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A Study of the Efficacy of Hair Analysis Relative to Serum and Organ
Analysis for Assessing Heavy Metal Reduction in Living Animals
Treated with an Herbal Medicine Remnant and Organic Selenium
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Abstract

This study was carried out to develop a method for decreasing the heavy metal composition of living stock. Sprague-
Dawley (SD) male rats were pre-treated with heavy metals administered i.p. at the limits of regulation according to the
feed CODEX in Korea. Herbal medicine remnant was administered p.o. (2, 4 ppm of average feeding amount) for the
entire period of study with organic selenium (2 ppm of average feeding amount) before any other treatment. 2,2'-azobis(2-
amidinopropane) dihydrochloride (AAPH) was also administered i.p. in a single dose of 60 mg/kg body weight before
animals were sacrificed. The TBARS test with the FOX assay demonstrates a decrease of heavy metals due to these func-
tional materials in vitro. Moreover, this decrease in heavy metals was also demonstrated by in vivo tests based on SD rats
hair analysis and organ analysis after 6 weeks. A good linear correlation between hair analysis and organ analysis repre-
sented by liver and blood was shown. The present findings suggest that measurement method of heavy metal composition
using hair analysis for healthy livestock can be used in place of detection methods carried out by organ and blood analysis,
and herbal medicines with organic selenium may be very effective at decreasing heavy metals of feed materials in feed

manufacture industry.

Key words : hair, organs, ICP, heavy metal analysis, herbal medicine remnant, organic selenium
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Table 1. The difference conditions of puppy species

et 20 Alg & £F0| E 2 M0 2t 3%
2X AIY
vk NF HE ARG FEE BT E 53 29y
334 REE A A7 A oL A,
B Ao Qe Aael 44 2 $E4 g
o 24 W] S5k, AFe) FERE Ik A
Algol thEt AlFe st ARt AR T TE5 9 3B
S & F Je Ve 73 EHo| AEHA| ¥ AEE
Aul A53} Y THThe Standard method of Feed in
Korea., 2003; The Standard and range of Harm feed,
2003). =3 FEistal 45y FEH e dx sl
a1 g o)F it AFY ZES dF AFHsIA,
SX4E 2Ee AF, B9, 99 s 9As ICP
(Inductivity Coupled Plasma)-AES(Ultima-2C)E 53| £
3 A¥= Table 19 YERA Hi9} At}

LiposomeE 7|E = & &ttt | HE 58 AIE

Liposome ZA|

ZA EYPC 50 mgE Al Wi {7]8wE davt
22 A| A3}, RP column(Lichroprep Lobar column, RP-
8, 40-63 mm, 240x10 mm, Merck)S ©]83ld 1 mL ©
92 ¥3 3 3 (CHCI,-MeOH-H,0(1:10:0.5, v/v), 1.8 mL/
min), HPTLCE ©]&3) Z 5 @& st &8
2S5 SIS 35-55 mLe] 8-F H¥, HPTLC plate
(RP-8 F254s, Merck), CHCl,-MeOH-H,0(1:10:0.5, v/v),
iodine vapor(&4-Q1)). 447 58S FHA &HE A
Adtal CHCI ;-MeOH(95:5, viv)oll &8st 5 mLE AlE
Fof] W tyube &H9) gk Tho| TEE E¥ 31 AL
7ty fujE AASE JF dAACIEA 3087 o
AZAIA S 2 AASIHT}. Tris-HCl buffer 0.7 mL
S 7V8tA vortexZE 18#7F nRkEt " HIAWL
sonicator’y ol A 30%7F E4FAA(200-5,000 nm), LipoFast
o] polycarbonate membraneS 2o} 100 nm =7|&] LUV

E ZA5gthBarclay et al, 1981; Lichtenberg et al.,
1988) (Table 2, Fig. 1).

FOX Assay (Ferrous Oxidation in Xylenol orange
assay)

Xylenol orange 38 mg, 440 mgS HPLCHE ™¥H& 450

M1 M2 P1 P2 F1 S1 P3 S2 Cl1 C2 C3
Age (year) 3.0 0.4 0.4 2.0 3.0 2.0 0.4 0.5 0.5 1.0
Medical history RI" SI™ Pr
Sex Male Female Female Female Female Female Male Male Male Female Female

M Type: Martise species, P Type: Penichiz species, F Type: Poodle species, S Type: Schunachuzer species, C Type: Chizu species.
*RI: Root hair Inflammation, **SI: Skin Inflammation, ***Pr: Pregnant.
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Table 2. The condition of liposome bilayer for determining
anti-oxidative effect in vitro analysis with AAPH
induced treatment

LiposoFast (AVESTIN Co., Ottawa, Canada)

Nitrogen gas |
- Polycarbonate membrane(pore size 100 nm)

HPTLC plate (RP-8 F254s, Merck)

TLC chamber

CHC1,-MeOH (95:5, v/v)
CHCl1,-MeOH-H,0 (1:10:0.5, v/v)
10 mM tris-HCI buffer (pH 7.4)
EYPC (egg york)

(A) Large umlamellar vesicle

Water
phase

Oil phase

) Lipophilic
- Ant10x1da1;_t " Hydrophilic

Antioxidant

(B) @, Water-soluble radical initiator
. Lipid-soluble radical initiator

Fig. 1. The Basic formation of liposome.

mLol| -83)3}3L, ammonium ferrous sulfate 49 mgZ 250
mM sulfuric acid 50 mLo] &3]3 ¥ o]= $] Lujjo] 7}
3ttt HE Bu)e] 272 xylenol orange 100 pumol/L,
4 mM BHT, 25 mM sulfuric acid, ammonium ferrous
sulfate 250 pmol/LE 90% wehgol] £33 ez =4
staz, §mY WAL w3 560 nmolA LA FE
hydrogen peroxide®}8] ¥h3-& S35} 4=X] H3lE A=

SFATH3.72x10° M'em™ o] FA)). A7) 98 BFEE
Ae] HRFAE A8 HRSAIRE 37°C, 10837 Ao
A liposome 3008} ¥HE-A|A S8sIT}. o) 754 4
B AREre| -9+ liposome FA| 71HFE0) F31 2
5-100 ppm F=r°] HE= 713t & 3| anksie AlE
of] &85l tHSodergren et al., 1998).

steel cageol] 2

TBARS value assay (Thiobarbituric acid reactive substance
assay)

A dikeled HrigEo=A Ad "k@}ﬂrxo ol
93 AlE&ZF o R Z7}8k= malonaldehyde®] S TBArs
assays B3l A3}

Liposome 300 pL¥} 7154 98%F liposome 7|2F%

of F3l Z} 5-100 ppm F<ELOE B33l O] test tube
o] Y& &5 SDS(200 uL, 8.1% in water, v/v), acetic acid
(1.5 mL, 20%, wlv, 15% NaOH(w/v)Z pH 4.0 &%), 2-
thiobarbituric acid(1.5 mL, 0.8% in water, w/v), BHT(0.5
mL, 0.08% in MeOH, w/v)& 715t} ©l& 87X
95°CN A 607t REEAIZ]IL A2oA Y & 1,1,3,3-
tetramethoxypropanes IFEAZ 532 mmollX FHE=E
228} tHOhkawa et al., 1979; Yagi, 1976).

Hyaluronidase inhibition assay

HyaluronidaseZ Acetate bufferol] -8-3}3}32(7,900 unit/
ml), § |8 5233 A8 20 uULE 71Tt ol
270 2 MeOHE AM83}AT} ©]o] 12.5 mM CaCl,
100°CE 78t 48230l 37°C/20 min RREAIZTE ¢
Bk~ E-29]| hyaluronic acidE 7F3}aL(12 mg/5 mL, acetate
buffer), ©]5 T}A] 37°C/40 min ¥+3- A]7]3 0.4 N NaOH,
0.4 M potassium tetraborateS 100 puLA Z}8I% T THA
=830l A 100°C/3 min ¥HSAIF)IL F27EA] Wy 3
3 mL®] dimethylaminobezaldehyde sol.& 7}olxl TR <
LA oA 37°C/20 min ¥F2A]Z]3L 585 nmollA] 4 EE
2g30) gg B0 2A%9 2 5e Wles

(Bergmeyer et al., 1974).
ASEE AlREZ
B Ao AleE AFEFEL 6578 FFH 43 SD
(Sprague-Dawley)S 01%-"}04 A @‘5'}9\1 or, Ztztel AHT

< Table 39} 2t} AP FE Aol ujRH 2l3f
AT HE AFo| adsHil EL%]’ 6—|45. Hl |8} stainless
37 157 59 B A A T 2 A
S AAIEIETHFg. 2). & A8 7 67350, Hx
48 A Al F2& Szl Yislels AR B 4
S8 WAANNA ZAT FHE RELAL BATANY
al, AAPH(2, 2'-azobis(2-amidinopropane) dihydrochloride)
frikrtoll tistee= =4 2443 ol AAPH ZAAE
B3 B3t 7154 B2 4 +17 WY 19 73?
of 3t on, 2ol Yyl Alg B F AR /lo] |
St B 271, 37, £ AR TFESId 1 3
TY T FHNA 33 AFHAT

67 ¥ =S W] st W =S, 1t
2 YRS RFH3I A Az T TS A= "
ABEAE7E, sGOT, sGPT A& 5= EAISI5H(Son, 2003).
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Table 3. Experimental groups for in vivo test

e

Groups Treatment
Con Saline sol'n
Hcon Heavy metal contamination inducing
Acon AAPH contamination inducing
H1 Low concentration Se + Hm treated with heavy metal contamination
H2 High concentration Se + Hm treated with heavy metal contamination
Al Low concentration Se + Hm treated with AAPH contamination
A2 High concentration Se + Hm treated with AAPH contamination

Con: 0.9% saline p.o. whole period before sacrifice, Hcon: heavy metal contamination induced at the beginning of the test with 10 ppm
lead, 1 ppm cadmium, 0.4 ppm mercury, 100 ppm chromium, 100 ppm arsenic, Acon: 60 mg/kg b.w., 2, 2'-azobis(2-amidinopro-
pane)dihydrochloride (AAPH i.p. 24 hr before sacrifice, H1: 2 ppm of organic selenium with 2 ppm of herbal medicine remnant on Hcon
group, H2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Hcon group, Al: 2 ppm of organic selenium with 2
ppm of herbal medicine remnant on Acon group, A2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Acon group.

260
240

220

200

180 |

160

Body weight (g)

140 —¥—H2

—+—Al
120
—— A2

100 { 1 1 I I i

0 1 2 3 4 5 6
Period (wk)

Fig. 2. The Change of body weight among whole test period. Con: 0.9% saline p.o. whole period before sacrifice, Hcon: heavy metal
contamination induced at the beginning of the test with 10 ppm lead, 1 ppm cadmium, 0.4 ppm mercury, 100 ppm chromium, 100
ppm arsenic, Acon: 60 mg/kg b.w., 2, 2'-azobis(2-amidinopropane) dihydrochloride (AAPH i.p. 24 hr before sacrifice, H1: 2 ppm
of organic selenium with 2 ppm of herbal medicine remnant on Hcon group, H2: 2 ppm of organic selenium with 4 ppm of herbal
medicine remnant on Hcon group, Al: 2 ppm of organic selenium with 2 ppm of herbal medicine remnant on Acon group, A2: 2
ppm of organic selenium with 4 ppm of herbal medicine remnant on Acon group.

232 AZT Al Table 4. Th.e condit.ion of microwave digestion system for

W 5] 22dE 2 3 =A] ICP-AESE o] &-ad] hair analysis by ICP-AES/MS |
e g EERE BT SUs) $EE AR A Spec leation
9}, I8 ) @ HAT #H =] T vpHo B A Magnetron power 1000 W
%519 CHTable 4) Frequency 2450-2455 MHz

‘ Program step . up to 10 step
Vessel volume 100 mL

Enzymatic assay Max. pressure of vessel 110 bar

sGOT % sGPTE= AAPH 9] A3} AEF| A ts)] 9 Max. temperature of vessel 260-300°C
5l Wakels 54T A8l 2B 2T e A9 7t Vessel material | TFM

AN BFo=z FAs RulHT: mebr 418 2EH 2
o3 8% G/} wA YehdA B welq AAPH R 3] Ak
FE% FT2 Q3 Ag) 2EY2E yEsl) ZPske 3

EASE SE39Th B AP BikenrlolM FFRe P Ae

Y kitg °]83td 48U o]
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SA X2 |

ZHE A5+= SAS T4 package programmeZE ©]8-3}
o 43150, A3 A= FadH EFHAS 2H935)
Aot 7 7] FHirA] vlwe 424 3 Duncan's multiple
range testS $3 At AL AASHTHp<0.05).

20 o TE

= A2 9 oy L] 34 E&E

Z Ak BEdeld FRSE e Ak JPdR
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TFAE sl8le] SalE2E 9 TPo|EL, FHURE, B
F5oF S0 BEL sk o), YA AlR ) A
A} 2 =243 o] 2L slolely] sk AR

oh. AZAL HE 247} 20703 9] 5 okA] A RE
3l ICP-AES % atomic absorbtion spectroscopy(AA-
6800, Shimazw)Z 43 23 AAZ Ao= A At
E #EY A FIA3 AFoz Ve, A U F3E 1
4 % 3l A e ohd Aoe Algdd. A
2Rt FFE BEE Al Holx ggith. W &
A FFEHL Je MRS AS TES T5 T8 HE
e o Ax S Aoy AlgdHu). AT, FE5
o B4 Az 2 858 AP et B3 Folale
ZHRE ¥l=e A9 glof, HIHsA= AR 74E
e 585 o= Y WS d¥str] At xRN
o] A7} vi=A] He st}

IR E U FETORE AlFS A9 AHkER] Fa
o) 23 A Aol we), Welol we} Aolrt Qs
Ao R Bo JokFig. 3). BS°] ZEE 59 EF 59
ool wa g $24 24 Aot Aol welol njat 7}
zte] F34 948 FE5F o= oY 7px BelozA
Fa%o] JTe PIAE ez na g

Table 5. The normal compositions of puppy feed purchased by markets

(unit: ppm)
Heavy metals Ml M2 M3 M4 M5
Selenium 0.26+0.00" 0.33+0.02 0.460.01 0.26x0.01 0.50+0.02
Mercury ND™ 0.07+0.00 0.05+0.00 0.02+0.00 0.09+0.01
Arsenic 0.18+0.00 0.02+0.00 ND 0.01+0.00 0.01+0.00
Lead ND ND ND ND ND
Chromium 1.59+0.08 4.35+0.17 7.34+0.46 13.380.24 3.98+0.20
Cadmium ND ND ND ~0.51+0.04 0.7220.05
*MeantS.D. (n=20).
**Not detected.

M1-M5 means purchased manufacturer code.
No statistically significant with all groups (p<0.05).

400 ¢
3.50 |

w
S
1

2.50 +

Contents (ppm)
N
=

1.50
1.00
0.50
0.00

Ml M2 P1 P2 F1

Si P3 S2 Cl 2 C3

Fig. 3. The composition of major heavy metals in Puppy hair as species. Values present the mean+S.D. (n=3). M type: Martise spe-
cies, P type: Penichiz species, F type: Poodle species, S type: Schunachuzer species, C type: Chizu species.
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Table 6. Lipid peroxidation in liposomes without added any
functional materials

Z~Z M hyaluronic acid&

Initiato FOX TBARS
' (Hydroperoxide, uM)  (Malonaldehyde, uM)
None (Control) 0.071+0.022% 0.108+0.023
AAPH 7.943+0.131%* 8.110+0.387+*

AAPH: 60 mg/kg LUV weight, 2, 2'-azobis (2-amidinopropane)
dihydrochloride (AAPH) mix with LUV.

*Mean+S.D. |
**Statistically significant increased (p<0.05, n=5) in comparison
with incubation with initiator.

Table 7. The protect effect of organic selenium and herbal medicine remnant on hydroperoxide of LUVs by FOX assay

Hydroperoxide concentration (M)

Conc.
Se Hm Aa BHT Se+Hm

5 6.248+0.213* 4.384+0.150 4.502+0.166 6.486+0.812 4.192+0.170
10 5.724+0.108 3.438+0.099 3,010+£0.183** 6.003+0.224 3.211£0.099**
20 4.649+0.068 3.275+0.186 1.878+0.088 4.916+0.935 2.933+0.121
40 3.292+0.134 2.914+0.135 0.668+0.217 3.784+0.959 2.010+0.089
100 1.020+0.092 0.993+0.102 0.013+0.008 1.075x0.262 0.035+0.107

*MeanzS.D.

**Statistically significant increased (p<0.05, n=5) in comparison with incubation with initiator.
Se: organic selenium assembled groups (ppm), Hm: herbal medicine remnant assembled groups (ppm), Aa: ascorbic acid assembled groups
(ppm), BHT: BHT assembled groups (ppm), Se+Hm: organic selenium with herbal medicine remnant assembled groups (1:1, ppm).

Table 8. The protective effect of functional materials on TBARS assay

Malonaldehyde concentration (M)

Conc.
Se Hm Aa BHT Se+Hm

5 3.71+£0.50* 3.36+0.34 3.81+£0.33 3.06+0.34 3.28+0.28
10 3.11+£0.63 2.81+0.22 3.34+0.35 2.29+0.15%* 2.52+0.19**
20 2.81+0.64 1.26+0.37 2.59+0.33 1.66+£0.26 1.08+0.29
40 1.06+0.64 0.79+0.13 1.74+.025 1.04+0.13 0.64+0.12
100 0.77+£0.21 0.28+0.09 0.95+0.30 0.88+0.21 0.27+0.08

*MeanSD.

*Statistically significant increased (p<0.05, n=5) in comparison with incubation with initiator.
Se: organic selenium assembled groups (ppm), Hm: herbal medicine remnant assembled groups (ppm), Aa: ascorbic acid assembled groups
(ppm), BHT: BHT assembled groups (ppm), Se+Hm: organic selenium with herbal medicine remnant assembled groups (1:1, ppm).
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Fig. 4. The difference of TBARS value (malonaldehyde composition) at liver between AAPH and heavy metal induced rats with
functional materials. Con: 0.9% saline p.o. whole period before sacrifice, Acon: 60 mg/kg b.w., 2, 2'-azobis(2-amidinopropane)
dihydrochloride (AAPH 1.p. 24 hr before sacrifice, Hcon: heavy metal contamination induced at the beginning of the test with 10
ppm lead, 1 ppm cadmium, 0.4 ppm mercury, 100 ppm chromium, 100 ppm arsenic, H1: 2 ppm of organic selenium with 2 ppm
of herbal medicine remnant on Hcon group, H2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Hcon
group, Al: 2 ppm of organic selenium with 2 ppm of herbal medicine remnant on Acon group, A2: 2 ppm of organic selenium

with 4 ppm of herbal medicine remnant on Acon group.
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Fig. 5. Difference of TBARS at serum between AAPH and heavy metal induced rats with functional materials. Con: 0.9% saline
p.o. whole period before sacrifice, Acon: 60 mg/kg b.w., 2, 2'-azobis(2-amidinopropane) dihydrochloride (AAPH i.p. 24 hr
before sacrifice, Hcon: heavy metal contamination induced at the beginning of the test with 10 ppm lead, 1 ppm cadmium, 0.4
ppm mercury, 100 ppm chromium, 100 ppm arsenic, H1: 2 ppm of organic selenium with 2 ppm of herbal medicine remnant on
Hcon group, H2: 2 ppm of organic selentum with 4 ppm of herbal medicine remnant on Heon group, Al: 2 ppm of organic sele-
nium with 2 ppm of herbal medicine remnant on Acon group, A2: 2 ppm of organic selenium with 4 ppm of herbal medicine

remnant on Acon group.
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Fig. 6. The Difference of sGOT and sGPT level at serum between AAPH and heavy metal induced rats with functional materials.
Con: 0.9% saline p.o. whole period before sacrifice, Acon: 60 mg/kg b.w., 2, 2'-azobis(2-amidinopropane) dihydrochloride
(AAPH 1.p. 24 hr before sacrifice, Hcon: heavy metal contamination induced at the beginning of the test with 10 ppm lead, 1 ppm
cadmium, 0.4 ppm mercury, 100 ppm chromium, 100 ppm arsenic, H1: 2 ppm of organic selenium with 2 ppm of herbal medi-
cine remnant on Hcon group, H2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Hcon group, Al: 2 ppm

of organic selenium with 2 ppm of herbal medicine remnant on Acon group, A2: 2 ppm of organic selenium with 4 ppm of herbal
medicine remnant on Acon group.

Table 9. The Heavy metals decreasing efficiency at rat hair with functional materials during whole breeding period

(unit: ppm)
Period Groups Cr As Se Cd Hg Pb
Con 902.0 459.8 726.8 ND” 56.4 317.3
Hcon 1331.2 688.7 843.5 ND 244.8 532.8
Acon 947.9 523.2 782.2 ND 2247 421.4
Ist H1 1310.0 680.5 666.5 ND 266.5 525.9
H2 1301.1 680.4 612.7 27.6 235.7 501.3
Al 845.4 365.3 695.1 11.1 191.9 359.3
A2 957.8 415.3 835.7 ND 138.0 348.1
Con 768.8 86.2 631.2 ND 35.0 244
Hcon 1121.0 60.6 612.0 ND 179.7 172.4
Acon 761.7 82.2 559.5 ND 134.0 55.7
2nd H1 649.1 115.9 593.9 ND 73.5 96.1
H2 617.4 99.6 574.9 ND 52.6 43.7
Al 587.6 70.9 618.1 ND 131.0 61.6
A2 510.5 73.2 436.5 ND 89.0 74.4
Con 520.5 64.1 476.5 ND 32.9 23.1
Hcon 921.4 63.3 481.7 ND 133.0 38.7
Acon 574.1 69.7 522.9 ND 112.3 26.0
3rd H1 468.5 69.0 431.8 68.5 48.1 85.2
H2 377.4 68.4 581.7 ND 42.7 19.7
Al 3954 41.5 569.6 ND 100.3 20.8
A2 402.9 43.3 372.7 ND 44.8 61.1
*Not detected.

Ist, 2nd, 3rd means the time when rat hair was sampled (initial period, mid-term period, sacrifice period).
Con: (0.9% saline p.o. whole period before sacrifice, Hcon: heavy metal contamination induced at the beginning of the test with 10 ppm
lead, 1 ppm cadmium, 0.4 ppm mercury, 100 ppm chromium, 100 ppm arsenic, Acon: 60 mg/kg b.w., 2, 2'-azobis(2-amidinopropane)
dihydrochloride (AAPH i.p. 24 hr before sacrifice, HI: 2 ppm of organic selenium with 2 ppm of herbal medicine remnant on Hcon
group, H2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Hcon group, Al: 2 ppm of organic selenium with 2
ppm of herbal medicine remnant on Acon group, A2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Acon group.
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Table 10. The Heavy metals decreasing efficiency at rat liver with functional materials during whole breeding period

(unit: ppm)

Groups Cr As Se Cd Hg - Pb

Con 123.17+£22.82% 130.70+20.22 612.68+125.15 7.21+1.39 5.13+£3.33 647 4.55
Hcon 192.63+ 5.15 185.48+£25.85 553.82+ 46.88 9.27+0.62 6.70+6.03 9.43+10.74
Acon 133.76x20.04 135.00125.80 729.85+121.41 7.00£1.00 4.62+2.52 6.26x+ 443
Hl1 178.20+42.49 139.41+30.20 676.17+169.47 6.79+0.96 291+1.34 844+ 3.12
H2 157.87+40.34 127.51£26.82 642.04+118.87 6.63+1.06 2.59+1.74 7.54+ 4.75
Al 141.18+54.68 131.71x17.47 672.80+123.67 6.86+1.72 3.67+1.27 5.78+ 1.61
A2 143.73+£22.44 133.79+26.44 665.28+ 93.05 7.21£1.22 3.39+1.98 567+ 0.44

*MeanxSD.

1st, 2nd, 3rd means the time when rat hair was sampled (initial period, mid-term period, sacrifice period).

Con: 0.9% saline p.o. whole period before sacrifice, Hcon: heavy metal contamination induced at the beginning of the test with 10 ppm
lead, 1 ppm cadmium, 0.4 ppm mercury, 100 ppm chromium, 100 ppm arsenic, Acon: 60mg/kg b.w., 2, 2'-azobis(2-amidinopro-
pane)dihydrochloride(AAPH i.p. 24 hr before sacrifice, H1: 2 ppm of organic selenium with 2 ppm of herbal medicine remnant on Hcon
group, H2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Hcon group, Al: 2 ppm of organic selenium with 2
ppm of herbal medicine remnant on Acon group, A2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Acon group.

Table 11, The Heavy metals decreasing efficiency at rat serum with functional materials during whole breeding period

(unit: ppm)

Groups Cr As Se - Cd Hg | Pb
Con 137.82+12.03* 3,384.72+746.43 515.04+49.44 ND**  6.79+0.97 3.77+£0.54
Hcon 160.73+11.98 3,581.80+529.14 517.50+£51.64 ND 17.67£1.71 13.56+2.42
Acon - 136.84+ 9.87 3,486.02+654.81 540.42+27.45 ND 12.75+6.07 4.33+0.40
H1 109.31+29.22 3,394.37+309.69 516.17+£68.68 ND 8.57+2.09 7.87+4.39
H2 - 116.63+41.22 3,390.941+314.96 494.51+41.00 ND 7.77+£3.41 9.07+4.40
Al 107.80+ 8.20 3,443.44+456.74 482.94+61.10 ND 10.03+4.19 7.24+0.98
A2 1 96.40+31.23 3,418.25+324.34 472.02+57.53 ND 9.02+4.45 4.50+0.87

*Mean+SD.

**Not detected.

1st, 2nd, 3rd means the time when rat hair was sampled (initial period, mid-term period, sacrifice period).

Con: 0.9% saline p.o. whole period before sacrifice, Hcon: heavy metal contamination induced at the beginning of the test with 10 ppm
lead, 1 ppm cadmium, 0.4 ppm mercury, 100 ppm chromium, 100 ppm arsenic, Acon: 60 mg/kg b.w., 2, 2'-azobis(2-amidinopro-
pane)dihydrochloride{ AAPH i.p. 24 hr before sacrifice, H1: 2 ppm of organic selenium with 2 ppm of herbal medicine remnant on Hcon
group, H2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Hcon group, Al: 2 ppm of organic selenium with 2
ppm of herbal medicine remnant on Acon group, A2: 2 ppm of organic selenium with 4 ppm of herbal medicine remnant on Acon group.
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