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Abstract

Background & Aims: Doxorubicin (Adriamycin, DOX), the anthracycline
antibiotic, was first produced from Streptomyces peucetius var. caesius in 1960.
Doxorubicin is used in the treatment of various types of malignancies including
lymphoma, leukemia and solid tumors including lung, breast, and bladder cancers.
Cardiac myocytes are potentially more susceptible to the long-term adverse effects
of chemotherapy agents such as doxorubicin due to the less regeneration ability in
cardiac cells. Although cardiac toxicity is the main side effect of this drug, liver and
lung toxicity have also been reported. Also, it has been reported that DOX is
implicated in pulmonary toxicity. Although pulmonary toxicity prompted by DOX
has not been proficiently characterized, oxidative stress signaling has been included
as the foremost reason of this toxicity. Moreover, liver dysfunction or liver toxicity
also are commonly associated with DOX administration.

Apigenin is a flavonoid found in different type of herbs, fruits, and vegetables such
as chamonmile, parsley, celery, and basil. Various flavonoid interactions with multiple
cellular mechanisms allow apigenin to modify cellular regulatory pathways that
change the behavior of all cells. These pathways include several cell cycle-related
cascades such as proliferation and differentiation, growth, apoptosis, and autophagy.
Apigenin has various beneficial health effects, including antioxidant, anti-
inflammatory, antiviral, antibacterial, anti-carcinogenic, neuroprotective, and
cardioprotective which exert beneficial effects in preventing a wide variety of chronic
diseases, promoting health, and enhancing therapeutic efficacy. One study showed
that apigenin prevents DOX-induced damage and improves myocardial function
through antioxidant effects. The aim of this study was to investigate the effects of
apigenin on liver and lung toxicity caused by DOX and the possible role of nitric
oxide.

Methods: 60 male Wistar rats were randomly divided into 6 groups (n=10). Control
group (animals received vehicle without any intervention), apigenin (animals
received daily administration of 50 mg/kg for 2 weeks), DOX (animals received 6
repeated 12 mg/kg DOX every other day for two weeks), apigenintDOX (animals
received 6 repeated 12 mg/kg DOX every other day and daily injection of 50 mg/kg
apigenin for 2 weeks), DOX+L-NAME (animals received 6 repeated 12 mg/kg DOX
every other day and daily injection of 30 mg/kg L-NAME for 2 weeks), and
DOX+apigenintL-NAME (animals received 6 repeated 12 mg/kg DOX every other
day, daily injection of 30 mg/kg L-NAME, and 50 mg/kg apigenin for 2 weeks). For
induction of liver and lung toxicity in groups 3, 4, 5, and 6, DOX was injected
intraperitoneally (i.p.) in 6 doses of 2 mg/kg every 48 hours. Apigenin was
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administered orally (p.o) with a dose of 50 mg/kg in groups 2, 4, and 6. To prevent
the formation of nitric oxide (NO), L-NAME was injected i.p. in groups 5 and 6 at 6
doses of 30 mg/kg every 48 hours. At the end of 2 weeks, the animals were
anesthetized by ketamine (75 mg/kg) and xylazine (5 mg/kg). Then, the liver and
lung tissues were separated and fixed in formalin 10% solution for assessment of
tissue damages by H&E staining and tissue fibrosis by Masson trichrome staining.
Also, the serum samples were collected for evaluating levels of aspartate
aminotransferase (AST) and alanine transaminase (ALT) for evaluating liver
function.

Results: Data analysis showed that apigenin could prevent tissue changes caused by
DOX in liver and lung tissues. Neutrophil infiltration, tissue disarrangement,
hemorrhage, and inflammatory alterations were significantly lower in apigenin-
received group than DOX group. The histopathological changes were consistent with
DOX-induced lung damage. Apigenin also reduced lung fibrosis (p<0.05) and
collagen deposition. Administration of L-NAME could significantly reverse
protective effects of apigenin in lung fibrosis. On the other hand, inhibition of NO
by L-NAME prevented almost all protective effects of apigenin. Moreover, apigenin
could improve weight loss associated with DOX toxicity. DOX injection and
apigenin treatment did not cause significant changes in liver enzymes (AST and
ALT) and liver fibrosis.

Conclusion: From these results, we can conclude that there exists a strong correlation
between the use of DOX and risk for developing hepatotoxicity and lung toxicity.
There are multiple reasons for DOX-induced hepatotoxicity and lung toxicity.
Apigenin, as a potent anti-inflammatory agent, could reduce the lung and liver tissue
damages induced by DOX, decrease the degree of lung fibrosis, and enhance body
weight of animals after receiving DOX. It seems that inhibition of nitric oxide by L-
NAME administration decreases the protective effects of apigenin. Apigenin
probably exerts a part of its protective effects against liver and lung toxicity caused
by DOX by increasing the expression of NO. More investigations and researches are
needed for discovering all aspects of apigenin protective mechanisms in DOX-
induced organ damages.

Conflicts of interest: None
Funding: None

Cite this article as:
Ghasemi A, Safaei A, Sheibani M, Mohammadkhanizadeh A, Azizi Y. Effects of Apigenin on Liver and Lung Toxicity Caused
by Doxorubicin in Male Rats. Razi J Med Sci. 2025(16 Jun);32.69.

Copyright: ©2024 The Author(s); Published by Iran University of Medical Sciences. This is an open-access article distributed under the terms
of the CC BY-NC-SA 4.0 (https://creativecommons.org/licenses/by-nc-sa/4.0/deed.en).

*This work is published under CC BY-NC-SA 4.0 licence.

v

VEF 3ls 5 Y8 P9 gy o )lod Y 0555 151) 1xSisja ogle alan http:/rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/rjms.32.69 ]

28050 (8IS Djgeo a4 i g ool plail (oS
63 59yl b gylo cnl b a8 Gl ()] Lo Sgine
S3gr Glayd oS ug 55 95 03Il |
JUw yo ladlas ;o (A9 A) il oo cval e
A o i ol o) g LSLigeS L ugi Yo -
ool w0 5 Sl 5T S lgie (g o
CSL (5 bom Sl 4y i Wl oo ug )9S 50
se— ( Interstitial lung disease-ILD) 4, Juliw
M)

sl 4g 48 Cl rrl s Sy (i
0450 g juw S 3 Bogas (Dl juws (0 (glod S
SLLS ;o CJle augigdls 5 vl oul ons S8
S9a> (piShadboe gl 9 6 har (8 wiile
il A Sl sl Ll b auggde O -
Lo, el i oo 9 JyaealS (oo 365
ol Sl wilg oo et Srmae aia
sl )3 pol (plams 2ol 1) (rore lags Lo
b (o (go0S Cagls Jole SG plgie ar o>
Ll 48,5 18 0hg az g 950 05 (SIS S
b Sl adex 516,00 (Sislse slas Sles
A S iiblone Sl gl ol ¢ S, il
2 g Sl S by S o 5
Gyama (VoY) ol 0 0030 ] 51 ¢y penslin|
4 Ol 53 (it ) 5—eS'50 5 (i) Olejor
Ol Oleyd 53 ey Sl obml) o (G057 55055
6odlgls w2) i, (V) cwl ool jgeg8
ES Cpo— 12LS )0 (soge (BB 5 (O]
L cnlnle (00) oo Lo e 5o (g 9 5
5SS Somw 551G 50 5,0 Jales a amys
=l ST s 5 5 S 5l 32,
allbs (ol 53 R0 (s 3l et | S|
525 9 G S Jao o sl I
P90 53 ()9S 99§, Lgi o LAl
Sy bl Sl g 28,5 518 (asy 0 0550 5 e
fai by ojls caw ol il cpl o (NO) LS

JE Shey
S5 a2y anlllas g5 5l anlllas o

S 5 3l aaang S 90 (S9)l0 O/g0 g Log Lo

Qb&o&g Wb&

doddlo

03lglS 1) g )9S 9 (b 0S (591
b oleye o oS Jds g (Le o KLl o]
05> Lol s oS )L wisls b gou oy Sl (orsng
4o (solid tumors) selz sle,ges5 5l (6 lus g
te S o0 )8 eoliinl 550 j58g 4y (Slo)d (et
a2 )9S 93 5l (Sl 00 S (sosliiul o2
ly odes SIS Sy g )9S 90 (il B)lse
NEPU SO RS-SRSO BPSWI S I IPEEot
51l oo 5 55 oyl gl Lol Gan S,
S5 015 Sl o ol b el Cppmartg 9 50
plail plas fuiorad jeeg8 do Jole ol a5 dos 0
D3 ge 5 3l Cod 1) e 5 4SS alea
o sl 5l s e o0 T L iSTas
(Vg)) Wgd oo 505 slae T il

21y ol i aS el Sl geie S
shls g o)ls alie dlgs 5 Lagls pudsilos
a S oSS adex I gouite glos Sles
@5 o oDl (sla g w585 & 00
g 55 93 b ey Job )0 abige 0 d g
8l ) 1) g 95 99 5l 90L 5 glacale oS
Sl U B ) (nl oS (0 05l le 5 o
g )9S 93 736 Cod slaplal 51 (SG aS &S
Saroms Ze (0 5 e Sy o0 515 4 copdle 40l
g8 ol Ul S 50 g S 90
i1 sl JBasl; wdg sl p Dglae oo g0 a3l
e 53 el 00 0010 7 paiing ;98 90 Lawvgs
3 siesS s ST JLSGsl, JeSts
ST oIl (g9 s 53 5 (g y3—S 5
23] 3 ilSs 3l (g 3 50 ool 4y aly
Gl Sl Lol 45 (g ) 9nS 90 Mg o0 o>
Lol @y asly g oo 05 50 ol slo ool
ohals Jub ST ladisS 5l alo) Coemn s
a8 )5S 90 45" Sl 00 000 (Y-0) w2 o0
Ol 5 0500 g (53,5es (sl il et s
et 5 el Sl S gl ol 31 i
(Nitric oxide -NO) a,—S1T S o5 lo o o

(V%) siwd Lo yo

OliBond dy) 0 g ygm 99 (soms Sl 510550 50


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/rjms.32.69 ]

Oz S 93 51 (B0 S92y 9 (505 Cuoms p (yal ]

] 45 A IS Lol o ST S e O
(4 5\A)

ol 39 it [ #5915 5 (s Coramw 09,57 F
(S5 5 S S Joo LI L lejon 05,5
590 VY s 4 p SolSTp S (laa B 590 b (i
aS ol S a5 5l Ol an Jlgie
oo WV (omeS 593 L g S 98 s9)l0
P MSIpS (o ¥ 590 7 Sjgo 4 p,S5lSTp S
D 3,5 (1p)

30 I-NAME + (547 9 (64 Corommw 09,5 .0
(S325 9 S S Joo GG (lojen 095 0
L- ((NO) 5T S5 i el 51 oS5l cle
2 pSekSleS e Yo 599 7 Oliee 4y NAME
(ip) Slio Jls &g & atslo FA Sy Joolsd

L- + owipt ] + (5925 9 50T Corow 09,5 F
Caomw JAA 6[.9.” LLQLAJ.@ 09; U"‘ B :NAME
P skSTpsS (oo 00 590 b bl sy 9 oS
@ pY a5l Sllss 4y Jlgie 55, VY S
o5 590 b Camintg )9S 93 (5910 45 Sl S
e ¥ 590 7 Djs—0 a0 SslSle 8 (e VY
9o & dtelw FA oy Joolgd jo 05 6lSTe S
S5 ol> ln peizmen 0D &) 5 (Lp) Slae S
Lo gy 5 99 19205 )bye 51 LS NO el
o pSokSleS e Yo 599 7 (e 40 NAME
A &,y 1p) Blae S & jse

o3l axlllae slgzil 5 ozl 45 iy alod ()3
saiges Sy (ooled 5l aalllae (Ll jo 5 0B 42,5
S w_uj sl ezl 6 ,u5e5lal jelaie ay Ry
by olod culed o 0 a3 5 (AST 5 ALT)
s il an gl sy 5 @S 28l g oo was
i 5l e g oo b (WS wmadle BL 5o s
s 4 (39,5 £ slahy (Sl slacdls
S gilan (6 5eel Ky o 23l Slalllas pll
Masson's ) pg,8 5,1 Hg—wls 9 H&E) (y1jsd

VEF 3ls 5 Y8 P9 gy o )lod Y 0555 151) 1xSisja ogle alan

o]

L-) LNAME . degs (5l b ) 565) Lormogili aaS
Juie g o5 | «(NG-Nitro Arginine Methyl Ester
VIS5 <5 2 5| (el ) s oS35
S sl (lpkold)

o £ olasy 5l asllas ol slesl (gl reolilp>
Slalllas 35 50 51 45 b g 3135 51 5 (e Goge
Ol (S—b 5 pole B _iils gla ol 5 o0
FFon ooles s S osliiul s (g lam >
Sllse> L LS 5 @] gaseS vy asllas
(DS 0S) vgn anls 8y50 LS ayla]
&bl sl—es (IR.IUMS.FMD.REC.1400.588
s, el VY (S0 5,580 45,2 b e 5o
Lgol,5 cul—w gaz 0 YVEY los w00 YO
yokaie 4y g assdle (18 1ae 5 ol a ol —w i
UV 095 P o (olai ojgo e Ghales] plxl
TR

adlao /)b

Slige 25 zb 4 aslllas 090 slaog S

olse 4 el Jloyi 09,5 cal o i 09,5
Sy Juolgd L 59, VW (b )3 g 58 90 P>
99 &) (1p) Slie S &g a4 5 ateles TA
Do) s oS30,5 iy 34 ae ] 1 ol
b el Jlgie 55, VY e 4 55 (e

o 09,5 0l ) 68y 5 (AT Coramiw 09,51
S By st G5y 5 IS S
PRSI S (heo)V (2o 599 b (g 95 9
J—olg 3o o5 skSTp S (o ¥ 5907 Sjp—o s
plxil (ip) Blao s &)j50 @y acl FA Sl
Sl Cgz 5290 pine looe razg La
9 51 L calisee slapladl 1 g 9853 Sonon
o o) Ul (gl e S L g (glatim 50 o,
slasan 9o g, 5l adlas by 0e—d o oolai ]
B3 kR 550 ey el o el oa il oolan
S Jelsd by p S olSTe S (oo ¥ ranngjgaSg0
VW (oro j93) ol oo 4ihn 93 Do o lee o 39
AV NP (S okSTe S (e

599 b it B 09,8 cnl y i [ 09,51

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/rjms.32.69 ]

Prism |33l ¢ 5 g SPSS 16.0 ,133l o 5 5l eolaz il
@ 2o Lo (Mean = SEM) &9 4 g 3L
JUT el ygesl 5l Laog )5 e aolie jolaite
i g (One way ANOVA) «d b o uily)lg
Sl sre w0l colaiul ( Sei LSS 905

Al aid 8 o D P< /0 55 eesls

sl

56T 259 lpnti' o L-NAME g oz [ 471
ol Sllge o i 65 o3l 5l ol s
DOX (slrog, S o oo 39 45 (1 Lloged) ols
,» DOX+L-NAME+Api 4 DOX+L-NAME
Sl gyl gme rals JuS 09,8 L aslis
DOXA+ADIi 09,5 ;0 da (5 oized (P<e/ 2 )
(P<e/e V) cdl jmals S 09,8 b anglio o

20 L-NAME 3 (i T o sy g 30 1
ool 5 5l 5T 5k ] o a5 L
P T O (5530 Dl s o5 ol i
5 (ALT) (VT 5ol (ndl i g0S sl
3,50 sloeg, 3 40 (AST) )'L;,,J ol QL‘i)L,.,_.J
(Y L0g03) 0,105 09> g axlllas

RL-NAME 3 (5o s y3mS 59 i1

$lp (HEE (ol Siy) uS 8l Oy

oola ol HEE (gjpual S5 51 o8l &l s o
oS ols Ll HEE (550155, 5l ol b o
el aielo FA Jolgs b Jlgie 590 7 LDOX (5,5
e slads—w Gl il (oS5 slox
(la—wgln) oS slaJobo ;5 GsewVoisSTy
0 Laadgjgines 5 omgiln (il (KT en)|
s a5 p9 09,5 )3 (og—as a4 Ol (nl 45 o9
JS=2) 990 55,k w5092 03,57 8L 38 (s S 9
Ll 4 Cly il b ooy a5 Iy ()
JoS—5 g b Jolm 59,55 51 g aidey i Lo Jolw
WS s Sl (k25 B o> b la sl o JoisSTs
L-NAME 5 ¢35l plajen poxs 45 (255 50
(0935 oo NOS o331 glgil cdlis 065y s 45)
003 cyitmn] ibiblone | L2alS wensl oads plox

http://rjms.iums.ac.ir

-

OI)K"‘&’5 wb&

28,8 18 (trichrome
AST}ALTM)J/-MH b oS0l
shealsloe 3T 5w celw YE jolaie ol (sl
C)Ua_-o| cb aALT W) ad...”r.o_u: AST 9 ALT a0
=y 31 «Serum Glutamic Pyruvic Transaminase
5UMM6L®M3LJ)QBﬁ)_w)Q¢SU_M‘
ALT iovw )0 053 o0 8L oS )0 yimen
—00 4 VT 1 Al 69,8 S ALT a3l
SLalssls 5 Dlyg ey 5 05 (oo Jiiie D558
Loy 09y So (ST (b )3 Dlgrm aiS 0 sy
5 (ogsl ODmax = 0V-) S, S al, K)o
AS o Jbows (BX/Em =0YO/DAY zagill) o5l
sl il 5 Sliwlgdl S llbolS L AST ioww
Serum  Glutamic  Oxaloacetic -SGOT)
plil oS ol a3 5l (Transaminase
0 S5y o Ly gy S il oS ol Lyl
Y o-YY) 06 oo Jows (Glogsl Amax = ¥ -) X,
(@bl105135) oS SS9 5l ez oyl plxl (gl

o oolawl
3 xS ) aay (Sl lo s L
(S35t e ) it 5 (05 @)l 5l e L]
Gl ayy 5low asa 0 WSO8 waalle 8L o
ool 4 g 00 B ad (S9,5e P st S8k
5 oS Glod (63001 s 8L Sllas plo]
on sk @) p9)S 65 Hole 9 (H&E) (5l
Lodsgel il SO, 5l G 085 )15 (gt
9o b g 00l (o) 2 (6,55 5S—wgSoe Lags
g e slogled S)n b plopase Jlos
508 5l o598 gaml oo Groiw gl ad
pr g g od SBl olajbp Gl o 4,
b S 0o ) ar jo b o0 Sl dgigd I

L Laosls oles ool Julri g dujxi’ g,

VECE 55 5 Y9 R sy 0,led Y 055 5jl) igSuibjs ogle alan


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/rjms.32.69 ]

Oz S 93 51 (B0 S92y 9 (505 Cuoms p (yal ]

BW (gr)

Groups

eyl Jito 553 ) =1 9525 LL-NAME § oy sgy5S'53 :DOX 50l :ADPL (= V-) aalllas 3550 (sloog,5 )3 b ige o 59 =) 10903
JpS 09,5 b awglie ¥ FF p <ofeey FFp <oy el ons b MeantSEM o g0 4 ol

100+

80

ALT (1UIL)

AST (IUIL)

Groups

L-NAME ;5 ()55 33 DOX (550 AAPI (0=F) adllas 3y50 sloog)S )3 AST g ALT slams 3l oy zsbaws oljae jg0s = l3g0d

CBL S (g )9S 30 oS 4 g0 09,5 )3 (ogeas
Ol b gleys a8 (oo g 5550 wdsg 00,8
s9dall 2> 5wty ol b J8gll bl 4 Canilys
Sl ol s s 5 e slo ol 2Lt
L- 31 09,5 10 00ls Jogdl g0 lps colse o
il bl Bl b sl 0t oo NAME
SL )3 (g )9S 93 5l Aol D5 e 5o
onisa] 3l iladlone 5l gan Loy 5 0o a5
(Y JS5) v oaslise ;51 09,8 4o
b liwo g L-NAME 4 Api DOX /Y

VEF 3ls 5 Y8 P9 gy o )lod Y 0555 151) 1xSisja ogle alan

\¢

Col ors o MeantSEM ¢ g0 4 gl .yl ol ) 950

) D9 50
w2 L-NAME 3 i) g st 30 071
Sl AHEE 50l iy) gy 8Ly Sl
ooli W HEE (g pual S5, 51 8L Ol o5 o
oS ol Las HEE (5500l 5l Jol> ol .o
el 4ol FA Lolgs b Jlge 590 # L DOX (33,5
Suales Bl ol slashn (gl il olox!
s gl ol (S oo 5l Lo gisll o)l
K GralS azmes o L gisll o (S eizpon
4 Ol ol aS g ool wiid gl ax g

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/(jms.32.69 ]

CONTROL

Blodd (658155 238l 5 el e b & 0851 (39,800 £ oy (sla by nodd plorsl SMELe Sl g WY g 5 48T uslih €l s ) S
~J 5y L-NAME 5 (iig5—eS3 DOX 55l (API el 3,90 sloog S 53 Fev (alaicS) S Clh 0y ©5Sg Soo gl

CONTROL

DOX+API

el e i3 |

2985 lodd (55:a15y 3l g oS Glon L &S @) 5l 59,8 £ ooy slasby o0 plosl S La Sl Ly WY oy 03y el Bl Sl Y S
ool Jizo s Ul g5 L-NAME g (g9 33 DOX 3551 AT alllan 390 (sloog S 53 Fro plaicS)sr b ) b (6595 g8y Sae

I3 352 B9,o o lns 5 Sl slome 3 Jgone
Sord st g S5y eidred W0 S,
5 60 ol (gaz o | (—aiSTy) oled!
o s len o al> o sl S o A
o] eS| pnd g 39— so ool (A

http://rjms.iums.ac.ir

o305 57 pmtln (S jol Kiy) gunS” bl

Sl S5y 5 8L e pd Ol )

Sy el Sy ol o ooliil 0.5 (65 (gl

565 lasls jo )8 die) ey 5 G 4

ob 4 aS 1) g IS ams e boylis L L
A

VEE 3ls 5 Y8 P an gy o)led Y 055 5jl) 1xSijs ogle alan


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/(jms.32.69 ]

998 93 3| (B0 (692 9 (505 Copou p oyl

CONTROL DOX

API

DOX+API DOX+L-NAME

S S s Wlor (530015, ) (65 Gl b oS a3l S9)Sen £ s (Slaisby 00b plodl SIS I g WY 535 50 4510 Sapd e Sl T JSUS
ol Jito gl U1 95 L-NAME g gy 00859 DOX (il AP alllon 3,50 (slaog 5 50 Foe 2leiSyso b ) il (65

10
= 84
£
£ e
T
s T
F O & @
00 .g?‘ '.é?;é\ Q,"v
N &
- R
& W
-\..
00
Groups

&g s l5 sl bitagfy ) 9t L-NAME 5 gy a8'55 DOX 5] cAPI (N=F) dlllan 3,50 (sloog ) 1> 65 joyed oliee —T o903

39y plwlid bB o 4y a5 aS cdl jo Sall
af o 39,0 SLbl olg come | L(Y JS2)
blad S 09,5 b g lobire glas
Ly gauS <l 9,8 (e (o5 Sl Y loges
ol 00 dcislna uL..uj.é L58 ey 3l ool b as
q

VEE 3ls 5 Y8 PR gy o )bt Y 6555 15jl) 1xSija ogle alan

ol 005 5Ly MeantSEM

cuwilglowl b Lo e perisinusoidal g ,..8 asle
SaS adgl g ISl Co BN 5o JUSTos 2 5958
L g 95 99 G2y55 a5 ol plis auST )5 09
39508 olol el s anels FA Juolss b Jlgi o0

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/(jms.32.69 ]

L’)l)Ko.hg L;o.u:l; Lch

P59 S0 pga Wlord (655 S 55 cogule b &S ) Gig,Sue Fisdye (slagshy 01 sl EMSIe Sl g WY g, 13 2 5 9 e s — £ JSd
ol Jizo iUl g5 (L-NAME 5 508 35 DOX 5] AT adllon 3,0 (gloog ) )3 ¥+ leiS)io L ) el (5

lung fibrosis (%)

Sy s @lS il Jatoo ) 55 L-NAME 5 (g )s 89> DOX 550l AT (1=5) adllas 3,90 (sloog S 55 52y ged Oliwe —£ Jl3500
S 09)5 b dunlio d # P<o/o g2 P</-0 .cwl ors LuMean+SEM

A Cnd > o33l (0o, Y/AA) NAME+Api as ol s ol saslllas bl e oo ol

oo o olel s 5l a8 o al w3y J3S 09, S Loy O/FA) DOX (slaog 5 5 (6o 5 b e
s DOX+L- 5 (3——oys ¥/Y0) DOX+L-NAME

\

http://tjms.iums.ac.ir VEE 3ls 5 Y8 P an gy o)led Y 055 5jl) 1xSijs ogle alan


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/rjms.32.69 ]

Oz S 93 51 (B0 S92y 9 (505 Cuoms p (yal ]

09,5 33 S FMI—D (339 Slpi o0yyg Dl ek 8590 5
<l 05,5 Julie ,o L-NAME + DOX + Api
Al odlie Ll pamong yguS 90 (goauS

oS 2y (slrog S 10 5525 5 65 o]
(sl Dldi Sye oy (g y5—aS 90
Sy 53 b odeztiun 9y (o) 9 SIPPl g
s 2 )5S 99 g5 sl 5T Dl
Oeied A b jige )0 AST g ALT cacas iol5il
Lol el 2alS con 31 ol s B ot o (|
Guy 3l d—ole sl Gl ez S e
Gl ) il (lablre Sl az 5 g S g0
D50 0 g Hlolixe (gLl i 5l lyss ol
o (i3 99 1S ($59l5il g Sl i
Jsles Qo il ©)9m0 4 (59l Dl b a
45 398 sl laasdgsgiems (Kidem o0 5l 5 o]
szl 5l s Sslr 5 pRals o il b ol
5908 3wl (o) 2 9550 )0 O 0ad (Sl i
S5 O—be Gial Ky Cod bdiged S <l o
Ol 28 pasuiin (o) p 5l g 45 0385 )13 09,5
C8loye Sl e S 0 et 2L il
Jod B (Lol L 5l 5 009y oS oy 5nSso
S9red Slml pae a5 Sl S8 a4 p3Y andl ol oo
By ae Al a8 C8l o Jed LS
Oloj e Lo 4 Cl (S0 Gty S50
Vo a5 0l b bge 5l diges 58,5 b o] Gyoce
2 SS9 2l S5 S oY Dol S
350 65 e Sllllas izres 0 Bloe oS
Azl 50 Sy Sl azg B LS a5 pac
4 (VF) 0,0 ColSo 0S50 (ramgyganS 99 B o
Syt Ol i odalie (6l Yool anny o s
SBb e 590 9 fidar oloy 5l S

Slabse 5o au) ol el (w0
Tl g Sled) g oS 90 (oS 8L 5
o)l (Sod mend ol e el slo Syl
Sasd (538 (e 3l eizmad o Lt 5 J5isl]
s oomlie b Jsgll o pleol g b Jsigll 5l g putS
as ols Lt alsl> zols 4y, Gl (o 59,8 9,90 )0

VEF 3ls 5 Y8 P9 gy o )lod Y 0555 151) 1xSisja ogle alan

AR

20 L-NAME 3 (i [ oty y S 30 <131
SH gl s gl Kiy) 41y b g peed ljo
£35S 655 Ogmsle 5500l 5l ol s £(og 0
3937 b (g oS 90 B2y 55 o5 ol Lsd 4y 5o
Ot 19 5% 9 ed e el FA Jolgd b Jlgte
armi yo o Sl oad o> 35,e SLbI s Jsisl]
ools Ll Sudl 1, Jgisll s g0 gz ol
Oleyed Gras (S oyl 05,5 50 Olpis cul ol
Al g oog yidis il 5 g )55
B mae 09,5 0 Bl oo Sgpie (il (SLablons
S o955 93 9 LNAME 5 (i (lojon
ol sanlie b5 ity ] oililone ST s
(F Js)
a5 1) ) <l 98 Glime (o5 (2L T loges
o 00y dalne gz 133l o5 5l eoliul L
i ol i, ol canllae b ams oo L
DOX+L- DOX (slwog,S ;o au, j9mud ljuo
il 3l DOX+L-NAME+Api 3 NAME
Sl 2 Bls J 7S 095 4y S (§ pSe—ir
ols lis ol gadllhas guls puzen (P<+/-0)

o g 55 90 b ol yon il agon a5
09,5 b dmnlibe o 4y b )0 NS gy SRR
JrisS 098 v a ) O 9 O Cyang  ganS 9

il

BF B ek aras ol i dalllas opl s

o V590 b gy 9S50 590 7 (Slao 21
e e )3 Celw YA Jolsd L g pS5lSTe 5
b i 5195 9B e 5925 9 S5l Sl
o SIHTG ah 2el o SolSTp S (o B0 590
GolS (Jo8 bl o U a5 S 50 (g g 50
L-NAME L5 NO ag a5 leos,s ;5 oy
Ormeen2)9S 93 3l Jrol> (oo D1 piS 090 00 e
Cdli o leog )5 40 e 090 0dd Faaa b
Sl eo b glejer L-NAME § oitnl (goasS
&> 909 48 o 5l ok ax b T (tladlane

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/rjms.32.69 ]

‘)o‘ Sldlas 9 A 0duST u.._...,.,sﬁ_mfjo
(Reactive oxygen species — guilow ST o il
Coomw (ol Gl 51 G lg2e 4 ROS)

RUIIW PR UL JX SN YUV K VOV I P FPR Vi
w’)—ﬁ-‘.ﬁ)‘ A.a‘y(so u—a—nﬂ-ﬁ-‘j)?ﬂjjo aS Sl ool U"")‘)f
(Reactive oxygen zozs L a5 «iS olbow| gilanns
ST il glés zals gspecies ~ROS)

94_Lo_>l_»Vs_’LQ—i)0509_~u(é_auaM
3ok NO ol mlas ylidl oy )0 (YA) el
9> )b il ) 1) (Sojelg b slas Sles
(g omas Glo e 5 LA Sl s (Sl ol
Sl bt 50 S0 By slasS e eplass
aws Ol S ol Cgllas Wlg oo 55 NO (oYL clale
(V) asl aals Cleadl wig,y wpuis wisle (o2
a8 3 Sloe Su5edsm Wi ;o LuluINO
slooals 5l gl ww NO oS cclale o)l
22 3 Gt 55 Ll S o oelass |y (Suslse

A7) 3)ls 2 Logs Lo 51 (55— 535 50 o
o, es oyl sl ool (6 l38pL Jolo oo ylgie
5651595 (il 5 gl oyl L i o
aS Jo> o 0s—b ala Ll (Nitrosative Stress)
o 2l slags jlew 595 53 geslanST oyl
5850 0dgi Joiane Wl oo 55159 55 (il @)l
4 azei b (V) aib (St‘jQUo)_..u ol b ol
AS Sl oo (pized NO i e e 0 Slos
sloyySLs oo Goyb 5l 0 ole NO s
A4S oo Jaoas (Transcription Factors) . sig,
Nuclear factor ) NF-kB La,SL8 cpl (5ot
sl wa 5518 G a5 el (kappa-light-chain
slasse 5l 6ol (mgis) Jolo (nl 0Bl
(Inducible Nitric osile e 31 S oled! i

http://rjms.iums.ac.ir

Ql)l.io.mg Wb&

FB 95 s B h90 40 (nanig )9anS 93 B e
Conilgs st ] L pae 45 0gs 0 g, 8L 0 Joud
S5 sl K33 ynsd Sl JS3 5l 5 53e D9 4
Lo iriad o3 i 13 el i 51 &5 w5
sleog, 3 0o b ot ceew NO i JJo 4 NAME
Sl L-NAME § cstol lojen (goausS cdls o
Ol s aSL g odaliie 4y, )0 (it Slablore
OM}Q—% JJAJJ....J (5._‘> u—a—uﬁ-ﬁ-‘j)?ﬂjjo g_9)..a.a uBLv.a.a
NO 9&»145&5;4:’9,;;3&55‘5@4\%;;): Aol
D¢ odalive ;500 1 st (labloee il ]

a5 2iib oo ALT 5 AST Jolis bl o il Sgial
5 L s ] aiee oS glashe ol Sl
S b 359595 9l )8 Sgg s el g SIS
95 P95 Sl plonl ©je—o 4 AST S o
‘LSJﬁ 64;49 ‘A_; 29 a)lo S99 gsul_t)d_.S}u.a
@ AST 595 o0 28 508 sl J5elS 5 lnesSI
9 S (é_.cl_.a.«_>| La wL..MD- J..S 6‘)4 ALT a)Lb‘
g e @ a9l & yguo 40 ol S AST 2038
5 ololiel ;o AST i dlsd g0 0uud 5 (oS
ool YLF w4y Sale i b 00 U
ol gouis OYlas [0 (YFY0) ol o
ijwjo L: QLA)é )é 6..\..5 u......:‘ LSLQL)A:?L.»
Yo f Jl o Bell plasl g (e o sl oo o0y
64.&”.’440 3o UMB)}MSs\b )‘ oolawl a5 wials UL"“"
Sl pSotz Gl a0 50 s>
9 595 Same P51 (S a5 0580 (B g g0
O (| (g00lgils o) (psti b aS ols ol
w3 Gl O)go 4 (0 S (18 50 sage
Q0) )l o g ) 59,8 S2ol5 g oS slo

Sl GaS S Joine Glop—unilSe

VECE 55 5 Y9 R sy 0,led Y 055 5jl) igSuibjs ogle alan


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/rjms.32.69 ]

Oz S 93 51 (B0 S92y 9 (505 Cuoms p (yal ]

P g T

5 Sy pyle olStils Lo g, o> aslllas
Jo cmlex 3,50 plnl Sloys (Sl Sleas
el (519,08 il e alowsy pav e S o35 3
75 Ul oliz (ol 3 lSea 5l Grizman 135,50
Sl 5 0 pole ot e 35 iy Syane
JLS plial wie 55,1 slwoslie culs (559052 528
ol |y (Sloy0d 5 Sis

N ol

B 5 B sateS Loy adlllas [Sgigp (ooles
M 0S) g owli 5,90 A _iolo;l wlilge> L
aslllas opl o (IRJUMS.FMD.REC.1400.588
S g)ls et e 0 Glgs a8
S yeS digad e yuizren LS Az ) 00 (e
D5 Lolal (6030 5 ol Jos 4y JolS  ispa

OBty e lico
afllas ploil cllin ogi ion bl ¢ comld e

Wlie s ey byt ailio bl daools 5 JUT
3 Gt i Gl daoma saalllas ol

e comp G Gialny addlle plol e lis
U adlas g i by tosly Sl3aame
adllas 55l oyl g plotaly tisiie iy ool

ools 3IUT ¢ g5 Liom ialg

References

1. Halasani NP, Maddur H, Russo MW, Wong RJ,
Reddy KR, P.P.C.0.t.A.C.0. ACG clinical guideline:
diagnosis and management of idiosyncratic drug-
induced liver injury. Am J Gastroenterol. 2021 May
1;116(5):878-898.

2. Aljobaily N, Viereckl MJ, Hydock DS, Aljobaily
H, Wu TY, Busekrus R, et al., Creatine alleviates
doxorubicin-induced liver damage by inhibiting liver
fibrosis, inflammation, oxidative stress, and cellular
senescence. Nutrition. 2020;13(1):41.

3. Zolfagharzadeh F, Roshan VD. Pretreatment
hepatoprotective effect of regular aerobic training
against hepatic toxicity induced by doxorubicin in
rats. Asian Pac J Cancer Prev. 2013;14(5):2931-

VEF 3ls 5 Y8 P9 gy o )lod Y 0555 151) 1xSisja ogle alan

VY

) LSl «Oxide Synthase -iNOS)
b oleplEeulw (Cyclooxygenase-COX2
0 | (IL-8) Lo plSgaS o IL-6.TNF-0uIL-1p
L1y anl,d casl (See NF-kB (g5l Jlad .0iS o
Selse 1L 3 NO s ial33l iNOS oy il
Sl loan T 59 5o 43 Sl (oo &S
2 (V) S sl il il cowl ole oo
3 Camilys a9z ol anlllas gl wll
@ Slodo alaz 5l g ynS9d pie SIS SalS
o b )0 pd g 4 9 (Llumgiln) S 2L
bl Bl B i aiz e suuS slo
L-NAME (3,5 b NO o jlas o2l » opdle
Qe o mals 1) it ] bl S
pac dslllas cpl jo oo b alsS Clllas arazgi L

S g 903 el 55 9 NO (e Stomi
INOS 5 eNOS (slayetisn ol Oliee sz Sl
Al A sl asllas g slocadgaze s3>
e G rizan W e golie el
ool b 4y g 05 2l L5 INOS 5 eNOS 3l
L 6FGES @l Sl ee e byl gigel (bs,

ISP RGN

Yozl as ¢S olg oo oazdly cpl 4y amg b
5 S S 53 il (HaSlre 0 Slas o
Ol 00 s o 0 uangyeanS 90 5l 0 o9,
F el wye @l (o) 2 b Grizpen .l NO
l_g u-*-’r-" Yloo| Jra— Q.;J )0 NO ul_..' u.....cbl_f
24y 9 S <l cdadls s NO (Lo Giol38l
b0 oo (g p3aS 50 5| (U laa pl
2 el il e 3 NO canl 553
Ol se oS 90 5 (250 (525 5 (ST Cooms
2ol ol oz S als sl ) alagleys
2 —olaisl job 4 aS o, sl sy 4; 90
sl azsls JINO ply (il

http://rjms.iums.ac.ir


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html

[ Downloaded from rjms.iums.ac.ir on 2026-06-24 ]

[ DOI: 10.47176/rjms.32.69 ]

2936.

4. Kalender Y, Yel M, Kalender S. Doxorubicin
hepatotoxicity and hepatic free radical metabolism in
rats: the effects of vitamin E and catechin.
Toxicology. 2005;209(1):39-45.

5. Carvalho C, Santos RX, Cardoso S, Correia S,
Oliveira PJ, Santos MS, et al. Doxorubicin: the good,
the bad and the ugly effect. Cur Med Chem.
2009;16(25):3267-3285.

6. Sen S, Kawahara B, Chaudhuri G.
Mitochondrial-associated nitric oxide synthase
activity inhibits cytochrome c oxidase: implications
for breast cancer. Free Radic Biol Med. 2013;57:210-
220.

7. Alimoradi H, Greish K, Barzegar-Fallah A,
Alshaibani L, Pittala V. Nitric oxide-releasing
nanoparticles improve doxorubicin anticancer
activity. Int J Nanomed. 2018:7771-7787.

8. Yoh K, Kenmotsu H, Yamaguchi Y, Kubota K,
Ohmatsu H, Goto K, et al. Severe interstitial lung
disease associated with amrubicin treatment. J
Thorac Oncol. 2010;5(9):1435-1438.

9. Nevadunsky NS, Mbagwu C, Mizrahi N, Burton
E, Goldberg GL. Pulmonary fibrosis after pegylated
liposomal doxorubicin in a patient with uterine
papillary serous carcinoma. J Clinc Oncol.
2013;31(10):e167.

10. Tang D, Chen K, Huang L, Li J.
Pharmacokinetic properties and drug interactions of
apigenin, a natural flavone. Expert Opin Drug Metab
Toxicol. 2017;13(3):323-330.

11. Wang M, Firrman J, Liu L, Yam K. A review
on flavonoid apigenin: Dietary intake, ADME,
antimicrobial effects, and interactions with human
gut microbiota. BioMed Res Int. 2019:2019.

12. Maduni¢ J, Maduni¢ 1V, Gajski G, Popi¢ J,
Garaj-Vrhovac V. Apigenin: A dietary flavonoid
with diverse anticancer properties. Cancer Lett.
2018;413:11-22.

13. DeRango-Adem EF, Blay J. Does oral apigenin
have real potential for a therapeutic effect in the
context of human gastrointestinal and other cancers?
Front Pharmacol. 2021;12:681477.

14. Fantel A, Nekahi N, Shepard T, Cornel L, Unis
A, Lemire R. The teratogenicity of Nw-nitro-L-
arginine methyl ester (L-NAME), a nitric oxide
synthase inhibitor, in rats. Reprod Toxicol. 1997;
11(5):709-717.

15. Wali AF, Rashid S, Rashid SM, Ansari MA,
Khan MR, Haq N, et al. Naringenin regulates
doxorubicin-induced liver dysfunction: impact on
oxidative stress and inflammation. Plants.
2020;9(4):550.

16. Timm KN, Perera C, Ball V, Henry JA, Miller
JJ, Kerr M, et al. Early detection of doxorubicin-
induced cardiotoxicity in rats by its cardiac metabolic
signature assessed with hyperpolarized MRI.
Commun Biol. 2020;3(1):692.

V¢

Ql)l.io.mg Wb&

17. Meng C, Fan L, Wang X, Wang Y, Li Y, Pang
S, et al. Preparation and Evaluation of Animal
Models of Cardiotoxicity in Antineoplastic Therapy.
Oxid Med Cell Longev. 2022;2022:3820591.

18. Saleh Aldayel T. Apigenin attenuates high-fat
diet-induced nephropathy in rats by hypoglycemic
and hypolipidemic effects, and concomitant
activation of the Nrf2/antioxidant axis. J Funct
Foods. 2022;99:105295.

19. Alamri ZZ. Protective and therapeutic effects of
apigenin on thioacetamide-induced hepatotoxicity in
male rats: physiological and morphological study.
Egypt Liver J. 2024;14(1):15.

20. Singh AK, Nair AV, Singh NP. Small two-
photon organic fluorogenic probes: sensing and
bioimaging of cancer relevant biomarkers. Anal
Chem. 2021;94(1):177-192.

21. Schomaker S, Potter D, Warner R, Larkindale
J, King N, Porter AC, et al. Serum glutamate
dehydrogenase activity enables early detection of
liver injury in subjects with underlying muscle
impairments. PLoS One. 2020;15(5):¢0229753.

22. Chinnappan R, Mir TA, Alsalameh S,
Makhzoum T, Alzhrani A, Al-Kattan K, et al. Low-
cost point-of-care monitoring of ALT and AST is
promising for faster decision making and diagnosis
of acute liver injury. Diagnostics. 2023;13(18):2967.

23. Roskams T. Development, structure and
function of the liver. MacSween's Pathology of the
Liver. 2006:75-118.

24. Sedeman M, Christowitz C, De Jager L,
Engelbrecht AM. Obese mammary tumour-bearing
mice are highly sensitive to doxorubicin-induced
hepatotoxicity. BMC Cancer. 2022;22(1):1240.

25. Lala V, Zubair M, Minter DA. Liver function
tests, in StatPearls [internet]. 2022, StatPearls
Publishing.

26. Oh RC, Hustead TR, Ali SM, Pantsari MW.
Mildly elevated liver transaminase levels: causes and
evaluation. Am Fam Physician. 2017;96(11):709-
715.

27. Salouege I, Ali RB, Said DB, Elkadri N, Kourda
N, Lakhal M, et al. Means of evaluation and
protection from doxorubicin-induced cardiotoxicity
and hepatotoxicity in rats. J Cancer Res Ther.
2014;10(2):274-278.

28.Song S, Chu L, Liang H, Chen J, Liang J, Huang
Z, et al. Protective effects of dioscin against
doxorubicin-induced hepatotoxicity via regulation of
Sirtl/FOXO1/NF-kb  signal. Front Pharmacol.
2019;10:1030.

29. Martina A, Jana P, Anna SB. Nitric oxide—
Important messenger in human body. Open J Mol
Integrat Physiol. 2012:2012.

30. Anggérd E. Nitric oxide: mediator, murderer,
and medicine. Lancet. 1994;343(8907):1199-1206.


http://dx.doi.org/10.47176/rjms.32.69
https://rjms.iums.ac.ir/article-1-8432-en.html
http://www.tcpdf.org

