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— Abstract—

A Study on the Metabolism of Carbon Disulfide by Isolated Rat Liver Perfusion

Young Bong Cho, Mun Joo Bae, Hong Soon Choi, Jae Hoon Roh.

Department of Industrial Environmental& Health, College of Health Science, Yonsei University
Institute Occupational Health, College of Medicine, Yonsei University. *

The purposes of this study are the identification and determination of metabolites in the isolated rat
liver perfusate of carbon disulfide by two-dimentional thin-layer chromatography and high perfor-
mance liquid chromatography for understanding the metabolism of carbon disulfide.2-Thio-thiazoli-
dine-4-carboxylic acid(TTCA) was synthesized by the reaction of carbon disulfide and cysteine, and
confirmed by two-dimentional thin-layer chromatography, high performance liquid chromatography,
UV spectroscopy, and IR spectroscopy.The absorbance of UV detector for the simultaneous determi-
nation of TTCA and thiocarbamide was 254 nm although their maximum spectra were 273 nm and
237 nm, respectively. Two kinds of the developing solvent in the two-dimentional thin-layer chro-
matography were 2-butanol : 80% HCOOH : H,O (7 : 2 : 1) as the first developing solvent and 2-
propanol : H20 (4 : 1) as the second developing solvent.After perfusion of carbon disulfide (8274.23
#mol), the amount of TTCA and thiocabamide of the perfusate(100 ul) were 12.02 - 16.43 #mol and
5.25 - 8.15ug, respectively.The mean amount of them were 14.08 z#mol and 6.41#mol respectively,
and the former was 2.20 times greater than the latter.For conforming the mechanism of formations of
TTCA and thiocarbamide in vivo, we have to clarify whether the reactions between carbon disulfide
and ammonia, ammonium salts, amides, cysteine, cystine, or proteins will be formed in vitro.

Key Words : Carbon disulfide, 2-Thio-thiazolidine-4-carboxylic acid(TTCA), Thiocarbamide,
Isolated liver perfusion, HPLC, TLC,
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L AsaiE

olgatgtay AZAN, ARMR|, AMAstEAE, F
Az 2 1FTY T A4F AZAAA e o
453 glen AW, T, B, oRF F
9] FZ2EARE AHEE o] $iTH(Zenz, 1978). °1%
slgkad] QM B F2EHAE FFAA 54
< Yol & #AolE 8 (Mancuso &5, 1972;
Seppalainen 5, 1974; Hanninen %, 1978;
WHO, 1979), F5e] 2:7|3t A&HA 217
AS 9T7AQ £47 AFEA/ATA FAE <
o 23x g} (Tiller 5, 1968; Tolonen %,
1979; WHO, 1979). 53] g e7lutatel=
(Thiocarbamide) ol Wi TPAH= Ea=om
(Doull &, 1978) & et A= JAFAL A
ZolA 2F3e 2R AN o|Bstda FHAL
g7t BaEo] Aokt AR EA7E € HF ok

olgslgtao] 85 AR e 58 L Rl
o &Y AF= Be] LIEHJEH Pergal F
(1972) & olg3lethe] Z2d Z2AEY ARdA
JAFEA 2l 2-mercapto-2-thiazolinone-5¢+ E] 2
Fluloto| =2 H X £37 (infrared spectrome-
try, ©l3t IR)¢ AF £24 (mass spectrome-
try) 2 #elsider ¥ g2 49 gedhnlel=
7} A" Ag Tz EE¥FHE Doorn F(1981)2 &
AA AzHAG A olFdsleied F2E ZEAES]
2y dA 2-thiothiazolidine-4-carboxylic
acid (°]8t TTCA)E 'H-AF% 34 (H-
nuclear magnetic resonance spectroscopy, ©l
3 NMR) ¢ 7t Z2rtEaety/A%EN FE7]
(gas chromatography/mass spectrometry) 2
goster 1% dA Z=2etEad (high
performance liquid chromatography, °l&}
HPLC) 2 AFEXMI}IS (Doorn 5, 1981b;
Rosier 5, 1982). $uglr= #FE |83
AFAA AT A4A =22 (High
Performance Liquid Chromatography, °l3}
HPLC) E ©]&38ld 83| TTCAS E]L7ln}
ol=o] FARAY (A 5, 1992)F tiAIER &
g EF vk Jon (2YE F, 1993) , = &
Hol 5 ozt AR drle] B AFE

Bad b glen(2¥3} F, 1993), HIe
TTCAE AEEHZ=2X X (Biological exposure
index) 2 |43tz Qlth.

azyg AUl TTCA 2 g e7hulvje]=9)
P71 oA BEsHA wExl bk gleem B
AFdMe 4 2 dAE FFse 1Y 7%
AE}7] {5t A A3 AAZF AH e
ol&3te HE T AR o3 2 AR} o
AFEA S HPLCS F2=ta=zvulEads] (Thin-
Layer Chromatography, °13} TLC)Z &l3l=
o & A9 EFo] 3ok

o o

I. iz o U
1. AE™E

AE 9-11F7F A"z AFo] 250+10g%
Sprague-DawleyAl 87 5vl2]& AHFEE 313
on S A 4FY ARE AFFEY A}
S 8738 26+2C, FE 6515%E W3 e
A FABT AR FES AR AL A
£ A83ln 85 53 RS2 8k A
A4 AFEA st 2 Aol A8 Algfe B
g EF Mg U2 AR en HPLC 42
doZ AldrichAl AEoz g3 Az (ultra
sonication) & ¥ ¥ AME3ITE. 28]3 Algo] <t
He ¥FEF TTCA: AT A0 (=Y
5 5, 1992).

2. FE717|

EEEAZ AH3E] Hstd % TTCAY +
Z¥92 ShimadzuAl AFe IR 435 spec-
trophotometergs ©|&3tdq HJM 2HEHH
(infrared spectrum)& F3t3 'H-A7| g% =
HEH (o]5 'H-NMR 2% E#) L VarianAt AF
9] EM-360L spectrometer® 33ttt Z2lx
gkent I =2vlE Ty (thin-layer chromatogra-
phy, °l8 TLC)¥ MerkAl A& Silicagel
60F-254% 3t 7Z&-2 UV-lamp (SpectrolineA}
A)E o]t

HPLCE GilsonAl AlF2 24 305 pump 3dh,
811B dynamic
mixer, 204 loop readyne 712 injector® ©]F°]

805 manometric module,
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Hew HAZE7|E GilsonAl AFES 112 UV/VIS
detectorS AM2-3tATH £2]#2 WatersAt A &)
#Bondapak™ C18(4. 5mm X 25cm) ¢ DupontAt
A Eo] Zorbax NH,4.0mmX25cm) < ©]-&3+
2 AeA2] € HPLC A%< GilsonAt AF<
system interface modules °]&3ld IBM
32bit computer®} Epson printer& HPLCel €
Aste] AT A FFA¥ERLS Shi-
madzuAl UV-VIS 160A spectrophotometerE,
#FAEZE Keun-a mechatronicsAtel
KASP 005-150MT syringe pump$}t GilsonAte]
peristaltic pumpE AH&-3F1th.

3. ALY

7D TTCAEA % ol

Ao ZFF 30 mlFel Sodium hydroxide
(4.0g, 0.1mol) ¢} L-cysteine(4.8g, 0.04mol)E
& T F CS,4.6g, 0.06mol) = A7Isl &
o} o] EFES A-20lA 20413 Bt F mukete
A JAE 715 &, ethyl acetate® F&3 o
S S 9™ FAE 6N-gAte =z 33 AZA s
o TTCAE 4t 183 €=« UV spec-
troscopy, IR spectroscopy, 'H-NMR ¥ EH,
HPLC ¥ TLCE ol&3dtd ERIg F Al&3sifith

Table 1. Column, solvent component and flow rate in HPLC condition

(Z9% 5, 1992).

Lh) TTCA< E|23idiotol=e| 22|& ¢t
HPLC REx

C18-Column¥ NH,-Column< z+ HPLCO
AZ@3ta, 5aFF TTCAS Ele7tvlo|l=8 =
oA TE AEE B 94 oS LAy
25z Table 13 Table 29 2t}

ch & z 25 (Isolated liver perfusion)

#FYe Kerbs-Ringer S84t &34 (pH
7.4< A3 eH #AFHL 37CE FAIAEA
95% 2t} 5% olitslgie] EFtAE AL F
Z\AF1AA £ 20mle 4oz BFIA

HFHE AHAERICE o F% &, FFo| vigg
FH=F st ARE FEd Aol 3BT EF
ZgHAL AN F 3l AH W (infevior vena
cava)dll T &AL FARG TS, #AFHo] A
AR ZdAFE (polyethylene tube, €7
1. 3mm) E 2" (hepatic portal vein)°ll 43}
Aok =2 FAS ANsl EFedEd REE
¥ (thoracic vena cava)°l 443tz F< o
S, EHd ARlE FHO FEZE AZs #H
9& AR T ARFRAE] HHE KA
7] gt oF 2083 #F
g 42 Hrig ¥, #F

Type  Flow rate(ml/min)  Column

Solvent Component

Pg NFE £8AT)

1.0 NH2

50 mM KH2PO4 : Acetonitile (1:4)

€ HHA ol%zELS

syringe pump& #%

1

2 0.8 NH2 Water (100%)

3 0.8 NH2 Water : Acetonitrile (4:1)
4 0.8 OD(C18)  Acetonitrile (100%)

5 1.0 OD(C18)  Water (100%)

6 1x5 OD(C18) Water : Methanol (4: 1)

Table 2. HPLC operation condition

Description Condition

Column (1) pBondapak™ C18 (4.5 mm X 25 cm )
(2) Zorbax NH2 (4.0 mm X 25 cm )

Mobile phase Type 1- Type 6

Detector UV detector ( 254 nm )

Injection vol. 10-100 p1

Chart speed 0.5 cm/min
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0.05ml/mine2 &=
o JdZ2€d FEE B3 <
107 3= 548 F(FF
o, 8274.23p¢mol), &
Fo Ad(200ml) = AF
3led HAE AlER 3}
Atk

2h) HME 7t B AL
ol dMAE2l
HPLC&4
AlZel AN d4te 2 pH
1.5 - 20 22 ZAH3n
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AZe2ee] 9 10mIZ ¥ F 10m! ojdelAgo}
EE 73t 1A B2t 3% o8 3000 rpmelA
208 YA FEYE HPO 3
10ml AgolElo|EE o] 7l3le] e wWyiem
A& 4TS o] AFAL Y3 IFS
o AR ARF e SmiE Fo oA F E44]
2= AMgEET.

o) ojxk TLC(Two-dimentional TLC) ol o[t
el
YoM AR BRAEG Eesuiulel=
2 TTCAY EFE F8¥93 FY TLCH(20cmx
20cm) ol AAHE ¥ 83 A=A U7 1AAA
4t 2-butancl : 80% HCOOH : HO(7 : 2 :
1) AAstn 383 A2 ¥ 0= AP :3

e
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Fig. 1. Chromatogram of TTCA and Thiocarbamide by
HPLC
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Fig. 2. Calibration curve of TTCA

718 2-propancl : H,04 : N2 AAS F+
23] 12A2 F UV lamp(254nm) 2 $H A 29
aznEa¥s TTCA 3% shulrje|=e) BEE %
dof az=aEaPe] REE vz o (Figure
5.

L. dddy
1. HPLColl 2/t TTCA % El@zjuinlol= 4

Table 1 ¥ Table 29 €A% T =4
IFNM gdeze FR5(100%), ZBH2
NHAH2, 8299 #42 0.8ml/min2 & 33,

UV detectors] SF3€ 254nm2 el BAHY

TTCA 2 Eleshilrjel=e] AZvlEade] FHo|
gt 40583 46289 P|FEAE 2 9%ia
o, AFAY FE @ EYAZIT FHeEA 7]
URY Bn(ANd 5 19929 441 ARE o
Ak {Figure 1, Figure 2, Figure 3).

Area
400000 -

350000 Fy + 13105z - 915. 34
woons | ¥ 0.9999
o000 b
Hooee
150000 [
100000 ¢
50000 |
0
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" Fig, 3. Calibration curve of Thiocarbamide
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Fig. 4. Chromatogram of perfusate by HPLC
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The second development

2 HPLCH| o8t ZHRAYAB)E2| TTCA %
E|@7 ool =2 24

A8Fe] TTCA 9 gedhlrlol=g e &
ol2® H|Z3H & 1004 sample loopE AMe-3x
UV dectectors] 932 254nm o= sl 244
AE2 E4% 23 F4§ AEF E5Ed Z=2
ntEdz TTCAS & eshunjelse] aZnjET
A3lo] £3e] glon Figure 49 L I E2rkET
#E dden, FAIE(8274.23umol) ¥ TTCAS
Eleshilulo| =9 HEF=E 242 14, 08emolst
6.41pmol 224 1 ¥1EL HH 2,200 1€ 2o
F3 1cH(Table 3).

3. OlxiE! TLCO| o8t BRANBFS TTCA
L El27iHlolo|=2| el

20cm X 20cm®] TLCHS A3k 12 A8
9 231 AALE AMEStm, B444]H (sample)
¢ TTCAS) 2 geshrlle(S)E Zt 43
AL g 2d g5 AAF ¥ UV lampd

Table 3. ConcentrationTTCA and Thiocarbamide in Perfusate

. ) Fig. 5. Chromatogram of TTCA and
. . Si : Thiocarbanide Thiocarbamide in perfusate by
1 . . .
S22 TTCA two-dimensional TLC
. g'sz €y : Chromatogram of Thiocarbamide
: €1 : Chromatogram of TTCA
[T ol
H The first developing solvent :
e o2 2-buianol :50% HCOOH:H20=7:2:1
The second developing solvent :
2-propanol:Hi0=4:}
LA Nlllple“ The first development
S1 S2

H|Fo] JEhle A8 (sample)s] Z2vlE33R (Cl,
C)9) Rt TTCA EEF9] 2=npEa:de] Rf
ol Ztz B eyt

Vi &

Pergal(1972) 3 Doorn(1981)¢ #7 o|gisiet
Ao Ezg 2aAle] 8Fol4 Besbutelol=g)
TTCAE gdsigcin 2EF vl IFeu TTCA
2 E]loshultulolze] ATl G Bae @EFE
g bl glom 2 249 g a7= ¥ gk

TTCA 2 Heshivlolet Hgasbgo] 2z}
273nms} 237Tnmolvt BA S 918t 2B4nmE
Asa ot AERHE A HAESsE
2 Adst= Aol vl 3elA vt 3o
o, B3 YT slolM e el estuielel=rt
TTCAZ} BF 2.200 A= Be Fo=A TTCAE
14. 08#mol ©|x E] e3hulule] =7} 6, 41pmole R
B7 20.49umolo. o] FElRAe] Fol (8274, 27
pmol) el ok 0.25% AEZA YREe] o|FsEris
& n=Exd 2%E A
2 &7 dAEgeH R

wnit: gmol) 5o} kst AAE

1 2 3 4 5 mean W& Aoz YzEr}

TTCA 1508 1202 1643 1435 1250 1408 L9 H2shuslel=s
9ol A Re =7

Thiocarbamide 683 578 RIS 604 525 641 aauanagwes
TYCA [ Thiocarbamide  2.21 2.08 202 238 2.38 2.20 o Eesmbmlol=2 44
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1718Eln AdEe gRyetst 22 38rE 1A}
Aegow EAsted 715k Aoz F3d,

wata] TTCA 2 &ty E49 Elehulnlol=
o] YANTE A Astde AExg Axy
£ES 22d o Z4zte] Ed fiste o33}
g2 HheAZ L BEE gXUol, dEYEEF
g, olu|izitolutols, AJ2E|Ql, Al2”, AT
Az oA E Zhzt wEAlA AL NgEl
Eolo] MyPoZA o]Foljd Folw yeolrtA o]
galetho] 93 FE9 oy XA ML =
go] g Bo 53] g esluiulol=e] @A
2 Hol a3t 3FEe o|d3teie] ZRE 22
Aol gk ohde WP FAFS BE AMA4
W 27]) X8l o3t wj2izt Jlojof & Ao R A}
=A21=1

v.&d &

HE @FH AT o|Fsted FF YA
TTCAS} E] @7 ulutel =] AJAdo] HPLC <} o)At
A TLCE 4% 2y BEEEY U3 vFEA
2 RS UehdozA TUEREYS FRISA
}.

HPLCell 23t TTCA 2 Ele7ututo]l=9] FY
BAS 93 HAo 7L AYL NH,ZHL, &
Ao §£& 0.8ml/min, UV detectore] 33
< 254nmrt HHe| Aol on, Ha BT
slolxE EleFlututo]= BT TTCAZF BT 2.20
Wl A= B2 422X TTCAE 14.08¢molelx
E] e 7tuluto]l =71 6.41mole 2 A 20. 49#mol
o2 o|Zsleie] FolF(8274.23pmol) o] oF
0.25% A==2A diFE9] oldsigie A
A%E FEH 2 JE7F dAEFHZ AR o
7b AAE ulE2 ez AZtEn ol 33iead]
ARl Elegtututol=e] AA7IFE ofF &
HA A AT FEAE BARAFO] 9F EA
& & e gdxEYo}l, =AY e dEYol E
' oA T ojmixale] ojpfol=gle] wHgo]
o3ty PG glogizt AzEn wEA olF
gael dxyol, ©ld 9 ojn|icibe] olule]
=olo] FeEukgol 23t E]lelutulo]l=o] AYA
ol 2o}, o]33letiel Al2HQL, Alxw L T

she] gl o)f TTCAMA <I¥E 3o &l
selof @ Rolck.
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