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Introduction

Captafol 13a, 4, 7, 7a-Tetrahydor-2-1, 1,2,2-tetrachlor-
oethylthio-1H-isoindole-1,3(2H)-dion| is one of the wid-
ely used fungicide in Korea. The fungitoxic action of tri-
chloromethylthio fungicide has been extensively studied
and suggested to be due to an affinity of the chemical

for sulfhydryl groups.! ® Lukens” ™" has postulated the
mechanism of action of this fungicide as follow. When
RN-SCCl: compounds react with cell thiols, the fungi-
cide split at the RN-S bond, forming the free imide. and
the free thiol is oxidized to disulfide. The liberated trich-
loromethylthio(SSCls) moiety can be transferred directly

to various cellular sites or yield thiophosgene which may



react with thiols and other cellular groups. Lukens has
suggested that captafol enters reaction in addition to the
oxidation of thiols.

Since sulfhydryl groups are known to play an importa-
nt role in maintaining the structural integrity of cell me-
mbrane,'® it is quite likely that captafol, due to its high
affinity for sulfhydryl groups, may interfere with membra-
ne sturcture and fanction."

It was assumed that the shortened survival time of ery-
throcyte due to the decreased concentration of phospholi-
pid and the increment of permeability with captafol
might be attributed to the functions of the membrane
structural substances. The phthalimide of captafol is
reacted with thiol of creatine kinase subunit. Creatine
kinase is decreased and total bilirubin level due to the
shortened survival time of erythrocyte is increased.
Therefore, this experiment was studied in order to chara-
cterize the effect of erythrocyte membrane, hematological

and plasma biochemical values by captafol i vitro.

Materials and methods

Blood was collected from vena cava of 5 SPF Spra-
gue-Dawley male rats(10 weeks), using 0.5mg of hepar-
in(approx. 170 USP unit/mg) per 10m¢ of blood as the
anticoagulant. The blood was preincubated for 10min.
hefore the addition of the captafol solutions. Three
concentrations(l X 10*M, 1X10™*M and 1X107*M) of
captafol in ethanol were added to 2.5mé of blood so that
the final concentration of ethanol was 1%.'! After the
addition of the test chemical, the blood was incubated at

37°C for 2 hours under 5% CO: gas. Control blood were
added with similar concentration of ethanol : 1%

ethanol.

After incubation, leucocyte count (WBC), erythrocyte
count(RBC), hemoglobin concentration (Hgb), hematocrit
(Het), mean corpuscular volume(MCV), mean corpuscular
hemoblobin(MCH) and mean corpscular hemoglobin
concentration (MCHC) were determined by a hematolo-
gical autoanalyzer(Coulter S 880, USA).

The blood was examined for erythrocyte membrane
fragility test by the method of Gordon et al.'*

The blood was centrifuged at 1000g for 10min. The
plasma was collected by aspiration. Plasma biochemistry
was examined to quantify plasma levels of glutamic oxal-

oacetic transaminase (GOT), glutamic pyruvic transamin-

ase (GPT), alkaline phosphatase (ALP), blood urea nit-
rogen (BUN), creatinine (CRN), glucose (GLU), total
cholesterol (TCHO), total protein (TP), albumin (ALB),
total bilirubin (TBIL), phospholipid (PL), triglyceride
(TG), creatine kinase (CPK) and calcium (CA) by
biochemical autoanalyzer (JCA VX-1000, Jeol Co). and
potassium (K) by flame photometer(IL. 943, Instrumentat-
ion Laboratory).

For control and treatment group statistical significance
was tested using the Student t-test. A difference was
considered statistically significant at p<0.05 and p <
0.01.

Results

The effect of captafol on the hematological parameters
of male rats are shown in Table 1. The number of RBC
in only 1X107°M group was significantly(p<0.05) decr-
eased to 6.78+0.28 millions compared to the control gr-
oup (7.2710.41 millions). The percentage of Het was si-
gnificantly (p<0.05) decreased with dose-response at do-
se levels of 1X107*M(41.35+1.66%), 1X10°M(41.15
+1.41%), 1X107°M(39.52+3.14%) compared with th-
e control group(44.93+3.14%).

The concentration of MCHC in 1 X 107°M group
(35.701+047 g/d¢ ) was significantly (p<<0.05) increased
from that of control (32.63£294g/d¢ ). but 1 X 1072M
group, as a high dose, was not significant.

The effects of captafol on the erythrocyte membrane
fragilities of male rats are shown in Table 2. Erythrocyte
fragility rates of control 1X107"M, 1X10*M and 1X
1072\ groups were 264+ 146%, 299+ 1.27%. 4.85%
2.13% and 527 £1.46%, respectively. Fragility rates of
the 2 X107°M and 1X1072M group were significantly (p
< 001) increased from control value with a dose-res-
ponse.

The effect of captafol on the plasma potassium ion of
the male rats are shown in Table 3. Potassium ion
levels of control, 1 X 107*M, 1X10™M and 1 X 10*M
groups were 4.95+0.15 mmol/ £, 5.11:+0.35 mmol/ ¢,
5.1340.22 mmol/ ¢ and 5.53%0. 32 mmol/ ¢, respec-
tively. Although there was a dose-response, potassium
ion level of 1 X1072M group was significantly(p <. 0.05)
increased from that of control. However, the other groups
were not significant.

The effect of captafol on the plasma biochemical



Table 1. Effect of captafol on the hematological parameters of male rats

Control 1X107*M 1X107°M 1X1072M
WBC(thousands) 16.77+3.52 15.88+4.62 16.80t6. 18 16. 07 +4. 58
RBC(millions) 7.2710.41 6.9910. 35 6.94+0. 30 6.7810. 28*
Hgb(gd?) 14,5840.59 14,5740.63 14.67£0.59 14.7040.64
Het(%) 44.9313.14 41.35+1.66* 41.15+1.41* 39.52+3.39*
MCV(1¢) 61.92+4,88 59.17+1. 11 59.28+1.02 58.17+3.29
MCH(pg) 20.10+1.30 20.83+0. 59 21.17+0.37 21.67+1.35
MCHC(g/d#) 32.631+2.94 35.2710.71 35.70+0.47* 37.521+4.76
*: Significantly different from control value at p<0.05.
Table 2. Effect of captafol on the erythrocyte membrane fragilities of male rats(%)
ID NO. Control 1X107'M 1X107°M 1X1072M
1 0.64 3.49 4,72 4.55
2 3.46 1.37 7.50 7.50
3 1.80 4.40 8.35 4.55
4 2.89 2.69 6. 65 3.16
5 1.56 4.24 3.09 3.56
6 0.00 2.57 515 4.74
7 2.75 0.00 1.33 5.31
8 2.05 3.86 5.30 4.55
9 3.8 3.72 2,06 5.46
10 3.61 2.92 2.07 7.56
11 3.8 4,17 6.04 7.58
12 3.64 2.28 4.66 3.81
13 3.79 2.05 6. 67 6.19
14 3.03 4.09 4.29 5.24
Mean+SD 2.641+1.23 2.99+1.27 4.85+2.13** 5.27+1.46**
. Significantly different from control value at p<0.01.
Table 3. Effect of captafol on the plasma potassium ion of male rats(mmol/ ¢ )
ID NO. Control 1X107'M 1X107°M 1X107°M
1 4.74 5.01 5.4 5.24
2 5.15 4.99 5.3 5.80
3 5.06 4.91 4.92 5. 96
4 4.83 5.77 5.22 5.59
5 5.00 5.20 5.39 5.41
6 4.93 4.79 4, 86 5.15
Mean+SD 4.954£0.15 5.11£0. 35 5.1310. 22 5.53+0.32%*
*+ _ Significantly different from control value at p<0.01.
Discussion

values of the male rats are shown in Tabel 4. The con-
centrations of TBIL in the 1 X 107M and 1 X 107*M
groups were significantly increased from that of control.
The enzyme level of CPK in high dose group was signi-
ficantly(p<0.05) decreased from that of control. Howev-
er, no treatment-related changes in the GOT, GPT,
ALP, BUN, CRN, GLU, TCHO, TP, ALB, PL, TG
and CA were observed under this experimental condi-

tions.

The findings in this # vitro study supports the in vitro
observation of Kumer's study that captafol alters the
erythrocytes permiability to ion. Captafol is known to re-
act readily with cellular thiol groups.! ™% The dichloroet-
hylthicacylchloride (S-CCL-CHCL) moieties produced
as a result of the reaction of thiols with captafol is also
captafol of reaction with sulfhydryl and amino groups. T-
he oxidation of thiols and the subsequent reactivity of th-
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Table 4. Effect of captafol on the plasma biochemical values of the male rats.

Control 1X107'M 1X107°M 1X107M

GOT({U/ ¢y 104.3846.34 100.4616.95 100,51 +8, 24 102. 40+5.20
GPT(IU/ ¢ ¥ 77.00£11. 20 72.5616.22 74.89140.49 71.50+6. 64
ALP(IU/ ¢y 618.51 +142. 61 565. 53498, 11 578. 88+160. 41 561.09+107. 99
BUN(mg/d)" 18.1242.91 17.80+1.93 17.9442.92 17.87+2.11
CRN(mg/dgy> 0.48+0.04 0.51£0.03 0.5020. 06 0.52+0.11
GLU(mg/dé)® 150. 824 10. 84 159. 18+8. 93 151.53+17. 40 150. 80411, 34
TCHO(mg/d8)” 101.8046. 46 101.1247.12 106.2147. 14 105. 25+5.79
TP(g/dey® 7.03+0,12 6.97:+0.13 7.9842.63 7.91+3.40
ALB(g/d¢)” 5.27+0.98 5.60+0.19 5.61+0.38 5,57+0.33
TBIL(g/de)'” 2.37+0.37 2.51+0.26 3.10+0.30** 2.91+0,14*
Pl(mg/d&)'" 165.10+11.36 157.97+11. 54 165, 35+10.87 162. 89+8. 34
TG(mg/de)'? 211.67+58.78 222.52460. 02 213. 01 +64. 22 219.41+72.18
CPK(IU/ ¢)" 315.77+79. 14 280. 8830, 54 260.38+51. 94 219.41+29.63*
CA(mg/de)'¥ 9.74+0.53 10.0010. 45 9.76+0.57 9.41+1.19

* | Significantly different from control value at p<05.
** : Significantly different from control value at p<0.01.
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e SCCl: moiety and of thiophosgene have been postulat-
ed to be the basis for toxicity of this fungicide.! ™ Sul-
fhydryl groups are known to play an importat role in
maintaining the structural integrity of the erythrocyte
membrane.” Rothstein et al.'* suggested that the block-
age of cell membrane SH groups by sulfhydryl reagents
alter the cation permeability. It is, therefore, likely that
the reaction of captafol and/or it's reaction products with
the SH groups in the cell membrane is responsible for
the observed changes in cation permeability. Sutherland
et al."® suggested that SH reagents react with the sul-

fhydryl groups of the membrane protein resulting in a
change in its configuration, causing a loss of ion from

the cell. Kumer et al.!' and findings in this study that the
captafol reacted with a substantial portions of the mem-
brane SH groups and potassium ion levels of plasma was
increased by captafol, respectively, provide support for
these hypothesis.

We concluded that the captafol at concentrations over
1X10™*M induced the damage of erythrocyte membrane
following the captafol was effective in causing the efflux
of intracellular potassium ion, increment of erythrocyte
membrane fragility rate and decrement of hematocrit
value. We assumed that the phospholipid was efflux from
the erythrocyte membrane, it is not a portion but analy-
zed products of the phospholipid by the captafol.

Creatine kinase contains one thiol group for each

subunit'® The enzyme is rapidly inactivated by oxida-

tion of these sulthydryl group.'” We assumed that, be-
cause the phthalimide of captafol was reacted with thiols
of erythrocyte cell, creatine kinase was decreased with
dose-response and distruction of erythrocyte was acti-

vated the increment of total bilirubin.

Summary

The effect of captafol on the hematological value,
erythrocyte membrane and plasma biochemical value was
investigated using blood of SPF Sprague-Dawley male
rats in vitro. For the anticoagulations, we used 0.5mg of
heparin per 10mé of blood from vena cava. Three con-
centrations(1 X 107*M, 1X10™*M and 1X107*M) captafol
in ethano] were added to the each 25m¢ blood so that
the {inal concentration of ethanol was 1% . The blood
contained with each concentration of captafol was incu-
bated at 37C C for 2 hours under 5% CO: gas. The
whole blood and plasma were examined for hematologic-
al values, erythrocyte membrane damage and biochemic-
al values, respectively.

The results obtained were summarized as follows ;

1. The number of RBC in 1X107*M group and the
concentration of MCHC in 1X10™*M group were signifi-
cantly (p < 0.05) decreased and increased from that of
control values, respectively. The percentage of Het was
significantly (p<0.05) decreased with dose-response-.

2. Erythrocyte fragility rate of 1 X 10°M and 1 X
1072M group were significantly (p<0.01) increased from
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that control with dose response.

3. Potassium jon level of 1X107*M was significantly
(p<0.05) increased from that of control.

4. The concentration of total bilirubin in the 1 X
107*M and 1X107*M groups were significantly increased
from that of control. The enzyme level of creatine kinase
in 1X107°M group was significanlty (p<0.05) decreased

from control value.
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