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ABSTRACT

Objective: The objective was to study the acute toxicity of (Z)-1-benzhydryl-4-cinnamylpiperazine derivatives (1a-c) using Swiss Albino mice.

Methods: The acute oral and dermal toxicity studies were carried out based on OECD guidelines by adopting fixed dosage method (the limit dose 
is 2000 mg/kg body weight of test animal in case of dermal toxicity and 5000 mg/kg in oral toxicity). Toxicity and mortality rates were studied at 
intervals of 6 hrs and 14 hrs after administration of test compounds for 14 days. 

Results: (Z)-1-benzhydryl-4-cinnamyl piperazine derivatives (1a-c) at oral treatment of 5000 mg/kg BW and dermal toxicity study of 2000 mg/kg 
BW did not show any pronounced toxicity indicating their potential use for therapeutic purposes.

Conclusion: All compounds 1a-c did not cause any mortality or changes in general behavior of the test animals at oral treatment of 5000 mg/kg BW 
indicating no conspicuous toxicity at the highest dose administered.

Keywords: (Z)-1-benzhydryl-4-cinnamyl piperazine derivatives, Acute toxicity, Albino mice, Cinnarizine, Flunarizine.

Test compounds
The (Z)-1-benzhydryl-4-cinnamylpiperazine derivatives (1a-c) were 
prepared according to our earlier procedure [14].

Animals
Experiments were performed using healthy young adult female Swiss 
albino mice, nulliparous, non-pregnant and weighing 25-30 g. Female 
mice were selected due to their greater sensitivity to treatment. The 
animals were housed in polypropylene cages (55 cm × 32.7 cm × 
19  cm), in a temperature controlled environment (23±2°C). Lighting 
was controlled to supply 12 hrs of light and 12 hrs of dark for each 
24 hrs period. Animal studies were approved by the Institute’s Animal 
Ethical Committee (wide letter No VMSRF-14/IAEC/Oct 2013). The 
animals were taken care as per the CPCSEA guidelines, Ministry of 
Forests & Environment, Government of India.

Research Article

INTRODUCTION

In spite of tremendous advancement in the modern medicine, there 
are still a large number of ailments for which suitable drugs are yet 
to be found. In the present day, there is an urgent need to develop 
safer drugs for the treatment of various disorders. Toxicity study 
is one such test, which will examine toxic effects when a chemical is 
absorbed into the body, via mouth, skin, and lungs. Hence, toxicity test 
is essential parameter in identifying potential health hazards of any 
new compounds before being given to human beings with doses well 
above the expected therapeutic range.

(E)-1-benzhydryl-4-cinnamylpiperazines such as cinnarizine 
(stugeron), flunarizine and clocinizine are well-known histamine 
H1-receptor antagonists. They have selective calcium entry 
blocking activity and are widely used in cerebral and peripheral 
vascular disorders [1]. Cinnarizine and flunarizine are useful in 
the treatment of dizziness and are popular anti-vertiginous agents 
[2-4]. Flunarizine is reported as effective in the prevention of 
motion sickness [2] and also found to have dopamine antagonist 
characteristics [5,6].

Cinnarizine [7] and flunarizine were first synthesized by Janssen 
Pharmaceuticals in the year 1955 and 1968. The pharmacology and 
clinical studies of cinnarizine and flunarizine are well-established [8-12]. 
Though all pharmacological and toxicological studies were conducted 
on (E)-1-benzhydryl-4-cinnamylpiperazine, there is no report of 
any toxicity studies on (Z)-1-benzhydryl-4-cinnamylpiperazines 
(1a-c) (Fig.  1). However, (Z)-1-benzhydryl-4-cinnamyl piperazine 
derivatives have been found to exhibit anti-inflammatory and analgesic 
activities [13]. The present study is therefore, intended for evaluating 
the acute toxic effect of these compounds in laboratory animals.

METHODS

Chemicals
All the chemicals and solvents are of LR grade and obtained from Sigma-
Aldrich, Merck, and Loba-chemie and used as such for the experiments.

Fig. 1: The structure of (Z)-1-benzhydryl-4-cinnamylpiperazine 
derivatives
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Acute oral toxicity study
The study was conducted in accordance with OECD guidelines (Testing 
of Chemical No. 423) [15]. 15 female Swiss albino mice weighing 
25‑30 g (three in each group) were randomly assigned into five groups 
and fasted for approximately 12 hrs prior to dosing. The test substance 
was formulated as a 200 mg/ml suspension in distilled water and 
administered at a dose of 5, 50, 300, 2000 and 5000 mg/kg body weight 
(BW) respectively to all the five groups by oral gavage. Each animal was 
observed for signs of toxicity at 6 hrs and 14 hrs after test substance 
administration, for 14 days. Mortality and morbidity checks were 
performed daily.

Acute dermal toxicity study
The study was conducted in accordance with the OECD guidelines 
(Testing of Chemical No. 402) [15]. 12 female mice (25-30 g) were 
randomly assigned to four groups (three in each group). The test 
substance was formulated as a 400 mg/ml suspension in distilled water 
then administered to each animal at the dose of 5, 50, 300, 2000 mg/kg 
BW. The fur on the back of each animal was closely clipped 24 hrs before 
treatment. The test substance was directly applied to a small area of 
skin. After application of the test substance, the test area was covered 
with a non-occlusive dressing (a gauze patch) and then a semi-occlusive 
bandage for 24 hrs. At the end of the exposure period, any residual 
test substance was removed by distilled water, and carefully dried. 
Each animal was observed for signs of toxicity once daily for 14 days 
following treatment. Mortality and morbidity checks were performed 
daily.

Statistical analysis
Data are presented as a mean±standard error of the mean. Comparisons 
were made between the treated groups by the use of single way 
Analysis of Variance. All data were analyzed using Sigmastat version 3.1 
(Jandel Scientific Software, USA). p<0.05 was considered to be the level 
statistical significance.

RESULTS AND DISCUSSION

The toxic effect of (Z)-benzhydryl-4-cinnamylpiperazine derivatives 
(1a-c) on the appearance and the general behavioral pattern of mice 
are shown in Table 1. The result from the Table 1 indicated no toxic 
symptoms or mortality in any animals, which lived up to 14 days 
after the administration of the test compound at single dose level of 
5000 mg/kg BW in acute oral toxicity study and also at dose level of 
2000 mg/kg BW in acute dermal toxicity study. The behavioral patterns 
of animals were observed first 6 hrs and followed by 14 hrs after the 
administration and all animals were found normal and did not display 
any significant changes in behavior, skin effects, breathing, impairment 
in food intake and water consumption, postural abnormalities and hair 

loss. In the treated group in first 6 hrs rapid heartbeat was observed, 
but it then became normal and this may due to the stress of receiving 
the oral administration of the test substance.

The non-toxic nature of (Z)-1-benzhydryl-4-cinnamyl piperazine 
derivatives (1a-c) was evident by the absence of mortality of the test 
animals at oral treatment of 5000 mg/kg BW and dermal toxicity study 
of 2000 mg/kg BW.

CONCLUSION

In summary, the new compounds (Z)-1-benzhydryl-4-cinnamyl 
piperazine derivatives (1a-c) at oral treatment of 5000 mg/kg BW and 
dermal toxicity study of 2000 mg/kg BW did not show any conspicuous 
toxicity indicating their potential use as safe for therapeutic purposes. 
Hence, (Z)-1-benzhydryl-4-cinnamyl piperazine derivatives can be 
further exploited for anti-inflammatory and analgesic activities. 
A detailed experimental analysis of their chronic toxicities is essential 
for further support of these findings.
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Table 1: General appearance and behavioral observations for 
control and treated groups

Observation Control group Test group

6 hrs 14 hrs 6 hrs 14 hrs

Skin and fur Normal Normal Normal Normal
Eyes Normal Normal Normal Normal
Mucous membrane Normal Normal Normal Normal
Behavioural 
patterns

Normal Normal Rapid 
heart beat

Normal

Salivation Normal Normal Normal Normal
Lethargy Normal Normal Normal Normal
Sleep Normal Normal Normal Normal
Diarrhea Normal Normal Normal Normal
Coma N.O N.O N.O N.O
Tremors N.O N.O N.O N.O
N.O: Not observed


