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Abstract

Background and purpose: Benzo[a]pyrene is an organic compound naturally found in tobacco
smoke and exhaust emissions from vehicles. This compound is recognized as an environmental pollutant and is
abundantly present in urban and industrial environments. The effects and hazards of benzo[a]pyrene due to its
presence in tobacco smoke and vehicle exhaust gases, particularly on human health, are significant. This
compound can increase the risk of carcinogenesis, as it possesses toxic and carcinogenic properties that can
cause serious harm to humans through direct or indirect contact. This study examined the protective effects of
the hydroalcoholic extract of Rhamnus frangula on liver and kidney toxicity induced by benzopyrene in mice
and compared it with vitamin E.

Materials and methods: In this study, 55 male mice were randomly divided into 11 groups of 5 each.
The first to third groups were used as negative control (normal diet), olive oil (solvent for benzo[a]pyrene), and
positive control (benzo[a]pyrene) respectively. Benzo[a]pyrene was administered at a dose of 20 mg/kg body
weight for 4 weeks via gavage. The fourth group received vitamin E alone (250 mg/kg via gavage), and the
fifth group received vitamin E along with benzo[a]pyrene. The sixth, seventh, and eighth groups received the
hydroalcoholic extract of Rhamnus frangula L. daily at doses of 250, 500, and 1000 mg/kg body weight orally,
respectively. Additionally, three intervention groups received the hydroalcoholic extract of Rhamnus frangula
L. at high doses along with benzo[a]pyrene for 4 weeks.

Results: Administration of benzo[a]pyrene at a dose of 20 mg/kg resulted in liver damage, as
evidenced by a significant increase in liver enzymes ALT and AST, as well as bilirubin, compared to the control
group. Benzo[a]pyrene also caused an increase in ALP levels, although this increase was not significant.
Although the slight increase in ALP due to benzo[a]pyrene was reduced in the group treated with a high dose
of Rhamnus frangula L., treatment with Rhamnus frangula L. at any of the doses used in this study was not
able to reduce ALT, AST, and bilirubin levels. In contrast, treatment with vitamin E reduced the activity of
ALT and AST compared to the benzo[a]pyrene group. A significant increase in urea and creatinine in the
benzo[a]pyrene group compared to the control group indicates kidney damage caused by benzo[a]pyrene.
Rhamnus frangula L. only at the highest dose of 1000 mg/kg reduced urea and creatinine levels, and vitamin E
did not affect improving the nephrotoxic effects of benzo[a]pyrene.

Conclusion: The study results indicated that biomarkers under investigation can serve as useful tools
for assessing hepatic and renal toxicity induced by benzo[a]pyrene. Furthermore, the hydroalcoholic extract of
Rhamnus frangula L. exhibited significant protective properties against hepatic (increased ALP) and renal
(increased urea and creatinine) damages caused by benzo[a]pyrene and may perform better than vitamin E in
certain cases. These findings underscore the importance of utilizing plant extracts in combating the adverse
effects of pollutants.

Keywords: benzo(a)pyrene, kidney, liver, mice, Rhamnus frangula

J Mazandaran Univ Med Sci 2024; 34 (234): 157-162 (Persian).

Corresponding Author: Maryam Karimi-Dehkordi - Faculty of Veterinary Medicine, Shahrekord Branch, Islamic Azad
University, Shahrekord, Iran. (E-mail: ma_karimivet58@yahoo.com)

157


https://www.ncbi.nlm.nih.gov/mesh/68001564
https://www.ncbi.nlm.nih.gov/mesh/68007668
https://www.ncbi.nlm.nih.gov/mesh/68008099
https://www.ncbi.nlm.nih.gov/mesh/68051379
https://jmums.mazums.ac.ir/article-1-20827-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-01-31 ]

o)l s (S B)yee—L colS Bibha L ae
(1OV-19P) 11l Jlw 13 PRIEo)lald  @)le2 § ¢ )93

L auylin ja [Rhamnus frangula) awgiluw ,ikslan il
Ubgo ja O ug i b oauds Lall (5945 g (5245 Cungauun ja E (uolisg

“5)).? W somxo
T 63,583 (505 20
" o> padl 2l
d3uS>

e 3y ol il Sla s 5 5 STLS 355 55 b 5 sba T Sl TS 56K 0 B0 9 il
SOl e Sl Hahs x5 (5 Sladases 3 Sl odd sl Jaows 0t VT 6 Ul S 5 0l
il g Sl DLl S 05 4 4 s g5 5L 5 S5 355 03 sl 3 4 O g5 S s
2513 2150 e 5 o Slos oz ( JT oS5 6K 0o w5 58 @0 e o (51531 4 2eie Ll 50 S 5
Ol s Dodn Ly acalllan sl S sl (50 (Sl T DLl 53 OT b e o b oites b3 b L5 0 o
SLa ge 550 s 50 3 (b 658 5 S Cew » (Rhamnus frangula L) aw gl JSU1s i o jlas bl
A e B el 5 L OT 506 5 Sy plnil (g5

05,5 Bkd s 560 03 SN 4 B3LaS jsbar 5 Sy ige e OO ¢ AT asdlls 3l sbg) 9 dlge
A 03Ul (O 5 5) Cate J 287 5 (0 5 I 055 805 ale IE) (shie J 257 Olgie & o 4 p s B
O an iy by pnip gz 03,8 b okl 5158 G b Sl acia B e 4 0 055 p S 5hS oS e Y0 55 L Osman
250 Lol ma B il s B by e oty 03 8 5 165 4 GLE G b 51 p S5S 50 5 e YO E el
a0 05 (J?}J:f;: (,fg_s‘:‘"" S0 YO (Glajs 3 au sl JSUs i oslae sy o 4 A SV F oy S
O O ol man 4 YU (sl 53 au sl S5 i oslae 5 altlde o5 S 4w 4y 5 L3S il (ST D) e
Ao odls ana ¥ Ous

ALT (58 slapa 5T ol gmn Sl 3L & 45 5 618 T Lol p S AS 0 8 o Y550 0 s 50 5 525 Anaidly
APl (30 B 5 ALP 0 5T Ol en Sl Bl e O 50 el 3 sgikie J 2587 03 5 0 o 90 o 5 AST 9
L sles (s b 2als av sl (YU 553 b 0lays Cowi 03,8 55 0 ms 0 3l (BUALP S (il as S1.555 yls gne
Sl &S oy .05 55 msoidke s AST ALT 2alS 4 536 candlan ol 55 oslizal 350 (gla 55 | oS 7 53 s gl
O s 038 03 e S 5 osl Slsisme 1A O s 05,5 4 i AST SALT b 2alS o E el b
e S ke Ve 553 YL 53 8 Sl Bl O 31 6 55l T o0l U S 05 B
B O 57 S $ 98 1355 55 U E el s 5 A8 251 50l s sme Al o S LS

oo L350 81 Sk sal ol Ol ity 15 oo (s 2 3590 (o5 (S8 S0LES 87 313 OS5 Goiond g5 st
23 S A5 ailon ol ys slls gl (JSNs s o las copl oo i g o3linal O 95 5| (SU (55l 5 (5AST
93 el S 5 Al o O s 5 51 U (55 S s esl a5 sdST 5 (ALP 21530 (guS” slacanT 4l 5
e ot o YT e SUIL ablie 53 1y ALE (laoylas 3l eslizal Coanl Lol opl S Jos 2 B opslig 513,050

.JJ'L»:@

S eSS Sl (O, @) 52 1538 s 2 jly

E-mail: ma_karimivet58@yahoo.com K el 0S5 0387 oty ¢ oDl 31T o315 23 5 559,50 (50955 o3 0 iWgiamne Hgo
Ol e S e ¢ oDl 33T o5 03,57 g ol g ¢ ST soals 08Tl o ST soals (51 6 (515573 )

Ol 63,8 5 e oSl 13T B85 03,5 g oty ¢ ST sals 0 tSCils ¢ ABULey5 sk 09 8 L2315 Y

Ol s S e e godhal 15T o8l 03,57 g ol ¢ K8l 0Kl ¢ gldE 3130 Codligs 05 8 caliwl Y

VYA Ly e s VEY/YYA D Sl gl s6 ARZAA RIS I

1Eo 10 113 « PRIC o)laid «@)lg2 g (w 0)93 ohdjle (i) ol slEibily dlas 10A


https://jmums.mazums.ac.ir/article-1-20827-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-01-31 ]

ul]lﬁnﬂ: g .5]3:a lblbanan

59, 5 dlge
23 S J gl alS” A LT aalllae oy )
53 b Gl A8 LeST Sl g b IS 605 3550
ASL s S g el 55T oltils 3D 4z
0b .k (‘L?";‘ IR.JIAU.SHK.REC.1402.105 (M|
(26005 SN 4y Slal )50 CBT 515 5 b sm
o 3L 33) giin J S 09 8 1Y 05 8 LS
S555) 055 ey 0s,S Y es,S Wby glie
X 05,8 (IS &) son 05 By e /0¥
S AS e S ke Y) Cte JES L sz es 8
gt Pl Olieas 0525 29, L 04 055
05 ke YOr w135,) E el g 05,5 F 035 (5158
E molusos 005 8 Gl &) son p S5hS
g5 o5z A 05,8 0y 5 Lol an
S e Ve 500 YO Lasss 55 4 sl
ISNgsm o jlas VY 05 5 5 0 05 p S AS
ANDO s 559 o) e Y (gLn g 53 aw gl
Lag,ls g0 azan¥f 2l o3l Ol o)l s
5SS el b e 4 515K O o
il Sl bl Gl g plail ole G 51 g
O 3l (A6 6 sdS 5 GAS S (s
L T O
SNl 3 sl VT o 55T o leb sy
a1 O LT c(alanine aminotransferase, ALT)
s (aspartate aminotransferase, AST) jl,& sl
(alkaline phosphatase, ALP) jbli_.é - JLSIT
75 1S s ensl g palin s B (8 el
o) pled DA eslial alST 5 Shes ) 1
L5 05031 ool (oadnits S dhwya b el )l
Laosls Julos ks plait b 5 50 S JSG 5 5 5 enlizul
SIUT 05057 5 SPSS (g LT N 5le 5 5t eslinal Ly
33 s ae P/ 525 8 ploil b S bl

4o ddo
Sl Gsis 5 ames 0ol T ¢SG «(BaAP) O 50554
(PAH) (glail> ko ¢Sl g yT (sl S5 pen o3l 5l
395 ¢ b (S5 5w Ale ST 3l ga a8l G ol
U155 BAP ()3 55 o 5 o slalled 5 K
Bdlas 5ois Ol swgs 5 oS ¢ Slas (slaol, !
S lised J s 4 S gl 5d miy alS 58 )
35 gh Cran a2t 5 3515 Y b Ll 055
O3S I slaws & il 3l Eel BaP slacd sl
Lagnl &8 L5300 5T 5 Sledl 51T o
Mdis (65 lS- (U S Canw o Lghrm:;'li»
J s DNA & JLasl L BaP wlesls Olis Slisisws
Ot (AR o 1 AST Ol st (i S
S Lol o o e 3187 5 o)) pebams 2131 el
S dablon (13 55 n 4l OS5l s
3550 33 M pyo 51 (56 (6508 5 GST Lo yoe
s 53 .0Vl ots iyl 5 ALE claoylas
sl SIS YYY Jla s 0l,LSes 5 Benzaid
5l b S Cuew R alaternus T o Las
S Lsls QLS cplizes pl o () 1 pgrin ST IS
oty (Ab SLS 5 zils s oS opl 0T o las
) AS sl 536 oS sl (6 5 g0 ShbanSTT 2T CJled
poien T o JS 51 (56 (6 AST 5SSl 5o
o 3 s 51 Lo e 03l gl 1 QLS (O)AS Clablows
Gladls i glacy 5 55 5 s JSIT el 55D
T ke 3l gadaze S5 Lol Glls 5 Sl
S $ 55 5T S A2 e 2t 45 (S
sy g0 Slalllas ()AL o 05 Seodes ol
= olalles 5 5L <R, alaternus . Lg})ﬁf;f\
sgdoee Jlw R frangula o S5 50 Sleb o5,
oylae bble JI oLyl ol b ol aallas .ol
5SS ool 35 E by b anglia 53 olS o

109 1S 10 133 ¢ PWIC a)laibs «@)led § (W 2)93

ohsjle Ak} eole oGRSl alas


https://jmums.mazums.ac.ir/article-1-20827-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-01-31 ]

05 § (5295 Cpsgamms 13 E 030l3g b amylis )s awgiluw (aslas i)

J—lie ys V/epE i mg/dl) oSl S
YA £V /ZAMGLD) o5l 5 (P=+/Yc $/VAE /Y -mg/d]
L awslie js (P=2/0F orY/2 2¥/¥0 mg/dl Lilas s
Sl snn i 5> S5 53 558 Opmssues S
05,5 A Lo aallln 55 50 sla eyl o Jled o
bl 1.0V oyl 5l 503) 5,5 slowl O 950
O 3l (SLEalS 5 S Comn y3 4n gl
adaz Sl A DS 5 YU b 4 Ol 55
1) 9315 i oS ) (slanks 5595 5 Laks JISIT
~Rhamnus alaternus T o )las sbsle &l
Ll s op o e T o0 IS 51 G50 (6T e
b esly OLA Gl Jds o = LSAK_QLAJ'T
b ols 5 il s o R, alaternus T o leas
ol 36 48 sl (6 50 ST 5T CIlab gl
L JS 1 (L S ST T s 3 1 A4S

Cny 5 il
J6 55 AST ALT Sl sne 153 Eel 0 s 5
I8 05,8 an Comd 21,8 50550 sy s
Jols 4 gl Sl (il ol (P 0) s £
lail o ¢Sl g)T (sla i S5 s Ao 1w 2ol
O3S b glaas & U 57 L 05 it
ST as aS das o i )y Joko glis 5 50550
NS (0 S8 055 3 0s S5 o 5T 0us
Pl 03 Dmsia b agrlse 53 6AS Slae 5T 2l
Wl 5 oo Laabl ol ol os 3yl 8 ) gela 5 508
J>\)ﬁéuwlbﬁ)>6¢;6hﬁjT@ﬂﬁl}él
AFAVLS Aol O o 95 b Coss o i1
SLasss Ly 05 e loses S 5o
533 52 YL 3 S a gl O pae it gl il
ALP Zls (2ol s (p S5hS 5 0 8 e Vo)

0™ Liblows p e JT (P=2/0F DAENVOV IU/L filae 55 FY/YEY/Y TU/)
A cd - \" cd g Ci B : . c 5
+ 2 1 1 v ' <= Rc
5. @ i 4 #. Jabbe g ab P opan
-} a ab ab @ a a 1’ @ ds a a
._.: ¥, J' ¥ _.é o
EN 1 o
T Y. ‘ 4y, ‘ = ¥,
& = . =
2 T s g 3
3’ P B j 7 @J .;?-“ S 5’? )%’ - .ﬁ--“ oF
}),_5 @Q 57 ,\,:x j_?.;,_-, k=) ‘;,)Y :;.‘jx _{,,_ax ‘:59 ‘y»x :éjx
7 Q}w*' N 7 W W 7 W W
o) ,\@ "|,<’-"Q ,\QQO q:,_.‘ﬁ .\Dé)
¥ c ¥ 3
G b _ Ya COhed
._1;_.] e bc bc ¢ _J v abed - bcd
i | . ab s Y&  abab abab
= 2 Y aala]aal 5 v
“':_',1, g e g A
7 PN Sy AP
> S SN N P
j?,a “ Ty j?;, k= ry"" oA
Q" W gg' o W
& & & &

ol T ol odiasplis &S i b 5N o > cCalibes oy S 55 (Meantsd) asdlas s 50 b el yl u:.i\.:a dus (20 1Y 05lads 510503

(P<+/+0) vL:‘lJGA 55;)3 &.:‘.)"6"‘"“

1Eo 10 113 « PRIC o)Laid «@)lg2 § (w 0)93

ohsjls Al ok sEibil das I’


https://jmums.mazums.ac.ir/article-1-20827-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-01-31 ]

ul]lﬁnﬂ: g .5]3:a lblbanan

Sl eslawl a5 Wlesls olis S Slalllas 595 J g0
ST Gadllsl)y slrodS Hlge 5 boldnSTl &7

e SISl 2 C B el s eSS Ak
L e sans it )3 0 A 55 35T GLa LG5,
AS T ol O3 0908 (6,8 sl O s
568 G FT alpl O pot & 508 0 4S5
DT 1S 5 el Gl ) oot 5 s s
aS 3 QLW E el s U aw glow o jlias anslis A2
Lol i35 55 5n AST SALT LialS 5 E ol

J_a.ﬁj_ie&.:}";)a)j‘cALPu:AlS)Juj\:M
1y R frangula o )Leas S_\)\_{@u ol S

Sk o e sladl DS e b S
3,5 Aol in Vivo aslls

References

1. Karimpour Malekshah A, Rahmani Z, Zargari
M, Mirzaei M, Rezaei Talarposhti M, Talebpour
Amiri F. Hepatotoxicity in young adult rat
offspring after prenatal exposure to benzo (a)
pyrene, and protective effect of atorvastatin.
Birth Def Res 2022; 114(11): 551-558.

2. Deng C, Dang F, Gao J, Zhao H, Qi S, Gao
M. Acute benzo [a] pyrene treatment causes
different antioxidant response and DNA
damage in liver, lung, brain, stomach and
kidney. Heliyon 2018; 4(11): e00898.

3. Ge J, Hao R, Rong X, Dou QP, Tan X, Li G,
et al. Secoisolariciresinol diglucoside mitigates
benzo [a] pyrene-induced liver and kidney
toxicity in mice via miR-101a/MKP-1-
mediated p38 and ERK pathway. Food Chem
Toxicol 2022; 159: 112733.

4. Owumi SE, Adeniyi G, Oyelere AK. The
modulatory effect of taurine on benzo (a)
pyrene-induced hepatorenal toxicity. Toxicol
Res 2021; 10(3): 389-398.

5. Benzaid C, Tichati L, Trea F, Rouabhia M,

J>4.._~«)SL,.«UL_¢.¢J__?|4@L_:S)'\MJ>

anllan ol 53 s 8w lin B el s L O s
AL O a5 B a5 St 3B s
PVEVY TUMALT S sla 55T a5 o6
AST 5 (P=+/+F DF/# 2V PO IUN | s s
(P=+ /Y Y/Y 2V AF IU/ Llie s OF/VAZ /0 1UM)
GOl e 5L 5 Aide 5500 ) US Sy Sl s
sl 258 1S g esslens 4 eyl s
B O g g 09 S o
AST HALT [ial S 55 48 sls Ot s

2 Jo503,5 Jas amglw ) 50 B by

595 2 YL s an gl (51 S 50,50 ALP 5 56

Ouali K. Rhamnus alaternus aqueous extract
enhances the capacity of system redox defence
and protects hepatocytes against aluminum
chloride toxicity in rats. Clin Phytosci 2021;
7(1): 1-9.

6. Boussahel S, Speciale A, Dahamna S, Amar
Y, Bonaccorsi I, Cacciola F, et al. Flavonoid
profile, antioxidant and cytotoxic activity of
different extracts from Algerian Rhamnus
alaternus L. bark. Pharmacogn Mag 2015;
11(Suppl 1): S102-1009.

7. Karimi-Dehkordi M, Molavi Pordanjani M,
Gholami-Ahangaran M, Mousavi Khaneghah
A. The detoxification of cadmium in Japanese
quail by pomegranate peel powder. Int J
Environ Health Res 2024; 34(2): 1204-1214.

8. Rahmani Z, Karimpour Malekshah A, Zargari

M, Talebpour Amiri F. Effect of prenatal
exposure to Benzo [a] pyrene on ovarian toxicity
and reproductive dysfunction: Protective effect
of atorvastatin in the embryonic period.
Environ Toxicol 2021; 36(8): 1683-1693.

191 1110 133 PIIC 8)Laids «@)lgd § (0 8)9s

ohsjle Ak} eole oGRSl alas


https://jmums.mazums.ac.ir/article-1-20827-fa.html

[ Downloaded from jmums.mazums.ac.ir on 2026-01-31 ]

05 § (5295 Cpsgamms 13 E 030l3g b amylis )s awgiluw (aslas i)

9. Slapsyté¢ G, Mierauskiené J, Uleckiené S,

10.

11.

12.

Didziapetrien¢ J. Modifying effect of vitamin
E and ethanol on benzo [a] pyrene induced
chromosome damage in mice bone marrow
cells. Vet Med Zoot 2011; 53(75): 56-60.
Tichati L, Benzaid C, Trea F, Mahmoud R,
Ouali K. Ameliorating effects of Rhamnus
alaternus L. aqueous extract on aluminum
chloride-induced nephrotoxicity via attenuation
of oxidative stress in male Wistar rats. Comp
Clin Pathol 2022; 31(6): 1025-1036.
Gholami- Ahangaran M, Karimi- Dehkordi
M, Namjoo A, Shojaei H, Ahmadi-Dastgerdi
A. The co-administration effects of florfenicol
and lasalocid on performance, biochemical
and pathological parameters of muscle, heart,
liver, kidney and sciatic nerve in broiler
chickens. Vet Med Sci 2022; 8(1): 211-218.
SunY, Yin Y, Zhang J, Yu H, Wang X, Wu
J, et al. Hydroxyl radical generation and
oxidative stress in Carassius auratus liver,
exposed to pyrene. Ecotoxicol Environ Saf
2008; 71(2): 446-453.

13.

14.

15.

16.

Shirdel I, Kalbassi MR, Shokri M, Olyaei
R, Sharifpour 1. The response of thyroid
hormones, biochemical and enzymological
biomarkers to pyrene exposure in common
carp (Cyprinus carpio). Ecotoxicol Environ
Saf 2016; 130: 207-213.

Derakhshesh N, Salamat N, Movahedinia A,
Hashemitabar M, Bayati V. Exposure of liver
cell culture from the orange-spotted grouper,
Epinephelus coioides, to benzo [a] pyrene and
light results in oxidative damage as measured
by antioxidant enzymes. Chemosphere 2019;
226: 534-544,

Benzaid C, Tichati L, Trea F, Rouabhia M,
Ouali K. Rhamnus alaternus aqueous extract
enhances the capacity of system redox defence
and protects hepatocytes against aluminum
chloride toxicity in rats. Clin Phytosci 2021;
7(1): 1-9.

Wang D, Cao B, Cheng L, Ren X, Mu J,
Zheng J, et al. Effects of vitamin E, vitamin
C, and taurine on energy metabolism injury
of SH-SY5Y cells induced by benzo [a] pyrene.
J Envir Occup Med 2019; 36(2): 181-185.

1Eo 10 113 « PRIC o)Laid «@)lg2 § (w 0)93

ohdjle (i) eolc slEibily dlas \¢p


https://jmums.mazums.ac.ir/article-1-20827-fa.html
http://www.tcpdf.org

