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Abstract

This study was performed to investigate the influence of Chlorella which effected the change of Pb
contents, enzyme activity and lipid compounds on the rats fed the beverage involved Pb and the different
contented Chlorella added-diets for 18weeks.

The rat’s weight of 200ppm Pb group was decreased 6.04% and the cause of that was Pb intake. But
the rat’s weight of Chlorella added-diets + 200ppm Pb group was increased 4.02% (p<0.01). When feeding
the different(0%, 2%, 5%, 10%) Chlorella added-diets with the Pb contented beverage to the rats, we
could know that the Pb contents accumulated on tissue were decreased to 20.70(0%), 12.88(2%), 14.83
(5%) and 19.56(10%), compared with the quantity of Pb taken in.

Total-cholesterol, triglyceride, glucose content and AST, ALT, ALP, LDH enzyme activity in serum
were the highest on 200ppm Pb group and those were decreased by the order of different(2% ~5%>10%)
Chlorella contents + 200ppmPb group. A significance was recognized on the level of 1%.

Therefore, when rats were exposed to Pb, it was thought that the amount of Chlorella intake was
adequate on content 2~5% for reducing the lead toxicity.
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Sprague-DawleyA] 7 313 30v}a]l& oA H
A5 18754180 ¢ YFHIL FHN T FEANEA)
dlo} polycarbonate cageol] 3 viel¥ Hoi 157 715
2ol (AMYALA. Co. : crude protein 22.1%, crude lipid
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Table 1. The composition of experimental di-
ets and lead given each group of male rat

Treatment Pb in

Groups Basal Chlo- water

diet(%) rella(%) (PPM)
Basal diet(Normal) 100.00 0 0
B.D+200ppm Pb (Control) 100.00 0 200
B.D.+ 200ppm Pb 98.00 2 200

+ 2% Chlorella :
B.D.+ 200ppm Pb 95.00 5 200
+ 5% Chlorella

B.D.+ 200ppm Pb 90.00 10 200

+ 10% Chlorella

3.5%, crude cellulose 5.0%, crude ash 8.0%, calcium
0.7%, phosphorus 0.5%, vitamin 3.5%, mineral 1.0%,
nutrition medicine 0.5%) & &-$A171 ¥ 6uta]4 57)
T &, 22, Pb(200 ppm), Pb + 2% Chlorella 37}
T, Pb + 5% Chlorella A7V, Pb + 10% Chiorella
HA7HEO 2 Table 13 Zo] Ur-o 1857 AHS3H
o} A AMHE-3 AL Chlorella £2(300 mesh)
£ 71F Algo] Yol ILEA 4o THEJ X, Pbe 200
ppme] HEF Pb(CH:COO): (Sigma Co.) & 33 &

Fodd o FFEAT B Aol mid ZolEo]
A Aol A AFEA HAHES st9eH, AN
< Y3t o] &% 7IFE FEE L9 WA 4
3] 10 mM EDTAE YO 2 A3 & & o] S/
2 37 AR

2. 2 AolMFE & HE &F

B3 o] A HFL vid 22 Azt FAE9 L,
AFL 3ttt 3 WY 22 A7 S oH,
2)o] A& F AF T HIFAFE FEA 2
o) A& (food efficiency ratio : FER)-& A& 77} =<4}
AHAS AARFE 22 717 TUY AF F/HHE

ol 1002 F3te Fatslth

JEERTT

18% ¢ ARS8 2HE AHA) 99
ethyl ether2 PHANA 38 5 AN Bolg 2
@ 2, A% N, A 4%, 18 52 Fa6
RAAH085% NaCDZ A3l A2 ]
£ AAY T RAE FY A JFA-00) 1
EA AP AS AT £ LY SR R
E71FE 384 29€ WA5] 931 10mM EDTA
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PoAZFE $istd 23 05gS B @ Tl Heix
HNO; : HCIO«(v/v, 2:1) E8AHE 2mi¥ 7}eted 9
0CZ 24T hot plate YA FAEHSAT®. 2
A NEE 20mE 83t ANFFELIEA
(Model : Varian Spectra AA300/400)E A}-&3}e
23 2 2702 &, FYL Pb Hollow cathod
lamp, 5% AFE SmA, 98X acetylene gas,
support gass air, B2 283.3nm, slitd) & 05nm
g 2383le Pbg V434

5. 83 & K&, 52 go| =24

Total cholesterol< total cholesterol &3 & kitA| 2
(Y, Mizuho Medy, SR-2210)*, 8% % TG
triglyceride &A% kitAl¥ (L&, Mizuho Medy,
SR-3200)%’, AST$} ALTE aspartate amino transa-
minase(AST:GOT) %} alanine amino transaminase
(ALT:GPT)¢] %34 kitAloH@=, ohaen®,
ALP+ alkaline phosphatase (ALP) &3& kitA] ¥
(3=, oRikAIeh®, LDHE lactate dehydrogenase
244 kitA|2H(YE Mizuho Medy, SR -1110)%,
glucose glucoseZA-& kit A1 2K L2 Mizuho Medy,
GL-Newtest SR-2410)%2 AL&-8t3 ),

6. EA|IXZ]
X8 RE A3 E SAS PackageE 0] &3t Du-

CQEN - HES - AAE SFHFGFAIA

ncan’s multiple range test £ 313td 7z} 8 PHF
Arole) §olAS HA=sGof?,

23 9o ng

1. Ao|MF AT HF BItE, AlolE2, E M,
Pb Mzl2F Y MEE

Aol dAFT AF F7HE, 2olEg, E AT
Pod#AH 2 44E&2 Table 29 7t}

Table 2014 B= nhe} 7ro] A 2)F2 200ppm
Pb AHTA 7 W@%ke™ 200ppm Pb +10%
Chlorella 3F A 74 Fot AP 7o) M =E #9
A(p<00D) g ARE & AATE Ao] HAF 200
ppm Pb + 10% Chlorella, 200ppm Pb + 5% Chlorella
A7, AAE, 200ppm Pb + 2% Chiorella 432,
Pb A3 Z(NZF) 2.5 ZAHAoH Chiorella 3
7hgo]l BEE F2o] AFFLE SUMEe A%E
Bk 193 AF357HFE 200ppm Pb 432 (=
) <200ppm Pb + 2% Chiorella A3+ < 200ppm
Pb+5% Chlorella A3+ < Z7¢+ <Pb + 10% Chlo-
rellad oIk 2101 §-&-2 200ppm Pb + 5% Chlo-
rella 323 200ppm Pb + 10% Chlorella 4337l
A =T BE ARE T PbAHIZE Pb+5%
Chlorella 432X 944 mg/dayE O AP0
Hl3le] 7+ gl Aol = sl MES7}t
ZF Yol HZ, Holag Fol U R Chiorella
AFE A% Pb 548 ¢3AAY] diEFo 2 Azts
At

Table 2. Effect of diets on body weight gain, food intake, lead intake, water intake and food efficiency

ratio of rat

Body weight(g) Weight Food Lead Water FER
) Growth
Group gain rate(%) Intake Intake  Intake (feed/
o e , ale
initial final (g/day) 7 (g/day) (mg/day) (ml/day) gain)
Basal Di @
asal Diet 1875£178ns  3842+77ab 14940052 19670+507(10000) 2610 000 4120 1752
BD.+Pb 1875+180ns  3717+80b  140+005b 18420+763( 9364) 2500 744 3720 1786
BDAPb+ 2% 1875+172ns  3825+66ab  148+005ab 19500+7.91( 99.14) 2600 806 4030 1757
Chlorella
BD+Pb+ 5%  1875+190ns 3842+59ab 149+00da 19670£454(100.00) 2920 944 4720 1960
Chlorella
BDA+Pb+10%  1875+182ns 3925+98a  155400la 20500+574(10422) 3000 888 4440 1935
Chlorella

€ Mean=+SD, ns:not significant

¥ Means with the same lettered superscripts in a column’s are not significantly different at the 1% level by Duncan's

multiple range test.
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Table 3. Effect of experimental diets on lead contents in organs of rats
Group Lung Kidney Testicle Spleen Liver Heart

Basal Diet €4025+080b  4353+0.80c 34.23+079% 2483+125b 38.88+018b 24.09+0.27d
BD.+Pb 462140522 4684+015a 4321+125a 31.37+098a 4264+035a 30.69+032d
BD.+Pb+ 2% Chiorella ~ 2459+083  3087+046e 2461+08le 1376+043d 2545+145d 11.57+0.90d
BD.4+Pb+ 5% Chlorella  3622+122¢  3093+018d 3065+0.80d 1984+127c 32.01%148c 17.73+0.84c
BD.+Pb+10% Chiorella ~ 4447+068a 4535+015b 39.81+061b 2533+162b 4013+041b 2313%0.76b

© Mean=SD, ns : not significant

¥ Means with the same lettered superscripts in a column’s are not significantly different at the 1% level by Duncan's

multiple range test.
2. 2k ZZlo| f &t

7y 239 ¢ §F& £ 2 3= Table 37 2ot

Table 39X B vps} o) 3, A%, 18, ¥4,
Zrell 4} Pbel &2 200ppm Pb HAZ(AZRE) >
200ppm Pb + 10% Chlorella > R7+F > 200 ppm Pb
+ 5% Chiorella > 200ppm Pb + 2% Chiorella®] <9]
Ao, 449 F$elE 200ppm Pb AHE > 4
= > 200ppm Pb+10% Chlorella > 200ppm Pb+5%
Chlorella > 200ppm Pb + 2% Chlorella 339 2
2 Vel 238 22 200ppm Pb + 2% Chiorella
AHTAA Pl o] 713 RS AMAZE W Fo) B
ol gl =8 #FH ] @55 PAE Asted A5
A7yt A3EQ Chlorella®) #F2 2~5%7F A3
g A E A HAL 234 FAHE PhE A
2 2FAE YeRN = o) Chiorella®) 78 AH

Table 4. Effect of experimental diets on con-
tents of total cholesterol, triglyceride in serum of
rats

Total-cholesterol Triglyceride
Group

(mg/100ml)  (mg/100ml)

Basal Diet(B.D:Normal) 90.2*14e 76.0+3.9¢

B.D+200ppm Pb 1280+27a 1227%27a
(Control)

B.D+200ppm Pb+ 2% 106.0+21c  81.3*46bc
Chiorella

B.D+200ppm Pb+ 5% 991+33d 80.1*46bc
Chiorella

B.D+200ppm Pb+10% 117.0+2.0b 840+4.4b
Chlorella

# Means with the same lettered superscripts in a colu-
mn’s are not significantly different at the 1% level by
Duncan’'s multiple range test.

& 99D v Sol BYA FH BE S
EECECE EEEDTIE BERUEDEE
A 1517 A% AZFA:

3. @XZ & Cholesterol®} Triglyceride &tzf

¥3%F & cholesterol# triglyceride® ¥ A=
Table 49} 7t}

% cholesterol# triglyceride®l &2 Pb A3+ >
Pb+10% Chlorella > Pb+2% Chlorella > Pb+5% Ch-
lorella> BT £2.2 2™, ¥ cholesterol 3%
oA B AAFET 89~378mg/100mie) %& O
TR Qe Ao UERS 7 F0el g &
9xHp <0.01)E AAFE & ATt Triglyceride= N
ZFTRU 4.1mg~46.7mg/100mle] 2] xtojzt AN
o, Chiorellag A3 AP FEDAE= FF Aol
AsA & Aoz velgth I8y Chlorellag A
3 FE3 200ppm PobyHS 43 ¢ thE29) chole-
sterol## triglyceride %2 f-2jAdel A HATHp >
001). A cholesterol® A A A} Fofigt ofje}
DARANA ASAGT e, T A= F 5Vl
93 4 #F7} 90me/dl Heiel2 PCBEE 85
7} 100mg/dl ©1439)-& B 7314t Table 45 A4F
oA 90.2mg/dle] 2 200ppm PbAFH 2= ¥53]
22 1280mg/dlE Ve, o) Eg X 570 ¢
ZE8 #HNAN cholesterol §8ko) Egkon %AuH
Eq oA Rolxth= Aol vV IA R Chiorella
£ #7138 FoA cholesterol§h ko] Gobzl Aztel 74
& Ao}, K3 triglyceride® Chlorellag 3 7}8}
A & PoAFATAAN 453 =R Chlorella 43
FoM e ARE deblied ol =8 A 509
A7 A}t FAFBIA T

4. EHSE AST, ALT2t ALPS| &4
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Table 5. Effect of experimental diets on activities of aspaate amino transferase (AST), alanine amino
transaminase(ALT) and alkaline phosphatase(ALP) in serum of rats

Group AST ALT ALP
(Karmen unit) (Karmen unit) (King-Amstrong unit)
Normal 50.0+2.7d 220*14c 2475+ 56¢
B.D+200ppm Pb (Control) 111.3+48a 42.3+15a 4447+102a
B.D+200ppm Pb+ 2% Chiorella 723*27c 323*+21b 2540+ 55¢
B.D+200ppm Pb+ 5% Chiorella 720%3.7¢ 31.0+18b 2133+ 57d
B.D+200ppm Pb+10% Chlorella 875+3.7b 325*1.5b 2885+ 4.7b

* Means with the same lettered superscripts in a column’s are not significantly different at the 1% level by Duncan’s

multiple range test.

B3 F AST, ALTSF ALPS] &4 i3 4ol
= Table 58 7t}

BA3F ASTS ALTY 84 tist Aejazes
200ppm Pb A3+ > 200ppm Pb+10% Chlorella >
200ppm Pb+2% Chlorella > 200ppm Pb+5% Chio-
rella> AT €022 o™ AST2 ALo= 13
~52.3, ALT+= 9~20.39 Aoj7} ALY, ALPE=
ASTSF ALTS} oF7F €2 200ppm Pb A3 > 200
ppmt Pb+10% Chlorella > 200ppm Pb+2% Chlorella
> Akt > 200ppm Pb + 5% Chiorella & €22 =
stoh AAHA AAZE B ChlorellaE 433 L E
I HFHEA 52 PoAATTHY 45F AolE B
2o, ol& o %3”4 ARZol G5 A 5
-aminolevulinic acid dehydratase 433} sj =9l T]%]
T 2% tis A7 Aol ASTS ALT Z59
A HEZET Pb d5FAZAN F980 718
Jepte dats QAo E, e AV o
F 5971 455 @Fd vxlE AFE N-acetyl
penicillamine 35 &7t ¥ W3 Q7 AFAAME v}
WA R F7HE ALY ol Pbe] d&olgty By
AT £ A+ABH ChlorellaE 2~5% FF2.2 4
3 FollA LoldE & 4 AU

5. @&ZE LDHe| &/d Y glucose &zt

LDH® 74 7 glucose ¥ 2l W3 A3+ Table 6
4z

LDHY 7z} #7k9] AolE& B 200ppm Pb > 200
ppm Pb+10% Chlorella > 200ppm Pb+2% Chlorella
> 200ppm Pb+5% Chlorella > 372 £2. 2 Yet
som 7t #7+e] Apolzt FRF {-2=Hp <0.01)
£ AAE 4 AT} 200ppm Pb + 5% Chlorella A3
T GE 5 vls) €53 Rolr AAZ) 7t
< 22 Uelldh Glucose® o] dojx 2 237+

Table 6. Effect of experimental diets on
activities of lactate dehydrogenase (LDH) and
content of glucose in serum of rats

LDH . Glucose
Group (VZ:ESSIQ (mg/100m1)

Basal Diet(B.D:Normal) 2471+56° 172.0+5.3°

B.D+200ppm Pb(Control) 684575  264.7+55°

BD+200ppm Pb+ 2%  4343+54°  186.2+51°
Chlorella

BD+200ppm Pb+ 5%  268.0+59"  1720+56°
Chlorella

BD+200ppm Pb+10%  471.0%66°  211.3+53°
Chliorella

¥ Means with the same lettered superscripts in a colu-
mn’s are not significantly different at the 1% level by
Duncan’s multiple range test.

Z}ol= 200ppm Pb > 200ppm Pb+10% Chlorella >
200ppm Pb+2% Chlorella > 200ppm Pb+5% Chlo-
rella = A2 FolNL A4 200ppm Pb +
5% Chiorellad-& A3t 2t Z7H §olx1E ¢
AE 4 JAAHP <0.01). ol & glucose T FHS A
I BE RS W g FAg FoA EUHE B
£ A 579 Ao 93192 200ppm Pbut 4
H& oA 78 Aot 2ske ™ 200ppm Pb +
5% Chiorellad 3 B30 22 &3E Jeloh

g2 8
2 A+ 93 ¥ Chlorellag AHA3RE o &

#(Sprague-DawleyAl, $)9 Z=F ¢ &85 Po¥
Z 2 HA £ AR L Z LA 0] OB A W3he)
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9 ML 200ppm Pb Tl M= 6.04% 748
LY, 200ppm Pb S-249 74 Chlorella® 433
A 3 A 4.02% Z7HitHp <001).

200 ppm P 849 4olo) 0, 2, 5, 10%
Chlorellz& A7}v8 7% 7} 71234 %349 Pb@
FE T S FAHF Po el sl 20.70, 12.88,
14.83, 19.56% %rol & HU.

83 = fotal-cholesterol, triglyceride, glucose &3
# AST, ALT, ALP, LDH E4284& AA7ET
200ppm®) PbE HHAT AZFANA AL =%, 200
ppm Pb+Chiorellag& 2, 5, 10% 44 # 8t z}zho] FoflA]
PR TR= 5% Chlorella 37V2+22% Chlorella 3
7HE > 10% Chiorella A7V €28 225 A p <
0.01).

w2t #F 7} Poell
¥ Chiorella’d A% 2

2 A=A

29 A% S4E gsa)
2~5% FFo] HgHH AL

Ab A}

B A =52 19999 Y43y 7 a7y
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