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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

5 oSl AT o 5508 LB oy
aal Lo yo Cpl el 4 cnalian 5 Sla b S Vo),
TS el

$lo s 22 &b

S Oy bA:\‘:)J.A.u &A((s‘a}@:q S CASLv
S e a1 oI5l sS & il (3531 9SS e
G Yo d9d g &}\95 LS“’J‘G:Q Gug‘u.u\’ef..s] ‘b:)‘Al‘ AN J|
b slaciw sual b danlie 5o 5 Caiiia jieg,Kie s
Aiiead YU gouS gt glaad Loglojda win sla sl
G a5 5 sag b b (Sslie Blad ) Gugas
b il e (plile S oS gul 8 o 505 e Olsie
slans «(slesed por Ofiaas S e soliil wyls b
BE) E..\:\Su_é L)tf:‘ :):\3 “)ViZICI avile JJ.:; “ L)AJ"‘A':}“’
A st e 5o 5 L alsl sl slesd por Ol
TS e JSAS 4 sl (e JalSE sle Gaealy 1 als
G oagaae Gadll Lo wsoee dalaS oLl Hs e s
ailsals ol eladlas Jla ool b7 s s oo 98 staals

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

@l mle 5o Bl e Ga S e e (slosgd oon S
Buse olad 4 835, 5 JUool Ll iy (ol adaa 51 o
T s saaline 50 S0
e
AL wda pr @l Guos sladsle 5l (oS ulaas
alge Ly il olaime (ayme oo GBS
Lagnl € 7oK 0 4 1 (sl 568 e sol Slus sad
5 oladde € w0 el Yol b 5 5" Jsle
Ll sleses s wbe glacawsnsl 3l nlae (53
5 e ooy Sliegad 5 a8 Gl S sl
e oor b wlie eadd Suoal bulpd o cnl gle sl
RSB eas Jy cwl glia S g3slsinse sl
S5slsinoe clhiosad by fio bt slAS e
G @ oS asA 4 gl s wba ooy onlis
sk Jpass Sa S okl 4 (pon Sud geukd S oo
Lo s Oiapa 5 S0 9oA G slosia Wi K
Sl T oly 30 15 Gl o pesade
o gaal Sl oglite (S g0 Gu oa) SewIS (glssg3
whes gl O Gad glasgd wwl (b S ol 5
39 o Shee Blad 31 ool (Sae 5 mn esdie JL\-"
xedle S oo Gl @ wdl Glasd por b ol
a0 olain] culld wlgae bl cullas
e pon @il o Slee 5 anadsilie Jlo (5l il
cho SIS (glasgd oon | aasge LIE LSG ead
el 1) S350 slags SSes 5 "UCP-1 o3 51 30
S e oo WS oly (Soatnt) ol ks
RS Jlas 4 by Lo L 15 g3 onl 5s aes s
B sleas ST by pane o BS LI8 Wb
ol b3 cnnpnal T e ole "PPARY 5 S5,
o ol Gl ella 5o 1, UCP-1 ol 5 il e €
Ofaad 5 2l S las me sl YL JLa o)l
T35 O3S G s Gial3il T Js & s UCP-1 ol
slaos bl 5 (por «Soide glags wsas s esde
CDI37 MTbxl MTmem26 Jolis ssa & (o sadso

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
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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
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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)
ii- Transgenic

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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i -Soluble guanylyl cyclase (sGC)
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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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