (= /+0) b 2 5 e

Cr

N\
N
A \
1 \
¢ %
v \
| N\
JAS +JAS +JaS b +aub
Veralan o Yool as Yool i
Y.
\o
'R
2]
Jois + s +JAS ol + b
C Veralan o Yool an Yoo ol i
*
0. * 1
R
i. T '0'0’0’0’0’
R0
v. RRRRK
XNRAX
»’0‘0’0’0’0
. QRRRXX
K005
».0‘0.0.0.0
v XXX
frerererers
XXRHX
| RRRR \
T T
Jas oS +Ja cubis +eubo +aubs
Verolas o Yool yis VeeolAs Yool s

poSslis YO 9V 599 L paes &l i 5l ¥l g
095 (9l 9ea (A) 093 jo8 JgulS whaad il
P e slaghiss 43 95 G Ssiles s, 9 (B)
SleatuSile Solu Lasuls aadlbs UL 4u ()
N=A L

col JAK 85 S L dnlis Hu Ll bee oplis by #
hbs e S L awlie Ho olame ols Ty (p<:/-0)
(P<:/-0) was o ol |,


https://dor.isc.ac/dor/20.1001.1.16834844.1396.19.5.4.8
http://ijem.sbmu.ac.ir/article-1-2290-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.16834844.1396.19.5.4.8 ]

1F9£ co— 3 7 oo ‘/,AJJ'}J oo (gl puggylio 9 iyy(19s3 32£ Galao

YYY

S wlaas

(i sSeeV-Tx)

SladkpuSilis Sl Liosls aalllae 3Lk Ju (C),5
N=A L

Sl JSES 8 S L awlie Lo Hloas oyl Sk #
1 ba o5 S b dnlie o Hladae ol T g (p<-/-0)
(P<+/-0) aas co lis

PSS +JRS el

Voo ol Yoo ol s

Jas

+c.;:\L34

pSskie YO0 9 Ve 590 b s Sl i T -Vl gad
2 P e glagige (o5 O laad g ial s
DA Glare gladt uSilie Slas Lasals dadllas (LG

RN

-

G s S Spsa0 €S ol olis aallls o) s
S8 G 009 oS e (b slagise 9 sle g8 e
IS laas sl 550 slaas 5 cu Solea (Goa
laxd s 581 Lol (oo Gl 3l 1) s 5 i (slad 5K
ol S lasd 5 G oS gad clale o3 (slad 5K
il 9 p Sk Yo s Y
g Gl b Balsan ol (ualS 1 (b slagise 000

)59 5o SIS asas

5 @l slagise o cusin Susad € sad GBI
SLagise 53 5 0ds GRS cape WY g cubs € dae
W, . N -

0 asdee (Pu geus S cage Gl gose
RS e ot IS 5w et oS (glaadllas
e Sl 5 oot Mas ZSF1 Gla slagtise 53 00
S o NO —op 30 —olis suwe 5INO a6l
ulebs‘ TN Y NO .aiwa NO sx< e (5LA‘::|‘).|T
35sm 5 dsdes (COMP) (gaila wlacd gise 5538
053 UBAlS i g Wl oo S WS oo SyyaS 1) (5,08 S
A,
S gl

sLagise o9 s ol Hisad ala giallas o
L Golae 4l gl ol o5 S6K halS case b
5% g S5 Saea JLo 0T phlKes 5 o aallles
5SEal Y g el @ Mane 5 abae slagise

i-Ohtake

+C¥L34

Yoo @las Yo-olhis

(9ae) Wiy sl 5aK slaas

(sa) Jsd s 5353 slass

(9ae) cane sail ylaas

L;s:il:lé C_\L]‘P BE LAJ&;\’)SJ:\ alaas cdadlao Ql:stg od
JoS slas s S 5o asans SIS sa3 o JLIS 51 Y0
L;s:il:ld (5‘.&02‘\5.4 B Lol cendlas LAJ:@J_):J:\ alaas >» (5_)3‘
Ak Jadgs wlaad s gae SEalS s Ve S0
el g5 Yor S50 5 (P<-/-0)

od dadlae L o cu sl sluas oS wsls L Lasals
ot SRS Sasad s JOES 51 Somly (bba oblpa
9 Lol cmntnlas Wacu 583 slaas s (o581 JAK slas g S 50
a5 Sl o S ke 1
Yo :)JJ K) (p<~/~0) KW CA_.}.A.«JJAL\.‘ ‘)‘JL;K’.A uﬁf‘_}é‘ e
o9 LaeS wlaas (1l gad) cndlas (6531 53l Hu S e
Vol gad) alas Glas 1 suls fae o plas Las 5 S alas

599 b slagise

e o J
(p=+1-M) i
\Y i I
T
Aeer 4
$evn
- T T T
Jois +Jous +Jous cuby +enby + cuby
Voo olys Yoo aljis AREICA RIS RRCA )
$un
*
T B
Y- ! L
-
Y-
N
JEE A JAS S aebe el +eubs
C Voo olyis Yoo olis AERICARIVE FRCH et
A\Yeor o &
0
* I
Avee -
§een
JoES S RS ke +anba +eubs

Vool Yoo olas Voo oA Yoo olas

poScslae YOr 910+ 590 Ly pass 0l il TS -7 yla gad
Juigigh laad (A) g sabes JgalS slaad ju yial
e slaghise 53 (9a Cuwgial laad g (B) 95


https://dor.isc.ac/dor/20.1001.1.16834844.1396.19.5.4.8
http://ijem.sbmu.ac.ir/article-1-2290-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.16834844.1396.19.5.4.8 ]

YEO gy s st sladole ld ol

ICan 5 lol > agzs

Yo o plleent ok 4 GuA e O5eeS) e
R L I FRCNVIPR TN P PRNE - I P
Sl b e ulse JWos 4 € S5l slas ol hnis
o Ol b SeaaS K& G WIS e Wi s
L dgalse dujoe ol 4 adl 008 slad s slass o
s sab o)Al S 0 sS e s 1 e IR0

AL bo 058 Lo cu Silea Gl dallbe ool 5o
CARENIE ST RIS NIPERTRCA S VPPN PN YRY Bev- SR
pa ok oo Soiles (ualS case Sl Ho a Sk Yoo
S35 ol 5 B OKan 5 satl dnllls ool b o
e slagise 5o 1y (Gss o9 il Lo A S ke 1)
o Silen e it € 8K i 5 B3 a
o8 (Y] (A.AJL;A UZ\A[S |‘) L’.‘.uSJ%:\A u]c BL) ‘l:sél:i QZ\:!“};‘
oSe b 4 (Gl il 5o a S Le VY1) YL slad s
o ol S Gl wls » olis aSe Jee
Soss Ve aS sl a8 o it Wl seiS)lee
a5 YL slad g0 5o SIS WS e w1 G sa %))
©oadl Sl B oaase IR e ity
"0 5 sals ey 50!

MCV Jluie 55 58! olyin ead dallas opl o
53035 alllas 0ol b s aa cusls MCHC MCH
p oSS ol a Ske Yoo G0 b @l 31 ()5 Kan
Do S pup s5sls5le Ayl sa ) Ghise G OOy
TS sualie MCHC MCH MCV s i
pads i 3 oolKan 5 VT sa 5K Gudla gasl YA
€ w38 GBS 5 WS s GPea slasiel sl
sb & MCHC s MCH Ll . 28l Las s £ 4an o5 MCV
S dals @ olmas Gl apls Gl ol S
S ol s 2ot b ols gualse 5 oy S Koo
Tazs saabie @l ol (G ¥e) Se¥sb olel Lo all
‘)a.él; aallbs A > ‘Ql_,liu JV_);| dalllas B
Sl Sl 5 a Slie Ve 50 b oot oS w518
‘)::\.‘ o8 ‘s;u.‘:m Y. _}JJ o8 Lo! sMCHC K] MCH uﬂf‘ﬁ‘
Oleaiesl ie 5o (Sooad 31 (G oo a S ke V) ol
'C_\B.L.C B L) (.A.AJL;A L):’:'f‘:)y |‘) ‘}A‘); JJ:\K .A:\.‘JS «< J‘)‘J

ii- Ashmore

iii- Bouaziz

iv - Gluhchevaa
v - Ogur

5 shla iaan 5 (b s slagise s olKea
Glgise 59 psw SlAS msad JWs o liKes
olas 1) Gsa a8 Luals Saa oS ol Bbo 5 olas
JEBI 5 Hseedbidonis Gk ) cusis 5 olis Wl
Gl e s g 1 SE cudlas Lae o GLUTA4
Gk O onnps olin Mwsde Galsadl 4 ceslis
OBalS 5 G Ol loee OB Gl s 5 Gl 53)
Mg K Jaa Gl G pSlaseiSI G sl
Slaxs 5o gomaS s SIS SaeaS RasSy Cnl o
GBI S alasl Jibs 5 S slae s S 5es8 JsaK
lome slagise o maw Ol AL Head € ol sud
Slaad GlR8) Cage (oelu Vo) oGS Glo)y Lo @l
(Doo Y1) SYsb gle) 5o Gy wsdiee 08 slads
el iy oo S Ll 3e 8 slad s slaad 4 g3
3 ond Sl cage Ganst aT sladSul, 5 sl
Oled oo (Wisd o 8BS Glo) Lo Ho 8 Jsul sluad Shals
) b alla 4 5 Q38 508 s a3 5 SV ke
Y gans 5 ol laclplio wosit Gs 93800
o9 Lol Josadlen slasy S L sasnl ) sanlancSI
Sl L A5 bS5 5 sl Y0 clie
A Taan e Luas 1, lagT LAl 5 sols uSI
sland (o,Kan 5 Loyl gaalllas Lo calllas oyl sladiils
Sl oo aS e or g b A gladgs 5o 58 UK
Al plas Gaal38) i o s S heYor clile Hu Ll (rals
el case SIS i o seacs saiSulaal Jalse
RPN PRRTR L A PRCEA POV
OB san Sl o (658 IS asad walllas ol 5o
ow OlKaa 5 Lol sl ba 5 JoiS slasy S o
Neeodo glackle b oamaw olis Saead 59, VY- )
aelal OT Lo sl o pSle 00y £er Y
Sl oo a8 ke Yoo 50 50 sl san Gl b8l dags S 5a
ol 8l S GO 1, s sl ss su ol paalS
S et diile lolge 4 5l suiny G sSsen
S O3Sl 1Al b o30S sy ussean @
-l Ao 5 ar o slachle 5 Sy sdalllas Loyl
wies slagh e Paselsl] OF 5o @l aaly Sl jua S
il cn Solea 5 Gnsfsen Gl case AKELST

i-Sharma


https://dor.isc.ac/dor/20.1001.1.16834844.1396.19.5.4.8
http://ijem.sbmu.ac.ir/article-1-2290-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.16834844.1396.19.5.4.8 ]

198 ea— 3T ) goslai PRI (002 lul puleilio g jayLi9s3 32€ galan \Aitg

S8 el ST g e paad Gl 5 ol alle
Y el ba aldl a Buse sl

sladshe 5 olis ol wldlas 51 ol o
sMalllas & 5SE Lol coal suid ans 5o allos ol gon i
b oblpa S gladsla 5 olis 3 asee o
) o bl Wl e padge G S il suds sl
oled & Ol aalllae ol slacus sums 5 sl dalllas
2 B Son sl Sl g oSeslnl pue Grinaa 5 oS
Opiapd oS o,lal abisgh,l wile S slad sl
Ol e w15 e YU a0 4 ol st G3LIE
o0 aadlas ) ol 5 ol (Sas 4S 8 gl o S silaa QA
Sl padge ool Lol adl sl 580 Ll slass S
Gobe il cus 5o a S e N (WL (A 08 8 g o
by glagige Gsa w8 dalllas fpl o S s o el
ool Ylaaal 5 uss Silaes 5o a S le VIYTVAA Gu
Tl Gl @l s g3 s s

32523 €S e oS allls ol sladily )
039 9 05 A8 (A Cu slogs e 4 pua oA
SIS g Vg b 4 W slagise 5o o
sl S slass 5 GhalK 1, i 860 5 cnSsiles
slasd s g8 g wals GEul 8 1 lac o8 ulaad 5 wd
oo ol eSS slaas 5 G 5K gen Hlade e 8 slad 8
Jole S Olie 4 @l i 5005 S ol 4 e S L pgans
ol ke ¥Vop s bo laghise so wan Sless
slasialil 5 slosse LLOLY A Gleps ool o ol
Cial (S LA g 555 olaad (EAK L Ja 5 u)ls ba

VA PR L5 K Pl RV

s asa Shasad 5 SEs 8le e GBuiw 5 15yl Reubaw
saz asle suSaiagsy sak (55l m0m 0 S (soKea 5 cuclis
09 g gl (S asle ol el e 5 Sao0509
ok ee Sl a5y Gl alas

gob wad 5l olidas S Jlo colea b Giasl o
ol sad aladl 46Y o lak

A5y 5 (le ol O Spu oS Wsls e 2Mel Bun 6

.JJ‘ASJ‘PJ‘).LA\A

i- Abuharfeil
1i- Gatseva
1ii- Srihirun

- Ol Jae Cpl (DR Do a Sl Yeu ) YL sla

v

)

sk S slaxs oS ols Hlas dallbe ool slasuls
GAl SIS el gl e oS (o slagise Ho i
So9 Lol il S slagise Ho wie J s slaad
oo Jbo slagise 5o olis Sl su s Sl V-
5 dssa sl walle Lol wie slad s slaad Gl
pSGhe Vo g 0¥o slachile Hu aais ot o Kea
pie Jef slaad s @8 G 0o p oSS Gl @
sualiie Sl e Slee 5 oleillas o3l Ly sl
A

o Ladiigyigs slaad S uls ol aallbe ol slasuls
23 5 o Sas slasy S 5N YL b slagsse
sle 59 e 4 il 5o a Sclie Yor g Ver anan ol
Lz sl slaad (piaes ol J8 95350 olanl (a8 o 5o
ol 53 5 9 JOS 5 Somb Bbe slagise o
cage sbe 5o mue 4 SR 5o aSke Yoo Ve man
2025 0B s5 Gal b o g ok s sl slaas il
L On Oos pSlS @ 4 aSke £r S0 b olis
Lol ol g g5 olaxd (ualS cage 555 00 e
o Lo S a5 Gl case Gleatal Sae s I
BRI R P PR R F AP ‘ﬁT\,.‘....Sli aalllas 5o o s
5 Ll s s Bowugge sl (ualS &ely olyis 3
Sl 3 ead eala gdalllas 5o M ad Lcaw sl (il
Ol 58 5 Ladid 5 535 wlass (RAS s (uba slagige 5o
S sl & Jad 5590 s (LA A 5 Lacu sl laas
Sooe seanasslis e ol € sl sad G,IR s
Ml ol

LSy slass 5y (6581 SIS Sa e (GBa 5 Gal e
o sl L b cgana ontls (b 5 S slabge
in Vitro glealllas 5o oLSan 5 Mo e (i s
SN s 6 SuSlsa0ad slaclile Hu oy i oS a5
L Osd oS b cnwpii)) peda Ho Ll wples Ll
€ el sad LIS gl SSW Llee &el NO
T ORINY g cubis 4 W Glolan o LacSH slaas

531 51 S (b b8l Ha S pead Gaiaas b


https://dor.isc.ac/dor/20.1001.1.16834844.1396.19.5.4.8
http://ijem.sbmu.ac.ir/article-1-2290-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.16834844.1396.19.5.4.8 ]

YYV 90 p5 Sl Gt gadshe ol ol zs IS 5 Sl 4oz s
19. Gatseva P, Lazarova A, Maximova S, Pavlova K.
References Experimental data on the effect of nitrates entering the
1 Wang HJ, Jin YX, Shen W, Neng J, Wu T, Li YJ, et al organism with the drinking water. Folia Medica 1996;
) ’ ’ . P 38:75-83.
Low dqse streptozotocm' (STZ.) combined Wlﬂ.l high 20. Gluhchevaa Y, Ivanovb I, Petrovaa E, Pavlovaa E,
cnergy intake can effectively induce type 2 diabetes Vladova 1. Sodium nitrite-induced hematological and
through altering the related gene expression. Asia Pac J L - . o8 .
Clin Nutr 2007: 16 Suppl 1: 412-7 hemorheological changes in rats. Series on Biomechanic
. ) . e . 2012; 27: 53-8.
2. Eha“irjzegl 75 31239‘2‘;‘35’51])*‘“"5 MJ. Type 2 diabetes. — »;  Njomikutty N, Thent ZC, Sapri SR, Sahruddin NN,
3 E:?e?hamati’ A Gouya- M'M Abbasi M. Delavari A Mohd Yusof MR, Haji Suhaimi F. The establishment of
Alikhani S, Alaedini F, et al. Prevalence of diabetes and gﬁrt'lbighcwi}t]:rdr;mfnarl?(i:/listba}r/ ;:gucg?:m:(fl g:zt(ﬁi
impaired fasting glucose in the adult population of Iran: 2014: 2%1 4 263897 '
National Survey of Risk Factors for Non-Communicable ? ’ )
Di f1 Diabetes Care 2008: 31: 96-8 22. Mansor LS, Gonzalez ER, Cole MA, Tyler DJ, Beeson
4 InlzseasEsi OSEraIg rlanetzls R:ir/[e B i Jé ]Sia'lmant M JH, Clarke K, et al. Cardiac metabolism in a new rat
: Fer;‘:ﬁnim v NZ g:i( SM of ol M“Zfla S model of type 2 diabetes using high-fat diet with low
lvcaemia in’ ¢ eu2 diak;eteS' all atien%—centere da YIEO_ dose streptozotocin. Cardiovasc Diabetol 2013; 12: 136.
gLy .. yp - @ patt . pp 23. Torres-Piedra M, Ortiz-Andrade R, Villalobos-Molina
ach. Position statement of the American Diabetes Asso- R. Sineh N. Medina-Franco JL. Webster SP. et al. A
ciation (ADA) and the European Association for the > S N, dv of fl . d’ . > :
Study of Diabetes (EASD). Diabetologia 2012; 55: comparative study of flavonold analogues on strepto-
1577-96 ’ e zotocin-nicotinamide induced diabetic rats: quercetin as
5. Schwarté D, Mendonca M, Schwartz I, Xia Y, Satriano a poteqtial antidiabetic agent act.ing. V.i? I1beta-hydro-
J, Wilson éB et al Inh’ibition of caonstitut’ive nitric X}}'lStCI‘OId dehydrogenase type I inhibition. Eur J Med
. ’ ) o . Chem 2010; 45: 2606-12.
f)dee. synthase (NOS). by  nitric Ox.lde genf:rgted .by 24. Khalifi S, Rahimipour A, Jeddi S, Ghanbari M, Kaz-
inducible NOS after lipopolysaccharide administration crouni F. Ghasemi A. Diotary nitrate improves elucose
provokes renal dysfunction in rats. J Clin Invest 1997, ’ L o P £
100: 439-48 tolerance and lipid profile in an animal model of
6. Ghasemi A, Zahediasl S. Is nitric oxide a hormone? Iran hyp crglycemia. Nitric Oxide 2015;. a4 24_30'. .
Biomed J 2011: 15: 59-65 25. Bain BJ, Bates I, Laffan MA. Dacie and Lewis Practical
7 Lil?lfilrelg vC I:anélen_ M'P Deutz NE. Regulation of Haematology E-Book: Elsevier Health Sciences; 2016.
’ - L 0 o . Available from: URL/: https:/books.google.com/bo-
niric oxide production in halth and discase. Curr Opin oks?hl-en& & idTEPUDAAAQBAJ&oi=nd&pe
1L VistaD vare SR Bae T 26.  Gheibi S, Bakhtiarzadeh F, Jeddi S, Farrokhfall K,
8. Katan MB. Nitrate in foods: harmful or healthy? Am J . S
Clin Nutr 2009: 90- 11-2 Zardooz H, Ghasemi A. Nitrite increases glucose-
9 Ghasemi A. Za’he diasl S. Potential therapeutic effects of stimulated insulin secretion and islet insulin content in
nitrate/nitrite and type 2 diabetes mellitus. Int J End- gg?SST type 2 diabetic male rats. Nitric Oxide 2017; 64:
ocrinol Metab 2013; 11: 6.3_4' . . 27. Ohtake K, Ehara N, Chiba H, Nakano G, Sonoda K, Ito

10. Chow CK, Hong CB. Dietary vitamin E and selenium J, et al. Dietary nitrite reverses features of postme-
and toxicity of nitrite and nitrate. Toxicology 2002; 180: ’ p 4 . ol postm
195-207 nopausal metabolic syndrome induced by high-fat diet

11 d‘El-Rei' J. Cunha AR. Trindade M. Neves MF and ovariectomy in mice. Am J Physiol Endocrinol
Beneficial Effects of Dietary Nitrate on Endothelial Me'.tab 2017;.312:E300_E8'

. 28. Lai YC, Tabima DM, Dube JJ, Hughan KS, Vanderpool
Function and Blood Pressure Levels. Int J Hypertens RR h DA 1. SIRT3-AMP-Activated P
2016: 2016: 6791519 R, ngc arov DA, et al. S' 13- - ctlvatg ro-

12 12 éaha d(;ran 7 Ghasemi A Mirmiran P. Azizi F tein Kinase Activation by Nitrite and Metformin Imp-
Hadaegh F. Beneficial effects of inorganic nitrate/nitrite roves H}fper%iycenpa danq h Normallzfirls Pul.n;lonary
in type 2 diabetes and its complications. Nutr Metab Hyperterfsmp ssoc1?1te Wlt Heart Failure With Pre-
(Lond) 2015: 12: 16 ' served Ejection Fraction. Circulation 2016; 133: 717-31.

-on ) P 29. Carlstrom M, Larsen FJ, Nystrom T, Hezel M, Borni-

13. Lippi G, Mercadanti M, Aloe R, Targher G. Erythrocyte uel S. Weitzbere E. of al. Dietary inoreanic nitrate
mechanical fragility is increased in patients with type 2 d ’ f & ¢ > b 1’. dy '8 dothelial
diabetes. Eur J Intern Med 2012; 23: 150-3 reverses features of metabolic syndrome in endothelial

14 McGill .JB Bell DS. Anemia ;n d. the roie of erythro nitric oxide synthase-deficient mice Proc Natl Acad Sci

' P . Co - USA 2010; 107: 17716-20.
12)(6)12e_t71121 in diabetes. J Diabetes Complications 2006; 20: 30. Ohtake K, Nakano G, Ehara N, Sonoda K, Ito J, Uchida

15. Thoma's MC, Maclsaac RJ, Tsalamandris C, Molyneaux I_.l’ ot a'l ) Dietar.y nitrite supplementation imprqves il}sg-

L Goubinaf Fulcher G ét al. Anemia in f)atients with lin (riesmtance in type 2 diabetic KKA(y). mice Nitric
’ L 0 L Oxide 2015; 44: 31-8.
2,3%69 163dlabetes. J Clin Endocrinol Metab 2004; 89: 31. de Castro Barbosa T, Jiang LQ, Zierath JR, Nunes MT.

16 Ko di;ltte. TA. Manikvam UK. Rao SB. Jacadish TM L-Arginine enhances glucose and lipid metabolism in rat

. Reddy M Li’ngaiah I-}IIK et al.’ Mean plz;tele% volume iI; L6 myotubes via the NO/ c-GMP pathway. Metabolism
Type 2 diabetes mellitus. J Lab Physicians 2012; 4: 5-9. 2013; 62: 79-89. . .

17 Zozulinska D, Wierusz-Wysocka B. Type 2 diabetes 32. Sharma M, Sharma H. Evaluation of the haematological
mellitus as inflammatory disease. Diabetes Research and g:isfoli?f:s t200 I}Sg}g ;T;?;e exposure in. rabbits. J Clin
Clinical Practice 2006; 74: §12-56. 33 Ravgat S, Sin, h’R .Bansoéie F, Singh P, Singh RP. Nitr-

18. Lundberg JO, Weitzberg E. NO generation from inor- ' - SIMEN B - OISR T, SINg :

ganic nitrate and nitrite: Role in physiology, nutrition
and therapeutics. Arch Pharm Res 2009; 32: 1119-26.

ate induced toxicity on some haematological parameters
of Charles Foster rats. ] Recent Adv Appl Sci 2013; 28:
35.


https://dor.isc.ac/dor/20.1001.1.16834844.1396.19.5.4.8
http://ijem.sbmu.ac.ir/article-1-2290-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.16834844.1396.19.5.4.8 ]

1F9£ co— 3 7 oled ‘/,A)j};' o0 (il pugdeilio 9 i1yi19s3 32£ (Gal2o Y¥YA

34.

35.

36.

37.

Ozmen O, Mor F, Sahinduran S, Unsal A. Pathological
and toxicological investigations of chronic nitrate
poisoning in cattle. Toxicological and Environmental
Chemistry 2005; 87: 99-106.

Ashmore T, Fernandez BO, Evans CE, Huang Y,
Branco-Price C, Griffin JL, et al. Suppression of
erythropoiesis by dietary nitrate. FASEB J 2015; 29:
1102-12.

Bouaziz-Ketata H, Salah GB, Mahjoubi A, Aidi Z,
Kallel C, Kammoun H, et al. Hyparrhenia hirta: A
potential protective agent against hematotoxicity and
genotoxicity of sodium nitrate in adult rats. Environ
Toxicol 2015; 30: 1275-84.

Ogur R, Korkmaz A, Hasde M. Effects of high nitrate
intake in rats. J Basic Clin Physiol Pharmacol 2000; 11:
47-56.

38.

39.

40.

41.

42.

Abuharfeil N, Sarsour E, Hassuneh M. The effect of
sodium nitrite on some parameters of the immune
system. Food Chem Toxicol 2001; 39: 119-24.

Tokgoz S, Keskin S, Kayrak M, Seyithanoglu A,
Ogmegul A. Is neutrophil/lymphocyte ratio predict to
short-term  mortality in acute cerebral infarct
independently from infarct volume? J Stroke
Cerebrovasc Dis 2014; 23: 2163-8.

Srihirun S, Sriwantana T, Unchern S, Kittikool D,
Noulsri E, Pattanapanyasat K, et al. Platelet inhibition
by nitrite is dependent on erythrocytes and deoxy-
genation. PloS One 2012; 7: €30380.

Vinik Al, Erbas T, Park TS, Nolan R, Pittenger GL.
Platelet dysfunction in type 2 diabetes. Diabetes Care
2001; 24: 1476-85.

Mcpherson RA, Pincus M R. Henry's Clinical Diagnosis
and Management by Laboratory Methods E-Book,
Elsevier Health Sciences. 2017; 30-31.


https://dor.isc.ac/dor/20.1001.1.16834844.1396.19.5.4.8
http://ijem.sbmu.ac.ir/article-1-2290-fa.html

387/Iranian Journal of Endocrinology alid Metaliolism Vol 19 No.5 December-Junuary 2018

[ Downloaded from ijem.sbmu.ac.ir on 2025-10-18 ]

[ DOR: 20.1001.1.16834844.1396.19.5.4.8 ]

Original Article

Effects of Oral Sodium Nitrate Administration on Cell Blood
Count in Obese Type 2 Diabetic Male Rats

Khorasany V!, Yaghmeai P*, Tohidi M3, Gheibi S2, Varzandi T2, Ghasemi A2

'Department of Biology, Science and Research Branch, Islamic Azad university, Tehran, |.R. Iran, 2Endocrine
Physiology Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical
Sciences, Tehran, I.R. Iran, 3Prevention of Metabolic Disorders Research Center, Research Institute for Endocrine
Sciences, Shahid Beheshti University of Medical Sciences, Tehran, |.R. Iran.

e-mail: ghasemi@endocrine.ac.ir

Received: 09/08/2017 Accepted: 12/09/2017

Abstract

Introduction: Type 2 diabetes is one of the most common metabolic diseases. Nitrate has been
introduced as a new therapeutic agent for type 2 diabetes. Considering that both diabetes and
nitrate have some effects on blood cell count and 30% of diabetic patients have anemia, the aim of
this study was to determine the effect of sodium nitrate on blood cell count in obese type 2
diabetic rats. Materials and Methods: Forty-eight male Wistar rats were divided into four groups:
Control, Control + nitrate, Diabetes and Diabetes + nitrate. The groups that received nitrate (Control
+ nitrate, Diabetes + nitrate) again were divided into two subgroups, which received sodium nitrate
(100 and 250 mg/L in drinking water) for two months: control+nitrate100 (CN100), control+nitrate
250 (CN250), diabetes+nitrate100 (DN100), and diabetes+nitrate250 (DN250). Diabetes was induced
using a high-fat diet for 14 days and injection of streptozotocin. Blood cell count was performed at
the end of the study. Results: In diabetic rats, nitrate administration reduced body weight, blood
glucose, hematocrits, and neutrophils (all p<0.05) but increased total number of white blood cells
and lymphocytes (p<0.05). Nitrate administration had no effect on the number of red blood cells,
hemoglobin concentration, MCV, MCH, MCHC, or platelet numbers. Conclusion: Administration of
sodium nitrate, which is considered as a therapeutic agent in type 2 diabetes, decreased blood
dglucose in the type 2 diabetic rats but had no major harmful effects on blood parameters; in
addition, it may also have anti-inflammatory effects by decreasing the number of neutrophils.

Keywords: Type 2 diabetes, Nitrate, Cell blood count, Male rat
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