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Effect of bisphenol A (BPA) on sex ratio and development of a housefly

Nanae IZUMI and Junko SAIJIKI

Summary

The effects of bisphenol A (BPA) on life-cycle characteristics of Musca domestica were examined. Opposite results

(P<0.001) were observed in sex ratio between control and BPA-treated (female>male for control and male>female for

BPA treated). There was no difference in percentage of pupation between the groups. There was a significant

negative correlation (P<0.01) between descendant of generations and percentage of emergence of a housefly. The

results suggested that BPA could bring disorders in an endocrine function of a housefly.
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Experiment 1-1
BPA 1000y g/kg(lppm)

Generations 1 | 2

Developmental stage (days) | 0 4 7 18(0) 4 7 18(0) 4 7 18(0) 4 7 18(0) 4

A 4 W 4 A W
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Experiment 1-2
BPA 100 ¢ g/kg(0.1ppm)

Generations 1 I 2

| 3 | T | 7

Developmental stage (days) | 0 4 7 18(0) 4 7 18(0) 4 7 18(0) 18(0) 4 7 18

AAYy 44y

7 Y N/ E— A4

Experiment 2-1
BPA_100 ¢ g/kg(0.1ppm)

Generations 1 | 2

e AAY A AY

Developmental stage (days) | 0 4 7 18(0) 4 7 18(0) 4 7 18

BPA spiked medium

Experiment 2-2
BPA 100 4 g/kg(0.1ppm)

A' control medium

Generations 1 |

remove medium

Developmental stage (days) 0 4 7 18(0) 4

18(0)

e AAY AAY

4y

Fig.1 Design of the experiments
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Table1 Ratio of female fly in Exp. 1
1000 i g/Kg BPA

control

BPA

Generation

Female/Total fly FFemale ratio Female/Total fly Female ratio
1 249/4178 0.521 254/547 0.464
2 673/1276 0.527 446/909 0.491
3 465/869 0.539 373/782 0.477
4 462/879 0.526 471/967 0.487
5 399/769 0.519 324/771 0.420
Total 2248/4271 0.526" 1868/3976 0.47"
Significant difference of total generations between control and BPA treatment according to a student t-test *p<0.01

100 i g/Kg BPA

Generation control BPA
Female/ Total fly Female ratio Female/Total fly Female ratio
1 505/946 0.534 412/847 0.486
2 445/878 0.507 428/936 0.457
3 1491/910 0.54 498/1102 0.452
4 422/809 0.522 438/980 0.447
5 507/946 0.536 378/831 0.455
6 319/537 0.594 389/809 0.481
7 395/787 0.502 334/685 0.488
Total 3084/5849 0.527" 2877/6190 0.465"

Significant difference of total generations between control and BPA treatment according to a student t-test “p<0.01

Significance of data in Exp.1according to three-way analysis of variance

Significance

Source of variance

1000 u g/Kg BPA

100 # g/Kg BPA

Altreatments) *x
B(repetetion))
C(generations) Kok

Interaction (A x B)
Interaction (B x C)
Interaction (A x C)

*%

** p<0.001

Table2 Pupal weight in Exp. 1
Cxp.1-1 (1000 u g/Kg BPA )

Exp.1-2(100 u g/Kg BPA )

pupal weight (g/pupa)”

pupal weight (g/pupa)"’

generation generation
control BPA control BPA
1 0.0217%0.0014 0.0188%0.0026 1 0.0208+0.0010 0.0219+0.0007
2 0.0209+0.0024 0.0193+0.0009 2 0.0193%£0.0011 0.0197£0.0010
3 0.0217+0.0015 0.0206 +0.0009 3 0.0209+0.0012 0.0209+0.0008
4 0.0215%0.0016 0.0198+0.0023 4 0.0190£0.0004 0.0196+0.0010
5 0.0208£0.0013 0.0184+0.0010 5 0.0198+0.0010 0.0205+0.0004
Total 0.0213+0.0014 0.0194+0.0019 6 0.0184+0.0006 0.0189+0.0003
YMean +SD of tripricate 1 0.0191+0.0003 0.0197+0.0003
Total 0.0196+0.0019 0.0202%0.0010

Significance of data in Exp.1-1 for three factors
Source of variation Significance

Exp.1-1 Cxp.1-2
A(treatments) Kk

B(repetetion)
C(generations)
Interaction AxB
Interaction AxC
Interaction BxC

*%p<0.01
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Preparations: F=16.01 1% Significance Level FL1, 6, 001)=13.745
Reeression: F=77 F( 1, 6, 0.05)=5987
Parallel: F=1166 5% Signiticance level :Reject F{ 1. 6, 0.05)=5987
Common Variance=0.00013
Common Slope=0.0023

Fig.2 Change in ratio of emmergence (1000 £ g/Kg BPA)
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Table3 Summary of the results of Exp.2

Exp.2-1(once BPA treatment at Day 0)
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Fig.3 Change in ratio of emmergence (100 i g/Kg BPA)

+0.071, BPA 18048 +£0.028, 2 {8 045+0071, 348
0.584+£0.079TH > 7. EH2-2 (JIRFICBPA | [EBFEI N/
£) ORI A BERE | 180478 £0.076, 2 #H£0.452+0, 3
£0.53£0.031, BPA B | #4£0.524+0.0057, 2 #££0.258+0.0085,
3HAR0A442+0.0028TH > . EF2- I TIHEXIRIDSNR
Mol EBR 22 T3S BB DWT, EEREERM, tHAMB L OH
HRFMIC &4 FEE 000D MEDoN, 3HYREESR
IZDNWTH, EEBEM (p<0.0D, tHEH ©0.0) BLUHE
BRFHICEERZ <005 BEDSHT,

Number of Number of pupae Ratio of pupation Total Ratio of emergences
. Number  survival Ratio of larvae Number of Ratio of
Treatment Generation Groups ¢ Jarvac for 4 per total cg total pupae number of female 1
ol eggs ac fol p! nta gs otal pupa . P 4 cmale fly
days Day 7 Day 10 per total - per total emergences  per total pupac
cggs larvae cggs
A 250 125 0.488 58 38 96 0.384 0.768
! B 250 142 0.568 75 53 128 0.512 0.901 158 0-316 0.705 0468
A 250 122 0.488 101 106 0.424 0.869
0. . .
Control : B 250 100 0.400 78 9 87 0.318 0870 132 264 0-684 0-53
A 250 142 0.568 116 16 132 0.528 0.930 .
3 B 250 117 0.468 86 21 107 0.428 0.915 136 0212 0-569 0-507
A 250 115 0.460 29 54 83 0.332 0.722
1 . . .
B 250 125 0.500 29 59 88 0.352 0.704 122 0244 0.713 0-492
A 250 125 0.500 107 112 0.448 0.896
N .
BPA 2 B 250 100 0.400 87 9 96 0.384 0.960 157 0-314 0755 0-503
A 250 160 0.640 128 15 143 0.572 0.894
3 4 . . 4T
B 250 132 0.528 106 17 123 0.492 0.932 14 0-288 0-541 0-472
Exp.2-2 (twice BPA treatments at Day 0 and 4)
Number of Number of pupac Ratio of pupation Total Ratio of emergences
. Number  survival Ratio of larvae Number of . Ratio of
Treatment Generation Groups of cggs larvac for 4  total o total pupae number of female 1
S per to ggs o pa ’ . emale fly
days Day 7 Day 10 per total  per total emergences  per total per pupac
cggs larvac cggs
A 250 106 0.424 99 7 106 0.424 1,000 .
! B 250 133 0.532 126 7 133 0.532 1.000 153 0306 0.64 0.4%0
A 250, 113 0.452 98 6 104 0.416 0.920
5 -
Control 2 B 550 113 07459 99 5 104 0.416 0.920 100 0.200 0.481 0.580
A 250, 127 0.508 122 1 123 0.492 0.969
3 B 250 138 0.552 128 4 132 0.528 0.957 146 0292 0-573 0452
A 250 130 0.520 110 10 120 0.480, 0.923
1 0. . .
B 250 132 0.528 105 16 121 0.484 0.917 125 250 0-519 0480
A 250 63 0.252 46 8 54 0.216 0.857
N .
BPA 2 B 250 66 0.264 34 25 59 0.236 0.894 82 0.164 0-726 0537
A 250 110 0.440 8l 22 103 0.412 0.936
3 B 250 111 0.444 61 33 94 0.376 0.847 147 0294 0.746 0-429
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Table4 Statistic analysis of Table 3

Signiﬁcancc of data in Lixp.2-1 for two factors

Number of Ratio of larvae Number of pupac Ratio of pupation Total Ratio <>t’cmefgences
survival larvae Number of number of Ratio of
. total d female fl
for 4 days per total eggs Day 7 Day 10 o pape per total per total  emergences per total per pupae g
cggs larvae eggs
A(treatment)
B(generation) * % *k
Interaction (AxB) *
** p<0.01
* p<0.05
Significance of data in Exp.2-2 for two factors
. . . . . Ratio of
Number of Ratio of larvae Number of pupac Ratio of pupation Total Ratio of emergence fomale 1l
survival larvae Number of number of e
) ’ total pupac
for 4 days per total eggs Day 7 Day 10 otal pupac per total per total  emergence per total per pupie
eggs larvae eggs
A(treatment) *k sk Kk *ok Hok Hok sk
B(generation) Kk F% Kk *x% *% *
Interaction (AxB) *% * * * *
*% p<0.01

* p<0.05
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054, 3#H{€0478+0.071, BPA B | #{£0.342+0.014, 2 1#/L0.116
+0.045, 3t#4%0.532£0.057 TH o7z, EB 22 DRI
BE 11420478+ 0.076, 21#4C0.416+0, 3 #4051 +0.025, BPA
BE 1 1#4€0.48240.0028, 2 #4%0.226 +£0.014, 3 #40.394+0.025T
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BREERE | H/C107.5£3.5, 214085, 3HARTI£0.1TH 0 £
BER (p<<0.01) H#4RRT (p<<0.0D) ITHEEEM, 10HICHBIT D
O AT HRRE 1 Q7 10, 2103 +29, 31#{2.5+2.1, BPARE
BEIHAR13 142, 21165112, 3HMAR2T5XT8Td D EBREERM
(p<0.01) ITHEEENED NI,

Ratio of emergences (%)

@ PHkFE
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@ PHEBH AR

K21 TIE, B ACPHEARERC | L 19850, 2
RE ISR, 3AH 24 OBENBHE I N, EHR2-20FL
BABARERTIE | AR 23050, 2 fREAI34ER, 3R BII34RF I DB AE
Thol=. 728, SRKEOPULAE -7 ITET SR OENIT48
BRI TH -2 (1),

® WOERLESTIZERIIDONT

EHAROWE—HH -0 OEHERE L SHSTEREEIIC, F
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Developmental days

Fig.1

Ratio of emergences in control and BPA groups in the third

generation of Exp.2-2 as a function of developmental days



Table5 Pupal weight at Day 7 and 10 in Exp.2

EZ271/—=)VABPA) A INIOHLASCHFICRTTHE—FHR—

Exp.2-1
Pupal weight (g/pupa) b
Genaration Day 7 Day 10
Control BPA Control BPA
1 0.0213%0.0001 0.0218+0.0009 0.0169£0.0088 0.0173+0.0004
2 0.0215%0.0004 0.0212%+0.0002 0.0207*+0.0025 0.0192+0.0013
3 0.0194+0.0013 0.0217%0.0015 0.0182+0.0016 0.0221+0.0011
Total 0.0207+0.0012 0.0215%0.0008 0.0186+0.0045 0.0195+0.0023
Exp.2-2
Pupal weight (g/pupa) D
Genaration Day 7 Day 10
Control BPA Control BPA
1 0.0181%+0.0010 0.0214£0.0013 0.0124£0.0018 0.0177%0.0001
2 0.0188+0.0003 0.0219+0.0014 0.0133%£0.0017 0.0196+0.0002
3 0.018+0.0004 0.0223+0.0001 0.0109=0.0039 0.019%0.0001
Total 0.0183+0.0006 0.0219%0.0010 0.0122+0.0023 0.0187+0.0009
1) Mean = SD of duplicate
Tow-way analysis of variance for Exp.2
Exp.2-17d Exp.2-1 10d Exp.2-2 7d Exp.2-2 10d
A(treatment) *k *k
B(rgeneration)
Interaction (AxB)
*x p<0.01
Table6 Pupallength at Day 7 and 10 in Exp.2
Lxp.2-1
Pupal length (mm/pupa) "
Genaration Day 7 Day 10
Control BPA Control 3PA
1 5.78%+0.33 5.66+0.01 5.38+0.09 5.40+0.09
2 5.76 £0.07 5.79+0.02 5.58+0.34 5.58+0.07
3 5.68+0.01 5.76+0.13 5.19+0.62 5.84%+0.10
Total 5.74%£0.16 5.74£0.09 5.38+0.36 5.61+0.21
Lxp.2-2
Pupal length (mm/pupa) "’
Genaration Day 7 Day 10
Control BPA Control BPA
1 5.43%0.12 5.64%x0.11 1.95%£0.23 5.75%£0.08
2 5.88+0.02 6.12£0.06 5.74%£0.30 599=%0.15
3 5.73+0.01 6.09+0.14 5.02+£0.72 5.98+0.07
Total 5.68*+0.23 5.95+0.25 5.24%+0.54 5.91*0.15
1)Mean = SD ofduplicate
Two-way analysis of variance for Exp.2
LExp.2-1 7d tixp.2-1 10d Iixp.2-2 7d Lixp.2-2 10d
Altreatment) ** *
B(generation) *k
Interaction (AxB)
*% p<0.01
* p<0.05
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<001, ERIIDWT, E#B2-1IBWTIZ LRI, BHH
M EALRS S eho 720, EBR2-21IB0VWTE, THH
®<0.01), 10HHE 1©<0.05) & & BPABRERASHMEEIZIEN
Emoiz,
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2. BEESTICA ITNIHEBDBPABEDIE

B S OMBERE LT, OI00% T/ —)b, @50mMY
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kgBPA IRINIE A & Ol Z R AER, ©55.2£69% (n=
3), @9.9+1.1% (n=3), ®l06.7+63% (n=3)THo/. @
& L TI00 1 g/keBPA RIS i/ S BPA it L 2B & D
BPA DI EIZ 91.8+21.7% (n=3)TH >/, KM512131001g
/kgBPA Z N L 7= 8 4th % 25°CIT il U 7 B2 BPA I O 4k
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WRIMU 727k & 25°CIZ i L 7280k & & BPAHit B O/ HAL
L7z, KBV HBEELIML/ HOR/D %8877, BPA
HMBRIEbShhol., ZORRIZ, BHhToOBPA R
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Fig.h Changes of the BPA concentrations in larvae
medium at 25°C
Figure at upper right represents changes in volume
of water and absolute amounts of BPA in the
same volume BPA spiked water as medium
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TR BEAEOL FADEEE RS DI, 725
R E MEWEMEH WD OMEETH D4, HROREOLEY
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IAEMDRILE S SEREALTHY, BARL->TH, MUK
SNS AN AO Y EE ST ELDEEALN TS, TV
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FEEZIOTLIEAT TSN TH S, ZDL S 1HH
M5 NSRBI EORE CERDEOESHEINEERT 28
#1H 5,
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EHHEEYE - BPA DFEIIDVLTIEINET?2, 3OH
mURINTVWS, RAEEHOLEERTIE, BPARBPA®
RBEYNBIHCRHICHEEERY, ZAYATIT>/2EBT
13, PHEDRRMRBEOBESZD SN TNEEY, 22U h%
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EHRINES LTI —%2BPADKERIES ERETDIE%E
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