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Abstract Taking the basic component acetaminophen ( APAP) in clinical antipyretic analgesics as the model drug we
investigated the metabolism of APAP in silkworm ( Bombyx mori) and its damage to major tissues ( systems) of silkworm
larvae and the expression variation of main detoxification enzyme genes to discuss the possibility of using silkworm as
the substituted experimental animal in the study of hepatotoxic drugs- toxicology. At 0. 5 h after oral administration to day
2 silkworm larvae of the 5th instar APAP was tracked in
digestive tract fat body and hemolymph in silkworm.
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Ugt30 Ugt86 and Ugt89 significantly increased in fat body and digestive tract cells. HE staining showed that high dose
of APAP can lead to damage of digestive tract and fat body while the number of dead haemocytes was not found in—
creased in circulative hemolymph by AO/PI staining. The results showed that the digestive tract fat body and hemo-
lymph of silkworm all have APAP detoxification function through glycosylation metabolization while the excessive APAP
could lead to injuring of digestive tract and fat body tissues in silkworm.
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Every sample contained 3 larve and both male and female larvae were randomly selected ( the same in Fig. 2 to 5) . * P<0.0l.
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Change of acetaminophen ( APAP) content in various tissues at different time after oral administration to day 2

( APAP)

silkworm larvae of the 5th instar determined by HPLC method
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" and ™ indicate significant difference ( P<0.05) and extremely significant difference ( P<0.01) respectively. The same in Fig. 3.
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body ( D) after oral administration with acetaminophen ( APAP) to day 2 silkworm larvae of the 5th instar



5 875
2.2.2 APAP UGT qRT- APAP
PCR APAP 4 h o
Ugt30-Ugt86  Ugt89 UGT ( 3B) APAP
( 34) Ugt30  Ugi89 4h Ug30.Ugi86  Ugi89
0.5~1.0h 0.5h 3
2 APAP Ugt30  Ugt86
. Ugt86 2h 2 o 2 UGT
Ut86 APAP APAP
4 h APAP
o UGT86 APAP
5.0 520 19
(A) 4r (B) i
o o
%5 a3t ® 2
= 5o £ 20
& §5 2} ' &3
s Ess
£8 3 £8%
T~ 1F T~
& ,.( . %=
) =
0 0.5 1.0 2.0 3.0 4.0 0 0.5 1.0 2.0 3.0 4.0
0.4 0201
ol ¥ T
}j £, 03f e PR §
1L 2is
= B2 o2l 2 £2010F
53 = 252 : :
€37 o} €3 L00st
En :E . ?{; D::L LU
0 0 ¥k
_ 0 0.5 1.0 2.0 3.0 4.0 0 0.5 1.0 2.0 3.0 4.0
£ 100
B e
j‘é g =2} -_j % =2
TES R &3
53 Z:3
g4~ g4+
5= 5=
) =
0 0.5 1.0 2.0 3.0 4.0 0 0.5 1.0 2.0 3.0 4.0
255 TR] / h 2 J5mflE /h
Hours after administration Hours after administration
3 5 2d ( APAP) (A) (B) 3 UGT
Fig. 3 Expression variation of 3 UGT genes in digestive tube ( A) and fat body ( B) after oral
administration with acetaminophen ( APAP) to day 2 silkworm larvae of the 5th instar
2.3 APAP ®
APAP (3 600 mg/kg) APAP N

NAPQI

o




876 2015; 41 ( 5)

12 h HE ( 4- 18 h 12 h

A) .
; 18 h o APAP
N 12 h

. APAP ( 5-A)

12 h HE ( 4- ( 5B): AO/PI
B)

BT AR 12h LA 18 h
Negative control 12h afltf,r administratin 18 h after administration

! )
I

. II_!.\':T' . :‘
D

4 ( APAP) 5 (A) (B)
Fig. 4 Effect of high concentration acetaminophen ( APAP) on the organizational form of digestive tube ( A)

and fat body ( B) of day 2 silkworm larvae of the 5th instar



5 877
(A) W #F 84 Control group (B) W AT HEEH Control group
10 ¢ W AEFEZH Treatment group 0.10 r M ZbFE Treatment group
£ n b &
48 8f s % 008
2§ st M E 006}
x5 2=
] o=
B2 4 =% 004
-y 43
28 2 B Z 00
: : 0 y 5
8 min 32 min 12h 8 min 32 min 12h
S ES) ] B2 I ]
Time after administration Time after administration
C
© sma s %1841 sy x84l b
Control group Treatment group

Control aroup

Treatment group

i

200 wm

200 pm

() em 200 pm 200 pm

#5258 min

8 min after administration

C
In Fig. C dead haemocytes were stained to red by propidium iodide ( PI)

(PI)

#4525 532 min

32 min after administration

Treatment group Control group

2
(& :

200 pm 200 m 200 wm

200 m 200 wm 200 wm

#h25E12h

12 h after administration

(A0)

and all haemocytes were stained green by acridine orange ( AO) .

5 ( APAP) (A) (B) AO/PI (C)
Fig. 5 Effect of high concentration acetaminophen ( APAP) on density of haemocytes ( A) and dead
haemocyte percentage ( B) and staining results of AO/PI ( C) in haemocyte of silkworm
3
APAP
UGT
o o APAP
21 . .
APAP APAP o
APAP UGT
o UGT APAP ( portal vein)
UuGT 2. APAP  0.5h
( ) UGT o N
APAP APAP APAP
o (3 600
AO/PI mg/kg) APAP



2015; 41 ( 5)

APAP

APAP
o APAP
UGT
UGT APAP
APAP
APAP
APAP
5
APAP
APAP
: APAP

( References)

Kon K Ikejima K Okumura K et al.Role of apoptosis in acetamin—
ophen hepatotoxicity J .J Gastroenterol Hepatol 2008 23( 3):
501-502

Kalinec G M Thein P Parsa A et al. Acetaminophen and NAPQI
are toxic to auditory cells via oxidative and endoplasmic reticulum
stress-dependent pathways J .Hear Res 2014 313:26-37
Tephly T R Burchell B. UDP—glucuronosyltransferase: a family of
detoxifying enzymes J .Trends Pharmacol Sci 1990 11:276-279
Huang F' F Chai C L Zhang Z et al. The UDP-glucosyltransferase
multigene family in Bombyx mori J/OL .BMC Genomics 2008
9:563 2015-05-25 .http: // www. biomedcentral. com/1471-
2164/9/563

Xu X Wang M Wang Y et al.Green cocoons in silkworm Bombyx
mori resulting from the quercetin 5-O-glucosyltransferase of

UGTS86 is an evolved response to dietary toxins J .Mol Biol Rep

10

11

12

13

14

15

16

17

18

19

20

21

22

2013 40( 5) : 3631-3639
Johnson B P Walisser ] A Liu Y et al.Hepatocyte circadian clock
controls acetaminophen bioactivation through NADPH-eytochrome
P450 oxidoreductase J . Proc Natl Acad Sci USA 2014 111
(52):18757-18762
Jiang P Sheng Y C Chen Y H et al.Protection of Flos Lonicerae
against acetaminophen-induced liver injury and its mechanism J .
Environ Toxicol Pharmacol 2014 38( 3) : 991-999
Hamamoto H Kurokawa K Kaito C et al.Quantitative evaluation of
the therapeutic effects of antibiotics using silkworms infected with
human pathogenic microorganisms J . Antimicrob Agents Che—
mother 2004 48( 3) : 774-779
Hamamoto H Sekimizu K. Evaluation of the therapeutic effects of
antibiotics using silkworm as an animal model J .Res Adv Antimi—
crob Agents Chemother 2005 5:1-23
Berger J.Preclinical testing on insects predicts human haematotoxic
potentials J .Lab Anim 2009 43( 4) :328-332
Asami Y Horie R Hamamoto H et al.Use of silkworms for identifi—
cation of drug candidates having appropriate pharmacokinetics from
plant sources J/OL .BMC Pharmacol 2010 10: 7 2015-05-
25 .http: //www.biomedcentral.com/1471-2210/10/7
APAP D .
2011
Kessler F K Kessler M R Auyeung D J et al. Glucuronidation of
acetaminophen catalyzed by multiple rat phenol UDP—glucuronosyl—
transferases J .Drug Metab Dispos 2002 30( 3) : 324-330
D . : 2011
Schefe ] H Lehmann K E Buschmann I R et al.Quantitative real—
time RTPCR data analysis: current concepts and the novel “gene
expression’s CT difference” formula J .J Mol Med ( Berl) 2006
84( 11) : 901-910
JiIM M Liu A Q Gan L P et al. Functional analysis of 30K
proteins during silk gland degeneration by a caspase-dependent
pathway in Bombyx J .Insect Mol Biol 2013 22( 3) : 273-283
Liu T Xing R Zhou Y F et al. Hematopoiesis toxicity induced by
CdTe quantum dots determined in an invertebrate model organism

J .Biomaterials 2014 35(9) : 2942-2951

D . : 2015
Kessler F K Kessler M R Auyeung D ] et al. Glucuronidation of
acetaminophen catalyzed by multiple rat phenol UDP-glucuronosyl—
transferases ] .Drug Metab Dispos 2002 30( 3) : 324-330
Kon K Kim J S Jaeschke H et al.Mitochondrial permeability tran—
sition in acetaminophen-induced necrosis and apoptosis of cultured
mouse hepatocytes J .Hepatology 2004 40( 5) : 1170-1179
Fang Y Wang H Zhu W et al. Antioxidative capacity in the fat body
of Bombyx mori is increased following oral administration of 4-meth—
ylumbelliferone J .Comp Biochem Physiol C 2014 159:31-37

M .6 . : 2008: 1-33





