Evaluation of Effectiveness and Tolerability of Boric Acid in the
Treatment of Vaginal Infection with Candida Species
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Vulvovaginal candidiasis is the most prevalent vaginal infection worldwide. Considering the violence of the
symptoms that some patients report, the tendency to relapse or of resistance to the azole therapy, and the
success reported by some studies in the treatment with boric acid of the vaginal infection with various
pathogens, we conducted a prospective study in which we used vaginal boric acid for Candida species
infection. The aim of our study was to evaluate the effectiveness and tolerability of boric acid in the treatment
of vaginal infection with Candida species. Analysing the data from the satisfaction questionnaire completed
by the patients who reached the end of the study showed that our investigational product has a good and
very good effectiveness in sterilizing the infection (71%), being considered by patients to be easily
administered (67.7%), the safety of the product being perceived as good and very good by 93.6% of them.
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Inwomen of childbearing age, the vaginal ecosystem is
dominated by the presence of the Lactobacillus species,
whose protective role in the Candida spp infection is due
to their lactic acid and toxins production, the interference
with the adherence mechanism and the reducing of the
energy sources available to fungi [1]. The host factors (local
defence mechanisms, genetic polymorphism,
glomerulonephritis, antibiotic use, pregnancy, etc.) are
responsible for the vaginal colonisation with Candida spp
[2,3], and the tendency to relapse or of resistance to the
conventional treatment required the search for alternative
solutions [4]. Up to 90% of vaginal candidiasis infection
are the result of C. albicans colonisation, and only in 10% of
the cases other species are identified (especially C.
glabrata, and much less often C. krusei, C. tropicalis, C.
kefyr, C. africana, S. cerevisiae), these last generating
symptoms less severe that the classical symptomatology
(pruritus, burns, vulvovaginal erythema, odorless
leukorrhea) [2,5].

Boron, the element in the Mendeleev’s table with the
symbol B and the atomic number 5 (atomic mass 10.811
g/mol) is ubiquitous in nature [6,7]. Discovered at the
beginning of the 19" century, the elemental boron is rarely
found as such in nature. More commonly, it is encountered
in its bonded forms to sodium and oxygen (organoboric
complexes) [6]. At the tissue level (plants, animals or
humans) boron is most commonly found as boric acid
B(OH), (and its borate derivative) (96%), which by
reversi%ly binding different molecules (nucleotides,
carbohydrates, etc.) exerts its antiseptic, bactericide,
fungicide, insecticide, herbicide, fertilizer, etc. effects. [6,7].
Its antimicrobial properties and the lack of transcutaneous
absorption through the intact skin has recommended boric
acid as an antiseptic, being used in the topical treatment
of the superficial infections since the late 19™" century [8].
In gynaecology, the antiseptic and bactericidal effects of
boric acid have been demonstrated in numerous studies
concerning the effectiveness of its use in the vulvovaginal
infections of various etiologies [9-14], being preferred in
the treatment of vaginal infections with Candida spp.
because it does not induce resistance and its effect is not
species-dependent [8].

Approximately 75% of women experience at least once
intheir lifetime an episode of vulvovaginal candidiasis (10-
25% of whom develop recurrent disease), while up to 45%
of women have two or more episodes of Candida infection
throughout their lives [5]. Considering the violence of the
symptoms that some patients report [2], the tendency to
relapse or of resistance to the azole therapy [4], and the
success reported by some studies in the treatment with
boric acid of the vaginal infection with various pathogens
[9-14], we conducted a study aiming to evaluate the
efficacy of the boric acid vaginal suppositories in patients
with documented vaginal infection for Candida spp.

Experimental part
Materials and methods

From August 2016 to January 2017, we conducted a
prospective clinical study in the Department of Obstetrics
and Gynaecology from the Nicolae Malaxa Clinical Hospital,
Bucharest, which aimed to evaluate the effectiveness and
tolerability of Flugenil600 vaginal administration in patients
with documented vaginal infection for Candida spp., the
study being approved by the ethics committee of the
aforesaid hospital.

The inclusion criteria for the patients were as follows:
age 18 to 45 years, married or in a stable relationship,
symptoms and signs characteristic of vulvovaginal
candidiasis. Patients’ exclusion was made taking into
account the following factors: Trichomonas / Gardnerella
coinfection, pregnancy, breastfeeding, antibiotic
treatment, combined oral contraceptives, corticosteroid
therapy, diabetes and autoimmune diseases.

During the selection visit (V1 - initiation / screening), the
patients together with the doctor completed a
guestionnaire containing information on age, marital status,
race, medical history, alcohol consumption, smoking,
allergies to various foods or medicines, as well as data on
the signs and symptoms induced by the presence of
Candida spp (pruritus, burning, dysuria, dyspareunia,
leukorrhea, vulvar erythema and edema), each item being
rated on a scale from 1 to 4 (1 = absent, 2 = slight, 3 =
moderate, 4 = severe). Patients were given a detailed
explanation of the study protocol and asked to take partin
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the study. After signing the informed consent, a vaginal
discharge specimen was collected for microscopic
examination using a sterile speculum, the patients with
associated bacterial vaginosis or trichomoniasis infection
being excluded. Patients meeting the microscopic criteria
were randomized to the second visit and received
treatment with Flugenil600 vaginal suppositories,
administered intravaginally once a day (in the evening) for
15 days. The third visit was on the fifteenth day (+/- 7
days) after the end of the treatment, when the patients
were again subjected to a microscopic examination of the
vaginal discharge and continued using Flugenil600 twice
aweek for a period of another 8 weeks. The fourth and last
visit was the study completion visit when the effectiveness
of Flugenil600 was evaluated by performing a final
microscopic examination of the vaginal discharge and
completing a satisfaction questionnaire.

In the data analysis, we considered the following
populations: intent to treat (ITT population - all patients
screened to participate in the study), safety population (all
patients who received at least one dose of Flugenil600
and who came for at least one visit), and per protocol
population (PP population - only patients who followed
the entire treatment protocol, came to all visits without
major deviations from the protocol). Patients follow-up was
done in stages: visit 1 - screening visit (ITT); visit 2 - training
for daily administration (15 days) of boric acid vaginal
suppository, visit 3 - reassessment and continued
administration of boric acid vaginal suppositories twice a
week for the next 8 weeks (safety population). At visit 4, at
the end of the additional 8 weeks of treatment, the patients
in the safety population were re-evaluated on the
effectiveness of the treatment based on questionnaire,
clinical signs, and microscopic evaluation of the vaginal
discharge (PP).

The study results were presented as relative and
percentage frequencies for quantitative variables, and as
means and standard deviations for quantitative variables.
The differences frequencies of the symptoms between the
ITT population and the safety population, per protocol
population, respectively, were studied using the chisquare
test. The scores of the vulvovaginitis signs and symptoms
were calculated for each visit based on the Likert scale
scores, and the ANOVA test was used for repeated
measurement in order to compare the baseline and postline
results. p <0.05 was considered statistically significant.
Data analysis was performed by using the SPSS 23.0
software.

Results and discussions

Of the 71 patients screened according to the eligibility
criteria (ITT population) who received microscopic
evaluation of the vaginal discharge with the intent of
randomization, 7 patients were excluded from the study
due to the associated presence of trichomoniasis infection
or bacterial vaginosis (screening failure rate of 9.9%). The
socio-demographic characteristics and the behaviour of
the patients included in the study (ITT population) are
presented in table 1.

Table 1
PATIENTS CHARACTERISTICS (ITT POPULATION; n=71)
Charactenstics IREEDY]
Age (Iean=5D) 38379
Femdency
Urban 64 (3.1)
Furzal TS
Marital status
Married 42(39.2)
Unmarried 26 (36.6)
Diverced 3(42)
Education
Elementary school, 8 classes, high school | 32 (43.1)
University and postgraduate studies 39(34.9)
Alcohol users
Frequent TS
Incidental 33(74.6)
Smoking 220310
Food allergies 4(3.6)
Dimugs allergzies 2(28)

The 64 remaining patients were randomized and
received Flugenil600, administered once a day
intravaginally in the evening for 15 days.

At the third visit two patients did not show up within the
set interval and they were excluded from the study. The
other 62 patients were clinically reviewed, and a
mycological assessment was performed (safety
population). Thus 10 more patients were excluded from
the study (6 for clinical and confirmed mycological
infection and 4 for infection without clinical symptoms but
with positive mycological examination). The remaining 52
patients received Flugenil600 twice a week for 8 weeks
(maintenance treatment).

At visit 4, we found that 2 patients abandoned the study,
and of the remaining 50 patients who were present (PP
population), 42 patients tested negative at the final
mycological control, while 8 patients showed signs of
recurrence of symptomatology specific to candidal
vaginitis, confirmed by the result of the microscopic
examination of the vaginal discharge. No patient
discontinued treatment due to adverse effects.

The mycological examination at each visit consisted of
a microscopic examination of the vaginal discharge and
cultures of vaginal discharge with antifungigram. Upon
inclusion in the study, 7 patients were excluded due to
coinfection with T. vaginalis / Gardnerella; however, of all
the Candida species, the most common encounter was
Candida albicans (76.05%), this species dominating
through the entire study period (table 2).

We compared the frequency of signs and symptoms at
the inclusion in the study with the results obtained at visit 3
and 4: the most common symptoms at the first visit were
pruritus (91.5%) and burning sensation (87.3%), while at
V3 and V4 visit the symptomatology was dominated by
leukorrhea (12.9% and 12.0%, respectively), pruritus and
dyspareunia (11.3% and 10.0%, respectively). Overall, the
frequency of all signs and symptoms at the control visits
decreased significantly from a statistical point of view
compared with V1 (p <0.001) (table 3), the mean scores

Vip=TI) [Vi{p=ed) V3 Vi (n=30)
(N=62)

Candida zlbicans 34 MELE) [ (7T T{14.0 Table 2

(76.03%) VAGINAL DISCHARGE MYCOLOGICAL
Candida glabrata S(I1.27%) [ 8{1235%) 1(1.6%) 12.0) EXAMINATION
Other Candida species 228%)y | 2(3.1%) EYGEN] -
Trichomonas+Candida spp S0T0EE |- - -
Gardnerella + Candida spp. 2(282%) - - -
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Signs and symptoms | Before treatment | V3 (n=61] | p value VA (=30 | pvalue

(n=71)
Leukomhes 3T(30.3) R <0001 6(12.0) <0001 Table 3
Edema JITLE) G0.7) =0.001 [ 4{80) =(.001 SIGNS AND SYMPTOMS - BEFORE
Flash 36 (750) 164) =0.001 3(6.0) =0.001 TREATMENT (ITT POPULATION), AT V3
Pruritus 83 (01.3) T{I13) <1001 3{10.0) <1001 (SAFETY POPULATION), AT V4 (PER
B'L'Il'ﬂJIIg sensaion [ (373} q (ﬁ-‘-} <001 3 (ﬁﬂ} <001 PROTOCOL POPULAT|ON)
Drysuria 3600070 2030 <0001 130 <0001
Dryspareunia 30 C70.9) T{13) =0.001 R LX) <0001

*=comparing baseline (V1) and primary effects (V3); = comparing baselme (V1) and

secondary effects (V3)

of signs and symptoms significantly decreasing during
treatment at the PP population.

Centralizing data from the satisfaction questionnaire
completed by the patients who reached the end of the
study showed that Flugenil600 has a good and very good
effectiveness in sterilizing the infection (71%), being
considered by patients to be easily administered (67.7%)
and the safety of the product being perceived as good and
very good by 93.6% of them (table 4).

Table 4
ACCEPTABILITY (V3 - SAFETY POPULATION, n = 62)

Characteristics N (%)
| Dificulty
No difficulty 42 (67.7%)
Moderate difficulty 13 (21.0%%)
High difficulty T{11.3%%)
| Efficiency
Very good 13 (21.0%)
Good 31 (50.0%:)
hioderate 9(14.5%)
No efficiency G(14.5%)
Safety
Very good 26 (41.9%)
Good 32051.7%)
hioderate 2(3.2%)
No safety 2(3.2%)
Adverse effects [1]

The therapeutic success was obtained in 42/50 patients
(PP population), so the efficacy of Flugenil600 is 84%.

Vulvovaginal candidiasis may be acute (the first episode
with typical signs and symptoms, documented by the
microscopic examination and the positive cultures for
Candida spp.), recurrent (at least 4 episodes in 12 months
with at least 2 episodes confirmed by specific tests) or
chronic (symptomatology permanently persistent, with
slight improvement during menstruation, being recurrent
if there is a discontinuation of the antifungal therapy, with
positive specific assays for Candida) [5]. The use of boric
acid in the treatment of vaginal infection with Candida spp.
is documented by many studies, but they all agree that the
use of boric acid is not considered the first-line therapy,
especially because of its potential toxicity [4,15,16].

In the medical product market, boric acid for vaginal
use is presented in the form of ovules (or vaginal
suppositories) containing boric acid powder (600 mg)
wrapped in a gelatine capsule [17]. It is recommended
that the treatment of vaginal infection with Candida spp,
using boric acid last 14 days, with a half-dose reduction in
patients experiencing mucosal irritations [5]. In a study
aiming to compare the intravaginal effect of 600 mg boric
acid administered daily for 14 days versus a single orally
150 mg fluconazole dose in patients with vulvovaginal
candidiasis with C. glabrata and diabetes mellitus, Ray et
al. found higher healing rates in patients treated with boric
acid [15]. Sobel et al. compared the efficacy of the vaginal
administration of boric acid vs. flucytosine in topical
administration in patients with vaginal infection
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documented with C. glabrata. Their study supported the
superiority of flucytosin in the treatment of C. glabrata
infection, but insisted on the reduced availability in some
states and the increased cost of treatment with flucytosine,
thus recommending the use of boric acid as a cheap and
convenient solution [10].

Marazzo et al. used a phase 2 single-blind randomized
controlled trial, using a new boric acid-based product - TOL
463 (a system for vaginal administration of boric acid and
EDTA (ethylenediaminetetraacetic acid)) that attacks the
biofilm of fungi and bacteria involved in bacterial vaginosis,
demonstrating that TOL-463 administered vaginally is
effective and safe in the treatment of both vulvovaginal
candidiasis and bacterial vaginosis [13]. Khameneie et al.
believes that boric acid has the same efficacy as
fluconazole in the treatment of vulvovaginal candidiasis
[18].

After administration, boric acid is absorbed quickly into
the body, its absorption being increased in situations where
the skin or mucous membrane presents integrity breach.
Measured daily, the serum boron level does not exceed 1
ug / mL in cases of vaginal administration of 1-2 capsules
with 600 mg of boric acid per day for 1-2 weeks (serum
boron levels less than 200 ig / ml are considered safe).
Boric acid is stored in the liver, kidneys and brain, 50% of
the absorbed amount being renally excreted without being
metabolised within 12 h after administration, the
remainder being eliminated by saliva, sweating or feces
[19].

The mechanism by which boric acid exerts its antifungal
effect is still a matter of discussion.

In vitro, boric acid has a bacteriostatic effect on C.
albicans, requiring high doses and long incubation periods.
In vivo, to dissolve 600 mg of boric acid powder, a volume
of water of at least 9 ml is required, while solvents such as
vaginal discharge have the ability to dissolve lower amounts
of boric acid. For this reason, boric acid may persist for a
longer period of time in the vagina (depot) with gradual
dissolution. The bacteriostatic effect is also maintained in
vivo, but the administration of large amounts of the
substance and prolonged exposure (at least 14 days)
results in the reduction of the fungus to extinction [4]. It
has been speculated that boric acid exerts its antifungal
effect by producing a slight acidification of the vaginal
environment, the consequence of which is the destruction
of the cell wall [4,19]; however, decreasing vaginal pH
using other acids had no inhibitory effect on Candida [4].
On the other hand, the use of sodium borate has been
shown to have an intrinsically more inhibitory effect than
boric acid, probably due to the higher boron concentrations
(three times higher than in boric acid) [4].

It has been found that boric acid has higher toxicity on
cells in the active growth phase than in the stationary
growth phase, suggesting that cell growth and proliferation
mechanisms are the target of boric acid action (in fungi,
boric acid leads to cytoskeletal alterations, arrest of
polarized growth) [8]. Boric acid produces slow changes
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in the structure of the fungal cell membrane (decreases
the level of membrane ergosterol) thus increasing the
susceptibility to the destructive action of the host defence
mechanisms as well as of the antifungals (azole
derivatives). The reduction of the ergosterol level in the
fungal membrane in the presence of boric acid is due to
the interference with its aerobic synthesis mechanism, the
inhibition of lanosterol demethylation in position 14 by
cytochrome P450 and other enzymes [4].

Boron is a metalloid whose toxic effect consists in
altering the oxidative system, damaging the DNA, and
interfering with the DNA repair systems, altering the cell
protein function, etc. Cells try to protect themselves against
the toxic activity by developing defence mechanisms (cell
boron export, intracellular storage, and lowering the influx
by binding boron to proteins). Fungi present 21 genes that
are responsive to boron sensitivity and 6 genes that confer
resistance to boron [6]. Due to the need for a high
concentration of boric acid (600 mg) and a long period of
administration (at least 14 days), the problem of fungal
resistance to boric acid has arisen. The CDR1 gene for the
ABC transporter that functions as the adaptation efflux
pump of Candida [20] is inhibited by the boric acid [4]. A
member of the BMP1 transmembrane transporter family
is also involved in boron cellular efflux conditioned by
concentration, being considered part of the Candida
environmental adaptation mechanism. Boric acid inhibits
BOR1 expression while the overexpression of BOR1
protects against its cytotoxic effects [6,21].

Small amounts of boric acid are beneficial to the body,
while in high doses, boric acid is toxic [8]. Intravaginal
administration of boric acid is well tolerated, especially in
short-term treatments, with adverse reactions (local
burning sensation, aqueous leukorrhea, rash, dyspareunia,
vestibulitis) reported in a small number of cases. Long-
term use is not recommended due to the risk of systemic
absorption and boron intoxication (gastrointestinal
disorders, anemia, weakness, confusion, anorexia,
alopecia, seizures, menstrual disorders, dermatitis)
[15,19]. In pregnancy, the topical exposure to boric acid
does not produce fetal abnormalities, as transcutaneous
absorption is reduced through intact skin [19], while
intravaginal boric acid in the first trimester of pregnancy
increases the risk of fetal congenital abnormalities by 2.8
times [22].

Our study is the first of its kind developed in Romania.
Unfortunately, the small number of patients included in
the study and the restrictions imposed by the inclusion
criteria have not allowed us to draw conclusions about the
effectiveness of using boric acid ovules/suppositories in
patients with mycotic vulvovaginitis and associated
pathology. The result of our study recommends boric acid
as an alternative to conventional drug therapy of mycotic
vulvovaginitis due to the increased compliance with the
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treatment of the patients, the effectiveness of Candida spp
infection control and the increased safety profile of
administration (no adverse reactions have been reported).

Conclusions

Boric acid is an inexpensive product for clinicians who
are experiencing difficulties in treating vulvovaginitis with
Candida spp resistant to conventional therapy.
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