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= ABSTRACT =

This study was designed to investigate the effect of early protein undernutrition of rats
on later susceptibility to lead poisoning. Weanling rats, weighing about 55 grams, were mal-
nourished by feeding low protein diets (12% and 5% casein diet ) during the four weeks of
protein deprivation period. For the following 5 weeks, the malnourished rats were fed with
25% casein diet as rehabilitation diet. After the rehabilitation period, all rats were fed with
25% casein diet and the drinking water containing 2000ppm —Pb during the four weeks,

The results obtained were as follows;

1) Feed intake, body weight gain and food efficiency ratio were reduced in all rats
exposed to lead, especially in rats fed with 5% casein diet during the four weeks of wean-
ling period,

2 ) Enlargement of kidney and spleen were observed in all rats exposed to lead and were
more remarkable in rats fed with 5% casein diet.

3 ) In rats exposed to lead, activity of serum glutamic oxaloacetic transaminase ( S—GOT )
was significantly increased by increasing the degree of early protein deprivation, whereas
hematocrit value was significantly decreased. Activity of serum glutamic pyruvic transam-
inase (S — GPT ) was shown a tendency to increase by increasing the degree of early protein
deprivation, but the difference was not significant,

4) In rats exposed to lead, the amount of lead accumulation in kidney was increased by
increasing the degree of early protein deprivation. The significant increase was shown in
rats fed with 5% casein diet during the four weeks of weanling period.

The results of the experiment suggest that early protein undernutrition, even after some
period of rehabilitation, may enhance the later susceptibility to lead poisoning.
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Tabte 1. Feeding design of experimental rats
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REBE IS BiZo) $4Y AN vz
TRe 2 7189 BHET, i3 o RIS, cholesterol
2 phospholipid ¢] 74, FFEEWHESY 3719 H=71A
ABER 2 REBENE T8 Fo F4S 1 %
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o ojYSE HEFELR ¥ EE/ Addn #o
26)-30)‘
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e, $auvae 3%, oAz SHAGY HHA
Mge A%, $4% 2 ByRe 9 REd
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249 HE 2 A0S BEAT

ole] & EHRME BYWRRS St HEM &
NAg TRAIZ, 1% KEE A7 b, PbE &
@S RN, R e FFNENT} KEKS Pb
BRZH vXE 9% Tok RIA, BH O
Uehts 99 2 A8e s #es 2402 BHRdt
I RERE old Wt ulolth
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1) BER#HY ¥ \EHE

BpLtk, AT o) 55g FifkH T sprague —Dawley %
7 87 32via & A F wal 8vield 4EFEOE
Yol 2CE #A9 @Y AHSA A Table 13 2
L AEHECE & 138 AN Qo

A&H WL wa} A BE o] B [Hkdle &

Experimental period?

Group? No. of rats
P ° 1 I N
Cc/C/C 8 25% Casein diet 25% Casein diet 25% Casein diet
C/C/C-Pb 7 25% Casein diet 25% Casein diet 25% Casein diet-++2000ppm Pb®
Lp,,/C/C~-Pb 8 129% Casein diet 25% Casein diet 25% Casein diet+2000ppm Pb
Lp./C/C-Pb 8 5% Casein diet 259% Casein diet 25% Casein diet-2000ppm Pb

1) C:Control, 25% Casein diet. LP,,: Low protein, 12% Casein diet. LP,:Low protein, 5% Casein diet

C-Pb: Control with Pb

2) I:After weanling, protein deprivation period (4 wks) II:Rehabilitation period (5 wks)

IIl : Pb Exposure period ( 4 wks)
3) 2000 ppm Pb as Lead acetate in tap water.
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Table 2. Composition of experimental diets (% )

Diets C Lp,, Lp.
(25% Casein diet ) (12% Casein diet ) (5% Casein” diet )

Ingredients

Crude casein 25.0 12.0 5.0
Corn starch 54.4 67.4 74.4
Corn oil 100 10.0 10.0
Salts IVY 40 40 40
Dried yeast® 6.0 6.0 6.0
Vitamin A, D mixture 0il® 0.6 0.6 0.6

Total 100 100 100

Salts IV for rats, Hegsted et al., J.B.C., 138:459, 1941,

1)
g; Dried yeast, KP.

Vitamin A 10,000 LU, Vitamin D 1,000 LU. in one gram

A o KEEE 2asty 485 9gaAS TR
Al A3, oo HEg 1idle 5F 59 RE #olA 25
% casein diet & - o] HEAIZIE, HE e 25%
casein diet9} ¥7] 43FF <t PbE #Msich Pb=
lead acetate & &9 ¥4 2,000 ppm~Pb & TE A
€ BEEI YL A7)0 lead acetate & R Po2 £7
A717) 98) 5% acetic acid & 4% 3mlE Yol =9
o Z21 Pbg Fo3lx) @& o= 2AL —¥
A1717] 3] B 14F 5% acetic acid 3mlE o]
FAN?. mRAHS B A A¥/TED ad-libie
tum O 2 fAEES} T}

2) BReH

F HEO AMES 3MEe) BRAHS] ARe Table
29 2} Coatrol diet 24 259 casein diet & F¢]
I gl FRAHEN 12%$t 5% casein diet &
Ztzt FJv}, Casein &8¢ wle} corn starch &2
Wdle isocaloric dietZ #gon, 19 WHE9
€& 7 BRAREAN 2% F—3gch

3) FRHRE ¥ BE

BYe AT RRAGESE 138 #FS ¥, ¥
71 15A12F Aol AF & WES F @A ATk Ethyl
ether 2 FiFRA 7] AeiolA AFFAYP o2 By o
&, A BlEstd 7 7@ e HiHstd SITRKME A}
&3t

4) WEHE
(1) EBmE, ANERE R A4HE N

BE Y 2o add, 22 A ARIRE A1
UA 2 F ASe MEsd —H BESNES
TIAAL, & KA —@7135<¢ 80 Hmstd
T R ANETES SR YFE YT 18 AFEAY
HFE THALH, ARAHAZ DG AFFHFL
E ARpEE FHEs A

(2) BB 74 me

T EW Y ERS 4 ddeE A2 o
AAAE FEE HBY BEy ¥ FEsl HBE 100
B 3719 FAZ Bgsiych

(3) Hematocrit & HIE

B ¥ AL heparinized capillary tube(75mn) of
Y o] hematocrit centrifuge(Autocrit | Centrifuge Mo-
del No. 0563) ol A} 3 5+ |.057 83 o packed  red
cell volume 8] E5%E Fahsirh

(4) Serum—-GPT, GOT 9} iHikf HiE

AgA g 2me YFndl 2R Arsl 24
AlZE ¥ 3,000 rpm 0.2 15 5] HLSHES S AL se
rum£ 8| glutamic pyruvic transaminase(GPT)¢} gl-
utamic oxaloacetic transaminase{GOT)E Reitman—

Frankel 3% oato} HiEst glch
(5) BW=9 PbEE AT

Atomic absorption spectrophotometer ( Perkin Flm-
er Model 403)°] 9@ #*o2 MigEstach

@ Hktel 7R

—EES] BWe &3] 33l 100ml microkjelda-
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Ao FAaArtayE S48 AAE W7 nE
ST St BTE S RBEEEA I 05
N- HNO,10ml & pnste] &HA 0 AE HEEWH] (#
1ppmPb/AAm)o B &} rth,

@H =

29 REAWS Flame atomic absorption ol u}a}
flame Fof] £ 53l BKEEE 751 FBERAKSE ¥
B AdEte] RktEe) Pbel BEES HiHstHh

5) #EtEEE
EBE) HEM BES t—testZ 3 gT & He
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Fig. 16lM meuleh o] d 487175 25% ca-
sein diet 32 HFEHA|Zl C/C/CEpY vlal, 25% casein
diet st &7 457 Pb 3 #58% C/C/C-Pbirel 4%
7t 34 ke, ol¥ Pb Fo7t BERIE 7HA
eoE g IR WV —Et g

L% 4T Bd e TR BY Adee 4
AFA 7 ol 2A @en, Lp/C/C-Pb i

D Initial weight
% Weight after protein

deprivation period

3 Weight after rehabilitation period
fﬁﬁ Weight after Pb exposure period

T= Mean: S.E.

"H

gl

c-csC C,C/C-PbLP,C/C~Pb LP./C/C-Pb (Group)
Fig. 1. Body weight changes in rats fed with the various experimental diets,
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Fig. 2. Comparison of body weight of rats for the
various experimental periods.

** Significant at P (0.01 compared to C/C/C-Pb group.
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Table 3. Feed intake, body weight gain and food efficiency ratio of rats fed with the various experimental

diets
Period Group c/c/C C,C/C-Pb LP,,/C/C~Pb LP,/C/C-Pb
Feed intake (g/day)
*11208+-0.79% 191.354-0.69 142.784-0.83 17634-0.67 ABC**
1 218.26+0.58 818.21+0.65 417.0840.42 213.90+0.71 4BC
218524-0.73 215.21+0.722 215.25-+0.454 214.36+0.51 A
Body weight gain ( g/ day )
% 6.494-0.36 26.15+0.35 24484-0.204B '1.744-013 ABC
ht % 5.08--0.45 N.S. % 539+0.26 2538+0.34 25.57+0.37
! 2444022 11.05+0.234 115740312 11274028 2
Food efficiency ratio
I 30,548+ 0.035 %0.5434-0.014 20.359+-0.206B 20.232-+0.01348C
I 20.279+0.024 20,289+0.014 20.313+0.015 $0.3924-0.01748C
10.1324-0.011 N.S. 10.074+0.010 10,104+ 0.020 10.089--0.018
# Mean+S.E.

* Values in a column(feeding period)with different subscript number ( marked upper left site ) are

significantly different at P<0.05 by Tukey’s test.

+x Values in a horizontal row ( diet group ) with different subscript letter { marked upper right site ) are

significantly different by t -~ test.

Large subscript: A: significant at P < 0.005, compared
B: significant at P<0.005, compared
C: significant at P< 0.005, compared
Small subscript: a : significant at P< 0.05, compared

N.S.: Not significant.

olR Aoz BT

mEEings 4%, E% il LP,,/C/C/C-Pb
3 LB,/C/C-Pbifo] ABf0.2 B¢ AZE/12E ¥
Ao, RIERMAE 25% casein diet & 0 24, A
AAEE et Fagod, agAESrlge A
o HEEH AT BHE DT PbE ##EY B 3%,
PbE ®RESHA G2 Bl W& AFF7leko) aA @
S ole AFRAAFY B9 vlsd HBEL B
At

AR ldX s, B [#de LP,,/C/C-Pbit
I LP, /C/C-Pb#fe] HRMLE B A5FES &
Ko, Fi e 2318 o] & BalM o &2 A}
REEEHPTL LB,/C/C-Pb Be] ASolt B 1
Bl vla) E5% oM A EE&ol EESHA Ems}
e ols BEFRRe A2 F, oF $2 JYo=
PEA RS BFhe RikzRo] =4 My o=
AzZE ol Pbg st EREMCYE 4@ 2
T HEM ERE HolA ¥skey PbE HE#ER
%2 Foll uls| PbE HET B A Fge] UHAR
W% A¥E Byom, §3) LR /C/C-Phits) 445

with C/C/C group.

with C/C/C-Pb group.
with LP., /C/C-Pb group.
with C/CI;C group.

BA BRI 8 RO Al2E 8] E¥s)
A F&HU PbEAZ A% AF7249 KRS 4}
EAHFS KT Pb#FEy Hemoglobin Ha:o) Bg
% amino acid2 W Fo] EHhP 2N HFo|
#Ate 237} Qe W, Pb & AU 58S
FAA L A5 FHS 28t RIKER S 7tA
ol aminoaciduria$} glycosuria o] HEfitg #8104
Ao2W AFA4E ALt R} YD &
W] #R, PbHEA A5 280 HAHANEY o)
< AR A FEY] Bl & MFol ¥ E HEE K
PERSE Vel Aoz, Alg4dge) KTFE ¢
& A s BRO ) BEFR NH, RKkERY oA
Je Aoz M=

3) E&e FA

ble 4o A3 ul9} 2}

Pb B2 Q) B, MK F 19 BEF BRI
S BeH Pbi#Al N4 R H[Fo] & Hgg w
e derngt —HHAU P 457 5% casein
diet2 @z g REAZ Bl oM BRe BA
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4o H& BT LP/C/C-Pbiel 39 C/C/C
-Pb gro 437 v FAZ BAHAE, 0l
Bk 8 T I A S RRAAET o)E 7By F
A7t ke B2 0] T o] Bo}, 12% casein diet
2 MA® 4770 2 Ae FRAGOEN BE T4
ol EFE 7tAst PberBo 2 Qg ofrlge IEAE
& HBRANHE Ao 4750 Ay, LF,/C/C-Pb
Bl A5 ARPHRE dold oA A mER 9y
A RESE, PbfRE AF IEXEG0 2A (FAT
A2 Azhs ot

4) Serum—GPT, GOT?] {EF#E % Hematocrit {i§
Pb g7t & B serum— GPT, GOT 9] E#EH

Table 4. Organ weight of rats fed with the
various experimental diets (g/100 body

wt )

Group Kidney Spleen
c/c/C 0.654-+0.016 # 0156 +0.003
C/C/C-Pb  0792--0.026%*  0178+0.006%
LP,, /C/C-Pb 0.70210.016 a 0.172 +0.009
LP,/C/C-Pb 0859+0.0564°  0.224:-0013%°

# Mean+S.E.
* Values in a column ( diet grou’pglwith different
subscript letter are significantly di
Large subscript A :significant at P<0.005,
compared with C/C/C
grou

Small subscript a : significant at P<0.05, compared

with C/C/C group.

b : significant at P<0.05, compared

with C/C/C~Pb group.

c :significant at P<0.05, compared

LE, /C/C-Pb group,

fferent by t—test,

Hematocrit ol v]Xj+ 93-S Table 5] EA|g v}
o} o}

% Bfo] serum—GPT ¢ iEHES Bd PbE HHR
3 B RS, HAE, 4F70 @92 TR 2EN
24 & serum-GPT 9 FrE7} @ile 432 29
U, 5439 FEMS %l Serum— GOT &+ i)
2 serum—GPT 9} & A¢g Byor olfF 4F
o va g REAZ Y A$ serum— GO f
WEH BEMOE 2 Hstan.  ols Xl
yogurt 9 soymilk & 4HA A& serum-GPT o] 3
2 PbEAE QF zole 2@ + oy, serum
~GOT & AEMI ERE Byte 5% 2 &
e Bo F4uk Serum~ GPTY HE#E Ruse
serum— GOT o] 1HF#EE7 A& FRAI HlA 2
A Eme Ao Hol ojEe we @¥a FRE# Pb
) e e deR v BEY B B
o BXE ol U WEY AoE BAY? oF
< o] BERRE A BEETE xdstd, 2
F QYA FA Hoss ks A gol, Pb i
A, & 7ol ws) AL PbE A% 71FF A7t
e 43A goldte nast Y

Pb& $pEst #9 A< hematocritfEi7F A B4
9o oy e we v RREV §4+% And
BEr & A Yehgol PhrEo® A o7l E
£ Amel FERA M e ofz BT Megs A ¥k
o AE7A g RAutel olad Pbr) fKifikke ¥
& 1@mA)7) 1, heme S AAF o8 AN 2
2342 Adste FHiolM ) KMk £RE B
Zity #0® £g PbR9E QU Ame Fe T
% Bmde g8 Pbol 98 CuffZd o] YojutFe

Table 5. Serum— GPT, GOT and Hematocrit value of rats fed with the various experimental diets

GOT .
Group (Karmen unit ) (Karmen unit ) Hematocrit value (% )
c/c/C 31.69+3.59 N.S. 57.88+2.25% 53.43+1.60
C/C/C-Pb 27.39--2.88 53.47+1.91 48.49+0.802*
LP,,/C/C~Pb 32.48+3.54 68.914-2.933B 47.30+0.864
LP,/C/C -Pb 34294 3,01 75.84+ 3,42AB 44.35+1.6240
# Mean+S.E.

* Values in a column ( diet group ) with different subscript letter are significantly

fferent by t—test,

Large subscript: A: significant at P<0.005, compared with C/C/C group.
. B significant at P<0.005, compared with C/C/C-Pb group.

Small subscript: a : significant at P<0.05, compared with C/C/C group.
b : significant at P<0.05, compared with C/C/C~Pb group.

N.S.: Not significant.
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Table 6. Pb content in kidney of rats fed with
the various experimental diets

Group Pb in kidney ( ppm )
C/C/C ND*
C/C/C - Pb 13.68+0.73%
LP,, /C/C-Pb 16.15+1.31
LP,/C/C-Pb 20.05+1.20 B¢*
# Mean+S, E.

+ Not Detectable .
* Values in a column (diet group ) with different

subscript latter are significantly different by t-

test,

Large subscript: B :significant at P<0.005,
compared with C/C/C-Pb
group.

Small subscript: C: significant at P<0.05, compared
with LP,,/C/C—Pb group.

9 o] &3 Tl BRBES NAHLEEN Yojdtn B
zg v AP PbE ¢ BmEAS 6 —aminolev-
ulinic acid dehydratase activity A5}, red cell fra-
gility 37}, free erythrocyte protoporphyrin 5% 2
7}, B9 8- aminolevulinic acid ¢} corpropophy-
rin 37t 508 vdepdttn ¥, Thompson'® s
o} 2o 93ty €499 L Pbo s prEHES
Zt31 91¢], 8-aminolevulinic acid dehydratasedi] tj
3 Pbe] HEFHS A #4470, Pbo] o8 Yy
T FEmel M Worlde Zedn din

5) BRI &®Y PhaB

& Bo) EWWY PbEEES Table 67 2T},

Pbg Hrfstx) g C/C/CRIME Pbrl SR
%3tom, Pba H@s RE e Aoae P}
BEE AT oRe WY UMy FRY g 2%
= Pb#&MEo] ®inste 2¢e ngon LB/C/C-
Pbe) Z$, FEMY £ZRE RAY Moore’S 2
A E gl Pbol BN RS W Agoly i 2
< 718l Pbrl BHEEUS S 2139, Quarte
tman® 5 chwlzlo] Phol HAME o[fe] YR
Bt o2 Pb &5 &S ETA I 479 7%
< 484 3o PhbEMS BT Qe
X R%Be) #RoNM BY, RS We) 43 vz
FZo] 7|59 EBE 2Y3 =2 Pbel HHiES
ZaAA A3 PbERS $7147 Aoz Azse
Atk six®5e wud 98w, AEFI Cag BE

- BlA7 —

A7 serum Cag) YA A ETF7F dojut para-
thyroid hormone 8] £48]& =3 n2H, Pby} Ca
o] ZA freisof A% 2 2 ERAG D
B13lga, Suzuki'®= Pb gz 018k Ay Pb ¥
& PbE <@ hypertrophy o 2§ Ao 2, Yt =
g Pbe 44 @EHA ¥od, PhHRE Fu3
Tl fREiEE 2 RRETI ALachn sidsian

b

B

& BRANT 43ege) S48 g gz
—EfES et BHAe FENIIZ 2% —FEHi 5t
HES A7) 1S PbE HHESIDEN, OJHLS Wy ©
WA Rol KE%e Pbrdd njxs i< Biag
vl ohg 3 22 RS i

1) Pbg £ BE e, PbE HEe 9 By
3 AR, AT 2 AlREgo] 34 weton,
3] BRI 5% 99 d RHEHE 9 el JoME
= BEsA w3t

2) BE BES Pb & R#EF 2E FHAA EXE
ol Ul om, £3) A 5% ©YE AHES
Hel Bl AN E o & FEEsQh

3) PbfgaEEdl glolA, serum— GOTel E#Es
B de g9a REe) Ansl 242 Wmsigo
B, 9t & hematocrit f & ¥ 3} Hst JodolEe £
AR FEMHES EHT Serum— GPT 9] HiEe
f71d duld FREVE S48 #@mde AT 2o
Y FAHA FERS AT

4) Pb#fafte] 79, B PbZHEEE ol &7
de] g¥a REY Pt B4F Fon, 5% @
A AHE 99 B2 02 Hol v FEHY =RES
e KA

LAbe] #&, shEiiel ¥ g REAZFeY 1%
B2 ES AR st eke, KE % PboEel o
T RZtEol 20, Y Hel 9¥a TR FEst
€55 BERS, Ane B4, TR BEY IBX F

W Ehee BEET) O EESA YEo

4]
15
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