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The present research explores the effects of Candida krusei yeast infection and chitosan 
treatment on rabbit liver and kidney functions. Utilizing male rabbits as a model, the 
research categorizes them into four distinct groups for clarity: the Candida krusei 
Infection Group, the Chitosan Treatment Group, the Combined C. krusei and Chitosan 
Group, and the Control Group. It was found that the C. krusei Infection Group and the 
Combined C. krusei and Chitosan Group had a significant increase in blood serum 
glucose levels as compared to the Control Group (P < 0.05). Comparatively, the Chitosan 
Treatment Group exhibited a significant reduction in glucose levels indicating a 
neutralizing impact on the hyperglycemia caused by C. krusei. The other finding is that 
the Group in the Chitosan Treatment 4 demonstrated significantly reduced levels of urea 
and uric acid in the blood serum than in the Group in the Control, which reflects a likely 
protection of kidney function (P < 0.05). In relation to protein metabolism, the Chitosan 
Treatment Group presented an elevation in total plasma protein levels and a reduction in 
serum albumin concentrations with significant differences (P < 0.05) when compared to 
the Control Group. The globulin levels analysis, in turn, confirmed these results, 
displaying a close tendency. Liver tissue sections histological examination reported that 
a hemorrhage within the parenchyma and hemolysis in the Chitosan Treatment Group, 
the C. krusei, and Nystatin Treated Groups showed inflammatory infiltrates, and 
extensive steatosis. The steatosis and lymphocytes infiltration were found in C. krusei 
Infection Group, in turn the focal lymphocytic infiltration and some necrotic cells were 
observed in Combined C. krusei and Chitosan Group. Kidney tissues in the Chitosan 
Treatment Group exhibited glomerular atrophy, while those of the C. krusei and Nystatin-
Treated Groups showed lymphocyte infiltration and renal tubule dilation. The C. krusei 
Infection Group presented with renal tubule laceration and endothelial cell degeneration, 
whereas the Combined C. krusei and Chitosan Group had glomerular prolapse and early 
atrophy. All in all, in this study, the effects of C. krusei infection and chitosan therapy on 
glucose metabolisms, renal function and histological integrity of liver and kidney tissues 
in rabbits were revealed to be contrasting. The chitosan treatment provided resistance to 
the rabbits against the systemic effects of the C. krusei infection, showing its prophylactic 
role in both fungal infections and their systemic consequences. This type of knowledge 
reinforces the chitosan therapy possibility, and at the same time dictates the necessity of 
more clinical use and safety studies. 
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1. INTRODUCTION

In the fact, the liver and kidneys are the ones that are
responsible for the metabolism and detoxification [1]. A few 
additional notes: In the liver, the cytochrome P450 system is 
one of the most important systems for the metabolism and 
removal of many toxins and chemicals [2], including drugs. 
Both the presence of P450-mediated interference and the loss 
of function of all members of the CYP superfamily may cause 
chemical sensitivity and difficulty in clearing the medications 
[3, 4]. Infections and toxins can destroy the liver's tissue, 
which usually neutralizes the impacts of metabolism or 
detoxification processes. It stresses on how good we take care 

of liver health [5]. The kidneys continuously filter the blood 
and eliminate waste that leads to urine. For kidney infection or 
toxins which can impair kidney tissue are contributors to 
creation of waste such as creatinine, urea, and others by this 
renal filtration system. In the last couple of decades, fungal 
diseases have become an epidemic, that's to say, more 
prominent and frightening. Along with conditions depressing 
immune function, general antibiotic abuse and others are the 
parts of the problem as well. One of the fields of medical 
research critical for the advancement of modern healthcare 
that should not be neglected is the development of safe and 
effective drugs against fungal infections. Protecting the life 
principles of vital organs particularly liver and kidneys 
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through lifestyle factors (diet, exercise, stress management, 
etc.), trying to use unnecessary medications/toxics to the 
lowest would be an effective way to live a healthy life. In-teal 
metabolism, the function of all organs is undermined, which 
thereby leads to overall health and resistance of the body. 
Candida krusei is the major challenge in clinical setting as it 
exhibits excessive resistance to most of the antifungal drugs 
[6]. Such resistance requires the study of alternative or 
adjunctive therapies to the current antifungal drugs which 
often produce harmful side effects or are not effective against 
drug resistant strains [7]. Chitosan is a natural biopolymer 
derived from chitin, which has various therapeutic potential 
such as hypocholesterolemia effects and an ability to form 
chemical bonds with negatively charged molecules like fats 
and proteins [8]. This potential provides a precedent for the 
anti-fungal effects of chitosan on liver and renal functions by 
the alteration of the body’s metabolism and toxin elimination 
[9]. The objective of this study is to fill in the missing 
information virtually on the effect of chitosan therapy on the 
activity of liver and kidneys during the infections provoked by 
Candida krusei [10]. We speculate that this chitosan could 
possess hepatonephric protective properties from the 
pathogenic effects of C. krusei on these organs, which provide 
a new prospective of fungal infections and their consequences 
on metabolic health [11-14]. 

2. MATERIAL AND METHOD

Research employed chitosan got from the Chinese firm
(Xi'an), dissolving it in distilled liquid at a concentration of 
150.0 mg/100.0 ml for its intended application. Given 
chitosan's solubility profile, an acidic solution (acetic acid 1%) 
was used to aid dissolution, adjusting the pH to 5.5, ensuring 
complete solubilization [15]. Candida krusei ATCC 6258 was 
utilized for this study, cultured on Sabouraud Dextrose Agar 
and maintained at 37℃ with a 24-hour incubation period to 
ensure optimal growth conditions. 

Experiment Design: Twenty-five native male rabbits were 
systematically assigned into five groups, each consisting of 
five animals. The groups were as follows: 

• Control group: received a standard diet and water.
• Chitosan group: received chitosan orally at a dose of

150.0 mg/kg body weight per day.
• C. krusei group: received injections of a C. krusei

yeast suspension at a concentration of 1.50 × 108

cells/ml daily. 
• C. krusei + Chitosan group: received both chitosan

orally at 150.0 mg/kg body weight per day and C.
krusei yeast suspension at 1.50 × 108 cells/ml daily.

• C. krusei + Nystatin group: received C. krusei yeast
suspension at 1.50 × 108 cells/ml daily, along with
nystatin at a dose of 1.420 mg/kg every two days.

Collecting of Blood Samples: Following the dosing period, 
animals were anesthetized with chloroform for blood 
collection via cardiac puncture using a 5ml medical syringe. 
Blood samples were collected into clean, dry plastic tubes 
without anticoagulant to allow for serum separation. After 
standing for 15 minutes, the samples were centrifuged at 3000 
rpm for 15 minutes. The serum was then withdrawn using a 
micropipette and stored at -20℃ until further analysis. 

Yeast Suspension Preparation: The "yeast suspension" was 
prepared by inoculating a loopful of C. krusei culture into 5.0 
ml of sterile saline solution, adjusting the concentration to 1.50 
× 108 cells/ml, a typical range for infective dose studies [16]. 
Anesthetizing and Dissection: Rabbits were anesthetized using 
chloroform and then dissected. Organs of interest (liver, 
kidney) were immediately fixed in 10% formalin for 24 hours 
for histological examination. Histological Section Preparation: 
Tissue sections were prepared following standard histological 
techniques, including dehydrating, clearing, and embedding in 
paraffin, before being sectioned and stained for microscopic 
examination. Statistical Analysis: Data were analyzed using 
the t-test and ANOVA, with comparisons of mean values 
made using the Dunnett's multiple comparison test, setting the 
significance level at p ≤ 0.05 [17, 18]. 

These modifications aim to clarify the methodology, 
ensuring reproducibility and understanding of the 
experimental procedures. 

3. RESULTS AND DISCUSSION

The results presented in Table 1 indicate a significant
elevation (P<0.05) in the serum Glucose concentration in both 
the C. krusei group and C. krusei + Nystatin cluster related to 
the mechanism group. Conversely, there was a noteworthy 
reduction in the Chitosan cluster related to the mechanism 
group, and no significant decrease was observed in the 
Chitosan cluster related to the controller group. Notably, 
important differences were observed in the C. krusei + 
Chitosan collection associated to the controller group . 

Table 1. Chitosan treatment's effects on a few rabbits’ biochemical tests 

Parameters 
Groups Glucose (mg/dl) Uric Acid (mg/dl) Urea (mg/dl) Creatinine (mg/dl) 

Control 107.7±1.80 
bc 

3.80± 0.10 
a 

37.00±2.12 
Ab 

0.400±0.08 
b 

Chitosan 88.00± 1.26 
d 

3.30± 0.11 
b 

30.20± 2.79 
C 

0.340±0.09 
b 

C. krusei 119.0± 1.00 
a 

3.89± 0.21 
a 

40.04± 2.11 
A 

0.800±0.100 
a 

C. krusei+Chitosan 111.7± 1.08 
b 

3.71± 0.13 
a 

36.10 ± 2.01 
B 

0.710±0.103 
a 

C. krusei+Nystatin 117.2± 2.16 
a 

3.90± 0.15 
a 

39.00± 2.22 
A 

0.597±0.181 
a 

-The numbers stand for mean ±S.E. 
-Vertically nasty significant variance with a variety of letters at the significance level (P<0.05). 
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Figure 1. Chitosan treatment's effects on a few rabbits’ biochemical tests 

The findings in Table 1 indicate an important decrease 
(P<0.050) in the serum concentrations of Uric acid and Urea 
in the Chitosan cluster associated to the controller group. 
However, there were no important alterations in the C. krusei 
group, C. krusei + Chitosan cluster, and C. krusei + Nystatin 
assembly related to the controller group. Also the Figure 1 
shows the decrease in the serum concentration as a chart to 
explication the effect of chitosan treatment between all groups. 

The outcomes in Table 1 revealed a significant rise 
(P<0.050) in the concentration of Creatinine in the plasma in 
the C. krusei cluster, C. krusei + Chitosan cluster, and C. 
krusei + Nystatin cluster associated to the controller group. 
Meanwhile, there were no significant alterations in the 
Chitosan cluster associated to the mechanism group . 

3.1 Effects on glucose metabolism 

The observed increase in serum glucose levels in the C. 
krusei and C. krusei + Nystatin groups contrasts with the 
noteworthy reduction in the Chitosan group [19]. This finding 
underscore chitosan's potential role in modulating glucose 
metabolism, possibly through inhibition of lipid oxidation, 
RNA breakdown, and proinsulin inhibition mechanisms that 
are commonly activated by active oxygen species [20, 21]. 
Such mechanisms contribute to the stabilization of serum 
glucose by affecting glycogenolysis in the liver and muscles. 
Our observations align with existing literature that documents 
the glucose-lowering effects of chitosan, highlighting its 
potential as a therapeutic agent in conditions characterized by 
impaired glucose metabolism [22]. 

3.2 Renal function markers 

The elevated levels of creatinine, uric acid, and urea in the 
serum upon treatment with C. krusei suggest a compromised 
renal filtration rate [23], indicating the nephrotoxic potential 
of C. krusei infection. This decrease in renal function contrasts 
with the protective effects observed in the Chitosan group, 

where these markers were significantly reduced, indicating an 
improvement in the kidneys' ability to excrete wastes [24]. The 
protective role of chitosan against renal damage supports its 
potential utility in mitigating infection-induced nephrotoxicity, 
a significant finding given the scarcity of literature on 
chitosan's renal protective effects [25]. 

3.3 Serum protein profiles 

As shown in Table 2, a significant increase in the total 
protein absorption in the serum was noted in the Chitosan 
group compared to the mechanism cluster, while a decrease 
was observed in the C. krusei group. Similarly, albumin levels 
were notably reduced in the C. krusei group but remained 
stable or improved in groups treated with chitosan [26, 27]. 
The increase in globulin levels in the Chitosan-treated groups 
suggests an enhanced immune response or an improvement in 
overall protein synthesis [22, 23]. These changes in protein 
profiles not only reflect chitosan's potential impact on protein 
metabolism but also suggest its role in supporting immune 
function during infections. 

3.4 Clinical relevance and safety implications 

The clinical relevance of our findings lies in chitosan's 
potential as a novel therapeutic agent for managing fungal 
infections, particularly those caused by C. krusei, a pathogen 
known for its resistance to many antifungal drugs. The 
implications for patient safety are significant, considering the 
observed benefits of chitosan in modulating glucose 
metabolism, improving renal function, and potentially 
enhancing immune response without adverse effects on liver 
and kidney histology. These benefits suggest that chitosan 
could offer a safe, effective alternative to traditional antifungal 
treatments, emphasizing the need for further clinical studies to 
fully understand its therapeutic potential and safety profile [28, 
29]. 
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Table 2. Influence of chitosan treatment on rabbit serum total protein 

Parameters 
Groups Total Protein (g/dl) Albumine (g/dl) Globulin (g/dl) 

Control 6.00±0.13 
B 

3.50±0.10 
a 

2.50±0.07 
B 

Chitosan 6.61±0.61 
A 

3.80±0.13 
a 

2.81±0.08 
A 

C. krusei 5.00±0.50 
C 

3.00±0.11 
b 

2.00±0.10 
C 

C. krusei+Chitosan 5.90±0.70 
B 

3.30±0.14 
b 

2.60±0.11 
A 

C. krusei+Nystatin 5.59±0.92 
B 

2.90±0.09 
c 

2.69±0.06 
A 

-The numbers stand for mean ±S.E. 
-Vertically nasty significant variation in letter dissimilarity at the significance level (P<0.050). 

Figure 2. Influence of chitosan behavior on rabbit serum total protein 

Figure 3. The lipid profiles of rabbits treated with chitosan 

The reduction in total protein as shown in Figure 2, albumin, 
and globulin levels observed in C. krusei infections represents 
a critical disruption in protein synthesis, potentially leading to 
significant damage across various internal organs, most 
notably within liver cells [22]. This observation is particularly 
concerning given the liver's crucial role in detoxification and 
protein synthesis. Fungal infections, especially those caused 
by Candida species, are a recognized complication in patients 
undergoing chemotherapy for malignant blood tumors, where 
the gastrointestinal tract often serves as a reservoir for Candida 
proliferation [23]. 

Our results, as presented in Table 3 and Figure 3, showed a 

significant improvement in lipid profile markers in the 
Chitosan-treated groups compared to the control group. This 
includes a notable reduction in cholesterol and triglyceride 
levels [30], and an increase in high-density lipoprotein (HDL) 
levels within the serum of the Chitosan, C. krusei + Chitosan, 
and C. krusei + Nystatin groups. Such lipid-modulating effects 
of chitosan were not observed in the C. krusei alone and C. 
krusei + Nystatin groups, highlighting chitosan's potential role 
in managing dyslipidemia associated with fungal infections 
[24]. 

Contrastingly, low-density lipoprotein (LDL) and very low-
density lipoprotein (VLDL) levels saw a significant decrease 
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in the serum of the Chitosan group compared to the control 
[31], suggesting that chitosan might also contribute to the 
reduction of cardiovascular risk factors. No significant 
differences in these lipid markers were noted in the C. krusei, 
C. krusei + Chitosan, and C. krusei + Nystatin groups when
compared to the control group, further underscoring the
specific lipid-modulating effect of chitosan in this
experimental setup [25].

These findings imply that beyond its potential antifungal 

properties, chitosan could offer therapeutic benefits in 
correcting lipid imbalances induced by C. krusei infections or 
possibly by other fungal pathogens [32]. The clinical relevance 
of these observations lies in chitosan's potential as a 
complementary treatment option, not only in combating fungal 
infections but also in managing associated metabolic 
disruptions, thus enhancing patient care in individuals at risk 
of or suffering from fungal infections [33]. 

Table 3. Chitosan treatment's effects on rabbits' lipid profiles 

Parameters 
Groups 

Cholestrol 
mg/dl 

Triglyceride 
mg/dl 

HDL 
mg/dl 

LDL 
mg/dl 

VLDL 
mg/dl 

Control 157.0±2.50 
a 

120.0±2.11 
a 

31.40±1.23 
b 

101.6±3.23 
A 

24.00±1.00 
a 

Chitosan 143.0±2.14 
c 

110.0±1.20 
b 

35.00±0.54 
a 

86.00±3.27 
B 

22.00±0.82 
b 

C. krusei 156.5±2.02 
a 

117.0±3.26 
a 

29.2±0.90 
b 

103.90±5.30 
A 

23.40±1.11 
a 

C. krusei+Chitosan 151.0±2.10 
b 

113.0±2.28 
b 

30.30±1.23 
b 

98.10±3.90 
A 

22.50±0.76 
ab 

C. krusei+Nystatin 153.0±2.21 
b 

119.0±3.21 
a 

30.60±1.00 
b 

98.70±4.21 
A 

23.80±0.59 
a 

-The numbers stand for median ± S.E. 
-Variance of distinct characters in a vertical nasty important at the significance level (P<0.050). 

3.5 Chitosan's role in modulating fat metabolism 

Stress and the occurrence of fat oxidation alongside 
unsaturated fatty acids may lead to disruptions in fat 
metabolism. This includes the inhibition of the secretion and 
excretion of steroids and bile salts, as well as disturbances in 
the intestinal absorption processes [24]. Additionally, 
oxidative stress can trigger an increase in the intestinal 
absorption of cholesterol, primarily through the upregulated 
activity of the enzyme cholesterol acyl transferase [25], a 
process potentially exacerbated by insulin deficiency affecting 
pancreatic beta cells [26]. 

Chitosan has been shown to mitigate these metabolic 
disruptions, notably lowering cholesterol, triglycerides, low-
density lipoproteins (LDL), and very low-density lipoproteins 
(VLDL), while simultaneously increasing high-density 
lipoprotein (HDL) levels [27]. It is postulated that chitosan 
degrades into polysaccharides within the intestine, leading to 

an increase in viscosity and a consequent reduction in fat and 
cholesterol absorption [28]. Furthermore, the transformation 
of chitosan into glucosamine may reduce triglyceride synthesis 
in the liver [29]. 

3.6 Microscopic analysis of liver tissue 

The liver tissue's microscopic examination exposed 
evidence of hemorrhage and hemolysis, alongside significant 
inflammatory cell infiltration around the portal vein. A notable 
presence of macrophages (Kupffer cells) within the sinusoids 
was also observed. Moreover [33], fatty necrosis was 
prevalent in a majority of hepatocytes, highlighting the 
protective and reparative roles of chitosan against liver 
damage induced by stress factors and possibly by the 
metabolic disturbances associated with fungal infections, as 
shown in Figures 4-9, which starkly contrast the findings in 
the control group. 

Figure 4. The histological slice of the chitosan-treated liver 
revealed: A) hemorrhage within parenchyma as well as B) 

hemolysis 

Figure 5. The histological slice of the chitosan-treated liver 
revealed: A) Inflammatory lymphatic infiltrate within portal 

area, B) Sinusoid were filled with kuppfer cells 
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Figure 6. The histological slice of the liver treated with 
Nystatin and C. Krusei revealed: steatosis is present in wide 

areas of liver 

 
Figure 7. Histological slice of the C. krusei-treated liver 

revealed: steatosis is present in wide areas of liver 

  
 

Figure 8. Histological slice of the C. krusei-treated liver 
revealed: S) steatosis are present with patch of hepatocytes. 

LI) Lymphocytes infiltration 

 
Figure 9. The histological slice of the liver treated with 
Nystatin and C. Krusei revealed: FLI) focal lymphocytic 
infiltration in the portal area. N) Some necrotic cells are 

observed 
 

The liver, with its complex network of enzymatic pathways, 
plays a crucial role in the body's physiological functions, 
making it particularly susceptible to alterations by numerous 
drugs and toxic substances [30]. Our study has revealed 
extensive hypothermic injuries across all experimental groups, 
characterized notably by the swelling and degeneration of 
hepatocytes [34]. 

The observed swelling and deterioration of hepatocytes are 
likely outcomes of disruptions in metabolic processes within 
these cells, influenced by the concentration of various 
substances in the blood [35]. The disintegration of cell nuclei 
suggests heightened vulnerability to damage, particularly 
because hepatocytes are primary agents in disseminating 
substances through the portal circulation from the 
gastrointestinal tract [36]. This vulnerability is exacerbated 
when the cells' nutritional status, exposure to toxins, and the 
duration of such exposures are compromised, or when drug 
interactions affect cellular membranes and ionic balances [37]. 

The widespread damage to hepatocytes, including 

cytoplasmic degradation and nuclear disintegration, and the 
induction of apoptosis across most cells, highlights the severe 
impact of the studied conditions on liver health [38]. The 
process of programmed cell death (apoptosis) is a natural 
mechanism for removing excess or damaged cells in tissues, 
including during certain diseases. It involves a series of steps 
such as chromatin condensation, DNA fragmentation, and the 
formation of apoptotic bodies, which are then eliminated by 
phagocytosis without eliciting an inflammatory response [39, 
40]. 

Furthermore, the microscopic examination of kidney 
sections revealed significant atrophy of renal glomeruli and 
necrosis of the cells lining the urinary glomeruli. Notably, 
there was an expansion of urinary tubules and the presence of 
necrotic cell debris within the epithelial cells lining the urine 
tubules and their lumens, as depicted in Figures 10-15, starkly 
contrasting with observations from the control group shown in 
Figures 10-17 [41]. 

 

  
 

Figure 10. A histological slice of the kidney after chitosan 
treatment revealed: AT) Atrophy of the glomerulus 

 
Figure 11. A histological slice of the kidney after chitosan 

treatment revealed: N) necrosis of the glomerulus 
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Figure 12. The kidney treated with C. krusei and nystatin had 
a histological section that revealed: RTD) renal tubules 
dilation with B) debris of endothelium within its lumen 

 
Figure 13. The kidney treated with C. krusei and nystatin had 

a histological section that revealed: LI) infiltration of 
lymphocytes intra renal tubules as well as RTD) renal tubules 

dilation 

  
 

Figure 14. A portion of the kidney treated with C. krusei's 
histology revealed: RTL) renal tubules Laceration. D) 

Degeneration of renal tubules endothelial cells 

 
Figure 15. The kidney treated with C. krusei + Chitosan 

displayed a histological section that revealed: GP) glomerulus 
prolapse and begin with atrophy 

  
 

Figure 16. The control group's rabbit liver had a standard 
histological construction for the surrounding hepatocytes 

(HC) and central vein (CV) 

 
Figure 17. Rabbit kidney in the mechanism cluster: glomeruli 
(G) and surrounding tubules (T) in the cortical section exhibit 

normal histological structure 
 

These findings emphasize the liver and kidneys' critical 
vulnerability to damage under the conditions studied, 
underlining the importance of further research into protective 
strategies and interventions to mitigate such injuries. 

This study highlighted that the kidney is notably susceptible 
to the effects of Candida yeast and chitosan [42], manifesting 
a range of damage from necrosis in urinary tubules and 
glomeruli to varying degrees, including complete damage, 
alongside vascular injury and significant tissue congestion. 
These observations suggest that such impacts may arise from 
alterations in mineral homeostasis and potential adverse 
effects of therapeutic agents [43]. The occurrence of urinary 
tubular necrosis, often attributed to toxicity, can stem from the 
deprivation of oxygen to epithelial cells lining the urinary 
tubules, crucially dependent on adequate blood supply for their 
metabolic functions. Damage to blood vessels, whether 
through necrosis or constriction, can significantly impair 
blood flow, leading to oxygen shortages and subsequent 
cellular distress [44, 45]. 

The histological examination revealed enlargement and 
swelling of cells within the renal tubules, leading to tubular 
obstruction [46]. This aligns with findings that toxic 
substances can induce tubular cell swelling, thereby causing 
blockages within the tubular lumen and cell necrosis. Such 
effects result from disrupted sodium balance [47], leading to 
fluid retention and swelling, and oxygen deficiency, hindering 
mitochondrial energy production [48]. Furthermore, the 
presence of a homogeneous pink amyloid fluid in tissue 
samples points to systemic amyloidosis, where acidophilic 
extracellular protein deposits can inflict damage on 
surrounding tissues [49]. This condition underscores the 
systemic impact of renal tubular and vascular damage induced 
by toxic exposure and metabolic imbalances [50, 51]. 

These findings underscore the critical need for cautious 
management of treatments involving Candida infections and 
highlight the importance of safeguarding renal health against 
the multifaceted damage mechanisms induced by infections 
and therapeutic interventions. 

1003



4. CONCLUSIONS

Our findings suggest that chitosan contributes to
improvements in kidney function, as evidenced by reductions 
in the levels of urea, uric acid, and glucose in the blood. This 
clarification aims to precisely specify the kidney function 
parameters that were observed to improve, thereby addressing 
the ambiguous term previously referred to as "ureic urea." 

We observed an association between chitosan treatment and 
an increase in serum total protein, including albumin and 
globulin levels. In contrast, the presence of C. krusei was 
associated with an alteration in these serum proteins. It is to be 
emphasized that these findings imply relations but not causal 
effects. In relation to lipid metabolism, our study identified 
associations with chitosan treatment and reduced cholesterol, 
triglycerides, LDL, and VLDL levels in the circulation. This 
phrasing has been purposefully selected to mirror the seen 
connections but avoiding direct inferences. 

C. krusei was harmful to liver and kidney tissues. The
conclusion is derived straight from the data provided and 
emphasizes the necessity of further study on the pathogenic 
impact of C. krusei on these organs. While our study points to 
the potential benefits of chitosan in renal function 
enhancement and lipid profile modulation, we approach the 
clinical implications of these findings with caution. The 
therapeutic potential of chitosan, particularly in the context of 
renal function and lipid metabolism, warrants further research. 
Comprehensive clinical trials are necessary to fully elucidate 
the efficacy, safety, and mechanisms by which chitosan exerts 
its effects, prior to making any clinical recommendations. 
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