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1-1 Chemotherapy : 

Chemotherapy is the science of selective toxicity the goal of 

chemotherapeutic treatment is to selectively attenuate or destroy 

pathogenic microorganisms or cells with minimal side effects to the host . 

These targeted cells or organisms may be bacteria , viruses , protozoans , 

fungi , helminths , or tumor cells . In order to achieve selective toxicity , 

the target for chemotherapeutic may be unique to the target population , 

may be structurally different in the target population from the form in the 

host population , or may be more essential in the target population than in 

the host population (1) . 

The very term chemotherapy was invented by Ehrlich and 

expressed his belief that infectious disease could be combated by 

treatment with  synthetic chemicals . Ehrlich postulated that cells possess 

chemical receptors which are concerned with the uptake of nutrients. 

Drugs that affect the cell must  bind to one or other of these receptors . 

The toxicity of a drug is determined firstly by its distribution in the body . 

However , in the treatment  of an infection it is the binding to the parasite 

relative to the host cell that determines the effectiveness of the compound 

. Thus Ehrlich recognized the importance of quantitative measurement of 

the relationship between the dose of a compound required to produce a 

therapeutic effect and the dose that will cause toxice reactions . Ehrlich’s 

view of cell receptors also has its counterpart in modern views of 

membrane transport . (1)  

The diversity of fungal pathogens which attack man and his 

domesticated animals is considerably smaller than that of bacteria . 

neverless the fungi cause infections ranging from the trivial and 

inconvenient to those causing major illness and death . Fungal  infections 

have assumed greater importance in recent years because of The 

increased number of medical conditions in which host immunity is 
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compromised . cytotoxic drugs, used to combat cancer , organ graft 

rejection and AIDS damage the immune system and increase 

susceptibility to infection by opportunist pathogens that rarely cause 

illness in healthy individuals . 

Fungi as eukaryotes have much more biochemistry in common 

with mammalan cells than bacteria and, therefore, pose a serious 

challenge to chemotherapy . Specificity of action is more difficult to 

achieve . few antibiotics are useful against fungal infections and attention 

has concentrated on devising synthetic agents .Advantage has been taken 

of progress in devising compounds for the treatment of fungal infections 

of plants to produce reasonably safe and effective drugs of the azole type 

for human fungal infections . (3)  

 

1-2  Principles of Antifungal Therapy : 

Early in the development of an antifungal agents , susceptibility 

testing offers important clues as to the spectrum of activity . However , 

agents may appear resistant invitro and still have useful clinical activity 
(4,5,6). Both fluconazole and flucytosine were initially considered inactive 

invitro but were developed because of their chemotherapeutic effect in 

mice infected with candida albicaus . (7,8).  

Subsequently , noninhibitory culture media were found , permitting 

demonstration of in vitro activity . 

Other compounds have been active in vitro and inactive clinically . 

most importantly . There has been no correlation between clinical 

response and susceptibility within a given species. For example 

Ketoconazole  susceptibility did not correlate with clinical response of 

patients with blastomycosis , coccidioidomycosis,or histoplasmosis . 
(9,10,11,12) . 
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New drugs should be compared with standard regimens known to 

be effective in the particular animal . If both the standard drug and the 

new drug were in effective , it would suggest a problem in the model . If 

both drugs are effective , one should be cautions about concluding that 

one drug is superior to the other unless the optimum dose of each drug is 

compared .(13,14) . All too commonly , only one or two doses of each drug 

are used and no effort is made to show that the dose of either is optimum 
(15,16) . 

For animal infections , the optimum dose is that which gives the 

best therapeutic effect without toxicity changing the end point (17,18).  

 

1-3 Azole Antifungals : 

Antifungal effect is critically dependent upon the conjugated 

double bonds . this hydrophobic part of the molecule complexes to certain 

sterols, including ergosterol , the principal sterol in fungal cytoplasmic 

membrances . (19,20)  

Azole antifungal include imidazoles compounds , with a five –

member edring containing two nitrogens , and triazoles , with three 

nitrogens in the ring Figure (1-1) (21,22) . Newer systemic drugs are in the 

second class , which has been found to be more stable within the human 

body . Compounds of the azoles have (azole ring N-linked) to a short 

aliphatic chain in which the second carbon is linked to a halogenated 

phenyl group.(23)  

Beyond that point, a considerable variability exists in structure. 

clotrimazole and itraconazole are insoluble in water . ketoconazole is 

soluble at PH3 or less .(21). Fluconazole is water soluble at neutral PH 
(24). 

Azole compounds have a broad antifungal spectrum in vitro , 

though the concentration of drug required varies enormously with the 
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assay conditions .With various compounds in this class, activity has been 

demonstrated in experimental animals or patients with candidiasis , 

cryptococcosis , coccidiodomycosis , blastomycosis , histoplasmosis 

,pseudallescheriasis , tinea versicolor , and ringworm, . (25,26,27).  
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Figure (1.1) : A zole compounds 

1-3-1 Mechanism of Action : 

Azole antifungal bind to the heme moiety of cytochrome P450 and 

interfere with certain mixed oxidase functions (28). Fungal α-14 

demethylation of lanosterol is inhibited , blocking formation of ergosterol 

and leading to the accumulation of α -14 methyl sterols (29). Both effects 

are deleterious to function of the cytoplasmic membrane and inhibit 

fungal growth . with higher concertrations that might be obtained 

topically fungicidal effects are also observed . (30,31,32). 
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1-3-2 Ergostererol Biosythesis : 

Several groups of compounds are effective antifungal agents 

throught their actions on the biosynthesis of ergosterol. Ergosterol plays a 

similar role in fungal membranes to that taken by cholesterol in mammals 
.(33,34). An outline of the biosynthetic pathway from squalene to ergosterol 

is shown in Figure (1-2) which indicates the points of inhibition of 

several types of antifungal agents . (35,36). 
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Figure (1-2) An outline scheme for the biosynthesis of ergosterol from 

squalene , showing the points of inhibition of several types of 

antifungal agents (37).  
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A group of compounds in common use includes those which 

inhibit at the stage of C-14. demethylation , These are generally referred 

to as the azole antifungals , by virtue of their nitrogen-containing 

herterocycle. Typical examples are the topically active agent miconazole 

Figure (1-3) , which is effective against thrush and dermatophyte 

infections , (38,39)  and ketoconazole Figure (1-3) , which is orally active 

and was used to treat a wide range of fungal  infections particularly deep-

seated mycoses . (25,39,40)  

However , ketoconazole is no longer much used for trivial 

infections because of the danger of toxic affects on the liver and on 

steroid hormone biosynthesis (41,42). 

Azole –containing compounds have also been used in agriculture 

for treating various fungal  infestations of plant e.g diclobutrazole and 

fenarimol Figure (1-3).(43). 

N N C

O

CH3OCH2

O

O

CH2N
N

Cl

Cl

CHOCH2

CH2

N

N

Cl

Cl

Cl

Cl

Ketoconazole

Miconazole

CH2

CH2

N
N

N

Cl

Cl

Bictobutrazle

CHCH

OH

C(CH3)3

OH

C

N N

Cl

Cl

Fenarimol

 

Figure (1.3): A zole antifungal agents 
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The Azoles have a common mode of action involving the 

interaction of the lone pair of electrons on the ring nitrogen with the haem 

group of the cytochrome P450 of the enzyme catalyzing the C-14 

demethlation reaction. This interaction , stabilized at the binding site by 

the hydrophobic parts of the molecule , prevents the oxidation of the 

methyl group and hence its subsequent removal. The inhibition is non- 

competitive for the substrate and leads to a greater net production in flow 

through the metabolic pathway than competitive inhibition .  

The result is an accumulation of methylated sterols in the cell , 

with a reduction of the ergosterol content .Methylated sterols are more 

bulky than ergsterol and donot easily fil into a normal membrane 

enzymes structure . This  interference in the membraue structure is 

thought to have adverse effects on membrane –bound enzymes , either 

directly on their activity or their control . (44,45,46). 
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Figure (1.4): Antifungal agents that inhibit squalene 

expoxidation 
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These compounds Figure (1-4) used clinically in the treatment of 

dermatophyte infections which affect ergosterol biosynthesis at an earlier 

stage.(47,48). 

The allylamine antifungal agents , naftifiue (fig.4), atopical agent , 

and terbinafine (fig.4) on orally active agent , inhibit the epoxidation of 

squalene. Recently, tolnaftate a topical antidermatophyte compound 

which has been in use for many years, has been shown to have the same 

mode of action (49,50) . 

Squalene accumulates in the cell with a reduction in cellular 

ergosterol content and growth inhibition could result from either action . 

These compounds are much less active against yeasts although in broken 

cell preparations of candida albicans squalene epoxidation can be 

inhibited. The enzymes are less susceptible or perhaps yeasts  have a 

lower sensitivity to the consequent build –up of squalene .(51)  

Antifungals which inhibit ergosterol biosynthesis show a marked 

selectivity for fungal systems.  

The Azole antifungals are several hundred times more potent 

against lanosterol demethylation in fungi than the corresponding reaction 

in mammals . Similarly , naftifine is several hundred times more potent 

against fungal epoxidase . This species selectivity is critical in making the 

ergosterol biosynthesis inhibitors such good antifungal agents . (52,53) 
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Figure (1-5) :Morpholine derivatives that are antifungal agents 

. 

These compounds which are used as agricultural fungicides , but 

only experimently by tridemorph and fenpropimorph (Figure 5) (54)  . 

These compounds interfere with two stages of the ergosterol biosynthetic 

pathway : 

The first target is the reduction of the double bond at the carbon 

14-15 position which is formed after the removal of the carbon -14- 

methyl group (55).  
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 The second target is the isomerization of the double bond between 

carbon atom 8 and 9 of fecosterol to a position between carbons 8 and 7 
(56).  

The balance between these two inhibitory activities varies from 

fungus to fungus and probably reflects subtle differences in the enzymes 

involved(57). Tridemorph inhibits (ustilagomaydis) mainly at the C-14 

reduction step whereas (Botrytis cinerea)  is inhibited  mainly at the C-8 

and C-7 isomerization (58,59).  

 

1-3-3 Ketoconazole compound: 

In vitro studies suggest that the antifungal properties of  

ketoconazole may be related to its ability to impair the synthesis of 

ergosterol , a component of fungal and yeast cell membranes .(60).  

Whithout the availability of this essential sterol , there are 

morphological alterations of the fungal and yeast cell membranes 

manifested as abnormal membranous inclusions  between the cell wall 

and the plasma membrane .(61,62).  

Ketoconazole requires an acidic environment for absorption. Drugs 

that alkalinize the stomach (for example , antacids , H2-recepter 

antagonists, proton pump inhibitors , and didanosine) may  decrease the 

absorption  of ketoconazole .It is often suggested that this interaction can 

be avoided if ketoconazole is administered 2 hours before the other drugs 
(63) .However , it is important to remember that some of these drugs 

especially the proton pump inhibitors may have long lasting effects and 

keep the stomach alkaline for 24 hours , therefor making the interaction 

impossible to avoid .(27)  
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Ketoconazole may decrease the clearance of corticosteroids and 

increase cortisol suppression , therefore , the corticosteroid  dosage may 

have to be reduced when patients receive the antifungal.(29). 

Ketoconazole may increase the plasma concentration of indinavir , 

an adjustment in the indinavir dosage may be necessary . Finally , 

patients who are taking ketoconazole can have a disufiram like reaction 

(including nausea and vomiting ) if alcohol is consumed (25)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1.6): Ketoconazole compound as antifungal agents 

 

 

1-3-3-1 Spectrum of Activity : 

Ketoconazole is the drug of choice for chronic mucocutaneous 

candidiasis and the more indolent case of extrameningeal blastomycosis , 

histoplasmosis and paracoccidiodomycosis of immuno competent patients 
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. (11) .Tinea versicolor , tinea corporis and candida vaginitia respond to 

ketoconazole , but other drugs are preferred. Nonmeningeal chronic 

disseminated coccidioidomycosis and pseudallescheriasis often improve 

with ketoconazole the rapy . (64) Smaller lesions of chromomycosis and 

mycetoma due to madurella  mycotomatis may also improve (61).  

Although there has alleged to be some activity in pulmonary 

cytococcosis , ketoconazole does not prevent or treat the morbid 

complication of this infection , which spreads to the meninges . cutaneous 

sporotrichosis occasionally responds to ketoconazole .(65) 

 

 

1-3-3-2 pharmacokinetics: 

Oral bioavailability is critically dependent upon gastric acidity and 

is reduced in patients taking H2- blocking agents , omeprazine or 

simultaneous antacids . Acquired immunodeficiency syndrome (AIDS) 

.patients with gastropathy have also reduced absorption (66) . 

Ingestion of food has noeffect on bioavability . peak serum levels 

after  200,400, and 800my once daily are approximately 4,8 and 20 

µg/ml. 

Initial half –life increases from 90 min after 200 mg to 3 or 4 hours 

after 800mg . Several hours after dosing , elimination slows to ahalf –life 

of 8 to 9 hours . (69,70,71). 

Ketoconazole is extensively metabolized , with inactive products 

appearing in feces and , to a lesser extent , in urine . Only insignificant 

amounts of bioactive drug appear in urine (72,73,74,75). 
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1-3-3-3 Hormonal effects: 

Ketocoazole exerts a dose and time dependent suppression on 

cortisol and testosterone secretion .The effect can be seen in cell culture 

experimental animals , and humans .(76) Clinically evident hormonal 

suppression is usually difficult to discern in adults given the usual dose of 

400 mg daily , even through decreased plasma testosterone and cortisol 

are demonstrable (77,78). There are report that clinical Addisons disease 

can be attributed to ketoconazole but the role of mycosis in depressing 

adrenal function and the variable documentation of symptomatic 

hypoadrenalism in these cases leave the matter unsettied .(79.80). 

As far as ketoconazole is known , the testicular or adrenal 

suppression , as well as the gynecomastia , goes away after treatment is 

ended .(81,82,88) . 

Ketocoazole , 800 to1200 mg daily , has been used to suppress 

testosterone in prostatic carcinoma , to suppress hyperadrenocorticism in 

cushing’s disease , and to suppress aldosterone secretion in adenal 

hyperplasia (84,85) 

 

1-4  Biological activity of pyrimidine derivatives: 

The pyrimidine compounds are stable compounds, colorless, some 

of them dissolved in water, and some of them have a high boiling point 

because being the polarization is important in biologinate Thymine (A), 

Uracil (B), and cytosine (C).(30). 

 

 

 

 

 

          (A)                                 (B)                                (C) 
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The Trimethoprin compounds have a biological activity as 

antibacterial.(42) 

 

 

 

 

 

 

 

(D) 
The pyrimidine derivatives that contain chloro group in the 

structure have been used as antivirus, and atifungi, such as compound 

2,4-diamino-6-ethyl-5-(P-chloro phenyl) pyrimidine (E)(55). 

 

 

 

 

 

 

 

(E) 
The compounds 
The pyrimidine derivatives (F,G,H) are used as (Hyponotic). 

 

 

 

 

 

 

           (F)                                      (G)                                (H) 
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The compound (I) has a biological activity as antifungal, and 

antibacterial.(70) 

 

 

 

 

 

 

 

(I) 

1-5 Fungi : 

Most people are familliar with infections and diseases caused by 

bacteria and viruses , but many are unaware that there is a whole set of 

disorders related to infections by fungi (singular :fungus ). (86,87). 

Many of these fungal infections affect the skin.Doctors give some 

fungal infections of the skin  the general name "tinea". Superficial fungal 

infections are found in the top layers of the skin and mucous membranes , 

the hair , and the nails (89). Examples of fungal infections of the skin and 

other external surfaces include athlete’s foot , jock itch, ringworm , and 

candida . These can affect the hair and nails as well . Deep fungal 

infections invade deeper layers of the skin and hair follicles and can 

spread to the blood or internal organs (90,91). Fungi are a uniqe group of 

organisms that have some plant-like characteristics . Examples of fungi 

include mushrooms , mold , and yeast . Fungi differ from plants , 

however , in two major ways : 

1- Their cell walls are made of chitin , rather than cellulose .(92) 

2- They lack the ability to make their own on food by 

photosynthesis , thus they grow directly on their food source (93). 
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Some  fungi are simple one-celled organisms . others are relatively 

complex , exhibiting specialized cell functions . They grow in  soil, on 

living and dead plants trees , as well as on animals and humans . The 

reproductive cell , or spore of a fungus can be spread by direct contact , 

air , and water. (94,95,96). 

Fungi are multicellular eukaryotes that are heterotrophic by 

absorption . After external digestion , they absorb the resulting nutrient 

molecules.(86).Most fungi act as saprotrophic decomposers that aid the 

cycling of chemicals in ecosystems. Some fungi are parasitic , especially 

on plants , and others are symbiotic with roots and algae.(97). 

Fungi cells are quite different from plant cells not only by lacking 

chloroplasts but also by having a cell wall that contains chitin and not 

cellulose . chitin , like cellulose , is a polymer of glucose organized into 

microfibrils .(98,99). 

In chitin , however each glucose molecule has a nitrogen 

containing amino group attached to it . Chitin is also found in the external 

skeleton of insects and all arthropods .  

The energy reserve of fungi is not starch but glycogen , as in 

animals , fungi are nonmotile , they lack basal bodies and do not have 

flagella at any stage in their life cycle (100,101). 

The body of a fungus is composed of thin filaments called hyphae , 

which collectively are termed a mycelium .(96). 

Fungi require moisture to grow and reproduce .Fungal infection are 

more prevalent in warm , moist areas of the body , such as the mouth and 

vagina . Also , sweaty clothes and shoes can enhance fungus growth on 

the skin .Exposure to fungi is more frequent in communal areas with 

moisture , such as locker rooms and showers (97). 
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1-5-1 Pathogenic fungi : 

During the past five decades , there has been a significant increase 

in studies concerning fungal infections in both human and lower animals 
(102,103)  

Historically , adermatophyte –Trichophyton schoenleinii was the 

first microorganism that was proven to cause an infections disease of 

humans .Although fungal infections of the skin were (and still are ) 

regarded as the most common and relatively beginning of disease , their 

profile has taken a new and direr aspect reflected in new pathological 

conditions (19). 

Dermatophytes are capable of infecting nails and the skin from 

almost any body sites (48). 

Dermatophytes are infections of keratinized tissue , that is , the 

epidermis , hair and nails , caused by a group of specialized fungi .In 

general , the dermatophytes donot invade subcutaneous or deep tissues. 
(104,105,106). 

Dermatophytoses  refer to infections of the skin , nails or hairs that 

are caused by fungi classified as dermatophytes .Normally ,it is not 

considered that dermatophytic fungi can cause systemic disease , with 

only one minor exception , none of these fungi can grow at 37°C .(107,108) 

The dermatophytic fungi include numerous species of fungi which 

contained in three major general (109). These organisms occur world wide , 

mainly in soil and on certain animals (20). 

Fungal infections of skin can be classified according to their sites 

of infection , into the following three group: (110,111) 

1- superficial infection caused by fungi capable of utilizing keratin 

for their nutrition and invading such keratinized tissue as the stratum 

corneum of the skin , nails  hair (112). 



Chapter One …………………………….…………..……Introduction  

 

١٨ 

2- Cutaneous and subcutaneous infections produced by various 

moulds and yeasts which are usually acquired through traumatic 

implantation .(113). 

3- Cutaneous manifestations of lif –threatening visceral or 

systemic fungal infection in immunologically competent or immuno 

compromised patients caused by dimorphic fungi and other opportunistic 

fungal pathogens (114).  

The dermatophytes species can be categorized on an ecological 

basic as being geophilic, zoophilic or anthrophilic (115,116).The geophilic 

species are those natural habitats in the soil . Natural habitats of the 

zoophilic dermatopytes  are domestic and wild animals (117). The 

anthrophilic dermatophytes are those species of Epidermophyton ,  

microsporum , and trichopgyton that cannot survive in soil , don’t infect 

lower animals and whose natural habitat is the ketatinous tissues of the 

human body (118,119,120) . 

 

1-5-2 Trichophyton rubrum : 

Trichophyton rubrum occurs world wide because of the severity 

and longevity of the disease and its refractactivity to therapy . This 

organisms causes many problem (97). 

Very often Trichophyton rubrum is the cause long –established 

foot and nail infections . Trichophyton rubrum may also cause tinea 

corporis .(94). 

Skin lesions caused by Trichophyton rubrum often have a red 

margin , the central portion may appear to be relatively clear , although 

scaling may be apparent . on rare occasions , this organisum may cause 

tinea capitis . Infected hairs do not fluoresce and hair invasion is 

endothrix .primarily , these organisms are antropophilic (121). Because 

cultures of Trichophyton rubrum are quite variable , identification can be 
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frustrating . This fungus is white and very fluffy and exhibits many aerial 

hyphae , this downy form  is most commonly isolated from cases of 

chronic tinea pedis and tinea corporis (122). This white colony is very flat , 

lacks aerial hyphae and has a pronounced granular appearance (20). 

Trichophyton rubrum is the most common isolated from all regions 

except the scalp . Tinea pedis usually of the moccasin type is the most 

frequently seen form of disease .(123) 

 

1-5-3 Geotrichum candidum : 

Geotrichum candidum produces a rapidly growing , white to cream 

and smooth or hairy colong on sabouraud agar at 25°C  .(24) 

Geotrichosis has traditionally been defined as an infection caused 

by geotrichum candidum . The geotrichosis cases are based merely upon 

the isolation of the fungus from sputum and the etiologic relationship of 

geotrichum candidum to this disease has not been documented . 

Because geotrichum candidum is ubiquitous in man’s environment 

and on his food , more isolation of the fungus from the sputum or stool 

does not establish the diagnosis .In some bronchitis or tracheitis cases, 

white or patches were seen lining the trachea and bronchi by 

tronchoscopy and only geotrichum candidum grew from the blood –

tinged sputum or from the scrapings of the patches (125). These appear to 

be a growth of geotrichum candidum on a previously damaged mucosal 

surface .There are a few case reports of fungemia due to geotrichum , but 

whether the fungus geotrichum candidum is doubtful.(126). 

Fungemia by geotrichum candidum has been reported following 

bronchoscopy in a patient with bronchogenic carcinoma (127). 

Geotrichum candidum is belived to be part  of the normal flora of 

human skin and gastrointestinal tract. Geotrichum candidum is frequently 
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isolated from milk and is recorded as a spoilage organism on dairy 

products . The fungus is found on a variety of fruits and vegetables (125). 

Geotrichum candidum is a significant pathogen of citrus fruits 

during post tharvest storage ,causing sourrots . It occurs in fruit weakened 

by over maturity and long storage .Lemons and grape fruits are 

particularly susceptible , but a variety of other fruit can also be affected . 

Initial infection is mainly through injuries . Geotrichum candidum causes 

spoilage of tomatoes , dried capsicums and sapodillas intropical 

countries.A wide variety of vegetables including carrots , cucmbers , 

onions and potatoes are also susceptible (129). 
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1.6 Aims of the work : 

The present work aims at the following: 

1- synthesizing of 1- acety -4-[4-[[2-(2,4- dichloro pheny ) -2- (1H –

imidazole -1- methyl) -1,3-dioxolan -4-yl] methoxy]phenyl] 

piperazine(1G) . 

 

2- synthesizing of ethyl -4- amino benzoate (2a) . 

 

3- synthesizing of 2- Thioacetic -5- (4- amino phenyl)1,3,4-oxadiazole 

(2E). 

 

4- synthesizing of 6-methyl -4- oxo-1,2,3,4- tetrahydro-2- thiopyrimidine 

(4G) . 

 

5- synthesizing of 2- hydrazine -6-methy pyrimidine -4- (3H) one (5G) . 

 

6- studying the effect of compounds (1G,6G,2a, 4G, and 5G) on the 

growth of Trichophyton rubrum in potato dextrose agar. 

 

7- studying the effect of compounds (1G,6G,2a,4G and 5G) on the 

growth of geotrichum candidum in sabouraud agar.  

 

8- determining the qualitative differences of colonial diameter between 

Trichopyton rubrum and geotrichum candidum in the different time of 

incubation . 

 

9- carrying out astatistical calculation of standard error of colonial 

diameter of fungi affected by new compounds (1G,6G,2a,4G, and 5G). 
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Chapter Two 

Experimental  

2.1 Chemicals: 

The following chemicals have been used directly from their 

mentioned suppliers   without any further purification : 

Table 2.1 chemicals and their manufactures . 

Material Supplied from 
2,4 dichloracetophenone  BDH 
Glycerine  BDH 
P-amino benzoic acid  BDH 
Ethanol BDH 
Hydrazine hydrate  BDH 
Sodium hydroxide Fluka 
Pyridine  Merch 
h-butanol  BDH 
MgSO4  Fluka 
HCL Fluka 
Benzene Fluka 
Potassium hydroxide Merch 
Carbon disulfide  BDH 
Chloro acetic acid  BDH 
Benzoyl chloride  Fluka 
P-toluene sulfonic acid  BDH 
Chloroform  Hopkin and williams 
Methanesulfonyl chloride  Fluka 
Dioxane  BDH 
Ethyl acetoacetate  Fluka 
Hydrochloric acid  Merk 
Imidazole  BDH 
Agar  Oxoid 
Peptone  Oxoid 
Glucose  BDH 
Sucrose  Sigma 
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2.2 Instruments: 

All instruments used in this study are listed in table (2.2) . 

Table 2.2 Instruments and their manufacturer company . 

Instruments Company 

Fourier transform infrared 

spectrophotometer (FTIR) 

Shimadzu 

Melting points Gallen kamp melting point 

apparatus (U.K.) 

PH meter Pye unicam 

Cooling centerfuge, with a 

maximum speed 5000 r.p.m 

MSE 

Memmert water bath memmert 

incubator 

Gallen kamp 

SM- Shaker Branson 

Vaccum pump Edwards , 50 Hz (England) 

Rotary evaporator Buchi 461 

Autoclave Gallen kamp 

Electric balance Mettler (Switzer land) 

Electric oven Gallen kamp 

Personal computer PIII Gallen kamp 

Matlab V5.3 sftware  Microsoft 

 

2.3. Preparations: 

2.3.1 Perparation of compound 1- acetyl -4- {4-[[2-(2,4-

dichlorophenyl)-2-(1H-imidazole-1-yl-methyl)-1,3-dioxolan-4-yl] 

methoxy]phenyl]piperazine (1G): 

This compound was prepared as shown in the following scheme 

and as described below : 

 



Chapter Two …………………………….………………. Experimental 

٢٤ 

 

Cl

Cl

C

O

CH3

HOH2C CH

OH

CH2OH

Cl

Cl

O
O

CH2OH

H

H3C

Br2

Cl

Cl

O
O

CH2OH

H

BrH2C

Cl

Cl

O
O

CH2O

H

BrH2C

C

O

+

benzene , 1-butanol
p-toluenesulfonic acid

(1a)

(1b)

benzoyl chloride
pyridine , ethanol

(1c)
 

 

 



Chapter Two …………………………….………………. Experimental 

٢٥ 

 

Cl

Cl

O
O

CH2O

H

CH2

C

O

(1d)

N

N

HNO3imidazole

NaOH , dioxane
distill water

Cl

Cl

O
O

CH2OH

H

CH2

(1e)

N

N

oyrifine
methanesulfonyl chloride

Cl

Cl

O
O

CH2OSO2CH3

H

CH2

(1f)

N

N

 

 

 

 

 

 



Chapter Two …………………………….………………. Experimental 

٢٦ 

 

 

Cl

Cl

O
O

CH2O

H

CH2

(1g)

N

N

HO N N C

O

CH3

(2)

   
Me2SO

Na

N N C

O

CH3

 

 

Scheme (2.1): Perparation of compound 1- acetyl -4- {4-[[2-(2,4-

dichlorophenyl)-2-(1H-imidazole-1-yl-methyl)-1,3-dioxolan-4-yl] 

methoxy]phenyl]piperazine (1G)(132) 

 

2.3.1.1 2- (Bromomethyl )-2-(2,4-dichloro phenyl)  

1,3- dioxolane-4-methanol (1b): 

Glycerine (110g ,1.2ml) and 2,4-dichoroacetophenone (189g,1mol) 

in 400ml of benzene and 200ml of n-BuoH were refluxed in the presence 

of p-toluenesulfonic acid monohydrate (6g) for 24hrs.After cooling the 

mixture to 40°C , bromine (192g,1.2mol) was added dropwise over a 

period of 2hours . The mixture was stirred for 0.5 hour then evaporated in 

vaccum .The residue was dissolved in CH2CL2 washed with NaOH 

solution (200ml) , dried (MgS04) , and evaporated a gain in vaccum to 

give compound (1b) (91% yield). 
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2.3.1.2 [2-(Bromomethyl) -2- (2,4-dichlorophenyl) 1,3-dioxolan -4-yl] 

methyl Benzoate (1C) 

Benzoyl chloride (140.5g,1mol) was added dropwise at 5°C to 

solution of (1b) (311.2g, 0.91mol) in 600ml of pyridine over a period of 1 

hour .The mixture was stirred for 2.5 hour and diluted with water .After 

the extraction of the mixture with chloroform, the organic layer was 

washed with HCL , dried (MgS04) and evaporated in vaccum to leave an 

oily residue with solidified on stirring methanol , giving (1C) (50% yield) 

(m.p.=118.3°C). 

 

2.3.1.3. [2-(2,4-dichlorophenyl) -2- (1H-imidazole -1-yl methyl)1,3 –

dioxolan -4-yl] methyl Benzoate  Nitrate (1D): 

A solution of (1C) (220g,0.492 mol) was refluxed with excess of 

imidazole (100g,1.476 mol) for 4days . The reaction mixture was cooled , 

diluted with water , and extracted with ether . The organic layer was dried 

(Mg504) and treated with HNO3 65% 

Filtration of the precipitate gives (1C) (55% yield)(m.p.=172°C).  

 

2.3.1.4 2-(2,4-Dichloropheyl) -2- (1H-imidazole -1- ylmethyl)-1,3-

dioxolane -4- methanol (1E): 

A solution of (1D) (131g,0.264mol )in 1000ml of dioxane and 

200ml of H2O was refluxed with 200ml of 50% NaOH for 0.5hr . Then 

the reaction mixture was cooled. The product crystallized on dilution with 

H2O , and the precipitate was filtered and taken up in chloroform . The 

solution was evaporated in vaccum to give (1E) (96%yield) 

(m.P.=140°C). 
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2.3.1.5 [2-(2,4-dichlorophenyl)-2-(1H-imidazole -1-ylmethyl) -1,3-

dioxolan -4-yl] methyl methanesulfonate (1F). 

To a solution (1E) (10g,o.03 mol) in pyridine (50ml) 

methanesulfonyte chloride (5g) was added dropwise over a period of 20 

min while cooling in ice.The reaction mixture was stirred for 5 hour 

.Then H2O was added and the product crystallized out ,The solid was 

filtered to give compound (1F) (87% yield) (m.p.=111.7°C). 

 

2.3.1.6 1- acetyl -4- [4-[[2-(2,4-dichlorophyenyl)-2-(1H-imidazole -1-

ylmethyl )-1,3-dioxolan -4-yl]methoxy phenyl] piperazine (1G): 

To a suspension of NaH (50%) dispersion (0.6g) in (Me2SO), 

solution (1F) (2.4g) was added .After stirring the suspension for 1 hours , 

compound (2) (4.1g) was added and stirring was continued for 5 hours at 

80°C. The reaction mixture was cooled and water added . After extraction 

of mixture with CH2CL2 , the organic layer was dried (MgSO4) and 

evaporated to afford an oil residue , to give compound (1G) 

(59%yield)(m.p.=146C°).  

 

2.3.2 preparation of ethyl -4-aminbenenzoate (2a).  

This compound was prepared according to the method described in 

literature (133), as follows : 

Dry hydrogen chloride was passed , (which was prepared by the reaction 

of conc. H2SO4  with fused ammonium chloride in a kipps apparatus ), 

through 80 ml of absolute ethanol in a 250ml conical flask equipped a 

two –holed cork and wash –bottle tubes until saturated , the increase in 

weight was about 20g . The solution was transferred to a 250ml round 

bottomed flask , 12g of p-amin benzoic acid (o.o8 mol ) introduced , and 

the mixture was refluxed for 2hrs. The hot solution was poured into 

excess of water and sodium carbonate was added to the clear solution 
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until it is neutral to litmus . The precipitated ester was filtered off at the 

pump and dried . The yield of ethyle –p-amino benzoate , (m.p.=89-91°C) 

was 70%  

 

2.3.3 Preparation of 2-thioaceticacid -5- (4-amino phenyl) 1,3,4- 

oxadiazole (2E). (133) 

A mixture of ethyl -4- amino benzoate (0.1mol) and hydrazine 

hydrate (0.1mol) was refluxed for 2 hours , ethanol (50ml) was added and 

refluxed for 5 hours . 

The precipitate benzoyl hydrazine which separated on cooling was 

filtered and washed with cold methanol. To a solution of benzoyl 

hydrazine (0.02 mol) in ethanol (100ml) at (0°C) carbon disulfide (0.04 

mol) and potassium hydroxide (0.02mol) were added , the mixture was 

refluxed for 7 hours .The solvent was evaporated and the residue 

dissolved in water and acidified with dilute hydrochloric acid . 

The precipitate was filtered and crystallized from (ethanol –water) 

to give 2- mercapto -5- (4-amino phyenyl) 1,3,4-oxadiazole which react 

with one equivalent of chlooracetic acid in the presence of KOH as a 

basic media to give 2- thioactic acid -5- (4-amino phenyl) 1,3,4-

oxadiazole (m.p.=102-104°C). 

The steps of the preparation of 2-thiocacetic acid -5-(4-amino 

phenyl) 1,3,4 oxadiazole can be shown in scheme (2.2).  
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Scheme (2.2): Preparation of compound  2- thioactic acid -5- (4-

amino phenyl) 1,3,4-oxadiazole (2E) 
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2.3.4 Preparation of 6-methyl -4- oxo-1,2,3,4-tetrahydro -2- 

thiopyrimidine (4 G).(134). 

Addition of sodium hydroxide (0.16mol,6.5g) with water (4ml and 

stirred gradually with a mixture of thiouria (0.1mol, 7.6g) and 

ethylacetoacetate (0.1mol,15.2g) in ethanol (10ml).  

The mixture was refluxed for 2 hours , the residue was acidified by 

adding the hot solution of hydrochloricacid (20ml) , finally cooling the 

residue.The white precipitate was filtered to give 6- methyl -4-oxo-

1,2,3,4 –tetrahydro-2- thiopyrimidine (93% yield) (m.p.=298-300C°).  

The steps of the preparation of 6- methyl -4- oxo-1,2,3,4- 

tetrahydro-2- thiopyrimide can be shown in scheme (2.3).  
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Scheme (2.3): Preparation of 6-methyl -4- oxo-1,2,3,4-tetrahydro -2- 

thiopyrimidine (4 G).(135) 
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2.3.5 preparation of 2- hydrazine -6-methyl pyrimidine -4- (3H) one 

(5G) (136). 

Compound (4G) was mixed with hydrazine hydrate (99%) , the 

mixture was refluxed for 3 hours .The mixture was cooled by adding the 

water .Filtered the precipitate filtered and washed the residue washed by 

cold water , to give 2- hydrazine -6-methyl pyrimidine -4- (3H) one (5G) 

(71%yield) (m.p.=212-215C°). 

The steps of the preparation of 2-hydrazino -6-methyl pyrimidine -

4-(3H) one can be shown in scheme (2.4). 
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Scheme (2.4): preparation of 2- hydrazine -6-methyl pyrimidine -4- 

(3H) one (5G) (136). 
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2.4 Mixture of ketoconazole (1G) with caffeine : 

Caffeine is much more soluble in acetone , and ketoconazole in 

(DMSO).(135).Mix the caffeine that dissolved in acetone with 

ketoconazole compound (1G) at the 1.5:1.5 ml . 

This mixture (6G) was prepared at different concentrations in two 

types of fungals . 

2.5 In vitro study ; 

In this study two types of fungal colonies were used 

(Trichophyton rubrum ,Geotrichum candidum ), and two types of 

culture media used (sabouraud agar and Potato dextrose agar PDA) . 

To each flask (50ml of media), except the sixth flask for control , 

250µl 500µl, 750µl , 1000µl and 1500µL of the examined compounds 

(1G,6G,2a,2E,4G, and 5G) were added to give the final concentration 

0.005mg/ml, 0.01mg/ml, 0.015mg/ml, 0.02mg/ml and 0.03mg/ml, 

respectively .For each concentration , duplicate plates were made .A 

suspension of fungal spores (Trichophyton and  geotrichum spores) was 

made by dissolving 0.01 g of agar in (5ml) of distilled water , autoclaved 

and a loopful of spores was added to it .A loopful of spore suspension 

was taken and put at the middle of each plate , incubated at 30C° for 48 

hrs ., 72hrs ., and 96hrs . 

After each incubation period these plates were checked for fungal 

growth by determining the diameter of fungal colonies , then the 

inhibition percent was calculated according to the equation (137): 

 

100
plate controlin growth  fungal of Average

plates-plate controlin growth  fungal of Average
% percentage Inhibitio ×=   
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2.6Study of the Antimicrobial Activities : 

The microorganisms used for antimicrobial activity include : 

 

 

 

No. Microorganisms Origin 

1- Geotrichum candidum  Biotechnology Dep., Nahrain 

university  

2- Trichophyton rubrum  Baghdad Teaching Hospital  

 

2.7 Biological study : 

In the current study two types of fungi were tested (Trichophyton 

rubrum and geotrichum candidum ). These fungi were chosen because of 

their importance in Dermatophyte diseases . 

 

2.8 Procedures: 

2.8.1 Sterilization methods (138): 

1- culture media were sterilized by autoclaving at 121°C , 15 pound 

/in 2 for 15 minutes . 

2- Glasswares were sterilized in the electric oven 180-200 C° for 2 

hours . 

 

2.8.2 Preparation of culture media : 

The following culture media were used routinely in our study : 

2.8.2.1 Modified sabouraud dextrose agar: 

Fungal (Geotrichum candidum) was cultured on modified sabouraud 

dextrose agar prepared by mixing the following ingredients (139): 

 Peptone                                     10g  
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Glucose                                      20g 

Agar                                           20g 

Cycloheximide                          500mg 

Cephalexin                                500mg 

Distilled water                          1000ml  

Cephalexin was added to prevent the growth of bacteria , while 

cycloheximide was added to prevent the growth of saprophytic  fungi (140).  

 

2.8.2.1Potato dextrose agar (PDA): 

Fungal (Trichopyton rubrum) was cultured on potato dextrose agar 

(PDA) prepared by mixing the following ingredients (141) 

                          potato                              200g 

                          sucrose                            20g 

                          agar                                 15g 

                          cyclohexmide                  500m 

                          cephalexin                       500mg 

                         distilled water                  1000ml  

 

1- two hundered gms of potato were weighted , boiled with 500ml of 

D.W. and then filtered with gauze . 

2- ingredients were added to the potato filterate and the volume 

completed to 1 Liter with D.W.  

3- fifty ml of this media were dispensed into (12) flasks of 250ml and 

autoclaved at 121C°, pound/in2 for 15 min .  
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Chapter Three 

Results and discussion  

 

3.1 synthesis and characterization of compound  

1-acetyl-4- [4-[[2-(2,4-dichlorophenyl)-2- (1H-imidazole -1- yl-methyl)-

1,3-dioxolan -4- yl]methoxy] phenyl ]piperazine (1G) [ketoconazole] : 

 

The compound (1G)was prepared as previously shown in scheme (2.1). 

Cis and trans -2- (Bromomethyl)-2- (2,4-dichlorophenyl) 1,3 –dixolane -

4- methanol (1a) was prepared by reflux the glycerine and 2,4 –

dichloacetophenone with benzene and butanol in the prescence of p-

toluene sulfonic acid monohydrate  

 

 

 

 

 

 

 

 

 

 

 

 

Compound (1b) was prepared by adding the bromine to compound 

(1a) 
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Cis-[2-(Bromomethyl) -2- (2,4-dichlorophenyl)-1,3-dioxolan -4-

yl)methyl benzoate (1c) was prepared by reaction benzoyl chloride and 

pyridine with compound (1b) in the presence of ethanol as solvent : 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Compound cis –[2- (2,4-dichlorophenyl)-2-(1H-imidazole -1-ylmethyl)-

1,3 dioxolan -4-yl] methyl benzoate Nitrate (1D) was prepared by the 

reaction of compound (1c) with imidazole in the presence of 65% HNO3:  
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Compound cis -2-(2,4-dichlorophenyl) -2- (1H-imidazole -1-yl methyl)-

1,3 –dioxolane - 4 -  methanol (1E) was  synthesized by refluxing 

compound (1D) with dioxolane and distill water in the presence of 50% 

NaOH : 
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The reaction of (1E) with methanesulfonyl chloride and pyridine yielded 

cis –[2-(2,4-dichlorophenyl)-2- (1H –imidazole –l-yl methyl)-1,3 –

dioxolan -4-yl) methyl methanesulfonate (1F) as shown below : 
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Compound cis -1- acetyl-4- [[2-(2,4-dichlorophenyl) -2- (1H-imidazole -

1- yl methyl_ -1,3- dioxolan -4- yl] methoxy ] phenyl ] piperazine (1G) 

was prepared by reaction compound (1F) with compound (2) and Me2SO 

compound :  
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The melting point of the compound was (142-144C°) , the reported 

melting point 146C° (135) . It was also identified by FITR spectroscopy . 

Figure (3.1) showed the FITR  spectrum of compound (1G) using KBr 

disc which showed the following characteristic absorption bands 

:Stretching  band appeared at 1573cm-1 which could be attributed to 

(C=N) , 1670 cm-1 for (C=O) , 2931 cm-1 for (C-H aliphatie ) , 821.6 cm-

1 for (C-CL), 1573cm-1  for (C-H) aromatic . 
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Figure (3-1):F.T.IR spectrum of cis-1-acetyl-4-[4-[[2-,4-dichlorophenyl)-2-(1H-imidazole-1-yl methyl)-1,3-dioxolan-4-yl] methoxy]phenyl]piprazine(1G). 
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H2N COOH
HCl

ethanol
H2N COOC2H5

3.2 synthesis and characterization of ethyl -4- amino benzoate (2G): 

Ethyl -4- amino benzoate (2G) was obtained by condensation reaction of -

4- amino benzoic acid with HCL saturated ethanol : 

 

 

 

 

 

 

The melting point of the compound 2G was 89-91C° . 

Compound 2G was characterized by its melting point 89-91C° (142)  

 

This compound has been verified  using FTIR , as shown in figure (3.2) 

the following characteristic absorption bands (KBr dis cm-1) : 3413 and 

3334 that could be attributed  to NH2 asymmetrical and symmetrical 

stretching , respectively , and bands at 2975 ,2891 due to aliphatic C-H 

stretching , the carbonyl of the ester at 1683 .  
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Figure (3-2):F.T.IR spectrum of ethyl-4-amino benzoate (2a). 
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3.3 synthesis and characterization of compound 2- thioacetic acid -5- 

(4- amino phenyl) 1,3,4- oxadiazole (2E) : 

The compound (2E) was prepared as previously shown in scheme (2.2) . 

Compound (2b) was synthesized by refluxing (2a) with hydrazine hydrate 

and ethanol : 

 

 

 

 

 

 

 

 

 

 

 

Compound (2C)has been prepared by refluxing the compound (2b) with 

carbon disulfide in the presence of potassium hydroxide : 

 

 

 

 

 

 

 

 

 

 



Chapter Three ……………………….……….. Results and discussion  

٤٧ 

Compound (2D) was obtained by adding the HCL to compound (2c) . 

 

 

 

 

 

 

 

 

 

 

Compound (2E) was prepared by the reaction of compound (2D) with  

chloroacetic acid : 

 

 

 

 

 

 

 

 

 

 

 

Figure (3.3) show the FTIR spectrum of compound (2E) using KBr disc 

which showed the appearance of band at 2740 cm-1 for (S-H) and 

appearance of band at 1350 cm-1 for (C=S) stretching . 
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Figure (3-3):F.T.IR spectrum of 2-thioacetic acid-5-(4-aminophenyl)-1,3,4-oxadiazole (2E). 
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3.4 synthesis and characterization of compound 6- methyl -4- oxo -

1,2,3,4 –tetrahydro -2- thiopyrimidine (4G) : 

The compound (4G) was prepared as previously shown in scheme (2.3)  

Compound (4G) has been obtained by refluxing ethylacetoacetate with 

sodium hydroxide and thiouria in prescence of hydrochloric acid : 
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The synthesized compound was characterized by FTIR . The 

characteristic (KBr cm-1) as shown in figure (3.4). A stretching band 

appeared at 2582 ,2337 which could be attributed to (S-H) ,1240 and 

1197 (C=S) stretching 731 of (C-S) , 2889 of (C-H) alphatic , 1633 for 

(C=O) , and 1556 (C=N) . (143) .  
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Figure (3-4):F.T.IR spectrum of 6-methyl-4-oxo-1,2,3,4-tetrahydro-2-thiopyrimidine (4G). 
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3.5 synthesis and characterization of compound 2- hydrazino- -6- 

methyl pyrimidine  -4- (3H) one (5G) : 

Compound (5G) was synthesized by refluxing compound (4G) with 

hydrazine hydrate 99% : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The synthesized compound was characterized by FTIR .FTIR spectrum 

has showed the disappearance of (S-H) and (C=S) bands , and appearance 

of bands at 3300,3210 for NH2 and N-H stretching (144) , as shown in 

figure (3.5).  
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Figure (3-5):F.T.IR spectrum of 2-hydrazino-6-methyl pyrimidine-4-(3H) one. 
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3.6 In vitro study : 

The results of our study indicated some variations in the ability of 

different compounds to inhibit fungal growth , these results depends on 

the type of compounds , the concentration used , type of media , and the 

type of microorganisms . 

The New compounds (1G, 6G,4G,2E and 5G) were found to have inhibition 

effect on growth of fungal . The effect of these new compounds were 

calculated at different concentrations .The inhibitiory effect was found to 

increase as the the concentration of compounds increase  

 

3.6.1. Effects of ketoconazole compounds (1G) on the growth of fungi: 

The ketoconazole compound showed an inhibitory effect on the growth of 

Trichophyton rubrum and Geotrichum candidum . 

Throughout 48 hrs. of incubation , the percentage of inhibition of 

Trichophyton rubrum at concentration 0.005 mg/ml, 0.01 mg/ml 

,0.015mg/ml ,0.02mg/ml , and 0.03 mg/ml were 

(21.8,34.37,100,100,100%) respectively . 

 

The percentage of inhibition of Geotrichum candidum in these 

concentrations were (42.5,50,100,100, and 100%) respectively , 

indicating that the best concentration of ketoconazole compound 1G to 

inhibit the growth of Trichophyton rubrum and geotrichum candidum 

were 0.015 mg/ml , 0.02 mg/ml , and 0.03 mg/ml as shown in Table (3-1) 

and figures (3-6) and (3-7) . 

 

Throughout 72 hrs . of incubation , the percentage of inhibition of 

Trichophyton rubrum at concentration 0.005 mg/ml , 0.01mg/ml , 

0.015mg/ml , 0.02mg/ml ,and 0.03 mg/ml were (9.09,21.2, 
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100,100,100%) respectively , and the diameter of colonies were 

(33,30,26,0,0,0) respectively . 

 

The inhibitory effect was found to increase as the concentration of 

ketoconazole compound increase , decrease the diameters of colonies of 

fungi  with increase the concentrations and also increase the inhibitory 

effect of ketoconzole compound  

 

The percentage of inhibition of geotrichum candidum in these 

concentrations were (13.51,24.32,100,100,and 100%) respectively , and 

the average of colonial diameters were (37,32,28,0,0,0) respectively as 

shown in Table (3-2) and Figures (3-8)  and (3-9) . 

 

Throughout 96 hrs . of incubation , the growth of Trichophyton rubrum 

was inhibited by different concentration of the ketoconazole compound 

used . The percentage of inhibition at concentration 0.005mg/ml , 

0.01mg/ml , 0.015mg/ml and 0.03mg/ml were (6.66,42.66,100,100%) 

respectively , and the average of colonial diameters were (75,70,43,0,0) 

as in the table (3-3) and figure of (3-10) and   (3-11) . 

The percentage of the inhibition of geotrichum candidum by the same 

concentrations for the ketoconazole compound reached to 

(5.88,52.9,100,100%) respectively . 

 

Increase the incubation time of fungi colonies will be increase the 

average of colonial diameters , the  best inhibitory effect of ketoconazole 

compound after 48 hrs. of incubation.  

 

Incubation time is inversely proportional with the treatment of 

dermatophytes by ketoconazole compound . (145) . 
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In our present work , ketoconazole showed complete inhibition of growth 

at the concentration (0.015mg/ml , 0.02mg/ml , and 0.03mg/ml ) 

indicated against of fungi colonies .Dermatophyte inhibition was read 

after 48 hours of incubation at 30 C ° (146,147).The outer wall of the fungal 

cell is a complex multilayered structure where amorphous , granular and 

fibrillar structures  interact with one another to give the cell a rigid shape 

and to confer osmotic stability .The cell walls of fungi do not contain 

peptidoglycan so that the B- lactam antibiotics have no effect . In recent 

years research to discover agents that affect the fungal cell wall has been 

intense but although several compounds emerged none has so for 

demonstrated clinical effectiveness (148).  

 

Thomas novinson , Roland K. Robins , and Thomas R. matthews 

(1978)(147). Refers to the azoles compounds have a common mode of 

action involving the interaction of the lone pair of electrons on the ring 

nitrogen with the haem group of the cytochrome P 450 of the enzyme 

catalysing the C-14 demethylation reaction . The  interaction ,stabilized at 

the binding site by the hydrophobic parts of the molecule ,prevents the 

oxidation of the methyl group and hence its subsequent removal . The 

result is an accumulation of methylated sterols in the cell , with a 

reduction of the ergosterol content . Methylated sterols are more bulky 

than ergosterol and do not easily fit into a normal  membrane 

structure(149). 

 

Betiana (1983) (150) refer to the ketoconazole compound is effective 

antifungal agent throught their action on the biosyntesis of ergosterol. 

Ergosterol plays a simslar role in fungal membranes to that taken by 

cholesterol in mammals . 
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HO
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14
15

A goup of compounds in common use includes those which inhibit at the 

stage of C-14 demethylation  these are generally referred to as the A zole 

antifungals , by virtue of their .nigtrgen- containing heterocyle (151). 

 

 

 

 

 

 

 

 

Antifungal which inhibit ergosterol biosyn thesis show marked selectivily 

for fungal systems . The azole antifungals are several hundred times more 

potent against lanosterol demethylation in fungi than the corresponding 

reaction in mammals  (152).  

 

Sheinerman , Norel , and Honing (2000) (55) refers to that invitro 

ketoconazole compound is show high activity after treatment against 

experimental Trichophyton rubrum. Ketoconazole which is orally active 

and was used to treat a wide range of fungal infections particularly deep-

seated mycoceses (153).In sabouraud agar , the antifungal activity of 

ketoconazole was markedly enhanced (154). 
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Table (3-1): Effects of compound (1G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
32 

 
0 

 
40 

 
0 

 
0.005 mg/ml 

 
25 

 
21.8 

 
23 

 
42.5 

 
0.01 mg/ml 

 
21 

 
34.37 

 
20 

 
50 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-6): Effect of Ketoconazole compound (1G) on the growth of 

Trichophyton rubrum after 48 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-7): Effect of Ketoconazole compound (1G) on the growth of 

Geotrichum Candidum after 48 hrs. of incubation 
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Table (3-2): Effects of compound (1G) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
33 
 

 
0 

 
37 

 
0 

 
0.005 mg/ml 

 
30 

 
9.09 

 
32 

 
13.51 

 
0.01 mg/ml 

 
26 

 
21.2 

 
28 

 
24.32 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-8): Effect of Ketoconazole compound (1G) on the growth of 

Trichophyton rubrum after 72 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-9): Effect of Ketoconazole compound (1G) on the growth of 

Geotrichum Candidum after 72 hrs. of incubation 
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Table (3-3): Effects of compound (1G) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
75 

 
0 

 
85 

 
0 

 
0.005 mg/ml 

 
70 

 
6.66 

 
80 

 
5.88 

 
0.01 mg/ml 

 
43 

 
42.66 

 
40 

 
52.9 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-10): Effect of Ketoconazole compound (1G) on the growth 

of Trichophyton rubrum after 96 hrs. of incubation 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-11): Effect of Ketoconazole compound (1G) on the growth 

of Geotrichum Candidum after 96 hrs. of incubation 
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3.6.2 Mixture of ketoconazole with caffeine (6G) : 

Throughout 48 hrs . of incubation , The growth of Trichophyton rubrum 

was inhibited by different concentration of the mixture (6G) used . 

The percentage of inhibition was 100% as in table (3-4)and figure (3-12) 

and (3-13). While the percentage of the inhibition of geotrichum 

candidum by the same mixture (6G) reached to 80% only in the 

concentration of 0.005 mg/ml , but other concentrations give same 

percentage of Trichophyton rubrum .  

 

Throughout 72 hrs . of incubation , The mixture (6G) showed an 

inhibitory effect on the growth  of both species . The percentage of 

inhibition of Trichophyton rumrum at concentrations 0.005 mg/ml 

,0.01mg/ml ,0.015mg/ml ,0.02mg/ml & 0.03 mg/ml were 

(71.4,100,100,100,&100%) respectively , and the average of colonial 

diameters were (14,4,0,0,0,0) respectively . 

The percentage of inhibition of geotrichum candidum in these 

concentrations were (76.1,100,100,100,& 100%) respectively , the 

average of colonial diameters were (21,5,0,0,0) respectively . 

 

The best concentration of mixture (6G) to inhibit the growth of trichophy 

rubrum and geotrichum candidum were (0.01mg/ml , 0.015mg/ml, 

0.02mg/ml , and 0.03mg/ml) only concentration 0.005 mg/ml appeared 

little inhibitory effect on the growth of both species , as shown in table 

(3-5) and figures (3-14) and (3-15) . 

Throughout 96 hrs .of incubation , the inhibitory effect of mixture (6G) 

similar of inhibitory effect after 72 hrs . of incubation , as in table (3-6) 

and  figures (3-16) and (3-17) . 
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N

N N

N

O

H3C

O

CH3

CH3

Caffeine

Todd,orengo , and thornton (2001) (30) refers to that the effect of A zole 

compound (ketoconazole ) was increased by mixture with alkaloids 

compounds . 

Caffeine is a member of alarge class of organic compounds known as 

alkaloids . alkaloids are nitrogen- containing ring compounds of 

vegetable origin that usually have a bitter taste, , have some of 

pharmacological activity and sensitive against dermatophyte diseases (155).  
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Table (3-4): Effects of mixture (6G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
10 

 
0 

 
20 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
4 

 
80 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-12): Effect of mixture compound (6G) on the growth of 

Trichophyton rubrum after 48 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-13): Effect of mixture compound (6G) on the growth of 

Geotrichum Candidum after 48 hrs. of incubation 
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Table (3-5): Effects of mixture (6G) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
14 

 
0 

 
21 

 
0 

 
0.005 mg/ml 

 
4 

 
71.4 

 
5 

 
76.1 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-14): Effect of mixture compound (6G) on the growth of 

Trichophyton rubrum after 72 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-15): Effect of mixture compound (6G) on the growth of 

Geotrichum Candidum after 72 hrs. of incubation 
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Table (3-6): Effects of mixture (6G) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
25 

 
0 

 
21 

 
0 

 
0.005 mg/ml 

 
5 

 
80 

 
5 

 
76.1 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-16): Effect of mixture compound (6G) on the growth of 

Trichophyton rubrum after 96 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-17): Effect of mixture compound (6G) on the growth of 

Geotrichum Candidum after 96 hrs. of incubation 
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3.6.3 Effect of 2- thioacetic acid (4- amino phenyl) 1,3,4-oxadiazole 

(2E) on growth of fungi  

 

Throughout 48 hrs , of incubation , the growth of trichophyton rubrum 

and geotrichum candidum were inhibited by different concentration of 

compound 2E used. The perenctage of inhibition of both species 100% at 

concentrations 0.005 mg/ml ,0.01mg/ml ,0.015mg/ml , 0.02mg/ml ,and 

0.03mg/ml respectively , as in table (3-7) and figures (3-18)   and (3-19) . 

Throughout 72 hrs . of incubation , the growth of trichophyton rubrum 

was inhibited by different concentration of compound 2E used . The 

percentage of inhibition was 100% as table (3-8) and figures (3-20) &(3-

21) . 

While the percentage of the inhibition of geotrichcum candidum by the 

same concentrations of compound (2E) reached to 

(75,100,100,100,100%)respectively to the concentrations 

(0.005mg/ml,0.01mg/ml,0.015mg/ml,0.02mg/ml,and 0.03mg/ml ) . 

Throughout 96 hrs .of incubation , the growth of Trichophyton rubrum 

and geotrichum candidum no effect by the time of incubation and 

indicated the same of percentage of inhibition in 72 hrs .of incubation .as 

shown in table (3-9) and figures (3-22) and (3-23) . 
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Table (3-7): Effects of compound (2E) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
15 

 
0 

 
15 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-18): Effect of mixture compound (2E) on the growth of 

Trichophyton rubrum after 48 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure (3-19): Effect of mixture compound (2E) on the growth of 

Geotrichum Candidum after 48 hrs. of incubation 
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Table (3-8): Effects of compound (2E) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
26 

 
0 

 
16 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
4 

 
75 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-20)Effect of mixture compound (2E) on the growth of 

Trichophyton rubrum after 72 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-21)Effect of mixture compound (2E) on the growth of 

Geotrichum Candidum after 72 hrs. of incubation 
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Table (3-9): Effects of compound (2E) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
27 

 
0 

 
16 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
4 

 
75 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-22)Effect of mixture compound (2E) on the growth of 

Trichophyton rubrum after 96 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-23)Effect of mixture compound (2E) on the growth of 

Geotrichum Candidum after 96 hrs. of incubation 
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3.6.4 Effect of 6- methyl -4- oxo-1,2,3,4- tetrahydro-2- thiopyrimidine 

(4G): 

The compounds (4G) was no inhibitory effect against the fungi 

(Trichophyton rubrum and geotrichum candidum ) in all concentrations , 

as in table (3-10) and figures (3-24) and (3-25) . 

 

Table (3-10): Effects of compound (4G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
85 

 
0 

 
87 

 
0 

 
0.005 mg/ml 

 
80 

 
5.88 

 
80 

 
8.04 

 
0.01 mg/ml 

 
70 

 
17.64 

 
73 

 
16.09 

 
0.015 mg/ml 

 
75 

 
11.76 

 
70 

 
19.54 

 
0.03 mg/ml 

 
70 

 
17.64 

 
65 

 
25.28 
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Figure (3-24)Effect of mixture compound (4G) on the growth of 

Trichophyton rubrum after 48 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-25)Effect of mixture compound (4G) on the growth of 

Geotrichum Candidum after 48 hrs. of incubation 
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3.6.5 effect of 2- hydrazino -6- methyl pyrimidine -4- (3H) one (5G) : 

Throughout 48 hrs . of incubation , depending on our study , it was 

clear that trichophyton rubum was very sensitive to compound (5G) with 

a percentage of inhibition 100%  for the concentrations used . while the 

percentage of the inhibition of geotrichum  candidum by the same 

compound  reached to (81.25,87.5,88.75,and 37.5) respectively to the 

concentrations   ( 0.005 mg/ml,0.01mg/ml,0.015mg/ml,and 0.02mg/ml ) , 

as shown in table (3-11) and figures (3-26)   and (3-27)  

Throughout 72 hrs . of incubation , the compound (5G) showed an 

inhibitory effect on the growth of both species . The  percentage of 

inhibition of trichophyton rubrum at concentrations (0.005mg/m 

l,0.01mg/ml,0.015mg/ml ,and 0.02 mg/ml) were (100,76.47,68.23, 

and100%) respectively . 

The percentage of inhibition of geotrichum candidum in these 

concentration were (84.61,74.35,74.35,100%) respectively , indicating 

that the best concentration of compound (5G) to inhibit the growth of 

geotrichum candidum was 0.02 mg/nl as shown in table (3-12) and figure 

(3-28) and (3-29) . 

 

The inhibitory effect of compound (5G) no change after 96hrs of 

incubation that give the same of inhibition after 72 hrs . of incubation .as 

shown in table (3-12) and Figure (3-30) & (3-31) 

Pyrimidine derivatives were used as antifungal , antiviruse , and 

antibacterial agent that depends on the  active group that associated in the 

pyrimidine ring . Associated of amine group (NH2)in pyrimidine ring 

made the compound Very active against Microorganisms  (increase the 

biological activity ). (156) 
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The Mechanisms of action of antimicrobial diffetent according to the type 

compound . some of antimicrobial inhibition the protein synthesis 

(erythomycine) , some of other inhibitor the cell membrane (pencilline) 

and antifungal compounds (Ketoconazole) and amphotericine B. (157) 

 

In genetal pharmaceutical studies of antifungal agents on drugs classified 

in to : 

1- Drugs that disrupt the cell membrane . 

2- Drugs that inhibit mitosis. 

3- Drugs that inhibit (DNA) synthesis (158) .   

 
 

Table (3-11): Effects of compound (5G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
85 

 
0 

 
78 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
15 

 
81.25 

 
0.01 mg/ml 

 
0 

 
100 

 
10 

 
87.5 

 
0.015 mg/ml 

 
0 

 
100 

 
19 

 
88.75 

 
0.02 mg/ml 

 
0 

 
100 

 
50 

 
37.5 
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Figure (3-26)Effect of mixture compound (5G) on the growth of 

Trichophyton rubrum after 48 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-27)Effect of mixture compound (5G) on the growth of 

Geotrichum Candidum after 48 hrs. of incubation 
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Table (3-12): Effects of compound (5G) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
85 

 
0 

 
80 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
12 

 
84.61 

 
0.01 mg/ml 

 
20 

 
76.47 

 
20 

 
74.35 

 
0.015 mg/ml 

 
27 

 
68.23 

 
20 

 
74.35 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Figure (3-28)Effect of mixture compound (5G) on the growth of 

Trichophyton rubrum after 72 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-29)Effect of mixture compound (5G) on the growth of 

Geotrichum Candidum after 72 hrs. of incubation 
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Table (3-13): Effects of compound (5G) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 

Control 
 
85 

 
0 

 
78 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
12 

 
84.61 

 
0.01 mg/ml 

 
20 

 
76.47 

 
20 

 
74.35 

 
0.015 mg/ml 

 
27 

 
68.23 

 
20 

 
74.35 

 
0.02 mg/ml 

 
0 

 
100 

 
10 

 
100 
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Figure (3-30)Effect of mixture compound (5G) on the growth of 
Trichophyton rubrum after 96 hrs. of incubation 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-31)Effect of mixture compound (5G) on the growth of 

Geotrichum Candidum after 96 hrs. of incubation 
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Figure (3-32): Effects of compound (1G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-33): Effects of compound (1G) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 
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Figure (3-34): Effects of compound (1G) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure (3-35): Effects of compound (6G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 
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Figure (3-36): Effects of compound (6G) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-37): Effects of compound (6G) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 
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Figure (3-38): Effects of compound (2E) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-39): Effects of compound (2E) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 
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Figure (3-40): Effects of compound (2E) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 

 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-41): Effects of compound (4G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 
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Figure (3-42): Effects of compound (5G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-43): Effects of compound (5G) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 
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Figure (3-44): Effects of compound (5G) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 
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Table (3-14): Show stander error of colonial diameter of 

Trichophyton rumbrum that effected by compound (1G) throughout 

48,72 and 96 hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control A 32+0.176 A 33+0.696 B75+0.577 

0.005 mg/ml A 25+0.6 A 30+0.912 B 70+0.358 

0.01 mg/ml A 21+0.436 A 26+0.196 B 43+1.067 

 

 

Table (3-15): Show stander error of colonial diameter of Geotrichum 

candidum that effected by compound (1G) throughout 48,72 and 96 

hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 0.760+40A  0.328+37A  0.216+85B  

0.005 mg/ml 0.834+23A  0.353+32B  0.335+80C  

0.01 mg/ml 1.341+20A  0.566+28A  0.632+40B  

 

 
Different letter represent significant differences (P≤0.05) between means of the same column 

 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-16): Show stander error of colonial diameter of 

Trichophyton rumbrum that effected by compound (6G) throughout 

48,72 and 96 hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control A 10+1.897 A 14+0.801 B 25+1.0 

0.005 mg/ml _ A 4+1.50 A 5+0.894 

 

 

Table (3-17): Show stander error of colonial diameter of Geotrichum 

candidum that effected by compound (6G) throughout 48,72 and 96 

hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 1.118+20A  A 21+2.182 A 21+2.182 

0.005 mg/ml A 4+1.0 A 5+0.447 A 5+0.447 

 

 

 

 

 

Different letter represent significant differences (P≤0.05) between means of the same column 
 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-18): Show stander error of colonial diameter of 

Trichophyton rumbrum that effected by compound (2E) throughout 

48,72 and 96 hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 0.516+15A  0.89+26A  0.962+27B  

0.005 mg/ml _ _ _ 

 

 

Table (3-19): Show stander error of colonial diameter of Geotrichum 

candidum that effected by compound (2E) throughout 48,72 and 96 

hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control A 15+0.516 A 16+0.5 A 16+0.5 

0.005 mg/ml _ B 4+1.0 B 4+1.0 

 

 

 

 

 

Different letter represent significant differences (P≤0.05) between means of the same column 
 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-20): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (4G) throughout 48,72 and 96 hrs. of incubation. 

 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

 

Trichophyton rumbrum 

 

Geotrichum candidum 

 

control 

 

0.542+85A  

 

A 87+0.643 

 

0.005 mg/ml 

 

A 80+0.447 

 

A 80+0.782 

 

0.01 mg/ml 

 

A 70+0.358 

 

0.351+73A  

 

0.015 mg/ml 

 

0.23+75A  

 

0.239+70B  

 

0.03 mg/ml 

 

0.119+70A  

 

A 65+0.620 

 

 

 

 

 

 

 

 

 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-21): Show stander error of colonial diameter of 

Trichophyton rumbrum that effected by compound (5G) throughout 

48,72 and 96 hrs. of incubation. 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control A 85+0.65 A 85+0.65 A 85+0.65 

0.005 mg/ml _ _ _ 

0.01 mg/ml _ B 20+0.447 B 20+0.447 

0.015 mg/ml _ B 27+0.384 B 27+0.384 

 

 

Table (3-22): Show stander error of colonial diameter of Geotrichum 

candidum that effected by compound (5G) throughout 48,72 and 96 

hrs. of incubation. 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control A 78+0.339 A 78+0.226 A 78+0.226 

0.005 mg/ml A 15+0.516 A 12+0.577 A 12+0.577 

0.01 mg/ml A 10+0.316 A 20+1.34 A 20+1.34 

0.015 mg/ml A 19+0.458 A 20+1.788 A 20+1.788 

0.02 mg/ml A 50+0.707 _ B 10+0.244 

 Different letter represent significant differences (P≤0.05) between means of the same column 
 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Figure (3-45): Show stander error of colonial diameter of 

Trichophyton rumbrum that effected by compound (1G) throughout 

48,72 and 96 hrs. of incubation. 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-46): Show stander error of colonial diameter of 

Geotrichum candidum that effected by compound (1G) throughout 

48,72 and 96 hrs. of incubation. 
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Figure (3-47): Show stander error of colonial diameter of 

Trichophyton rumbrum that effected by compound (6G) throughout 

48,72 and 96 hrs. of incubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-48): Show stander error of colonial diameter of 

Geotrichum candidum that effected by compound (6G) throughout 

48,72 and 96 hrs. of incubation. 
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Figure (3-49): Show stander error of colonial diameter of 

Trichophyton rumbrum that effected by compound (2E) throughout 

48,72 and 96 hrs. of incubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-50): Show stander error of colonial diameter of 

Geotrichum candidum that effected by compound (2E) throughout 

48,72 and 96 hrs. of incubation. 
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Figure (3-51): Show stander error of colonial diameter of 

Trichophyton rumbrum that effected by compound (4G) throughout 

48,72 and 96 hrs. of incubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-52): Show stander error of colonial diameter of 

Geotrichum candidum that effected by compound (5G) throughout 

48,72 and 96 hrs. of incubation. 
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Figure (3-53): Show stander error of colonial diameter of 

Geotrichum candidum that effected by compound (5G) throughout 

48,72 and 96 hrs. of incubation. 

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-54): Show stander error of colonial diameter of 

Trichophyton rumbrum & Geotrichum candidum that eff ected by 

compound (1G) throughout 48,72 and 96 hrs. of incubation. 
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Table (3-23): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (1G) throughout 48hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

0.176+A32 

 

0.760+A40 

 

0.005 mg/ml 

 

0.6+A25 

 

0.834+A23 

 

0.01 mg/ml 

 

0.436+A21 

 

1.341+A20 

 

 

Table (3-24): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (1G) throughout 72hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

0.696+A33 

 

0.328+A37 

 

0.005 mg/ml 

 

0.912+A30 

 

0.353+A32 

 

0.01 mg/ml 

 

0.196+A26 

 

0.566+A28 

 Different letter represent significant differences (P≤0.05) between means of the same column 
 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-25): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (1G) throughout 96hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

0.577+A75 

 

0.216+A85 

 

0.005 mg/ml 

 

0.358+A70 

 

0.335+B80 

 

0.01 mg/ml 

 

1.067+A43 

 

0.632+A40 

 

 

Table (3-26): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (6G) throughout 48hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

1.897+A10 

 

1.118+A20 

 

0.005 mg/ml 

 

_ 

 

1.0+B4 

 
 
 
 

 

Different letter represent significant differences (P≤0.05) between means of the same column 
 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-27): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (6G) throughout 72hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

0.801+A14 

 

2.182+1A2 

 

0.005 mg/ml 

 

1.5+A4 

 

0.447+A5 

 
 
 

Table (3-28): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (6G) throughout 96hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

1.0+A25 

 

2.182+A21 

 

0.005 mg/ml 

 

0.894+A5 

 

0.447+A5 

 
 
 
 
 
 

 

Different letter represent significant differences (P≤0.05) between means of the same column 
 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-29): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (2E) throughout 48hrs. of incubation. 

 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

0.516+A15 

 

0.516+A15 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-30): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (2E) after A:72hrs. and B: 96hrs. of incubation. 

 

A 
 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

 

Trichophyton rumbrum 

 

Geotrichum candidum 

 

control 

 

0.89+A26 

 

0.5+B16 

 

0.005 mg/ml 

 

_ 

 

1.0+B4 

 
 

B 
 
 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

 

Trichophyton rumbrum 

 

Geotrichum candidum 

 

control 

 

0.962+A27 

 

0.5+B16 

 

0.005 mg/ml 

 

_ 

 

1.0+B4 

 
 
 

 
 

 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-31): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (4G) throughout 48hrs. of incubation. 

 
 
 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

0.542+A85 

 

0.643+A87 

 

0.005 mg/ml 

 

0.447+A80 

 

0.782+A80 

 

0.01 mg/ml 

 

0.358+A70 

 

0.351+A73 

 

0.015 mg/ml 

 

0.23+A75 

 

0.239+B70 

 

0.03 mg/ml 

 

0.119+A70 

 

0.620+A65 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Table (3-32): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (5G) after A:48hrs. and B: 72hrs. of incubation. 

A 

 
 

Concentration 

Average of colonial diameter in different time of 
incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 
control 

 
0.65+A85 

 
0.339+A78 

 
0.005 mg/ml 

 
_ 

 
0.516+B15 

 
0.01 mg/ml 

_  
0.316+B10 

 
0.015 mg/ml 

_  
0.458+B19 

 
0.02 mg/ml 

_  
0.707+B50 

 

B 
 
 

Concentration 

Average of colonial diameter in different time of 
incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 
control 

 
0.65+A85 

 
0.226+A78 

 
0.005 mg/ml 

 
- 

 
0.577+B12 

 
0.01 mg/ml 

 
0.447+A20 

 
1.34+A20 

 
0.015 mg/ml 

 
0.384+A27 

 
1.788+A20 

 
0.02 mg/ml 

 
- 

 
- 

 
 

 

 

 
 

Different letter represent significant differences (P≤0.05) between means of the same column 
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Figure (3-55): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (1G) throughout 72hrs. of incubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-56): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (1G) throughout 96hrs. of incubation. 
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Figure (3-57): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (6G) throughout 48hrs. of incubation. 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-58): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (6G) throughout 72hrs. of incubation. 
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Figure (3-59): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (6G) throughout 96hrs. of incubation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (3-60): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (2E) throughout 48hrs. of incubation. 
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Figure (3-61): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (2E) after A:72hrs. and B: 96hrs. of incubation. 
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Figure (3-62): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (4G) throughout 48hrs. of incubation. 
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Figure (3-63): Show stander error of colonial diameter of 

Trichophyton rumbrum and Geotrichum candidum that effected by 

compound (5G) after A:48hrs. and B: 72hrs. of incubation. 
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Conclusion: 

 

1- In this work new derivatives of Azole compound has been synthesized : 

1- acety -4[4-[[2-(2,4- dichlorophenyl )-2- (1H-imidazole-1-methyl)-1,3 

dioxolan -4-y1] methoxy ]phenyl] piperazine , 2- thioacetic -5- (4-amino 

phenyl) 1,3,4- oxadiazole ,  

and new derivaties of pyrimidine compound has been synthesized :6- methyl 

–4-oxo-1,2,3,4-tetrahydro-2- thiopyrimidine , 2- hydrazine -6- methyl 

pyrimidine by simple and efficiency methods . 

 

2-The new derivatives were found to inhibition of growth of some type of 

fungi . 

 

3-The new derivartives were found different in the inhibitory effect between 

both species of fungi (Trichophton rubrum and geotrichum candidum ) in the 

same time of incubation . 

 

4-Invitro study showed us that the highest inhibition of growth of fungal was 

found after 48 hrs .of incubation .  

 

5-The best concentration of new derivatives to inhibit the growth of fungi 

were (0.001 mg/ml ,0.015,and 0.02 mg/ml.)  

 

6-The inhibitory effect was found to increase as the concentrations of new 

derivaties increase . 
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7-The inhibitory effect was found to increase as the average of colonial 

diameter of fungi decrease and increase the percentage of inhibition . 

 

8-The average of colonial diameters of fungi were found decrease as 

increase the concentrations of new derivatives . 

 

9-The new derivatives of 6-methyl -4-oxo-1,2,3,4- tetrahydro -2- thirimidine 

(4G) was not effective against the both species of fungi at the different 

concentrations . 

 

10-Caffeine compound was found to increase the activity against fungi when 

mixed with ketoconazole compound at the ratio 1.5:1.5 ml .  
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Future work : 

 

1-Testing the effect of these compounds on bacteria . 

 

2-Studying the invivo experimental work on the pharmacological action of 

these compounds . 

 

3-Studying the invivo activity of new derivatives against sequamous cell 

carcinoma in the mice . 

 

 

4-Studying the invitro activity of these compounds against plasmacytoma 

cell line . 

 

5-Studying the invitro activity of Amphotericin B with ketococanzole as 

antifungal compound  
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Summary 

 

I 

Summary 

         Chemotherapy is the science of selective toxicity. The goal of 

chemotherapeutic treatement is to selectively attenuate or destrory 

pathogenic microorganisms or cells with minimal side effects to the host . 

These target cells or organisms may be bacteria , viruses , fungi , or 

tumor cells . 

 

         In this work new derivatives of azole and pyrimidine compounds 

have been synthesized , which contain imidazole compound with a five 

membered ring containing two nitrogen which is pharmacologically 

active against dermatophyte diseases . 

 

1-acetyl -4- [4-[[2,4-dicholorphenyl] -2-(1H –imidazole -1-yl –methyl)-

1,3-dioxolan -4-yl]methoxy ]phenyl] piperazine  (1G) was synthesized by 

treating of [2-(2,4-dicholorphenyl] -2-(1H –imidazole -1-yl –methyl)-1,3-

dioxolan -4-yl]methoxy methanesulfonate with piperazine dervatives. 

 

Ethyl -4- aminobenzoate (2a) was synthesized by condensation reaction 

of -4- amino benzoic acid with HCl saturated ethanol . 

 

2- thioacetic -5- (4-amino phenyl)1,3,4-oxadiazole (2E) was synthesized 

by treating compound 2-mercapto-5-(4-aminophenyl) 1,3,4-oxadiazole 

with chloroacetic acid . 

 

1- methyl -4- oxo-1,2,3,4,-tetrahydro-2- thiopyrimidine (4G) was 

synthesized by reacting of (0.1mole) thiouria with (0.1mole) of 

ethylacetoacetate . 

 



Summary 

 

II 

2- hydrazine -6- methyl pyrimidine -4- (3H) one (5G) was synthesized by 

reacting the hydrazine hydrate with compound (4G). 

 

        The purity of the compounds were characterized by using fourier 

transform infrared spectroscopy  (FTIR) . 

 

        The effects of New compounds (1G,2E,6G,4G and 5G) one the 

activity of growth the fungal colonies were studied the effect of these 

compounds by using the tissue culture of fungi in the treatment of 

dermatophyte that found depend on the incubation time 48 hrs ., 72hrs ., 

and 96hrs .  

 

         The invitro study was used the Trichophyton rubrum and 

geotrichum candidum ,and used sabouraud agar and potato dextrose as 

culture . 

 

        Mixture of Ketoconazole compound with caffeine (6G) showed the 

highest inhibitory effect on the growth of fungi compared with 

ketoconazle (1G) alone , the least effective compound was (5G) after 72 

hrs . of incubation and compound (4G) didnt inhibit the growth of fungal 

colonies at different concentration .  

 

        Compound (2E) was highly active against fungal colonies after 

48hrs ., 72hrs.,and 96hrs .of incubations .  

 

 

 

 

 



  

  

  

  

  

كَ ا�
ذِي َ�َ�قَ۞ َ�َ�قَ اْ�ِ�َ��نَ ِ�نْ اْ�رَأْ ِ��ْ�مِ رَ��


مَ اْ�رَأْ وَرَ� كَ اْ�َْ�رَمُ۞َ�َ�قٍ۞��ا�
ذِي َ


مَ اْ�ِ�َ��نَ َ�� َ�مْ َ$ْ#َ�مْ۞ِ��ْ�َ"َ�مِ۞��َ  
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Table (3-1): Effects of compound (1G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
32 

 
0 

 
40 

 
0 

 
0.005 mg/ml 

 
25 

 
21.8 

 
23 

 
42.5 

 
0.01 mg/ml 

 
21 

 
34.37 

 
20 

 
50 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-2): Effects of compound (1G) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
33 
 

 
0 

 
37 

 
0 

 
0.005 mg/ml 

 
30 

 
9.09 

 
32 

 
13.51 

 
0.01 mg/ml 

 
26 

 
21.2 

 
28 

 
24.32 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-3): Effects of compound (1G) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
75 

 
0 

 
85 

 
0 

 
0.005 mg/ml 

 
70 

 
6.66 

 
80 

 
5.88 

 
0.01 mg/ml 

 
43 

 
42.66 

 
40 

 
52.9 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-4): Effects of mixture (6G) on the diameter of fungal colonies 

throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
10 

 
0 

 
20 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
4 

 
80 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-5): Effects of mixture (6G) on the diameter of fungal colonies 

throughout 72 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
14 

 
0 

 
21 

 
0 

 
0.005 mg/ml 

 
4 

 
71.4 

 
5 

 
76.1 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-6): Effects of mixture (6G) on the diameter of fungal colonies 

throughout 96 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
25 

 
0 

 
21 

 
0 

 
0.005 mg/ml 

 
5 

 
80 

 
5 

 
76.1 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-7): Effects of compound (2E) on the diameter of fungal colonies 

throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
15 

 
0 

 
15 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-8): Effects of compound (2E) on the diameter of fungal colonies 

throughout 72 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
26 

 
0 

 
16 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
4 

 
75 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-9): Effects of compound (2E) on the diameter of fungal colonies 

throughout 96 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
27 

 
0 

 
16 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
4 

 
75 

 
0.01 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.015 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 

 
0.03 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-10): Effects of compound (4G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
85 

 
0 

 
87 

 
0 

 
0.005 mg/ml 

 
80 

 
5.88 

 
80 

 
8.04 

 
0.01 mg/ml 

 
70 

 
17.64 

 
73 

 
16.09 

 
0.015 mg/ml 

 
75 

 
11.76 

 
70 

 
19.54 

 
0.03 mg/ml 

 
70 

 
17.64 

 
65 

 
25.28 
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Table (3-11): Effects of compound (5G) on the diameter of fungal 

colonies throughout 48 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
85 

 
0 

 
78 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
15 

 
81.25 

 
0.01 mg/ml 

 
0 

 
100 

 
10 

 
87.5 

 
0.015 mg/ml 

 
0 

 
100 

 
19 

 
88.75 

 
0.02 mg/ml 

 
0 

 
100 

 
50 

 
37.5 
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Table (3-12): Effects of compound (5G) on the diameter of fungal 

colonies throughout 72 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
85 

 
0 

 
80 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
12 

 
84.61 

 
0.01 mg/ml 

 
20 

 
76.47 

 
20 

 
74.35 

 
0.015 mg/ml 

 
27 

 
68.23 

 
20 

 
74.35 

 
0.02 mg/ml 

 
0 

 
100 

 
0 

 
100 
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Table (3-13): Effects of compound (5G) on the diameter of fungal 

colonies throughout 96 hrs. of incubation. 

 

 
 

concentration 

Trichophyton rumbrum Geotrichum candidum 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 

Average of 
colonial 
diameter 

Percentage 
of 

incubation 
 
Control 

 
85 

 
0 

 
78 

 
0 

 
0.005 mg/ml 

 
0 

 
100 

 
12 

 
84.61 

 
0.01 mg/ml 

 
20 

 
76.47 

 
20 

 
74.35 

 
0.015 mg/ml 

 
27 

 
68.23 

 
20 

 
74.35 

 
0.02 mg/ml 

 
0 

 
100 

 
10 

 
100 
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Table (3-14): Show stander error of colonial diameter of Trichophyton 

rumbrum that effected by compound (1G) throughout 48,72 and 96 hrs. 

of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 32+0.176 33+0.696 75+0.577 

0.005 mg/ml 25+0.6 30+0.912 70+0.358 

0.01 mg/ml 21+0.436 26+0.196 43+1.067 

 

Table (3-15): Show stander error of colonial diameter of Geotrichum 

candidum that effected by compound (1G) throughout 48,72 and 96 hrs. 

of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 40+0.760 37+0.328 85+0.216 

0.005 mg/ml 23+0.834 32+0.353 80+0.335 

0.01 mg/ml 20+1.341 28+0.566 40+0.632 
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Table (3-16): Show stander error of colonial diameter of Trichophyton 

rumbrum that effected by compound (6G) throughout 48,72 and 96 hrs. 

of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 10+1.897 14+0.801 25+1.0 

0.005 mg/ml _ 4+1.50 5+0.894 

 

Table (3-17): Show stander error of colonial diameter of Geotrichum 

candidum that effected by compound (6G) throughout 48,72 and 96 hrs. 

of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 20+1.118 21+2.182 21+2.182 

0.005 mg/ml 4+1.0 5+0.447 5+0.447 
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Table (3-18): Show stander error of colonial diameter of Trichophyton 

rumbrum that effected by compound (2E) throughout 48,72 and 96 hrs. 

of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 15+0.516 26+0.89 27+0.962 

0.005 mg/ml _ _ _ 

 

Table (3-19): Show stander error of colonial diameter of Geotrichum 

candidum that effected by compound (2E) throughout 48,72 and 96 hrs. 

of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 15+0.516 16+0.5 16+0.5 

0.005 mg/ml _ 4+1.0 4+1.0 
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Table (3-20): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (4G) 

throughout 48,72 and 96 hrs. of incubation. 

 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

 

Trichophyton rumbrum 

 

Geotrichum candidum 

 

control 

 

85+0.542 

 

87+0.643 

 

0.005 mg/ml 

 

80+0.447 

 

80+0.782 

 

0.01 mg/ml 

 

70+0.358 

 

73+0.351 

 

0.015 mg/ml 

 

75+0.23 

 

70+0.239 

 

0.03 mg/ml 

 

70+0.119 

 

65+0.620 
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Table (3-21): Show stander error of colonial diameter of Trichophyton 

rumbrum that effected by compound (5G) throughout 48,72 and 96 hrs. 

of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 85+0.65 85+0.65 85+0.65 

0.005 mg/ml _ _ _ 

0.01 mg/ml _ 20+0.447 20+0.447 

0.015 mg/ml _ 27+0.384 27+0.384 
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Table (3-22): Show stander error of colonial diameter of Geotrichum 

candidum that effected by compound (5G) throughout 48,72 and 96 hrs. 

of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

48 hrs. 72 hrs. 96 hrs. 

control 78+0.339 78+0.226 78+0.226 

0.005 mg/ml 15+0.516 12+0.577 12+0.577 

0.01 mg/ml 10+0.316 20+1.34 20+1.34 

0.015 mg/ml 19+0.458 20+1.788 20+1.788 

0.02 mg/ml 50+0.707 _ 10+0.244 
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Table (3-23): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (1G) 

throughout 48hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

A32+0.176 

 

A40+0.760 

 

0.005 mg/ml 

 

A25+0.6 

 

A23+0.834 

 

0.01 mg/ml 

 

A21+0.436 

 

A20+1.341 

 

Table (3-24): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (1G) 

throughout 72hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

A33+0.696 

 

A37+0.328 

 

0.005 mg/ml 

 

A30+0.912 

 

A32+0.353 

 

0.01 mg/ml 

 

A26+0.196 

 

A28+0.566 
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Table (3-25): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (1G) 

throughout 96hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

A75+0.577 

 

A85+0.216 

 

0.005 mg/ml 

 

A70+0.358 

 

B80+0.335 

 

0.01 mg/ml 

 

A43+1.067 

 

A40+0.632 

 

Table (3-26): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (6G) 

throughout 48hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

A10+1.897 

 

A20+1.118 

 

0.005 mg/ml 

 

_ 

 

B4+1.0 
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Table (3-27): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (6G) 

throughout 72hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

A14+0.801 

 

A21+2.182 

 

0.005 mg/ml 

 

A4+1.5 

 

A5+0.447 

 
 
 
Table (3-28): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (6G) 

throughout 96hrs. of incubation. 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

A25+1.0 

 

A21+2.182 

 

0.005 mg/ml 

 

A5+0.894 

 

A5+0.447 

 
 
 
 
 



Chapter Three …………………………………. Results and discussion  

 
 
Table (3-29): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (2E) 

throughout 48hrs. of incubation. 

 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

A15+0.516 

 

A15+0.516 
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Table (3-30): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (2E) 

after A:72hrs. and B: 96hrs. of incubation. 

 

A 
 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

 

Trichophyton rumbrum 

 

Geotrichum candidum 

 

control 

 

A26+0.89 

 

B16+0.5 

 

0.005 mg/ml 

 

_ 

 

B4+1.0 

 
 

B 
 
 

 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

 

Trichophyton rumbrum 

 

Geotrichum candidum 

 

control 

 

A27+0.962 

 

B16+0.5 

 

0.005 mg/ml 

 

_ 

 

B4+1.0 
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Table (3-31): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (4G) 

throughout 48hrs. of incubation. 

 
 
 
 

 

Concentration 

Average of colonial diameter in different time of 

incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 

control 

 

A85+0.542 

 

A87+0.643 

 

0.005 mg/ml 

 

A80+0.447 

 

A80+0.782 

 

0.01 mg/ml 

 

A70+0.358 

 

A73+0.351 

 

0.015 mg/ml 

 

A75+0.23 

 

B70+0.239 

 

0.03 mg/ml 

 

A70+0.119 

 

A65+0.620 
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Table (3-32): Show stander error of colonial diameter of Trichophyton 

rumbrum and Geotrichum candidum that effected by compound (5G) 

after A:48hrs. and B: 72hrs. of incubation. 

A 

 
 

Concentration 

Average of colonial diameter in different time of 
incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 
control 

 
A85+0.65 

 
A78+0.339 

 
0.005 mg/ml 

 
_ 

 
B15+0.516 

 
0.01 mg/ml 

_  
B10+0.316 

 
0.015 mg/ml 

_  
B19+0.458 

 
0.02 mg/ml 

_  
B50+0.707 

 

B 
 
 

Concentration 

Average of colonial diameter in different time of 
incubation with stander error 

Trichophyton rumbrum Geotrichum candidum 

 
control 

 
A85+0.65 

 
A78+0.226 

 
0.005 mg/ml 

 
- 

 
B12+0.577 

 
0.01 mg/ml 

 
A20+0.447 

 
A20+1.34 

 
0.015 mg/ml 

 
A27+0.384 

 
A20+1.788 

 
0.02 mg/ml 

 
- 

 
- 
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