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Abstract: Captopril is a widely used ACE inhibitor for treatment of arterial hypertension and
cardiovascular diseases. It has been shown experimentally to exert anxiolytic activity both in
normotensive and hypertensive rats. Ciprofloxacin, a benchmark for comparing the efficacy of new
fluoroquinolones and the most commonly-used agent among them, has been reported to produce an
anxiogenic-like action in rodents. In order to determine which type of drug will offer patients the best
'quality of life', the current study was designed to evaluate the anxiolytic activity of Captopril (7.5
mg/kg, oral, once daily for a week) against the anxiogenic potential of ciprofloxacin (50 mg/kg and
100 mg/kg, oral once daily for a week) in different models of anxiety. Two models with qualitatively
different levels of anxiety have been used. The first model is based on exploration of a novel mild
stressful situation (open-field test) in which emotionality and exploratory activity can be evaluated for
each animal. The second model, which represents a highly stressful condition, is based on conflict or
conditioned fear and was conducted by using either 25 or 50 volts of foot shock following auditory
stimulus. The number of conditioning trials at the first day of training was measured in each paradigm
(25, 50 volts). Co-administration of ciprofloxacin and captopril resulted in significant reduction in
emotionality and exploratory activity of rats in the open-field leading to prolongation of latency time
and reduction of ambulation, rearing and grooming frequency, as well as in defecation. It also
significantly decreased the number of conditioning trials in the first day in the two paradigms
indicating increased sensitivity to electric foot shock and enhanced cognition as compared to
ciprofloxacin treated rats. Thus, it could be concluded that the anxiolytic activity of captopril on rats
predominates over the anxiogenic behavior of ciprofloxacin in mild and high stressful condition.
Moreover, it increases sensitivity to acute or electrically-evoked pain. 
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INTRODUCTION

With the arrival of different classes of effective antihypertensive drugs there has been a growing interest
in determining which type of drug will offer patients the best 'quality of life' (Bulpitt & Fletcher, 1990;
Frokjaer et al., 2010), Quality of life encompasses matters such as social and psychological functioning, and
the experience of side effects (Deary et al., 1991). Quite often anxiety could be secondary to a number of
cardiovascular and endocrinal disorders (Ghia et al., 2008; Nayak & Patil, 2008). 

Angiotensin converting enzyme (ACE) inhibitors are well- established drugs in the treatment of
hypertension (Weir, 2007; Heran et al., 2008; Mancia et al., 2009) and protection of the cardiovascular system
during congestive heart failure (Šimko et al., 2003).

Captopril is a widely used ACE inhibitor for treatment of arterial hypertension and cardiovascular diseases
(Brooks et al., 1997; Peng et al., 2005). Braszko et al. (2003) reported that captopril not only controlled blood
pressure but also improved the depressed mood and cognition in hypertensive patients. In addition captopril
has been shown experimentally to exert anxiolytic activity both in normotensive and hypertensive rats
(Prickaerts et al., 1996). 
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Today, fluoroquinolones are the most commonly-prescribed antimicrobial agents. Ciprofloxacin is
considered a benchmark for comparing the efficacy of new fluoroquinolones and the most commonly-used
agent among them (Sen et al., 2007). Fluoroquinolones have been reported to produce an anxiogenic-like action
in rodents (Erden et al., 2001). In clinical settings, psychopathological and neurological adverse effects have
been repeatedly reported during treatment with fluoroquinolones. These adverse effects are reversible after drug
withdrawal (Christ, 1990).

Anxiety is a widespread phenomenon occurring in response to various stressors. In humans, there is not
one single syndrome, but several which may explain different anxiety conditions reported and could provide
evidence for hypotheses on the involvement of certain biological substrates. Anxiety in animals is less clear,
given the obvious difficulty in assessing psychological components, but it has been suggested that anxiety is
not a single phenomenon (Clément and Chapouthier, 1998; Clément et al., 2009).

It is well known that animal anxiolytic procedure to screen anxiolytic compounds can be broadly divided
into two main classes based on either exploration of novel situations or on conflict and conditioned fear (File,
1987; Nevins and Anthony, 1994). Accordingly, if different animal anxiety models with qualitatively different
sensitivity to the anxiolytic activity can be constructed together as a check-list of anxiety tests and also by the
manipulation of the test parameters to cover wide range of difference in response, we can sharply evaluate the
anxiolytic activity of tested drugs. 

Therefore, the current study was designed to evaluate the anxiolytic activity of captopril against the
anxiogenic potential of ciprofloxacin in different models or levels of anxiety, in addition to establish a check-
list of anxiety tests which can be used for careful evaluation of the anxiolytic activity of drugs. 

MATERIALS AND METHODS

Animals:
Male Sprague-Dawley rats (weight range 150-180 g) where obtained from National Research Centre, Cairo,

Egypt. Animals were maintained under standardized conditions in a temperature controlled room and had ad
libitum access to food (standard laboratory rat cubic diet) and water. Rats were housed in stainless-steel cages
3 to 4 per cage and were taken to test situation 1 h before each experiment for adaptation after removing food
and water from the home cage.

Drugs:
Each of captopril and ciprofloxacin were made into suspension with 1% tween 80/water. The drugs

administered orally in a total volume of 10 mg/kg. Doses used in this work equivalent to the therapeutic dose
in human in the treatment of people suffered from high pressure in case of captopril and the ciprofloxacin dose
equivalent to therapeutic dose for the treatment of chronic bacterial disease.                                  
 
Experimental Design:

Six groups each of 12 rats, one for control, one for captopril (7.5 mg/kg), two for ciprofloxacin (50,100
mg/kg), one for captopril (7.5 mg/kg) and ciprofloxacin (50 mg/kg) and one for captopril (7.5 mg/kg) and
ciprofloxacin (100 mg/kg) treatments were used for determination of anxiolytic activity in the open-field test.
Each group was subdivided into two groups each of 6 rats for evaluation of anxiolytic activity in the
conditioned fear test for the two paradigms (25, 50 volts of foot shock). 

Experimental Procedures:
Evaluation of Anxiolytic Activity:

For careful evaluation of the anxiolytic activity of captopril, we suggest the use of qualitatively different
animal anxiety procedures or models as a check-list of tests in addition to manipulation of test parameters to
cover wide range of difference in response. Accordingly, two models with different qualitative levels of
sensitivity to anxiolytic activity were used together as a check-list of tests which included exploration of a
novel situation and conditioned fear tests.

1- Exploration of a Novel Situation [Open-field Test].
Open-field test, which represents a novel mild stressful situation (Van den Buuse and DeJong, 1989), was

used for detection of changes in exploratory behaviour and emotionality (Cunha and Masur, 1978; Ikeda et al.,
1980; Costall et al., 1988; Sen et al., 2007). The instrument consists of an open-topped box 80 cm x 80 cm
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and 40 cm in height with red sides and white floor and is lined by black lines into 20 cm equale squares (4
´ 4) (Cunha and Masur, 1978; Zbinden, 1981; Hamed et al., 1991). Rats were placed individually into the
centre of the test box and observed over a 3 min. period. Behavioral parameters for exploratory activity
(Latency of the initial movement, Ambulation frequency and the number of exploratory rearing) and
emotionality (Grooming frequency, Urination occurrence and Defecation which indicated by the number of fecal
pellets) were recorded for each rat (Cunha and Masur, 1978; Zbinden, 1981; Van den Buuse and De Jong,
1989). Thus, anxiolytic effect of captopril (7.5 mg/kg, oral) and the anxiogenic potential of ciprofloxacin (50
mg/kg and 100 mg/kg, oral) could be evaluated in a novel mild stressful condition. 

2- Conditioned Fear Test:
All rats were alternatively trained in the apparatus of the conditioned avoidance test which was previously

described by Maxwell (1968) and modified by Hamed et al. (1991); Ali (1992) to extend its uses for
evaluation of learning ability and memory consolidation in the high stressful condition. Conditioned-avoidance
technique has also many applications in the field of pharmacological and toxicological research (Bornschein
et al., 1980; Arnt, 1982; Garofalo et al., 1996; Cohen et al., 2009). The apparatus consists of five iner-
connected chambers, four of them can be electrified using a laboratory DC power supply, model GPR-6060
D to deliver the foot shock (un conditioned stimulus) through their stainless steel grid floor. The fifth chamber
represents the safety area (glass floor). Training was conducted by pairing of auditory stimulus (conditioned
stimulus) for 5 sec. followed by 5 sec. of foot shock. 

In the present work, two different fear conditioning protocols of foot shock were used to alter the
sensitivity of the paradigm to the anxiolytic activity. The first was for the lower foot shock (25 volts) and the
other for the higher foot shock (50 volts) (Ali and Radwan, 2003). The effect of captopril (7.5 mg/kg, oral)
could be evaluated against the anxiogenic potential of ciprofloxacin given in two dose levels (50 mg/kg and
100 mg/kg, oral)  and the number of conditioning trials required to reach the safety area was recorded. 

Statistical Analysis:
Data were expressed as the mean ± S.E.M. and ANOVA followed by Tukey-Kramer for multiple

comparisons were used to calculate the significant difference between groups. Statistical evaluation of the
percentage expressed data was carried out using Chi-square method. Values of P > 0.05 were considered
significant. 

RESULTS AND DISCUSSION

Anxiolytic Activity of Captopril Against the Anxiogenic Potential of Ciprofloxacin in Mild Stressful
Conditions: 

Results in Table (1) showed that captopril (7.5 mg/kg) significantly decreased ambulation and rearing
frequencies of rats in the open-field by 38.86% and 29.42% respectively as compared with control. It also
prolonged latency to move in the open-field by 15.79%, but did not reach to a significant level. The effect of
captopril (7.5 mg/kg) on ambulation and rearing frequency, as well as on latency time indicates reduction in
exploratory activity of rats in the open-field test as shown in Fig.(1). 

Captopril (7.5 mg/kg) also significantly reduced emotionality of  rats in the open-field test as indicated
by reduction of grooming frequency and defecation (no. of fecal pellets) as shown in Table (1) and Fig.(2).
It is worthy to note that captopril did not change urination occurrence. Thus, it could be concluded that
captopril has anxiolytic activity in open-field test (a model of novel mild stressful condition).

Ciprofloxacin (50,100 mg/kg) significantly increased ambulation frequency of rats in the open-field by
29.62% and 31.5% respectively, while increased rearing frequency by 28.1% and 35.95% as compared with
control. Ciprofloxacin (100 mg/kg) significantly prolonged latency to move (in the open-field) by 26.28 %
as compared with control. These results indicate enhancement in exploratory activity of rats in the open-field
test as shown in Fig. (1). 

Ciprofloxacin (50,100 mg/kg) significantly increased emotionality of  rats in the open-field test as indicated
by reduction of grooming frequency and defecation (no. of fecal pellets) as shown in Table (1) and Fig.(2).
The two dose levels did not change urination occurrence.

The results indicate that ciprofloxacin caused significant anxiogenic behavior in rats.
Co administration of captopril (7.5 mg/kg) and Ciprofloxacin (50,100 mg/kg) significantly increased

ambulation frequency of rats in the open-field to 24.33±0.225 and 24.5±0.151 as compared to captopril treated
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rats, while these values showed a significant decrease from control rats by 30.82% and 30.33% respectively.
Also they showed a significant decrease from the corresponding ciprofloxacin treated rats. Co administration
of captopril (7.5 mg/kg) and Ciprofloxacin (50,100 mg/kg) significantly decreased rearing frequency of rats
by 27.45% and 25.49% respectively as compared with control. Also they showed a significant decrease from
the corresponding ciprofloxacin treated rats as shown in Table (1) and Fig. (1). Co administration of captopril
and Ciprofloxacin indicates reduction in exploratory activity of rats in the open-field test.

Table 1: Effect of Captopril against the anxiogenic potential of ciprofloxacin given in two dose levels on Behavior of Rats in the Open-
Field.

Parameters Latency Ambulation Rearing Grooming Defecation Urination
Groups (seconds) Frequency Frequency Frequency (no. of pellets) Occurrence (%)
Control (Saline)0.0 1.583±0.149 35.167±o.271 12.750±0.329 1.917±0.193 3.833±0.207 91.67
Captopril 1.833±0.112 21.500±0.195a 9.000±0.213a 0.833±0.112a 1.917±0.193a 91.67
(7.5 mg/Kg) [15.79] [38.86] [29.42] [56.55] [49.99] [0.0]
ciprofloxacin 1.750±0.131 45.583±0.149ab 16.333±0.498ab 4.000±0.246ab 5.500±0.151ab 83.33
(50 mg/kg) [10.55] [29.62] [28.10] [108.66] [43.49] [9.10]
ciprofloxacin 1.167±0.112b 46.250±0.250ab 17.333±0.310ab 4.417±0.288ab 5.833±0.207ab 75.00
(100 mg/kg) [26.28] [31.50] [35.95] [130.41] [52.18] [18.18]
Captopril(7.5 mg/Kg)+ 2.000±0.174 24.330±0.225abc 9.250±0.218ac 0.833±0.167ac 2.083±0.193ac 91.67
ciprofloxacin(50 mg/kg) [26.34] [30.82] [27.45] [56.55] [45.66] [0.0]
Captopril (7.5 mg/Kg)+ 2.083±0.193c 24.500±0.151abc 9.500±0.230ac 0.917±0.149ac 2.000±0.213ac 91.67
ciprofloxacin(100 mg/kg) [31.59] [30.33] [25.49] [52.16] [47.82] [0.0]
Data are means ± S.E.M. of 12 rats per group, urination is the % occurrence per group. 
a P > 0.05 for difference from saline-treated rats. 
b P > 0.05 for difference from captopril-treated rats.
c P > 0.05 for difference from corresponding ciprofloxacin-treated rats.
[ ] % changed from control.

Fig. 1: Effect of Captopril (7.5mg/kg) Against the Anxiogenic Potential of Ciprofloxacin (50,100 mg/kg) on
Exploratory Activity of Rats in the Open-Field.
Data are means ± S.E.M. of 12 rats per group 
a P > 0.05 for difference from saline-treated rats. 
b P > 0.05 for difference from captopril-treated rats.
c P > 0.05 for difference from corresponding ciprofloxacin-treated rats.
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Co administration of captopril (7.5 mg/kg) and Ciprofloxacin (50,100 mg/kg) showed reduced emotionality
of rats in the open-field test as indicated by significant reduction of grooming frequency and defecation (no.
of fecal pellets) of rats as compared with control. Also they showed a significant decrease from the
corresponding ciprofloxacin treated rats as shown in Table (1) and Fig. (2). It is worthy to note that this co
administration did not change urination occurrence.

Thus, it could be concluded that the anxiolytic activity of captopril on rats predominates over the
anxiogenic behavior of ciprofloxacin in open-field test (a model of novel mild stressful condition).

Fig. 2: Effect of Captopril (7.5mg/kg) Against the Anxiogenic Potential of Ciprofloxacin (50,100 mg/kg) on
Emotionality of Rats in the Open-Field.

Data are means ± S.E.M. of 12 rats per group, urination is the %  occurrence per group. 
a P > 0.05 for difference from saline-treated rats. 
b P > 0.05 for difference from captopril-treated rats.
c P > 0.05 for difference from corresponding ciprofloxacin-treated rats.

Anxiolytic Activity of Captopril Against the Anxiogenic Potential of Ciprofloxacin in High Stressful
Conditions:

Results in Table (2) showed that captopril (7.5 mg/kg) significantly reduced the number of conditioning
trials in the conditioned fear test under the first used protocol of foot shock (25 volt). The number of
conditioning trials was reduced by 43.85% as compared with control. It must be noted that, there was an initial
significant difference between the two protocols concerning the number of conditioning trials (Fig.3). This
result indicates increased sensitivity of rats to electrically-evoked pain in this high stressful conditions and
having a positive influence on cognition. 

Ciprofloxacin (50,100 mg/kg) significantly increased the number of conditioning trials in the conditioned
fear test under the second used protocol of foot shock (50 volt). The number of conditioning trials was
increased by 74.99% and 84.36% respectively as compared with control. Also Ciprofloxacin (50,100 mg/kg)
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Table 2: Effect of Captopril on the anxiogenic potential of ciprofloxacin given in two dose levels on Performance of Rats in the
Conditioned fear Test Using Two Paradigms of Foot Shock (25, 50 Volts).

Parameters/ Groups No. of Conditioning Trials (   ± SEM)x
------------------------------------------------------------------------------------
(25 Volts) (50 Volts)

Control (Saline)0.0 4.833±0.307 2.667±0.211d

Captopril(7.5 mg/Kg) 2.833±0.307a [41.38] 2.333±0.210 [12.52]
ciprofloxacin(50 mg/kg) 4.500±0.342b [6.90] 4.667±0.333ab[74.99]
ciprofloxacin(100 mg/kg) 4.833±0.307b [0.0] 5.000±0.258ab[87.47]
Captopril(7.5 mg/Kg)+ ciprofloxacin (50 mg/kg) 3.000±0.258ac[37.93] 2.500±0.224c [6.26]
Captopril(7.5 mg/Kg)+ ciprofloxacin (100 mg/kg) 3.500±0.224ac[27.58] 3.000±0.258bc[12.48]
Data are means ± S.E.M. of 6 rats per group 
a P > 0.05 for difference from saline-treated rats. 
b P > 0.05 for difference from captopril-treated rats.
c P > 0.05 for difference from corresponding ciprofloxacin-treated rats.
d P > 0.05 for difference between the two paradigms. 

[ ] % changed from control.

Fig 3: Effect of Captopril (7.5mg/kg) Against the Anxiogenic Potential of Ciprofloxacin (50,100 mg/kg) on
the Number of Conditioning Trials of Rats in the Two Paradigms.
Data are means ± S.E.M. of 6 rats per group 
a P > 0.05 for difference from saline-treated rats. 
b P > 0.05 for difference from captopril-treated rats.
c P> 0.05 for difference from corresponding ciprofloxacin-treated rats.
d P > 0.05 for difference between the two paradigms.

significantly increased the number of conditioning trials in the conditioned fear test under the two used
protocols of foot shock (25, 50 volts) as compared to captopril treated rats. The results indicate that
ciprofloxacin caused significant anxiogenic behavior in rats in these high stressful conditions.

Co administration of captopril (7.5 mg/kg) and Ciprofloxacin (50,100 mg/kg) showed significant reduction
in the number of conditioning trials in the conditioned fear test under the first used protocol of foot shock (25
volt). The number of conditioning trials was reduced by 40.36% and 28.06% respectively as compared with
control.

Also co administration of captopril (7.5 mg/kg) and Ciprofloxacin (50,100 mg/kg) showed significant
reduction in the number of conditioning trials in the conditioned fear test under the two used protocols of foot
shock (25, 50 volts) as compared to captopril treated rats. The previous results indicate that the anxiolytic
activity of captopril can overcome the anxiogenic behavior of ciprofloxacin under high stressful conditions
although the anxiolytic activity of captopril alone was not so pronounced under the second protocol (50 volt).
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Discussion:
Environmental factors like stress can influence the neurobehavioral profile of the organism and precipitate

an anxiety-like syndrome. Behavioral factors such as emotionality are useful predictors of stress susceptibility
(Gopala Krishna et al., 2006).

The purpose of the present study was to evaluate the anxiolytic activity of captopril against the anxiogenic
potential of ciprofloxacin in different models or levels of anxiety. For this purpose and for careful evaluation
we used a check-list of anxiolytic tests, the open-field which is a novel mild stressful condition and the
conditioned fear test which represents a high stressful condition.

In the present study, it was shown that captopril has anxiolytic activity in the open-field and the
conditioned fear test under the protocol of 25 volts. In the open-field test, captopril inhibited both exploration
and emotionality which are in agreement with the effect of tranquillizers and anxiolytics in the same conditions
(Cunha and Masur, 1978; Van den Buuse and De Jong, 1989; Hamed et al., 1991). These results are also in
harmony with that reported by Costall et al. (1990) and Prickaerts et al.(1996). In the conditioned fear test
captopril caused reduction in the number of conditioning trials at the first day of training which supported the
opinion that captopril can facilitate learning and enhance memory or retrieval ability. These results are in
agreement with the work of Jenkins and Chai (2007).

The role of γ-aminobutyric acid (GABA) in anxiety is well documented (Davies et al., 1994). The
anxiolytic effect of renin angiotensin system antagonists could be attributed to increased central GABA activity,
since angiotensin II has been reported to decrease central GABA activity (Li and Pan, 2005). The findings of
the present study indicated that ciprofloxacin treatments induced anxiogenic behavior patterns in rats in open-
field exploratory behavior and emotionality. Ciprofloxacin also caused significant anxiogenic behavior in rats
under high stressful conditions in the conditioned fear test as indicated by the increased number of conditioning
trials under the second used protocol of foot shock (50 volt). These results are in accordance with the results
of Sen et al.(2007) which showed that the  anxiogenic potentiality of ciprofloxacin on different experimental
models substantiate the CNS adverse effects observed in a clinical scenario.

The excitatory potentials of fluoroquinolones can be explained on the basis of their effect on GABA
receptors. Some studies indicate that fluoroquinolones function as GABA receptor antagonists and
Benzodiazepine agonists have been reported to attenuate the central stimulating effects of ciprofloxacin (Unseld
et al., 1990).

Data of the present investigation revealed that co-administration of ciprofloxacin and captopril resulted in
significant reduction in emotionality and exploratory activity of rats in the open-field test leading to
prolongation of latency time and reduction of ambulation, rearing and grooming frequencies, as well as in
defecation. It also significantly decreased the number of conditioning trials in the first day in the two
paradigms indicating increased sensitivity to electric foot shock and enhanced cognition as compared to
ciprofloxacin treated rats.
Thus, it could be concluded that the anxiolytic activity of captopril on rats predominates over the anxiogenic
behavior of ciprofloxacin in mild and high stressful condition. Moreover, it increases sensitivity to acute or
electrically-evoked pain.

The observed anxiolytic activity of captopril against the anxiogenic behavior of ciprofloxacin in mild and
high stressful condition indicates that captopril can improve the quality of life in anxious hypertensive
individuals. It may be preferred to be used to treat hypertensive patients with mood disorders, provided that
the present findings could be extrapolated to humans.  
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