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Purpose: Candida albicans (C. albicans) is a fungus that causes superficial and invasive candidiasis in its host. Caspofungin, has 
been widely used as a synthetic antifungal, whereas holothurin has been shown to have potential as a natural antifungal. The purpose 
of this study was to see how holothurin and caspofungin affected the number of C. albicans’s colonies, LDH levels, and the number of 
inflammatory cells in vagina of Rattus norvegicus.
Patients and Methods: Design of this research is using posttest only with control group design with 48 Rattus norvegicus Wistar 
strains used in this study were divided into six treatment groups. Each group was divided into three-time intervals of 12, 24, and 48 
hours. LDH markers were tested using ELISA, inflammatory cells were counted manually, and the number of colonies was calculated 
using colonymetry before being diluted with NaCl 0.9% and planted in sabouraud dextrose agar (SDA).
Results: According to the findings, inflammatory cells in the treatment of holothurin (48-hours) had an OR of 1.68 CI (−0.79–4.16) 
P = 0.09 and caspofungin had an OR of 4.18 CI (1.26–9.63) P = 0.09. Meanwhile, LDH in the holothurin (48-hour) treatment obtained 
OR 348, CI (286–410), P=0.03, and Caspofungin OR 393, CI (277–508), P=0.03. Colonies were obtained with zero numbers in the 
holothurin treatment (48 hours) and with Caspofungin OR 393, CI (273–508) P=0.00.
Conclusion: Holothurin and caspofungin administration reduced the number of C. albicans colonies and the number of inflammatory 
cells (P 0.05), implying that holothurin and caspofungin could prevent C. albicans infection.
Keywords: Candida albicans, inflammatory cells and LDH, holothurin, caspofungin

Introduction
Candida albicans is a fungal pathogen that causes both superficial and invasive candidiasis. C. albicans causes vaginitis, 
which is characterized by itching, burning, pain, and redness of the vulva and vaginal mucosa, as well as vaginal 
discharge.1 Human infections caused by C. albicans in Indonesia are still relatively high while antifungal drugs are 
scarce. Treatment options for invasive fungal infections are limited as there are only a few classes of antifungal drugs 
available on the market. Polyene drugs can be fungicidal but are toxic to the host, while azoles are fungistatic, therefore 
fungi are more prone to develop resistance.2

C. albicans colonization occurs as a result of the fungus adhering to the epithelium, which then invades the vaginal 
epithelial cells, causing infection1,3 and candidiasis.4 Candidalysin is a fungal peptide poison that is important in mucosal 
infections because it directly damages epithelial membranes.5 Candidalysin is secreted by Candida albicans hyphae and 
enters the host epithelial membrane, damaging cells by causing pores to form, resulting in the loss of intracellular 
contents in the form of lactate dehydrogenase (LDH).6 C. albicans invasion causes necrosis, apoptosis, and pyroptosis in 
host cells.7
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To overcome inflammation in vaginal epithelial tissue, safe drugs that actively collaborate with host cells are required, 
so that the inflammatory process can be resolved immediately. Human cells are extremely sensitive to antifungal drugs.8 

Caspofungin, a common antifungal drug, has antifungal properties against Candida albicans. Caspofungin is a commonly 
used antifungal drug, often used as a first-line therapy that inhibits cell wall β-(1,3)-glucan synthesis.2 But despite its 
fungicidal effect, the drug resistance that occurs is a problem in the clinic due to the acquisition of GSC1 (FKS1) 
mutations, which decrease the affinity of the drug to the enzyme (Perlin 2007). If caspofungin is synthetic, then 
holothurin is a natural antifungal that has the potential to kill C. albicans and the active substance has the potential to 
overcome C. albicans invasion.

Caspofungin is non-toxic and effective against a variety of fungal systems.2 In addition to caspofungin, holothurin is 
a natural antifungal that has the potential to kill C. albicans. Holothurin is a saponin purification derived from one of the 
many marine animals found in Indonesia.9 Holothurin’s main active ingredients are triterpenoid glycosides.10,11 These 
active ingredients have anticancer, anticoagulant, antimicrobial, antioxidant, antiviral, and anti-inflammatory 
properties.12,13 The aim of this research was to see how holothurin affected the number of C. albicans colonies, 
inflammatory cells, and LDH levels in Rattus norvegicus Wistar vaginal epithelium.

Materials and Methods
Research Design
In this study, the research design was true experimental with a post-test only control group design approach. This 
research was conducted from January until March 2021.

Subject
A total of 48 female Rattus norvegicus Wistar were randomly assigned for acclimatization took place for one week prior 
to treatment. The overall sample was split randomly. Each group composed of 12 Rattus norvegicus Wistar Groups 1 
(K1) is negative control, positive control (C. albicans) (P1), C. albicans + holothurin (P2), C. albicans + caspofungin 
(P3) and each group of treatment split by 3-time intervention groups (12, 24 and 48 hours). We excluded the rat born 
premature, and dead before given treatment. The positive control (P1) given topikal C. albicans after grown in yeast 
extract peptone dextrose (YPD) on vagina of Rattus norvegicus Wistar. Group P2 & P3 given Holothurin 3500 ug and 
caspofungin 140 ug treatment per topically to vagina of animal model. Furthermore, randomly selected for termination 
with intraperitoneally kethamine 100 mg before the tissue was taken. Colony counts were performed on vaginal organs, 
inflammatory cell analysis was performed using electron microscopy, and Lactat dehydrogenase (LDH) was measured 
using an ELISA.

Ethical Clearance
This research in accordance with ethical standards with the guidelines of the APA’s Guidelines for Ethical Conduct in the 
Care and Use of Animals. Ethics committee that approved this study is Health Research Ethics Committee (HREC) 
Medical Faculty of Brawijaya University number 337/EC/KEPK-S3/12/2019.

Settings
Preparation of C. albicans
Candida albicans culture preparation was carried out by referring to previous studies15 with the following steps. 
C. albicans isolate (4506547065307370) was obtained from the Microbiology Laboratory of Faculty of Medicine, 
Universitas Brawijaya and inoculated overnight on Sabouraud Dextrose Agar (SDA; Sabouraud Dextrose Broth (Ph 
5.6)), Crystal violet, lugol, 96% alcohol, aguades, and Dimethyl Sulfoxide (DMSO)). C. albicans cultures were then 
propagated in Yeast extract Peptone Dextrose (YPD) media and incubated overnight at 37°C in an incubator. C. albicans 
was harvested and washed in sterile PBS and cell suspensions (Sigma Chemical Co., St. Louis, MO, USA). For 
subsequent analysis, cells were prepared in 0.9% NaCL at a cell density of 1.0105 CFU/mL. LDH levels were 
determined using ELISA. The supernatant from Rattus norvegicus vagina was centrifuged at 1500 g for 10 minutes at 
40 °C). The LDH concentration in the centrifuged supernatant was determined using the ELISA method (Ready-SET-Go 
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ELISA kit; eBioscience, USA) at 490 nm. The standard was bovine serum albumine. Haematoxylin and eosin (HE) 
staining of vaginal tissue. Fixation of a mouse vaginal sample Vaginal tissue was fixed in 10% formalin for 7 hours 
before being cut into 2–3 mm pieces. Tissue Processor Thermo Scientific STP 120 was used to process the samples for 
16 hours.

Tissues blocking and cutting process using the fixed tissue was blocked with liquid paraffin and cut with a microtome 
(size 3–5 m).

Deparaffinization Process
The blocking result was deparaffinized in a water bath for 3 minutes before being incubated for 30 minutes at 70–80°C. 
The preparation was immersed in xylol for 20 minutes twice, hydrated with alcohol for 3 minutes four times, and rinsed 
with running water for 15 minutes to remove residual alcohol. After that, the preparations were dried at room 
temperature.

Haematoxylin Eosin Staining (HE)
Haematoxylin was used to incubate the preparations for 10–15 minutes. After 15 minutes of running water, the 
preparations were immersed in 1% acid alcohol (2–5 times) and ammonia lithium carbonate (3–5 times). The tissue 
preparations were then incubated in eosin solution for 10–15 minutes and graded alcohol for 3 minutes each: 70%, 80%, 
and 96%. The preparations were then cleared for 15 minutes with xylol.

Determination of the Number of Colonies of C. albicans
C. albicans cells were grown in yeast extract peptone dextrose (YPD) media after being inoculated for 24 hours on SDA 
agar medium (Becton Dickinson, Cockeysville, MD, USA). C. albicans was harvested and washed with sterile PBS after 
being incubated in an incubator at 37°C for 24 hours (Sigma Chemical Co., St. Louis, MO, USA). The cell suspension 
was prepared in 0.9% NaCL and struck at SDA (1.0105 CFU/Ml).

Data Analysis
Analysis of the average for numerical data using mean and standard deviations (SD) of each variable with the 
independent sample t-test to the data with univariate normal distribution. Statistical analysis using One Way ANOVA 
test on SPSS 23 software.

Results
Induction of C. albicans Colonies on LDH Level
LDH levels, the number of inflammatory cells, and the number of C. albicans colonies in the rat vagina can all be used to 
determine the degree of inflammation caused by exposure to C. albicans (Figure 1).

Varying LDH levels have been seen in the vagina of rats after C. albicans induction. With the exception of sample P3 
at 48 hours, practically every hour of treatment shows substantial variations. Group that received holothurin and 
caspofungin at 12 and 48 hours did not significantly reduce the LDH level. After receiving holothurin and caspofungin 
treatment, it can be assumed that the LDH levels of C. albicans -infected animals were close to those of control subjects, 
but there were still values that changed in LDH levels at 24 hours both after holothurin (P2) and caspofungin (P3) 
administration when compared to the positive control group (P1) (P=0.00).

The number of inflammatory cells in the negative control group at 12, 24 and 48 hours showed no significant 
expression (Figure 2). The positive treatment group showed significant values at 12, 24 and 48 hours, and showed valid 
values. The group with holothurin administration at 12 hours showed lower values compared to 24 and 48 hours 
(P<0.05), and was valid and significant when compared to the positive control group. The group with caspofungin 
administration at hour 48 showed lower values compared with hour 12 and 24 (P<0.05), and was valid and significant 
when compared with the positive control group. The comparison between holothurin and caspofungin was graphically 
different at 12, 24 and 48 hours, and concluded that holothurin has potential value against C. albicans (P=0.00).

Based on the results (Figure 2), the number of inflammatory cells in the vagina of rat varies greatly. When compared 
with other samples, the presence of C. albicans infection in the vagina of mice (P1) caused a significant increase in 
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Figure 1 LDH levels at 12, 24 and 48 hours. LDH expression graphs in the fungal treatment and active ingredient treatment groups of Holothurin and Caspofungin at 12, 24, 
and 48 hours in Wistar rats. K: Control without any treatment (healthy). P1: C. albicans treatment. P2: Fungus/C. albicans treatment administered with Holothurin. P3: 
Fungus/C. albicans treatment administered with Caspofungin.

Figure 2 Inflammation cells at 12, 24 and 48 hours. Graph of the number of inflammatory cells in the fungal treatment group and the active ingredient treatment of 
Holothurin and Caspofungin at 12, 24 and 48 hours in Wistar rats. K: Control without any treatment (healthy). P1: C. albicans treatment. P2: Treatment of Fungus/C. albicans 
administered with Holothurin. P3: Fungus/C. albicans treatment administered with Caspofungin.
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inflammatory cells. When compared to the caspofungin-treated sample, holothurin administration to sample P2 had 
a significantly lower value. This suggests that holothurin suppresses the number of inflammatory cells more effectively 
than caspofungin during and before infection. The histology image (Figure 3) shows the difference in inflammatory cells 
between the group that was only given C. albicans alone and compared with the holothurin (P2) and caspofungin (P3) 
treatment groups.

Induction C. albicans Influence on Epithelial Vagina of Rattus norvegicus Wistar After 12, 
24 and 48 Hours
In this study, a trial groups with holothurin and caspofungin quantitatively lower (Figure 4), The study found that 
treatment with holothurin was effective in reducing the colonization of C. albicans in inflammatory cells compared to the 
positive control group. The reduction was statistically significant (p<0.05) and demonstrated the potential of holothurin to 
reduce the number of inflammatory cells. However, there was also a significant difference in the mean number of 
inflammatory cells between the positive control group and the caspofungin group, compared to the negative control. In 
the trial groups than the control groups with general results p<0.05, which shows the influence of C. albicans induced 
changes in the number of colonies after exposure on intervention time 12, 24 and 48 hours (Figure 5).

Many studies have discussed the active substance holothurin and its various health benefits. However, there are still 
no studies that tested the active substance holothurin on vaginal tissue infected with C. albicans. This study shows LDH, 
and the number of inflammatory cells in vaginal epithelial tissue in experimental animals that have been infected with 
C. albicans colonies, which are then given antifungal therapy in the form of holothurin.

Holothurin in this study gave a satisfactory effect on C. albicans infection of vaginal epithelial tissue of Wistar Rattus 
norvegicus. Holothurin administration of 3.5 mg/mL was tried invagina in the rat group 12 hours, rat group 24 hours and 
rat group 48 hours after C. albicans infection. Inflammatory cells and LDH are parameters of the severity of infection in 
a tissue. Satisfactory results indicated a decrease in LDH and Inflammatory Cells after Holothurin was given which 

Figure 3 Rattus norvegicus Wistar’s vaginal tissue. The number of inflammatory cells in the fungal treatment and active ingredient treatment groups of Holothurin and 
Caspofungin at 12, 24 and 48 hours in Wistar rats. K: Control without any treatment (healthy). P1: C. albicans treatment. P2: Fungal/C. albicans treatment administered with 
Holothurin. P3: Fungal/C. albicans treatment administered with Caspofungin. Red arrows indicate inflammatory cells.
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Figure 4 Holothurin and caspofungin treatment affected the quantity of Candida albicans colonies in the vaginal Rattus norvegicus Wistar in the five groups. Graph of the 
number of colonies in the fungal treatment group and the active ingredient treatment of Holothurin and Caspofungin at 12, 24 and 48 hours in Wistar rats. K: Control 
without any treatment (healthy). P1: C. albicans treatment. P2: Fungus/C. albicans treatment administered with Holothurin. P3: Fungus/C. albicans treatment administered with 
Caspofungin. Red arrows show the expression of inflammatory cells in the cross section of vaginal epithelial tissue of Wistar Rattus norvegicus.

Figure 5 The number of C. albicans colonies at 12, 24 and 48 hours. The number of colonies in the fungal treatment group and the active ingredient treatment of Holothurin 
and Caspofungin at 12, 24 and 48 hours in Wistar rats. K: Control without any treatment (healthy). P1: C. albicans treatment. P2: Fungal/C. albicans treatment administered 
with Holothurin. P3: Fungal/C. albicans treatment administered with Caspofungin.
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showed a decrease in the degree of epithelial infection at 12, 24 and 48 hours. So that the potential of Holothurin in 
suppressing C. albicans colonization can be suggested as an antifungal in preventing invasion and prolonged infection.

Discussion
Failure of antifungal therapy is a substantial clinical problem, due to the emergence of an increasing number of drug- 
resistant isolates. Caspofungin is a commonly used antifungal drug, often used as first-line therapy that inhibits cell wall 
β-(1,3)-glucan synthesis.16 Candida, has a major impact on keratitis cases in both tropical and subtropic regions.17 

Caspofungin was one of the first echinocandins to be discovered and patented,18 and is recommended as a first-line 
treatment for Candida infections.19 Despite the fungicidal effect, the drug resistance that occurs is a problem in the clinic 
due to the acquisition of GSC1 (FKS1) mutations, which decrease the affinity of the drug to the enzyme (Perlin 2007). 
Candida biofilms are a well-organized form of planktonic yeast and mycelium, surrounded by extracellular polymeric 
substances; these structures are effective microbial protection and can produce well-known drug resistance.20

Resistance may be due to altered intracellular accumulation of drugs, changes in membrane sterol composition, 
changes in ERG11 (the gene encoding the enzyme lanosterol-14α-demethylase, the target of this drug), or changes in the 
function of efflux pumps.20. The external membrane is highly impermeable to drugs and has porin-dependent inhibition 
and efflux mechanisms that secrete different compounds.12 The use of synthetic antifungal caspofungin has been widely 
used as an alternative. In this study, holothurin was used as a natural antifungal whose effectiveness profile was to be 
tested together with caspofungin. Researchers use caspofungin as a gold standard antifungal material that has been tested 
to overcome C. albicans. However, this study only wants to confirm the degree of potential of caspofungin and 
holothurin in overcoming the growth of C. albicans colonies in the vaginal epithelial tissue of Wistar Rattus norvegicus 
as reference material and further studies on infection and inflammation parameters.

LDH levels in the negative and positive groups showed no significant differences after 12, 24, and 48 hours. 
Furthermore, when compared to the positive control group, the group that received C. albicans treatment as well as 
holothurin and caspofungin therapy showed no difference. These findings are consistent with the findings of Van den 
Bossche et al,21 who discovered that there is no difference in LDH levels with bacterial growth; when LDH bacteria 
attack, there are no changes, but when other types of bacteria invade cells, there are no changes. According to Van den 
Bossche et al,21 LDH activity at 12 hours indicated a change in bacteria when compared to the control group that did not 
have bacteria. This finding, however, contradicts the notion that when epithelial cells are damaged, they secrete LDH. 
LDH levels indicate epithelial cell damage caused by C. albicans in a monolayer of TR 146 cells.1 Both holothurin and 
caspofungin are expected to reduce inflammation caused by C. albicans infection.

However, after being given holothurin and caspofungin, the results of this study revealed no change in LDH. The 
observation of infection by measuring LDH activity due to C. albicans revealed that when C. albicans levels were low, 
LDH activity was also low. Furthermore, it was shown to be higher than the uninfected control.22

There was a significant difference in the number of inflammatory cells between the negative and positive control 
groups. The significant difference between the results of the holothurin treatment given directly to the Wistar vagina 
revealed that it was lower than the administration of caspofungin. There was a significant difference (Figure 2) in 
inflammatory cells after rat were given holothurin versus caspofungin in the C. albicans treatment group and therapy.

C. albicans causes inflammatory infiltration in vaginal tissue by generating inflammatory cells.23 This study sheds 
new light on the relationship between C. albicans-induced inflammation and inflammatory cells following holothurin 
therapy. It appears that inflammatory cells became more expensive during the purchase of holothurin. Therefore, it can be 
said that the use of holothurin has a protective effect against the C. albicans’ active invasion. Holothurin contains 
triterpene glycosides that have a variety of biological benefits, including the ability to cause lupus.24 Data comparing 
holothurin and caspofungin against inflammatory cells provide clear evidence that antijamur therapy has a noticeable 
effect in treating C. albicans infections, with holothurin being more effective than caspofungin. Regarding the size of the 
experimental animal samples, the mechanism of immunity, and indicators connected to intracellular and extracellular 
processes, the validity of this study is still constrained. To better understand how holothurin and caspofungin treat 
inflammatory cells, more study is required. According to this study, inflammation in vaginal cells is typically brought on 
by C. albicans infection. The presence of inflammatory cells is frequently linked to inflammation in tissue cells when 

Infection and Drug Resistance 2023:16                                                                                             https://doi.org/10.2147/IDR.S400314                                                                                                                                                                                                                       

DovePress                                                                                                                       
2507

Dovepress                                                                                                                                                      Handayani et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


correlated with LDH levels. At 12, 24 and 48 hours, the number of C. albicans colonies in this investigation displayed 
a change in colony activity (Figure 5).

Following holothurin administration, colony activity, which had peaked at 12 hours, decreased at 24 and 48 hours. 
However, these colonies demonstrated considerable infectious activity in the group of rats receiving C. albicans 
treatment when LDH levels were taken into account (Figure 1). Holothurin treatment has a good growth-inhibiting 
effect on C. albicans -infected rats. Saponins are one of the numerous active substances used in holothurin treatment. It is 
believed that the holothurin substance can interact with the chitin (CHS3) on the walls of C. albicans and inactivate the 
ergosterol in fungi, triggering the lysis of the cell membrane.13,25

Qualitative imaging was also used to demonstrate the association between the number of colonies, LDH levels, and 
the number of inflammatory cells following evaluation in this investigation (Figure 3). Prior to treating laboratory 
animals with the fungus, the C. albicans culture was validated (Figure 5). Inflammatory processes and immunological 
reactions play a significant role in C. albicans infection in experimental animals, host defense, and colony expansion. The 
host becomes infected and colonized by pathogens. This is demonstrated by the rapid C. albicans development in the 
vagina of the positive control group with LDH levels and inflammatory cells (Figure 1).

Previous research has shown that candidalysin induces the release of LDH and other alarmins5,6,26 in oral and vaginal 
epithelial cells, which are indicative of cell damage and membrane destabilization. There were differences and the effect 
of antifungal administration from both holothurin and caspofungin after observing the number of colonies at 12, 24, and 
48 hours. The number of C. albicans colonies in this investigation displayed a change in colony activity (Figure 5). 
Holothurin administration resulted in a reduction in colony expansion, which had previously peaked at 12 hours, at 24 
and 48 hours (Figure 5). LDH had a high infectious activity in rats treated with C. albicans (Figure 1). Holothurin was 
administered to the fungal treatment group after demonstrating a potential effect on C. albicans (Figures 1 and 3). 
Administration of holothurin inhibited the growth of C. albicans during the infection process. Saponins (triterpene 
glycosides with antioxidant, antimicrobial, anticancer, and anti-inflammatory properties) inhibit the growth of 
C. albicans.13 Saponins containing membrane secondary metabolites that inhibit the activity of ergosterol in fungal 
membranes. The interaction of saponins with fungal cells results in the lysis of C. albicans cell membrane.25

At 12 and 24 hours, there was no colony growth of C. albicans in the caspofungin-only group (Figure 3), but it began 
to appear at 48 hours. Caspofungin had a very effective effect at 12 and 24 hours, but its effectiveness began to decline at 
12 hours. As the number of C. albicans colonies increased to 48, they began to dominate the vaginal epithelial tissue.

Comparing the two groups, those who received caspofungin alone displayed less inflammatory cells. This shows that 
there are less inflammatory cells in the tissue, whether from fungus infection or not. After giving the group C. albicans, 
the group experienced the potential effects of caspofungin, which were observed to diminish after 24 and 48 hours. The 
investigation of the impact of caspofungin administration on the suppression of inflammatory cells caused by C. albicans 
colony infection has received support from researchers.

Conclusion
Holothurin has antifungal potential against C. albicans invasion tested on Wistar Rattus norvegicus experimental 
animals. The holothurin in this investigation may have had an effect against C. albicans at 12, 24, and 48 hours presents 
low levels of LDH and inflammatory cells in vaginal tissues of experimental animals that have been administered 
holothurin indicates the efficacy of the agent as an antifungal.
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