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Abstract — Carbon tetrachloride (CCL) induces the hepatotoxicity due to the reactive free radicals generated
by cytochrome P-450 (CYP-450) enzyme, which result in destabilization of cellular membrane. Diltiazem, a
calcium channel blocking agent, has been known to suppress the CYP-450 enzyme activities. To study the
effect of diltiazem in CCl,-treated rats, we measured the activities of alapine aminotransferase (ALT),
aspartate aminotransferase (AST) and glutathione S-transferase (GST), contents of bilirubin, albumin, total
protein, cholesterol, triglyceride, blood urea nitrogen, creatinine malondialdehyde and calcium. Also we
conducted liver histopathologic examinations. Diltiazem, when administered 1 hour prior to CCl, treatment,
significantly reduced the activities of ALT and AST, the contents of microsomal malondialdehyde and
calcium in liver and microsome as compared with those of CClytreated rats. In addition, histopathologic
examination showed that diltiazem prevented the development of centrilobular necrosis induced by CCl, in
liver tissue. Our results suggested that diltiazem could inhibit the formation of free radicals and the influx of
calcium. Therefore diltiazem may be applied to suppress the liver damage caused by CCl,.

Keywords[ ] CCL, Diltiazem, ALT, AST, GST, Malondialdehyde, Calcium content

AAe 2l Sa-& A2yl WAL FA=E A

AgAe

o] L= o] WA 5L 2% calciume]

24 5 gl & B AL AEAET IeEA, A8
7HA E 2k E Bl 2EF o] ik SRR Fol 2ol
CCL= 0,8} ul-2-3}e] trichloromethyl peroxy radicals2- =t
=E Aoz o= glth(Pohl 5, 1983). ©] radicals& po-
Iyunsaturated fatty acid2} wh2-3led 7}kA|FE ]| lipid perox-
idationg Q.o 7| A} A F o) Fedl | x)zl Zal 8 ma-
cromolecule 57} ZA§sle] ZHHE FALE of7|AA E
AL A2 B4 44 glucose 6-phosphatase 4] AL,
) FA5 A D FellA L] FA A iAE dogH
LDL®] A4 - fe]8 Abdafa] g<5at AP 48 o3
v} W aEo] glrh(Pecknagel &, 1973). =3 o] free rad-
icals-2- endoplasmic reticulum(ER)] calcium pumpE 2%
ABpAIZIe} o] 2 ld) A EA] calcium o) Frsha,

* To whom correspondence should be addressed.

Axd 2 Eolem, AL Wl e F%2 calciom®]
mitochondria® ©]E5%lc}l. Mitochondra®] calcium §gko]
SgolAld 418 QAlEg o] Assle] ZAE TAte] o]
=27 I} (Moore 5, 1976).

Ha) JAAe R de] 2ol 7S XBAZE bi-
phenyldimethyl dicarboxylate, silymarin, ursodesoxycholic
acid @ vitamin B complex 5| ¢)-2.7(Martindale, 1989;
Relando =, 1989; Alfred =, 1992) 7. A gke] Al 7HA o] ¥
3 A8 77} 8A g 24 ABAS] YL 2
S 8)7} - =m).

Diltiazem §A1Z, 37 5.2 w23 cleksl Al
AlAghe] x| Fol] AH2-5] = benzothiazepine] calcium chan-
nel blocker(CCB)2] dFo|ti(McAuley 5, 1982; Nayler
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Table I. Effects of diltiazem on organ weight in CCl, treated rats
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ALT, AST 24 &% Table Il¢]] veplgich ALT 24T
L CCl, % FoIF(1002.4 KA unit/l)dl] W] D-C#} C-D
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Dose Liver Kidney Spleen Thymus
Treatment .
(mg/kg, ip.) (/100 g Body Weights)

Control - 3.254+0.17 0.43+0.02 0.62£0.06 0.10+0.01
CcCl, - 4,18£0.22 0.42£0.02 0.53+0.04 0.11x£0.01
D-C 24 3.99+0.13 0.43=0.01 0.51£0.06 0.11+0.01
D-C-D 24 4.07£0.14 0.41+0.02 0.53+0.04 0.10+0.01
C-D 24 4.26+0.09 0.414-0.004 0.4740.04 0.11+-0.01

The values are expressed as mean S.E. (n=6).

Control : Comn oil, 0.5 ml/kg, was given as intraperitoneal injections.

CCl,: CClL, 0.5 ml/kg, was given as intraperitoneal injections.

D-C: Diltiazem, 24 mg/kg, was administered 1hr prior to CCl, as intraperitoneal injections.
D-C-D : Diltiazem, 12 mg/kg, was administered 1hr prior 10 and 7 hr post CCl, as intraperitoneal injections.
C-D : Diltiazem, 24mg/kg, was administered 7 hr post CCl, as intraperitoneal injections.
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Table II. Effects of diltiazem on ALT and AST activities in
CCl, treated rats

Table IV, Effects of diltiazem on albumin and TP levels in
CCl, treated rats

Treatment Dose. ALT_ AST_ Treatment Dose_ Albumin TP
(mgkg, ip) (KA unitl) (XA unit/) (mg/kg, ip.) (g/dD) (g/dl)
Control - 29.6+4.65 119.1+5.0 Control - 2944016  5.83+0.58
cCl, - 1002.4+137.71  1521.5+86.0" CClL, - 3.23+0.50 7.92+1.06
D-C 24 257.6+60.1%*  1021.5+139.2* D-C 24 4.98+0.54*  4.37+0.78*
D-C-D 24 896.04+173.6 1423.1+52.2 D-C-D 24 484+1.02  5.28-0.39
CD 24 633.3+87.2* 1218.4+88.3* c-D 24 4.63+0.54  8.64+0.73

The values are expressed as mean S.E. (n=6).

"P<0.05 compared to the control group.

*P<0.05 compared to the CCl, group.

**P<0.001 compared to the CCl, group.

Control : Corn oil, 0.5 ml/kg, was given as intraperitoneal in-
jections. )

CClL, : CCL, 0.5 ml/kg, was given as intraperitoneal injections.
D-C: Diltiazem, 24 mg/kg, was administered 1 hr prior to CCl,
as intraperitoneal injections.

D-C-D:Diltiazem, 12 mg/kg, was administered 1 hr prior to
and 7hr post CCl, as intraperitoneal injections.

C-D :Diltiazem, 24 mg/kg, was administered 7 hr post CClL as
intraperitoneal injections.

FolTol A 22t 7435 36.8% F-A%)E AAE B
o} AST @A EE CClL, 5 $oJ7F(1521.5 KA unit/))o)
H|s] D-C, D-C-D % C-D Fo - Zhz} 1021.5, 1423.1 2
1218.4 KA unit/IZ D-C& C-D FofFollx] el sl 7t
A Byt

ALPZA 2l biliubin §8FS Table Mo viehjsich
ALPEA T= CCl, Th5 Fol7+(1.43 KA unit/))l] W] D-C
Foltoll A el A4 ¥ gv) Biliubin 32 CCL

Table III. Effects of diltiazem on ALP and bilirubin levels in
CCl, treated rats

The values are expressed as mean S.E. (n=6).

*P<0.05 compared to the CCl, group.

Control : Com oil, 0.5 ml/’kg, was given as intraperitoneal in-
jections.

CCl, : CCly, 0.5 ml/kg, was given as intraperitoneal injections.
D-C: Diltiazem, 24 mg/kg, was administered 1hr prior to CCl,
as intraperitoneal injections.

D-C-D:Diltiazem, 12 mg/kg, was administered lhr pror to
and 7 hx post CCl, as intraperitoneal injections.

C-D : Diltiazem, 24 mg/kg, was administered 7 hr post CCl, as
intraperitoneal injections.

THE Eod7(5.35 mg/dle]l ¥)3 D-C, D-CD @ C-D S0z
ollA] 2.42, 484 T 359 mg/dlZ D-C Fod Foll 4] -4-2]Algl =
7HeE Belom, CD FoTNAE ot Aok
Albumin®} TP 3F2F2 Table IVel] vFehilgie}. Albumin
R CCL 25 FoiTol Blste] D-C Fof Foll A fr2]A
A= 278 Bylew, D-C-D&} C-D T = F7)s)
= 7AE Byrh. TP k& CCL &5 §oJ7(7.92 g/dl)
o ¥]8} D-C, D-C-D 2 C-D o7& 24z} 437, 528 &
8.64 g/dIZ. D-C FoJ Tl 24 ol 248 Byl

Table V. Effects of diltiazem on cholesterol and TG levels in

CCl, treated rats

Treatment Dose. ALP. Bilirubin
(mg/kg, i.p.) (KA umit/l) (mg/dl)
Control - 1.11£0.20 8.32+0.78
CCl - 1.43+0.20 5.35+£0.78
D-C 24 0.65+0.09* 2.42-+0.34*
D-C-D 24 1.461+0.23 4.8410.64
C-D 24 1.05£0.05 3.59L0.51*

The values are expressed as mean S.E. (n=6).

*P<0.05 compared to the CCl, group.

Control : Comn oil, 0.5 ml/kg, was given as intraperitoneal in-
jections.

CCl, : CCly, 0.5 ml/kg, was given as intraperitoneal injections.
D-C: Diltiazem, 24 mg/kg, was administered 1 hr prior to CCL
as intraperitoneal injections.

D-C-D:Diltiazem, 12 mg/kg, was administered 1hr prior to
and 7 hr post CCl, as intraperitoneal injections.

C-D : Diltiazem, 24 mg/kg, was administered 7 hr post CCl, as
intraperitoneal injections.

Treatment Dose_ Cholesterol TG
(mglkg, ip.) (mg/dl) (mg/dl)
Control - 61.21£6.8 57.91£18.0
CCl, - 92.0+11.4 89.8+19.1
D-C 24 100.6+18.9 53.54+59
D-C-D 24 100.41+7.5 68.3+14.3
C-D 24 96.9+12.1 455£11.3

The values are expressed as mean S.E. (n=6).

Control : Com oil, 0.5 ml/kg, was given as intraperitoneal in-
jections.

CCl;: CCly, 0.5 ml/kg, was given as intraperitoneal injections.
D-C: Diltiazem, 24 mg/ke, was administered 1 hr prior to CClL,
as intraperitoneal injections.

D-C-D: Diltiazem, 12 mg/kg, was administered lhr prior to
and 7 hr post CCl, as intraperitoneal injections.

C-D: Diltiazem, 24 mg/kg, was administered 7 hr post CCL as
intraperitoneal injections.
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Table VI. Effects of diltiazem on BUN and creatinine levels
in CCl, treated rats

Table VIIL. Effects of diltiazem on MDA level in the liver mi-
crosome of CCly, treated rats

Treatment Dosc_ BUN Creatinine Treatment Dose MDA _
(mg/kg, 1.p.) (mg/dl) (mg/dl) (mg/kg, ip.) (nmol/mg protein)
Control - 17.4+0.6  0.66::0.22 Control - 0.17+0.01
CCl, - 19.4£2.1 0.62+£0.30 CClL, - 0.20£0.01
D-C 24 20.8£1.9 0.61+£0.09 D-C 24 0.16x0.01*
D-C-D 24 18.9+£0.4 0.35+0.16 D-C-D 24 0.17+0.01
C-D 24 23.4+0.5 0.59+0.23 C-D 24 0.13+0.01*

The values are expressed as mean S.E. (n=6).

Control : Com oil, 0.5 ml/kg, was given as intraperitoneal in-
jections.

CCl, : CCl,, 0.5 ml/kg, was given as intraperitoneal injections.
D-C:Diltiazem, 24 mg/kg, was administered 1hr prior to CCl,
as intraperitoneal injections.

D-C-D : Diltiazem, 12 mg/kg, was administered 1 hr prior to
and 7 hr post CCl, as intraperitoneal injections.

C-D: Diltiazem, 24 mg/kg, was administered 7 hr post CCL as
intraperitoneal injections.

Table VII. Effects of diltiazem on cholesterol and TG levels
in the liver of CCl, treated rats

Treatment Dose Cholest_crol TG.
(mg/kg, ip.) (mg/g liver) (mg/g liver)
Control - 6.76+0.04 134423
CcCl, - 11.39+1.11 19.5+2.6
D-C 24 8.57£0.76 18.8£1.9
D-C-D 24 12.46+0.77 24.7£2.5
CD 24 11.97£0.69 25.7+2.2

The values are expressed as mean S.E. (n=6).

Control : Com oil, 0.5 ml/kg, was given as intraperitoneal in-
jections.

CCl, : CCL, 0.5 ml/kg, was given as intraperitoneal injections.
D-C: Diltiazem, 24 mg/kg, was administered 1hr prior to CCl,
as intraperitoneal injections.

D-C-D: Diltiazem, 12 mg/kg, was administered 1 hr prior to
and 7 hr post CCl, as intraperitoneal injections.

C-D : Diltiazem, 24 mg/kg, was administered 7 hr post CClL, as
intraperitoneal injections.

Cholesterol=} TG #=2 Table Vel vleldiglc). Cho-
lesterol R AART A 61.2 mg/dle] Rl 3 CClL, THE &
] 7(92.0 mg/dl)el] ¥]3) D-C, D-C-D & C-D 5037 A]
Z+zb 100.6, 1004 2 96,9 mg/dlE. Zpo] S Ho|x] grglc)
TG ke CClL &5 Fo974(89.8 mg/d)el] v]&] == 5
TollA] ZHadhe S B o).

BUN#} creatinine %23 Table VId| v}ehfglc}. BUN
Fake AAELAE 174 mg/dle) 45 CClL 5 F9F
(19.4 mg/dl)e]] W3] D-C, D-C-D & C-D =ojFol|4] zhzt
20.8, 18.9 ¥ 234 mg/dIZ Zo]2 Ho]x] otalr). Creatin-
ine FERE CCL % 56§ 7(0.62 mg/dl)el] W]s) D-C-D =

The values are expressed as mean S.E. (n=6).

*P<0.05 compared to the CCl, group.

Control : Corn oil, 0.5 ml/kg, was given as intraperitoneal in-
jections.

CCl, : CCL, 0.5 ml/kg, was given as intraperitoneal injections.
D-C:Diltiazem, 24 mg/kg, was administered lhr prior to CCl,
as intraperitoneal injections.

D-C-D: Diltiazem, 12 mg/kg, was administered 1hr prior to
and 7 hr post CCl, as intraperitoneal injections.

C-D: Diltiazem, 24 mg/kg, was administered 7 hr post CCl, as
intraperitoneal injections.
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IR at=i- ks A=
GST &M

Cytosolel] A5} GSTY] Al EE Table IX¢l] Llel]]
et

7t AglF-e] 7oA B2]4) cytosolS CDNBE- 7|22
3ol GSTEAEE &A% A7 CCL EF Fo7 (041
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C-D 7oA oA sl $7He Al
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Table IX. Effects of diltiazem on GST activity in the liver cy-
tosol of CCl, treated rats

Treatment Dose. .GST .
(mg/kg, ip.) (umol/min/mg protein)

Control - 1.01+£0.03

ccl, - 0.41+0.08

D-C 24 0.44+0.02

D-C-D 24 1.00+0.05*

C-D 24 0.95+0.03*

The values are expressed as mean S.E. (n=6).

*P<0.01 compared to the CCl4 group.

Control : Corn oil, 0.5 ml/kg, was given as intraperitoneal in-
jections.

CCl, : CCly, 0.5 ml/kg, was given as intraperitoneal injections.
D-C: Diltiazem, 24 mg/kg, was administered 1 hr prior to CCl,
as intraperitoneal injections.

D-C-D:Diltiazem, 12 mg/kg, was administered 1 hr prior to
and 7 hr post CCl, as intraperitoneal injections.

C-D: Diltiazem, 24 mg/kg, was administered 7 hr post CCl, as
intraperitoneal injections.

Table X. Effects of diltiazem on calcium contents in the liver
and microsome of CCl, treated rats

Treatment Dosc. Liver Microsome
(mg/kg, i.p.) (Mg/mg protein) (ug/mg protcim)
Control - 1.2810.08 0.44+0.09
CClL, - 3.21+0.12 2.18+0.17
D-C 24 1.67£0.07** 0.53-4-0.09%*
D-C-D 24 3.51£0.57 2.27+0.08
C-D 24 2.18£0.16* 0.52£0.09*

The values are expressed as mean S.E. (n=6).

*P<0.01 compared to the CCl, group.

#**P<(.001 compared to the CCl, group.

Control : Com oil, 0.5 ml/kg, was given as intraperitoneal in-
jections.

CCl,: CCl,, 0.5 ml/kg, was given as intraperitoneal injections.
D-C: Diltiazem, 24 mg/kg, was administered 1hr prior to CCl,
as intraperitoneal injections.

D-C-D:Diltiazem, 12 mg/kg, was administered 1 hr pror to
and 7 hr post CCl, as intraperitoneal injections.

C-D: Diltiazem, 24 mg/kg, was administered 7 hr post CCl, as
intraperitoneal injections. .

7y o419 calcium R AARTlA] 1.28 pg/mg
protein®] 4] 77 CCl, &5 Fo{- 3.21+0.12 pg/mg protein
o2 AT uste] 150%] 27} »eir}. D-C, D-C-
D % C-D =7 zhz)k 1,67, 3.51 B 2.18 ug/mg protein
22 D-Cs} CD FoAFA F4 3l 2o nslch
Microsomeel| 412 calcium &2 AAbrel4 0.44 ng/
mg protein®| 9157 CCl, &5 Fof7(2.18 ug/mg protein)ei]
H)3] D-C2} C-D Fooo f2lAd e #4ad Boot

Fig. 1. Histological findings in normal rat (H&E, x 100} Note
well-preserved lovular architecture.

. - . N

Fig. 2. Histological findings in CCl, group (H&E, X 100) Note
congestion and necrosis (upper two-thirds of figure).

Fig. 3. Histological findings in the D-C group (H&E, X 100)
Note recovery of hepatocyte.
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Fig. 4. Histological findings in the D-C-D group (H&E, x 100)
Note massive necrosis and vacuolar degencration.

Fig. 5. Histological findings in C-D group (H&E, % 100) Note
recovery of hepatocyte but, focal congestion.
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