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ii -Nitric Oxide
iii-Nitric oxide synthases (NOSs)
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i- White adipose tissue (WAT)
ii- Brown adipose tissue (BAT)
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CD137:Tumor necrosis factor receptor superfamily 9, Cited1:Cbp/p300-interacting transactivator with Glu/Asp-rich carboxy-terminal domain 1, Hoxc9:Homeobox C9,
SHOX2:Short stature homeobox 2, Tbx1:T-box transcription factor 1, Tmem26:Transmembrane protein factor 26 , UCP-1:Uncoupling protein 1, Zicl:Zinc finger

protein of the cerebellum
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i- Leptin

ii -Tumor necrosis factor alpha

iii- Adiponectin

iv- Resistine

v -Non-shivering thermogenesis

vi -Zinc finger protein of the cerebellum
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vi- Tumor necrosis factor receptor superfamily 9
vii- Cbp/p300-interacting transactivator with Glu/Asp-rich
carboxy-terminal domain 1

viii- Homeobox C9

ix- Short stature homeobox 2

x- Subcutaneous

xi -Gluteofemoral

xii- Visceral

xiii -Omental

xiv- Mesenteric

xv- Retroperitoneal

xvi -Pericardial

xvii- Gonadal
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i- Brite(Brown in white)

ii -Uncoupling protein 1

iii- Peroxisome proliferator-activated receptor y
iv- Transmembrane protein factor 26

v- T-box transcription factor 1
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x- Peroxisome proliferator-activated receptor y

xi- PPARy peroxisome proliferator- activated receptor y
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xii- Fibroblast growth factor

xiii -Bone morphogenetic protein (BMP)

xiv- Neuregulin
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i -Clavicle

ii- Subscapular
iii-Cervical

iv -Axillary
v-Mediastinic

vi- Hillum

vii- Myogenic factor 5


https://dor.isc.ac/dor/20.1001.1.16834844.1396.19.4.7.9
https://ijem.sbmu.ac.ir/article-1-2278-fa.html

[ Downloaded from ijem.sbmu.ac.ir on 2026-06-13 ]

[ DOR: 20.1001.1.16834844.1396.19.4.7.9 ]

YA ke oz O (Sloggd 5 5 )

ISCs 5 siigs OY b

‘:l%..s‘ L;“Cs.u.n.b ‘-;A.HA:\:\ (5‘.&)\915‘.5 ﬁ"&:‘ K] sauS GJJ:).A _,:Cc
5 oS slans B gl PGC-1a %;‘ i.A.AJL;A
6l o s Gosrs wha oon @b o o B3
1o s (2on 8L Lo sads slag3 Sus s UCP-1 Ul
ROV I RV A NPV It - JP VPR S Y
Osa pa 4 cuw PGC-la 03 86 slacuw sual
Ol 4 cnclan (ualS 5 Wb pe SR Sl s 5
ol 188 yud (slosgd winl s “aias oo olis 1, S o
oS Joold Kb glosg oor slags sl
PPARY 358 53 58 59 5 9 gl oo at b (052 A0S
ailaa “owal Y 5\ VCtBP usas " C/EBPe
s il slap3 sl Lo aa 50 PRDMI6 PPARY
e oor b LGS osSow He a5 sl
S S el (MTCF21 ,*DPT."HOXCS)
Fosd oo g T Ol oS e e CtBP2 5 CtBPI L
UCP-1
B Bl s osbo oo age 05 K Glsie 4 UCP-1
OB (55 dame 5 @bl i He S usde
JGI" C)J‘)S GJJ:).A )3.&. L) UCP‘I &GJA:\SJ:_.M B 2V..A‘)‘.A
Ol58) Gasle 5l e S w55 4 jaie ATP wil g 51 o 5 5
sl ) st oo gouiSgine AN eliid o 055 oudd
S oor asel aend BIS 5 Salsad BRI b bl S &S
2 TCA 4asn ca s 052l sl 0 ppalisnaSHB 3ok
Gise 5o Bla gl UCP-1 (il “asl aals 3
BB S G155 slaghse o Bla Oniapd 5 Wb
s ‘)k.l “ D..;.u.ﬂ sall u‘b‘)bg PRYYPIIY) LS“’J'Gj s CASLv
slosed sl 5 slosed pon b ol Wl w,
Oled) 53 € el o 1B st ol 4 da S s wal
Ol Ly ol ssa ge slosed (2o 28l ) (Sl
O9s S wsas LTl (S Bly slaal b g G
«< J\,.fi-u-a QJ:) M (.c"_) C)La.u:" B (5‘3\9'@3 x> J‘._\E.a

6L&Jl:\JJ|AaAJJY~ dw@b‘j&‘a}@j@ﬁ‘;;0~

v- CCAAT/enhancer-binding protein o
vi -C-terminal binding protein

vii -Homeobox C8

viii -Transcription factor 21

ix -Dermatopontin
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i -Vascular endothelial growth factor(VEGF)
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iii- Cell death-inducing DFFA-like effector a
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iii-Vascular endothelial growth factor (VEGF) A and B
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v-Transient receptor potential melastin 8

vi -Transient receptor potential vanilloid-4
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i- G-protein coupled bile acid receptor 1
ii- Aminoisobutyric acid
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Abstract

Introduction: Adipose tissue, both white and brown, play an important role in energy
homoeostasis. These tissues contain three types of adipocytes, white, brown, and beige (brown-in-
white) adipocytes. The beige adipocytes of white adipose tissue, have a white fat-like phenotype
and upon stimulation change to a brown fat-like phenotype, leading to increased thermogenesis, a
phenomenon called browning. Obesity, a risk factor for the development of diabetes, with an
increasing prevalence worldwide, depends not only on the intake-consumption ratio of calories,
but also on the ratio of white-to-brown adipose tissue. Browning of white adipose tissue in humans
is associated with beneficial metabolic effects. Nitric oxide deficiency contributes to the
pathogenesis of obesity and diabetes. Nitric oxide is synthesized from L-arginine by nitric oxide
synthase enzymes (classic pathway) and also independently from nitric oxide synthase- (nitrate-
nitrite pathway). Nitric oxide production from the nitrate-nitrite pathway could potentially be used
as a nutrition-based therapy in obesity and diabetes. The aims of this review is to summarize the
properties of adipose tissue browning, and also, the browning effects of the nitrate-nitrite-nitric
oxide. Based on literature available, administration of nitrate and nitrite can be considered to be a
new treatment for obesity and diabetes. Nitrate and nitrite increase browning of white adipocytes
by increasing nitric oxide and can improve metabolism.

Keywords: Nitric oxide, Obesity, Diabetes, White adipose tissues, Brown adipose tissues, Beige
Adipocyte
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