In-vitro and in-vivo analysis of formulated Cola nitida tablet and cream in the treatment of dermatophyte infection
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ABSTRACT

This study assessed the formulation and evaluation of anti-dermatophytic activities of tablets and creams prepared from ethanol extract of Cola nitida stem bark and Avicel by direct compression with simple ointment B.P.C. The tablet in synergy with the simple ointment as a combination therapy for the treatment of dermatophyte infection by Trichophyton rubrum and Trichophyton tonsurans in-vitro was evaluated. The variables used in the formulation of the cream and tablet elicited synergistic potency of Cola nitida for the treatment of dermatophyte infection with varied zones of inhibition. The statistical ratio obtained from this study indicated that H (2.5% extract + 10% glycerine + 87.5% base) and F (5% extract + 5% propyleneglycol + 90% base) in combination with 200 mg of CNSB (Cola nitida stem bark) tablet elicited the greatest efficacy with zones of inhibition of 25±0.2 and 20± 0.2. While for the non-combination treatment, zones of inhibition were 14±0.1 and 10± 0.1. The in-vivo analysis revealed histologically and hematologically that though the control drug, ketoconazole and 5-fluorouracil were active against the tested dermatophytes, there is rupturing of cells at the site of infection after treatment. In treatment with formulated Cola nitida stem bark; there were no obvious rupturing of the cells of the wistar rats after treatment.  This affirmed the fear of medical practitioners in prescribing oral drugs when patients present with dermatophyte infection because they are eukaryotic in nature. 
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INTRODUCTION

In continuation of our interest in the anti dermatophytic potential of Cola nitida (Adeniyi et al, 2015, Mebude et al., 2017), we further evaluated the effect of formulation variables and combination treatment (topical and oral) of the plant part in dermatophyte infection. Cola, a tropical African genus of the family Sterculiaceae, has about one hundred and twenty five species.  Cola species are evergreen, mostly small or moderately sized trees although a few grow to 25 metres. A number of species are widely cultivated in tropical countries, especially in Africa. The most commonly used are C. verticillata (Thonn.) Stapf, C. acuminata (Pal. de Beauv.) Schott and Endl. and C. nitida (Vent.) Schott and Endl., with the latter two having the greatest economic importance (Lovejoy, 1980). 

Traditionally, the leaves, twigs, flowers, fruits follicles, and the bark of both C. nitida and C. acuminata were used to prepare a tonic as a remedy for dysentery, coughs, diarrhœa, vomiting (Ayensu, 1978) and chest complaints (Irvine, 1961). The nuts have considerable potential for the development of new pharmaceuticals and foods (Fereday et al., 1997). Extracts of C. nitida bark have been tested on various pathogenic bacteria (Staphylococcus aureus, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa , beta -haemolytic streptococci,  Escherichia coli and  Neisseria gonorrhoeae) (Ebana  et al ., 1991). All the extracts showed inhibitory activity against these organisms. Benie et al. (1987) report that stem bark extracts of C. nitida inhibited the release of luteinizing hormone (LH) from rat pituitary cells and may therefore regulate gonadotropin release. This has potential to be used as a natural fertility regulator.

Dermatophytoses is one of the most frequent skin diseases of human, pets and livestock (Tsang et al., 1996). They are specialized group of fungi able to cause zoonotic superficial infection because of invading keratinized tissues of the skin, hair and nails. They are often very difficult to treat due to the complex nature of dermatophytes cells. Research interest and activities in the area of ethno-medicine have increased tremendously in the last decade particularly towards the search for alternative antimicrobial agents. Since the inception of the discipline, scientific research in ethno-medicine has made important contribution to the understanding of traditional substances, medical knowledge and practice. This study therefore aimed at investigating the advantage of combination treatment for dermatophytosis by varying the constituents of formulation with the goal of achieving the best combination parameter for the relief of dermatophyte infections as a follow up to the findings of Adeniyi et al., 2015 and Mebude et al., 2017.

MATERIALS AND METHODS

 PLANT COLLECTION AND PREPARATION OF PLANT ETHANOLIC EXTRACT

Stem bark of Cola nitida were collected from the University of Ibadan campus. Authentication of plant was done at the herbarium of the Department of Botany, University of Ibadan and voucher specimen UIH-22487 deposited. The sample was thoroughly washed, dried and ground to coarse powder. The powdered sample was extracted with ethanol by Soxhlet apparatus. Extract was collected, concentrated to dryness using rotary evaporator, lyophilized and kept at 4oC for biological assays. 

FORMULATION OF CREAM

The compositions and the amounts of the formulation ingredient are as shown in table 1. Simple ointment B.P.C. was prepared as described in the British Pharmaceutical Codex (1980), London Pharmaceutical press (Eleventh edition) page 642. 

FORMULATION OF TABLETS
Tablets (final weight-200 mg) were prepared from powder mixture of Cola nitida stem bark and Avicel by directly compressing the material for 30 seconds with pre-determined loads of 5KN (Carver Inc, Menomonee falls, WI, USA). Before each compression, the die (10.5 mm diameter) and the flat faced punches were lubricated with a 2% w/w dispersion of Magnesium stearate in ethanol:ether (1:1 solution). After ejection, the tablets were stored over silica gel for 24 hr to allow hardening and elastic recovery.

EVALUATION OF PHYSICAL PROPERTIES OF CREAM FORMULATION AND TABLETS
 PHYSICAL CHARACTERISTICS OF CREAM

The cream formulation containing Cola nitida stem bark extract were examined for their physical properties comprising pH, color and homogeneity.
 DETERMINATION OF pH
The pH of the cream formulation was measured using digital pH meter (manufacturer??)

HOMOGENEITY
This was tested by visual observation and was ranked as follows:

xxx- Excellent, xx- Good, x- Poor.

IRRITATION TEST

Cola nitida stem bark cream was applied on non-broken rat skin. The test cream and cotton swab covering it were secured firmly on the applied surface with plaster. Observations were made for the signs of erythema.

PHYSICAL CHARACTERISTICS OF TABLETS

HARDNESS

 Five  tablets  were  subjected  for hardness  tester  and  the  crushing  strength  of  the tablet  was  measured.  Average hardness of the tablets was calculated and standard deviation was determined

DISINTEGRATION TEST
Six  tablets  of  each  sample  were  placed  in disintegration  apparatus,  where  the  volume  of disintegration  medium  was  900  ml  of  water maintained  at  37±1°C.  The  time  taken  to  break each tablet into small particles and pass through the mesh  was  recorded  and  average  time  was calculated.

FRIABILITY TEST

Twenty tablets for each sample were weighed on the analytical balance and then placed in the friability tester which rotated at 100 rpm.  Finally the tablets were de- dusted and reweighed again.  The difference in weight was taken and percent loss in weight was calculated. 

FORMULATION VARIABLES OF CNSB CREAM
A- 2.5% extract + 97.5% base.

B- 2 .5% extract + 5% glycerine + 92.5% base.

C- 5% extract + 5% glycerine + 90% base.

D- 10% extract + 5% glycerine + 85% base.

E- 2.5% extract + 5% propyleneglycol + 92.5% base.

F- 5% extract + 5% propyleneglycol + 90% base.

G- 10% extract + 5% propyleneglycol + 85% base.

H- 2.5% extract + 10% glycerine + 87.5% base.

I- 5% extract + 10% glycerine + 85% base.

J- 10% extract + 10% glycerine + 80% base.

K- 2.5% extract + 10% propyleneglycol + 87.5% base.

L- 5% extract + 10% propyleneglycol + 85% base.

M- 10% extract + 10% propyleneglycol + 80% base.

N- Constituent of base used for formulations

O- Ketoconazole (1%).

P- Crude extract.

NB- Base = Cetostearyl alcohol, Hard paraffin, wool fat and yellow paraffin

ANTIFUNGAL ACTIVITIES

Trichophyton rubrum and T. tonsurans were grown in Sabouraud’s dextrose agar in plates. Using Pasteur pippete, 0.2 ml of the 10-1 dilution of the organisms were placed on the surface of each SDA plate. This was uniformly spread with the aid of sterile glass spreader. A standard cork borer of 8 mm in diameter was used to cut equidistant wells on the surface of the agar into which was added 0.2 ml solution of the various formulations. Plates were incubated at 250c and observed for growth. 

IN-VIVO ANALYSIS OF FORMULATED CREAM AND TABLET OF Cola nitida stem bark

Animals

Male and female wistar rats (150-200g), 6-8 weeks old were obtained from the University of Ibadan animal experimentation house.

Choice of Animal

Wistar rat is used because of the anatomy of the rat compared to the mice owing to the large surface area of the skin.

Housing

The animals are housed in groups of six in stainless steel cages (34cmx47cmx18cm) with soft wood shavings as beddings; fed with commercially prepared pellet diet (Ladokun feeds, Ibadan) and given water ad libitum

Laboratory condition

Temperature is within 22±20C, relative humidity is 45-60%, and a 12 hour light-dark cycle for 7 days prior to the study for acclimatization and continued throughout the infection and treatment stages.

Study design

Rats were randomly grouped into 5 (6rats/group).

Anesthesia

Lidocaine 

Humane end point

Cervical dislocation accompanied by severing the jugular artery.

The result is expressed as mean± standard error of mean, and statistical significance evaluated using one way anova. Significance of difference was accepted as P≤ 0.05

Ethical Consideration

Protocol was reviewed by the Veterinary hospital review committee of the University of Ibadan and approval given.

Administration of Drugs

For the induction of infection, Lidocaine was sprayed at the region where abrasion will be made, 30 minutes before they were made to minimize pain and discomfort in the animal to the barest minimum due to the abrasion. After abrasion, they were infected with the inoculum (0.434) of the microbes.

Treatment was by administration of oral dose through gavage and rubbing cream on the surface of the abrasion.
RESULTS

The ethanol extract of Cola nitida cream and tablet were screened for biological activities against dermatophytes. The study is a follow up to our earlier investigation on the antifungal activities of ethanolic extract of Cola nitida stem bark where we reported its antifungal activities against dermatophytes (Mebude et al., 2017). Extracts of C. nitida bark have been tested on various pathogenic bacteria (Staphylococcus aureus, Klebsiella pneumoniae, Proteus mirabilis, Pseudomonas aeruginosa , beta -haemolytic streptococci,  Escherichia coli and  Neisseria gonorrhoeae) (Ebana  et al ., 1991). All the extracts showed inhibitory activity against these organisms. Benie et al. (1987) report that stem bark extracts of C. nitida inhibited the release of luteinizing hormone (LH) from rat pituitary cells and may therefore regulate gonadotropin release. This has potential to be used as a natural fertility regulator. The in-vitro combination activity exhibited by formulated cream and tablet of Cola nitida stem bark is in agreement with the previous findings of Adeniyi et al., 2016 that established that crude extract have anti-dermatophytic activity
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Fig 1- Synergistic activity of cream and tablet of CNSB in-vitro as revealed by the zone of inhibition

The presence of Alkaloids, saponin, flavonoids and tannins as reported by Adeniyi et al 2015 in Cola nitida are probable factors responsible for the activities observed in the plant in this study. The antifungal activity of ethanol extract of Piper guineense, Ocimum gratissimum, Moringa oleifera and Erythrophleum suaveolens from south-eastern part of Nigeria was reported to be active against T.  rubrum and  T.  mentagrophytes (Nwosu  and  Okafor,  1995). The effect exhibited is largely due to the presence of some secondary metabolites like flavonoids, tannins, alkaloids and saponin in the plants.  Novelty of medicinal plants is in its containment of vast and yet unknown properties of bioactive molecules making them ideal candidates for novel drugs. The process of discovery involves an approach in the combination of botanical, ethno botanical, biological and phytochemical techniques. Ficker  et  al.,  (2003)  selected  twenty nine species of plant based on  ethno  botanical  approach  and tested 36 numbers of extracts for antifungal activity. Among these, extracts of Zingiber officinale and Juglans cinera which showed significant antifungal activity against a diverse group  of  13  human  pathogenic  fungi  which include species  that  were  highly  resistant  to amphotericin-B and ketoconazole. Interestingly, in many cases, the medicinal plants were found more effective than the commercial antimicrobial drugs. The same is the case of Cola nitida in the treatment of dermatophytes as the plant exhibited a wide spectrum of activity compared with the conventional antifungals like ketoconazole. Certain degenerative changes were found after 5 days of infection with T. rubrum (fig 1). Adherence of fungal conidia into the Keratinophilic layers of the skin producing lesions. The conidia enter the skin through the abrasion and the hyphae begin to germinate and grow in the stratum corneum. The hyphae invade the hair follicle and enter the cortex of the hair by dissolving the keratin.
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Infected rat

After the treatment, regenerative changes were observed in all treated rats. This regeneration was achieved after the treatment with the extract formulated into cream and tablet.
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Treated rat (formulated extract)

 In comparison with the animals infected and treated with Ketoconazole ointment, there was no visible difference in the healing process. 
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Infected rat                                                            Treated rat (Ketoconazole)
According to British Pharmacopoeia, the acceptable deviation for a tablet to be acceptable should not be more than 5%. Resistance of the tablet to external pressure from manufacturing, shipping, transportation, abrasion, and handling are factors considered in tablets in the form of hardness. Hardness test is a measure of the compression force required to break a tablet. The standard for hardness of any tablet should not be less than 50N. In this study, the hardness for the formulated tablet was 2.7kp which was within the acceptable range of hardness for any uncoated tablet. Disintegration time for any uncoated tablet is within 15mins and for this study, the disintegration time for the formulated uncoated tablet of Cola nitida stem bark was 3 mins. The breakdown of the particles of the tablet which is the first step toward dissolution of the tablet in the body. The friability test for the formulated tablet of Cola nitida stem bark was 0.81%
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[image: image7.emf]Graph of Cola nitida stem bark on Trichophyton rubrum
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 Skin. Mag x400. Ballooning degeneration of epidermal cells of the stratum lucidum layer (black arrows).
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Infection Day 4 (Skin). Mag x400. (Inset x100). Severe hydropic degeneration of the stratum lucidum layer (black arrows) with mild to moderate acanthosis (red arrow).
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Day 6 (Infection) Skin. Orthokeratosis, Parakeratosis, Hypergranulosis, dermertitis (acute). 
 Severe alternating bands of nucleated cornified cells and unucleated dead cornified cells in the strtaum corneum. i.e. orthokertosis and parakeratosis (red arrrows), Hyperpigmentation of stratum granulosum (yellow arrow). Presence of inflammatory cells in the dermis. Dermititis (black arrows).

After treatment (Day 13) Skin. Mag x400 (Inset x40). No visible lesion.
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After treatment Day 15. Mag X400. Inset x100. No visible lesion.
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