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Abstract

Background and Objective: Studies have shown that liver damage is linked to apoptosis.
Carbon tetrachloride is a powerful toxin that is used to induce liver fibrosis and cirrhosis in
animal models. The purpose of this study was to investigate the effect of alpha-pinene on the
expression of apoptosis-related factors Bax and Bcl-2 in the liver of adult male Wistar rats
receiving carbon tetrachloride.

Materials and Methods: Rats were divided into four groups including control, alpha-
pinene, carbon tetrachloride, and carbon tetrachloride-alpha-pinene group. Carbon tetrachloride
(2 ml/kg of body weight) was injected intraperitoneally twice a week for six consecutive weeks.
Alpha-pinene was also administered intraperitoneally (50 mg/kg of body weight per day) for
six consecutive weeks. Real-time PCR was used to evaluate Bax and Bcl-2 mRNA levels at the
end of the course.

Results: Carbon tetrachloride significantly increased the expression of pro-apoptotic factor
Bax (P=0.019) and significantly decreased anti-apoptotic factor Bcl-2 (P= 0.042) in the liver of
rats compared to the control group. Alpha-pinene treatment caused a significant decrease in
Bax mRNA level (P= 0.001) and a significant increase in Bcl-2 mRNA level (P=0.025) in the
carbon tetrachloride-alpha-pinene group compared to the carbon tetrachloride group. In
addition, alpha-pinene prevented the occurrence of apoptotic cells in liver tissue sections of
CCl4-injectes animals.

Conclusion: Alpha-pinene can prevent apoptosis caused by carbon tetrachloride in the liver of
rats and probably has a hepatoprotective effect.

Keywords: Alpha-pinene, Bax, Bcl-2, Liver, Carbon tetrachloride

Received: Jun 14, 2023 Revised: Oct 04, 2023 Accepted: Oct 17, 2023

How to cite this article: Noroozil F, Asle-Roustal M, Amini R, Sahraeian Z. The effect of alpha-pinene on the
expression of Bax and Bcl-2 in the liver of male rats receiving carbon tetrachloride. Daneshvar Medicine 2023;
31(4):11-19. doi: 10.22070/DANESHMED.2023.17855.1363

This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial License 4.0

(CCBYNC), where it is permissible to download, share, remix, transform, and buildup the work provided it is properly cited. The work
cannot be used commercially without permission from the journal.




11219 /1€0P LT § 368/ @53 § (W 3)93/300 § WL v}y i :Sibjy joiils

DM“‘Q}G ﬁ 5‘3@) éa: gL Bcl-2 9 Bax uL.\) ¥y MwT )3' 3y
R LY S

T ol o i ¢ a5 g y Jol dogano ¢! 539393 acbols

Ol el sod! ol3T olKisls ¢yl axlg «g5g)g0 ud 09,5 )
Ol eolesy e sodll 5T olKisls ¢l ol (ewlidCanyj 09,5 Y

Il ey e oDl Sl3T ol8isls « oy oy (659l gmgils lidios 35 0 Y

Email: masoumeh.rousta@iau.ac.ir Liwgy Jeol doguans zJghms oo g3tk

(KWL

oSS S A ST el G\MjﬂﬁitﬁjpdgéuwTswl 0313 OLES Lo s 1 3B g dodio
Sl B w ol addles 5y, 0 8 4 Sl sladde 53 (US55 5 b W Gl S il (558
S ESL ps Jli s 15 51 AL S glas, 4S5 Bel-2 5 Bax Sl 4ty gla S Ol i Wl
A plil S IS

Lk e i S IS5 5 S 1S T S el 055 e« e, 3 igy g S0
(e axan Ve w5 amin 55 5L 52) Ok 055 p S5kS 0 2 e ¥ 5o b op S IS8 Slis 0500 G5
0353 Soopons (e ain Ve w5 555 ,8) O O35 pSHAS e S ke 00 3 L Wl s el
A3 b5, Real-time PCR L. 5 Bel-2 5 BaxgMRNA sdav 0,55 0L 3 s jles Sliv

58S lslas Jials 5 (Pa /1 0) Bax Ssn sl te 5586 Ol Jhbolae L2l o ge o S IST 5 sl
)‘JL;.&A J';.Als o g0 UM.:La.ﬂ )L&.:? A JJMS cj; L: LM.LLAA BL LAC)J _).?5)3 (P: '/'iY) BCI'Z &:inij.:TM
— SIS 05 8 53 (Par/eY0) Bel-2 sMRNA o lsbias (2153l 5 (Pov/ev)) Bax sMRNA k.
U gl i 5 Sl cbdshe il 31 ol (ol el dd o S ST S 05 S L avolis 55 Wl
B S Cailas o S ISTS 555 o Sllg US

cbli= 3 Yl 5 &S Coilee Ly AS 53 5 S ISTE 51 30 Sam sl 51 Wlg e T 3.6 g Ad
Sl gdS

SIS s s ¢Bel-2 Bax (Wl s gl s 0319

VEY/oYYF 1o Joog

VPeY/VNY 1l Aol
NS IR JORY)


mailto:%20masoumeh.rousta@iau.ac.ir

WHler 5 s5958

Bcl-2 5 Bax ol Wi 5

LS tals Jlis 4 JSaglobn slad s
oS dile S je 0 S alauly Glal3 Ol (S35
oL o 555 xS Y g el ,S L Fas
Bcl-2- p53 [ k K5 gulsn G, s
w53 1,4 5L.lS 5 associated X protein (Bax)
B-cell lymphoma 15l 5 51as Jolss 5 AS
3l 5l GAS b 3 das e sl 1, 2 (Bel-2)
ol me ) ISasleobe gladsbe o S IS1 S
SRS ) LS e B 5 sl e
9 30t W Gl oS ol ol a by S Sl SO
ol ss e eslizal Sl 3o OB W > 3 GAS 55 awr
L ot ol 31 50 (US55 by Ja
V) &S o Ak

il b LS 5 G e p Gl 0l Sl
dadg 526 et JSUT (slaes S 5 alS Lo
Syt A gladde S a5 5,8 5 ey 5 s
osls Ol Slidew Sl ol Il 5 b S
S pay 4 b OlS 5 sy dis Ol
SIS Ol oo T Ol 51 S 353 0 Jols e
LBCl-2 gl o osl sl (V0 =A) 3 S o Ll 5500l
JUED )3 sage A (oS 53 SLid (il s oS
53 4 ol nl Ll Db s Sl sl
SRS S 5l LI ske &S Kpd e o 05 S
) Bax S sl 55, 5 Bel-2

Olgets &8 ol Glail> 55 p Sgge S Wl
SGie gl Sl ol 5o 4l )l
S5 QLS 55 cp iise ool 5 e il DLk 5
557 shaul 5 (Salvia rosmarinus) s b,
(=Wl s ,ls 5> 5 55 (Lavandula angustifolia)
sl 1y 218 036 amly 5 30l 5 Sl 5 5% -
s ke ag ol SVsb ladle bap, AS
el 5Pt Sl il 5 Lledd eslinul Laouns el
O AY) cadd odwy SUT & Cilises Oliass b 5
5 oSl Gl sladie 3 Wl il ol
S5l oles 52 s ol Ul @ s b e
e oS 0eSE Ll (V01 E) ol ol a3l o

LVRY-F
A ) Oler g ot (G AS Slacs sl o5 4
e i Osde Y e s S 4 VL 5 anlul
slagslen 5l Llosle bigslew o8 (V) L e
AS (€ 5B el 1) s s b hasd e (gAS e
sl 5 M cx a5 (MNoox
(AS ol oy b 4 (SS5 s el
5 S e Aoy 10 53 a8 spd e b (gUS 5
gl b 8 S sbgben B AU e s
kS s eld i ATy S Ol 5
53 AS 5 Sdae b 5 md cplply 2108 e B S5
eSSl Jla S Seee 5 03 DL
S gd s e SAS 55 e 4 aslal 53 5 ,ud el gAS
st w W sl e s S cle sl &S
P 6;:-<‘:‘:4 gl (Y 5 V)l esls ol
33005 Glolh Cueal (GAS 35,08 B0 5 Cailes
Ll ol I s 055 ol 53 6ol Oladlas o5 44l
boas 5 Jshe b Sl sl e
Sl o B e eyl Al S S
SR e (SAS b ssde S S5 s
Sl 8l mly S GlapsilS b iy e
sladsbe Oadld (e Sl (s glad sl
aie JUEll de s Dt 5 K (gl
S S5 loke gladle (Y) ssd
23 AS &S By Aes GAS b 53 S0 glad s
53 5 s GShe adshe cpl a0l S8 by Ll o
s RS A Gl S e o s gl
(V) LS o Jos AS (s Olgeas 5 03,8 05D
S plte ol b e Sl slad b
O3 Ol 5 Lsd o Lids Jé lacadls b 5
oz 51 LS g ] (8) S a SET 1) S35 58
550 b Ysene (SIS o A4S 5 s s s
Ohley s Sl (0) Sl ol o (gUS (slad sl
L Samd a5 ol oals QLA 55,08 s gladis
T e R I G EL EP R P
Gl ediSslenl Cle Gds 31 o el s b gue

(1) 25 g e 55 b Jolowi 40 45 Lpd o Jlab 2

11€eP 0bT g 30 /@53 § (W 8)9s /3b) Houils asbialogs



WHer 5 s59,4

Bcl-2 5 Bax ol Wi 5

Gop CCA s sl 55 5 xS o 15 ol
(g anin 3 5L g3 b CCA GH5 o) A3 0

G ad adlsy Slls AS (Gp5 eoss OLL S g
real L. g Bax 5Bcl-2 s ol s ,Se3lhl sl
Sy b Dls 5 Sus S oy 5 time-PCR
5,8 53 eslal

L slee RNA gl el (J S5 Sldlas sl 5
(P ol SS A E) wbs e oS Jeadl st
23 el Sl GRNA Ll il el (015 gl
LTVNAY Ol et s sl Y s U
e VASY/Y 68 08 o e gty sSeul 3 eslizal
Shoslizal b 35 et Sl RNA (55, 51 CDNA o
(rp ok S50 EEl) b e S el g
22 05 Ol e p slp A plsl (O] gl
oSty as eslanal real time -PCR LSS 5l o5 S
40 slos b aJyl Opmlysls a0 & uls PCR
G5 S £Y 5 4i33 V0 e w3l S Sl a s
w3l 8 Bl 45340 (5les b &gl s o ol
s Y gl L Jlal a5 il YY Sl
Gl Jy e 4l T Swe w8 sl
5hadlae cpl s ol sdal V Jsd 3 eddeslizad
(GAPDH) ;55,0085 Slavs - ¥ wadll oIS
S algys s A eslial A2l 28 05 Ol
L (e 05 & B )5 05 Ol Cod) baesls 058
Vs 5 el Js V) an ol 2788€

RSV IS AP K Ja—ik&.}

Gans pl el ot &) T guS cbls
Ry L I I Vi [ VS YR KU
LS s Bel-2 Sosmglas [ sS6 5 Bax K sl

A plil S ST ediS L s Wl glac

U090 9 dlgo

oS WY e=Yee O5s a sl s ol SE AL 5o e Y
SEn ple RSl Slasl pile Cligs S
Gk Lo, LK ol den Al (gl > g g
oKils G a2aS a5 A elowil SO U5
7> S IS S WO P S W O BB
(R.IAU.Z.REC.1401.036

e 25 (250058 ) e St Dbl
R

055,85 b3 goles (6) IS e S -
2S00 S by Wl (P) ol o5 S Y
o e w5 08) Slis 050 Spon 0SS
(s S ol aia

Ul ol 0 (CCMA) S SIS o5 S Y
eSS A Y5 L da s T S 1S
o Dde 4y g amaa 3 b g (JBlaw 005 D) s
() W3S Solys e asia

sesdle 1 (CCIA-P) pu Wl - S IST S 65 8 8
55 SGsba Ldd Jls 5 Wl L CCM4 sl s

Gy Lov sy Sl Glad aie A4 b

real time PCR (5l » eddoslizul sl sl JI5 .V Jgur

03 38 iz S ol
Bax CGTGGTTGCCCTCTTCTACT TCACGGAGGAAGTCCAGTGT
Bcl-2 GGGATGCCTTTGTGGAACTA CTCACTTGTGGCCCAGGTAT
GAPDH GCTACACTGAGGACCAGGTTGTCT CCCAGCATCAAAGGTGGAA

R g
Sgedd 4 Ol 2 AS 3 500 B S 5 andlas
X oS5 55) Bolas sba ailais 0 (50 5o 5l 5
A s SS sl sladbe sl ol (400

ol Ol 2 AS 5l oo (st o Gl
J=le b Sl e s A Sl Lo Ve e s
0 Slan e A G SIB bl LS
S B s el 4 p8s S b S (g S
s el K sl s S sles b oY w4 JUis!

11€eP 0bT g 30 /@53 § (W 8)gs /3lb) Heuils asbialogs



WHer 5 s59,4

Bcl-2 5 Bax by Wi 5

alie 53 op S ST 5 6s S Sl 4S5 Bax ol
Gy s Pr=2/) 5p VL (gllas psbay J ST L
55 01 Ol Jblme 288 Campe ol Jlio 0350
S b el 5ol S Bls e S
Sl (VK8 (Po= a/en)) s S ST
IS 5 el gl 8w Bax ol L3 (gylsbas

RGWIRY >4 9

(o s BN 5555 b S5l a5k
s yaslia by S WSS

24 51 el L JS0pe e mls sl 5T
gl = Sle Sopon @l 5 pbail SPSSV
(Dbl o 5w (gl A Sl Sle 5kl
J8 o Tukey cs yoes 5 One way ANOVA
5 ey S sobslas gl Olgeas P < a/e0 2,
Asas S L

25 -
c
[=] *
@ 2 -
)]
|
o
o
@ 1.5 -
3
B0 O
2 1] I 1
gJD ffzfiﬁfz
c SRTTR] EEr
@ SERRY -~ RN
- 05 - A,
O . FRRRPPTIr ++

A,
= S
o A, m
i S
0
C P ccla CCla-p

6};,&)50}0}\:‘“‘ o &40 Hlae 5\.&5-1&;5/3@:;)_9.&43@\5 SR ST m eas Bl 5 s, AS s Bax bl._a.ﬁﬁu.ﬂ;i.\ s ges
:CCM-P}&q;v\a_}\SEJJ :CCl4 cd'._a_wi PP JusC) . p Su Sl AJ;QMLE.«).:TT P<v/oy 5 d 8 a_bflgs\..a_u.a P <o syl 8

(pal- i S 81 5

PSS 05 S b amlie s il S S
Ol 53 Sobsbae OMl (Y JSE) (P= +/eY0) as

I s J RS 5 Wl slaes S o Bel-2

2 R SNASIE 055 glee, as s Bel-2 ol
5 (P=2/08Y) 5y 1S (golslas Hsba J 28 L anslis
05,5 53 OF Oly Jblue L2l Corge Sl L

11€eP 0bT g 30 /@53 § (W 8)9s /3b) Houils asbialogs



WLSer 5 5008 Bcl-2 yBax ol p oWl 3l

1 FrE

l P Y
RAREY
P Y
R, A
P T
AR
0.6 - A
AR

In gene expression
o
[+ ]
-
N
— =}

(Bcl-2)

A
EE IS
0l4 T A
EE IS
A
0-2 — EE IS
A
EE IS
A

N

Fold change

C P ccla CCl4-P

AJ;JA)A Q)VJM‘@MG'JI)@&Mi@QQ QJJ&Q@\SJ.&ﬁ.\.;AS‘,’Sa.\;;sdle_;.:dl.h;d).\:s_;:Bcl'z okaﬁ&ﬁ\di;‘* )lé_,.u'
CCl4-P 5 - S As| 5 :CCl4 ;ﬁwi P s 0) o Su Sl 098 L Amlie 55T P <t/v0 5 J S 09 8 b amalin jo s P <o/ syls i3
(o Wi-gn S 81 55

sdsbe Sl 5l @obs ax bl s o AS S8 Sl eddag Gy g5 S
6;}17- CCl4 a.,\.'..'S@Li): CJU‘):P- J‘..g‘)b g_{:}‘j.g};j BE) )}L_y};j Cj.;} 456‘)}‘%4.{ J; Ju.:it b gﬂy GLD
O S8 s 8 S Js A saalis CC4 o S Sy A4S il

P J 8 10 o asls L b S35 b K g T lad show .o Sh IS 5 sdiS il ys s, AS 5 S0 el ¢5s 2 ST e
Hledd osls yiles X gen dﬂ.utf)j b polas (&gwi—cf;.\i)ﬂﬁ :CCI4-P , RSN AS S :CCl4 ca}-g{\ﬂi

1P 0LT g 0 /@53 § (W 893 /¢Sib)y Hoihiils aslialogs



UK 5 $55,8

w3 I35l 30555 S5 g ST 2L b 2l | g

l.{ a.,\...;:da-\},a LSLAU‘:"}A g:,\.wﬁ DL BCI'2 QL:: J;f.‘ja‘
G Wl plpedle 58 e Rl andl
LY Shwls Cdlad 5 C oS st < 3lwslsT Bax/Bcl-2
oJu.i":d.?.-l).A ‘-;’va-" SH-SY5Y Lﬁ:jﬂkﬂ)) L;)'Lw 03y >
by ((YA) sl fals 55 by wSosas-T L
O 33 oSS g Sike 00 S L1y Wl
Sl 4 Jge aia N Ode 4 JSlio 05,5 &) s0n
533 ol Sl s S G F o SH TS S sl s
Sl e s oS ol Sisslas el
aS L U‘DL‘;““ 092 Qkil.g L (\2,) bﬁ L;m.i.—.i‘ J.lﬁ
sle o, A4S 53 Bel-2 s Bax ol i 5l Wl s
Sllllas L 85 5,5 (5,8 sl oglille Sy 81 5 S
AS Wl hailes 1 0gSE il geen LS
Wl Sl gy Ll a3 K5 andlas 3 e
Rl 3l Jeol s A8 s A s |, Sl Cadl g
CM‘ LSJ\.«S g_,.}aﬁk?:& °))> )J QU.?:;» 6%\) cL;:3.>u“
BE )):i)fj B sy Oluas ‘L;?;.‘aﬁ UJ“‘ LgLaC,J“Jonu )‘
Sl Y’—)L:..AS 9 BCI'2 9 Bax LS\A&;)JJ c]a..z

S Cilen b ol 5 sse oS 550 (6 Sam
s Sl s glaes, uS 3 Bel-2 5 Bax ol
old Sl ol S5l S e o se SIS

el 68 Cblim LB gl Yz

OB mlba Mo
5> IR.IAU.Z.REC.1401.036. &5 L s> iass
RCI P VRS IV P S SO PR U I Y QA T

Ble s oIl
0 ol S TR S Al e edle] Jlis Q8w

SRV Cél;.n

LS s el malis ol adles o
JA o us SRS ss il sl
Sisnl Shm oS Ok (RIS gl s 8
Sl 5 Bel-2 g5 pTas St ol ials Bax
PASLNIE S o, aS s Sl sbdske
28 Sk LS S8l ys age sba |

s Sl S Col oSSl o5 oSS
Sapd Wl omen 5 GUS bl G W1 Gl
e Slcl a8 15 eslatl 350 s 5 GAS
2l Do W Gl SRS Bl 0508 Gy
L Shs sl s Sosen O Sl bl el
g e RN ) S GO T (P R S IS
eSS 2 A T Ses b ey Y SIS
w oy oada y b e) Sl 058 OHsea O 05
sWang s 350 L il ((Jlsme aia i3 S
G Loy S 4 S Dot Wl sl (O 0L
Sl 5 BEl-2 0Ly blae 2alS &S A G5 b,
ldllas 51 Job s Loy il JUs & ) Bax
O8O 55 gt s

S s 3 s lapss 5l Bax 5 Bcl-2
L ossnsel Bel-2 s (LLodS e o) §susl
3 C psSsmm LIl L Bax « Jb-,5 uS o e
Ssdi S5l g S o se LaslalS 05 Sl
Bax e e 4o Bel-2 o5 ol sns ol
Bax S 1 Bcl-2 olo (all bl ol 555
AR EPEI RS IS PIPH

() JILd (YY) psed Sl e glagy 5
5 Bax _ials L (Y0) JstewrAd 5 (YE) Js SIs,08
Sisnlas H S e sl L Sl B2 05
i Sldlas 3 w0 p ey s 03,8 51 a8 58 Wl
osba (YO el ss 5,158 in vivo s vitro
S Wl ol (YV) =La 5 Karthikeyan Js

54 5LulS 5T LS Bax Ol ialS Co e Wl

11€eP 0bT g 30 /@53 § (W 8)9s /3b) Houils aslialogs



bb&w‘,b..»” Jaﬂ‘

Bcl-2 5 Bax oly » Wi I

10.

11.

12.

13.

14.

Asrani SK, Devarbhavi H, Eaton J, Kamath
PS. Burden of liver diseases in the world.
Journal of hepatology 2019;70(1):151-71.
Roehlen N, Crouchet E, Baumert TF. Liver
fibrosis: mechanistic concepts and therapeutic
perspectives. Cells 2020;9(4):875 .

Kisseleva T, Cong M, Paik Y, Scholten D,
Jiang C, Benner C, et al. Myofibroblasts
revert to an inactive phenotype during
regression of liver fibrosis. Proceedings of the
National Academy of Sciences
2012;109(24):9448-53.

Kukla M. Angiogenesis: a phenomenon which
aggravates chronic liver disease progression.
Hepatology International 2013;7:4-12.

Wang P, Koyama Y, Liu X, Xu J, Ma HY,
Liang S, et al. Promising therapy candidates
for liver fibrosis. Frontiers in physiology
2016;7:47.

Iwaisako K, Jiang C, Zhang M, Cong M,
Moore-Morris TJ, Park TJ, et al. Origin of
myofibroblasts in the fibrotic liver in mice.
Proceedings of the National Academy of
Sciences 2014;111(32):E3297-305.

Aydin MM, Akcali KC. Liver fibrosis. The
Turkish ~ Journal ~ of  Gastroenterology
2018;29(1):14.

Elvira-Torales LI, Garcia-Alonso J, Periago-
Caston MJ. Nutritional importance of
carotenoids and their effect on liver health: A
review. Antioxidants 2019;8(7):229.

Shan L, Liu Z, Ci L, Shuai C, Lv X, Li J.
Research progress on the anti-hepatic fibrosis
action and mechanism of natural products.
International Immunopharmacology
2019;75:105765.

El-Tantawy WH, Temraz A. Anti-fibrotic
activity of natural products, herbal extracts
and nutritional components for prevention of
liver fibrosis. Archives of Physiology and
Biochemistry 2022;128(2):382-93 .

Youle RJ, Strasser A. The BCL-2 protein
family: opposing activities that mediate cell
death. Nature reviews Molecular cell biology
2008;9(1):47-509.

da Silva Rivas AC, Lopes PM, de Azevedo
Barros MM, Costa Machado DC, Alviano CS,
Alviano DS. Biological activities of « -pinene
and JB-pinene enantiomers. Molecules
2012;17(6):6305-16.

Allenspach M, Steuer C. « -Pinene: A never-
ending story. Phytochemistry
2021;190:112857.

Khoshnazar M, Parvardeh S, Bigdeli MR.
Alpha-pinene exerts neuroprotective effects
via anti-inflammatory and anti-apoptotic
mechanisms in a rat model of focal cerebral
ischemia-reperfusion. Journal of Stroke and
Cerebrovascular Diseases 2020;29(8):104977.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

XU

Hashemi P, Ahmadi S. Alpha-Pinene Exerts
Antiseizure Effects by Preventing Oxidative
Stress and Apoptosis in the Hippocampus in a
Rat Model of Temporal Lobe Epilepsy
Induced by Kainate. Molecular Neurobiology
2023;60(6):3227-38 .

Wang K, Yang X, Wu Z, Wang H, Li Q, Mei
H, et al Dendrobium  officinale
polysaccharide protected CCl4-induced liver
fibrosis through intestinal homeostasis and the
LPS-TLR4-NF- kB signaling  pathway.
Frontiers in Pharmacology 2020;11:240 .
Livak KJ, Schmittgen TD. Analysis of relative
gene expression data using real-time
quantitative PCR and the 2— A A CT method.
methods 2001;25(4):402-8.

Wang R, Song F, Li S, WuB, GuY, YuanY.
Salvianolic acid A attenuates CCl4-induced
liver fibrosis by regulating the
PI3BK/AKT/mTOR, Bcl-2/Bax and caspase-
3/cleaved caspase-3 signaling pathways. Drug
Design,  Development ~ And  Therapy
2019:1889-900.

Wei L, Chen Q, Guo A, Fan J, Wang R,
Zhang H. Asiatic acid attenuates CCl4-
induced liver fibrosis in rats by regulating the
PIBK/AKT/mTOR and Bcl-2/Bax signaling
pathways. International
immunopharmacology 2018;60:1-8 .

Adams JM, Cory S. Bcl-2-regulated
apoptosis:  mechanism and  therapeutic
potential. Current opinion in immunology
2007;19(5):488-96 .

Finucane DM, Bossy-Wetzel E, Waterhouse
NJ, Cotter TG, Green DR. Bax-induced
caspase activation and apoptosis via
cytochromec release from mitochondria is
inhibitable by Bcl-xL. Journal of Biological
Chemistry 1999;274(4):2225-33.

Younis NS. D-Limonene mitigate myocardial
injury in rats through MAPK/ERK/NF- «x B
pathway inhibition. The Korean Journal of
Physiology & Pharmacology 2020;24(3):259-
66.

Hosseini A, Pourheidar E, Rajabian A,
Asadpour E, Hosseinzadeh H, Sadeghnia HR.
Linalool attenuated ischemic injury in PC12
cells through inhibition of caspase-3 and
caspase-9 during apoptosis. Food Science &
Nutrition 2023;11(1):249-60.

Kandemir FM, Caglayan C, Darendelioglu E,
Kigukler S, 1zol E, Kandemir O. Modulatory
effects of carvacrol against cadmium-induced
hepatotoxicity =~ and  nephrotoxicity by
molecular targeting regulation. Life Sciences
2021;277:119610 .

Wang Y, Zhang X, Fu Y, Fu D, Zhen D, Xing
A, et al. 1, 8-cineole protects against 1SO-
induced heart failure by inhibiting oxidative

1160 P Cuiligan)) 9 (333)9)8 /@33 § (W 8)93 /(b}y Holliils slialags



UK 5 55,8

Bcl-2 5 Bax ol Wi 5

26.

217.

28.

stress and ER stress in vitro and in vivo.
European  Journal of  Pharmacology
2021;910:174472.

Karthikeyan R, Kanimozhi G, Prasad NR,
Agilan B, Ganesan M, Srithar G. Alpha
pinene modulates UVA-induced oxidative
stress, DNA damage and apoptosis in human
skin epidermal keratinocytes. Life Sciences
2018;212:150-8.

Karthikeyan R, Kanimozhi G, Madahavan
NR, Agilan B, Ganesan M, Prasad NR,
Rathinaraj P. Alpha-pinene attenuates UVA-
induced photoaging through inhibition of
matrix metalloproteinases expression in
mouse skin. Life Sciences 2019;217:110-8.
Moshrefi M, Pourrahimi AM, Abbasnejad M,
Farjoo MH, Esmaeili-Mahani S. Alpha-pinene
preserves human dopaminergic SH-SY5Y
cells against 6-hydroxydopamine-induced
toxicity through its antioxidant and
antiapoptotic ~ properties and  gamma-
aminobutyric acid type A  signaling.
Biomedical and Biotechnology Research
Journal 2022;6(2):255.

11€eP 0bT g 30 /@53 § (W 8)9s /3b) Houils asbialogs



