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1. Introduction 

Miconazole is an imidazole derivative recently 
introduced for the treatment of systemic mycoses 
[ 1 ]. Previous studies have shown that this drug inhib- 
its the mitogenic responses of lymphocytes in vitro 
[2], and delays the rejection of allogeneic skin grafts 
in vivo [3]. 

It is important to understand better the immuno- 
pharmacological properties of miconazole because 
systemic fungal infections usually occur in patients 
with cancer or other chronic diseases who are already 
receiving immunosuppressive therapy, and further 
immunosuppression by miconazole may militate 
against recovery from fungal infection. 

2. Materials and methods 

2.1. Mice 
Two inbred strains of mice, Balb/c and C57B1/6J, 

6 - 8  weeks old, were obtained from the breeding 
colonies of the Institute for Medical and Veterinary 
Science, Adelaide. They were kept in plastic cages in 
an air-conditioned animal house and followed free 
access to food and water. 

2.2. Miconazole 
The miconazole nitrate was a gift from Dr. Leon 

E. Harris of Ethnor, N. S. W., Australia. A fresh sus- 
pension of miconazole was made up daily for intra- 
peritoneal (i.p.) injection. 

2.3. Delayed-type hypersensitivity (D.T.H.) 
D.T.H. to sheep red blood cells (SRBC) was 

assessed by priming with 1 × 108 SRBC as a sub- 
cutaneous injection in the back at day 0, and chal- 
lenging with the same number of SRBC in the left 
hind footpad at day 5 [4]. The increase in footpad 
thickness was measured 24 h later with a dial caliper 
(Mercer) and expressed as a percentage (mean + S.E.). 
The Student's t-test was used for statistical analysis. 

2.4. B16 melanoma 
This tumour is syngeneic to C57/B1 mice. It was 

maintained by fortnightly i.p. passage in C57B 1/6J 
female mice. The B16 melanoma cells were harvested 
by excision of tumour, and single cells obtained by 
passing through a sterile sieve. For D.T.H. experiments, 
each mouse received 5 X l0 s cells i.p. suspended in 
0.2 ml saline 7 days prior to priming with SRBC 
when suppression of D.T.H. by tumour will occur [5]. 

3. Results 

3.1. Effect o f  varying doses on D. T.H. 
For these experiments, male Balb/c mice were 

divided into 4 groups. They were primed with SRBC 
on day 0. They received 100,200 or 300 mg/kg 
miconazole i.p. daily from day 0 until day 5, while 
controls received saline only. The results (Table 1) 
show a dose-related suppression of D.T.H. by micon- 
azole. Significant suppression (P < 0.02) of  D.T.H. 
occurred at the dosage of 100 mg/kg which had no 
effect on skin graft rejection [3]. Higher doses caused 
greater suppression of D.T.H. 
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Table 1 
Effect of  varying dosages of miconazole on D.T.H. to SRBC 

in Balb/c mice 

Treatment D.T.H. P value 
(mg/kg/day) (% increase in footpad thickness) 

0 50.3 ± 5.6 
100 32.4 ± 2.1 <0.02 
200 14.6 + 4.0 <0.001 
300 10.6 ± 2.8 <0.001 

There were 8-10  mice per experimental group they were 
primed with 1 × 108 on day 0, challenged with the same 
number of SRBC on day 5, and measured for D.T.H. on 
day 6. They received miconazole i.p. daily at the above dos- 
ages from day 0 until day 5. 

3.2. Effect on induction or expression olD.  T.H. 
The next set of experiments was designed to 

determine the phase of D.T.H. on which miconazole 
produces immunosuppression. For these experi- 
ments, a single i.p. dose of miconazole (300 mg/kg) 
was given to male Balb/c mice, either on the day of 
priming with SRBC (day 0) or on the day of chal- 
lenge with SRBC (day 5). The results (Table 2) 
show that significant suppression occurred when 
miconazole was administered during the manifesta- 
tion phase of D.T.H. (P < 0.001). Although some 
suppression of D.T.H. occurred when the drug was 
given at day 0, this did not approach statistical sig- 
nificance (P > 0,05). 

Table 2 
Effect of miconazole on the induction and expression of 

D.T.H. in Balb/c mice 

Treatment D.T.tt. 
(mg/kg) (% increase in footpad thickness) 

Expt. 1 Expt. 2 

0 48.9 ± 6.2 60.0 ± 3.7 
300 37.5 -+ 7.6 28.6 ± 4.4 

P value >0.05 <0.001 

There were 8-10  mice per group. They were primed with 
SRBC on day 0, and challenged with SRBC on day 5. In 
expt. 1, the mice received a single 300 mg/kg dose of micon- 
azole i.p. on day 0, while controls received saline only. In 
expt. 2, the mice received a single 300 mg/kg dose of micon- 
azole i.p. on day 5, while controls received saline only. 
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3.3. Effect on D. T.H. in tumour-bearing mice 
For these experiments, C57B1/6J female mice 

were divided into 4 groups 7 days prior to priming 
with SRBC. Groups 2 and 4 received 5 X l0 s B16 
ceils i.p. while groups 1 and 3 received saline only. 
Seven days later (day 0), all 4 groups were primed 
with SRBC. In addition, groups 3 and 4 received 
200 mg/kg miconazole i.p. daily from day 0 until 
day 5, while groups 1 and 2 received saline only. The 
results (Fig. 1) show that the D.T.H. in tumour- 
bearing mice (group 2) was 36.1% compared to 66.8% 
in controls (group 1) ( P <  0.001). The D.T.H. of 
miconazole-treated mice (group 3) was also signifi- 
cantly depressed to 19.7% compared to controls 
(group 1) (P < 0.001). There was marked suppression 
of D.T.H. in the miconazole-treated tumour-bearing 
mice (group 4). The D.T.H. was only 11.6%. This 
was statistically significant compared to group 1 
(P < 0.001), group 2 (P < 0.05) and group 3 
(P < 0.05). Thus, the reduced capacity of tumour- 
bearing mice to mount a D.T.H. response was fur- 
ther reduced by treatment with miconazole. 
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Fig. 1. Effect of miconazole on D.T.H. in tumour-bearing 
C57B1/6J mice. Dosage of miconazole was 200 mg/kg i.p. 
daily from day 0 until day 5. All mice were primed on day 0 
and challenged at day 5 with 1 × 108 SRBC. The B16 mela- 
noma was given i.p. 7 days prior to priming with SRBC. 



4. Discussion 

Cell-mediated immunity plays an important role in 
host resistance to fungal infection [6,7]. Patients 
with cancer are immunocompromised by their 
tumour-bearing state, cytotoxic drugs and radio- 
therapy. Hence, systemic mycoses are common in 
cancer patients. In a recent clinical trail [8], treat- 
ment of  fungal infections in cancer patients with 
miconazole produced a cure rate o f  only 41%. One 
of  the main reasons for this poor response to anti- 
fungal chemotherapy is the difficulty in establishing 
an early diagnosis. Another reason may be suppres- 
sion of  immunity by miconazole. 

The results of  the present studies indicate that 
treatment with miconazole at the comparatively low 
dosage of  100 mg/kg produced significant suppres- 
sion of  D.T.H. In a previous report [3], it was shown 
that the dosage of  100 mg/kg did not interfere 
with antibody production or skin graft rejection; 
at the higher dosage of  300 mg/kg, however, there 
was a delay of  skin graft rejection but only a slight 
inhibition of  antibody production. Thus, miconazole 
has a preferential suppressive effect on D.T.H. 
responses. In this report, we further observed that 
the efferent pathway of  D.T.H. was more susceptible 
to miconazole than the afferent pathway of  the 
D.T.H. response. 

It can be inferred from this observation that the 
site o f  action o f  miconazole is probably sensitized 

lymphocytes and macrophages. Also, in a mouse 
tumour-system, it was shown that the already 
impaired D.T.H. was further depressed by micon- 
azole. These results suggest that patients on micon- 
azole would benefit from close monitoring of  immune 
function. 
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