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Abstract 

         Fungal infection is a serious health problem, involved with the life threatening mycosis and 

mortality. Emerging of resistance and limited antifungal drugs against most antifungal agents lead 

to the requirement for development of effective and alternate strategies to fight fungal infections. 

The aim of this study is to investigate the antifungal activity of clove oil extract against  systemic 

induced infection  In vivo  by Candida albicans in mice. Fifty  mice were used to induce systemic 

infection by injecting 1 ml of 1×106  C.albicans suspension intra-peritoneally for seven days 

consecutive, then sacrificed to observe the incidence of infection in internal organs (gross lesion) 

and measure the level of IL-6 and serum creatinine plus histopathological changes. The 

development of systemic infection with C. albicans (1 × 106 cells) was observed daily for 14 days 

which was accompanied with clinical signs of infection, including weight loss, depression, and 

ruffled appearance.  IL-6 level showed no significant difference in all group before treatment and 

after inducing infection the level of IL-6 showed significant increase (P≤0.01) in control positive 

group while group treated with clove oil 5 mg/kg and 10 mg/kg showed significant decrease in the 

level compared with infected group and fluconazole treated group . Serum creatinine concentration 

was within the normal values in all groups (p>0.01) before the infection. There were an increase 

significantly (P≤0.01) in the level in all infected mice after 7 days of infection. The serum 

creatinine values of  treated  group with clove oil extract 5 mg/kg  and 10 mg/kg showed  decreased 

in the creatinine concentration . The present results demonstrated that the essential oil of clove 

extract rich with eugenol  has great  antifungal power. This extract can be suggested as 

antimicrobial and antifungal to treat candidemia and reduce the incidence of mortality rate due to 

systemic candidiasis. 

Keywords: C. albicans, Clove oil, Eugenol, Gross examination,  Interleukin-6, 

Creatinine,  Histophathological changes. 

Introduction Fungi have been considered to be 

plants until the end of the 19
the 

century, 

however they are hetero-trophic eukaryotic 

organisms, nowadays, fungi are gathered in 

their own kingdom, which is expected to 

contain  more than one- million species, only a 

small portion of approximately (400) species 

have been recognized as human and animals 

pathogens and the numbers are increasing over 

time [1]. 

Systemic fungal infections typically 

start in the lungs (aspergillosis and other mold 

from inhalation) or from endogenous flora 

(candidemia from leakage from the 
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gastrointestinal tract), and they can spread to 

many other organs. These infections are 

medical emergencies and have high mortality 

rates, especially if proper therapy is impeded. 

The organisms that cause systemic fungal 

infection can be divided into two groups: 

Aspergillus and Candida species are 

opportunists, while dimorphic fungi are true 

pathogens since they can enter and grow in the 

tissues of a healthy host without showing any 

signs of a predisposition [2]. 

         Development of resistance in fungal 

pathogens to the available drugs is an 

emerging clinical problem in antifungal 

therapy [3]. Several host, fungal and 

environmental factors influence the 

development of resistance. Adaptive 

phenotypic plasticity, mutations in target genes 

followed by selection, chromosomal 

aneuploidy, sexual reproduction and 

horizontal gene transfer are the driving forces 

for emergence of antifungal resistance [4]. 

Clove is one of the spices that may be used as 

additives in many foods, particularly in meat 

processing, to replace chemical preservatives 

due to their antioxidant and antimicrobial 

properties, they are commercially used for 

various medicinal purposes as well as in the 

fragrance industry. Both clove essential oil and 

its volatile vapour strongly inhibited the spore 

germination and mycelial growth of the 

dermatophytic fungi, including Candida 

albicans and Trichophyton rubrum [5]. 

        Therefore, the aim of  the study was to  

evaluate in vivo antifungal efficiency of Clove 

(S. aromaticum) buds extracts and using as 

alternative therapy against systemic infection 

induced by Pathogenic isolate of Candida 

albicans in mice. 

Materials  and  Methods  

Ethical consideration 

The ethics board at Baghdad 

University approved the study, and each 

person who took part in the study gave their 

written approval after being told about the 

study. This work was done by following the 

World Medical Association's Code of Ethics 

for studies that involve individuals. 

Preparation of clove oil extract ( Syzigyum 

aromaticum ) 

The extraction  clove oil buds by 

organic solvent was prepared by using n-

hexane (95%) which has a high effect in 

extracting the active components of the herb 

depending on the technique designated by [6]. 

That was completed by Soxhlet-apparatus, 30 

grams of  powder was placed inside the 

thimble and  95% n-hexane 250 ml was put 

inside the flask. This process has been done for 

24 hours by heating temperature reached 40-50 

Co. The acquired extract was concentrated on a 

rotary evaporator at below 40oC. The extracts 

were weighed to determine the dried yield and 

then stored at  20oC.  

Experimental Animals  

For each test, 50 Albino Swiss female mice 

(Mus musculus) were used. They were put in a 

plastic cage by themselves. The animals were 

kept in a room with a temperature between 23 

and 25 °C. They had free access to standard 

pellets and water (ad libitum).. 

Inducing systemic  Infection  

Female mice were infected by C. 

albicans. Once the  pilot study has been done, 

the challenge dose which used to induce 

infection was 1x106 CFU/ml of C. albicans 

suspension, and the standardized inoculums 

prepared according to spectrophotometer. (1 

ml )of C. albicans was intra-peritoneally 

administered into the mice for a week, then 

sacrificed to observe the incidence of infection 

in internal organs [7]. 

Experimental designs  

Fifty female mice weighing 20-25 gm, 

used to perform the experiment of induce 

systemic infection, were divided equally into 

five groups (n= 10 each).  Administrations of 

treatment were performed on days 9 after 

sacrificing and confirming that the infection 

has occurred. 

Group A: healthy mice left without infection 

as negative control.  

Group B: infected mice left without treatment 

as positive control.  

Group C:  mice infected and treated orally 

with  0.1 ml/ 20 gm of clove extract  

                 daily for 7 days 

Group D: mice infected and treated orally 

with 0.2 ml/ 20 gm of clove extract  

                 daily for 7 days 
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Group E: mice infected and treated orally 

with 0.5 ml/ 20 gm of fluconazole   

                 daily for 7 days 

 

 Parameters: 

Gross examination 

At the end of the experiment, one 

animal of each group was  sacrificed by using 

high dose of chloroform. Then, postmortem 

examination  was done for  animals to observe 

the changes that appeared grossly on the tissue 

before infection, after appearance of lesion and 

after 7 days of treatment. 

Collection of blood  

blood was collected in test tubes with 

no anticoagulant that allowed to stand and 

coagulate. Serum was separated from 

coagulated blood samples by centrifugation at 

3000 round per minute (rpm) for 5 minutes and 

then serum samples were stored in a freezer at 

-8 Ċ˚ till use in the creatinine test before 

infection, after appearance of lesion and after 

7 days of treatment [8].  

Histopathological Studies 

Mice were placed to sleep, and tissue 

samples were taken. The tissues were washed 

with PBS, fixed in 10% neutral buffered 

formalin, and covered with gauze. After the 

tissues were fixed, they were dehydrated by 

passing them through 70%, 80%, 90%, and 

100% ethyl alcohol twice each for 2 hours, and 

then they were cleaned with xylene for 1/2 

hour. Samples were filled with paraffin wax at 

58–60 °C and then covered with more paraffin 

wax to make paraffin blocks. Using a rotary 

microtome, sections 5-6um thick were cut, 

soiled with eosin and hematoxylin stains, and 

then looked at under a microscopic 

examination before infection, after infection 

and after 7 days of treatment [9].  

Measurement of tissue IL-6  

    Mice were euthanized and tissue 

biopsies have been taken then tissue was 

placed in a fridge for freezing for  24 hrs. 

Tissue  homogenate has done to measure IL-6 

by ELISA test, specimens were collected 

before infection, after appearance of lesion and 

after 7 days of treatment. The test was done 

according to [10]. 

   

Results: 

 Extraction of clove oil 

   Extraction of clove bud with 95% n-hexane 

revealed a bright yellow color extract with 

typical clove oil smell and bud, and the 

percentage of the powder yield  46.6%. 

Gross examination 

 The development of systemic infection with 

C. albicans (1 × 106 cells) was observed daily 

for 14 days for morbidity and mortality. All 

mice injected with C. albicans resulted in 50 % 

mortality after 7 days post-infection which is 

characterized by the presence of abscess and 

congestion (figure 1). After 7 days of treatment 

with oil extract of Syzygium aromaticum 5 

mg/ml and 10 mg/ml, due to the action of clove 

oil, namely eugenol, as an antifungal and its 

potential to produce spores and micelles lysis, 

the lesions and inflammatory symptoms are 

gone (figure 2) compared with the group 

treated with fluconazole 5 mg/ml, which 

indicated the elimination of lesion after 14 

days (figure 3) 
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Figure (1): Gross lesion of kidney of infected mice with C albicans shows the  presence of  

abscess with congestion 

 

                               

     

 

 

 

 

 

Figure (2) A: Kidney infection of mice with Candida albicans treated with  clove oil  

           5 mg/kg after 7 days of treatment showed normal appearance with absence of abscess  

                and nodules.  B: Kidney infection of mice with Candida albicans treated with Clove 

                    oil 10 mg/kg after 7 days of treatment showed absenc  of nodules. 

  

 A 
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Figure (3): kidney infection of mice with Candida albicans treated  with fluconazole  

                5 mg/kg after 7 days of treatment showed absence of abscess with slight congestion. 

Measurement of tissue IL-6 

              The result acquired from the (Figure 4) revealed that there are no  significant difference in 

the level of interleukin-6 in all groups before infection and significant increase after 7 days of 

inducing infection compared with negative control group. After 7 days, the Syzygium aromaticum oil 

extract-treated group showed a significant reduction (P≤0.01) in the level of IL-6.compared with 

fluconazole treated group and positive control group and non- significantly with negative control 

group. While, the treated group with fluconazole 5 mg/ml after 7 day of treatment still increase with 

non- significant compared with positive untreated group.  
 

 

 

 

 

 

 

 

 

 

 

Figure 4: Systemic  IL-6  (Pg/ml) values of mice in different groups  infected with 

C.albicans and treated with Clove oil and fluconazole, or  kept without ttratment 

during the course of experiment. 
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Blood creatinine measurement  

          Various levels of mean serum creatinine 

values in all untreated mice after treated with 

schedule treatment for  7 days as well as 

control group are represented in the  (Figure 5). 

It can be seen that serum creatinine 

concentration was within the normal values in 

all groups (p>0.01) before the infection. There 

were an increase significantly (P≤0.01) in the 

level of serum creatinine concentration in all 

infected mice after 7 days of infection except 

negative control group. The serum creatinine 

values of  treated  group with Syzygium 

aromaticum oil extract 5 mg/ml showed  

decreased in the creatinine concentration but 

still high compared with negative control 

group. While, treated group with Syzygium 

aromaticum oil 10 mg/ml  exhibited an  

significant decrease at (P≤0.01) in comparison 

with positive group and non-significantly with 

negative control group. While, the serum 

creatinine value of fluconazole treated group 

showed decrease in the level but still high 

compared with negative control group. 

 

 

Figure 5: Creatinine (mg/dl) values of mice in different  groups infected with C.albicans and 

treated with Clove oil and Fluconazole or kept without treatment during the course of 

experiment. 

Microscopically changes 

The kidney sections in healthy group 

showed normal appearance of kidney tissue 

(figure 6) infected positive group after seven 

days of infection revealed; glomerulonephritis 

characterized by intra-tubular infiltration of 

inflammatory cells, necrosis of lining 

epithelial cells of renal tubules in cortex area, 

with thickening of bowman's capsule and 

atrophy of the glomerular tubules in affected 

areas also inflammatory cells present.  heavy 

presence of the non-septated hyphae of 

candida and  shows moderate to mild epithelial 

cells degeneration  of renal tubules in cortex 

areas (Figure 7). Group therapy with 10 mg/ml 

and 5 mg/ml of Syzygium aromaticum oil, 

respectively; the renal tubules in cortex areas 

appeared predominant normal tubular 

epithelium, few inflammatory cells of renal 

tubules in cortex area (Figure 8,9). While the 

histopathologocal section  of group treated 

with fluconazole 5 mg/kg showed  moderate to 

mild epithelial cells degeneration of renal 

tubules in cortex areas. Few lymphocytes 

infiltrate intertubular tissues (Figure 10). 
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Figure 6: Histopathological section of kidney 

of healthy mice show normal appearance of 

glomeruli and tubules (H&E stain,10X).  

                                                                             

 

 

Figure 7: Histopathologic section of kidney of 

infected group shows necrosis of renal tubule 

in cortex area with  infiltration of 

inflammatory cells and cellular debris (star), 

with    atrophic tubules seen in affected areas 

(H&E stain, 10X)

 

 

Figure 8: Histopathologic section of kidney of 

mice treated orally with  clove oil extract 5mg/ml 

shows normal renal tubules and  glomeruli  in 

cortex area (red arrow) with  mild vacuolar  

degeneration of glomerulus surround by normal 

tubules (blue arrow) (H&E stain, 10X)    

Figure 9: Histopathological section of  kidney 

of mice treated orally    

with 10mg/ml shows  predominant normal 

tubular epithelium, few inflammatory cells of 

renal tubules in cortex area.  (H&E stain,10X) 
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Figure 10 : Histopathologic section of kidney mice treated orallywith Fluconazole 5 mg/ml shows 

moderate to mild epithelial cells degeneration of renal  tubules in cortex areas. few lymphocytes 

infiltrate intertubular tissues (H&E stain, 10X). 

Discussion

Kidney is the main organ in which the 

multiplication of Candida happens,  yeasts 

invade the blood vessels walls of both cortex 

and medulla, causing neutrophil infiltration, 

renal infection, as distinguished from other 

organs, is not controlled [11]. Within the first 

12 hours, yeast forms considerably multiply 

and elongate as they extend from the 

interstitium into tubules and produce germ 

tubes. Mycelial casts travel into the medulla, 

settle in the Henle Loop, and trigger an 

inflammatory response made primarily of 

mononuclear cells. It has been noted that the 

kidneys develop granulomatous pyelonephritis 

and diffusely dispersed abscesses [12]. The 

ability of the fungus to produce pseudohyphae 

may be related to the mass-forming property; 

the mass is composed of granulomatous 

inflammation, abscess, and necrosis with 

pyelonephritis [13]. The activity of the 

essential oils as antimicrobial can be described 

by the lipophilic properties of their mono-

terpenoid constituents, these components 

across through cell wall and cytoplasmic 

membranes, leading to membrane expansion, 

improved membrane fluidity and the inhibition 

of membrane-embedded enzymes [14]. Due to 

their similar molecular structures, which 

contained around 80% of the components of 

clove oil, eugenol clove oil have strong 

biological effects as a result of  the presence of 

an alkyl group connected to Carbon 4 and an 

OH at Carbon 1, which play a crucial role in 

creating covalent connections with 

microorganisms and inhibiting their growth, 

Eugenol action could be referred to as being 

structural in nature [15]. After 7 days of  

infection, C albicans disseminated to affect 

vital organs mainly kidney thus, inducing 

inflammatory process which is characterized 

by   an inflammatory cytokine such as 

interleukin-6 which is secreted in response to 

microbial infections in body, the potential 

contribution of IL-6 in the proliferation of 

glomerulonephritis assumes that this cytokine 

may trigger kidney mesangial cells 

prolifration. Certainly, IL-6 transgenic mice 

reveal mesangial proliferative 

glomerulonephritis [16]. 

          Numerous studies have examined the 

anti-inflammatory properties of clove and 

eugenol, finding that these ingredients can 

modulate a number of inflammatory markers, 

including COX-2, nitric oxide iNOS and 

prostaglandin E2, leukotriene C4, and mast 

cell degeneration [17, 18]. Clove essential oil 

(EO) blocks the production of these cytokines 

[19]. One typical mechanism for activating 

various damaging factors or the threat of 

further harm is the beginning of the pro-
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inflammatory cell-stress program [20]. The 

kidney sections in infected positive group after 

seven days of infection revealed; 

glomerulonephritis characterized by intra-

tubular infiltration of inflammatory cells, 

necrosis of lining epithelial cells  of renal 

tubules in cortex area, with thickening of 

bowman's capsule and atrophy of the 

glomerular tubules in affected areas also 

inflammatory cells present.  The 

hydrophobicity of the EOs, which causes them 

to partition into the lipid bilayer of the cell 

membrane, may be partially to blame for the 

activity. As typical lipophiles, EOs pass 

through the cell wall and cytoplasmic 

membrane, disrupt the structure of the various 

layers of polysaccharides, fatty acids, and 

phospholipids, and permeabilize them, this 

causes an alteration in permeability and a 

subsequent leakage of cell contents. As a result 

of tissue breakdown, the abundant enzyme 

creatinine flows from the heart, the 

musculoskeletal system, the brain, and the 

kidney. At 48 and 72 hours after infection, 

mice infected with the highly pathogenic strain 

showed a considerable rise in blood  creatinine 

[21]. 

          Due to eugenol's lipophilic nature and 

accumulation in the phospholipid bilayer, the 

antifungal activity of eugenol has been linked 

to disruption of the fungal membrane structure. 

This interaction influences the fluidity and 

permeability of fungal membranes as well as 

the activity of crucial proteins or enzymes that 

are membrane-bound [22]. The increases in 

serum creatinine levels indicate acute or 

chronic renal dysfunction [23]. 

Conclusions 

  In this work, the activity of 

Syzygium.aromaticum oil extract as antifungal 

against systemic Candida albicans has been 

revealed. The essential oil of clove extract rich 

with eugenol  demonstrated great  antifungal 

power. This extract can be suggested as 

antimicrobial and antifungal to treat 

candidemia and reduce the incidence of 

mortality rate due to systemic candidiasis. 
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