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short-duration butoconazole treatment i~ situ 
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Summary. A short-duration treatment for can- 
didal vaginitis applying butoconazole in situ was 
tested in an experimental mouse model. One week 
after artificial induction of an oestrus state (by 
oestradiol benzoate injection), mice were inocu- 
lated intravaginally with 1.5 x lo7 blastospores of 
Candida albicans (strain ATCC 44858). Treatment 
consisted of butoconazole solutions (1 %, 2.5% and 
5 %) administered intravaginally. The development 
of the infection was monitored daily for 12 days 
and then three times a week by local samples 
plated on BiGGY agar. In parallel, twice a week, 
the vaginas of three mice in each group (control 
and treated groups) were isolated in order to 
estimate organ invasion by C. albicans. This was 
assessed by anatomopathological studies on a fixed 
and stained part of the organ and by serial dilutions 
of a homogenate of the remaining part plated on 
Sabouraud glucose chloramphenicol agar. After a 
48-h incubation period the number of colony 
forming units per gram of tissue was counted. For 
each treatment, a remission of 10-15 days was 
observed, but was followed by a recurrence for 
the lower dose of butoconazole; only the higher 
butoconazole concentrations tested (2.5% and 5%) 
gave an apparent full cure for most of the mice 
tested. The use of the mouse model of candidal 
vaginitis confirms that short-duration treatment is 
possible when elevated doses of butoconazole are 
used. 
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Zusammenfassung. An ,einem experimentel- 
len Mausmodell wurde eine Butoconazol- 
Kurzzeitbehandlung in situ erprobt. Eine Woche 
nach kunstlicher Induktion des Ostrus durch 
Ostradiolbenzoat-Injektion wurden den Mausen 
intravaginal 1.5 x 1 O7 Candida albicans-Blastosporen 
(ATCC 44858) inokuliert. Die Behandlung bestand 
in intravaginaler Anwendung von 1 %, 2.5% und 
5 Yo iger Butoconazol-Losung. Die Entwicklung 
der Infektion wurde 12-d lang taglich und danach 
dreimal wochentlich durch Ausimpfen lokal 
gewonnenen Untersuchungsmaterials auf BiGGY- 
Agar kontrolliert. Parallel wurden zweimal 
wochentlich die Vaginen von je drei Mausen jeder 
Gruppe (Kontrollen und behandelte Gruppen) 
gewonnen, teils fixiert, gefarbt und die Organinva- 
sion durch C. albicans histopathologisch untersucht; 
der Rest der Vaginen wurde homogenisiert, in 
Aliquots auf Sabouraud-Glucose-Chloramphen- 
icol-Agar verimpft und nach 48-h Bebrutung 
uber die Koloniezahlung die Keimzahl pro 
Gramm Gewebe bestimmt. Bei jeder Behand- 
lungsart trat in den ersten 10- 15 d Besserung ein, 
gefolgt jedoch von Rezidiven bei der niedrigeren 
Butoconazol-Konzentration; nur die hoheren 
Butoconazol-Konzentrationen (2.5% und 5%) 
fuhrten bei der Mehrzahl der Mause zur vollen 
Ausheilung. Die Untersuchungsergebnisse lassen 
erkennen, daB eine erfolgreiche Kurzzeitbehand- 
lung mit Butoconazol moglich ist, wenn hohere 
Dosen eingesetzt werden. 

Introduction 

Candida albicans vulvovaginitis is the most frequent 
Candida infection in women. It has an increased 
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incidence in pregnant, diabetic and antibiotic- or 
corticosteroid-treated women [ 11. Approximately 
two-thirds of women experience at least one acute 
attack of this disease during their lifetime [ 11. In 
order to minimize patient discomfort, the duration 
of the treatment of vaginal candidosis should be 
as short as possible [2]. However, after treatment, 
recurrences are frequent [3]. In order to treat 
these recurrences one may either prolong treat- 
ment or increase the doses of the antifungal agent 
used [4]. 

The development of rodent models for vaginal 
candidosis permits in vivo tests for antifungal agents; 
mice or ovariohysterectomized female rats arti- 
ficially maintained in an oestrus state are the most 
commonly used models [5]. These models are 
somewhat different from the disease seen in 
humans since they develop essentially in a short- 
term course [6]. However, they do indicate the 
efficiency of antifungal agents in either local or 
general administration [ 71. The oestrus-induced 
mouse model has often been used since no surgical 
(ovariohysterectomy) intervention is necessary and 
the large size of the groups increases the statistical 
significance of the results obtained [7]. 

Our study was performed in order to estimate 
the efficacy of short-term butoconazole nitrate 
treatments against vaginal candidosis in mice. The 
treatment schedule consisted of one daily appli- 
cation of butoconazole for 3 days. The course of 
infection was assessed over a period of 5 weeks. 

Material and methods 

Animals and inoculum 

Female mice (150) aged 8 weeks (CD1 strain, 
C. Rivers) were randomly divided into six groups 
of 25 animals (numbered 1-6). All mice received 
a subcutaneous injection of 0.5 mg of oestradiol 
benzoate (Benzo Gynoestryl, Roussel, France) 1 
week before experimental infection (day 7). An 
equivalent injection was made weekly throughout 
the experiment in order to maintain the animals 
in an oestrus state [8]. 

Candida albicans strain ATCC 44858 was used in 
these experiments. Blastospores obtained from 
16-h cultures (on Sabouraud glucose chloram- 
phenicol agar) were suspended in NaCl0.9% (p/v 
in distilled water). The sus ension was adjusted to 
4.5 x lo7 blastospores ml-'before inoculation. At 
day 0, mice from groups 2-6 were inoculated 
intravaginally by using an Eppendorf pipette. A 
volume of 200 pl was slowly injected in situ [9]. 
Mice from group 1 were not inoculated and 
represented healthy controls. 

Ant$ngal treatment and assessment o f  the infection 

Treatment consisted of butoconazole nitrate (batch 
no. FF/90/BUT/02, obtained from Laboratoire 
Cassene, Paris). The antifungal agent was solubil- 
ized 40% (p/v) in dimethylsulfoxide (DMSO, 
Sigma). This solution was then diluted, just before 
use, in polyethylene glycol (PEG 1500, Sigma) in 
order to obtain 1%) 2.5% and 5% final concen- 
trations of butoconazole (maximum concentration 
of DMSO: 12.5%). These treatments were admin- 
istered intravaginally to mice from groups 3-6. 
Each mouse received 25 pl in situ once daily for 3 
days; treatments started on day 1. Control treat- 
ments consisted of PEG containing 12.5% DMSO 
(equivalent to the highest concentration of DMSO 
in antifungal treatments), which was administered 
to mice from group 2. 

The progress of the infection was assessed using 
the three following tests: 

Estimation ofthe vaginal cauip contamination. Daily, 1 0 
mice were randomly chosen from each cage. A 
vaginal sample was taken by using a Pasteur 
pipette. These samples were spread onto Petri 
dishes filled with BiGGY agar (Difco, Detroit, 
USA) containing 1 mg ml-' gentamycin. After 
48 h incubation at 28 OC, the growth of C. albicans 
was scored, for each Petri dish, as follows: 

Absence of CFUs 0 
1-10 CFUS 1 
11-30 CFUS 2 
31-100 CFUS 3 
More than 100 CFUs 4 

The values obtained for the 10 mice in each group 
were added up and gave a BiGGY index represen- 
tation of the vaginal cavity contamination [9]. 

Numeration of the CFUg-' in vaginal homogenate. At 
days 0 (just before inoculation), 4 (first day follow- 
ing treatment), 7, 11, 14, 18 and 35, three mice 
in each group were distruncated, and their vaginas 
(with the posterior end of the cervix) were isolated 
and weighed. Part of each vagina was removed 
and fixed in Holland fluid for anatornopathological 
studies. The remaining part of the organ was 
homogenized (Ultra-Turrax, Janke & Kunkel, Ika 
Werk, Germany) in 5 ml of sterile water containing 
NaCl 9 g I - ' .  A 50-pl aliquot of this homogenate 
was diluted (1 : 10 and 1 : 100) and the dilutions 
spread on Sabouraud glucose chloramphenicol 
agar and incubated for 48 h at 28 "C. The CFUs 
were counted and the absolute values expressed 
per gram of the isolated organ. All means were 
analysed with the Student t-test; differences were 
considered to be significant at P<0.05. 
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Anatornopathological anabsis. The isolated parts of 
the vagina fixed in Holland liquid were embedded 
in paraffin and thin sections of the preparation 
were stained by periodic acid-Schiff (PAS) and 
examined [lo]. Several vaginal crypts were 
observed for each isolated organ corresponding to 
different treatments. The development of the can- 
didosis was assessed by the presence and number 
of fungal elements in the crypts observed. This 
number indicated the degree of infection. 

Results 

The first treatment effects observed were the steril- 
ization of the vaginal samples inoculated on 
BiGGY agar (Table 1). Clearly, from day 1 (1 day 
post inoculation) to day 35, most animals in the 
inoculated control groups developed a vaginal 
candidosis (Table 1, columns 2 and 3) since only 
a few samples were sterile. For the same period, 
at least half of the samples were sterile in mice 
treated with butoconazole 2.5 and 5%, (Table 1, 
columns 5 and 6). Few samples from animals in 
group 4 (treated with butoconazole 1 % )  were 

Table 1. Short-term butoconazole treatment of vaginal 
candidosis in mice. Number of sterile BiGGY samples in 
each group 

~ ~ ~~ 

Day Group 

1* 2 3 4 5 6 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
12 
14 
16 
18 
21 
23 
25 
28 
30 
32 
35 

10 10 10 10 10 10 
10 0 0 0 0 0 
10 0 0 1 2 2 
10 0 0 3 3 5 
10 0 0 2 5 6 
10 0 0 3 5 7 
10 1 1 5 5 6 
10 0 1 4 5 6 
10 0 0 4 5 5 
10 0 1 1 3 5 
10 1 0 2 3 6 
10 0 0 3 4 5 
10 1 1 2 4 4 
10 0 0 1 3 5 
10 1 0 1 4 5 
10 1 0 2 5 6 
10 0 1 1 4 5 
10 1 1 2 5 5 
10 1 2 2 5 6 
10 1 1 3 5 6 
10 1 1 2 6 6 
10 2 1 2 6 6 

* Numbers correspond to those of animal groups: 1 ,  non- 
infected controls; 2, non-treated infected controls; 3, PEG- 
treated mice; 4, 5, 6, mice treated with butoconazole 1%,  
2.5% and 5% respectively. 

sterile (Table 1,  column 4), and 10 days after the 
end of the treatment the differences between the 
control groups and group 4 seemed to disappear. 

The development of the vaginal infection was 
followed simultaneously by the determination of a 
BiGGY index. The values obtained for infected 
controls and excipient (PEG) controls did not 
differ statistically; thus they were pooled to define 
a 100% value. The results obtained for the other 
groups were calculated as a fraction of this 100%. 
The variations obtained are summarized in Fig. 1. 
At least two types of results can be observed. The 
first is represented by animals from group 4 (buto- 
conazole l0/o), in which the significant decrease in 
the BiGGY index observed at the beginning of 
the experiment was followed by an increase and 
came back to values equivalent to that of infected 
controls within 9-10 days post treatment. The 
second type of results was obtained with animals 
from groups 5 and 6 (butoconazole 2.5% and 5%), 
in which the decrease observed in the BiGGY 
index was followed by a slight increase after 
day 10, which led to values of about 50% of that 
of infected controls. These 50% values were main- 
tained until the end of the experiment and were 
significantly different from those of control (and 
PEG) groups throughout the experiment. 

The isolation of mice vaginas in each group 
allowed mycological and anatomopathological 
analysis of the vaginitis. Variations in the values 
of CFU g- '  are summarized in Fig. 2. In general, 
the results confirmed what was observed with the 
vaginal samples spread on BiGGY agar. For mice 
from group 4 (butoconazole lolo), the infection 
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Figure 1. Short-term butoconazole treatment of vaginal candidosis 
in mice: percentage variation in the BiGGY index. The 100% value 
is represented by the index obtained from the 20 samples from 
groups 2 (inoculated controls) and 3 (PEG); the values of these groups 
did not differ significantly. Values presented in the graph are averages 
of the index obtained from 10 animals in each group SD (vertical 
bars). Except on days 1 and 2, values obtained from butoconazole 
1 %  ( A )  were different from those of controls until day 10 (P<0.05). 
For butoconazole 2.5% (0) and 5% (a), a significant difference was 
observed throughout the experiment. 
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Figure 2. Short-term butoconazole treatment of vaginal candidosis in mice: values of CFU g- '  in vagina homogenates. A histogram of the 
values obtained on each sample-taking day is represented. Vertical bars mean SD. * For treated animals: values significantly different @<0.05) 
from inoculated controls and PEG groups. Numbers on the x-axis correspond to those of animal groups: 1, non-infected controls; 2, non-treated 
infected controls; 3, PEG-treated infected controls; 4, 5 and 6, mice treated with butoconazole ( ~ V O ,  2.5% and 5% respectively). 

was controlled for about a week after the treat- 
ment, then (day 14) the values of CFU g-' reached 
more than half of those of controls (non-significant 
differences). In groups 5 and 6 the values of 
CFU g- ' were at a low level when compared with 
controls made throughout the experiment. For 
group 5 (butoconazole 2.5%) the difference was 
of about one log compared with infected controls, 
and for group 6 this difference was of 2 log. 

An anatomopathological analysis of the results 
is presented in Table 2. This analysis led to similar 
conclusions for the development of the vaginal 
candidosis. For group 4, only a partial cure was 
obtained, and a recurrence appeared which was 
confirmed by the presence of numerous fungal 
elements on day 14. O n  day 35, the number of 
fungal elements decreased in groups 2, 3 and 4. 
The animals in groups 5 and 6 seemed to be fully 

cured and a few fungal elements appeared only 
on days 14 and 18. There was a total absence of 
fungal elements on the other days. 

Discussion 

A local treatment for C. albicans vaginitis must 
obey two contradictory rules: it has to be as short 
as possible but must prevent chronicity and recur- 
rences. In order to resolve this dilemma, current 
research takes one of at  least three directions: new 
antifungal agents, long-term delivery excipients 
[ l l ]  or high doses of antifungal agents used in 
short-term treatments [ 121. The study presented 
here illustrates the importance of the last. 

We chose our animal model because no surgical 
intervention was necessary (in contrast to the 
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Table 2. 
during the experiment 

Short-term butoconazole treatment of vaginal candidosis in mice. Anatomopathological analysis of the vaginas isolated 

Group Day 

0 4 7 11 14 18 35 

- - - - - - Group 1* -t 
Group 2 - 

Group 3 - 

Group 4 - 

Group 5 - - - - + / -  + / -  - 

- - - + / -  - Group 6 - + / -  

+ + +  + + +  + +  + + +  + + +  + 
+ +  + + +  + + +  + + +  + + +  + / -  
+ +  + + + + +  + +  + / -  

* Group 1, non-infected controls; group 2, non-treated infected groups; group 3, PEG-treated infected controls; groups 4, 5 and 6, 
mice treated with butoconazole 1 Yo, 2.5% and 5% respectively. 
t Symbols: - , absence of fungal elements; + / -, presence of rare fungal elements; + , some vaginal crypts contain fungal elements; 
+ +, presence of fungal elements in all observed crypts; + + +presence of fungal elements in all observed crypts and invading 
hyphae. 

ovariohysterectomized rat model) and because it 
was easy to increase the size of the groups in order 
to enhance statistical analysis. The vaginal can- 
didosis is of shorter term in mice than in women. 
This was assessed by the decrease in the CFU 
count observed on day 35 already described and 
could be due to a specific immunological reaction 
[9, 131. However, preliminary results with low 
doses of butoconazole (0.1% and 0.5%) have 
proved the existence of a short-term cure followed 
by a recurrence about 8-10 days after the treat- 
ment (data not shown). 

In the present study, all the animals developed 
a vaginal candidosis, as demonstrated by the values 
of the BiGGY index 24 h after inoculation. Mice 
from treated groups then seemed to be cured by 
butoconazole nitrate at all concentrations tested. 
These results confirm the efficiency of butocona- 
zole in the mice model, and this was further 
confirmed by histological analysis. However, after 
day 12 the values obtained for group 4 mice 
indicated the beginning of a recurrence, which 
was proved on day 14 by CFU g-’ and histology. 
We can therefore conclude that the lower dose of 
butoconazole nitrate (1 %) did not prevent recur- 
rence throughout the whole experiment. However, 
higher doses of butoconazole (2.5 and 5%) had a 
similar effect on the C. albicans vaginitis at the 
beginning of the experiment. Furthermore, these 
doses seemed to prevent recurrences. It is import- 
ant to note that throughout the whole experiment 
some of the samples taken from these groups were 
not sterile. However, all values indicated an appar- 
ent cure when compared with controls; this could 
bring the mice model closer to the human disease, 
in which the presence of C. albicans is seen in 
women with no symptoms [ 141. This observation 
is reinforced by histological studies, in which some 
fungal elements were observed (days 14 and 18) 

despite the fact that the weakness of vaginal 
colonization (BiGGY index and CFU g-I) would 
indicate a successful cure. These differences, then, 
justify the use of two or three different techniques 
in order to estimate the efficiency of an antifungal 
agent on vaginitis in the mouse model [9]. The 
mice were analysed twice a week until the recur- 
rence time (days 10- 14) and then only on days 18 
and 35, in order to confirm the absence of increases 
in the values of CFU g-’ when no recurrence was 
expected. 

The need for high doses of antifungal agents in 
short-course treatment has been described for 
other imidazole derivatives, e.g. clotrimazole and 
miconazole, whose long-term efficiency was 
proven by the persistence of active compounds at 
inhibitory concentrations for several days [ 15- 1 71. 
The efficiency of the high doses of butoconazole 
in our model could be explained by a similar 
hypothesis, especially as no long-term excipient 
was used. Total elimination of the fungal elements 
cannot be proved as no samples were sterile 
(Fig. 1). 

In this paper, we demonstrate the efficiency of 
high doses of butoconazole in a short-term treat- 
ment in order to cure C. albicans vaginitis in mice. 
Only high doses (2.5 and 5%) of this antifungal 
agent seemed to induce an apparent cure when 
compared with controls. These results indicate 
that short-term treatments can prevent recurrences 
only if the local doses of antifungal agents are 
high. 
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