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 Fungal keratitis remains challenging due to its high incidence and 

potential complications that can lead to blindness. Early detection and 

early treatment of fungal keratitis are critical for avoiding vision-

threatening complications. Cryotherapy can be a non-invasive and safe 

alternative therapy modality for fungal keratitis. This study aims to 

determine the effect of cryotherapy on corneal wound healing in a rat 

model of Aspergillus flavus keratitis using immunohistochemistry 

examination of TNF-α and IL-6 expression. Aspergillus flavus has 

injected intrastromal into the cornea of 35 Rattus norvegicus rats to 

establish fungal keratitis and then divided into five groups: baseline 

group, control group, natamycin group, cryotherapy group, and 

combination therapy group. Therapy was given five days after the fungal 

injection. Four days after therapy, the animals were euthanized and the 

eyeball was enucleated for immunohistochemistry examination to 

determine TNF-α and IL-6 expression. The differences in TNF-α and IL-

6 expression were statistically analyzed with a significant level of p 

<0.05. The result showed that the highest IRS score of TNF-α and IL-6 

expression was obtained in the baseline group. There was no significant 

difference in the intensity of TNF-α expression between the five groups 

(p-value 0.166). Meanwhile, statistical analysis of IL-6 expression 

revealed a significant difference in the intensity of IL-6 expression 

between the five groups (p-value 0.027), indicating cryotherapy can be 

considered as adjuvant therapy in the treatment of fungal keratitis. 

 

 
 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

In the field of eye health, fungal keratitis remains challenging due to its high incidence and potential 

complications that can lead to blindness. According to [1], fungal keratitis is more likely to cause corneal 
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perforation than bacterial keratitis. Early detection and early treatment of fungal keratitis are critical for 

avoiding vision-threatening complications [2], [3]. The majority of fungal keratitis is caused by filamentous 

fungi, such as Aspergillus and Fusarium sp. Aspergillus sp. is the most common etiology in countries with 

warm and humid tropical climates, such as the Southern United States, South Asia, and Southeast Asia [2], 

[4], [5]. 

 

At the beginning of the infection, fungal cells attached to the corneal surface will be recognized by the 

pattern recognition receptor (PRR), which consists of Toll-like receptors (TLR), C-type lectin receptors 

(CLR), and NOD-like receptors (NLR), triggering the production of various pro-inflammatory cytokines 

and neutrophils [6]. In fungal keratitis, pro-inflammatory cytokines such as IL-1, IL-6, IL-8, IL-17, IL-23, 

and IFN-α are significantly elevated. Tumor necrosis factor-α (TNF-α) and Interleukin-6 (IL-6) are pro-

inflammatory cytokines that are known to be overexpressed in corneal infections with ulcers and/or 

perforations [6], [7]. During inflammation, TNF-α interacts with receptors such as tumor necrosis factor 

receptor 1 (TNFR1) and tumor necrosis factor receptor 2 (TNFR2), activating activation protein-1 (AP-1) 

and nuclear factor-κβ (NF-κβ). Activated NF-κβ induces cytokines and immune responses such as IL-1, IL-

6, and IL-8, as well as cell adhesion molecules such as vascular cell adhesion molecule 1 (VCAM-1) and 

intracellular cell adhesion molecule 1 (ICAM-1) that lead to leukocyte recruitment in the inflammatory area 

[8]. TNF-α and IL-6 are also known to play important roles in angiogenesis and lymphangiogenesis by 

increasing VEGF and matrix metalloproteinase (MMP)-9 expression, which can result in corneal 

neovascularization [7]. 

 

Topical medication is still known as the gold standard therapy for treating fungal keratitis. Natamycin is the 

only antifungal agent approved by US Food and Drug Administration (FDA) and is the first-line topical 

therapy for fungal keratitis [9]. However, it is known that Natamycin is a fat-soluble molecule, making it 

difficult to penetrate deeper layers of the cornea and/or the anterior chamber. Therefore, in infections 

involving deeper or intraocular structures, Natamycin is recommended to be used in conjunction with other 

antifungal agents administered via different routes [10]. Cryotherapy has been widely used as adjuvant 

therapy in the treatment of inflammatory or infectious diseases [11]. Cryotherapy inhibits and reduces TGF-

β1 expression, as well as collagen and TNF-α expression in tissues [12]. Cryotherapy also reduces IL-6 

expression significantly [13]. In cases of fungal keratitis, cryotherapy can eliminate necrotic corneal tissue 

and cause denaturation and protein degradation in fungal cells, thereby reducing inflammation and the 

number of hyphae [4]. Cryotherapy can be a non-invasive and safe alternative therapy modality for fungal 

keratitis. This study aims to determine the effect of cryotherapy on corneal wound healing in a rat model of 

Aspergillus flavus keratitis using immunohistochemistry examination of TNF-α and IL-6 expression. 

 

2. Material and Methods 

 

2.1 Study Design and Subject Recruitment 

This study was an experimental research with a randomized post-test-only control group design. The study 

was conducted from June 2022 until July 2022 at the Faculty of Veterinary Medicine and Laboratory of 

Anatomical Pathologic, Universitas Airlangga, Surabaya. The inclusion requirements for the sample of this 

study were Rattus norvegicus rats aged 6 weeks and weighed 150 grams that were kept specifically for 

scientific research purposes. The rats were healthy and appeared active, and there were no abnormalities in 

their eyes based on examination. Animals that are determined by veterinarians to have a disease or the 

potential to transmit the disease during evaluation are excluded. The rats are considered to have met the 

dropout criteria when they became ill, died, or experienced complications such as corneal perforation and 

eyeball prolapse. A total of 35 rats met the inclusion requirements and were randomly assigned to one of 
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five groups, each consisting of seven rats. The first and second groups received only Aspergillus flavus 

corneal injections and did not receive any therapy, serving as the baseline and control groups, respectively. 

The third group received topical natamycin, the fourth group received cryotherapy, and the fifth group 

received both topical natamycin and cryotherapy. 

 

2.2 Establishment of the Animal Model 

Rats were anesthetized with a combination of Ketamine hydrochloride (Keta-A-100, Agrovet Market S.A., 

Peru) 5-7.5 mg/100g BW and Xylazine (Xylazine 20, Pantex, Holland) 0.5-0.8 mg/100g BW through 

intramuscular injection. The operating field was narrowed with a sterile drape, an eyelid speculum was 

attached, and the eyeball was irrigated using sterile water (Otsu-WI®, PT.Otsuka, Indonesia) to clean the 

conjunctival sac. The corneal epithelial defect was made by scratching the central cornea of the rat’s right 

eye, as many as three 3 mm long scratches, using a size 11 scalpel. A volume of 0.2 ml of Aspergillus flavus 

solution with a concentration of 5x106 CFU/ml was injected intrastromal (tangentially) using a 30G needle 

in the center of the cornea and then dripped Aspergillus flavus inoculation onto the corneal surface, then a 

0.2 ml of Triamcinolone Acetonide (Flamicort, DexaMedica, Indonesia) was administered 

subconjunctivally. The rats were treated for 5 days and topical antibiotic Levofloxacin eye drop (Optiflox, 

Erela, Indonesia) was applied, 1 drop every 6 hours in the rat's right eye to prevent bacterial infection. The 

anterior segment was observed daily using a handheld slit lamp. 

 

2.3 Treatment Procedure 

After the corneal infiltrate appeared within 5 days, the first group of rats as the baseline group was 

enucleated, and the second group as the control group was not given further procedures. In the third group 

of rats, topical Natamycin (Natacen, Cendo, Indonesia) was given 1 drop every 4 hours in the right eye. 

Cryotherapy was applied to the rat’s right eye in the fourth group. The diameter of the frozen tissue was 1 

mm bigger than the cross-section of the cryoprobe, and condensation lasted for 7–8 seconds each time at 

−50°C until -60oC using CO2 as the cryogen. Rats in group five received both topical natamycin and 

cryotherapy. All of the rats were euthanized and the eyeball was enucleated on the 4th day after therapy. For 

subsequent processing, the samples were carefully transferred to a vial containing a freshly prepared 

fixative solution. 

 

2.4 Immunohistochemistry 

Prior to IHC, formalin-fixed and paraffin-embedded corneal samples were cut into 4 µm sections. The 

primary antibody of TNF-α BT-AP09103 (Bioassay Technology Laboratory, China) was prediluted to 

1:300 dilution and the Anti-IL-6 antibody [1.2-2B11-2G10] (Abcam, United States) was prediluted to 1:500 

dilution for immunohistochemical staining. A Leica Bond Max - Fully Automated IHC/ISH Staining 

equipment was used. The expression of TNF-α and IL-6 were observed under a light microscope (Olympus 

CX51, Japan) equipped with a camera using SIS software (Olympus, Japan) at 400x magnification. There 

was only one anatomical pathologist to analyze the samples. This technique was performed on serially 

numbered slides in a blinded manner to reduce bias. 

 

The expression of TNF-α and IL-6 were located in the cytoplasm. The positive cells were stained as light 

brownish to chocolate brown under a light microscope. A semi-quantitative method using an 

immunoreactivity score (IRS) was used to analyze the expression of TNF-α and IL-6. The intensity of the 

immunoreactive products was scored under a light microscope as follows: no expression = 0; minimal 

intensity = 1; moderate reaction = 2; and strong reaction = 3. The positive ratio was scored as follows: no 

positive cells = 0; positive cells <10% = 1; positive cells 11–50% = 2; positive cells 51–80% = 3; positive 

cells >80% = 4. The two scores were multiplied, and the immunoreactive score (IRS) was determined as 
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follows: 0-1 (−), 2–3 (+), 4–8 (++), and >9 (+++). 

 

2.5 Statistical Analysis 

The data was provided in an Excel spreadsheet (Excel 2010, Microsoft Corporation, Redmond, WA, United 

States), and statistical analysis was carried out using SPSS software version 26 for Windows (IBM 

Corporation, New York, U.S.A.). Statistical comparison was performed using Kruskal-Wallis test and 

continued by post-hoc Mann-Whitney test. The level of significance was set at p<0.05. 

 

3. Results 

A handheld slit lamp examination revealed that fungal keratitis was progressing well in all groups. A thin 

infiltrate as deep as the epithelium was discovered on the first day after infection. The infiltrate was thicker 

in the central cornea on the second day, and the conjunctiva showed mild hyperemia. On the third day, a 

thick infiltrate was as deep as the stroma, and conjunctival hyperemia and chemosis began. On the fourth 

day, the clinical picture of keratitis did not differ significantly from the third day. On the fifth day, central 

corneal thinning, deep stromal infiltrate, chemosis, and conjunctival hyperemia were observed. The 

infiltrate was grayish-white with blurred borders, and there were no satellite lesions or hypopyon in the 

anterior chamber. The clinical development of fungal keratitis is shown in Figure 1. 

 

The research result showed that the highest IRS score of TNF-α expression was obtained in the baseline 

group. The median value of the baseline group was 6 with an interquartile deviation (IQD) of 2.5. The 

negative control group's median value was 6 with an IQD of 2.5. The median value of the Natamycin group 

was 6 with an IQD of 2. The median value of the cryotherapy group was 6 with an IQD of 2. The median 

value of the combination group was 4 with an IQD of 1 (table 1). Kruskal-Wallis test revealed no 

significant difference in the intensity of TNF-α expression between the five groups (p-value 0.166). 

 

Similar to TNF-α, the baseline group obtained the highest IRS score for IL-6 expression. The median value 

of the baseline group was 4 with an interquartile deviation (IQD) of 2. The negative control group's median 

value was 2 with an IQD of 0. The median value of the Natamycin group was 2 with an IQD of 0. The 

median value of the cryotherapy group was 2 with an IQD of 1. The median value of the combination group 

was 2 with an IQD of 1 (table 2). Analysis using the Kruskal-Wallis test revealed a significant difference in 

the intensity of IL-6 expression between the five groups (p-value 0.027). The Mann-Whitney post-hoc test 

was performed, which showed significant differences between the baseline group and the negative control 

group (p-value 0.025); the baseline group and the Natamycin group (p-value 0.021); and the baseline group 

and the combination group (p-value 0.016). 

 

4. Discussion 

In this study, handheld slit lamp observations were conducted until the fifth day after Aspergillus flavus 

inoculation. Clinical changes were discovered, including the formation of a grayish-white infiltrate with 

blurred borders and central cornea thinning; no satellite lesions or hypopyon were discovered in the anterior 

chamber. Cryotherapy was given on day five and observations were carried out until the ninth day 

following the infection. There were no significant clinical changes after cryotherapy administration until the 

time of enucleation. This is in accordance with a previous study that investigated the effect of cryotherapy 

on fungal corneal ulcers and discovered that clinical improvement was obtained in the cornea on the 

fifteenth day after cryotherapy administration [4]. 

 

The effect of cryotherapy on fungal keratitis is not fully understood [14]. [15] conducted a study comparing 

the excisional keratectomy combined with focal cryotherapy and amniotic membrane inlay (EKCAI) 
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procedure with conjunctival flap excisional keratectomy combined with conjunctival flap inlay (EKCFI) 

and therapeutic penetrating keratoplasty (TPK) in patients with recalcitrant fungal keratitis, and the EKCAI 

procedure had the highest success rate of 88.37%. Another study used rabbits as a model for fungal corneal 

ulcers caused by three different fungi: Candida albicans, Fusarium solani, and Aspergillus fumigatus, and 

then divided into two groups: the control group, which received only medical therapy, and the treatment 

group, which received both cryotherapy and medication. Scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) examinations revealed shrinkage of the cell wall and 

fragmentation of the fungal cell membrane, while histological examination with PAS and HE staining 

revealed growth of the corneal squamous epithelium, a decrease in the number of hyphae, and a decrease in 

the number of inflammatory cells in the cryotherapy group. According to the findings, it can be concluded 

that cryotherapy can reduce corneal stromal damage and speed up the healing process of corneal wounds 

[4]. 

 

In this study, cryotherapy was administered on the fifth day after injection of the Aspergillus flavus into the 

rat cornea. Cryotherapy was applied for 7-8 seconds until a freezing point was 1 mm larger than the 

diameter of the cryoprobe, using CO2 gas as a cryogen. This is consistent with previous research, which 

found that the best effect of cryotherapy was obtained when the freezing point was 1 mm larger than the 

freezing head, with temperatures ranging from -50oC to -60oC and freezing time ranging from 7 to 8 

seconds [4]. 

 

TNF-α is a proinflammatory pleiotropic cytokine produced in response to infection or inflammation. TNF-α 

is not found in serum or tissues under normal conditions, but TNF-α levels are known to rise during 

inflammation or infection [16]. TNF-α is expressed in the epithelium, stroma, and endothelium of the 

cornea. TNF-α is primarily produced by activated macrophages and T lymphocytes as a pro-TNF protein 

that is expressed on the plasma membrane in order to bind to matrix metalloproteinases (MMP) and convert 

to an extracellular soluble form [17]. TNF-α also plays a role in the vascular endothelium by promoting 

vasodilation, edema, and leukocyte extravasation, all of which are frequently associated with the 

development of corneal neovascularization [18]. Inhibition of TNF-α is necessary to reduce the incidence of 

neovascularization and, consequently, the probability of scar formation on the cornea. 

 

This study investigated the effect of cryotherapy on decreasing TNF-α expression in the rat cornea with 

Aspergillus flavus keratitis. According to the knowledge of the researchers, no previous studies have 

investigated the effect of cryotherapy on TNF-α expression in fungal keratitis. A study was conducted to 

determine the effect of cryotherapy on inflammation in animal models of skeletal muscle injury by 

examining levels of TNF-α, NF-κβ, TGF-β and MMP-9. It was concluded that cryotherapy has a beneficial 

effect on the inflammatory process by reducing macrophage infiltration and the expression of 

proinflammatory cytokines in the injured area [12]. Unfortunately, according to the results of this study, 

there was no statistically significant difference in the level of TNF-α between the five groups, indicating 

that cryotherapy had no effect on TNF-α expression in fungal keratitis. 

 

IL-6 expression is the subsequent variable examined in this study. IL-6 is one of the inflammatory 

mediators known to induce leukocyte recruitment. IL-6 acts through two cellular pathways: the classic-

signaling pathway and the trans-signaling pathway. In the classical signaling pathway, IL-6 binds to the IL-

6 receptor on the membrane (mIL-6R). In the trans-signaling pathway, IL-6 interacts with the soluble IL-6 

receptor (SIL-6R). The binding of these two molecules induces the dimerization and activation of signal 

transduction glycoprotein 130 (gp130), as well as the activation of the Janus kinase family tyrosine kinases 

(JAK), which phosphorylate gp130. Through these two pathways, IL-6 activates the signal transducer and 
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activator of transcription 3 (STAT3) as an inflammatory mediator that regulates neutrophil movement 

during the acute inflammatory phase [19- 21]. 

 

Multiple studies have demonstrated an increase in IL-6 levels in fungal keratitis. It was found that IL-6 

increased 24 hours after infection, peaked two days after infection, and decreased five days after infection 

[22], [23]. 

 

The immune response mechanism against pathogens can be a double-edged sword. Although the release of 

inflammatory mediators is required for the elimination of invading microorganisms, an excessive 

inflammatory response can result in tissue damage [24]. A study concluded that IL-6 has a dual role in the 

eye. On the one hand, IL-6 protects eye tissue against infection by activating STAT3, which regulates 

neutrophil movement. On the other hand, IL-6 induces neovascularization, which can damage eye tissue 

[25]. According to one study, IL-6 and TNF-α stimulated angiogenesis and lymphangiogenesis by 

increasing VEGF and MMP-9 expression [7]. Furthermore, STAT3 activation induced by IL-6 binding to 

the sIL-6R has been shown to increase of VEGF and MCP-1 production in corneal fibroblasts [19]. A study 

suggests that the administration of anti-IL-6 antibodies can reduce disease progression in fungal keratitis by 

inhibiting IL-6 binding to sIL-6R [21]. 

 

This study investigated the effect of cryotherapy on decreasing IL-6 expression in the rat cornea with 

Aspergillus flavus keratitis. Statistical analysis showed that there was a significant difference between the 

five groups in the level of IL-6 expression. The Mann-Whitney post-hoc test showed significant differences 

between the baseline group and the negative control group (p-value 0.025); the baseline group and the 

natamycin group (p-value 0.021); and the baseline group and the combination group (p-value 0.016). This 

demonstrates that the combination of cryotherapy and natamycin can reduce IL-6 expression in fungal 

keratitis which indicates cryotherapy can be considered as adjuvant therapy in the treatment of fungal 

keratitis. 

 

This study has several limitations. Firstly, we did not use a scoring system to evaluate the clinical 

development of fungal keratitis, making it impossible to determine differences in the degree of keratitis 

between groups, which could affect TNF-α and IL-6 expression. Secondly, the evaluation of TNF-α and IL-

6 expression from IHC examination was performed manually, and researchers could only distinguish 

ordinal degrees of intensity; thus, it was unable to compare the results of TNF-α and IL-6 expression in 

each therapy with sensitivity. Other examination techniques, such as the Enzyme-Linked Immunosorbent 

Assay (ELISA) or Real-Time Quantitative Reverse Transcription PCR (qRT-PCR), are required to 

determine the peak expression time and the decrease in expression of TNF-α and IL-6 at various timing 

durations. 

 

5. Conclusion 

Cryotherapy had no effect on TNF-α expression in fungal keratitis, but when combined with natamycin, it 

can reduce IL-6 expression which indicating cryotherapy can be considered as adjuvant therapy in the 

treatment of fungal keratitis. 
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Figure 1 Clinical development from day one to five: A. Day 1, there was a thin infiltrate in the center of the 

cornea (black arrow), B. Day 2, there was conjunctival hyperemia, chemosis (yellow arrow) and the 

infiltrate was thickened, C. Day 3, the infiltrate became thicker, conjunctival hyperemia and chemosis was 

remain (yellow arrow), D. Day 4, there was no significant difference in the clinical picture compared to the 

third day, E. On the 5th day, there was central corneal thinning (black arrow). 

 

Table 1 Immunoreactive Score of TNF-α Expression 

Group N 
IRS of TNF-α Expression 

p 
Median IQD Minimum Maximum 

Baseline 7 6 2,5 4 12 

0,166 

Control 7 6 2,5 2 9 

Natamycin 7 6 2 2 6 

Cryotherapy 7 4 3,5 2 9 

Natamycin + 
cryotherapy 

7 4 1 2 6 

 

Table 2 Immunoreactive Score of IL-6 Expression 

Group N 
IRS of TNF-α Expression 

p 
Median IQD Minimum Maximum 

Baseline 7 4 2 2 12 

0,027 

Control 7 2 0 2 2 

Natamycin 7 2 0 0 2 

Cryotherapy 7 2 1 0 4 

Natamycin + 

cryotherapy 
7 2 1 0 2 
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