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ABSTRACT

Lipasin is a liver-derived secretory protein; i.e. associated with type 2 diabetes mellitus, obe-
sity, and metabolic syndrome.

Received: 28 Feb 2019 i [SI9TEEE0E The current research assessed the effect of resistance training on atherogenic and metabolic
Accepted: 11 Jun 2019 status and lipasin levels in obese rats.
Available Online: 01 Aug 2019 [VETELE In this experimental study, 20 obese rats (8 weeks old, MeanSD weight: 361+32 g) and 10

normal-weight rats (8 weeks old, MeantSD weight: 24813 g) randomly divided into three groups:
obese control, obese trained, and control. The obese trained group received an 8-week exercise pro-
gram for 3 days/week on a specific ladder with a carrying load of 30% of body weight, attached to their
tails. The weight of the load was gradually increased during the training sessions, reaching 200% of the
body weight of rats in the final week. There were three sets of 5 repetitions with a 3-min rest between
each set of exercise sessions and 1 minute between repetitions. Forty-eight hours after the last training
session, the blood samples were obtained and analyzed for metabolic status. The collected data were
analyzed using analysis of variance (ANOVA), and statistical significance was set at P<0.05.

[FITITE Lipasin levels were higher in obese rats, than the controls (P=0.02). Atherogenic and meta-
bolic status (TG, TC, LDL, glucose, insulin resistance) were improved in the exercise group, com-

Keywords: pared to the control group (P=0.05). Plasma lipasin levels were significantly decreased in the obese
Lipasin, Obesity, i exercise group (P=0.05).
Resistance training, © [STIIEET This study indicated that resistance training may be effective in improving metabolic status by
Metabolic status ¢ decreasing lipasin plasma levels.
Extended Abstract diseases and type II diabetes [1]. The liver plays a key role
in lipid, glucose, and cholesterol metabolism. Besides, it
1. Introduction produces and releases secretory proteins called hepatokines
[2]. Lipases, also known as angiopoietin-like protein, is a
besity is one of the most common diseases newly identified circulating protein predominantly pro-
that its incidence rises progressively world- duced in the liver and adipose tissue [3-6]. Clinical studies
wide. This problem is associated with an have clarified some relations between the circulating levels
increased risk of catching cardiovascular of human lipase with obesity and diabetes. The circulating
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concentration of human lipase is high in obese and diabetic
patients. Lipase likely inhibits lipoprotein lipase activity
and is, therefore, an important regulator of lipid metabo-
lism, which is strongly associated with components of met-
abolic syndrome such as obesity and diabetes [7, §].

Regular physical exercise is an effective lifestyle interven-
tion for the prevention and treatment of some of the most
common non-communicable diseases, notably cardiometa-
bolic conditions [9]. Resistance training is rapidly becoming
one of the largest fitness trends, which has proven effective
not only for the promotion of muscle mass/Strength gains as
traditionally thought, but also for reducing cardiometabolic
risk factors such as obesity, insulin resistance, and or hy-
pertension. Aerobic exercise is indicated for the prevention
and treatment of obesity-induced cardiovascular disorders
[10, 11]. Although the resistance training may also produce
effects similar to aerobic exercise, its mechanisms of action
are not completely clear yet. Therefore, this study aimed to
assess the effects of resistance training on circulating lipase
in obese rats.

2. Materials and Methods

Eight-week-old healthy male rats of the Sprague-
Dawley were purchased. After spending a week adjust-
ing to their new environment, obesity was induced by
feeding them a high-fat diet (60% calories from fat) for
8 weeks. Then, rats were randomly assigned to one of
3 groups: obese control group, obese trained group, and
normal weight control group, consisting of 10 animals
in each group. The study design was approved by the
Animal Experiment Ethics Committee of Arak Medical
University. After 8 weeks, the main exercise was began
and completed for 8 weeks. The resistance exercise pro-
tocol comprised ladder climbing. For the 1st week, the

Table 1. Clinical and biochemical characteristics of the groups

rats practiced climbing on a 1.0 m ladder at an 80° in-
cline without weights on their tails to habituate them to
the exercise. Subsequently, weights of 25-200% of their
body weight were attached to the rats’ tails for ladder-
climbing training, and the weights and the number of rep-
etitions was incrementally increased. Each set involved
eight repetitions and was separated from the next by two
minutes of rest. The exercise was conducted three times
per week [12-14]. One day after completing the experi-
mental stages of the research, rats were anesthetized us-
ing a combination of xylazine (3-5 mg/kg body weight)
and ketamine (30-50 mg/kg body weight). Blood was
collected in EDAT test tubes and immediately processed
for plasma preparation during 10 min centrifugation at
3000x% g. Plasma was frozen in liquid nitrogen and stored
at -80 "C until they were taken to the laboratory. Lipasin
levels were analyzed by rat ELISA kit. One-way ANOVA
was applied for statistical analyses of the data. The level
of significance was less than 0.05.

3. Results

After eight weeks of the high-fat diet, the rats expressed
an increase in both body weight compared to baseline
(P=0.01). After eight weeks of resistance exercise, the
trained rats showed no significant differences in their body
weight compared to obese sedentary rats (P=0.21). Lipase
levels in obese rats were higher than those in the normal-
weight rats (P=0.02). Atherogenic and metabolic status
(triacylglycerol, total cholesterol, high-density lipoprotein,
glucose, insulin resistance) were improved in the exercise
group compared to the normal weight group (P=0.05).
Plasma lipase levels significantly decreased in the obese
exercise group (P=0.05) (Table 1).

MeaniSD
Group
Obese Control Obese Trained Normal Weight
Triglyceride (mm/I) 89.219.4* 74.516.8 81.5+7.2
Total cholestrol (mU/ml) 69.1+8.5* 69.1+8.5 60.3+7.6
High density lipoprotein (mU/ml) 22.243.8 26.32+4.8 25.9+3.1
Glucose (mg/dL) 129.4+12.5*% 100.1+13.2 95.5+8.4
HOMA-IR 2.0£0.5* 1.4+0.5 1.3+0.4
Lipasin (ng/mL) 8.4+0.8* 6.4+0.6 6.6+0.9

*Significant difference when compared with other groups (P< 0.05)
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4. Conclusion

In summary, the present study indicated the positive effect
of resistance training in improving plasma lipasin levels.
Probably, these changes are considered as mechanisms for
increasing metabolism and reducing metabolic syndrome
in obese rats, and thus require further research. These re-
sults are in accordance with previous in vitro studies re-
porting that the high fat diet increased the lipasin expres-
sion [25-27]. In addition, further investigations into certain
mechanisms related to the effects of resistance training on
lipasin considering Peroxisome proliferator-activated re-
ceptor gamma coactivator 1-alpha and Fibronectin Type III
Domain Containing 5 are required.

Ethical Considerations
Compliance with ethical guidelines

The Ethics Committee of the Arak University of Medi-
cal Sciences approved this research (Code: IR ARAKMU.
REC.1395.353).

Funding

This research is based on the MSc. thesis of the first au-
thor, Abbas Saremi, Department of Exercise Physiology,
School of Sport Sciences, Arak University; and It has re-
ceived funding from Arak University (Grant Number:
96/5425).

Authors' contributions

Conceptualization, resources, editing, and finalization:
Abbas Saremi; Methodology: Jamal Amiri; Drafting the
article: Mehdi Sadegh; Project supervision: Mohammad
Bayat.

Conflicts of interest

The authors declared no conflicts of interest.

Saremi A, et al. Lipasin Plasma Level and Lipid and Metabolic Profile in Rats. J Qazvin Univ Med Sci. 2019; 23(3):202-213.



http://journal.qums.ac.ir/index.php?slc_lang=en&sid=1

SBge ;0 S 9 Sglio Cumdg 9 (il (alowdly Tobaw 12 (Sloglie (03 5l
Gl (20

rd)tnl JLAD.- ¢ “é)l.uo d.\q,o ¢ VOL.Q Joxo ¢ \U.A)Lo U"l‘i&-

Ot oS eST o83l ¢ 23519 pole ouSLAMS (2259 (559l 508 9 (smslidirpusl 09, -

Ol ST ST (S5 pale olSitiks ¢ K3 pale 0aSLails s 25 g sailil 09,5 Y
gl ST ST Sy pole oLl o (S 5 080N ¢ S5y S 38 9 (558)92548 09,5 -F

AV !l ¥
A ols,5 1)
1FAA o1s y0 1o
el L3 o SJgilin o pkins 9 (Bl o508 s b aS Cond WS 3l G (e 5 a9 0k
o plodl 3l sl ge 10 Craileed Totaw 5 Sgilin ( Bo 8 Sl Camdg o (Saglie (o ya Sl o)) Bas Sl oo
09l alme hige yu Vo 9 (p S TPIZYY (5 g i St () Bl (il e ige yoo Vo (0225 dalllas ] 5
Bl 09,5 WD oS J 53S9 (2 03 3l (3lzr S slmog 5 s (Bolai jobo s ()5 YRARNY (59 g diin St () (onebe
2 T adijy i3S oo (85 (2 peS Olies &y e (sladise L fag (i 5 G (55 A%a 3 gy dus g A2id Cedd (g yoS
L S5 gty g e Jold (2 05 Al sy o g (yjg 0 d Yo v g 3T i 0 Sl dly Rl 0y e 5o
595 SBLig0d b5y Cra po duadz 0y BT 3l s s FA 395 iugi ey ol sl 483 A 9 o S5 s eyl dBs
i o PS40 5 st el 5 5 (il e 3100l y Uaodks s Jalons 3 43325 oSl Cormd (8l 3 il 0
JarndS oy yualS 6 3) Slgilie g 390 Shwadl Curniog (P ) 092 ] S 09,5 | yiten Gl cslagstge 55 ol obans
095 33 ko] Tokas (P=+/+0) S8l dgagp (3l U5 09,5 b dunsllie 10 (o559 (52 7o 09,5 4 (CreSgmad] 4 Conglio 55515 opl5
(Pefo0) Cl 2alS (gl s sl 4y (i pod Gl e Bl ¢ oglia (3 ol
Candg Sgnt 30 o2k (leadly Zobrw (el 3 )b 5l Cawl (Sae (Seglie Dby pod a0 (sl dnfllne Camdg o'y jld
Al fhe Sdglza RANTH

iz 45 Cesl 0 S 9l pladl G Bj90 4 9 WS (0 (551
09> P05 )9 530951, lacnS gilea i 4 (el 5 gy . o
Soistiay ol amge i 3l Slalllae S o oy 0 el o 41538 s sl 0 (el Sl e
6y oy el Gppo 4 ol (Kan &S Gue PN b Splie ppiie Lol 09 B 4 5) Sy
A5 5 eyl 45 Canglio o 3l £ e Slaio s jlogy 2927 L 45 ol (Sillio PSS (rrlgundl 4y cunglis
SIS s oty clopabisg ol A S Jae wyy % el (Feel o lon jlosks Ll pauiz
oolgils I¥] wites JASH1 oz pueddolio 5 lame Ol & Semglie 5 0o )Lad st yz 0 Pl
alie gylisls Ll 5l a5 Toadnailad gy, | OR 90 €95 Cabd 5 Slplie pjots 09l o0 et
ki 0 wglite 8,505 b andl wid opdpgyl 9% S0 ol slaglen b basye sl Jilse
eI eBign Aed ;S8 oo edplia P 0] bt 5 (Sl sla Syl 4l witn
D s (29 (9542 398 00 sl 3l 81,31 50 Slulie

1. Hepatokines JoyadS 9 5985 «oyz pardgilio ;0 (soge GBES WS
2. Angiopoietin-like protein

1J g 0y b

oo ple

ES':’})’ 635]%}3;9 9 ‘fJLL.:wT o,; ;‘fz)’)j P,J.C oasisls “5‘)‘ olKsls uS‘)‘ :‘;%L:u‘
+AA (AVP) YPYYFPA 1 oal

a-saremi@araku.ac.ir :aebb),



https://orcid.org/0000-0002-3860-5326
https://orcid.org/0000-0001-6695-5406
https://orcid.org/0000-0003-1465-0015
https://orcid.org/0000-0002-0113-1497

C}Ja.u 9 &:Jyt’.a e L Ja.JJa eS.“J}tlL‘.A le.boa?m »
Ohge g Yo jobiie nl 4 b gy il (olewdly
s3gazme 10 7 Jols STyl ol 5l glaanciin 5 olyxo
9 SMeyF oty gl S50 5l )8 YA B VY. (o35
SIS ST olRizdls o359 psle casisly ailsla> 4o
oly,S b slouid o bz oy ,S 0 Clilgus ainds
a1 YYEY 6,0 gK oo dasre (lod bais (6 oSS
Cugby g el YVAY (SO 4y oLl 4 > g 0l,5 le
byl s cou aian cuis Gae 4 b ige 09y oy OFET/D
3 T s y90 4 x2S 0235 9 S s
oy Vo g opfign deyo Yo oy oy £0) ail
ol iz aizmym [V Y] Glacass S8 4 &l joung S
OS.@.A&‘SLQ‘ W @L\s ™5 & M)O)JMJ*SU

Db (el 55 (55908 (2138 Slge i 45 092 (ol 2 (or

"ol g Syge (nl 4 oyzd w5y S Egemayd
;(‘;\é‘n;#/f;f")Q)SMWs(|&éf;5L“5/f;\A‘)
P kSTRS ) N95080 dlié 0 SslSlp S £) 5951w
Ip5 YY*) 05 0ty e pSsliSlp)S 8°) sk (i
"oeti (32 0 )T5lST0 )5 ¥0) Lgws (129, (S 0 S5kS
dge d3e p5olSTp S ¥) VS L3 pSokSlp S V)
V0) (oS5 Omeling 9 (e 5skSTRS B0) (o255 (Sue
4 laghse 39 eSlen piis atin bl 50 pSokSTp S
o) 0 izl sllixe ol 51 5 dpusy 8 YFVETY
DYl o a3 3 s o gl (" I

S 2BV + 095 90 4 JSolual by, 4 3lz slosge
S gt S 09,5 Wah i J LS g (Sheglie
Aad Culd D 4 (s ped 05,5 doly ged plal 1) dled
e w5, Baiod Aol o sl oo plmil sleglie 3 )e
N VRIVET IV JULY FRSVOES S g XY L W  NN P TRer
039 b G Vo) (ormb (339 b b bge 5l asdly §idas 09,5
i 438 515" &y 4y pedaes 40 dualie (gl 0,5 VRN TN YY
S 39, S 9 (s yoT Aaliy £9,0 5 3 59, S Lo hge 3
S (6 S 030 bl el o i dzin plodl
aan A_i." ‘J9| 419-).4 (ALY 419-)4 90 J.‘.LS u..’.).cs duol.s).:
oS9al 9 b0y e ilug b Sl (65lulid] g o o5
Al yo epgs dl> po .o 18,5 L5 50 (o 3 slaaly 5l 28,90
2 50 san Culo Slilgs al> o ol 0 1091 Soglie oy po3
PURVA PP RLVSON LTV IR WO WA Cv- NS IP PN E P WP LE-T Y

6. Sprague-Dawley
7. Casein

8. Dextrose

9. Cysteine

10. Choline

11. Lee

9 (Slail) C190rf80 5 famwgi a5 psbad b "A o)les
Sk 7 9 S JlestSae 0 o slapi &5
Ir] wis s

alar 1ol plo 5 o5 ke &) 45 o bistas ok
oo sl L Lgd g Sadin ol Slogtd 5 Sedes (o7
ook oo T cad Bl o cubis g Bl Jio Sdgibio
iz [0 al o Gl (bs 5 Bly slagbye 05 0
P sz Sl 9 @adlS BB ol Conl oad (5))S
Gk 3 ok ws o lis asled 2] ols oy il
4525 5 63elS 03D “3kd Geansed wail collad oo
99yl (5 5 Gl ) (Lo s alie § S yonlS' 5 5
Ole Gl 45 555k 4 009800 e 93 Loz e
Sy el (5 5 G2l (o9 (o7 0 P L S 0 ol
01 )l5S ode 4y [V] ol ol o (82108 (0559 0964 5
Sl o B3| (195 w8 g el gl 4y Cunglite b 3] al
MSiteo Szl ) oot SE (2l ok 4155 £gaea s [A]

L0 Ye Al a8 oo Wiyl (b g 3l 0,31 0 Sgilie

otes Joloe 51 (S (S Cullad pas g (S5 5> 55 (g
soglie (2 p035 53 Sl le ;5 el (B yeld sl oS
Caadlw gu (Sl 8559 5l (Foloe S 2y 339 b pes by
oS 59k 4 ] ol oo o SMae oogi Ll g
Sgntt e hae 0395 9 )ad Gl el (Faglha (a8
9 (2ol (22) (Frmgndl oS (dgud Coils
anlgd 51 JS 8 [V ] g8 o Sgilin pyotw Hlas tals
Sgndet 5> (290 NSl Sy (goglie iy yad il g0y
by o) Sedaplio Ot b o3l o Slslze (sla s ls
ool leSar slgp Sl ped | S Sjlee (S p S S
st 35 S Cadlsd Comal 929 L (Jl> o 4 [V)]
9y (ol 3l it Jlad s (3l ol Ayt o STgilie Lasl o3
097 (Selglle Candy p (Saglie cp a3 Sl 3590 p
Boile o el onis ploxil g0l I (s3len slacodled
w954 Sl slaasll p (eglie (o3 pde S
oS Al e polo Shaghy Bus (il Cad (pg,
lowdly ol 5 ( Byl Jlas sl Slis  Seglie
B9 3l gl @lagiys o okl

b ogeilim zib b oy inios g5 5l pol> asllla
Soglie (yped Al St 3l o] (0 AT Cunl S 09

3. ANGPTL8
4. Lipasin
5. Lipoprotein lipase

Bl 2o SBTg0 53 Stad 9 Sgilio Cunig g e (lowidly Tokans p1 (Shoglio oyt p07 130 .oy K0d g (00 pilis


http://journal.qums.ac.ir/index.php?&slct_pg_id=37&sid=1&slc_lang=fa

JoyudS’ zolans (55050313l (12 (o251 (50 IS b,

&p Dol wi coliiel HDL-C g &puels (65 b
‘56#053 )LQT }‘ 6;&5‘)-; GLQ&}LQ 03'3'*? 9 Gdiwe
4 bl .ol 48,5 0,45 SPSS I58le 5 1 aseud oolaul
tlin (6] e 00 s Jlaxe Bl 2 uSiles & 300
od)ly Jelos )bl glagigasl Sl leog,S (eSile oy
@ PSefody yolie ol oolitwl (Sof oamded g 48,bS
s oolatil b 1 Sileo gl (6,10 So mhaws JBlas lgie

aslllaed)se slaog 5y 59 o 53 sme LS sy las
09,5 139 siailz 4ol 5 s P=+/V) F=/¥R) Cetlas 3929
P9 4.191..0 9 (P=+/+Y F=YION) U‘»“)’"S Jj‘ 4.19]4 L J)S..S
Slog,5 3] 2aS foine jobo & (P=+/+) F=VIPR) s
el Jol o ye 55 Bk 5log (Fu o3 Bl g Bl S5
(0 YOUNYEYID) il S 0,5 o (6 0 sine B!
(P=+I¥Y) Ethsi agmg (o) VEOI- VYY) is )05 Gla 5
Sl bae (39 )0 SO Sre VS 15 (2 yo3 pgd Al ey
i JAS g9 (S YANTERN) (e Gl oS
85 sixe ol 43 (P=+1Y1) 4 edalie (o, YYANNDEV/F)
(p9o 9 Jgl al>po casly o) Geios Jolpo ) plaSen 5o
B SS9 (S Bz 0955 (139 (e SO Sre S
(\ O)La.:a J5A>) Eudlas S¢2>g

4 )ocSy by Jelo g3l 51 eolii L aools Jolos
F=YIY) &yl 6 5 Jlade L5 5l oog,5 ylee ol LS
el 4 Cangliio d(P=+/+ VY F=YIOA) oy 3515 o(P=+/+ )
(P=+/+Y\ F=YIOA) (olowdly cyssled (P=+/+1Y F=Y/AY)
S99 6)|o‘5;M S| (P=+/+F F=Y/\A) ‘blS J”S.,..JS 9
09y 5 St el (53 e O (LS (T (suind (g3l
oS B 9 b 039 SRS 09)5 A S Blr J S
(P=2/el g P=</o¥ o5 ) cul iy (g )d sixe yobo 4
A 5l sped 3lr 9 sl G3s JAS 098 o b
(P=+/79) ats ssaliee (5 o sme AW 0y S5 55 500
Ol b Gl (S5 (ohad ogasl (¥ o)led Jgaz)
535 A 09,5 4 Cosmis Gl S5 09,5 9 615 Jp S
SN g0 y9bo 4y (P=2/+0) gy yoi 3l 9 (P=+/+ YY) (orribs
3z 9 xeb 039 SRS 09)F (e Byb ol e 1o
ald eanlive (5 ko gmo BB Jg il e i 5l i po3
Julo O}A}T 3 eolaial b osls Judoei pimen (P=+/19)
Y laog,F a5 HDL-C e ol Lt 48, Sy il s
Y ojlas Jgaz) (P=+ 1V FAIY) 5,05 o5 (65 sixe

Jr=S 09,5 39 5595 e ol QLS (S5 (el (y905]
4 oyl Glr g b (39 S5 098 4 Cu Gl

S8 p8) egase obsy 3 GVl L &y Jold Cugi ye
O 0s s YP U g oo S glanl oy (bl ! YL tils
A azd )8 b o Sllgu gl corl il dids aw cugs o
4 5loly T (ge 00 d &g (s 3l g crped 0l 0
sladisy Gliee Jol i )0 diddi oo 3gee Gy 5l S92
T B PR R R
o] o (g duoyd Yoo & 31 atin o g il iol38l
SlaeS” (o S Sod 5l sgao 5l (550095 & j90 )8 e,

IVE] o o oolizal Lo hae ps 4

ol S walsd o5 o Sl e l 4y aglio (5250
St > oy Ll S (Saglie Sliyped oS wiis
g o (Slotio Dt b o3 5 Saie slaasls
& IN] e plesies ilsn iy g 3l (S 0 5>
s Slalio Ll 15 Sgate j3 (aglis (2 yo Cerotl o) e o Jl- o
7S (63lg iyed o o JBam) (] Sielss b sl gl
plodl 43 3lor o3l ama e it Slalllas (gagus 3l 9 sl (g,
Inel s ls Joles s3lom sy o5 5l s (saglin iy o5

o 50 B slige iy 59, 0,51 3 s celus i g oz
(eSS | oS shen B0 B Y) (aliS (5o 0 B2y5 L L2l
£S5 ke O 5 Y) ity 5 (GWIT TRITTAU 5 b cols)
5 S0d Ligge (GLall TRITTAU 5,8 colu)(p,Ssks /
O R R e B
399 313 Ao by auy yiilas s jo Aol So5 (sladiges .ol
U 6)516‘*'? l.asoT Slowdly 9 0l ooly 1,8 ad.Bs o
a> A sles » Gb[i.’.‘..ﬁ[aﬂ s ).“5 ° )‘Lﬁ‘ &l Iy Lmt.}}o}
S5 152Y1 39, b aalowsdly (el id (5 lagS5 81,5 il
SyeSoilal b 5 Jgeg,Sae S s by g (o)l Diazyme
3 7eS aileed Sl 295005 5 0909 Sl ey s
S5 (oo 3l 9y b Lowsdly 55l Clale 391 20y VIO
S 8) Sl CuS Sl oslaad Ly g jlaenST 55515 (5 )0l8 L
Sl § Oyl gy b (65030 (0l 9051 s
Fedgwd oS oo 8 900y VA ol 5 4y s S o3lil
(55 50T MonobindIne) ¥ cwlgeslsssl, (g, 4 cyadgu! 09
09931 (52955 59719 039> S po [V B] s (5,50l
Ol &) Canglio s 09 02 )3 Jloz 3l 205 dguil s
4 Cangliio (el (lgie @ Milgen (23l oo (b b
V0] s aloes V6 )lad Jgo 3 31 ooliind b o yulgund

A

Gl o 1y 355e0) X S35 Gl 15 pa o) /P
HOMA-IR= )y

12, Radio immuno assay
13. Homeostatic model assessment (HOMA-IR)

Bl 2200 S Tg0 53 St 9 Sgilio Cundg g ) (lowdly Tokams p1 (Sioglio cy2 303 1315 .oy \K0d g 00 ol


http://journal.qums.ac.ir/index.php?&slct_pg_id=37&sid=1&slc_lang=fa

(0955 8 53y V*) p)5 ey Sl (59 ) Jgia

ano 50l eSSle

8955
ol
el Gl gl Jss b 09 J S
YOY/\E£/D YOV/\VEE/Y YEN\YESIY ool s
Y50l-LAY/Y FOA/\VEY/ YOVAYEN - s Jol o e
YEVVELS]) FYA\DEY/§ YoY/\VEa/y e pad o yo
b 039 S b (08 3z 9 3lar S5 sleg,S (e (P<H/+0) Jls e LS
anlllass j90 5log )5 10 Sgilia g i) Cendg duslia Y Jgia
S Bl it Sile
el Gl dla Jos b 39 J S
V¥/5£/A AVAEY/Fe AVBEYIY (53] Jomcsles) s puelS 55
deIsESIY SAIALY /D0 5o INEY]S (ka3 sloe) pls Jg s
YSIELYIA YY/VLY/A Yo/YE/) (52 slee [ l5, o) HDL
VARV WU/ WAL/ (g | p5sle) 3555
Y Voo /0" 14\ HOMA-IR
51 4¥/5 N£¥/A° 51+ £/ (= oskee! o5 9b) ik

Bl JrS b (s 005 Bl 9 sk (139 S5 sleg S (o (P<21+0) Jlo gine BB UL

Pt S9d o Bl slabge 18 (njled (89 elaw LalS
bl Jle 5 308 5 425128l S35 Jale olluls 1
Eoed S5 3l ol 988 a0 GLAS LB )f3S el Gl 59
Ol 5 051 )18 Gl YL sloas, jo Sl pjain
T4 FORRWARS S L DUV L PN PV TV P RN .
45 G 3l (elostige ) amS o it ol anlllas gl
o j Sdgilbie pyin slaadld (sab (539 b b tge
Ol s 8 anliall Coundg ol Jo S 9 0y pulS s 5
658 Jole Sy 3l a0 g0 Lt Slalllas s gunosd gl
3DV ol Sgilie g ST oSt sloxl 18 30 g
laasly 9 (o Cullad dad oo (A3 39290 SRlsS (29
Sl Jalse Jhals )0 fhe (ag)loud Sal, S (23559

IVl el Sdgilio 8

9 (Soglie (2 yod Al ek Blaite G5 pol> (gl 5

S90Sl Ceardy Bl SLohgs 039 50 s 9
2 sl (s 103 530 418 S g0 Olalllas odes jo.cdly
Consl0dd (gusy pp Sl oyt WMo 9 (195 (017 Crndy

(P=+/ol g P=+/+¥ 5 a)) cunl iy g0 im0 yob
A5l oS Bl g b (339 JAS 09,5 G o5k
(P=+1Y$0) wts osalie (gl sine S 3558 l5en
Cuaglia ol Lad Ggail Gl (eizen (Y ojled o)
039 JrHS 09,8 4 Cun Bl U8 09,5 ;0 (gl 4
e ) Sl g o Sae jebo 4y g peT Bl g ormb
b 039 S5 09,8 (Bl 5l (P=elod g Pe/oY
Sl e BB (gl ay Canglie i 51 3l o pe g
o=hns o503l (Y ojled Jguz) (P=+/YY) ol esaline
4 Cond Bl J555 09,5 50 sl Ol Sl (Lt (S8
Sy o ixa jobo &y Gl 0y 50T g (sraro (359 J 5SS 095
05; O 5‘55).[9 )‘ P=+/+b 9 P=«/+\ e ) ) Enl
by (il Sl ) Bl e 5 (ornbe (359 J S
(Y o)leds Joaz)(P=+/Y V) atd cdalice (5 lo sixe AL

iy ya 090 5y plasl ABS o ki yl> Guod gl
9o (Sulsilio 9 Sise T Jolge dgutp b Glojad (Staglile

Bl 2o SBTg0 53 Stad 9 Sgilio Cunig g e (lowidly Tokans p1 (Shoglio oyt p07 130 .oy K0d g (00 pilis


http://journal.qums.ac.ir/index.php?&slct_pg_id=37&sid=1&slc_lang=fa

Bl 2y pliire dzrgi i 23S dms Job o
e (Sglie Cundy Sgne 2 (Sl alae 9 o2
locdly plo (ol 4y fLaS 5 Conl 039y Bglane (3359 (2 o3
i 1 3359 Sebe SlaySg5le y3 05 alex i laplal
Ol (Sgilie Copnal 8929 L ol s dz g5 (S glie
9 ok 7 (Slplie SMLS ploys 5 6 pNin
@ ool Gy eyl (i oz g bl 5 Sz
yolo aslllae ;o ol 00l (o) (S Ead 33 )59
s sioglia (yyed dlde Cuid jo oS b b Yo a8l o
(P b e (STlie O (B o9 b lojen
wdly cnl wbge (RalS Gl slagtae 3 2l zobaw
Gl 6595 2 dasd go (Lt &S Candl (Glarios | guaes
Rl (sl 558 (S e 18l yd S Cudgamme 5 il
Collad g (B35 e 9y ol 5 IYAD cl nsled ol
9935 Joo (38,0 5 )5 Cudgacme &)jg0 4 ilgi o (S
Iv T ams 2als 1) cosbed oo Yo

3 i Jolas Yazs! and g0 olid asdly oyl cadlyys
38 (SIglie UKL S92 (2359 Sellad oo S
359 twgen b basi e (89 cnl Gusb Sl ol (5500 5
Sl oko glalSg5le )90 15,5 oo ploxdl (195 o7 9
Siblad a5 ous ol (LS (y2jled Zokams 2 (o859 CrpeS
e S o lhudgie il b oad Jled LS (g
@iledled of s & o5 sy oo 206 S50 5 Sz
£95£9) S 932 S 2SS SlooaisS Jlad o oS JUSps e
I¥N] el e lad o a3l bl el 9 0948 0 o8 ™ LT
O97e®) (8L yd S Cudgazme Cunl oud AL el
e Silaud 2l @iyl 5 Ylesol (23559 (e
04325 | lidyio (525630 b b Jlad LS a5y S
2 ok oy el 4 pg; (nSgn 635 b oad Jlad
Gl 0 4288 pizmen [YA] 048 o e 1S sl Jolos
9 Ofgedl gobaw SRS Boyb jf Col (Son (8559 e
s s B Jled o JUi> 41 5 Galgund] 4y Cunglie
worge "B LS (ntignl LS Jamisnl Jrasilans
IrvT oo sl s tls

oS olasd g 104y s2hade 4 0gMe Budod (il By gams |

Sass 05279 L) (29,5 5 sl (52 plonil Cz diged
L J5S 09,5 9555 d kol (sloand 3 (33031 (612 digai SIS
sthid S8l liee SIS 5 Sl pae (Jgers I3 ),
pelys oo gl plodl ©j50 50 Ylaial § Canla Sogas)
wz sl ol Guiod aldl ol Cund s s

17. AMP-activated protein kinase

18. Peroxisome proliferator-activated receptor alpha
19. Phosphoinositide 3-kinase

20. Protein kinase B

20 Sl 418,518 azgi 090 (Slaglie (2 pei il j2eS g
aan Cuta ploil wo S 5158 ) Cen o b el BL3 ) oyl
Cardg 9 (195 ()7 Camdg Sguly e (saglie iy o
2ol tagh ol 50 4 [VAL 59 o 3l (sl 90 o)
e (o9 Codlad w20 o ylis Slalllae 5 1 b guon
olyo ol Bl SIplio Japlyd 090 b G (539 Sy |
SYsb oylejae ol osls ylas 42238 Slalllas V4] ol
Ol LS 40 (g yion ST OYL &y dlin ot 053940) (1 503
039 (rye5 0)98 &5 Slalllae ST 501,05 0,10 (95 2y
odus odalie (6 ydon (5105 Sl el 009y asan Coiad 5l
Cadgaoe b odgyg delip a5 Jloy [Vee VY0 Y] e
‘:S.“Jyl:.a .la.ﬂ),.f: il ol,o.:a 37) Qulf 3 G:él.l)o oS5

IV b e 6yt Sguge

P HDL-C oo (95 (02 Camdg 2 (b)) Sliz yol
558 58l il by S 65 b o 45 (g0
S Candg idon (oD )9 (2 oS csi)Le““-J s walys
by gl 45 (U alez 5 amd o0 )18 25T Coi |, g0l 3
B2 5 crmizmen [YY] 5)fs (6 5V LDL g &y ponlS' s 5
2 Odaml 4y Cuglie (a3l g 3 SIS e S
Syt reglie (o3 dide Cule Blate (3lr slagtye
IYYT o s lgsren o SKan g7 sl (sloail b ol g il
Sl (B39 aiesgu S glp Wojle cpaiz
o JUESl g g ol Ghalil sale 5l el ke (idgud
05558 calguadl (sl collad L33l O3S oIS o3
sl 3o 5550 (sliz! (onlatilyd B 5lS (atigy g it
ol sl adlhae (Jl> o 4 IVF] gl SILS
O il e @iy g e Bkl WS wed
WS 00 S5k 097 7 Candy 9 5SS Luges 53 cepe
Vb olie b ol ok (rali8l amo oo Lt o ) l5S
LY8] ol o yor crdguusl &) Cangliio § (395 (2,2

slassbga 0 il polie b osalive 33 pol> haghs 5o

e B3 g Sl Vb e grads (339 b g 4 S 3l
Oelguadl 4y Cuaglin g % yrancsdS (5 5 ¢ Jg pundS (YL zghaws L
Gl 0,81 j0 Wl (Lias 35 o) Kem 9 Vo390 gaw )l
Codl (grnb Condy 5| A cnjled Tobaw Sl 4D
WS oo Cales e (il I pol> Guio gulis adly ,o [Y7]
P (B9yeeld ot Jalge g ol GBI L (Slo a5
Slslio pyois p Gailed Sl ojlys cul ol pon SClsilie
Shals byl alex 3l a5 Cal oo olgrtn g5l oo

9 LSSk sl sla ok ;555 Jles 3l (o ngeed Cllad
LYYyl e gl SIS oo

14. Bae
15. Glucose transporter type 4 (Glut4)
16. Abu-Farha

Bl 2200 S Tg0 53 St 9 Sgilio Cundg g ) (lowdly Tokams p1 (Sioglio cy2 303 1315 .oy \K0d g 00 ol


http://journal.qums.ac.ir/index.php?&slct_pg_id=37&sid=1&slc_lang=fa

stleordisnr Sl tale;l a5 plonil talor 5l ol g8 alai
5 g 5o b Sogeyl pled aSul g )85 4L 90 &g 4
Olaed (339 9 iz (o i (o] SalSlae Jalge )L
4z b 039 b bgbas 5l 0g)S Su uizren vy
oigh ol leaidly aiald bl by maw o aglis
plxl g Cuslly (Slo Cundg 53 il ok w0 S
2 Oled Gl 4 slianciia Jieglie (2 ye5 0)95 S
3 et JBlas sy oo 55 41 098 0 mie Gl slagbge
3lz o3 (Sdgilio WS 5 (Saglie ()59 e O
2 4 ebies Jloel (il ol d9ute B2yb 5l ez
Selgilie pyoinw 9 a3bed 2 B9 5 GG, Sln el

el 35 (6 s Slogow) 2 4

g3 BB Jao! 3l (595w

S olStils gy Caglne o Colos by bl aslllns
Caley b gl ool and 423,5 sloxil (ASIOFYD o, a5)
oSsis 5 IRARAKMU.REC.1395.353 o)let 4 i3I
o 435,81 S5 psle
S o>

(ool b BT ¢ ol sins otmgls )b 5 allia ol
STyl olRaadhs o5 59 pale 0SLadls ¢ )59 (55892508 09,5 5
CA..»‘ PR W) bLal;-

ol g il s 9 6 bl ng i (silupgrie
M iomPon OO 4 el Jloz s olidhy, £ 05l
by Sasra 05y Oyl g Folo
&lis (5 a5

55 pdlin a8 Aol eySkimgi el iy

Bl 2o SBTg0 53 Stad 9 Sgilio Cunig g e (lowidly Tokans p1 (Shoglio oyt p07 130 .oy K0d g (00 pilis


http://journal.qums.ac.ir/index.php?&slct_pg_id=37&sid=1&slc_lang=fa

[1] Engin A. The definition and prevalence of obesity and
metabolic syndrome. Adv Exp Med Biol. 2017; 960:1-17.
[DOI:10.1007/978-3-319-48382-5_1] [PMID]

[2] Lee YH, Lee SG, Lee CJ, Kim SH. Association between betat-
rophin/ANGPTL8 and non-alcoholic fatty liver disease: Animal
and human studies. Sci Rep. 2016; 6:24013-8. [DOI:10.1038/
srep24013] [PMID] [PMCID]

[3] Hong BS, Liu J, Zheng J, Ke W. Angiopoietin-like protein 8/beta-
trophin correlates with hepatocellular lipid content independ-
ent of insulin resistance in non-alcoholic fatty liver disease
patients. J Diabetes Investig. 2018; 9(4):952-8. [DOI:10.1111/
jdi.12792] [PMID] [PMCID]

[4] Fu Z, Abou-Samra AB, Zhang R. A lipasin/Angptl8 monoclonal an-
tibody lowers mouse serum triglycerides involving increased post-
prandial activity of the cardiac lipoprotein lipase. Sci Rep. 2015;
5(18502):1-11. [DOI:10.1038/srep18502] [PMID] [PMCID]

[5] Fu Z, Berhane F, Fite A, Seyoum B, Abou-Samra AB. Elevated
circulating lipasin/betatrophin in human type 2 diabetes and
obesity. Sci Rep. 2014; 4(5013):1-24. [DOI:10.1038/srep05013]
[PMID] [PMCID]

[6] Zhang R, Abou-Samra AB. Emerging roles of lipasin as a criti-
cal lipid regulator. Biochem Biophys Res Commun. 2013;
432(3):401-5. [DOI:10.1016/j.bbrc.2013.01.129] [PMID]

[7] Zhang R, Abou A. A dual role of lipasin in lipid metabolism and
glucose homeostasis: consensus and controversy. Cardiovasc
Diabetol. 2014; 13:133-9. [DOI:10.1186/512933-014-0133-8]
[PMID] [PMCID]

[8] Ebert T, Kralisch S, Wurst U, Léssner U, Kratzsch J. Betatrophin
levels are increased in women with gestational diabetes mel-
litus compared to healthy pregnant controls. Eur J Endocrinol.
2015; 173(1):1-7. [DOI:10.1530/EJE-14-0815] [PMID]

[9] Saremi A. Comparison of the effects or endurance, resistance
and concurrent training on insulin resistance and adiponec-
tin-leptin ratio in diabetic rat. J Qazvin Univ Med Sci. 2017;
21(3):13-22. [In Persian]

[10] Soyluk O, Bahat G. Is it the resistance training itself or the
combined associated weight loss that improves the metabolic
syndrome-related phenotypes in postmenopausal women?
Clin Interv Aging. 2015; 2015(10):1657-8. [DOI:10.2147/CIA.
$S95156] [PMID] [PMCID]

[11] Earnest CP, Johannsen NM, Swift DL. Aerobic and strength
training in concomitant metabolic syndrome and type 2 diabe-
tes. Med Sci Sports Exerc. 2014; 46(7):1293-301. [DOI:10.1249/
MSS.0000000000000242] [PMID] [PMCID]

[12] Hariri N, Thibault L. High-fat diet-induced obesity in animal
models. Nutr Res Rev. 2010; 23(2):270-99. [DOI:10.1017/
S0954422410000168] [PMID]

[13] Malafaia AB, Nassif PA, Ribas CA, Ariede BL. Obesity induction
with high fat sucrose in rats. Arq Bras Cir Dig. 2013; 26(Suppl.
1):17-21. [DOI:10.1590/S0102-67202013000600005]

[14] Kim HJ, So B, Son JS, Song HS. Resistance training inhibits the
elevation of skeletal muscle derived-BDNF level concomitant

with improvement of muscle strength in zucker diabetic rat.
J Exerc Nutrition Biochem. 2015; 19(4): 281-8. [DOI:10.5717/
jenb.2015.15112402] [PMID] [PMCID]

[15] Wong SK, Chin KY, Suhaimi FH, Ahmad F. The effects of a
modified high-carbohydrate high-fat diet on metabolic syn-
drome parameters in male rats. Exp Clin Endocrinol Diabetes.
2018; 126(4):205-12. [DOI:10.1055/5-0043-119352] [PMID]

[16] Azizi F, Hadaeghi F, Khalili H. Appropriate definition of meta-
bolic syndrome among iranian adults: Report of the iranian na-
tional committee of obesity. Arch Iran Med. 2010; 13(1):426-8.
[In Persian]

[17] Godisela KK, Reddy SS, Kumar CU, Saravanan N. Impact of
obesity with impaired glucose tolerance on retinal degener-
ation in a rat model of metabolic syndrome. Mol Vis. 2017;
23:263-74. [PMID] [PMCID]

[18] Speretta GF, Silva AA, Vendramini RC, Zanesco A. Resist-
ance training prevents the cardiovascular changes caused
by high-fat diet. Life Sci. 2016; 146:154-62. [DOI:10.1016/j.
Ifs.2016.01.011] [PMID]

[19] Thyfault JP, Wright DC. Weighing the effects of exercise and
intrinsic aerobic capacity: Are there beneficial effects inde-
pendent of changes in weight? Appl Physiol Nutr Metab. 2016;
41(9):911-6. [DOI:10.1139/apnm-2016-0122] [PMID] [PMCID]

[20] Zwinkels M, Verschuren O, Groot JF. Effects of high-inten-
sity interval training on fitness and health in youth with
physical disabilities. Pediatr Phys Ther. 2019; 31(1):84-93.
[DOI:10.1097/PEP.0000000000000560] [PMID]

[21] Diane A, Kupreeva M, Borthwick F, Proctor SD. Cardiometa-
bolic and reproductive benefits of early dietary energy restric-
tion and voluntary exercise in an obese PCOS-prone rodent
model. J Endocrinol. 2015; 226(3):193-206. [DOI:10.1530/JOE-
14-0711] [PMID]

[22] Rubio Pérez FJ & Franco Bonafonte L. Effect of an individu-
alized physical exercise program on lipid profile in sedentary
patients with cardiovascular risk factors. Clin Investig Arterio-
scler. 2017; 12(2):15-24. [DOI:10.1016/j.arteri.2017.02.002]

[23] Bae JY, Shin KO, Woo J, Woo SH. Exercise and dietary change
ameliorate high fat diet induced obesity and insulin resistance
via mTOR signaling pathway. J Exerc Nutrition Biochem. 2016;
20(2):28-33.  [DOI:10.20463/jenb.2016.06.20.2.4]  [PMID]
[PMCID]

[24] Bao H, Yu P, Song X, Zhou Y, Xu X. The influence of home-based
exerciseon gestational diabetes: A meta-analysis of randomized
controlled trials. ) Matern Fetal Neonatal Med. 2019; 9:1-6. [DOI:
10.1080/14767058.2018.1548595] [PMID]

[25] Qu Q, Zhao D, Zhang F, Bao H, Yang Q. Serum betatrophin
levels are increased and associated with insulin resistance in
patients with polycystic ovary syndrome. J Int Med Res. 2017;
45(1):193-202. [DOI:10.1177/0300060516680441] [PMID]
[PMCID]

[26] Abu-Farha M, Al-Khairi | & Chandy B. Increased ANGPTL3,
4 and ANGPTL8/betatrophin expression levels in obesity
and T2D. Lipids Health Dis. 2016; 15(181):1-9. [DOI:10.1186/
$12944-016-0337-x] [PMID] [PMCID]

Saremi A, et al. Lipasin Plasma Level and Lipid and Metabolic Profile in Rats. J Qazvin Univ Med Sci. 2019; 23(3):202-213.


http://journal.qums.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.1007/978-3-319-48382-5_1
https://www.ncbi.nlm.nih.gov/pubmed/28585193
https://doi.org/10.1038/srep24013
https://doi.org/10.1038/srep24013
https://www.ncbi.nlm.nih.gov/pubmed/27045862
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4820743
https://doi.org/10.1111/jdi.12792
https://doi.org/10.1111/jdi.12792
https://www.ncbi.nlm.nih.gov/pubmed/29266821
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6031491
https://doi.org/10.1038/srep18502
https://www.ncbi.nlm.nih.gov/pubmed/26687026
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4685196
https://doi.org/10.1038/srep05013
https://www.ncbi.nlm.nih.gov/pubmed/24852694
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5381405
https://doi.org/10.1016/j.bbrc.2013.01.129
https://www.ncbi.nlm.nih.gov/pubmed/23415864
https://doi.org/10.1186/s12933-014-0133-8
https://www.ncbi.nlm.nih.gov/pubmed/25212743
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4172915
https://doi.org/10.1530/EJE-14-0815
https://www.ncbi.nlm.nih.gov/pubmed/25850828
https://doi.org/10.2147/CIA.S95156
https://doi.org/10.2147/CIA.S95156
https://www.ncbi.nlm.nih.gov/pubmed/26527867
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4621184
https://doi.org/10.1249/MSS.0000000000000242
https://doi.org/10.1249/MSS.0000000000000242
https://www.ncbi.nlm.nih.gov/pubmed/24389523
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061275
https://doi.org/10.1017/S0954422410000168
https://doi.org/10.1017/S0954422410000168
https://www.ncbi.nlm.nih.gov/pubmed/20977819
https://doi.org/10.1590/S0102-67202013000600005
https://doi.org/10.5717/jenb.2015.15112402
https://doi.org/10.5717/jenb.2015.15112402
https://www.ncbi.nlm.nih.gov/pubmed/27274460
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4886843
https://doi.org/10.1055/s-0043-119352
https://www.ncbi.nlm.nih.gov/pubmed/29117620
https://www.ncbi.nlm.nih.gov/pubmed/28465658
https://www.ncbi.nlm.nih.gov/pubmed/28465658
https://doi.org/10.1016/j.lfs.2016.01.011
https://doi.org/10.1016/j.lfs.2016.01.011
https://www.ncbi.nlm.nih.gov/pubmed/26776833
https://doi.org/10.1139/apnm-2016-0122
https://www.ncbi.nlm.nih.gov/pubmed/27512815
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5564513
https://doi.org/10.1097/PEP.0000000000000560
https://www.ncbi.nlm.nih.gov/pubmed/30507854
https://doi.org/10.1530/JOE-14-0711
https://doi.org/10.1530/JOE-14-0711
https://www.ncbi.nlm.nih.gov/pubmed/26187902
https://europepmc.org/abstract/med/28625710
https://doi.org/10.20463/jenb.2016.06.20.2.4
https://www.ncbi.nlm.nih.gov/pubmed/27508151
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4977908
https://doi.org/10.1080/14767058.2018.1548595
https://doi.org/10.1080/14767058.2018.1548595
https://www.ncbi.nlm.nih.gov/pubmed/30626247
https://doi.org/10.1177/0300060516680441
https://www.ncbi.nlm.nih.gov/pubmed/28222635
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5536600
https://doi.org/10.1186/s12944-016-0337-x
https://doi.org/10.1186/s12944-016-0337-x
https://www.ncbi.nlm.nih.gov/pubmed/27733177
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5062897

The Journal of

Qazvin University of Medical Sciences (JQUMS)

[27] Wang H, Lai Y, Han C, Liu A, Fan C. The effects of serum AN-
GPTL8/betatrophin on the risk of developing the metabolic
syndrome- A prospective study. Sci Rep. 2016; 6:28431-8.
[DOI:10.1038/srep28431] [PMID] [PMCID]

[28] Liu D, Li S, He H, Yu C, Li X, Liang L. Increased circulating
full-length betatrophin levels in drug-naive metabolic syn-
drome. Oncotarget. 2017; 8:17510-7.[DOI:10.18632/onco-
target.15102]

[29] Zhang R. Lipasin, a novel nutritionally-regulated liver-en-
riched factor that regulates serum triglyceride levels. Biochem
Biophys Res Commun. 2012; 424(4):786-92. [DOI:10.1016/j.
bbrc.2012.07.038] [PMID]

[30] Huffman DM. Exercise as a calorie restriction mimetic: Impli-
cations for improving healthy aging and longevity. Interdiscip
Top Gerontol. 2010; 37:157-74. [DOI:10.1159/000320000]
[PMID]

[31] Lee J, Hong SW, Park SE. AMP-activated protein kinase sup-
presses the expression of LXR/SREBP1 signaling-induced AN-
GPTL8 in HepG2 cells. Mol Cell Endocrinol. 2015; 414: 148-55.
[DOI:10.1016/j.mce.2015.07.031] [PMID]

[32] Lu P, Chen X, Zhang Z. Insulin up regulates betatrophin ex-

pression via PI3K/Akt pathway. Sci Rep. 2017; 7(1):5594.
[DOI:10.1038/s41598-017-06052-y] [PMID] [PMCID]



http://journal.qums.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.1038/srep28431
https://www.ncbi.nlm.nih.gov/pubmed/27345212
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4921843
https://doi.org/10.18632/oncotarget.15102
https://doi.org/10.18632/oncotarget.15102
https://doi.org/10.1016/j.bbrc.2012.07.038
https://doi.org/10.1016/j.bbrc.2012.07.038
https://www.ncbi.nlm.nih.gov/pubmed/22809513
https://doi.org/10.1159/000320000
https://www.ncbi.nlm.nih.gov/pubmed/20703061
https://doi.org/10.1016/j.mce.2015.07.031
https://www.ncbi.nlm.nih.gov/pubmed/26254015
https://doi.org/10.1038/s41598-017-06052-y
https://www.ncbi.nlm.nih.gov/pubmed/28717133
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5514142

This Page Intentionally Left Blank



