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Effects of environmental hormone butyl benzyl phthalate on the genital

development of silkworm

TU Zhenli* , ZHONG Rujie
College of Animal Sciences, Zhejiang University, Hangzhou 310029, China

Abstract: This study aims to determine the effects of the environmental hormone butyl benzyl phthalate ( BBP) on the
genital development of the silkworm Bombyx mori. Larvae were fed with different concentrations of BBP at different
developmental stages. The numbers of mature eggs produced and laid were recorded, and the genital development was
observed. The body weight, survival rate, and egg production were greatly influenced by BBP concentration. In newly
molted fifth larva fed with 1.6 mmol/L BBP, 56.1% and 51.4% of mature eggs were produced and laid, respectively, as
compared with the controls. The fertilization rate and hatchability of the silkworm showed similar tendencies. The effects of
BBP were greater on males than on females. The effects of BBP on the different life stages of silkworm were arranged as
follows ; newly molted third larva > newly molted fourth larva > newly molted fifth larva. For newly molted third, fourth, and
fifth larvae fed with 0.16 mmol/L BBP, 57.5%, 63.3% , 97.6% of mature eggs were produced, respectively, and 58.7% ,
74.1% , 96.0% of mature eggs were laid, respectively, as compared with the controls. No evident effects on the cocoon
quality of the following generations were observed. BBP, which can accumulate in the silkworm body, has significant
detrimental effects on genital development. The earlier the larvae were fed with BBP and the higher the BBP concentration,

the greater the biological effects.

Key Words: environmental hormone; butyl benzyl phthalate ( BBP) ; Bombyx mori; genital effect
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IRFRAE ;1.6 mmol/L ¥ FEARETHT, 5 W4 HT 2 d B4R
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JEbEE KB IR EZEG N E 5 185 3 RS, A E
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Fig.1 Effect on body weight of Bombyx silkworm, larvae were fed
on different concentrations BBP at the 5th stage
# x P<0.01. M E R T-D0 5675

BBP IR AR & B K &5, X 5 iR E Y
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Fig.2 Effect on body weight of Bombyx silkworm, larvae were
fed on BBP at different developmental stage
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Table 1 Effect on survival rate of Bombyx silkworm, larvae were

fed on different concentrations BBP at the 5th stage

, PR/ %
N ZEVR/ R/
BBP #¢ i/ (mmol/T.) AR/ % MR % Adult
. Cocooning Pupation
BBP concentration emergence
rate rate
rate
0.16 100 100 100
0.32 100 96 92
0.64 96 90 80
1.6 84 80 60
X H8 Control 100 100 100

0.16 mmol/L 1) BBP ¥ & A [ i 1) R A )=,
XAEIE R 25 RNk 2, 5 B EERE XIS
HOR AR ROPE R X X A 2 5 1T 3 ik
AU X LU R DX B S sk 2D A 72% .68% J 60%
ARRERS 25 B AL SRk, 1 4 IR ERE X
(25 BRI SRR A T 22 (8],

2.3 XA PERE Y R

ANEHREE BBP IR 5 W% 5, KA - ik

AT A ZE RN 3, 0.16 mmol/L FURE X, KA Y
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Table 2 Effect on survival rate of Bombyx silkworm, larvae were

fed on BBP at different developmental stage

WA %
G 4
o ,uﬂii(% 4&&%?/% Adult
o Cocooning Pupation .
BBP feeding stage emergence
rate rate
rate
3 kA
2
Newly moulted 3rd larva ! 68 60
4 WA A
84 80 72
Newly moulted 4th larva
5 WA
1 1 1
Newly moulted 5th larva 00 00 00
it Control 100 100 100

WS EUE BBP feeding concentration ;:0.16 mmol/L,

15 BN 7 B S X BR A EL B B kb T 0.32
mmol/L DL I e B i) Bl 25 VS B W B O 15, R AR 1Y
T BB = BRBGE H L, 2 1.6 mmol/L R BT, K
A (138 O 0 S SR A A X BRI 56.19% Fi1 51.4%
AR IR AL RS LR, 54, TE
R IR MR IE T, 2K R R 0y & 45 R B
N HEVE RS R R

0.16 mmol/L f#J BBP ¥ & /N [A] i 3] i) K At J5
SR R R A NS 4, 5 MERBEIXH
X BB R 7 B RS o B X A B b T 3 ek
AN DX 18 B B30 7 O B B R DX 2 A
Jp RERR5T7.5% M58.7% , 25 53k W B 3 K P

£3 FEFERERE AN

Table 3 Effects on egg production of Bombyx silkworm, larvae were fed on different concentrations BBP at the Sth stage

I Ty
il (?ﬁﬁ(iﬂﬁ/( mmol/L) No. of mature N ; laid ZHER/ % WAL/ %
0.0 i .
Sex BBP concentration eggs produced cees 4 % of fertilized eggs * Hatchability
(Mean=S.D.)
(Meanz=S.D.)
I Female 0.16 487+47 457451 95.4 93.8
0.32 41141 402+40 91.1 88.5
0.64 388+46 37442 79.2 73.1
1.6 280+52 242+45 61.2 52.6
it Male 0.16 - - 94.1 89.7
0.32 - - 87.4 84.6
0.64 - - 70.2 63.2
1.6 - - 48.6 39.8
XJ H& Control 499+3] 471435 99.6 96.1

o TN ET b SHLME (Bl ) P A5 AT S £ OB () P ASSE , TR A MBSO B IX 6 Sk

®4 AEFEREXREIREHEM

Table 4 Effects on egg production of Bombyx silkworm, larvae were fed on BBP at different developmental stage

IR

A B A No. of mature N ?’;gﬂﬁl . ZHERS % L/ %
o. of eggs lai
BBP feeding stage eggs produced 88 % of fertilized eggs * Hatchability *
) (MeanS.D.)
(Mean+S.D.)
3 AR Newly moulted 3rd larva 287+77 247+61 55.9 46.7
4 {54 Newly moulted 3th larva 331+48 312+43 82.3 72.5
5 B4 AL 4 Newly moulted 3th larva 487+47 304+48 95.4 93.8
X} B Control 499131 42135 99.6 96.1

w UNE AL PR AMA S A U A AMA S B THEAMABC B X 6 3k ; N E BBP feeding concentration; 0.16 mmol/L

(P<0.01) T 4 ¥4 45 7% 2 X9 3 B9 4508 7™ B B0
T Z 0], 300 Rt BRI 63.3%F1 74.1% . 2R
Bk et B AR ] 0 AR A 34
24 X5E T AR

TAFEAFE W ) BBP IR 5 W& 5 /796 A

B =g Bn AR SR A R IR 5, BN R R IX
4 X B2 B S X IR X Z AR 7E A T 22 5% (B
50 R DX 2 [ 9 2 5 A TR B 8 B K, e i
i ) i CER R R P R A A AR
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Table 5 Effect on cocoon quality of the next generation Bombyx silkworm, larvae were fed on different concentrations BBP at the 5th stage
P IR LEHE/ g H)EH/ g HER/ %
Sex BBP concentration Cocoon weight Cocoon shell weigh % of cocoon shell
M Female 0.16 mmol/L 1.934+0.129 0.492+0.035 25.44
0.32 mmol/L 1.921+0.134 0.486+0.041 25.30
0.64 mmol/L 1.918+0.147 0.473+0.021 24.66
1.6 mmol/L 1.909+0.137 0.487+0.029 25.51
X H8 Control 1.924+0.127 0.489+0.033 25.47
1 Male 0.16 mmol/L 1.689+0.131 0.459+0.021 27.18
0.32 mmol/L 1.712+0.124 0.460+0.026 26.87
0.64 mmol/L 1.701+0.119 0.452+0.034 26.57
1.6 mmol/L 1.693+0.152 0.449+0.027 26.52
X§ H& Control 1.702£0.131 0.461+0.023 27.09

3 e

AFIWRIE BBP INE S WSS AR I , 5K 4 ™ Ui 14 g
[ A 25 2B, 7E 0.16 mmol/L I, 58 4% 1 ¥ P 4L
K= S B U % B R L A B s b T
It 0.32 mmol/L B, B % V8 BV B2 A3 in, R A& 1
T BB P2 U BOZ T D, 1.6 mmol/L %S £ X Y 1
DI = BB R i BRI 56.1% 1 51.4% ; 2 K R
SR I A G R AL (3R 3) o BEAE BRI E] Y
PR, Z AR INEC ™ I ECE Wb, 3 R R
DX ) B B8 B 7= B AR X BRI 57.5% 1 58.7% , %
42 ok BBP B[R] i | X6k 5% A 7 B4 A 5 i e G
(F4), AR HE R A& 1—2 B0 EE K
BHRET:, BT A IS AU 4 A 3 % S LR Ik
BT R TR E A, R KA
FERY) BBP AR KA 0] AN S kB84
{5 4 BBP  H A0 45 5 0] DAHEWT 1, a2 2 2
77 1 IR (A 7 T F Bt B2 A 21 BBP (35, St
o AL SO () BBP , 5l AT BE 72 AR B 1
M5 R EE, F80HE I ECR ™ BB /b | B2 R RE
TE A B (H 305 2R TS B 7 SRR — 2L A
AESE,

A% BBP HRE 5| R 5K A A B RE Y R 55 1 AL R
HRTEATE R, (H 4 2= S 45 X SRR — H iR i 2%
B — i ——4R 4 R T i ( DBP ) X B 1 2 () 75
PESTHTIA R, BE DBP V& B (1% 3% il F1 5 58 B [ (1) 2
K BED 0 I B85 (9 SOD A1 ATPase 15 7 4 i
Z32 BN WU DBP 2 18 i 5 e i 1) 3 1k

SN B BE L (4 AR T MR 2 s
XN BIF5E 2 B, BBP A fifi /N BRI S8 AL Y & 9 AE
i 20 e 2 4 T 3 R R s b AR RS A R AR
i B A T AR 0 Bl Y el 2D FORS 1 e O B 1
s FCEL R T BBP 3 AN BRUAR P 7R IR LR
AR TR e DRy AR A TR BT TR ( MBuP ) FHGR 2K
R PRI (MBeP ) , #% /%% 5 1) MBuP 1 MBeP
I 11 98 TR 3 A 38 4 B S B, DT RS 52 AL 55 2H 21 8%
B, S B0E T AW R R
TN BBP X 2 i 14 52 Wi ] BB, 2% 3 3 52 1) 52 i T 1)
TPET SRR, & HU o o8 A — A R B Be, 24
WA &A BBP [R5, BBP # KA 11 1L 4% B
Wom , HEAR P AN, 5 B o A b B, SR HOE
G5 SR 0T 7, AT 52 M 58 2 8 397 R A Qs
BARR B w D U — R A AL R
AL, EEEEAET(R 1 MK 2), S —rm, AR
ZCAL AT U A 1) 52 BEL T 52 0 AR P 3R 4 i AR
ST AR AR (B L FIE 2) 5 AR Y
RH 5 BH A T 5 BN 3 OB B 5 s b Bk A= v
S | B 2 Wi B 52 A 1Y 6 B 2 g S BN BT (% 3 Rk
4)  TEARIFM S BT, BBP X 5 7 7 B AP 11
PR, PR UMM B OR (3R 3) ik SR A N Y
Mo, R WMEZ — 1 2, 4 H KW (2, 4
Dichlorophenol, 1.60 mmol/kg ) {if i ik Zx () 4% & JL-F
SEARAL, TAHFIR EE (Y 2, 4-DCP S fff i ik 11 7= B
BUF A4 5 —%, Uriu-Adams 2517 F9EIA R,
BBP A L5 S AU Hh A g, 77 2B S AL AOR 4 A
BRERG AL FE A I R D B R AR
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FHEN ARG AE NS gl 31, an A2l F K 2
BT ALY TS G i PR v, AT S BN A 7 R
T R, o PR B v 4 Ak 2 T Y
NSRS T R R RO & AR T B B R

BBP AER AR N A8 7™ A B BN, IR Bk
FERR S IS AR A B BBP %,
XF oA O BE M K (3R 3 IR 4) | iX S5 R
SRR G B PR ER PR P KA K EF W
ML AR R, AR KPR A SR
5k EBHAAC, ORI 9 %) 8L, BT A i A e
Wik K, BE SR B R E, &Y R E
AN ST ARG A 4 Rt R B BBP X 5K A% 1 72 B
BB 1 EL AR R R A5 AN BT TR 50N b R S 42 fe | G
FEAE A K, XS E AR S HRGE IR MR T
FEW ()R EL A TR B 3500 AN B[R] RGN, [R) B RE 75 A&
W DNA B 4512022

TR FEANRIR LA BBP BN 5 WA At Jo A7 30 A
-0, 45 26 0 BBP WXt F —AR i %
A, A i )2 S IR
25 (FRS5) , HEFE MR BAETEHR T BBP IR
AT R i S N A I N L R A S B 1 S '8
22 2SI BESTIE W] BBP XAl R 48 HAT B AR,
/N EURE T 72 B 5 S0 5 2 A L/ RS AR ) IR
B WNZAFTEAH R A LG . 41 OC BBP XK 4 AR 7
AL S5 E SRS PR ZH,
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