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Comparison of Blood Metal Concentration in Ohjeok-san(Wuji-san) Treated Rats
- Dose-Response Relationship and Mechanism -

Jung-Yeol Lee, Sun-Dong Lee”

Department of Oriental Preventive Medicine, Graduate School, SangJi University
Department ot Oriental Preventive Medicine, SangJi University®

Objectives: In recent years, extensive focus has been laid on adulteration of herbal medicine with heavy metals. This may
be mainly due to soil contamination by environmental pollution. The objective of this study is to identify the contents of
various heavy metals in the blood from Ohjeok-san (Wuji-san) Decoction (OD) treated-rats.

Methods: For this study, 13 kinds of metals including essential and heavy metals, i.e. Al, As, Cd, Co, Cr, Cu, Fe, Hg, Mn,
Ni, Pb, Se and Zn were analyzed by a slight modification of EPA methods and the following results are obtained.

Results:

1. There was no significant difference between the OD-treated groups and control group in liver, kidney, bone, brain and
weight, especially no significant difference at the 5th and 10th days in weight and the amount of food intake.

2. The amount of each metal analyzed in the blood were as follows; Al: 2.3~3.07 mg/ { , As: 2.90~3.66 mg/ [ , Cd: 0~
0.001 mg/ !, Co: 0~0.01 mg/ / , Cr: 0.40~043 mg/ ! , Cu: 0.93~1.88 mg/ | , Fe: 414.35~464.46 ng/ { , Hg: 0.01 mg/ |,
Mn: 0.10~0.17 mg/ ! , Ni: 0.01 mg/ [ , Pb: 0.03~012 mg/ | , Se: 0.73 mg/ | , Zn: 3.41 ~4.13 mg/ | by groups, respectively.
In control and experimental group, Experimental I and other experimental II, ITL, IV, and V groups, there were no significant
differences.

3. The amount of non-toxic metals (Al, Co, Cu, Fe, Mn, Se, Zn) were 64.1+£7.71 mg/ { in the control group and 60.70-
67.58 mg/ | in the experimental groups I, 11, ITI, IV and V. The amount of Toxic metals (As, Cd, Cr, Ag, Pb) were 0.68-£0.21
mg/ | in the control group and 0.57 ~0.66mg/ ! in the experimental groups. The total amount of metals were 32.35 mg/ | in
the control group and 30.48-34.12 mg/  in the test groups L, I, III, IV and V, respectively.

Conclusions: There was no significant difference of metal concentration in the blood from the OD-treated-rats compared to
those of the control group even if higher dosage (1 ~8 times the dosage for a person) of OD was administered. This may be
mainly due to a decoction treatment which contains only supernatants filtered from the herb-mass after boiling. This indicates
the legal limitation for metal concentration in herbal medicine must be applied according to different treatment methods of
herbal medicine. (J Korean Oriental Med 2002;23(1).67-82)

Key Words: Ohjeok-san(Wuji-san), Metal level, Dose-response relationship
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Table 1. Composition of Animal Feed

Compositions Rates(%)
Zohnal 20.0
ZA 3.0
24 % 10.0
Z3 2 10.0
Eiac 0.6
il 04
71k 56.0
= 100.0

Z+2 Agd da g45n & 17719 A=
TAE] AUtk A AR kAle ATl
st FAste Algstgon, o ey B
Table 22} 72t}

Vacuum Evaporator, EYELA Tokyo Rikakikai Co.

Lid)3le] 1000n 2 H3 &8 Fo|1 WA F2AUZ8)

o 2063g2 FZsl 7 AT FAsRd w5

o] 10, 2u), 4¥), 84 =7} = F 5 Aete] AL8a)

Aok olA] 1000me) AgQee AgAe] 2%
= 240 AHgtgch

ATAA W& 8 B2 APEARE BART A
Al (separate-sample pretest -posttest control group
design)E F&3tAT &, 7 °l &2 60mkl(¢ .
& 2k2} 30vte])e] d@F = Table 37 2] 674 &

@ Adede +2 ©2 o] 7t Eeitt 10mfeld st ol
AT 60.0g) 1A4Z7H109)%) 1200058 ¢ AFRGE 2T, AE | T(FAA dgsEy 7
WA Wobf FEHYH FAA ARG BT AS 2P T A 60kg Fol%e] 100miE 7|2
o Yol mtatFF27|(AY, &)l FEE 2 g AL saline FoAD), AF [ T(FAA 4
5700mlet A 120C~122TCANM A3 }01 g HEES FAE SAHAT F ALE 60kg T
packel o mBALTE o] wel ©AY Ale  100mE Ao gF AUB 1) oA el
% 4000mi 9 2.1, o] Foll 3000mlE % L“%— (Rotary FAq1), 48 [ZFAA A8 5E FAE 34
Table 2. Drug Names, Scientific Names, Dosage of Ohjeoksan-Decoction (Unit : g)
Drug names Scientific Names (p%?i)arﬁ:i)
= T Atractylodes japonica Koidzumi 8.0
[T Ephedra sinica STAPF. 40
[ Citrus unshiu Markovich 4.0
E %t Magnolia officinalis Rehder 32
O Platycodon grandiflorum A.DC. 32
OBk Cirus aurantium Linne 32
OB Angelicae gigas Nakai 32
% B Zingber officinale Roscoe 32
S Paeonia lactiflora Pallas 32
S Poria cocos Wolff 32
JI| =3 Cnidium officinale Makino 2.8
A E Angelica dahyrica Bentham et Hooker 2.8
£ ¥ Pinellia ternata Breitenbach 2.8
B Cinnamonmum cassia Blume 2.8
H O Glycyrrhiza uralensis Fischer et..De Candolle 2.4
= Allium fistulosum L.. 4.0
B Zingiber officinale Roscoe 4.0
Total 60.0
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Table 3. Experimental Design

Groups No. of Animals Dosage Feed Feeding Method
Control Group 10 No Treatment Drinking water X 1 P.O.
Experimental Group | 10 1.67mlkg saline X 1 P.O.
Experimental Group [ 10 1.67mlkg Ohjeoksan-Decoction X 1 P.O.
Experimental Group [l 10 1.67ml/kg Ohjeoksan-Decoction X 2 P.O.
Experimental Group [V 10 1.67ml/kg Ohjeoksan-Decoction X 4 P.O.
Experimental Group V 10 1.67mbkg Ohjeoksan-Decoction X 8 P.O.
P.O. :peros

| Start 1

{ Mix sample ; take 1-2 g portion for each digestion —‘

\ Add HNO:;, reflux ; repeat HNO:s reflux until solution is Sml ‘

[ Add reagent water and H:O: ; heat beaker to start peroxide reaction 1

< ICP or Flame AA
Continue adding H.0, with heating 1 analysis for
Furnace analysis Cd, CQ, Cr, Cu, Fe,
for As, Pb ¢ Mn, Ni, Zn
l— { Type of Analysis 1 ———1
Continue heatine t Add concentrated HC1
ontinue heatng to and reagent water ;
reduce volume roflux

+

Dilute with reagent
water and filter
particulates in digestate

—p { Report concentrations, and % solids of sample for dry weight analysis —!4—

¢

{ If % solids required, use homogeneous sample aliquot

v

{ Stop

Fig. 1. Acid digestion of blood, feed and Ohjeoksan-Decoction - SW846 method 3050A (EPA, 1979).

+

Cool ; dilute with
reagent water, filter

particulates in digestate

g T A1 60kg Fod akcﬂ 100mlE 7]E0 2 g3 Al A APFES] FAE 53T T A 60kg 7
Abege] 2nf QA AR FolE), AF NE(FA U 100mE 71222 g9 At 49 OWJ@
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Start

Sample Preparation Standard Preparation

! !

S Transfer aliquots
Typelvcl)iﬂl?(lﬁisnon of Hg working
’ standards to bottles
Weigh triplicate Add reagent water
samples, add reagent water to volume, add aqua regia,
and aqua regia heat and cool
<
Heat, cool, add Add reagent water and KMnQO«
reagent water and KMnQO. solution, heat and cool
Heat, cool, add sodium chloride- Add sodium chl.onde-
. hydroxylamine
hydroxylamine sulfate
sulfate and reagent water
d -
Add reagent water, Eor anglyms run Add stannous sulfate,
stannous sulfate, attach > circulating pump G .
. . attach to aeration apparatus
to aeration apparatus continuously

4

Construct calibration curve ; determine peak
height and Hg value

4

‘ Analyze samples ‘

4

‘E)utjnely analyze duplicates, spiked samples \

4

| Calculate metal concentrations ‘

J
L Stop 7

Fig. 2. Mercury Analysis of blood, feed and Ohjeoksan-Decoction - SW846 method 7470A (EPA, 1979).

O el @ A% VRGN 495 A 2 AN s 0A Ael RoP)e kgl
23 T AR 60kg FoI P 100mIE 7202 g on], 1095 WY 154 B2} BEFGHDES )
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Table 4. Change of Body Weight (Unit : g)
1st Day 5th Day 10th day
Group No. of Animals Body Weight Body Weight Body Weight
(Mean+S.D.) (Mean+S.D.) (Mean+35.D.)
Control Group 10 273.18x43.11 285.221+40.28 297.28+49.88
Experimental Group I 10 272.881+46.47 288.25+54.59 308.55+64.54
Experimental Group I1 10 273.05+46.28 288.92+51.31 309.17+62.77
Experimental Group [[ 10 272.83+46.82 289.70£51.31 306.63+65.38
Experimental Group [V 10 274.44+46.61 284.42-1+52.56 298.48 +53.68
Experimental Group V 10 276.69 4491 282.90+48.05 305.13+59.35
P = P>0,05 - P<0.001 - P<0.0001
value -
*0.99 - 0.99 - 0.99
a : P values means difference between Control Group and Experimental Groups
b : P values means difference between Experimental Group [ and Other Experimental Groups
Table 5. Food Intake (Unit: g)
Ist Day 5th Day 10th Day
Group No. of Animals Feeding Feeding Feeding
(Mean+S.D.) (Mean+S.D.) (Mean=+S.D.)
Control Group 10 50.12460.38 22.804+5.05 31.28+5.42
Experimental Group I 10 43.131+65.08 25.97+5.11 29.70+6.82
Experimental Group IT 10 62.721+84.13 26.21£5.00 30.50+4.86
Experimental Group [[ 10 43.02+61.68 25.97+£4.98 29.50+35.66
Experimental Group [V 10 62.32+85.34 26.72+5.56 29.80+547
Experimental Group 10 21.70x4.12 25911544 29.33+4.03
P value >0.78 - P<0.0001 - P<0.0001
*0.66 - 0.99 - 0.99
a: P values means difference between Control Group and Experimental Groups
b« P values means difference between Experimental Group | and Other Experimental Groups
Table 6. Weight of Target Organ in 10th Day (Unit : Mean+8.D. )
Group No. of Animals Liver Kidney Brain Bone (Tibia & Fibula)
Control Group 10 11.89+3.44 2.34+0.51 1.85+0.09 0.6340.15
Experimental Group I 10 931+1.80 2.44+0.59 1.91+£0.09 0.68=0.19
Experimental Group I 10 9.994+1.98 245+055 1.90+0.11 0.61-+0.08
Experimental Group [l 10 10.08 £2.07 248-+0.42 1.92+0.15 0.64+0.15
Experimental Group [V 10 9.56+1.68 2.30+0.42 1.99+0.10 0.66+0.12
Experimental Group V 10 10.17+2.46 2.49-+0.68 1.92+0.15 0.64+0.11
P value =0.25 0.95 033 0.88
>0.85 0.92 0.54 0.78

a : P values means difference between Control Group and Experimental Groups
b : P values means difference between Experimental Group | and Other Experimental Groups

g o] 272.83g~306.63g, HE Vo] 27444g~ A A@ToNM A3 THP<0.001, P<0.0001). A} &

208.48g, A& Vo] 276.69g~305.13g2.2 A& A
Aol AT 2wt AFo Aolrt ge
H(P>0.05), 43 5UA L 10 A= AFo] F9?t

A ge A8 AR 21.70g ~ 62.72g, A 59
7 104 Ztz} 22.80g~26.72¢g, 29.33g~31.28gC
2 AY A FAA Rfode] i) 594
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Table 7. Various Metals Concentration in Samples (Unit : mg/kg T, mg/ [ )
Raw Animal Decoction Water for Water for .
B Metal . Sall
T € Material Food . decoction Feed 1ne
Al 149.24 44.27 5.56 0.02 0.15 0.18
Co 0.27 0.78 0.05 N.D. N.D. N.D.
Cu 241 30.59 0.12 0.01 0.01 N.D.
Non- Hazardous  Fe 163.91 406.11 9.75 0.08 0.15 0.29
Mn 55.87 119.91 5.15 N.D. 0.01 0.01
Se 0.39 1.10 0.02 N.D. N.D. N.D.
Zn '8.18 164.08 1.57 0.13 0.20 0.03
As N.D. 0.14 N.D. N.D. N.D. 0.02
Cd 0.08 0.07 N.D. N.D. N.D. N.D.
Hazardous Cr 1.21 1.70 0.09 N.D. N.D. N.D.
Ni 1.18 2.90 0.18 N.D. N.D. N.D.
Pb 0.30 0.15 0.01 N.D. N.D. N.D.
Hg N.D. N.D. N.D. N.D. N.D. N.D.

Table 8. Non-Hazardous Blood Metal Concentration (Al, Co, Cu, Fe, Mn, Se, Zn) after Ohjeoksan-decoction P.O. Injection

(Unit: mg/ [ )
Group N‘_)' of Al Co Cu Fe Mn Se Zn
Animals
Control
Group 10 3074385 0014000 157+1.17 4384545026 0104003 07440.17 , 413139
E’g’;‘l‘;‘e?ml 10 290+3.16 0014000 093+021 46446+21.80 0.12+005 084+0.16 381034
E’z}pf;';‘eﬁm 10 2304182 001000 1.88+1.60 4460342378 0.13+0.10 077+0.17 4.13+071
E"prggeﬁ‘a] 10 3004231 001000 095+028 4597049111 0.17+024 0774022 4.12+1.09
E’g’;‘:‘;"';&‘a' 10 2304153 0004000 1374097 42948+4846 009--0.04 0754021 391-+087
E’E}p;‘:l‘;‘e{;‘a] 10 2344258 0004000 1824300 4143544503 0.10+006 073+0.16 341+064
Pl 096 044 061 033 0.66 083 052
vaue "0.93 0.49 052 024 0.63 075 031

a: P values means difference between Control Group and Experimental Groups

b : P values means difference between Experimental Group | and Other Experimental Groups
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Table 8, 9= AZ z}72to] F&¥ % ZHjolth
& 240l AlL o] 3.07+3.85mg/ !, ﬁ%‘ﬁj
2.30+1.53~3.00+231mg/ [, Co= tZTo] 0.0
0.00mg/ [ , A& 70] 0.00+0.00~0.01+0.00mg/ [ , Cu
= g)zFo] 1.57+1.17ng/ 1, AP T0] 0.93+£0.21~
1.88+1.60mg/ [ , Fel= th& o] 438.45+50.26mg/ [,
A& Fo] 414.35+45.03~464.46+21.80mg/ [, MnE
2 Fo] 0.10+0.03mg/ [, A& 7+o] 0.09+0.04~
0.17+024ng/ [, Sex txFo] 0.74+0.17mg/ [, A
g to] 0.73+0.16~0.84+0.16mg/ [ , Zn& v 7o)

H— rlo -{u

Falg @A YA F LT lmd B AP (75

4.13+1.39mg/ [, A&To| 3.41+0.64~4.13+0.71mg/
|2 2AYY 3, S50 Ask UlzTEo] 3.66+
1.22mg/ |, A& 0] 2.90+0.87~3.39+0.75mg/ |, Cd
= gzl 0.001+0.00mg/ [, A& o] 0.00+0.00
mg/ |, Cr& t)Z70] 0.34+0.04mg/ |, A7) 040
+0.06~0.43+0.06mg/ | , Hge t]Z&7o] 0.01+0.01
mg/ |, A& Fo] 0.01+0.00~0.01+0.01mg/ [, Ni&
) = 7o] 0.04+0.03mg/ [, A& o] 0.02+0.02~
0.05+£0.04ng/ [ , Pb thZo] 0.02+0.03me/ [, &
70| 0.03+0.05~0.12+0.17ng/ | & ZAHHYL
1}, e =349 Al Co, Cu, Fe, Mn, Se, Zn¥} #38l5
2] As, Cd, Cr, Hg, Ni, Pb & 275 44921, 1,

Table 9. Hazardous Blood Metal Concentration (As, Cd, Cr, Hg, Ni, Pb) after Ohjeoksan-decoction P.O. Injection

(Unit:mg/ 1)
Group No. of Animals As Cd Cr Hg Ni Pb
C(}Or‘(‘f;g‘ 10 366+1.22  0001+£000 0344004  001+001 004+003  0.02+0.03
E’g““mei“a] 10 3394075 0004000 0434006 0014001 0024002  0.12+0.17
roup
E’épe“meﬁ“al 10 3074092  0.00+000  040-+006  001+£001 003+002  0.04+005
roup
Experimental 10 3254071 0004000 0424008  0.01+£001 003+001  0.03+005
Group I
Experimental 10 325+1.08  000+000  042+008 001001 0044003  0.06+0.13
Group [V
E’g’e“me\']‘m‘ 10 2904087  0.00+000  042-£006  001+000 0054004  0.06+008
roup
P val 0,61 0.74 0.06 033 0.16 031
value %0.78 0.59 0.95 075 0.12 038

a: P values means difference between Control Group and Experimental Groups

b : P values means difference between Experimental Group | and Other Experimental Groups

Table 10. Blood Metal Concentration (Al, Co, Cu, Fe, Mn, Se, Zn) after Ohjecksan-decoction P.O. Injection

Unit : mg/ ! (Mean+S.D.)

Non-Hazardous

Group No. of Animals Hazardous Total
Control Group 10 64.01+7.71 0.68+0.21 32351393
Experimental Group | 10 67.58£3.14 0.661£0.15 34.121+1.62
Experimental Group [l 10 65.04+3.59 0.59+0.16 3281+1.79
Experimental Group [i 10 66.96+13.20 0.62+0.13 33.7916.61
Experimental Group [V 10 62.71£7.13 0.63+0.20 31.67+3.65
Experimental Group V 10 60.70+6.73 0.57+0.15 30.48+3.41

*0.36 0.74 0.36

P value 50,25 0.77 0.25

a : P values means difference between Control Group and Experimental Groups

b : P values means difference between Experimental Group | and Other Experimental Groups
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Table 102 AFo 7354, Fal5s 2 35
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o]t EZ, FFEEEE UxTol| 3235+3.93
mg/ [, A& to] 3048+3.41~34.12+1.62mg/ | o] W

oA BAH Rl d-e AN

2) AN Fod A - Fo] A7 P FEERS vlw

Fig. 3o @2 4te] T X3 o] 244 Bt &
TES WIE AT Feo| £ W} F, o]
A% A 9555 27 163913ne/ke, 9.751ng
149.243mg/ke, 5.564mg/ | ,
0.118mg/ [ , Mn-& 55.872mg/ke, 5.155mg/ | , 3.253mg/
[, Cd¥ 0.0768mg/ke, 0.002mg/ |, B4 2, 281 As

!

/1,422.078mg/ [, Al

= E4%,0010mg/ 1 ,3.252mg/ | 2 2 F AT

T B4 T4, Folas 28 28455 4. @HM F0| Fo| 7} ME ol Y-HIS(EL)
o oA BF iz AF L, [, I, N, Ve & QA Foo] 2 7 Ay eite] o
ol HAE [ R AF I, 1L N, Ve vl =9 Fuks-3A+ Fg 4-63 2tk
200 ¢ —2— #FEEE —|—- FEeE 500
Fe 163913 442,078
Al 149.243
100 Mn % 100
8.181
10F 10
3918
2652
3253
&0 B 142
< ! 0.767 ! E}
g 0.405 W
5 o
o1} 0.118 0.1
4 ' pil
fim 0.055 fin
Ao 0.035 Ao
0.01 | 0010 0.01
0.007
0.001 [ 0.001
As 0.000
Hg 7\
0.000
0.0001 Z—0.000 2 —0:000 0.0001
2] 2 e 4 9T 35 ¥

Fig. 3. Comparison of mean concentration of blood metal before and after Ohjeoksan-decoction treatment.
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Fig. 4. Non-hazardous blood metal concentration after
Ohjeoksan- decoction P.O. injection.
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Fig. 5. Hazardous blood metal concentration after
Ohjeoksan- decoction P.O. injection.
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Fig. 6. Total blood metal concentration after Ohjeoksan-
decoction P.O. injection.
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N3l Zne 38510mgkgo & H 3k} 3k 97
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e}
< o 373ppmo 24| I

o ¥lnd 7t gle Falade o 372ppmeo]| A1,
As,Cd, Cr2 M| E3 Hg & o}
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& o ZaFEQ A4e oF Akl EFEH L, #
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