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Abstract: 

 

The study included 71 samples of hair fragments, nail clippings, and skin scrapings  which were collected 

from patients whom admitted to Department of Dermatology at Al-Diwaniyah Teaching Hospital during the 

period from March 2018 to August 2018, all specimens were examined by direct KOH 10% mount smear and 

cultured in sabourauds dextrose agar to determine the dermatophyte species.The laboratory examination 

results showed that out of 71 samples processed,49 (69%) were positive in both KOH mount and culture . The 

main causative agents of human dermatophytes were as follow:Trichophytonrubrum 31(63.3%), 

Trichophytonmentagrophytes 11( 22.4%), Microsporumcanis 5(10.2%) and Epidermophytonfloccosum 

2(4.1%) . Trichophytonrubrumwas selected for its ability of toxic secondary metabolites production based on 

the efficiency of production among tested dermatophytes.Thin layer chromatography results of chloroform 

extracts revealed three spots with different colors named as follows; TRA compound (dark blue), TRB 

compound ( dark brown), and TRC compound (light blue) under UV light have different with rate of flow 

values equal to 12.1, 48.5, and 84.8 respectively . 
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Introduction:  

Dermatophytosis is a disease of global significance caused by pathogenic keratinolytic fungi called 

dermatophytes in both animals and humans, earlier all pathogenic dermatophytes were classified into three 

genera, namely Microsporum, Trichophyton and Epidermophyton(1).Globally, approximately 20 – 25% of the 

population is affected by superficial mycosis with a pre-ponderance of dermatophytosis however, over the 

past two decades, there has been a dramatic increase in the incidence of dermatophytosis in humans as a result 

of socioeconomic problems, large‐ scale international travels, immigration from tropical countries, and contact 

with animals, particularly pets. The increasing age and the use of immunosuppressive drugs are the 

predisposing factors for the rise of dermatophytosis  induced morbidity in humans(2) Dermatophytes are 

grouped according to their natural habitat as anthropophiles (human associated), zoophiles (animal associated) 

and geophiles (soil dwelling).  Dermatophytes produce a variety of virulence enzymes such as keratinase,  

protease, phospholipase, lipase and elastase upon different substrate specificities, which are involved in the 

pathogenicity of host tissues(3).Among the non-enzymatic virulence factors, T. rubrum produces a mycotoxin 

called xanthomegnin, which is known to be produced by food-borne Penicillium and Aspergillusin vitro and 

in vivo causing nephropathy and death in animals, the xanthomegnin is the major substance that gives red 

pigmentation on reverse of the T. rubrum culture and it was observed in infected skin and nail specimens. The 
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xanthomegnin level is varied among the clinical samples(4). Fewdermatophyte species produce melanin or 

melanin like compounds in vitro and in vivo and play similar role in the pathogenesis of dermatophytic disease 

in infection of Microsporiumgypseum , Epidermophytonfloccosum , T.mentagrophytes and T.rubrum based on 

the known role  of melanins in other pathogenic fungi , one of the striking features of these fungi in pure 

culture is its intense pigmentation , usually blood red and yellow occasionally (5). This study aimed to 

evaluation and detection the toxic secondary metabolites  produced by dermatophytes and determination of 

skin histological changes after subcutaneous injection with different extracted compounds .  

Materials and Methods : 

-Collection of specimens: The present study included collection of 71 samples including hair fragments, nail 

clippings, and skin scrapings were collected from patients of both sexes and different ages whom admitted to 

Department of Dermatology at Al-Diwaniya Teaching Hospital during period from February 2018 to January 

2019.The specimens were divided into two portions; first portion was examined immediately under light 

microscope for direct examination and second portion was cultured in Sabouraud dextrose agar(6,7) 

-Extraction of toxic secondary metabolites from liquid media : 

Sabouraud dextrose broth (SDB) was used to detection of toxic secondary metabolites produced by 

dermatophytic fungi , the maximum production of toxic secondary metabolites were obtained at the 18th days 

of incubation period in this media. After that, 25 flask filled 250 ml of SDB after sterilization and cooling, the 

culture media was inoculated with agar blocks of 5 mm of pure isolates grown onSDA for 7 days at a rate of 

one disk per flask, except one flask left without inoculation as a control for comparison, and incubated at 28 

°C for three weeks. After incubation, the entire contents were filtered with a sterile, clean gauze and then 

chloroform was added to the broth (1:1) in a separation funnel. The mixture was shaken for a few minutes 

then filtered an upper layer containing spores and mycelia, and a lower layer containing chloroform and toxic 

secondary metabolites. The bottom layer filtered through a Whatman No. 1 filter paper then concentrated by 

using rotary evaporator to approximately 1 ml in dark bottles(8,9). 

-Detection of toxic secondary metabolites by using Thin Layer Chromatography technique (TLC) : 

This experiment was carried out in a toxicology laboratory at the College of Applied Medical Sciences / 

Karbala University , where used Thin Layer Chromatography plates (TLC) with dimensions of 20 * 20 cm, 

after activated in the electric oven at a temperature of 105 0C for an hour before use(10,11). 

-Determination of UV absorbance: 

Investigation of toxic secondary metabolites manufactured bydermatophytes species, the UV absorption 

spectrum used to identifysecondary metabolites bandsin sample in a slica gel plate. 

Study of toxic effects (In vivo): 

The total number of animals in these groups was 20 rats (5 rats in each group), as well as in this study three 

compounds were examined by subcutaneous injection according to Tovar et al.(12), after dissolved in 

dimethyl sulfoxidethe following steps was done : 

1. Group 1: Rats were injected subcutaneously with a single dose 16 µg \kg from weight body of toxic 

secondary metabolites   A compound .                                                                 
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2. Group 2: Rats were injected subcutaneously with a single dose 16 µg \kg from weight body of toxic 

secondary metabolites   B compound.  

3. Group 3: Rats were injected subcutaneously with a single dose 16 µg \kg from weight body of toxic 

secondary metabolites C compound.                                                                   

4. Group 4: Rats were injected subcutaneously with same dose of normal saline only as a control .  

Preparation of histological sections : 

The rats were anesthetized after three weeks from injection ,the skin samples taken with 1cm³ after sacrificed 

of experimental animals and taken from injected area with infection symptoms .The processing and staining 

techniques were done according to Suvarnaet al.(13) 

Results and Discussion : 

Seventy one specimens were accumulated from patients having symptoms of dermatophytoses , the results 

showed 49 (69%) were positive in both KOH mount and culture , T. rubrum was the most frequent etiological 

agent 31(63.3%) followed by T. mentagrophytes11( 22.4%). While M. canis and E. floccosum isolates were 

found in 5(10.2%) and 2(4.1%) respectively (Fig. 1). 

 

         Figure(1):Distribution of fungal species among positive cultures. 

The statistical analysis showed that there was a highly significant difference among dermatophytes species at 

P≤0.05. This result closely similar to result of (14) who presented T. rubrum was the most frequent etiological 

agent 50% followed by T. mentagrophytes 32. 5%, M. canis10% , T. sudanese 2.5%, T. schoenleinii 2.5% and 

E. floccosum2.5%. While, the present study disagreed with(15) who exposed the main causative of 

dermatophytes infections was M. caniswith 40.91 % cases followed by T. tonsurans32.73 % cases 

andT.verrucosum17(15.45 %) cases. 

Detection of some dermatophytes ability to produce toxic secondary metabolities : 

This study showed that 49(100%) culture positive isolates possess the ability to produce toxic secondary 

metabolitiesinSabouraud dextrose broth (SDB)when chemically analyzed by using TLC technique, in addition 

to, the results of current study showed that there are 23 blue spots of toxic secondary metabolitiesinTLC plate 
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under UV light similar to aflatoxins (AFB1) in color and Rf. as compared with standard AFB1, as well as 

there are other 3 spots that do not resemble aflatoxins, with different bright colors and Rf. (Fig.2). 

 

Figure(2): Detection of toxic secondary metabolities by using TLC technique; A: Standard AFB1, 1: T. 

rubrum,2: T. mentagrophytes, 3: M. canis and 4: E. floccosum extracts grown in the NB; 5: T. rubrum, 

6: T. mentagrophytes, 7: M. canis and 8: E. floccosum extracts grown in the CEB; 9: T. rubrum, 10: T. 

mentagrophytes and 11: M. canis extracts grown in the SDB after18 days of incubation at28 ◦ C . 

Due to the large number of secreted compounds from isolated fungi, T. rubrum selected for production of 

toxic secondary metabolities. Thin layer chromatography (TLC) results of chloroform extracts isolated from 

T. rubrum after cultivated in SDB, three spots were separated with rate of flow (Rf.) values equal to 12.1, 84.8 

and 48.5, (table 1) and (Fig.3,4 and 5)  

Table (1): Thin layer chromatography results of extracted compounds isolated from T. rubrum. 

Compounds Test Color Rf. 

TRA UV  radiation at a 

wavelength of 365 nm 

Dark blue 12.1 

TRB UV  radiation at a 

wavelength of 365 nm 

Dark brown 48.5 

TRC UV  radiation at a 

wavelength of 365 nm 

Light blue 84.8 

TRA= Trichophytonrubrum A compound ; TRB= Trichophytonrubrum B compound; TRC= 

Trichophytonrubrum C compound; Rf= Rate of flow ; UV= Ultraviolet light . 
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Figure(3): Thin layer chromatography (TLC) separation of chloroform extracts isolated from 

Trichophytonrubrum. (A): TRA 

Figure(4): Thin layer chromatography (TLC) separation of chloroform extracts isolated from 

Trichophytonrubrum . (B): TRB 

Figure(5): 

Thin layer chromatography (TLC) separation of chloroform extracts isolated from 

Trichophytonrubrum. (C): TRC 

Detection of cytotoxic activity of secondary metabolities produced by T.rubrum (In vivo) :  

The macroscopic examination for the skin tissue of the rats treated with secondary metabolites TRA, TRB and 

TRC compounds separately produced by T. rubrum showed clear changes after three weeks of S.C.injection 

such as; skin lesions appeared as erythematic and scaly ovoid with crusty edges in compared with control 

group(Figs. 6, 7,8 and 9) . 

 

  

 

 

 

 

 

 

 

 

 

 

  

Figure(6): Shows mild erythema with 

crusty edges after 3 weeks from 

subcutaneous injection with TRA 

compound.    

Figure(7): Shows erythema and 

crusting of area after 3 weeks from 

subcutaneous injection with TRB 

compound .   
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Figure(8): Shows scaly ovoid with crusty edges and erythema after 3 weeks from subcutaneous 

injection with TRC compound .  

 

 

 

The microscopic examination for the skin tissue sections of the rats treated with secondary metabolites TRA, 

TRB and TRC compounds separately, produced by T. rubrum also showed clear changes in these tissues after 

three weeks of S.C. injection such as; heavy chronic inflammatory cell in upper dermis, oedema, destruction 

of hair follicles, spongiosis of epidermis cells , and stratified epithelium hyperplasia as a compared with 

control group (Figs.10, 11, 12, 13 and 14). 

 

 

 

 

 

 

Figure (9): Shows  the control group of  rat skin tissue 

. 
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Figure (10): (A): Cross section of rat skin after injection with TRA compound shows heavy chronic 

inflammatory cells in upper dermis (a) and oedema (b) (H&E, X40). (B):  Cross section of rat skin 

for the control group shows epidermal stratified epithelium and dermis layer (H&E, X40). 

 

 

Figure (11): Cross section of rat skin after injection with TRB compound shows heavy chronic 

inflammatory cells infiltration (a) and destruction of hairs follicles (b) (H&E, X40).   

 

 
 

Figure (12): (A): Cross section of rat skin after injection with TRB compound shows heavy chronic 

inflammatory cells infiltration (a) and spongiosis of epidermis cells (b) (H&E, X40). (B): Cross section of 

rat skin for the control group shows epidermal stratified epithelium and dermis layer (H&E, X40). 
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The cause of these changes in skin tissues is that the mycotoxin compounds induced dermal toxicity by 

oxidative stress, which induces a ribotoxic stress response and subsequent activation of mitogen activated 

protein kinases (MAPKs) pathways. Then, this stimulates expression of c-fos and c-jun, resulting in the 

induction of keratinocyte apoptosis. In addition, the keratinocytes affected primarily by ribotoxic stress release 

TNF-α and IL-1β, and these cytokines are also thought to be involved in the mechanisms of mycotoxin 

induced keratinocyte apoptosis(16). From above the results, the secondary metabolites have toxic effects 

(mycotoxins) in biological system of laboratory rats. There are no previous studies on the extraction of toxic 

metabolic compounds from dermatophytic fungi for the purpose of comparison, but it will discuss close 

studies to this topic, where Yaromet al.(17)suggested that T-2 toxin-induced epidermal degeneration might be 

secondary to ischemia brought about by micro vessel degeneration in the dermis . In1999, Albarenqueet 

al.(18), started a series of studies to clarify the mechanisms of T-2 toxin-induced dermal toxicity using 

Wistar-derived hypotrichotic WBN/ILA-Ht rats focusing on the expression of apoptosis related oncogenes 

and cytokines, this is the first report of mycotoxin induced apoptosis in the skin(19,20) showed in theirs study 

that involvement of reactive oxygen species (ROS) in Citrinin mediated toxicity characterized by apoptosis in 

certain in vitro models(16) revealed the correlation of elevated ornithine decarboxylase activity with apoptotic 

cell death in normal keratinocytes via the induced generation of reactive aldehydes and H2O2, followed by 

subsequent activation of the ataxia-telangiectasia mutated DNA damage response pathway.  Aflatoxin B1 acts 

as a skin tumor initiator through  reactive metabolite formation, lipid peroxides (LPO) mediated oxidative 

stress, and glutathione-S-transferase (GST)-mediated AFB1-DNA adduct formation. Like in the case of 

Patulin (PAT), AFB1 may also have skin tumorigenic potential as a promoter and/or a complete carcinogen in 

mouse skin after long-term and higher dose application(21,22). 

 

Figure (14): Cross section of rat skin after injection with TRC compound shows destruction of 

hairs follicles (a) stratified epithelium hyperplasia(b) (H&E, X40). 
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Conclusions: 

This study proved that the ability of all dermatophytes isolates produce mycotoxins that are not similar to 

aflatoxins in chemical structures and properties in spite of the similarity in Rf. and colures under UV light as 

compared with standard AFB1. As well as, this study demonstrated for the first time at the international and 

local level the ability of the T. rubrum  to produce three toxins named TRA, TRB and TRC, which have toxic 

effects in the physiological, biochemical and skin histological parameters for white rats males with very low 

concentrations. 
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