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ABSTRACT

The present study was undertaken to examine the effect of butylhydroxyanisole
(BHA) on the lead poisoning in Wister female rats.

All experimental rats except normal group were fed with diets formulated by adding
BHA in a range of 0.1% to 3.2% and aqueous solution of 1% lead acetate ad libitum
through the experimental period.

The results obtained are summarized as follows:

1) Lead sedimentation in kidney tissue was decreased with increasing experimental
period and BHA level of lead plus BHA-treated groups in comparison with that of
lead-treated control group.

2) The weights of lung, spleen and left/right (L/R) kidney were significantly de-
creased in comparison with those of lead-treated control group after 2 weeks of
experimental period, but no difference was shown with those of normal group.

3) The weights of lung, spleen and L/R kidney were increased in lead-treated control
group as compared with normal group after 2 weeks of experimental period, but no
difference was shown with increasing experimental period.

4) Water intake was remarkably decreased in lead-treated control group as compar-
ed with normal group, but water intake by increasing BHA level of lead plus BHA-
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treated groups showed no significant difference from that of normal group.

5) These results suggest that BHA is effective for reducing the toxic effect of lead in

rats.
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Table 1. The Effect of BHA on the Lead Poisoning on the Body Weight in Rats.

Increasing rate (%)

Group

2 weeks 4 weeks 6 weeks 8 weeks
Normal 1.22+2.60 2.08+2.30 9.20+3.60 13.97+ 2.30
Lead (control) —0.85+0.10 2.03+0.80 13.38+3.80 20.82+ 7.90
BHA 3.2% —1.26+7.90** —6.1740.10*** 5.91%£0.30*** 1.04110.90***
Lead+BHA 0.1% 0.35+5.00*** 0.83+£1.00*** 14.60+3.80 16.38+ 5.10***
Lead+BHA 0.2% 0.62+£3.10*** 1.324+0.60*** 9.9246.00*** 18.63+ 6.30***
Lead+BHA 0.4% 1.12+0.20*** 2.35+4.20 15.6345.50 16.57+ 1.50***
Lead+BHA 0.8% 5.91+1.20** —1.38%+5.90*** 11.38+3.40*** 14,03+ 8.50***
Lead+BHA 1.6% 8.07+0.20*** 2.47+1.90 10.79+2.00*** 14,34+ 1.50***

Lead+BHA 3.2%

4.41£0.90**~

—2.374:4.90**"

13.37£0.60

10.58+ 0.60***

All experimental rats except normal group were fed with diets formulated by adding butylhydroxyanisole (BHA)

in a range of 0.1% to 3.2% and aqueous solution of 1% lead acetate (Lead) ad libitum..

Each value is the mean=+S.E. of results obtained from 10 rats.

Asterisks denote the significances of the difference between control group and lead plus BHA-fed groups

(** : p<0.01, ***:p<0.001).
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milel el 0.1% = 0.2% BHA! S5
L £% 16.2+1.4 ml (p<0.001), 17.1+0.8 m/
(p<0.001) & HES W& 2o} 3.2% BHA
HEREE, 0.8%, 1.6% 2 3.2% BHAo| %
BERRABES &% 27.4+4.3 ml(p<0.001),
18.5+1.1 m/(p<0.01), 19.5+1.1 m/(p<
0.001), 20.1%+2.1ml(p<0.001)% AHE3 #m
F B3, 48 ERHEe FRHENRES EEEH
13.6+1.2g0)3 #HaEE] 14.1+0.8gelul i3l
0.2% BHAel $hfFRH&EEES 13.310.9g(p<
0.001) Z F&E3 @HHE oo} 3.2% BHA =
BHRERE, 0.4%, 0.8% H 1.6% BHAN $&6:H
PeBEES £ & 14.740.82(p<0.001), 16.7+0.5
g(p<0.001), 15.3+1.6g(p<0.001), 15.9+2.4
g(p<0.001) & AR ®ns L9z, 48 Wan
o] FEMNE-S IEHRC] 21.6+2. 1 m/o) T MR
o] 17.6+3.4 miQlvl] 13l EEZatol A Bing »
d=dl 53] 3.2% BHA ER#Rsd, 0.1%,
0.2%, 1.6% = 3.2% BHAo| $hfsmpre &
& 25.842.6 ml(p<0.001), 19.9+1.6 m/(p<
0.001), 18.5+1.6 ! (p<<0.001), 19.3+3.8 m/

(p<0.001), 19.2+3.0m!(p<0.001)2 FHEdt
BNE 291, 68 KRS fEHERES IR
o] 13.6+0.9go]x #FEEEC] 17.6:0.5g31d]
3 3.2% BHA BIRiks#, 0.1%, 0.2%, 0.4%,
0.8%, 1.6% % 3.2% BHAo! $ipRfr@mES £
% 14.6+0.5g(p<0.001), 13.0+0.6g(p<
0.001), 12.0+2.3g(p<0.001), 13.2+2.0g(p<
0.001), 13.9+0.3g(p<0.001), 14.0+£0.6g(p<
0.001), 14.1+1.3g(p<0.001) 2 A& WIS
By, 68 Bt THIES IHEC] 19.6+
0.7 mio| 1 ¥l 16.6+1.6 miQld 3l E5
ZHolA R B/INE Bolch 88 Bt fibk
BWEL EHEREol 10.2:0.4g0)3 HHEEo]
11.8+0.8g<ldl sl 3.2% BHA Higiymare
14.0+1.0g(p<0.001) & &S |WME vgout
BHAo) Shfitf#E2H- A3 BAOS 29x,
8 EERES ZHES IEHRC) 20.2+1.8 m/
o] 3 ¥tFaEEC] 15.8+1.8 mi<lvl K3 3.2% BHA
BERaR) BHAC) $hOFHIRR 2R FESHIE
e B9

Vbl #RE T8 B SRR A Hm

Table 2. Food Intake of Experimental Diets and Water Intake.

Food intake (g/rat/day)

Water intake (m//rat/day)

Groups
2 weeks 4 weeks 6 weeks 8 weeks 2 weeks 4 weeks 6 weeks 8 weeks
Normal 13.8 13.6 13.6 10.2 23.6 21.6 19.6 20.2
+1.5 +1.2 +0.9 0.4 +1.3 +2.1 +0.7 +1.8
Lead (control) 13.7 14.1 17.6 11.8 18.0 17.6 16.6 15.8
+1.3 0.8 0.5 +0.8 +2.1 +3.4 +1.6 +1.8
BHA 3.2% 14.9 14.7 14.6 14.0 27 .4 25.8 24.7 22.9
£1.5***  £0.8%**  £0.5%**  £1.0***  £4.3***  £2.6*** 2.0 2.7
Lead+BHA 0.1% 13.2 14.0 13.0 9.8 16.2 19.9 17.4 17.6
+1.5%**  +2.2 +0.6***  £0.2%**  £1.4***  £1.6***  +1.6*** +3.8***
Lead+BHA 0.2% 14.1 13.3 12.0 10.4 17.1 18.5 17.9 17.4
*+1.1** +0.9***  +2.3***  £0.6***  £0.8*** £1.6*** £0.9*** +£2.0***
Lead+BHA 0.4% 14.0 16.7 13.2 10.9 18.1 17.8 18.8 16.6
+0.7 +0.5***  +£2.0*** +0.8*** 1.4 +1.7 +1.2%**  +0.6***
Lead+BHA 0.8% 14.5 15.3 13.9 10.5 18.5 17.6 18.6 18.4
0.7 £1.6***  0.3*** £0.7*** +1.1*** +2.8 +1.4***  +1.5%**
Lead+BHA 1.6% 15.1 15.9 14. 11.3 19.5 19.3 17.9 16.9
F0.6%**  £2.4***  £0.6%**  £1.0***  F1.1***  £3.8*** 42 4% 49 2+
Lead+BHA 3.2% 14.6 14.5 14.1 10.3 20.1 19.2 19.5 19.1
+2.3***  £2.1 £1.3** £1.7 0 2.1 £3.0*** £2.0%** +1.3***

Other legends and methods are the same as described in Table 1.
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Table 3. The Effect of BHA on the Lead Poisoning on the Hemoglobin (Hb) and Hematocrit (Ht) Values in Rats.

Hb (g/dl) Ht (%)
Groups
2 weeks 4 weeks 6 weeks 8 weeks 2 weeks 4 weeks 6 weeks 8 weeks
Normal 15.2 15.1 14.7 14.5 47.3 46.8 43.5 45.0
+0.8 +0.7 +0.8 +0.4 +2.7 +2.2 +0.7 +1.4
Lead (control) 14.6 15.2 14.4 13.0 45.1 46.4 45.1 40.4
+0.6 +0.5 +0.8 +0.8 +1.9 *+1.4 *2.5 +2.4
BHA 3.2% 13.9 15.7 13.2 14.5 43.4 48.6 41.0 44 8
+0.6*** £1.1***  £1.2***  £0.7***  £2.0*** £3.8***  £3.7*** £2.4**
Lead+BHA 0.1% 15.0 15.6 15.2 14.0 46.5 48.7 47.2 43.5
+1.1** +0.6 +0.9%** £0.8***  £3.4***  £2.0***  £2.9***  +2.6***
Lead+BHA 0.2% 15.4 15.5 15.3 14.3 47.6 47.9 47.5 44 .5
+0.6*** 0.6 +1.1***  £0.5%** £2.0*** £2.0*** £3.5** X1.3***
Lead+BHA 0.4% 15.2 14.7 14.7 14.1 17.0 45.6 45.6 44 .0
+0.6** +0.8 +0.6** F0.7¥** £2.1*** £2.4** +1.9 +£1.9***
lLead+BHA 0.8% 15.8 14.6 14.3 13.7 19.0 45.1 44.5 42.6
+0.6%**  £0.9*** =+1.0 +0.7¥**  £2.1%**  £+2.6** 3.2 +2.2%**
Lead+BHA 1.6% 16.2 17.1 13.6 - 13.7 50.5 52.0 42.3 42.8
+0.9*** +0.5***  +£0.4***  +0.6*** +2.8*** +0.8*** +1.3*** £1.8***
Lead-+BHA 3.2% 15.0 16.8 14 .4 13.5 46.8 50.8 44 .9 43.8
+1.2** +0.6*** 0.9 +0.9***  £3.7*** £1.6** £2.9 +2.7***

Other legends and methods are the same as described in Table 1.

® EmEkE

% B Amskgs Table 404 ¥ wlo} 7L
ch.

2 BEie {mBkers IEFEE] 6,530+1,866
o] 3L ¥HREEC) 6,630+1,121<00] Hesll 0.4% %
3.2% BHAo| $hBFHIREES £%& 6,522%
1,293(p<0.001), 6,470+1,831(p<0.001)E &
T3 BAE Bdo} 3.2% BHA BHELHEE,
0.1%, 0.2%, 0.8% = 1.6% BHAGCI sEfHH#H
S K& 7,910+2,141(p<0.001), 7,270+
2,406(p<0.001), 6,740+1,460(p<0.001),
6,990%1,524(p<0.001), 7,810%+2,317(p<
0.001) 2 AR ENE 2, 48 g5l ¥
B4 IF#EREC] 6,050+1,1280])5 EfEERE0|

5,680+1,8282ld] sl 0.1% = 0.2% BHAo! 45
BEF IR BB S & £5,290+1,152(p<0.001),
5,210£2,068 (p<0.001) & HE3Z W5 HA
v 3.2% BHA Bimikess, 0.4%, 0.8%, 1.6%
7] 3.2% BHAO| $LFRIICARES &% 6,137+
1,404(p<0.001), 6,333+1,555(p<0.001),
6,010+1,513(p<0.001), 8,140+2,474(p<
0.001), 5,830+1,516(p<0.001) & A& B/iNS
g3, 68 BHEHFY HnEREHE EEH
9,950+3,3450] i #ffRREE0] 7 812+2,4254lH] tb
3 0.8% = 1.6% BHAo| $EBEFILHES &K
8,326+2,460(p<0.001), §8,282+1,613(p<
0.001) 2 H&S #NE 2ot 3.2% BHA B
LR, 0.1%, 0.2%, 0.4% 2 3.2% BHAS
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SOOI &% 6,569+1,488(p<0.001),
7,397+1,779(p<0.001), 7,196+1,600(p<
0.001), 7,734+1,880(p<0.001), 6,122+
858(p<0.001) 2 A& HAE 27, 8F HH
Frel AMIKEr= EEREol 7,283%1,0570] 2 $HR
BEo) 7,174+1,871310)] sl 3.2% BHA Bmm
Bt 3.2% BHAoI SEHFRAREIEES &£& 7,020+
1,166 (p<0.001), 7,001+2,085(p<0.001)=2 A
B BAE Bge} 0.1%, 0.2%, 0.4% o
0.8% BHA®| SEEFRIRERES K% 7,169+
1,292(p<0.001), 7,753%2,052(p<0.001),
7,850+825(p<0.001), 7,981+1,807(p<0.001)
2 FEY EmE By

LI kel #2E Hoslin] shEmmmpre
Boll oal BmEkE7} BAE B o] LiLE MR
o WS HEAIA TR Rakimovad] X.a™9} —
Beld o} 3.2% BHA BBHvempee shemilm
Hof qmIkEF e Ao g ¥of BHAE A
ol v HES v|AA 23 Aoz Fisld

@ f/IMREL

& B f/MRErE Table 404 3= ulg} 7+
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28 RERES] M= il 81.9+11.19]
I #EREe] 85.71+9.49)d Ml 0.4%, 1.6% 2
3.2% BHAC| $hpFRf&ERS £4& 8l1.1%+
15.8(p<0.001), 75.7+18.9(p<0.001), 76.0+
20.9(p<0.001) & A& WS Hgor} 0.2%
BHAo! SEOHH#FEEES 92.5+14.3(p<0.001) 2
AR WINE 291, 48 A f/MWREE F
HEECl 84.7110.30) 1 ALl 90.6+17.021d)
i 3.2% BHA BB 91.4+11.28 7
B 23lovt BHAo! shffRRE 2R Table
4ol A9} o] HEZ BAE 23, 68 EERE)
65.5+t24.30]3  #EREE0)
65.6+7.1214] Hal BHAoI $hHHIE AR A
B EINE ¥y, R WY mMkEE E%
#Eo] 90.1+20.60]3 #HEAELo] 85.3+15.71d] K
3l 3.2% BHA HH#8E:, 0.2% 2 0.4% BHA
of SHUFFIREMS £4£ 89.6+5.1(p<0.001),
89.1+6.9(p<0.001), 89.9+0.4(p<0.001)% A
B3 g Bev 1.6% 9 3.2% BHAo) 4%
PERIIR RS £4 82.5423.1(p<0.001), 81.9+

Table 4. The Effect of BHA on the Lead Poisoning on the WBC and Platelet Values in Rats.

WBC (/mm?) Platelet (/mm®) x 10*
Groups
2 weeks 4 weeks 6 weeks 8 weeks 2 weeks 4 weeks 6 weeks 8 weeks
Normal 6,530 6,050 9,950 7,283 81.9 84.7 65.5 90.1
+1,866 +1,128 +3,345 +1,057 +11.1 +10.3 +24.3 +20.6
Lead (control) 6,630 5,680 7,812 7,174 85.7 90.6 65.6 85.3
£1,121 +1,828 +2,425 +1,871 + 9.4 *17.0 + 7.1 +15.7
BHA 3.2% 7,910 6,137 6,569 7,020 83.9 91.4 88.0 89.6
+2,141%** +1,404*** +1,488*** £1,166*** +26.1 +11.2 +13.5*** £+ 5.1***
Lead+BHA 0.1% 7,270 5,290 7,397 7,169 86.5 75.8 92.0 86.0
+2,406*** £1,152*** +1,779*** +1,292*** +18.8 +19.6*** *22.3*** + 4.6
Lead+BHA 0.2% 6,740 5,210 7,196 7,753 92.5 80.3 78.7 89.1
+1,460%** +£2,068*** £1,600*** +2,052*** +14.3*** +10.0*** +16.4*** =+ 6.9***
Lead+BHA 0.4% 6,522 6,333 7,734 7,850 81.1 75.8 81.9 89.9
+1,293*** £1,555*** +1,882*** + 825*** +15.8*** +£26.5%** +21.2%** + (. 4***
Lead+BHA 0.8% 6,990 6,010 8,326 7,981 86.2 86.7 84.9 87.1
+1,524*** +1,513*** +2,460*** +1,807 +13.8 +22.4*** £15.8*** + 9.5
Lead+BHA 1.6% 7,810 8,140 8,282 7,194 75.7 79.2 76.9 82.5
£2,317** £2,474*** £1,613*** +  145*** +18.9*** +10.7*** +18.3*** +23 1**
Lead+BHA 3.2% 6,470 5,830 6,122 7,001 76.0 86.1 78.9 81.9
+1,831** +1,516*** + 858 £2,085%** £20.9*** £25.6%** £13.2%** + 9 2%**

Other legends and methods are the same as described in Table I.
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9.2(p<0.001) & FET WS B3

L kel #F =N Ry BHA: $ihE
5 =SlE9] i/ HrErel]l Hsle] dose-response re-
lationship& H.o{59)

® IfifE transaminasefi

- GPT{&

28 WEaRtel GPTiEE IFH#fol 35.6+5.4
unit/ /o) 3 HEAE] 44,7420 .8unit//dd] Hsl
0.2% BHAoI $&#FA#%#EMES 53.2+11.6 unit//
(p<0.001) = A& BNE Lo} 3.2% BHA
BRI 0.4%, 0.8%, 1.6% = 3.2% BHA
ol SLFRIEEES &K 37.2x5.6unit//(p<
0.001), 41.8%8.8unit//(p<0.01), 35.6%5.1
unit// (p<0.001), 32.0+3.9unit//(p<0.001),
38.0+6.3unit//(p<0.001) & FEI BLE 2%
3, 48 B GPTHE: EEEe) 40.8+8.0
unit/ /o] EEEEEC] 51.6+14.1unit//ld Ml
ER e BAoE 1y o, 68 Kt GPT
fliv IE#E] 35.1%+15.6unit//o]l ¥HEEEo|
27.0+£11.8unit//9ld] sl EEZElAd HEE
BinE 29x, 8B BRHY GPTHET EHEEc]
38.9+2.9unit//o] 3 ¥ffgEEe] 26.2+10.6 unit//
oldl] Mol EEsZEES Table 5oll4e} Zo] FE3L
Bins 23

- GOTH&E

28 HEEEY GOTEY: E¥#Ec] 71.6+16.6
unit//o} 3 ﬁwﬁ"] 82.9+20.8 unit/ /=) Hisl
0.4%, 1.6% = 3.2% BHAC! $&fiA#RMEEES &
& 69.3£14.5unit//(p<0.001), 78.9%14.7
unit// (p<0.001), 66.6+17.6unit//(p<0.001)
2 FES #AE 2o} 0.1% 9 0.2% BHA
ol SLGFRREIEES £& 88.9%15.0unit//(p<
0.001), 91.3x17.1unit//(p<0.001)E HE3
Bing 2oy, 48 'EEe GOTHEE EH¥EE)
77.1+14.0 unit/ /o] 3 ¥H#EC] 88.2+21.4 unit/
{dv Jhal Table 5ol 412} Ho] BB 2 FE&
3 EAE R, 68 EEEEY GOTHEE EFE
o] 90.9£24.7unit//o]xz $fEEFEEC] 80.9+25.4
unit/ /el Hal 0.8% % 1.6% BHACI sBHH#
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MBS £& 73.2+7.3unit// (p<0.001), 76.4+
10.9unit// (p<0.001) & FEI BLE g

3.2% BHA HBRHERE, 0.1%, 0.2%, 0.4%
3.2% BHAo! $hfftRsspe £& 89.3+21.8
unit/ 7/ (p<0.001), 91.8+25.2unit//(p<0.001),
109.1£27.3unit// (p<0.001), 86.6+27.2 unit/
[ (p<0.001), 90.0%19.0unit//(p<0.001)E FH
B g By, & HEHY GOTHE ER
Ffo] 89.8+16.6 unit//o]aL #HEEE] 79.7+15.7
unit//Qle) k3R 3.2% BHA Hjg#sss, 0.1%,
0.2%, 0.4%, 0.8% = 1.6% BHA®I $&fFHHE
B A% 86.4+8.8unit/!(p<0.001), 85.0%
18.3 unit// (p<0.001), 84.0%+14.8unit//(p<
0.001), 87.0%+19.2unit//(p<0.001), 83.8+6.4
unit// (p<0.001), 91.8%+32.5unit//(p<0.001)
EORRS EnE 24

LI kS i transaminasefie] R E FANE
o SREERERES Ralis] uet €A tran-
saminasefi-& A1 7.2} BHAS $EGERIFE 8L
L EiAR#s el e} MmiF transaminasefiiz}
IEER Ao Z2A =), o] vhf-ol 3ol A
Zeo| eh-S- A ABEHIIREE ol 938 GOTe GPT
o] M-S #iA Z v Ahn %] #id®e}
— 3 }—c Zégi u]Fo] gfol] of 8l REyo 2 i
=1 IfiFF transaminase &S BHAY} IEEES
FEEA 71 o2 B

® & FTEME ERE

fifi, B 2 ZE4GEHES EE2ffc Table 604
B vl 3,

- fitie] EEfE

28 EEES MEEES EE#] 1436.1+
159.6 mgo| . #fE# o] 1726.4+489.8 mgaldl H
# KB 2B Table 6ollA 9} o] &I Wb E
By, 4B EEEO MERH« EEH
1914.4+334 6 mgolx #HRAo] 1704.5+405.8
mgeld] Ml 3.2% BHA EBiszest 0.8%
BHAo $EOFRI#REAES  1844.4+401.4 mg(p<
0.001), 1929.4%300.3mg(p<0.001)E A&
BinE Yot 0.1%, 0.2%, 0.4% % 1.6%
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BHAo| $hfFR%HaES &% 1670.3+£216.1mg
(p<0.001), 1688.4%+236.2mg(p<0.01),
1638.2+288.4 mg (p<0.001), 1618.2+407.5mg
(p<0.001) 2 HES} EhIE 232, 68 ikl
ESEYE IEEEo] 1427.24301.6 mgolx HR
o] 1298.9%277.8 mgelvll k3 0.8% BHACI
SLOERI R EEES  1160.2+152.0 mg(p<0.001) &
&I BAE v9ovt 3.2% BHA BIHikEaf
0.1%, 0.2%, 0.4% = 1.6% BHAoI $i{F s
B &% 1598.0+526.0 mg(p<0.001),
1384.7+195.9mg (p<0.001), 1429.7+210.3 mg
(p<0.001), 1393.6+232.9mg(p<0.001),
1534.4+288.9mg (p<0.001) & AE3 EME 2
R, 8B BEEe MERMEY EHEEel 1443.7
154.1 mge| 3 #EEFo] 1382.7+£214.2mgld] tb
3] 3.2% BHA HmiigEsl 0.2% BHAC) #hf#
FmBEEe. KK 1463.2+116.6 mg(p<0.001),
1418.3+253.5mg(p<0.001) & A& EME =
ot 0.1%, 0.8%, 1.6% % 3.2% BHA- $%
PR ERES £ 1356.91184.5mg (p<0.001),
1309.8+279.3mg (p<0.001), 1316.8+215.2mg
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(p<0.001), 1288.8+91.7mg(p<0.001)& AE
g s B

- e EEH

208 BEEre M) ERMT E#HAC] 540.6+
102.3 mgolz ¥fFaREo] 681.6+128.4mgald| Kb
3 EEE#E-S Table 6oll4 9} 7ol HEI BE
Holxm, 48 RWRE MiEe ERfET EEE
513.4+92.5mgo| . #EEe] 458.9+69.5mgsl
o] sl 3.2% BHA BB, 1.6% o 3.2%
BHAo| $BHFRIREEES &% 444.1+134.6mg
(p<0.001), 395.3+77.5mg(p<0.001),
346.1+76.0 mg (p<0.001) 2 A& HPE 23
21} 0.2%, 0.4% = 0.8% BHAC &8
£ &% 510.9+105.8mg(p<0.001), 467.8+
111.9mg(p<0.01), 490.7+67.3mg(p<0.001)
2 AES ENE L, 68 EEke] MRS &
B+ EEEC] 510.2+103.8 mgolx #aEo]
584.3+298.6 mgaldl b3l EE2AEA FEI
WS B, 8 BEEFY MiEe ERMv EW
BEo] 585.4+330.1mgo|x ¥MALe] 561.5+
117.2 mgeld] talh ®EeZ2HE-2 Table 6ol Ao} 7

Table 5. The Effect of BHA on the Lead Poisoning on the GPT and GOT Values in Rats.

GTP (unit//)

GOT (unit//)

Groups

2 weeks 4 weeks 6 weeks 8 weeks 2 weeks 4 weeks 6 weeks 8 weeks
Normal 35.6 40.8 35.1 38.9 71.6 77.1 90.9 89.8

+ 5.4 * 8.0 +15.6 + 2.9 +16.6 +14.0 +24.7 *16.6
Lead (control) 44.7 51.6 27.0 26.2 82.9 88.2 80.9 79.7

+20.8 +14.1 +11.8 +10.6 +20.8 +21.4 +25.4 +15.7
BHA 3.2% 37.2 42.4 37.0 36.2 84.9 78.5 89.3 86.4

+ 5.6%** + T.4*** £+ 9.2** L 2.7*** +12.4 +23.3*** +21.8*** + 8.8***
Lead+BHA 0.1% 45.3 49.0 44.9 44.0 88.9 73.5 91.8 85.0

+11.5 +10.3*** £30.8*** + 9.0*** +15.0*** =*£18.0*** +£25.2*** +18.3***
Lead+BHA 0.2% 53.2 51.6 47 .4 38.1 91.3 77.7 109.1 84.0

+11.6*** +23.6 +20.6*** & 4.9*** £17.1%** £21.0*** £27.3*** +14.8***
Lead+BHA 0.4% 41.8 41.6 40.7 41.9 69.3 76.0 86.6 87.0

4+ 8.8** 4 3.0%** £21.2*** £11.2%** +£14.5%** +15.6*** £27.2*** +£19.2***
Lead+BHA 0.8% 35.6 34.0 33.7 34.7 82.5 75.6 73.2 83.8

+ 5.1*** =+ 7.8*** £ 5.5*** + 2.0*** +£21.2 +20.1*** £ 7.3**" X 6.4***
Lead+BHA 1.6% 32.0 49.2 36.9 51.3 78.9 85.4 76.4 91.8

+ 3.9*** £27.6 + 5.3%**  £32.3%**  £14.7¥** £27.2*** +10.9*** £32.5%**
Lead+BHA 3.2% 38.0 50.8 36.6 36.5 66.6 82.2 90.0 87.6

+ 6.3*** £19.7 £ 7.7FF & 2.4%*% £17.6%**  £25.7*** +19.0*** +19.1

Other legends and methods are the same as described in Table 1.
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o] AT WS Bk

- B EEME

£ EEREe] EABWS E&fEt Table 604
B npe} 3o

28 EBEEe ABRY ERMET EEH
956.3+115.8 mgo] i #HEo] 1128.1+178.9mg
olel tesl BE 2N AR WS E Vi n, 48
EEREC KBS ERE IEHEC] 993.1+93.7
mgol 3 ¥ Aol 961.6+126.2mgaldl el
3.2% BHA FEmikases} 0.1% BHAC) shifHR%
ML K% 987.1+x163.3 mg(p<0.001),
974.4+127.1mg(p<0.001) 2 HE3 #hnE =
Aot 0.4%, 0.8%, 1.6% 2 3.2% BHAoI
BRI &£ 913.0:141.4mg(p<0.001),
952.0+117.6 mg(p<0.01), 932.7+201.8 mg
(p<0.001), 868.0-+112.1mg(p<0.001)E HZ
g iAE ¥olu, 6 BB ABRY e
IEHERES] 1023.7+131.2 mgo| 1L $HRBEo] 864.8+
303.2 mgald sl el AEE ins w
Aok, 8 EEEre EEEe EEEE EERo
990.5+106.9 mgo] 3L ¥f#o) 1074.3+134.3 mg
oldl| o3l #EaZ ko4 Table 63} Zo] A& W
e B
g, 28 EhEre A% EEMEE EERC)
925.9+96.2 mgol . HfAELC] 1100.2+134.3 mg
oldll th# EEEZElA AES HAE Boly, 48
KEREES] ABRY EEEYE FwHEEo] 935.3+84.9
mgoli ¥EEEEe] 922.8+124.3mgeld]l  Hial
3.2% BHA HEm##st, 0.1% % 0.2% BHA
o SEBFFIREEES K% 943.2+152.3 mg(p<
0.001), 981.2+127.1mg(p<0.001), 955.1+
158.6 mg (p<0.001) 2 HEI HFE 2o
0.4% = 3.2% BHAo| hftRREFES &5
878.6+132.6 mg(p<0.001), 846.3+102.6mg
(p<0.001) = A& BAE 23z, 68 BEEEEe
FEES ERiEE EHHl 977.62128.3mge|n
o] 993.5+218.0mgeld ksl 3.2% BHA
BRREE, 0.2% % 0.8% BHAC| $fHm#s
e K% 981.8+126.4 mg(p<0.01), 918.0+

178.7mg (p<0.001), 907.7+133.7 mg(p<
0.001) 2 HEI HAPE B2} 0.1%, 1.6% 4
3.2% BHAo| Shfipfspe £4 1100.9+
100.6 mg (p<0.001), 1032.3+100.5mg(p<
0.001), 1016.6+167.4mg(p<0.001)2 AH&E3
BhnE 2k

LLl-o] Bfi, Mg o EAERE ERfEe] #RE
FRAsl R SRERIREREY RURE | et i
o} Mol EEfEE sholl Bho] EHMES s
Ao 2 velgtou BHAC) shFRTR A il
fi= BHAS] B~} s@hnghol whe} Mol MAge) &
B} Wdshs e ¥of BHAE $Evhi&ES A
oF o) diste] ZhRE vlHA X3e Aoz B
FrElz, EAEERY EEfld oA shEmikER
2 sl whel Bige) EEEV} Bhnstg ot
BHAo) $&GFF#A 22 R RS ) ueli
R EEL o HES RS 2ok ole
F5E 3F ol glolA mind AR FAL w=
v A sl o] oF& whill Aol 7} g S| A A T
£ Kim 59 231229} mrhula2lo]z} 7ia} Alabz
2 2] metallothionein (MT) &}zko] Zr}hslo] 3
49 F4do] AstE|drhe Revis®] X302 ]
Fo}, BHAE AW F550]& bgkiaal MT
o] A8 270 24 §ho) FBHRAKEL o
<ol Akt

- fyfRel EEfE

28 BEEES MiRe) ERfbw IEERE] 140.7+
37.4mgol 1 ¥fEEfe] 153.9+47.2mgeldl sl
0.1% BHAo shiERIERE-S 148.0£81.1(p<
0.01) & &S BAPE 2ot 2 ofo EEfol
A& Table 7ol o} ol FER Hins B, 4
B OEESre] MiRe] EEME EEF 115.5+
68.9mgol 1 ¥EEAE] 151.6+70.8 mgll] H:s)
0.2% % 1.6% BHA| $hfFHEIERES &%
143.1+83.9mg (p<0.001), 128.6+69.3 mg(p<
0.001) 2 FEI B E B2} 0.8% % 3.2%
BHA®CI $EGFH M-S &% 170.9187.9mg (p<
0.001), 171.1+76.9mg(p<0.001)& HFEF B
e R, 68 BEEES MR ERET EEE
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o] 208.2:+71.2mgo] . ¥HEREo] 177.1+37.6mg o 1.6% o 3.2% BHAo| shitH#AmMS
ol el 3.2% BHA BEiEHRieE, 0.2% < 0.4%  153.9446.0mg (p<0.001), 150.9+58.1 mg(p<
BHAc| $EBEAAEAES &4 301.5+170.5mg  0.00D)E A& HHS 237, 88 BHREY W
(p<0.001), 205.2+60.4 mg(p<0.001), fRe] EEEE IFHERC| 166.2+142. 8 mgo| . $H
183.8+52.1 mg(p<0.001) 2 A&3 BhS 2g Bl 163.2+60.6 mgaldl Hal 0.1%, 0.2% %

Table 6. The Effect of BHA on the Lead Poisoning on the Weights of Lung, Spleen and left/right (L/R) Kidney

in Rats.
Lung (unit : mg) Spleen (unit : mg)
Groups
2 weeks 4 weeks 6 weeks 8 weeks 2 weeks 4 weeks 6 weeks 8 weeks
Normal 1436.1 1914 .4 1427.2 1443.7 540.6 513.4 510.2 585.4
+159.6 +334.6 +301.6 +154.1 +102.3 + 92.5 +103.8 +330.1
Lead (control) 1726 .4 1704.5 1298.9 1382.7 681.6 458.9 584.3 561.5
+489.8 +405.8 +277.8 +214.2 +128.4 + 69.5 +298.6 +117.2
BHA 3.2% 1323.1 1884 .4 1598.0 1463.2 469.2 444 1 534.8 520.6
+200.9*** £401.4*** £526.0"*" £116.6*** +£125.5"** +134.6*** .+ 79.4*** + 70.6***
Lead+BHA 0.1% 1437.5 1670.3 1384.7 1356.9 576.7 456.2 525.4 533.5
+348.3 +216.1 +195.9*** £184.5*** +290.3*** £100.1 + 98.5*** + 94.7***
Lead+BHA 0.2% 1411.0 1688.4 1429.7 1418.3 431.0 510.9 441.2 535.5
+326.4*** £236.2** +210.3*** +253.5*** £ 81.4*** £105.8%** £ 75.2%** + 94 7***
Lead+BHA 0.4% 1485.9 1638.2 1393.6 1394 .2 453.1 467.8 454 .3 519.3
+461.7*** +£288.4*** +232.9*** +195.2 + 89.6%** £111.9** £ 75.7*** + 46.4***
Lead+BHA 0.8% 1304.5 1929.4 1160.2 1309.8 366.1 490.7 445.3 507.2
+149.7*** £300.3*** +£152.0%** £279.3*** + 68.7*** £ 67.3*** + 82.4*** £ 74.1***
Lead+BHA 1.6% 1338.9 1618.2 1534.4 1316.8 419.1 395.3 560.0 552.6
+329.2%** £407.5*** +288.9*** £215.2*** £107.5*** £ T77.5%** + 92.6*** + 94.4**
Lead+BHA 3.2% 1460.1 1705.6 1304.5 1288.8 465.2 346.1 532.0 494.9
+234.2*** +828.2 +104.7 + 91.7*** £ 96.6*** X+ 76.0*** £102.2*** £103.3***
Kidney (unit : mg)
Groups Left (L) Right (R)
2 weeks 4 weeks 6 weeks 8 weeks 2 weeks 4 weeks 6 weeks 8 weeks
Normal 956.3 993.1 1023.7 990.5 925.9 935.3 977.6 931.5
+115.8 + 93.7 +131.2 +106.9 + 96.2 + 84.9 +128.3 + 87.3
Lead (control) 1128.1 961.6 864.8 1074.3 1100.2 922.8 993.5 1056.3
+178.9 +126.2 +303.2 +134.3 +134.3 +124.3 +218.0 +154.8
BHA 3.2% 943.6 987.1 959.7 1011.8 895.2 943.2 981.8 998.7
+189.1*** £163.3*** +£143.0*** £122.3*** £152.2*** +£152.3*** +£126.4** £103.7***
Lead+BHA 0.1% 935.1 974.4 1098.3 766.9 927.5 981.2 1100.9 1066.9
+ 98.6*** +127.1*** + 88.9*** +312.3*** +132.6*** +£127.1*** £100.6*** +£110.4**
Lead+BHA 0.2% 649.6 970.6 966.3 1040.9 914.8 955.1 918.0 998.7
+127.6*** +173.9 + 19.5%** £159.4*** +135.0*** £158.6™** £178.7*** 144 .1***
Lead+BHA 0.4% 892.9 913.0 1024 .4 1079.0 915.3 878.6 991.8 1019.3
+129.9*** +£141.4*** +129.8*** +111.2 +123.1*** £132.6*** +125.7 +£115.5%**
Lead+BHA 0.8% 824.0 952.0 .~ 934.2 1063.3 829.0 918.7 907.7 1043.8
+ 81.5*** £117.6** +141.0*** *+170.6** =+ 99.3*** +129.5 +133.7*** £159.2***
Lead+BHA 1.6% 29.8 932.7 1083.3 998.4 897.0 914.6 1032.3 977.0
+115.2*** £201.8*** +147.8*** +149.2*** +105.4*** £177.7 +100.5*** £136.9***
Lead+BHA 3.2% 930.7 868.0 1078.4 1005.8 927.6 846.3 1016.6 977.2

+ 89.9*** £112.1*** £184.1*** + 72.8*** + 95.2*** $£102.6™** -£167.4*** + 82.2***

Other legends and methods are the same as described in Table 1.
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Table 7. The Effects of BHA on the Lead Poisoning on the Weights of Thymus, Heart, Liver and Brain in Rats.

Thymus (unit : mg)

Heart (unit : mg)

Groups

2 weeks 4 weeks 6 weeks 8 weeks 2 weeks 4 weeks 6 weeks 8 weeks
Normal 140.7 115.5 208.2 166.2 889.6 854.1 891.7 819.5

+ 37.4 + 68.9 + 71.2 + 42.8 + 62.3 + 68.3 +133.8 + 50.9
Lead (control) 153.9 151.6 177.1 163.2 829.6 757.3 891.9 897.4

+ 47.2 + 70.8 + 37.6 + 60.6 +1069 + 99.5 +114.4 + 69.4
BHA 3.2% 171.7 147.6 301.5 134.9 900.4 761.9 823.8 880.1

+ 55.5*** + 60.8 +170.5*** + 50.2*** £145.0*** +102.6 +108.7*** £ 96.7**
Lead+BHA 0.1% 148.0 148.7 175.7 173.1 910.4 761.6 862.6 858.5

+ 81.1** =+ 70.4 + 79.5 + 32.8*** +111.2*** £ 96.2 +109.5*** + 69.1***
Lead+BHA 0.2% 210.2 143.1 205.2 180.1 884.4 838.4 777.7 852.2

+369.9%** + 83.9*** 4+ 60.4*** £101.3** =+ 82.9*** +143.5*** £125.7*** £141.0**"
Lead+BHA 0.4% 165.1 146.5 183.8 168.2 767.4 838.1 899.5 866.1

+ 93.3*** + 64.0 + 52.1*** + 43.7** +111.7*** £169.0*** +117.8 +110.2***
Lead+BHA 0.8% 186.6 170.9 180.3 158.3 803.5 703.7 804.5 866.7

+ 52.5%** + 87.9*** + 42.7 + 31.4* £+ 74.8*** £ 90.3*** + 84.7*** +130.1**"
Lead+BHA 1.6% 185.7 128.6 153.9 131.7 861.2 771.4 861.6 866.4

+ 50.8*** + 69.3*** £+ 46.0*** *+ 39.2%** £215.4*** +138.5*** £104.0*** £100.5***
Lead+BHA 3.2% 209.1 171.1 150.9 146.5 811.7 741 .4 822.6 810.2

+ 52.0%** + 76.9*** £+ 58.1*** + 37.6*** £157.0*** + 73.5*** x 74.8*** X 62.2***

Liver (unit : mg) Brain (unit : mg)

Groups

2 weeks 4 weeks 6 weeks 8 weeks 2 weeks 4 weeks 6 weeks 8 weeks
Normal 10059.8 9083.8 10513.9 9545.7 1603.1 1687.3 1654.0 1693.2

+1127.5 +3012.0 +1632.1 + 753.1 + 111.0 + 331.8 + 154.6 + 116.6
Lead (control) 9772.3 9787.8 10116.5 10444.9 1776.5 1787.7 1700.0 1688.4

+ 741.2 + 647.7 +1965.1 +1209.4 + 167.3 + 99.4 + 232.7 + 137.9
BHA 3.2% 10735.7 9748.9 10250.1 11608.8 1796.5 1775.5 1562.1 1758.3

+2402.1*** +2386.6 +1436.2*** £1664.0*** = 116.5*** = 340.0 + 112.0*** £ 140.0***
Lead-+BHA 0.1% 9519.4 9210.1 10419.7 9995.5 1659.9 1816.4 1547.3 1765.3

+1026.0*** + 854.7*** + 464.6*** +£1139.1*** £ 7.4*** £ 107.0*** £ 108.2*** = 98.6*""
Lead+BHA 0.2% 10265.0 9123.4 9113.7 10253.3 1798.3 1891.0 1370.9 1741.3

$1302.5*** + 751 8*** +1740.8*** +1661.0*** + 66.7*** + 84.9*** £ 285.8*** * 136.7***
Lead+BHA 0.4% 9952.0 9475.5 9298.8 10030.8 1725.5 1778.0 1673.3 1757.1

+1168.8*** +1478.7*** +£3290.1*** £1256.9*** + 110.3*** + 81.0*** + 181.1*** =+ 160.9***
Lead+BHA 0.8% 9224.2 9714.5 9943.3 10012.8 1682.8 1816.1 1790.6 1726.9

+1425.4*** +1153.8*** +1344.2*** +1666.9*** + 121.2*** + 125.5*** + 108.6*** = 108.0***
Lead+BHA 1.6% 8040.8 7090.4 10840.6 9532.9 1723.1 1779.7 1597.3 1717.4

+92928 0*** +1103.4*** +1050.4*** £1292.9*** + 181.4*** + 102.2*** + 131.2*** £ 158.3**"
Lead+BHA 3.2% 11110.0 7562.4 9766.3 10376.8 1799.0 1902.0 1669.2 1708.4

+1028.3*** +1383.6*** + 840.2***

+ 842.5*** + 49.3*** £ 388.2*** & 111.7*** % 157.4***

Other legends and methods are the same as described in Table 1 (*p<0.05).
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Table 8. Lead Sedimentation in Kidney Tissues; Two,
Four, Six and Eight Weeks Treatment with
Lead Acetate and BHA.

Groups 2weeks 4weeks 6weeks 8weeks
Normal - - — -
Lead (control) + + ++  +++
BHA 3.2% — — _
Lead+BHA 0.1% + + +4+ A4+
Lead+BHA 0.2% + + ++ +++
Lead+BHA 0.4% + + +4+ ++
Lead+BHA 0.8% + + + ++
Lead+BHA 1.6% + + + ++
Lead+BHA 3.2% + + + ++

+  Mild lead sedimentation.

+ : Slight lead sedimentation.

: Moderate lead sedimentation.
. Marked lead sedimentation.
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