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Effects of Mulberry Leaf Powder Supplementation on Lead Status
and Minerals Content in Pb-administered Rats”
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ABSTRACT

This study was designed to investigate the effects of mulberry leaf powder supplementation on lead (Pb) status and
mineral (Ca, Fe, Cu and Zn) content in Pb-administered rats for 4 weeks. Thirty two male rats were divided into 4
groups: a control, Pb, Pb5M (500 ppm Pb + 5% mulberry leaf powder), and Pb10M (500 ppm Pb + 10% mulberry
leaf powder) . There were no significant differences in food intake and initial body weight among groups. Mulberry leaf
powder treatments showed significant decreases in food efficiency ratio and body weight gain. But FER of Pb5M% and
Pb10M were significantly increases than that of Pb group. The levels of serum aspartate transaminase (AST) and
creatinine were decreased by mulberry leaf powder treatment. Minerals content of liver and kidney were significantly
decreased in the Pb groups than that of control group. Whereas, fecal minerals content were significantly increased in
the PbSM and Pb10M than those of control group. Pb content of serum, liver and kidney was significantly increased in
the Pb group than those of control group. However, by mulberry leaf powder administration (PbSM and Pb10M), Pb level
of serum, liver and kidney were lowered than that of Pb group. And fecal Pb excretion was significantly increased in
the PbSM and Pb10M than that of Pb group. These results showed mulberry leaves were effective for lowing Pb accu-
mulation in serum, organs, which may have potential to prevent Pb toxicity. (Korean J Nutrition 38(5): 380 ~385, 2005)
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1. ABEE A& R Ao

B A8 AREE 2 (Morus alba) #22 FEIEX
olx Tlsle] ARG AEFEEE AF 1279
Sprague—DawleyAl 3 3R 32vlglE () HIO|LA
w2 (Biogenomics, Seoul Korea) oA 73te] AN
3lgich A o] AlF A 157U THIFAIEE 2§

Table 1. Composition of experimental diets (g/kg diet)

BELELE e 3805 380~385, 2005/381
N &, o]5L AFel et dHE A3l 8rley
AA Aol E AHAT o7 tlro] 4v1E)Y stainless steel
cage°lX 4375k ARSI

A&+2 1) Normal control group: C, 2) 500 ppm
Pb: Pb, 3) 500 ppm Pb + 5% mulberry leaf powder:
Pb5M, 4) 500 ppm Pb + 10% mulberry leaf powder:
Pb1OMTLZ WPrgich BETE Alge] Fshe 4°]
A g peEle] BURY o AREel 5% 10%
7t HEF S5t

AR 272 o) g &58 20 £ 2CE A
slon, 2 1242 F7] (08 : 00— 20: 002 =
A3tk AFSA] dojd &= 9l F713 298 s
e AP AZA e BE V)7 04% EDTASS2
2 AFEs ARgsgien], AF/ B¢ & (B2
3 AMRE ad-libinm 02 81T Aol dHF AT o
FUof 2318 Z43c

B Adojxd AMgE A 2lolE AIN-93 (Harlan Teklad,
Madison, USA) & 7|F22 d2Fa A8TEY AelT
AL Table 13} ZEE 33tk & F5& fr=sl7] s
Atgel 500 ppm & (C,HO,Pb) & F713H3ich

AoldFHHZE 15U 2wy ESQselen, AL 15
o] FHAN =R}, Aol (food efficiency ratio:
FER)-& AR717F 51t ASS71EE 22 71k A3
3 Hojgro g o] AkEsIGith

Ingredients o Pb Pb5M Pb10M
Corn Starch 529.486 529.486 529.486 529.486
Casein 200.000 200.000 200.000 200.000
Sucrose 100.000 100.000 100.000 100.000
Soybean oil 70.000 70.000 70.000 70.000
Cellulose 50.000 50.000 50.000 50.000
Mineral mixture” 35.000 35.000 35.000 35.000
Vitamin mixture® 10.000 10.000 10.000 10.000
L-Cystine 3.000 3.000 3.000 - 3.000
Choline bitartrate 2.500 2.500 2.500 2.500
T-butylhydroquinone 0.014 0.014 0.014 0.014
Pb (CaHsOaPD)? - 0.5000 0.5000 0.5000
Mulberry leaves powder - - 50.000 100.000
Total 1000 1010.5 1060.5 11105

1) C: Normal control group fed AIN-93 diet

2) Pb5M: 5% miberry leaf powder and 500 ppm Pb were added in diet
Pb10M: 10% miberry leaf powder and 500 ppm Pb were added in diet

3) AIN-93 Mineral mixture (g/kg diet): Calcium carbonate 357 g, Monopotassium phosphate 196 g, Potassium citrate 70.78 g, So-
dium chloride 74 g. Magnesium oxide 24 g, Ferric citrate 6.06 g, Zinc carbonate 1.65 g, Manganous carbonate 0.63 g, Cupric
carbonate 0.30 g, Potassium iodate 0.01 g, Ammonium paramolybdate 0.00785 g

4) AIN-93 Vitamin mixture (g/kg): Nicotinic acid 3.0 g, Ca pantothenate 1.6 g, Pyridoxine HCL 0.7 g, Thiamin HCL 0.6 g, Ribofiavin 0.6
g. Folic acid 0.2 g, D-Biotin 0.02 g, Vitamin E 15.0 g, Vitamin A 0.8 g, Vitamin Ds 0.25 g, Vitamin K 0.075 g, Powdered sucrose

974.655g
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AR71700] B AFEEES 1247 AN F ethyl
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3. M=o Yooy B

1) @3 creatinine, @’ aspartate transaminase (AST)
% alanine transaminase (ALT) 24 &%

8% creatinine £+ kit (Asan Co, Seoul, Korea)
£ AHEsle] SR 7 SRS 248 93t
o opu|:cAb HolEA ASTY ALT S 54Hd 9
3k A2EL- kit (Asan Co, Seoul, Korea) & o]&38}o] =3
3t

2) Ty | (I, M3 o B8P &

34 A28 242 1 ml, 1 g® 3381 microwave di-
gestion system (Ethos touch control, Milestone Inc,
Bergamo, Italy) 02 35} Z¥& vHE = ICP spectro-
meter (Atomscan advantage axial sequential plasma
spectrometer, Thermo Jarrell Ash Co, Franklin, MA,
USA) £ o83l o s AeAsigich A8l AR
H EE V7SS 1A 28-S UAE] faix Aj3e)
AL F Zekag AEQA A9l 04% EDTA €], 7
HAEN ZA9E dakgdodlo] 24417k o} B2k} 231 F
FTE 3¥ ol Aty Az 718 AAT 9
ol AH&-sIsith

Table 2. Food intake, body weight gain and food efficiency ratio

3) A (g, M 2T PN BT B
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4, SHEN

B A7 4343 4809 B3 EFEAE A
31031, ANOVAE AXAEE & @ = 0.055F°)4 Duncan’s
multiple range testel JA3N] Z+ AFE FHH 749
o3& AT

it 3 0

1. AORINT, MiZFIE W Aoz

QETo] b HolE 47 HFHF AFFES 4o)
AHF, AFS71E L Holas-S Table 28 ) o]
AFF AZAFTL BE T 7 #9352 xlo)7t Ul
o, AFF71EE AlEel 10% BYRLE 4718 Ph10M
oA FA o A Yebch 89l 10% Tl A
F71e0] FolFoz E A2 Mool mAMFAAE o)
ofx Tk Aol At |l 2E TEFE0) Ak
A5 FA3 Wi E XA Ao AlgdHn) AT
= (Pb, PbSM, Pb10M) & 2lo|&-go] Fd=T (C)
H3) foH oz B Jeh=d) ols ¢ B4 71 A
9 AL Ygoz YZHEct a3 go] FoiF
ol BYo] A FoiE FEME Holage] ¢ @
£ o vlE] foAow g4 vepdh

2. 9§ AST, ALT Y1} 8% creatinine 578

Bolido] dEd 33 849 |15 AE 54 AST
9 ALT 84l m|X= 988 A9E d3H= Table 33
2t} 83 ASTSF ALT 842 X9 widol} F)A}
£ ukdehs B4R 13E &N dFo% U f2
Fh? AST B4 AAZET (C) ¢ vls) ABF (Pb)
oA felHoz A vehdoul, e Fojal: A4
Z7 FAHQ 2j0)7t P AEE B Fojg AST &
do] ZaHL Wty gFegor s FF&% &

Groups  Food intake (g/day) Initial body weight (g)  Final body weight (g)  Body weight gain (g/4 weeks) FER

C 26.33 + 623" 269.50 = 13,12 336.83 + 21.23™ 67.33 + 8,56 2.56 +0.22°
Pb 35.86 = 2.34 271.83 £ 16.45 296.83 £ 22.22° 25.00 £ 4.65° 0.03 + 0.01¢
Pb5M 3148 + 4.12 266.50 £ 16.89 320.66 + 20.71° 2633 + 3.27° 0.84 £ 0.11°
Pb1OM 29.55 + 3.98 264.14 + 1532 300.43 + 17.23° 1429 + 411° 0.48 = 0.09°

1) Mean £3D (n=7-8).
2) NS: not significant.

3) Values with different superscripts within the column are significantly different at & = 0.05 by Duncan’s mulfiple range test




Table 3. Serum AST, ALT and creatinine

Groups AST (U/L) ALT (U/D Credatinine (mg/dL)
C 40.00 + 2.52"% 37.16 + 6.04™" 1.04 + 0.52°
Pb 62.66 = 530° 31.50 + 7.86 410 + 1.29°
Pb5M 46,50 + 1.21°  41.00 = 4.85 1.86 £ 0.71°
PbIOM  47.71 + 2,68 39.42 + 7.80 1.20 + 0.28°

1) Mean £8D (n=7-18).

2) Values with different superscripts within the column are sig-
nificantly different at o = 0.05 by Duncan’s multiple range
test.

3) NS: not significant.

ol ArhASeA B
2 HARES DY
502 A% WISHNE Nsked £gol ¢ 9

Alzke) v 539 ZL.E*‘] creatinine clearance’} =
A= 3, EF creatinine®S AFFAAGET 22 217328
A F7 =Y A 83 EF creatinine@2 0.4~1.5
mg/dLojth?* mEFel ¢ Foiz} AlA7|se] °]“—°— Z
k=X & Lol 1z} EF creatinined} g FF& 4
sty A E Ail= Table 339 2ok AddzT (C)°ﬂ H]
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Fig. 1. Serum Pb Contents. Means with different superscripts are
significantly different at « = 0.05 by Duncan’s multiple range
test.

liver Pb

C Pb Pb5M Pb1OM

Fig. 2. Liver Pb Content. Means with different superscripts are sig-
nificantly different at @ = 0.05 by Duncan’s multiple range test.
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Fig. 3. Kidney Pb Contfent. Means with different superscripts are
significantly different at ¢ = 0.05 by Duncan’s multiple range
test.
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Fig. 4. Fecal Pb Content. Means with different superscripts are
significantly different at @ = 0.05 by Duncan’s multiple range
test.
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Table 4. The liver minerals

H o) iz

E Afelrs B To] dRs I ERY L
7], AF g Fr)AgEd v ga9E gokr iz} 3191
t}. «Mc’ﬂ 500 ppm H= AHRY A7l $E55S A
AFIEA BB (5%, 10%)& SGAE] FAl0) 37}
slo] 4F7 AFAA QT 2 B9 ®ie dit 771d
%‘7:0 _,Jdo].oq ];]]_H]_g].oﬂ]:]. /\lo]/ﬂ_r]al:_‘,]. }\]x)—x.]]zo e
T 7l felAQ1 AJol7} gsied, AFF7HE 10% ¥
QLS H7FsE Pb1OMTolA Tr«IZLi A Vet
Aol FEL AzF (O] HPTE (Pb, Pb5M, Pb10OM)
ol Hlal feld oz A JEler, B35 8P
AHE Aolags W 95 AT v8 FHez F
FAZEE AST 82432 A3tz (O) <l nis) AET (Pb)
oA FHog B Yehgtoy, ALT X Az
Z (O AFFE (Pb, Pb5M, Pb1OM) 7l Fx17t %
ek Az (€ el vls] ok AT creatinine
7} fAR1 78 BdEl 53], Phrold 7 A U
el 2811 go] Fole AFFEE (Pb, Pb5M, Pb1OM)

Groups Ca (ppm) Fe (ppm) Cu (ppm) Zn (ppm)

C 48.27 = 12.37° 233.42 = 30.37° 6.17 £1.02° 2994 £ 4.01°
Pb 3947 + 1.32° 118.33 + 29,19° 411 £202° 2046 = 2.02°
Pb5M 46,80 + 657 232.12 + 47.58° 5.25 + 0.67% 29.35 £ 6.04°
Pb1OM 4417 + 568% 121.36 + 60.83° 5.08 = 0.32% 22,79 + 11.20%
) Mean £ 8D (n=7-8).

2) Values with different superscripts within the column are significantly different at

Table 5. The kidney minerals

= 0.05 by Duncan’s mulfiple range test.

Groups Ca (ppm) Fe (ppm) Cu (ppm) Zn (ppm)

C 83.82 + 9.93° 103.85 + 14.51° 8.48 + 1.31° 22.15 + 2.06°
Pb 59.01 + 4.37° 43.64 + 5.38° 6.03 + 0.99% 7.06 + 0.70°
Pb5M 75.72 + 4,52° 87.27 + 3513° 587 + 1.24° 17.37 + 6.96°
Pb10OM 71.43 + 9.42®° 5072 = 4.68° 545 + 0.78° 8.69 + 0.55°

1) Mean £SD (n=7-8).

2) Values with different superscripts within the column are significantly different at

Table 6. The fecal minerals

d = 0.05 by Duncan’s multiple range test.

Groups Ca (ppm) Fe (ppm) Cu (ppm) Zn (ppm)

C 257.25 + 42,61 174.37 + 13.73" 116.09 + 37.83"% 84.76 + 18.63®
Pb 277.30 + 22.64 229.16 + 12,95 138.06 + 2.19 112.29 + 17.84°
Pb5M 258.15 * 28.26 205.11 = 16.03 122.30 + 25,32 86.67 + 1.01°
Pb10M 314.98 + 20.87 209.62 + 18.47 136.45 + 14.40 92.55 + 872®

HMean £SD (n=7-8).

2) Values with different superscripts within the column are significantly different at d = 0.05 by Duncan’s mulfiple range fest.

3) NS: not significant.
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