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ABSTRACT

Background and objectives: Mucosal candidiasis can disseminate
through the bloodstream and cause disseminated candidiasis. The acute
toxicity and the effect of sub-fraction S (237-253) on the vaginal and
systemic candidiasis in BALB/C mice model was evaluated.

Methodology: The leaf crude extract of Uvariodendron calophyllum
was prepared using Ethanol 95% then partitioned using hexane, methylene
chloride and methanol and the methylene chloride fraction was fractionated
using column chromatography to obtain sub-fraction S (237-253). Vaginal
and systemic candidiasis were induced using Candida albicans strains NR-
29445 and NR-29450 on immunocompromised BALB/C mice model and
treated with subfraction S at 100, 200 and 400 mg/kg bw. The number
of colony forming units in the vaginal candidiasis on the vaginal smears
was measured by culturing the vaginal smears on SDA during ten days of
treatment. In the systemic candidiasis, the number of colony forming units
in the blood, spleen, kidney, liver and lungs of the different groups of mice
was cultured with their histopathological analysis evaluated.

Results: The results show that LD50 was > (2000 mg/kg). The
healing effect was observed with the different doses (100 mg/kg, 200
mg/kg and 400 mg/kg) and was dose dependent. Inflammation of the
stratified squamous epithelium (increased size) in the treatment with
water 2 ml/100 g indicating the level of infection and progression was
observed. The treatment with sub-fraction S at 400 mg/kg reduced the
size of the stratified squamous epithelium. The healing effect was dose
dependent for the different organs.

Conclusion: The sub-fraction S could be potential source of
constituents with in-vivo anticandidal properties with little or no side effect.

INTRODUCTION

Candidiasis has emerged as an alarming opportunistic disease ranging from mucosal to life threatening invasive candidiasis!®.
Vulvovaginal candidiasis (VVC) has been estimated to be the second most common cause of vaginitis after bacterial vaginosis
with about 70 to 75% of healthy adult women suffering from VVC during their lifetimes worldwide!?>*4. Moreover, a prevalence
of 32.1%, was observed in 22 to 26 years age group in Nigerial. Also, in Kenya, a prevalence of 42.7% of vaginal candidiasis
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in pregnant women attending the antenatal clinic of thicka district hospital was also reported®® with Candida albicans being the
most prevalent. In addition to causing mucosal diseases, invasive infections have been reported with 40% mortality ratel”®.
Moreover, the mortality associated with these invasive infections for adults ranges from 14.5% to 49%°'%, and C. albicans is
estimated to be responsible for 50-60% of the cases of invasive candidiasis!'®™. As such, C. albicans is the most prevalent fungal
pathogen in humans. The different classes of antifungals available for the treatment of candidiasis include polyens, azoles,
pyrimidine analogues, echinocandins and allylamines. However, these drugs have some limitations such as high toxicity and
low bioavailability (polyens) and reduced spectrum of action (echinocandins)i*Y. Resistance has already been described for all
these antifungal drugs and is more often associated with therapeutic failure!*>*¥These limitations in treatments underline the
urgent need for new antifungal agents with improved potency and innovative modes of action that could be further developed as
antifungal treatments.

Natural products have proven efficacy in the treatment of a wide range of ailments. Plants from the Annonaceae family are
used in traditional medicine to treat many infectious diseases including microbial infections and with its wide exploitation in a
number of biological activities!***®., In an ongoing work on Uvariodendron calophyllum we reported the antifungal and antioxidant
activity of its ethanolic extracts!®. Moreover, the bioguided fractionation and study of the mode of action of the most active sub
fraction*”! was also reported.

Therefore, this work describes the in-vivo study of the most active sub-faction, aiming to evaluate the acute toxicity and the
effect of sub-fraction S (237-253) on the vaginal and systemic candidiasis in BALB/C mice model.

MATERIAL AND METHODS

Plant Material, Preparation and Extraction

The leaves, twigs, stem bark, and stem of U. calophyllum were harvested from mount Kalla in Yaoundé (Cameroon) on 11th
September 2011 and identified at the National Herbarium of Cameroon, Yaoundé where voucher specimen was deposited under
the identification number 28734 /SFR/CAM. The leaves were dried at room temperature in the laboratory, and then ground to fine
powder.

The ethanolic extracts were prepared by macerating 500 g of the fine powder in 95% ethanol (m/v 1:5) for 72 hours with
regular stirring, and then filtered. The filtrate was evaporated using rotary evaporator to obtain a solid extract. The latter was stored
at 4°C. The dried ethanolic leaf extracts were dissolved in water at 10 g/100 mL and subsequently partitioned™®.. Briefly, the
extracts dissolved in water were successively washed using equal volumes (100 mL) of hexane, methylene chloride, and methanol
to afford hexane fraction, methylene chloride fraction, and methanolic fraction. The solvents were separately evaporated under
reduced pressure. The methylene chloride fraction of the leaf ethanolic extract (UCI EtOH CH2CI2) which showed the overall best

anti-yeast activity was selected and subjected to silica gel column chromatography. The column elution was done using solvent
systems of increasing polarities, Hexane-Ethyl Acetate [100:0-0:100] and Ethyl Acetate - Methanol [95:5-0:100]. The sub-fraction
S FS: (237-253) was selected as shown below!*",

Evaluation of the Acute oral toxicity profile

The oral acute toxicity of crude extracts sub-fraction S (237-253) Uvariodendron calophyllum was evaluated using the BALB/C
mice according to the procedure outlined by the OECD 20011*® protocol with some modifications. These animals were provided by
the animal house of the Faculty of Medicine of the University of Yaoundé | aged 9-12 weeks old. A limit dose of 2000 mg/kg body
weight of sub-fraction S, was administered to each mice of group 1 while the control group (group O) received the vehicle (distilled
water). Feed was provided to the mice 1 to 2 hours after treatment. The animals were observed after dosing during 14 days.

In-vivo Anti- candidiasis Activity (Anti- vulvovaginal and anti-systemic candidiasis)

The therapeutic effect of sub-fraction S was evaluated on the immunocompromised mice models of vaginal and systemic
candidiasis. The animals were grouped into 6 groups of 6 mice each as follows: Group 0: Healthy controls, Group 1: Control
infected treated with distilled water (2 mL/100 g), Group 2: Positive control infected received fluconazole, Group 3: Infected
treated with 100 mg/ kg of plant sub-fraction S, Group 4: Infected treated with 200 mg/kg of plant sub-fraction S, Group 5:
Infected treated with 400 mg/kg of plant sub-fraction S.

Immunosuppression of Mice for in Vivo Studies

Mice were immunosuppressed by intraperitoneal injection of Cyclophosphamide (Baxter Oncology GmbH- Kanststrasse2-
33790Halle-Kunsebeck, Germany) at 200 mg/kg 4 days before and 1 day after inoculation with Candida albicans strains.

The oestrogen dependent vaginal candidiasis was used for the vaginal candidiasis experiment!'®2%, All the animals were
injected subcutaneously with 0.2 mL (0.5 mg/mL) of estradiol solution (Oromone, Abbott Biologicals B.V. Veerweg 12 8121 AA
Olst PAYS-BAS)!?% two days before inoculation, once a week after inoculation until the end of the experiment. This for the mice to
be in a state of pseudooestrus.
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Induction of Systemic and Vaginal Candidiasis

After the induction of pseudooestrus and immunosuppression, the animals were inoculated intravaginally with 10 uL of
C. albicans NR-29445 suspension (1.3 x 107 CFU/mL) for vaginal candidiasisi?®>?* and intraperitoneally with 0.2 mL of a cell
suspension of 1 x 108cells/mL of C. albicans NR-29450. These microorganisms were obtained from BEI resources. The evolution
of the infection was monitored by plating vaginal and blood cultures from each animal on SDA.

Treatment and Determination of Healing Properties of the Potent Sub-Fraction S

The sub-fraction S at 100 mg/kg, 200 mg/kg and 400 mg/kg, Fluconazole at 150 mg/kg and distilled water at 2 mL/100 g
were administered once daily starting 2 days after infection by oral gavage for 10 days in the vaginal candidiasis experiment. The
vaginal fungal load from each mouse were collected using swaps and plated on SDA petri dishes and the number of CFUs were
counted. The kinetic of evolution of the treatment was noted every 48 hours for 10 days. The results were expressed as Log CFU
per 2 days per dose.

The sub-fraction S at 100 mg/kg, 200 mg/kg and 400 mg/kg, Fluconazole at 150 mg/kg and distilled water at 2 mL/100g
were administered once daily starting 2 days after infection by oral gavage for 6 days in the systemic candidiasis experiment. The
spleen, liver, lungs, kidneys and blood were submitted to microbiological evaluation in order to determine the fungal load. After
collection, the samples were weighed and macerated in 1.0 mL of sterile PBS. A volume of 0.1 mL was spread over culture plates
containing Sabouraud-dextrose agar using an inoculating loop. The procedures were performed in duplicate. The plates were then
sealed and incubated at 37 °C for 2 days and the number of colony forming units (CFU) noted. Total colony-forming units (CFU)
were expressed as the Log, CFU per organ. Growth of more than 10 CFU per 0.1 mL tissue homogenate was considered indicative
of systemic infection?*. In addition, the relative organ weight of these organs were also calculated.

Histopathological Studies

In order to assess the level of damage of the organs and healing effect of the sub-fraction, kidneys, liver, lungs, spleen
and vagina retrieved from sacrificed mice were fixed in 10% buffered formalin and processed by standard tissue processing
techniques. Paraffin-embedded specimens were cut into thin sections and stained with haematoxylin and eosin for histological

analysis. The investigations on each organ were to assess tissue structure and healing effect of sub-fraction S.
Statistical Analysis

The data were statistically analysed using the software SPSS 17.0 for Windows and analysis of variance (ANOVA) coupled
with Tukey test with p<0.05 considered as statistically significant.

RESULTS AND DISCUSSION

Acute Toxicity

The animals in both vehicle treated and extract-treated groups were normal and did not display significant changes in their
behaviour when compared to the control. The body weight of the mice increased during the observation period. No mortality was
recorded in the female mice in all the groups.

The Figure 1 shows the effect of extract on principal organ weights relative to body weight. There were no significant changes
in body weight. All animals exhibited a normal increment in body weight without great difference between both control and treated
groups.

u Control (2ml/100g dist water)

® Sub-fraction S 2000mg/kg

a

b a _a 2D
aa
] aa

kidney liver lung heart ovaries stomach spleen

Organ weight g/100g body weight
O P N W B U1 O N ©©

Organ

Figure 1. Relative Organ Weight of mice (ROW) per 100g body weight recorded at the end of the study from experimental mice after 14 days.
A indicate significant difference at p < 0.05; b, p < 0.05. In the places where there are same letters means similar effects was observed in the
organs.

The organs in the two groups with same letters showed similar weight variation and with different letters showed different
variation.
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IN-VIVO ANTI-CANDIDAL ACTIVITIES

Antivulvovaginal Candidiasis
Observation of mice during the vaginal candidiasis

During the experiment, the mice were observed for behaviour and symptoms. These included vaginal discharge, typically
‘cottage-cheese-like’ but varying from watery to thick mucus, itching. These symptoms confirmed the establishment of the infection.

The Effect of Plant Sub-fractions After 10 Days of Treatment

Treatment of vaginal candidiasis with sub-fraction S

__ 6
) a
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>
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€
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3 Control distilled Fluconazole Sub-fraction S Sub-fraction S Sub-fraction S
water 2ml/100g (150mg/kg) (100mg/kg) (200mg/kg) (400mg/kg)

Dose of fraction (mg/kg)

Figure 2: The effect of plant sub-fraction S after 10 days of treatment.
a, indicate significant difference at p < 0.05; b, p £0.05; ¢, p £0.05. a, b, c indicate there is significant difference among the treatment
groups.

The results of the vaginal culture before infection showed no colony counts, indicating the mice were safe and free from
infection. The number of the colonies formed was noted and expressed as shown in Figure 2. There was a significant difference
between the different doses, 100 mg/kg, 200 mg/kg and 400 mg/kg compared to the control at p < 0.05. All the groups infected
showed a positive infection with the highest number of colony counts of log CFU + SD = 4.62 + 0.50 in the control treated with
2 mL/100 g distilled water. In the control treated with fluconazole the log CFU was 0.77 + 0.00. In the groups treated with 100
and 200 mg/kg, a reduction was observed with 66% healing compared to the control (with log CFU 1.58 + 0.16 and 1.57 + 0.17
respectively). The group treated with 400 mg/kg, the healing was observed at 70%.

The Kinetic of treatment of vaginal candidiasis over ten days

The therapeutic effect of the sub-fraction S on mice vaginal candidiasis model showed that the infection was established in
all experimental animals two days after inoculation with C. albicans (Figure3).

O B N W b U1 O

Day O Day 2 Day 4 Day6 Day 8 Day 10
Days of treatment

Log of colony forming units (CFU)

=@==_Control distilled water 2ml|/100g ==@==Fluconazole 150mg/kg
Sub-fraction S 100mg/kg =@=Sub-fraction S 200mg/kg
==@==Sub-fraction S 400mg/kg

Figure 3. The kinetic of treatment of vaginal candidiasis over ten days.The different days with respect to the different treatment doses with
variation in the number of colony units.
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Histology of the Mice Vagina

Stratified squamous epithelium

Blood vessel

a) Water 2 ml/100 g b) Fluconazole 150 mg/kg
Inflammation of the stratified epithelium  No |nﬂammat|on reductlon of eplthehal cell

Stratum corneum

Stratum basale

Stratum basale

c¢) Sub-fraction S 100 mg/kg d) Sub-raction S 200 mg/kg
Inflammatlon of the stratlfled eplthellum Reduction of the epithelial cell size

Lamina propria

Blood vessel

e) Sub-fraction S 400 mglkg
Figure 4. The effect of sub-fraction S at different concentrations on the walls of the vagina after 10 days of treatment.

The treatment of these animals with the different doses induced an important time-decrease in the number of yeast colonies
in the vagina of infected animals. The treatment with sub-fraction S at 400 mg /kg was the most effective in reducing the Candida
vaginal infection. Thus, the treatment with sub-fraction S is efficacious in resolving experimental Candida infection in mice. The results
obtained could be linked to the bioactive components present in the sub-fraction S (flavonoids, terpenoids and glycosides)®®. These
bioactive compounds could also act in combination by producing the observed effects in the reduction of the number of colony
forming units in the tissues???.

Histopathological study of the vagina revealed inflammation of the stratified epithelium in the group treated with distilled
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water and subfraction S at 100 mg/kg (picture a and c). No inflammation and reduction of epithelial cell reaching normal was
observed in the groups treated with fluconazole at 150 mg/kg, sub-fraction S at 200 mg/kg and 400 mg/kg (picture b, d and
e).The results in the different treatment groups showed healing effects after 10 days of treatment. However, an increase in the
number of days of the treatment could completely eradicate this infection. Moreover, persistence of this infection may eventually
cause systemic candidiasis and candidaemia.

SYSTEMIC CANDIDIASIS

Observation of the Mice During the Experiment

During the experiments, the mice eye balls were protruded, their fur was rougnened and they were generally less active as
compared to the normal group with increased group huddle and sleep. They also appear very weak and thin with the curvatures
of the bony structures beneath the mice visible to the naked eye. All the animals developed soft, pale stools the day after the first
inoculation; and were used in subsequent investigations.

Metastatic deposits were found in the kidneys, lungs, liver and spleen. The pathogenesis of invasive candidiasis is thought to
involve colonization/adhesion of the fungus to host cells, penetration and invasion of host cell barriers and finally dissemination
via the blood stream!2,

Quantification of the Colony-forming Units in the Organs

The liver, lungs, kidneys, spleen and blood were cultured after 6 days of treatment at different doses and colony forming
units counted. The liver had the highest number of colony forming units of C. albicans, followed by the kidneys, lungs and spleen.

Effect of the Different Doses of Plant Sub-fraction S on the Colony Forming Units of Organs
Effect of sub-fraction S at different doses on the colony forming units on liver
3.5

3

a a a
25 : [ :
2
1.5
1
0.5
0

Safe mice  distilled water Fluconazole Sub-fraction S Sub-fraction S Sub-fraction S
2ml/100g 150mg/kg 100mg/kg 200mg/kg 400mg/Kg

Different doses of plant sub-fraction

Log CFU/organ (Liver)

Figure 5. Effect of the different doses on the colony forming units of the liver.
a, p £0.05, same letter indicate similar effect is observed in all the groups.

There was a similar variation in the reduction of the colony forming units at the different doses tested. The liver being the
organ for detoxification, the reduction of the colony forming units in the liver varied between 2.38+ 0.16 to 2.67+0.21 at different
doses. The highest number of colony forming units being the control group (treated with distilled water) as shown in Figure 5.

Effect of sub-fraction S at different doses on the colony forming units on spleen

b
a a i b
i i i a
Safe mice  Distilled water Fluconazole Sub-fraction S Sub-fraction S Sub-fraction S

2ml/100g 150mg/kg 100mg/kg 200mg/kg 400mg/Kg

Different doses of Plant sub-fraction
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N
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Figure 6. Effect of the different doses on the colony forming units of the spleen.
a, b p £0.05, same letter indicate similar effect is observed in all the groups.
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Similar effects was observed with the groups treated with sub-fraction S at 100 mg/kg and 200 mg/kg. The group receiving
distilled water had similar effects with fluconazole 150 mg/kg and 400 mg/kg. The higher the number of colony forming units the
lower the effects of the sub-fraction S. The treatment with sub-fraction S at 400 mg/kg after 6 days was efficient and comparable
to the group treated with fluconazole at 150 mg/kg.

The spleen plays an important role in clearing Candida cells from the bloodstream. The presence and growth of Candida in
the spleen of the mice is indicative that infection was effective®”\. This indicated that an increase in the treatment period could
have high possibility of observing very low colony count at 400 mg/kg (Figure 6).

Effect of sub-fraction S at different doses on the colony forming units on the lungs
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Safe mice Distilled water ~ Fluconazole Sub-fraction S Sub-fraction S  Sub-fraction S
2ml/100g 150mg/kg 100mg/kg 200mg/kg 400mg/Kg

Different doses of plant sub-fraction
Figure 7. Effect of the different doses on the colony forming units of the lungs.
a, b, indicate significant difference at p < 0.05, same letter indicate similar effect is observed in the groups.

The same letters indicate similar effects was observed among the groups i.e sub-fraction S 100 mg/kg and 200 mg/ kg. The
sub-fraction S at 400 mg/ kg reduced the number of colony forming units in the lungs.

The lungs are also effective against, and a target of, Candida infection. Indeed, the high colony forming units counts in the
lungs observed compared to other organs confirm those previously reported, emphasizing the efficiency of the lungs in retaining
and eliminating viable Candida (blastospores and pseudohyphae) in in-vivo experimental infection models?"?8., The results
showed (Figure 7) that groups treated with sub-fraction S at 100 mg/kg, 400 mg/kg and fluconazole 150 mg/kg performed
similar clearing of Candida albicans at the level of the lungs. Those treated with sub-fraction S at 200 mg/kg showed the best
reduction in the number of colonies (Figures 8-10).

Effect of sub-fraction S at different doses on the colony forming units on the kidneys
35
3 a
a a
2.5 2
b

1.
0.

0

Safe mice  Distilled water Fluconazole Sub-fraction S Sub-fraction S Sub-fraction S
2ml/100g 150mg/kg 100mg/kg 200mg/kg 400mg/Kg

Different doses of plant sub-fraction

Log Cfu/organ (Kidney)
w N

[Eny
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Figure 8. The effect of the different doses of plant sub-fraction on colony forming units in the kidneys.
a, b, indicate significant difference at p < 0.05, same letter indicate similar effect is observed in the groups.

The same letters indicate similar effects was observed among the groups i.e. sub-fraction S 100 mg/kg and 200 mg/kg. The
sub-fraction S at 400 mg/kg reduced the number of colony forming units in the kidneys.
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Effect of sub-fraction S at different doses on the colony forming units on blood

1.4
1.2 a
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Q
EXX:
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% 0.4
S c
o
0
Safe mice distilled  Fluconazole Sub-fraction Sub-fraction Sub-fraction
water 150mg/kg S 100mg/kg S 200mg/kg S 400mg/Kg
2ml/100g

Different doses of Plant sub-fraction

Figure 9. Effects of the different treatment groups on the colony forming units in blood at the end of the experiment.
a, indicate significant difference at p < 0.05, b, indicate significant difference at p < 0.05; ¢, p £ 0.05 indicate significant difference.

The same letters indicate similar effects was observed among the groups i.e distilled water 2 ml/100 g and sub-fraction
S 100 mg/kg. The sub-fraction S at 200 mg/kg and 400 mg/kg reduced the number of colony forming units in the blood. This
indicate that blood cleared the microorganisms very fast.

EVOLUTION OF THE WEIGHT OF MICE, RELATIVE ORGAN WEIGHT AND HISTOLOGY
Effects of the Relative Organ weight with Respect to the Groups

Effect of sub-fraction S at different doses on the relative organ weight of the lungs

1.2

1

a
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a "
a
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Safe mice  Distilled water ~ Fluconazole ~ Sub-fraction  Sub-fraction S Sub-fraction S
2ml/100g 150mg/kg S100mg/kg 200mg/kg 400mg/kg

Different groups

Relative organ weight of lungs (g/100g)

Figure 10. Relative weight of lungs in the different groups.
a, b, indicate significant difference at p < 0.05, same letter indicate similar effect is observed in the groups.

The results (Figure 10) showed there was reduction in the relative weight of the lungs in the entire group compared to the
control. The group treated at the dose of 400 mg/kg also had a lower organ weight, this could be due to the lower effect of the
sub-fraction S in this organs and high number of colony forming units observe.

Effect of sub-fraction S at different doses on the relative organ weight of the kidneys
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Figure 11. Relative weight of kidney in the different groups.
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The kidneys also showed relative organ variation in most of the groups compared to the control. The group treated with 100
mg/kg of sub-fraction S showed the highest relative organ weight and that of 400 mg/kg showed the low weight compared to the
control groups. The group treated with Fluconazole, 150 mg/kg, and that of 200 mg/kg of sub-fraction S showed similar weight
compared to the control. A constant decrease in the relative organ weight (Figure 11) of the kidneys was observed at the dose
of 200 mg/kg and 400 mg/kg. The observed results could be related to the high number of colony forming units in these groups.

Effect of sub-fraction S at different doses on the relative organ weight of the spleen

b
b
a a a a
Safe mice Distilled water Fluconazole Sub-fraction Sub-fraction S Sub-fraction S

2ml/100g 150mg/kg  S100mg/kg  200mg/kg 400mg/kg
Different groups

o =R e
0 kL N D O N

o o 9
oN B» O

Relative organ weight of spleen (g/100g)

Figure 12. Relative weight of spleen in the different groups.
a, b, indicate significant difference at p < 0.05, same letter indicate similar effect is observed in the groups.
The results showed that sub-fraction S 100 mg/kg has the highest weight compared to the control. There is no great

difference between the relative organ weight of sub-fraction S at 200 mg/kg and 400 mg/kg compared to the control (Figure 12).
This could be due to the lower number of colonies observed in the organs of the mice in the different groups.

Effect of sub-fraction S at different doses on the relative organ weight of the liver

7
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0 i
Safe mice Distilled water Fluconazole Sub-fraction Sub-fraction S Sub-fraction S

2ml/100g 150mg/kg  S100mg/kg  200mg/kg 400mg/kg

Different grouns
Figure 13. Relative weight of liver in the different groups.
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The relative organ weight of the liver in the different groups with distilled water 2 mL/100 g and sub-fraction S, 400 mg/kg
being the lowest (Figure 13). Fluconazole, 150 mg/kg and sub-fraction S, 100 mg/kg showed similar weight. The variation in the
relative organ weight of the liver is different from the number of colony obtained. The effect could be organ specific, i.e reducing
the number of colony forming units on one organ, thereby reducing the intensity of the disease in the said organ.

Results of Histopathological Parameters on the Different Organs

The different groups in Figure 14 showed the effects of Candida cells as well as the therapeutic effect of sub-fraction S
on the liver tissues of the mouse (BALB/c). The inflammation of the liver (picture d), disorganised sinusoids (picture c), vascular
congestion (picture d), leucocytes infiltration (picture d), and sinusoids damaged and hemorage/bleeding (picture d) were
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observed in the different groups of the treated mice.

Histopathological parameters of the liver

Sinosoide
(disorganised)

sinusoides
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¥ : ,' ] 8 4 "L 3 "‘. _.‘
e) Sub-fraction S 200 mg/kg: normal v % (e { »

%
¥ 1
L ’

Portal vein
L}

v . 4

Y

[

f) Sub-fraction S 400mg/kg: leucocytes
Figure 14. Histology of the liver of different group’s 400x magnification.

Histopathological parameters of the kidneys

The different groups showed (Figure 15) the tissues of the kidney during infection and after treatment with the subfraction
S showing disorganized tubules (picture b: treated with distilled water) vasculation congestion, leucocytes filtration, Mesangiale
expansion and hemorrage (Picture c: group treated with fluconazole), vasculation congestion, inflammation and hemorrage
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(picture d: treated with sub-fraction S 100 mg/kg). The group treated with sub-fraction S 200 mg/kg and 400 mg/kg showed no
abnormalities.

y  Excretory tubules '( e Kidney Glomerulus

N

Kidney Glomerulus

. £
%

a) Safe mice: normal cells and

hemorrage

-~
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Figure 15. Histology of kidneys of different groups infected with C. albicans and treated with sub-fraction S.

DISCUSSION

In this study, the macroscopic examination of the organs of the animals treated with extract showed no changes in colour
compared to control. Autopsy at the end of the experiment revealed no apparent changes in the liver, kidneys, lungs, heart and
spleen from both control and treated mice. The clinical symptom is one of the major important observations to indicate the side
effects on organs in the treated groups!??.The alterations of body and internal organ weights reflect the side effects after exposure
to the toxic substances?>?2%, The heart, liver, kidneys, spleen, stomach, ovaries and lungs are the primary organs affected by
metabolic reaction caused by toxicant?®. This indicated that the LD50 value was greater than 2000 mg/kg. In principle, the limit
test method is not intended for determining a precise LD50 value, but it served as a suggestion for classifying the sub-fraction or
extract®”l. According to the chemical labelling and classification recommended by OECD, the sub-fraction was assigned class 5,
which is the lowest toxicity class. According to the study by?® substances with LD50 values greater than 2000 mg/kg by oral route
are regarded as being safe or practically non-toxic. This is the first time the acute oral toxicity of this sub-fraction is highlighted.
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C. albicans is known to be the most important microorganism responsible for about 20 to 25% of candidiasis®®®\. However,
the development of mucosal infection models generally requires the use of immunosuppressive agents, antibiotic, estrogen
treatment, or the use of germ-free animals/?®2%., Local rather than systemic immunity is critical for anti-candida defense in the
vaginal mucosa. Estrogen transforms the columnar epithelium into thicker stratified squamous epithelium and increases the
glycogen content, pH, and growth substrates, all of which facilitate C. albicans infection. In addition, estrogen acts on both
the fungus and the reproductive tract epithelium of the host to enhance fungal adhesion, hyphal growth, and colonization®®31,
Estrogen may also inhibit innate or adaptive immune defenses, thus facilitating tissue evasion®*33 put in the absence of
pseudoestrus, vaginal infections are short-lived®+3%, The use of immunosuppressive is a valid method of quickly inducing fungal
colonization. In rodents, Cyclophosphamide (CPA) inhibits the production of antibodies, and is active in cells with high mitotic
activity inhibiting cellular and humoral immune responses!®33%, Studies have shown that immunosuppression are necessary to
the success of vulvovaginal candidiasis model®¢37:38], The different doses of sub-fraction S 100 mg/kg, 200 mg/kg and 400 mg/
kg showed considerable healing effect of the vaginal candidiasis after 10 days of treatment. The reduction in the number of colony
forming unit in the group of mice treated with sub-fraction S at the dose of 400 mg/kg showed similar effect to that obtained
with the group treated with fluconazole 150 mg/kg. Moreover, after ten days of treatment some fungal colonies still remain but
no symptoms were observed, there was complete dryness of the vagina of the mice in the different groups. This indicated that
sub-fraction S could possibly treat the disease and eradicate the visible symptoms in the infected mice. However, fluconazole at
150 mg/kg confirms its use in the treatment of vaginal candidiasis by oral route. Fluconazole has now been in popular use for
two decades, dominating the treatment choice for vagina candidiasis!*®. Moreover, this route of administration is convenient,
the cheapest available route, easy to use, safe and acceptable*®3°), Candida species caused infections which can emerge from
mucocutaneous candidiasis to life-threatening candidaemia®>*%", Thus, an increased colonization burden may predispose them
to invasive candidiasis*!.Therefore, the oral treatment could be used for the treatment of vaginal candidiasis (Mucosal) and the
prevention of invasive or disseminated candidiasis.

The results of histology of the vagina showed inflammation of the stratified columnar epithelium of the group of mice treated
with distilled water while that of the group treated with sub-fraction S at the dose of 400 mg/kg showed reduced inflammation. The
histopathological study of groups treated with sub-fraction S showed residual inflammatory infiltrates, epithelial desquamation
and hyperkeratosis as signs of tissue reaction associated with the infection. Despite the therapeutic treatment with sub-fraction
S on the eradication of the vaginal fungal burden from infected mice, the sub-fraction S was not able to decrease the signals of
inflammation. This observations are similar to that observed by® who worked with methanolic extract of Syngonanthus nitens.

In this assay a greater weight loss and higher fungal burdens and increased virulence was observed®?. Gross anatomical
evaluation revealed inflammation in these organs. In the mice, the highest and lowest number of fungi were found in the liver and
spleen, respectively. Although C. albicans cells adapt to the available nutrients in their local niche*®44, our data show clearly that
the initial fitness advantage conferred by growth due to immunosuppression is ultimately reflected in the infection outcome in
both systemic and vaginal infections.

After systemic infection with the yeast Candida albicans, inbred mice show substantial differences in mortality, organ
colonization, and severity of tissue damage!. Although there is a loose correlation between mortality and fungal burden as
measures of infection!*®47), histological assessment of the lesions has shown a dichotomy in patterns of tissue destruction in the
liver and other organs of different inbred mice*®. The mean infection rate was higher in the liver, kidneys, lungs and spleen than
blood. Papdimitriou and Ashman!®® reported that though significant yeast deposition of C. albicans occurred in the lungs, kidneys,
spleen and liver, the only histological evidence of colonization by the fungus, with a mild transient infection, was observed in
the liver. Brown et al. also reported that Candida organisms multiplied to a greater extent in the kidneys than in the liver, spleen
and lungs of rats and mice. The transient infection in the spleen, lymph nodes and thymus with minimal inflammatory reaction
towards the terminal stage of the experiment and the failure to produce chronic lesions is due to the larger population of tissue
phagocytes.

These quantitative variations in the amounts of Candida cells in the tissues occur within the context of genetically determined
differences in susceptibility to tissue damage*®. During systemic candidiasis, fungal cells can disseminate to virtually every organ
within the human host, each with potentially different availability of nutrients. In the liver for example, C. albicans has access to
large quantities of glycogen, the main storage molecule of glucose. The brain has high concentrations of glucose and vitamins
as potential nutrient sources®® In other tissues, C. albicans faces relatively poor glucose concentrations and uses alternative
metabolic pathways to utilize host proteins, amino acids, lipids and phospholipids. It was recently shown that adaptation to
different nutrient sources by C. albicans not only promotes survival and growth, but also affects virulence®. Growth on alternative
carbon sources, such as lactate or amino acids, rendered the fungus more resistant to environmental stress and increase its
virulence potential in both a mouse model of systemic candidiasis and vaginal infection model®®.

Candida recovery from the blood was obtained in the different groups with the Candida strain. Indeed, it has been reported
that yeast is generally recovered from the blood after only a few hours of inoculation®2. This reduction in blood with sub-fraction S
was dose dependent (Figure 9). This result indicates that sub-fraction S could reach the blood faster. This result suggests that C.
albicans cells were cleared from the blood. The observed disappearance of C. albicans from the blood could be attributed to the
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combined Killing effect of sub-fraction S and the immune cells. This observation could be explained further by the fact that some
of the C. albicans cells moved into the deep organs like the kidneys, being the primary target organ in systemic candidiasis where
the multiplication of C. albicans occurs. Further studies must be performed to follow the effects of Candida on the host as well as
the defence mechanisms deployed by the sub-fraction S on host against Candida infection.

In this study, inducing the immunosuppression status promoted Candida infection, which concurs with previously reported
studies and justify the fact that the immunocompromise patients are more susceptible to fungal infection than healthy people®®.
This results is similar to those obtained by on the immunosuppression state of the mice. This study demonstrates the effect
of sub-fraction S on Candida infection on various host tissues, further investigations is needed to study the interaction pathways
between sub-fraction S on Candida and the host cells, which may help to identify key mechanisms to improve the host’s innate
immunity against Candida infection.

Nevertheless, it is noteworthy that the result obtained could be considered as significant bearing in mind that C. albicans
survival in the kidney plays a primary role in mortality in patients with disseminated candidiasis®®. The kidneys have been identified
as the most affected organ following Candida infection in experimental models®"%8 and also in human®® due to the ability of the
yeast to produce pseudohyphae in the tubular renal lumen and to penetrate into the renal parenchyma'®. This is confirmed in
this study, which demonstrates the disorganization of the tissue and its invasion by the Candida strain, similar to that obtained
by®4. In addition, these results highlight the renal susceptibility to Candida infection and the effects of sub-fraction S at different
doses on the elimination of Candida colonies in this organ. At the dose of 200 mg/kg a reduction in the number of CFU is observed
which is lower than that observed at the dose of 100 mg/kg (Figure 8). The histologic analyses showed the presence of severe
inflammation, as ascertained by leukocyte infiltration, abscesses, necrosis, and varying degrees of hydronephrosis. These findings
also support those previously reported showing the severe invasion of the kidneys by C. albicans®.

Our results revealed that sub-fraction S displayed an inhibitory effect on fungal proliferation in- vivo. This could be explained
by the presence of glycosides, terpenoids and flavonoids in these extracts. However, reports on the effects of these compounds on
the immune system have been reported with flavonoids having the ability to stimulate the cell mediated immune system as well
as to enhance antibody production.

The results obtained with the hepatic wall homogenates were consistent with the histological findings. The extent of
mucosal invasion correlated well with the colonization of the hepatic surface. This is similar to that obtained by®*. The histology
of the liver during infection was examined to determine the level of inflammation and the invasiveness of the disease. The high
number of positive cultures concurs with previously reported data showing that this organ is the least effective in clearing the
microorganisms®¥. Candida infection led to the formation of multiple abscesses in the liver resulting in tissue necrosis.

To the best of our knowledge, the in vivo anticandidal properties of sub-fraction S are herein reported for the first time. Therefore,
a possible prolongation of the period of treatment in future investigation will help stabilize the efficiency of sub-fraction S.

CONCLUSION

Overall, the results obtained showed the in-vivo anticandidal potentials and toxicity profile of the sub-fractions from U. calo-
phyllum. The results showed that the sub-fraction S contain secondary metabolites with promising activity profile. However, more

work is needed to characterise, quantify the active principle and formulate a phytodrug.
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