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Abstract: The aim of this study was to investigate the in vitro effects of two groups of benzimi-
dazoles on isolated rat hepatocytes. The first group had antihelminthic effect against Syphacia 
obvelata and Trichinella spiralis. From this group only КА-159 and КА-158 showed, compared 
with Albendazole, statistically significant lower cytotoxic effects on isolated rat hepatocytes. The 
second group, which was derivatives of Thiabendazole, was active only against Trichinella spira-
lis. From this group only KA-112 had lower cytotoxicity on isolated rat hepatocytes, compared to 
Albendazole. The differences in the toxic effects on isolated rat hepatocytes between benzimida-
zoles and Albendazole were connected with differences in their structures.
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Introduction
The main mechanism of bioactivation of xenobi-

otics is by oxidation from cytochrome P 450. Alben-
dazole is benzimidazole carbamate, which is used for 
the treatment of Echynococosis. In 1991 Backlund et 
al., found that Albendazole and Thiabendazole are 
inductors of CYP1A enzymes in rat and rabbit he-
patocytes in vitro (2). Later Asteinza et al. prove that 
Albendazole activated in rats not only CYP 1A1 and 
CYP 1A2, but also CYP 2B1, CYP 2B2, CYP 2E1 
and CYP 3A (1). In 2002 is found that in humans 
Albendazole, substrate of CYР 3А4, is not substrate 
or inhibitor of Р-glycoprotein. Nevertheless today the 
interactions between Albendazole and some P-glyco-
protein substrates or inhibitors are found to have clin-
ical significance (9). 

Thiabendazole has antihelminthic and fungicide 
action. It’s found that Thiabendazole had effects 
on some liver drug-metabolizing enzyme systems 
from I-st and II-nd phase. It’s a combined inductor 
of CYP 1A, CYP 2B and glutathione-S-transferase. 
On primary cultures of rat hepatocytes and human 
HepG2 cells, Thiabendazole induced CYP 1A1 in 
combination with S2c tyrosine kinase, which play 
role in the signal transduction (6). In vivo on mice, 
Thiabendazole inhibit CYP 1A2 and decreased the 

kidney weight lead to mitochondrial dysfunction in 
kidney cortical tubules, that is responsible for kidney 
nephrosis, hydronephrosis and hyperplasia of kidney 
epithelia (12).

According these literature data, the aim of our 
study was to investigate for possible cytotoxicity 2 
groups of benzimidazoles, compared them with Al-
bendazole on isolated rat hepatocytes.

Materials and Methods
The compounds were given by Dr. Kamelia 

Anichina and Dr. Anelia Mavrova from the depart-
ment “Technology of organic synthesis and fuels”, 
University of Chemical Technology and Metallurgy. 
The structures of the compounds were proven by IR-, 
1Н-NMR, 13C-NMR, HMQC and Mas-specters (7, 8, 
13) (tables 7, 8). 

Chemicals
In our experiments, pentobarbital sodium (Sa-

nofi, France), HEPES (Sigma Aldrich, Germany), 
NaCl (Merck, Germany), KCl (Merck), D-glucose 
(Merck), NaHCO3 (Merck), KH2PO4 (Scharlau Che-
mie SA, Spain), CaCl2.2H2O (Merck), MgSO4.7H2O 
(Fluka AG, Germany), collagenase from Clostridium 
histolyticum type IV (Sigma Aldrich), albumin, bo-
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vine serum fraction V, minimum 98 % (Sigma Al-
drich), EGTA (Sigma Aldrich), 2-thiobarbituric acid 
(4,6-dihydroxypyrimidine-2-thiol; TBA) (Sigma Al-
drich), trichloroacetic acid (TCA) (Valerus, Bulgar-
ia), 2,2‘-dinitro-5,5‘-dithiodibenzoic acid (DTNB) 
(Merck), lactate dehydrogenase (LDH) kit (Randox, 
UK) were used.

Animals 
Male Wistar rats (body weight 200–250 g) were 

used. The rats were housed in plexiglass cages (3 per 
cage) in a 12/12 light/dark cycle, under standard lab-
oratory conditions (ambient temperature 20°C ± 2°C 
and humidity 72 % ± 4 %) with free access to water 
and standard pelleted rat food 53-3, produced accord-
ing ISO 9001:2008. 

Animals were purchased from the National 
Breeding Center, Sofia, Bulgaria. At least 7 days of 
acclimatization was allowed before the commence-
ment of the study. The health was monitored regu-
larly by a veterinary physician. The vivarium (cer-
tificate of registration of farm № 0072/01.08.2007) 
was inspected by the Bulgarian Drug Agency in 
order to check the husbandry conditions (№ A-11-
1081/03.11.2011). All performed procedures were 
approved by the Institutional Animal Care Com-
mittee and the principles stated in the European 
Convention for the Protection of Vertebrate An-
imals used for Experimental and other Scientific 
Purposes (3) were strictly followed throughout the 
experiment.

Isolation and incubation of hepatocytes
Rats were anesthetized with sodium pentobarbital 

(0.2 ml/100 g). In situ liver perfusion and cell isola-
tion were performed as described by Fau et al. (5), 
with modifications (10).

After portal catheterization, the liver was perfused 
with HEPES buffer (pH = 7.85) + 0.6 mM EDTA (pH 
= 7.85), followed by HEPES buffer (pH = 7.85), with-
out any addition and finally HEPES buffer, contain-
ing collagenase type IV (50 mg/200 ml) and 7 mM 
CaCl2 (pH = 7.85). The liver was excised, minced 
into small pieces and hepatocytes were dispersed in 
Krebs-Ringer-bicarbonate (KRB) buffer (pH = 7.35) 
+ 1 % bovine serum albumin.

Cells were counted under the microscope and the 
viability was assessed by Trypan blue exclusion (0.05 
%) (5). The initial viability averaged 89 %.

Cells were diluted with KRB, to make a suspen-
sion of about 3 x 106 hepatocytes/ml. Incubations 
were carried out in flasks, containing 3 ml of the cell 

suspension (i.e. 9 x 106 hepatocytes) and were per-
formed in a 5 % CO2 + 95 % O2 atmosphere (5).

Lactate dehydrogenase release
Lactate dehydrogenase release in isolated rat he-

patocytes was measured spectrophotometrically at 
314 nm by using LDH kit (5).

GSH depletion
At the end of the incubation, isolated rat hepato-

cytes were recovered by centrifugation at 4°C, and 
used to measure intracellular reduced glutathione 
(GSH), which was assessed by measuring non-pro-
tein sulfhydryls after precipitation of proteins with 
trichloroacetic acid (TCA), followed by measure-
ment of thiols in the supernatant with DTNB. The 
absorbance was measured at 412 nm (5).

MDA assay
Hepatocyte suspension (1 ml) was taken and add-

ed to 0.67 ml of 20 % (w/v) TCA. After centrifuga-
tion, 1 ml of the supernatant was added to 0.33 ml of 
0.67 % (w/v) 2-thiobarbituric acid (TBA) and heated 
at 100°C for 30 min. The absorbance was measured 
at 535 nm, and the amount of TBA-reactants was cal-
culated using a molar extinction coefficient of MDA 
1.56 x 105 M-1cm-1 (5).

Statistical analysis
Statistical analysis was performed using statisti-

cal programme ‘MEDCALC’. Results are expressed 
as mean ± SEM for 6 experiments. The significance 
of the data was assessed using the nonparametric 
Mann–Whitney test. Values of P ≤ 0.05; P ≤ 0.01 and 
P ≤ 0.001 were considered statistically significant. 
Three parallel samples were used.

Results and Discussion
Isolated rat hepatocytes were treated with con-

centration 250 μМ (2) from the compounds. Rawden 
et al. found that Albendazole had liver bioactiva-
tion. They investigated in human liver microsomes 
the production of the active metabolite – Albenda-
zole sulfoxide from Albendazole. This reaction was 
catalized by FMO3, CYP 1A2, but mainly CYP 
3A4. After that this metabolite was oxidized and 
hydrolyzed to Albendazole sulfone and Albenda-
zole aminosulfone, which are inactive. The authors 
showed that Albendazole sulfoxide was responsible 
for antihelminthic and for hepatotoxic effects of Al-
bendazole (11).

On isolated rat hepatocytes the compounds from 
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the I-st group – КА-147, КА-148 ІІ, КА-157, КА-
156, КА-160, КА-159, КА-158, КА-149 and Alben-
dazole showed different statistically significant toxic 
effects.

Albendazole decreased the level of reduced glu-
tathione (GSH) statistically significantly with 62 %, 
respectively, compared to the control. LDH leakage 
and the level of MDA were increased statistically 
significantly from Albendazole with 82 % and 63 %, 
compared to the control (tables 1, 2, 3).

Group MDA, nmol/mill cells Effect (%) vs control Effect (%) vs Albendazole

Control 0,141 ± 0,02 100

Albendazole 0,231 ± 0,02 ** ↑ 63 100

КА-157 0,246 ± 0,01 ** ↑ 74 ↑ 7

КА-147 0,246 ± 0,01 ** ↑ 74 ↑ 7

КА-156 0,202 ± 0,01 *  ↑ 43 ↓ 13

КА-149 0,196 ± 0,01 * ↑ 39 ↓ 15

КА-159 0,165 ± 0.01 # # ↑ 17 ↓ 28

KA-148 II 0,140 ± 0,02 # # ↓ 1 ↓ 39

КА-160 0,140 ± 0,02 # # ↓ 1 ↓ 39

КА-158 0,140 ± 0,02 # # ↓ 1 ↓ 39
* P < 0,05; ** P < 0,01 vs control
# # P < 0,01 vs Albendazole

Group LDH, µmol/min/mill cells Effect (%) vs control Effect (%) vs Albendazole

Control 0,124 ± 0,02 100

Albendazole 0,226 ± 0,05 ** ↑ 82 100

КА-157 0,496 ± 0,08 **  # ↑ 300 ↑ 119

КА-156 0,310 ± 0,02 **  # ↑ 150 ↑ 37

КА-160 0,286 ± 0,06 ** ↑ 131 ↑ 27

КА-147 0,270 ± 0,03 ** ↑ 118 ↑ 19

KA-148 II 0,248 ± 0,04 ** ↑ 100 ↑ 9

КА-149 0,227 ± 0,03 * ↑ 83 0

КА-159 0,189 ± 0,03 * ↑ 52 ↓ 16

КА-158 0,115 ± 0,02 # ↓ 7 ↓ 49
* P< 0,05; ** P < 0,01 vs control
# P< 0,05 vs Albendazole

From the I-st group, only КА-159 and КА-158, 
showed lower statistically significant cytotoxic ef-
fects on isolated rat hepatocytes, compared to the 
control.

On LDH leakage КА-159 had lower toxic ef-
fect compared to Albendazole, while КА-158 didn’t 
change this parameter (table 1).

КА-159 and КА-158 had lower statistically sig-
nificant toxic effect, compared to Albendazole, on the 
amount of MDA (table 3).

Table 1. Effects of KA-148 II, КА-149, КА-156, КА-160, КА-157, КА-158, КА-147 and КА-159 on LDH leakage..

Table 3. Effects of KA-148 II, КА-149, КА-156, КА-160, КА-157, КА-158, КА-147 and КА-159 on MDA level.
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On the GSH level КА-159 showed lower sta-
tistically significant toxic effect, compared to Al-
bendazole and КА-158 had similar to Albendazole 
effect. The introduction of toxic chlormethyl sub-
stitute (4) in the structure of КА-158 lead to the 
high toxic effect of the compound on the GSH lev-
el. The higher toxic effect of КА-158 on GSH cor-
related with its higher antihelminthic activity. The 
antihelminthic activity was investigated against 
Syphacia obvelata and Trichinella spiralis. КА-
158 was active both against Syphacia obvelata and 
Trichinella spiralis, and КА-159 – only against 
Trichinella spiralis. The antihelminthic activity of 
КА-158 was similar to the activity of Albendazole, 

Group GsH, nmol/mill cells Effect (%) vs control Effect (%) vs Albendazole

Control 34 ± 4,0 100

Albendazole 13 ± 0,7 ** ↓ 62 100

КА-149 10 ± 3,0 ** ↓ 71 ↓ 24

КА-158 11 ± 3,7 ** ↓ 68 ↓ 16

КА-156 15 ± 2,1 **  ↓ 56 ↑ 20

KA-148 II 20 ± 1,6 * # # ↓ 41 ↑ 56

КА-160 21 ± 3,5 * # # ↓ 38 ↑ 68

КА-157 21 ± 3,0 * # # ↓ 38 ↑ 68

КА-147 23 ± 2,5 * # # ↓ 32 ↑ 84

КА-159 23 ± 2,2 * # # ↓ 32 ↑ 84
* P< 0,05; ** P < 0,01 vs control
# #P < 0,01 vs Albendazole

while КА-159 had lower then Albendazole activity 
(7, 8) (table 2).

According to our results, we suggested that КА-
158, similar to Albendazole, could form metabolite, 
which responsible for its antihelminthic and toxic ef-
fect of the compound.

The II-nd group benzimidazoles were 2-substi-
tuted-[1,3]thiazolo[3,2a]-benzimidazole-3(2H)-ones. 
They were derivatives of Thizbendazole. It’s known 
that Thiabendazole is metabolized by CYP1A2 in 
humans and rabbits to 5-hydroxythiabendazole, main 
metabolite, which after that is conjugated. This me-
tabolite can be transformed in chemically reactive 
metabolite, which can bind covalently with proteins. 

Group LDH, µmol/min/mill cells Effect (%) vs control Effect (%) vs Albendazole

Control 0,124 ± 0,02 100

Albendazole 0,226 ± 0,05 ** ↑ 82 100

КА-164 0,625 ± 0,06 ** # # ↑ 404 ↑ 177

КА-163 0,510 ± 0,06 ** # # ↑ 311 ↑ 126

КА-165 0,489 ± 0,02 ** # # ↑ 294 ↑ 116

КА-120 0,470 ± 0,03 ** # #  ↑ 279 ↑ 108

КА-109 0,283 ± 0,02 ** ↑ 128 ↑ 25

KA-112 0,140 ± 0,01 *  # ↑ 13 ↓ 83
* P < 0,05; ** P < 0,01 vs control
# P< 0,05; # # P < 0,01 vs Albendazole

Table 2. Effects of KA-148 II, КА-149, КА-156, КА-160, КА-157, КА-158, КА-147 and КА-159 on GSH level.

Table 4. Effects of KA-112, КА-109, КА-120, КА-163, КА-164 and КА-165 on LDH leakage.
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This metabolic bioactivation take place mainly in 
the liver and the lung (6). The authors found that in 
mice Thibendazole is metabolized by CYP1A1/2 to 
5-hydroxythiabendazole, 2-acethylbenzimidazole, 
thiazoles and thioamines.

With higher cytotoxicity, compared to Albenda-
zole, on isolated rat hepatocytes were КА-164, КА-
163, КА-165, КА-120 and КА-109.

On the parameters for cytotoxicity only КА-112 
had statistically significant lower toxic effect, com-
pared to Albendazole (tables 4, 5, 6).

КА-112 had similar structure with КА-120 and 
КА-163. The difference was on 6(7) position in their 
structure. In КА-112 this substitute is Н, in КА-120 
– had methyl group and in КА-163 – had nitro group. 
The differences were most significant in the effects 

Group MDA, nmol/mill cells Effect (%) vs control Effect (%) vs Albendazole

Control 0,141 ± 0,02 100

Albendazole 0,231 ± 0,02 ** ↑ 63 100

КА-109 0,223 ± 0,01 ** ↑ 57 ↓ 4

КА-164 0,197 ± 0,01 ** ↑ 40 ↓ 15

КА-165 0,195 ± 0,01 ** ↑ 38 ↓ 16

КА-163 0,189 ± 0,01 * # ↑ 34 ↓ 18

KA-112 0,188 ± 0,04 * # ↑ 33 ↓ 19

КА-120 0,185 ± 0,01 * #  ↑ 31 ↓ 20
* P < 0,05; ** P < 0,01 vs control
# P< 0,05 vs Albendazole

Group GsH, nmol/mill cells Effect (%) vs control Effect (%) vs Albendazole

Control 34 ± 4,0 100

Albendazole 13 ± 0,7 ** ↓ 62 100

КА-164 2 ± 2,2 ** # # ↓ 94 ↓ 84

КА-163 4 ± 2,5 ** # # ↓ 150 ↓ 72

КА-165 5 ± 2,3 ** # # ↓ 85 ↓ 60

КА-120 5 ± 2,4 ** # #  ↓ 85 ↓ 60

КА-109 8 ± 3,2 ** # # ↓ 76 ↓ 40

KA-112 15 ± 1,9 ** # ↓ 56 ↑ 16
** P < 0,01 vs control
# P < 0,05; # # P < 0,01 vs Albendazole

of these 3 compounds on the level off GSH. The lev-
el of GSH was decreased by КА-112 – statistically 
significantly with 56 %, by КА-120 – statistically 
significantly with 85 % and by КА-163 – statistical-
ly significantly with 150 % compared to the control 
(table 5).

КА-109 had similar structure with КА-164 and 
КА-165. Again the difference was on 6(7) position in 
their structure. In КА-109 this substitute is Н, in КА-
164 – nitro group and in КА-165 – chloride atom. The 
3-rd compounds had different toxic effect, which was 
most prominent on the level of GSH. The level of GSH 
was decreased by КА-109 – statistically significantly 
with 76 %, by КА-164 – statistically significantly with 
94 % and by КА-165 – statistically significantly with 
85 %, compared to the control (table 5).

Table 5. Effects of KA-112, КА-109, КА-120, КА-163, КА-164 and КА-165 on GSH level.

Table 6. Effects of KA-112, КА-109, КА-120, КА-163, КА-164 and КА-165 on MDA level.
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The different toxic effects of thiazolobenzimid-
azole derivatives on the parameters for cytotoxicity 
in isolated rat hepatocytes possibly depends on the 
substitute in position 6(7) of their structure (tables 
7, 8). Depending of the substitute, the toxicity of the 
compounds increased in order: H < CH3 < Cl < NO2.

The comounds, containing indole substitute in 
second position of thiazolobenzimidazole hetero-
cycle (КА-112), were less toxic, compared with the 
equivalent benzo-[1, 3]-dioxol (pyperonal) analo-
ques (КА-109).

КА-112 was on second place after КА-109 ac-

КА-148 
II

N

NH

S

O
N N H

2-[(2-oxo-2-piperazine-1-ylethyl)thio]-1Н-
benzimidazole

KA-149 N

NH

S

O
N N CH3

2-({2-[4-(4-methylphenyl)-piperazine-1-yl]-2-
oxoethyl}thio)-1Н-benzimidazole

КА-156
N

NH

S

O
N N Cl

2-({2-[4-(4-chlorphenyl)-piperazine-1-yl]-2-
oxoethyl}thio)-1Н-benzimidazole

КА-147

N
NH

S

O

N N

2-({2-[4-benzhydryl-piperazine-1-yl]-2-oxoethyl}
thio)-1Н-benzimidazole

КА-160 N

NH

S

O
N N N

HN

S

O

H3C
CH3

2-(5(6)-methyl-1Н-benzimidazole-2-ylsulfanyl)-
1-({4-[2(5(6)-methyl-1Н-benzimidazole-2-
ylsulfanyl)-acethyl]-piperazine-1-yl}ethanone *

КА-157 N

NH

S

O
N N CH3

H3C

2-({2-[4-(4-methylphenyl)-piperazine-1-yl]-2-
oxoethyl}thio)-5(6)-methyl-1Н-benzimidazole

КА-158 N

NH

S

O
N N Cl

H3C

2-({2-[4-(4-chlorphenyl)-piperazine-1-yl]-2-
oxoethyl}thio)-5(6)-methyl-1Н-benzimidazole

КА-159

N
NH

S

O

N N

H3C

2-({2-[4-benzhydryl-piperazine-1-yl]-2-oxoethyl}
thio)-5(6)-methyl-1Н-benzimidazole

* The chemical name was given according to Beilshtein by using ChemDraw Ultra 6.0.

cording their antihelminthic activity against Trichi-
nella spiralis.

It’s found that the entrance of pyperonyl substitute 
on second position (КА-109) compared with indole 
substitute (КА-112) increased the antihelminthic ac-
tivity of the compounds (7, 8).

conclusion
The difference in the hepatotoxicity of КА-158 

and КА-159 from I-st group, II-nd group and Alben-
dazole might be due to difference in their structure 
and metabolism. 

Table 7. (1Н-benzimidazole-2-ylthio)-acetamides (I-st group).
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KA-109
N

N

S

O

CH
O

O (2Е)-2-(1,3-benzdioxol-5-ylmethylen)[1,3]
thiazolo[3,2-a]-benzimidazole-3(2H)-on

KA-112
N

N

S

O

H
C

NH

(2Е)-2-(1Н-indol-3-ylmethylen)[1,3]thiazolo[3,2-
a]-benzimidazole-3(2H)-on

KA-120
N

N
S

O

H
C

NH
H3C

(2Е)-2-(1Н-indol-3-ylmethylen)- 6(7)-methyl-[1,3]
thiazolo[3,2-a]-benzimidazole-3(2H)-on

KA-164
N

N
S

O

CH
O

O
O2N

(2Е)-2-(1,3-benzodioxol-5-ylmethylen)-6(7)
nitro-[1,3]thiazolo[3,2-a]-benzimidazole-3(2H)-on

KA-163
N

N
S

O

H
C

NH
O2N

(2Е)-2-(1Н-indol-3-ylmethylen)- 6(7)-nitro-[1,3]
thiazolo[3,2-a]-benzimidazole-3(2H)-on

KA-165
N

N
S

O

CH
O

O
Cl

(2Е)-2-(1,3-benzodioxol-5-ylmethylen)-6(7)-
chloro-[1,3]thiazolo[3,2-a]-benzimidazole-3(2H)-
on
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