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Study of anti-androgenic effect of two of phthalate esters
YAN Gao-feng, MAO Wei-feng, JIA Xu-dong, ZHANG Wen-zhong, LI Zhi-hua,
CHU Chuan-chuan, CHEN Chen, LIU Zhao-ping
(School of Public Health, Weifang Medical University, Shandong Weifang 261053, China)

Abstract ; Objective Study the anti-androgenic effect of diethylhexyl phthalate (DEHP) and dibutyl phthalate (DBP).
Methods According to Hershberger bioassay form OECD guideline, 6 weeks old male castrated SD rats were randomly
divided into 16 groups, DEHP (35, 70, 150, 250, 500, 1 000 mg/kg BW) and DBP (70, 150, 250, 500, 750, 1 000
mg/kg BW ) were given by oral gavage, respectively. Meanwhile, corn oil was given by oral gavage as a negative control,
and 3.0 mg/kg BW flutamide was given by oral gavage as a positive control for 10 consecutive days. In addition,
0.2 mg/kg BW testosterone propionate was given to each group by subcutaneously inject before gavage. In the end of test,
animals were anesthetized, weight of glans penis, ventral prostate, seminal vesicles, levatorani-bulbocavernosus muscles,
Cowper’s glands were measured, testosterone and luteinizing hormone levels were measured. The dose-response were
analyzed by benchmark does software. Results In comparison with negative control, weight of ventral prostate, levatorani-
bulbocavernosus muscles and Cowper’s glands were significantly decreased in the group of 250, 500 and 1 000 mg/kg BW
DEHP (P <0.05) , and weight of levatorani-bulbocavernosus muscles and Cowper’s glands were significantly decreased in
the group of 500, 750 and 1 000 mg/kg BW DBP (P <0.05). Benchmark does of DEHP and DBP was 150. 38 and
276.78 mg/kg BW. Conclusion DEHP and DBP had anti-androgenic effects in vivo and weight of levatorani-
bulbocavernosus muscles and Cowper’s glands are sensitive indexes.

Key words: Diethylhexyl phthalate; dibutyl phthalate; Hershberger bioassay; anti-androgenic; benchmark does;

endocrine ; toxicology test
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%1 DEHP fl DBP Xt KUK E Km0 (x +s,n=7,¢g)
Table 1 Influence of DEHP and DBP on body weight change of rat
Z XY i : i - -

25 T FE ST TR G T AR AL

[ e o) 20 261.1 +8.0 328.5+14.5 67.4+7.2

35 mg/kg BW R 41 257.8 4.7 327.3 +11.5 69.4£9.2

70 mg/kg BW 71| & 21 261.9 6.4 332.1+7.8 70.2 8.1

DEHP 150 mg/kg BW 74 41 259.1+9.5 333.8 £12.3 74.7 £5.2
250 mg/kg BW 441 258.7+7.5 331.6 £17.7 72.9+11.3
500 mg/kg BW 41 256.129.9 329.4 £22.7 73.3 £13.9

1 000 mg/kg BW 51| 441 258.7 £12.8 324.1£12.5 65.4£5.5

FH 4 %o 20 262.4 +11.3 328.1 +13. 4 65.7 £5.1
[ X B 20 253.0+10.5 325.4 +18. 1 72.5 +10.9

70 mg/kg BW 71| & 21 254.7 £15.3 324.9 £20.2 70.1£7.1

150 mg/kg BW 74 41 251.2+5.8 322.7 £9. 1 71.5£5.5

DBP 250 mg/kg BW 41 253.9 +12.8 328.2£19.3 74.3 9.8
500 mg/kg BW 41 250.4 +13.3 320.4 £19.4 70.0 £11.6

750 mg/kg BW 741 248.1 £9.7 321.5 +13.1 73.4+7.4

1 000 mg/kg BW 1| 41 254.5£11.3 324.1£13.9 69.6 +6.9

FH A4 ) BR 26 252.3+10.9 319.5 +12.9 68.2 4.9

b FR &N B AL A TP
2.2 MEMEME AL E N A Ageits B X (P <0.05) ;5 B %k BEAH L, 500

F 2 2 AU, 5 B X BE AR L, 250,500 .1 000
mg/kg BW DEHP 5 & 21 11 < B M 5 %) i AT 4%
LV AR WL L JR GE BR AR B i, DL & 1 000 mg/kg BW
DEHP 71| & 21 (1) < B9 25 3k FORS 48 & 2 PR AIG, 2 5%

# 2 DEHP I DBP Xk FUME R MO 4 288 B i A

750 .1 000 mg/kg BW DBP 5l & 2H i) K BLIL 42 L1

PR PR 38 Bk R E R, LA & 750 (1 000 mg/kg BW

DBP 57 it 41 114 K BRUIE 0] 67 51 e FORG 4% o & B AR, 22
SAFRITFE L (P<0.05),

CI (x £s,n=T7,g)

Table 2 Influence of DEHP and DBP on androgen-dependent tissues weights of rats
ZikH srem® : a :

GE-SS A 15 37) it LR AT 4R L 4 44 L JR 38 BR A

A o B 21 75.3 3.7 118.4 £27.7 344.5 +78.7 490.1+78.6 36.0 £4.2

35 mg/kg BW 75 4 71.4 4.5 108.3 £17.7 337.0 £23.0 421.0 £41.7 32.0£5.2

70 mg/kg BW 4t 20 71.4 £2.8 117.1 £21.8 381.3 +44. 1 451.5+84.6 36.4£9.6

DEHP 150 mg/kg BW 521 70.4 6.3 104.7 £19.0 373.9 +56.0 435.3+58.0 33.4+4.8
250 mg/kg BW &4 70.1+6.2 95.7 +14.6° 308.6 £52.4 368.7 £96.2° 25.6 +2.6°
500 mg/kg BW 7| 21 69.9 5.1 96.9 £13.4° 349.1 +67.5 392.0 £53.5° 27.6 +5.2°
1 000 mg/kg BW 71| H4] 66.6 +7.7° 82.6 +17.5° 256.3 £36.3" 339.7 £84.4° 24.3 +4.8"
FH 4 %) HR 26 50.8 £3.7° 37.4 +16.7° 126.9 +45.5° 163.1 +27.4° 7.3 +2.2°

[P X B 20 71.6 £2.6 109.0 £19. 1 371.6 £+63.6 294.6 +21.2 25.3+4.6

70 mg/kg BW #4240 71.6 £3.1 107.0 £17. 4 350.7 £82.2 295.6 £61.6 28.4+5.0

150 mg/kg BW | 41 70.1+8.8 109.0 +22. 4 327.7 +43.6 272.0 £53.5 23.0+3.5

DEP 250 mg/kg BW |41 70.9 5.0 109. 6 +24.9 392.7 £79. 8 280.3 +44.4 25.9+7.5
500 mg/kg BW i 4 4 66.5+4.9 92.8 8.2 331.7 +66.3 236.5 +35.2° 17.8 +5.5°
750 mg/kg BW | 2 68.8 +5.8 75.5 £14. 4° 260. 6 +36.4° 243.2 £50.0° 17.6 +7.3°
1 000 mg/kg BW 5 H# 4 66.7 4.2 80.1 +£19.3* 277.4 £44.4° 233.3 £39.5° 18. 1 +3.4°
FH 4 %) R 20 48.8 +3.6° 36.0 £16.0° 122.0 £43.8° 156.8 £26.3° 7.0£2.2°

VE ra 46 75 IL AL BCHE 5 90 X R AR | L 22 R et
2.3 At JUE 25 1 U R B b B

M2 3 Fros, 5 BT B H, 150,250,500,
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0.875,P < 0.05); 5 FH % %+ B #f Lt , 500,750,
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23 DEHP #I DBP % & RHAIEES A DE 28 REGE W (x £5,n=7,% )
Table 3 The influence of DEHP and DBP on organ coefficient of rats
ok ) i
D e A i W

[ e o) 20 3.24 0. 18 0.70 £0. 04 0.20 +0. 03

35 mg/kg BW F & 41 3.55 +0.34 0.70 £0.03 0.20 £0.02

70 mg/kg BW | 21 3.61 £0.17 0.67 £0. 03 0.20 £0.01

DEHP 150 mg/kg BW | 21 4.25 £0.26" 0.70 £0. 07 0.21 £0. 02
250 mg/kg BW 41 4.22 +0.31° 0.74 +0. 04 0.20 £0. 03

500 mg/kg BW |41 4.85 +0.60° 0.77 +0. 04° 0.22 +0. 04

1 000 mg/kg BW 51 44 5.31 +0.20° 0.77 0. 05° 0.20 £0. 02

FH 4 %o 20 3.58 £0. 34 0.74 +0.05 0.23 +0. 06

9 e o) R 20 3.41 +0. 30 0.74 £0. 06 0.25 +0.03

70 mg/kg BW 71| & 21 3.41 £0.20 0.72 £0. 04 0.23 0. 04

150 mg/kg BW 7|4 41 3.55+0.13 0.78 0. 04 0.22 0. 04

DBP 250 mg/kg BW 41 3.56 +0.24 0.76 £0.05 0.22 +0. 04
500 mg/kg BW 41 3.69 £0.30° 0.79 0. 02 0.26 0. 03

750 mg/kg BW | i 21 3.71 £0.26° 0.81 +0.02° 0.25 £0. 05

1 000 mg/kg BW 1| 41 3.81£0.07° 0.81 +0.05* 0.28 £0.07

FH 4 %of R 2 3.38 +0. 30 0.73 £0. 04 0.21 0. 05

T o F7m O H0d 5 BV X ML AR 1L, 22 5 A e 32 (P <0.05) sb Fon 45 F 3 m A TP

2.5 BMDS 4rHigk

BMD 7 M 25 5 Bon  iES E K A 2B B
& & 5 DEHP DBP ¥ H A3 f| fi-J N X & (P, <
0. 1) ,AHJW i) BMD,, 1 BMDL,, W, 3% 4, H o, Jr4%
L1 45 AR WL L PR 38 EK Bt X DEHP F1 DBP 1§ )2 [ 2%

F AU R -V O R N WL 1 A 4, R
PRV 2 L6 P8 B A 36 i U], DEHP 3% 5 0% 7 AT 42
JUL-ThE 45 A4 UL Ry 2 5504 Ay /R B8 DBP 6 48 5 T JR il
BRI R 26 55 0 A /R BT R 5 () BMIDL,, 4351 Sk
35.87 1 261. 78 mg/kg BW ,

# 4 DEHP DBP AR i % BMD 71 BMDL {f
Table 4 DEHP,DBP result in BMD and BMDL values of different endpoints

2% BMD,, BMDL,,
Ziy o LA B A P, fH P, H AlC
-~ (i) /(mg/kg BW) /(mg/kg BW) o : :
DEHP S 1193.15 732.75 I8 B Ay 0.08 0. 69 216. 04
5 4] 77 %) it 309. 25 211.19 B A 0.02 0.62 341.18
b E 947. 15 324.77 TR <0.01 0.12 447.23
L4 AL- 4 A4 L 198. 59 35.87 T IR B <0.01 0.32 475.10
DR IE BR B 168.51 150. 38 i IR B A <0.01 0.36 227.77
DBP ESS 1483.42 867. 32 ik 0 i 0.04 0.79 212. 62
I 37 5] st 505. 38 362. 82 Ty IR ALY <0.01 0.99 366. 55
bE A 541.01 473.29 T IR A <0.01 0.29 458. 66
AL -1 268 1R L 406. 65 276.78 Ei € 0.03 0.76 423.82
PR BR 384. 08 261.78 i IR LAY <0.01 0.42 219.95
2550 45
I# 500 & 40
)] £
= 450 B 35 d
£ 400 o \
! — 1 & 30 \
# 350 — & \
= 2] 25
5 300 i
2250} pel 20
0 200 400 600 800 1 000 0 200 400 600 800 1000
DEHP#&/(mg/kg BW) DEHP#&/(mg/kg BW)
K1 /R AT 404 DEHP FAT 32 WL-1 28 4R L2 o 19 B2 f/REETI4 4G DEHP AR 3E BRI 5 4t 1Y
- R K &R -G R
Figure 1  Does-response curve of DEHP and levatorani- Figure 2 Does-response curve of DEHP and Cowper’s

bulbocavernous muscles weight was fitted Hill model glands weight was fitted Hill model
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Figure 3  Does-response curve of DBP and levatorani-

bulbocavernous muscles weight was fitted Exponential model
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Figure 4 Does-response curve of DBP and Cowper’s

glands weight was fitted Hill model
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