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ABSTRACT

Objectives: This study was performed to observe the toxicological changes caused by a single exposure to benzo[a]pyrene.
Methods: Based on the results of a preliminary study, 300 mg/kg was set as the middle dose. A highest dose of 2,000 mg/kg and a
lowest dose of 50 mg/kg were selected based on GHS guidelines. Benzo[a]pyrene was orally administered once to female and
male SD rats at dose levels of 50, 300, and 2,000 mg/kg(body weight). All animals were monitored daily for clinical signs and
mortality over 14 days. Hematological and biochemical values were examined as well.

Results: There were neither dead animals nor significant changes in body weights during the experimental period. In addition, no
differences were found between the control and treated groups in clinical sign, hematology, serum biochemical, and
histopathological analysis.

Conclusion: Compared with the control group, we could not detect any toxic alteration in all treated groups. These studies
indicate that the acute toxicity of benzo[a]pyrene is relatively low.
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Table 1. Experimental group composition and dosage

Group Sex :L (i);nia)lfs Animal ID (mg]/)kogs/iiay)
Control F?rillele 2 2135 0
T’ FIZ[IEEIC g 266-1300 30
R
R R
* Control : 0 mg/kg/day

+

1 : 50 mg/kg/day
¥ T2 : 300 mg/kg/day
$ T3 : 2000 mg/kg/day

)
n)
filo

1. Wizl 27 Fo{of mE 54 Znt
D) gt 344 23

HES o] &3 wlxudll @3] F Fo] 54
At ¢F - A FAAR(L, 2, 7, 15 day)o] WE &
Tl AP gl 2aS ZFE BE AP ollA Abdol
A=A koot 2,000 mg/kgo] MlzwRl Fof 3
T R0 A Ak} BeE vjAAFAQl Yo
ZE A A E—J H5A Wk A3} 2t F

o T 14, 2¢, 5%, 8¢ 4 15UoA Hyt FFA }
32.141.25 g, 32.011.66 g, 33.241.66 g, 33.7+2.20 g &
35.442.33 go|glom, AFTE = 50 mgkg(T1)e] Hit
EoAL 31.9+1.39 g 32.0+1.76 g 33.1+1.68 g,
33.742.10 g ¥ 35.6+2.60 go]th 300 mg/kg(T2)2] 3

=
==
- _Q_ = o)
#al 8 S A T 5 mogs 3056114 g 3205111 g, 3385170 g,

= =] ] 3z el
a4 5=, 4 74 Cx ‘ °l EH"@ FAEEE 3460001 g 9 36.8£2.49 gO] 2L, 2,000 me/ke(T3)2)
E3L hematoxylin & eosin©. =AM F We2A  mo EE—A]L 31.8£1.25 g, 32.7+1.43 g, 33.6£2.29 g,
2(:11 7&}/\]—% /\]/\]o]—oﬂq— /\]‘SJX]-E_OJ -Er]_—* »8— SAS/STAT 34.0+1.95 g 7_( 35.842.18 ggi Eo:] EHX:’L hui)] /K]
S clgstel FAMom AR, S Vs ggo) A3 wske Azt wek Ak Sviete
thEH| w B2 AL A5t H|o]E]= Bartlett’s TestS Aoz YyeEhdou gzto] Aslio] vj5)] ¢ =z
o] g5t Al AES AR & R4 HlolE = oz AL Eo] 19 tjRrto] Wit EIjL
A LH 2 ZAREA(ANOVA) o2 HAskal, w7bajo] 3214125 golglon, Mz md 50 mgkedlF 2o B
+= Dunnett’s Test 24oGIe). SaAbs 2] 9h2 o] A 31.941.39 g, 300 mgkg AT 32.5+
El= Kruskal-Wallis Test= 4]3}a1, Foja} o 24 1.14 g, 2000 mgkgo] AFLE 31.8£1.25 g0 & %
A&l Apeli= Dunn’s Rank Sum Testz 2telsticy L AYPZLe 2 Hol7t ggom, FAHOE §

Group Mean Body Weight over Time
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Day of Phase

Date represent the mean + S.D

Control : 0 mg/kg/day(1 day 32.1£1.25)
1 : 50 mg/kg/day(1 day 31.9+1.39)

T2 : 300 mg/kg/day(1l day 32.5+1.14)

T3 : 2000 mg/kg/day(1 day 31.8+1.25)

Figure 1. Male weight change result
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=
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2.15 g, 29.242.68 g 4 2924193 go|gith. AL =
50 mg/kg(T1)2| B 371% 26.9+1.42 g, 26.6+1.84
g, 27.9+1.48 g, 27.842.08 g & 30.3+2.57 go] it} 300
mg/kg(T2)0] B = 71]: 26.742.09 g, 26.5+1.25 g,
28.142.22 g 28.2+1.971 g = 30.3+1.68 go] %}, 2,000
mg/kg(T3)Q] Hi ZHAL= 26.8+41.49 g 26.8+1.79 g,
28.0+1.30 g, 28.3+1.48 g I 29.942.6] gO 2 Eof &
izt 9 AT AF Hske A7 St ek H
At F7¥oks Aoz e oy tixgto] Adltol H

o O 1o &

o x% |o o
me o o kN

o we pEom pATL, Fol 19 dazel
T EAlE 26.541.83 golglem, Hizuldl 50 mg/kg
AFTte] FHot FFA= 26.9+1.42 g, 300 mgkg AE
L 26.742.09 g, 2000 mgkg] AFILL 26.8+1.49 g
o gazn Auattel 2 o]t glglon, B4
Hom feolg Aol glolrh Fof 59, 159 o=
Yz ARETo] Jol7t gom, BALCR §
oJgt zpo|7h WAYSHA] ¢k rhFigure 2).

SEELEENEE
Hlz ) d-g Foigt A F(group T1, T2, T3)S CO;
FUL Bol vhAIshn BRYEu oY Aot
gollslxd 232l WBC, RBC, Hemoglobin, HCT,
Platelet, MCV, MCH, MCHCS 31 52472 24
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Day of Phase

Date represent the mean £ S.D

Control : 0 mg/kg/day(1 day 26.5+1.83)
T1 : 50 mg/kg/day(1 day 26.9+1.42)
T2 : 300 mg/kg/day(l day 26.7+2.09)
T3 : 2000 mg/kg/day(l day 26.8+1.49)

Figure 2. Female weight change result

Table 2. Hematological values of male after oral treatment of Benzo[a]pyrene

control T2 T3
WBC"(10%/10) 6.30 = 0.79 6.08 + 0.17 6.03 + 0.45 6.23 £ 0.54
RBC' (10%/10) 8.15 + 0.72 8.25 + 0.86 7.69 £ 0.96 7.95 £ 0.55
Hemoglobin(g/dL) 10.86 + 2.56 8.46 + 3.14 923 £ 2.75 9.14 + 2.31
HCT' (%) 479 + 1.4 47.8 + 0.9 48.1 + 1.2 479 + 1.27
Platelet(10/10) 893.32 + 26.12 970.33 + 29.70 881.11 + 29.85 863.91 + 65.32
MCV(fl) 50.2 + 6.38 50.6 + 4.41 51.58 + 7.20 51.0 £ 5.08
MCH ' (pg) 13.11 + 3.79 11.35 + 2.53 13.55 + 0.20 12.61 + 2.58
MCHC'(g/dL) 32.87 + 3.30 32.5 £ 4.54 33.83 + 431 32.36 + 1.45

Date represent the mean + S.D.

*WBC : White blood cell, " RBC : Red blood cell, *HCT : Hematocrit, "MCV : Mean cell volume, "MCH : Mean cell hemoglobin,

MCHC : Mean cell hemoglobin concentration

http://www.kiha.kr
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Table 3. Hematological values of female after oral treatment of Benzo[a]pyrene

control T2 T3
WBC'(10%/10) 4.19 + 0.53 4.64 + 0.66 4.40 + 0.24 453 + 0.27
RBC' (10%/1) 7.24 + 0.70 7.70 + 0.76 7.82 + 1.07 7.79 + 0.17
Hemoglobin(g/dL) 15.08 + 1.70 15.14 + 1.44 15.26 + 2.50 15.62 + 1.46
HCT' (%) 453 + 1.92 455 + 1.85 454 & 447 46.6 + 2.69
Platelet(10%/10) 953.11 + 130.32 952.37 + 61.50 920.40 + 64.63 870.30 + 61.09
MCV(fl) 43.09 + 4.35 46.14 + 8.18 46.85 + 10.42 48.91 + 12.09
MCH '(pg) 17.7 + 2.45 17.7 + 3.81 17.8 + 2.76 17.6 = 3.49
MCHC'(g/dL) 3331 + 2.17 31.70 + 2.45 32.17 + 3.19 33.70 + 4.07

Date represent the mean + S.D.

*WBC : White blood cell, "RBC : Red blood cell, *HCT : Hematocrit, "MCV : Mean cell volume, 'MCH : Mean cell hemoglobin,

MCHC : Mean cell hemoglobin concentration

atolck 1 A3 A A RES o -3 BFE A
A<t (group T1, T2, T3)¥} tj Z<(group control)9] 57
Ao g folAd gl 2to]E Kol okgkrh(Table 2, 3).

3) daysteta A At

W27 A Foldt A% (group T, T2, T3)O. 2
B dHS A 3slo] Total protein, Albumin, Total
bilirubin, ALP, AST, ALT, Creatinine, BUN, Total
cholesterol, Triglyceride, Glucose®] X5 =43}
oh. opsrets A EEC] AAbelA A eroup

TI, T2, T3)7} o (group contro)ALo]ef 4] £-214
Q= WS} el ghelth. olefd Auke o - 4
=Fol A EUsHA LehthTable 4, 3).

SESEELEEREE!
A RFA dxaw Hn fdael Eo
1, A4, g 3

3t Blwske] 2,000 mgkg HIZ
w0 220N Fogt Zpol7h §lolth(Figure 3).

Table 4. Serum biochemical values of male after oral treatment of Benzo[a]pyrene

Index control' 2" 3"
Total protein(g/dL) 5.1 +£0.2 51 +£02 52 + 0.7 49 + 045
Albumin(g/dL) 1.50 + 0.38 1.50 + 0.32 1.7 £ 0.30 1.44 £ 0.2
Total Bilirubin(mg/dL) 0.05 + 0.02 0.05 + 0.01 0.08 + 0.02 0.05 + 0.03
ALP"(IU/L) 127.8 + 14.9 129.2 + 9.6 125.0 + 94 1245 + 7.8
AST' (IU/L) 97.6 = 14.0 96.5 + 11.6 98.1 + 8.8 89.6 + 8.4
ALT' (IU/L) 56.1 + 7.1 552 £ 7.1 558 £ 6.9 52.5 + 4.61
Creatinine(mg/dL) 0.55 + 0.08 0.48 = 0.12 0.50 = 0.09 0.50 + 0.08
BUN*(mg/dL) 145 £ 2.6 12.4 £ 2.73 11.4 + 0.9 12.4 £ 091
Cholesterol(mg/dL) 66.3 + 4.5 61.7 + 10.8 654 + 5.1 57.6 + 4.1
Triglyceride(mg/dL) 158.45 + 31.86 146.80 + 17.39 140.95 + 26.33 128.55 + 19.80
Glucose(mg/L) 1312 + 143 135.54 £ 12.5 130.7 + 19.2 133.1 + 22.1

Date represent the mean + S.D.

"ALP : Alkaline phosphatase, "AST : Aspartate aminotransferase, ¥ ALT : Alanine aminotransferase, ‘BUN : Blood urea nitrogen

'Control : 0 mg/kg/day
T1 : 50 mg/kg/day
“T2 : 300 mg/kg/day
T3 : 2000 mg/kg/day
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Table 5. Serum biochemical values of female after oral treatment of Benzo[a]pyrene

=

=

r

Index control ' T1T ™" T3

Total protein(g/dL) 425 + 044 4.52 + 0.50 4.71 + 0.40 498 + 0.38
Albumin(g/dL) 3.95 + 0.19 3.80 £ 0.33 3.87 = 0.30 3.97 £ 0.23
Total Bilirubin(mg/dL) 0.09 + 0.01 0.11 £ 0.03 0.09 = 0.01 0.10 £ 0.01
ALP"TU/L) 983 + 11.3 111.1 + 5.09 110.8 = 12.3 100.5 + 6.73
AST' (IU/L) 855 +£95 82.9 + 8.1 86.3 £ 9.2 96.5 £ 9.8
ALT' (IU/L) 342 £ 49 332 + 3.7 38.4 £ 6.4 33.0 £ 17.7
Creatinine(mg/dL) 0.43 £ 0.06 0.43 + 0.07 0.47 + 0.08 0.50 £ 0.07
BUN'(mg/dL) 144 £ 25 14.5 + 2.61 13.3 £ 2.66 18.65 + 2.87
Cholesterol(mg/dL) 95.2 + 20.24 118.22 + 13.71 96.9 + 26.14 90.1 + 29.25
Triglyceride(mg/dL) 272 + 54 31.1 + 6.65 33.6 + 5.31 39.7 £ 6.90
Glucose(mg/L) 164.23 + 23.17 168.47 + 11.09 152.41 + 25.44 154.57 £ 10.34

Date represent the mean = S.D.

*ALP : Alkaline phosphatase, "AST : Aspartate aminotransferase, ¥ ALT : Alanine aminotransferase, ‘BUN : Blood urca nitrogen
'Control : 0 mg/kg/day

T1 : 50 mg/kg/day

T2 : 300 mg/kg/day

T3 : 2000 mg/kg/day

Organ Control 2000 mg/kg Organ Control 2000 mg/kg

Brain

Epididymis Prostate

Heart

Kidney

Liver

Figure 3. Histopathological changes of the organs

http://www.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(1): 43-50



v.

K
[l

!
ol A
z

A=)

Hlzu] 9l 2,000 mgkg Fof 39 &
Ateh BrEE e gol HEEN oM, o
dolA F5A12 MeE Uehe 2o R
of flzud Fojof whE AF-] Hate] gt o
At B33 gli=d| 2006 Irigaray o] u}
1153 C57BL6 FE0] 142 £91 0.5 mgkgo] Hl
A 48 A\ 7kukeh Bk ) Fofdt At o] A

Aglo] Mz o] AP HajE 2Hske B
-adrenergic 322 Eu| & wlal|slo] AU] fat massE =
7HA 71tk A3HE W E LS O U (Irigaray et al., 2006),
20074 Tzawa ol wp=e wlzsldlo] ke i ¢
A Q1} 24.7, 74.0 9 220.0 pgS 657 BALB/c 27
npg-2uo] 537h 109 WAL S S Wl Ro
ot AT HeE YERA] ghotti(zawa et al., 2007).
2008 =Q1T A-Aol| w2w Rlzvdl 1.0 megkg
2 10.0 mg/kge C57BL/6 427 n}o-Ao) 637F AT
Folgt & 5o HakE A Eek=d Hek= yEht
A % RATHCho, 2008). $HA A5 MeE F7HAIRI
Auol B 77} o2 A7 AnE 2ol AL Wz
o] Fof g3 Fof Wy, Fof At U E
Hzo] volof met 2 Ve 5 S
HE7lo] Bk BAHOR T ALE A7)

ez

g 4

= o B AUAE oeR AT sgeioio o
[¢]

S

i

s 10 e

135]

e Yoot
o Fd Md

il

HorE o 3o
)

2 BN ol i uE AN

hy2
]

|t} Knuckles et al.(2001)2 ¢ - %1 F344 W E

g4l 0, 100, 600, 1000 mg/kgS Fosto] &Hst
WIS PEskd et ek aalETo] WEAo
20 Pt AEZ-sa2dl sk F7H Evkal 5t
on, dF I}HJE(ALT, AST, BUN) E= W9
o]2] 2 A~E(glucose, bilirubin, protein, pH, urobilinogen,
nitrite, leukocytes)-2> 9]9] Qli= I Qlttar sl Th
chi 909 Foi7|2t F @ 744 @F BpspHol ¢ -
G moll A )] gl Fidslhlizd RBC(ZT 10%)
Het(Z]th 12%), sl=2a=2RI(F 12%), E 25H4] 2
25(ALT, AST, BUN)oJ| A= 1185100 mg/kg) 5o
2] Zlo Ant BUNOJ &]¢f A F71shetal sH3
Tk 21 9] A4 HAb= 9047t 2719 A1gwF Foi
<+ W FRCAT AR wAS S BTt
(Knuckles et al., 2001). A&7 59 A4 o] wf=2
HzT 9 0.01 2 10.0 mg/kgS Sprague-Dawley 171

2 o 2 Aeopx &orfr

¥ oy

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(1): 43-50

g HE #7 8 e3 PIAE gde R A Foidt
T AL HekeAl, M, 7 9 A J, v A
Ao kEae] g RA 2 2ty s &
3 FEjA ke HolA etk shilon, i =
oA Hlzudlof kgd ¥ 27 RFoA H2yd
(alveolar sac)®| 7} Hadte FFe HALL A

onf, w29 dohe

S|
A Qe ¥ 2 23} ws) 24
= ckar itk E St reticulin A A3} reticulin OF
X 2o Was ] e AN FoloHA 2
Aot Aol waEden, AE ZHALL Falat
7] 93l PCNA(Proliferating Cell Nuclear Antigen) H <
2435h2 53 23} PONA PAAES} Wzsa
= Folgt oA gkl Hlsl FolsHA SVt A
R 5 YA SAT. o] A A FUs}
Al Az o]
Past AFS Beou, AEALY HHEA Ry
AL SFATHKIm, 2009). °]= & A-ollA
Sofat waw o 2AA 22es
2Rl WA= HolA] gglehe] 24
2 ek olet 2o Azie

szl glel o3k 34 HA4o] Hrhaom we woln)
A

B
B
D)
o

=
S~
¥ o
ir o
pay)

Ioolord

53] R0} A7of] P FiL AR RT= =3
oAl B S 7]XIthaL & 4= QU A AT Yol
A1) o2 @] A TedAte] ARYAE B
2o gixaglof gk WA 4l ZpolE Y5l &
IS S Qi & At oule wixalef gk 54
SAAE e AAT AR Ao gt FFS
O 2] A oF= Xt Fo]=H(NOAEL), Hlzwj=lof gt
54 FuARMD) E Hxo A 587|E 5 7]E9
S| RASGAIE Ao} vlu, 1EskaL o] F vig e
2 AFGATY oulE Hofst= Ao| Fastrtal Azt
Elo] Zich
References

Cho YH. The role of polycyclic aromatic hydrocarbons in
epigenetic multi-transgenerational reproductive problems.
Ministry of food and drug safety.; 2008. p. 12-15

Hecht SS. Tobacco smoke carcinogens and lung cancer. J Natl
Cancer Inst. 1999(91):1194-1210

Hoyer PB. Reproductive toxicology: current and future

http://www.kiha.kr/



pris

50 20jut- 052 - TR - LS

directions. Biochem Pharmacol 2001(62):1557-1564

International Agency for Research on Cancer(IARC).
Monographs on the evaluation of carcinogenic risks to
humans. 1991. p. 43-53

International Agency for Research on Cancer(IARC).
Polynuclear aromatic compounds part I : chemical
environmental and experimental data. Monographs on
the evaluation of carcinogenic risks to humans. 1983.
vol. 32

Irigaray P, Ogier V, Jacquenet S, Notet V, Sibille P, et al.
Benzo[a]pyrene impairs beta-adrenergic stimulation of
adipose tissue lipolysis and causes weight gain in mice.
A novel molecular mechanism of toxicity for acommon
food pollutant. FEBS J. 2006;273(7): 1362-1372

Ishiwatani R, Takahisa H. Organic geochemistry of a
200-meter core sample from lake biwa(Il) vertical
distribution of mono and dicarboxylic acids and
polynuclear aromatic hydrocarbons. Proc. jpn acad.
1975(51):436

Izawa H, Kohara M, Watanabe G, Taya K, Sagai M. Diesel
exhaust particle toxicity on spermatogenesis in the
mouse is aryl hydrocarbon receptor dependent. J Repod
Dev. 2007;53(5):1069-1078

Jerina, D. M, and Daly, J. W. Oxidation at Carbon. In: D. V.
Parke and R. L. Smith(eds.), Drug Metabolism, PP.
15-33. London : Talyor and Francis, 1976

Kim CM. Epigenetic actions of Benzo[a]pyrene on

http://www.kiha.kr

transgenerational effect in reproduction. National
Institute of Food and Drug Safety Evaluation. 2009

Kuller LH, Garfinkel L, Correa P, Haley N, Hoffmann D,
Preston-Martin S, Sandler D 1986 Contribution of
passive smoking to respiratory cancer. Environ Health
Perspect 70:57-69

Lewtas J, Walsh D, Williams R, Dobias L. Air pollution
exposure-DNA adduct dosimetry in humans and rodents:
evidence for non-linearity at high doses. Mutat Res.
1997(378):51-63

Maurice E.Knuckles, Frank I, Aramandla R. Acute and
subchronic oral toxicities of benzo[a]pyrene in F-344
rats. Toxicological Sciences 2001(61):382-388

Phillips DH. Fifty years of benzo[a]pyrene. Nature. 1983
(303):468-472

Santodonato J. Review of the estrogenic and antiestrogenic
activity of polycyclic aromatic hydrocarbons: relationship
to carcinogenicity. Chemosphere. 1997(348):35-48

Thakker D, yagi H, Nordqvist M, Lehr R, Levin WW, et al.
Polycyclic aromatic hydrocarbons and carcinogenesis:
the bay-region theory. In Chemical Induction of cancer.
New York academic press. 1982. p. 727-747

Van de Walle I, De Smedt M, Taghon T, De Smet G, Leclercq
G. Notch signaling induces cytoplasmic CD3 epsilon
expression in human differentiating NK cells. Blood.
2006(110):2696-2703

Journal of Korean Society of Occupational and Environmental Hygiene, 2018: 28(1): 43-50



