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Syringomycin E (SR-E), a new antifungal produced by the bacterium Pseudomonas
syringae pv. syringae, was evaluated in a murine vaginal candidiasis model. In one study,
mice were treated intravaginally b.i.d. for 4 days with drug carrier, SR-E 2% in either
PEG-400 or PEG-ointment, or 1% clotrimazole as a positive control. Quantitative vaginal
cultures were taken prior to treatment on day 1 and on days 5, 6, and 7. Both formulations
showed a reduction of yeast colonization in the vaginas on day 5 (P<0.06 and P<0.03
for SR-E/PEG-400 and SR-E/PEG ointment, respectively) and SR-E/PEG ointment
reduced the colonization on day 7 (P<0.06) when compared to carrier treated controls.
In a second study, SR-E was formulated in Aquaphor at three higher concentrations of
SR-E [3%, 6%, or 12% (w/v)]. SR-E showed dose-dependent efficacy. The 3% dose
showed no effect while the 6% and 12% doses reduced the number of yeasts. The 12%
dose showed a significant reduction on days 5 (P<0.01), 6 (P<0.06), and 7 (P<0.03)
when compared with the drug carrier controls and on day 5 was more effective than
clotrimazole (P <0.03). Clotrimazole did not significantly reduce the yeasts in the vagina
until days 6 (P<0.01) and 7 (P<0.01) when compared to the drug carrier controls. No
vaginal inflammatory response was evident by histological examination in uninfected
animals treated with SR-E. No SR-E could be detected in plasma, kidney, or liver. SR-E
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(12%) was an effective treatment when compared to 1% clotrimazole.

Syringomycin E (SR-E) is a cyclic lipodepsinonapep-
tide (CLP) produced by the plant bacterium Pseudomonas
syringae pv. syringae. SR-E is a nonapeptide moiety (Fig.
1) with an unusual C-terminal sequence dehydroamino-
butanoic acid-Asp(3-OH)-Thr(4-Cl) and an N-terminal
Ser N-acylated by a long-chain unbranched 3-hydroxy
fatty acid and O-acylated by the C-terminal carboxyl to
form a macrolactone ring.

SR-E has in vitro fungicidal activities against a broad
spectrum of pathogenic fungi®. Its target is the fungal
plasma membrane. SR-E alters several membrane func-
tions such as membrane potential, protein phosphory-
lation, H*-ATPase activity, and cation-transport
fluxes®~®, These effects are likely related to channel
formation in model membranes”®. Recent molecular
genetic studies with Saccharomyces cerevisiae indicate
that lipids are involved in the action of SR-E®'19,

+

This paper describes studies that evaluate the efficacy
of SR-E in an experimentally induced vaginal candidiasis
in mice by means of a simple and non-lethal model!!~ 14,
In one study, SR-E at 2% was formulated in two
PEG-based carriers, and in another study, SR-E was
formulated in an Aquaphor-based carrier at three con-

Fig. 1. Structure of syringomycin-E. ‘

Dab, diaminobutanoic acid; Dhb, dehydroamino-
butanoic acid.
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centrations (3%, 6%, and 12%).

Materials and Methods

Drug Vehicle and Compound Preparation

In study I, SR-E was suspended in acidified (0.0001 N
HCI) solutions of PEG 400 or PEG ointment (PEG
400/3350 at a 3:2 ratio, respectively) at 65°C. In study
11, an ointment was made by mixing Aquaphor original
formula (58 to 70%, w/v; Beiersdorf, Inc., Norwalk, CT),
glycerin (15%, v/v), double distilled water (15%, v/v),
2-[ N-morpholinoJethanesulfonic acid (MES, 5mMm; pH
6.0) and SR-E (0, 3, 6, or 12%, w/v). The Aquaphor
concentration was decreased as the SR-E concentration

was increased. Bach formulation was mixed by warming
the measured amount of Aquaphor in a water bath at
65°C. The other ingredients were added and immediately
mixed. Each SR-E forlnulafion was administered intra-
vaginally using a 20 gauge ball-ended dosing needle.

Clotrimazole 1% (Gyne-Lotrimin; Schering-Plough
Health Care Products, Inc., Memphis, TN), which is a
commercially available cream, was used as a positive
control in both studies. All compounds were stored at
4°C in the dark. ‘

Activities of carrier (0% SR-E), all SR-E-formula-
tions, and clotrimazole were verified before treatment
(day 0) and after treatment (day 5). This was done by
placing 20ul of each drug formulation on blank
sensitivity disks and placing them on the surface of
Sabouraud dextrose agar (SDA) plates overlaid with a
lawn of Candida albicans SC-9172. The compounds were
applied at room temperature on day 0 and at 4°C post-
treatment on day 5. The plates were incubated for 24
hours at 35°C. After incubation, zones of inhibition for
each formulation and clotrimazole were determined.

Animals

Twenty-four to twenty-five gram unaltered (ovaries
and uterus intact) female ICR mice were obtained
(Simonsen Laboratories, Gilroy, CA). The animals were
randomly divided into groups of five mice each. Each
group was housed in a polycarbonate shoebox (48 x
27 x 15¢cm) cage. All animals were given ad libitum access

to a standard laboratory rodent diet and water.

Induction and Maintenance of Pseudoestrus

An injection solution was prepared using commercially
available estradiol valerate (Schein, Pharmaceutical, Inc.,
Phoenix, AZ) which had an estradiol valerate concentra-
tion of 20 mg/ml. The stock solution was diluted using
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sterile sesame oil (Sigma Chemical Co., St. Louis, MO)
to a final concentration of 5 mg/ml. Three days prior to
challenge with C. albicans, the mice were each given 0.1
ml (0.5mg estradiol valerate) subcutaneously. Animals
were maintained in pseudoestrus by weekly injections.

Preparation of Challenge Inoculum and Challenge

The C. albicans SC-9172 clinical isolate was obtained
from the Squibb Culture Collection (Squibb Corpora-
tion, Princeton, NJ). Isolated colonies were picked from
the surface of an SDA plate and grown for 24 hours at
30°C in Sabouraud dextrose broth. One (1.0) ml aliquots
of the turbid broth culture were transferred to 20 ml of
phytone-peptone (1%) and glucose (1%) broth in 50 ml
Erlenmeyer flasks. The cultures were incubated with
shaking for 36 hours at room temperature!®. The
cultures were then placed into conical centrifuge tubes
and centrifuged at 500 x g for 10 minutes. After removing
the supernatant fluids, the pellefs were resuspended and
pooled together in RPMI 1640 (with L-glutamine) tissue
culture media with 1000 ug/ml of streptomycin sulfate
and 1000 units/ml penicillin (designated RPMI+). The
concentration of cells was determined by hemacytometer
count, and the suspension was diluted with RPMI+ to
make a challenge inoculum with 2.5 x 107 organisms/ml.
The concentration of the challenge inoculum was verified
by hemacytometer counting and plating of tenfold serial
dilutions on BiGGY agar (BBL; Becton Dickinson
Microbiology Systems, Cockeysville, MD). Mice were
anesthetized with 80mg/kg ketamine hydrochloride
(Ketaset; Fort Dodge Laboratories, Inc., Fort Dodge,
IA) given intraperitoneally and 20 ul of the inoculum was
placed in the vagina using a 22 gauge ball-ended stainless
steel dosing needle.

Culturing v

The vagina of each mouse was cultured immediately
before being challenged by inserting a sterile urethro-
genital calcium alginate applicator (Baxter Scientific
Products, McGaw Park, 1) dampened with sterile
phosphate buffered saline (PBS) into the vagina and
twisting it several times before removal'®. The applicator
was smeared on BiGGY agar and incubated at 35°C for
48 hours. The cultures were read as positive (+) or
negative (—).

For quantitative cultures, a sterile urethro-genital
calcium alginate applicator was dampened with sterile
PBS and inserted into the vagina and twisted several
times. The applicator was removed and then swirled in
0.4 ml sterile PBS to free yeast and cellular debris from
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ig. 2. HPLC profile of mouse liver spiked with 12.5 ug SR-E.

PCRE T 11+ Gradient o 100
] Extract '\ L
S 0.10 1 L v %0
S ‘ N
8 005 L[ 3
§ L
5 000 -~ L [40 ¥
< 0,05 +—r—r—r——r—r . e e
0 5 10 15 20
Minutes

SR-E was added to the liver tissue before homogenization. The asterisk denotes the SR-E peak. The
dotted line indicates the elution gradient of solvent B (0.05% trifluoroacetic acid in acetonitrile/2-propanol

4:1, v/v).

the swab. Serial tenfold dilutions were made using sterile
PBS and plated on BiGGY agar. The plates were in-
cubated at 35°C for 48 hours. Following incubation,
those plates with 30~300 colonies were counted and
recorded?3:14:16),

Treatment |

Animals were treated intravaginally b.i.d. with 20 ul
of drug carrier (negative control), one of the formula-
tions of SR-E, or clotrimazole 1% (cdmparison control)
for 4 consecutive days starting 24 hours after challenge
(day 1). Treatments with various formulations in non-
challenged animals were done for tissue drug levels and
histopathology studies.

Plasma and Tissue Drug Levels and Histopathology

Four groups of unchallenged mice treated with
Aquaphor (drug carrier) or SR-E (3%, 6% and 12%) in
Aquaphor were sacrificed 24 hours after the last treat-
ment on day 5 for tissue collection. Plasma, kidney and
liver were collected and frozen immediately. Kidney and
liver tissues were diluted 4-fold with acidified methanol
(0.01 N HCI), homogenized 3 times for 30 seconds on ice
using a mechanical homogenizer (Tissue-Tearor; Biospec
Products, Inc., Bartlesville, OK). The homogenized
extracts were incubated in a 65°C water bath for 10
minutes and centrifuged at 12,000 x g for 10 minutes.
The supernatant was collected and filtered through a
0.22 um syringe filter'”. Plasma samples were prepared
as above without homogenizing or heating!”.

The filtrate (50 ul) was analyzed for SR-E using a
Beckman Nouveau Gold HPLC system (Beckman In-
struments, Inc., Palo Alto, CA) equipped with an Atlantis
C18 column (4.6 x 250 mm i.d., 5 um average particle size,

and 300A pore size; Phenomenex, Torrance, CA) at a
flow rate of 1 ml/minute. Elution was performed by a
linear solvent gradient (30 to 95% solvent B; Fig. 2)
obtained by mixing solvent A (0.05% trifluoroacetic acid
in water) with solvent B (0.05% trifluoroacetic acid in
acetonitrile/2-propanol 4:1, v/v). The effluent was
monitored at 220 nm. Tissue standards were made by
supplementing plasma or tissues with known amounts
of SR-E before diluting with methanol. The lowest
detectable amount of SR-E in tissues was 100 ng.

Mice vaginas were collected and fixed in 10% buffered
formalin. Vaginal sections were examined microscopi-
cally by a board certified pathologist (Utah Veterinary
Diagnostic Laboratories, Logan, UT).

Statistical Analysis

Statistical analysis was done using Minitab (Minitab
Inc., State College, PA). For the vaginal colony counts,
an analysis of variance was done on the log,, colony
counts for each day of vaginal culture and each drug
formulation from days 5 to 7. The student’s two-sample
t-test was then used to determine significant differences
between data that had a P-value less than 0.1.

For the tissue drug levels, the two-sample ¢-test was
used to compare the areas under any peaks that eluted
close to the elution time of SR-E. The areas of SR-E-
treated groups were compared to the carrier-treated
controls.

Results

Positive/negative cultures taken immediately before
challenge were all negative indicating no prechallenge
C. albicans vaginal colonization. C. albicans challenge
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Mean cfu/ml and standard deviations for each day the mice were cultured in study I.

Mice were treated with SR-E 2% formulated in PEG-based carriers.

C. albicans counts (log|g cfu/ml)

Treatment group Day 1 Day 5 Day 6 Day 7
(n=5)

Carrier control 4.69£025 501 £0.53 491 £045 498 £ 041
(PEG 400)

SR-E 2% in 473 +£0.13  432+£049 465+044 4.90 £0.35
PEG 400

SR-E 2% in 4.69+0.10 4.18+044b 4,68 £0.33 4.46 £0.322
PEG ointment

Clotrimazole 1%  4.64 £0.20 227+ 1.56° 2.83:0.94° 1.89+41.26°

* P<0.06; compared with carrier control, ® P<0.03;
carrier control.

Fig. 3.
Aquaphor-based carrier (B).

compared with carrier control, ¢ P<0.01; compared with
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Indicated are the sequences for the treatments (T) and cultures (C).

inocula were verified by serial plating on BiGGY agar
to be 5.0 10° and 6.8 x 10° blastospores for studies I
and I1, respectively. This gave a well-established infection
in all challenged animals (Tables 1 and 2) with a range
of 4.64 to 4.93 log,, cfu/ml on day 1 prior to treatment.

In study I, SR-E formulated in both PEG formulations
reduced the number of yeasts in the vaginas on day 5

(P<0.06 and P<0.03 for SR-E/PEG 400 and SR-E/
PEG ointment, respectively) and SR-E/PEG ointment
reduced the colonization on day 7 (P<0.06) (Table |
and Fig. 3A). However, no significant differences from
the controls were detected on day 6. No visible inflam-
matory effects were seen as a result of SR-E treatment.
The drug remained active in these formulations for the
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Table 2. Mean cfu/ml and standard deviations for each day the mice were cultured in study II.

Mice were treated with SR-E formulated in Aquaphor.

C. albicans counts (logjo cfu/ml)

Treatment group Day 1 Day 5 Day 6 Day 7
(n=5) ‘

Carrier control 472+038 4321096 4451 0.52 4.33£0.57 |
SR-E 3% 4931+0.16 446 £0.05 4.50 £ 0.45 4.15+0.36
SR-E 6% 486+0.13 275+1.09 4.01 £0.65 4.03 Ai 0.65
SR-E 12% 476 £020 1.58+1.52af 261+1.53¢d 3.24 +0.68be
Clotrimazole 1%  4.74 £0.12  4.02+0.32 3.29+0482  3.01£0.58

? P<0.01; compared with carrier control, ® P<0.03; compared with carrier control, ¢ P<0.06; compared with
carrier control, ¢ P<0.03; compared with clotrimazole 1%, ¢ P.<0.08; compared with SR-E 12% on day 5,f P<0.03;

compared with clotrimazole 1% on day 5.

duration of the study. Clotrimazole reduced the vaginal
yeast numbers for all three culture days when compared
to the controls (P<0.01). The transient reduction in
yeast numbers prompted a second study using higher
concentrations of SR-E with a different carrier. -

In study II, all drugs remained active in their respective
Aquaphor formulations throughout the study. A slight
decrease (<3 mm) in zones of inhibition on SDA plates
were seen with most compound formulations on day §
including clotrimazole. This was most likely due to less
drug applied to the sensitivity disks because of the
temperature differences of the compounds the time of
application.

After 4 days of treatment, mean culture counts for
SR-E showed dose-dependent efficacy (Table 2 and Fig.
3B). SR-E 3% had no effect while the 6 and 12% doses
reduced the number of yeasts. The 12% dose showed a
significant reduction on days 5 (P<0.01), 6 (P<0.06),
and 7 (P<0.03) when compared with the drug carrier
controls. In addition, on day 5, SR-E 12% was more
~ effective than clotrimazole 1% (P<0.03). On days 6 and
7, mean colony counts increased for both SR-E 6 and

12%. This increase was only significant for SR-E 12%
and did not occur until day 7 (P<0.08) when compared
to day 5.

Clotrimazole 1% reduced the number of yeasts on all
three culture days, but did not significantly reduce the
number of yeasts in the vaginas until days 6 (P<0.01)
and 7 (P<0.01) when compared to the drug carrier
-controls. ‘

No SR-E above 100ng (8 ug/g of tissue) could be
detected in the plasma or tissues of animals treated with

SR-E 12%, nor in random tissue samples from animals
treated with SR-E 3% and 6%. HPLC peaks with re-
tention times similar to that of SR-E were observed in
kidney. However, these were also observed in kidney
extracts of carrier only treated animals.

Histological examination of vaginas found no inflam-
matory effects of SR-E treatment. .

Discussion

Experimentally induced vaginal candidiasis in this
model is hormonal dependent!®, making treatment with
estradiol valerate essential. All animals had well-
established infections on day 1 with very little variability.
The carrier-treated controls maintained an excellent level
of infection throughout the studies (day 7). This was an
indication that all animals received a proper dose of
estrogen and an appropriate challenge inoculum. '

Drug dosages and clinical dosing regimens vary great-
ly when comparing commercially available vaginal prep-
arations. These differences make direct comparisons
between compounds difficult. One way to compare vari-
ous formulations is to subject them to the same dosing
regimen and allow the concentration of drug to be the
variable. In previous ‘work with the rodent vaginal
candidiasis model, clotrimazole 1%, which is generally
recommended to be given clinically once a day for 7 days,
was instead given b.i.d. for 4 days and gave reproducible
reductions of yeast numbers!®,

Study I showed a short term reduction of yeasts in the
vagina with SR-E 2% in two different PEG-based carriers
when compared with controls. This prompted the more
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extensive study with higher concentrations of SR-E in
an Aquaphor-based carrier that gave prolonged efficacy
at SR-E 12%. It was found that SR-E 3% in an
Aquaphor-based carrier had no effect in this model. Since
SR-E 2% in a PEG-based carrier showed efficacy, the
Aquaphor-based carrier may be responsible for the
decreased efficacy at the higher concentration. This may
be related to availability of the drug and absorption
properties of PEG. ‘

SR-E at the doses tested did not completely eliminate
yeasts from the vagina and the mean colony counts for
SR-E 6% and 12% increased on days 6 and 7. This was
unexpected because SR-E exhibits fungicidal action in
vitro against a broad range of pathogenic fungi including
C. albicans®. However, in other studies using similar
animal models, other antifungals only reduced yeast
populations!? or reported percentages of vaginas
cured!®. Infection rebounds after short-duration treat-
ment have also been reported!®. Clotrimazole 1% was
a consistent positive control in the model used in these
studies. It rarely totally eliminates the infection.

SR-E was active for the duration of the studies. The
carrier formulations were acidified to pH 6 because SR-E
is irreversibly inactivated at basic pH!®-2?. However, the
in vitro evaluation of SR-EV and its production in
minimal media?? were both done at pH 7 and SR-E
activity was not affected even at this higher pH.

In conclusion, SR-E 12% provided an effective treat-
ment of vaginal candidiasis in this model. The results
suggest that SR-E 12% may be more effective than
clotrimazole 1% at reducing the number of yeast in
vaginas. Additional research on the formulation may lead
to improved efficacy.
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