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ABSTRACT 
Saponins are plant metabolites that have been found to be useful in the preparation of several pharmaceutical and cosmetic 
products. For example, saponins have been used as emulsifiers in herbal cosmetics. Most of them have pharmacological 
effects which may be antifungal, antibacterial, anti-inflammatory or anti-neoplastic. The saponin used in this study was 
extracted from seeds of Lecanoidiscus cupanoides, and it had earlier been shown to have selective anti-candidal activity. 
Creams containing the saponin as the only active agent, or the saponin in combination with clotrimazole, were formulated. 
Similarly, creams containing cetrimide singly or cetrimide in combination with clotrimazole were prepared and used for 
comparison. Globule size analyses and microbiological studies were carried out on the various formulations. Creams 
formulated with saponin were found to be stable during the period of the study. In the microbiological studies, the activity of 
the creams was evaluated against clinical isolates of Candida albicans. Saponin potentiated the anti-candidal effects of 
clotrimazole against the clinical isolates of Candida albicans. These results show that saponin can act as an emulsifier in 
creams, and as a potent anti-candidal drug when used in combination with clotrimazole. 
. 
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INTRODUCTION 
Lecanoidiscus cupanioides is a tropical plant that is 
widely distributed in Africa and Asia [1]. Its names 
in some Nigerian languages are Ukpo (Igbo), 
Utantan (Edo), Akika (Yoruba) and Kafi-nama-zaki 
(Hausa). The seeds have saponin in abundance. 
Saponin from the seeds is reported to have 
antifungal, and specifically marked anti-candidal, 
effects [2]. 
Saponins make up a large family of structurally 
related compounds. They are steroids or 
triterpenoids linked to one or more oligosaccharide 
moieties by glycosidic linkage [3]. The aglycone 
segment is generally known as sapogenin. On the 
other hand, the carbohydrate moiety may be a 
pentose, hexose or uronic acid. The presence of 
both polar (sugar) and non-polar groups provides 
saponins with strong surface active properties. 
Saponins occur in a variety of plants used for 
human food, e.g. soy beans, chick peas, lentils, 
spinach, oat, sugar beet and tomatoes [4, 5]. 
Legumes, peas and soy beans, however, contain 
small quantities of saponin. Medicinally, saponins 
have a wide range of activities, such as antifungal 
and antibacterial activities, lowering of blood 

cholesterol and inhibition of cancer cell growth [6, 
7]. 
The amphiphilic nature of saponins dominates their 
physical properties in solution. They are strongly 
surface active, form stable foams, act as 
emulsifying agents and form micelles in much the 
same way as detergents [8]. Therefore, saponins 
have been used as emulsifier in shampoos, liquid 
detergent, etc. [9]. In pharmacy, only the quillaia 
tincture or extract has found use in preparation of 
emulsions [3, 10]. Pharmaceutical applications of 
saponins from other sources should be of 
significant interest to researchers and related 
industries. 
Clotrimazole is an imidazole derivative with a broad 
spectrum of antimycotic activity. The drug is 
basically administered through the topical route. It 
selectively interacts with 14-α-demethylase, a 
cytochrome P-450 enzyme, which converts 
lanosterol to ergosterol, an essential component of 
yeast cell membrane. Clotrimazole, thereby, blocks 
the synthesis of ergosterol and, so, weakens the 
cell membrane of the yeast. Clotrimazole has been 
used for local treatment of oropharyngeal 
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candidiasis as well as vaginal yeast infections [11]. 
It is also indicated in the treatment of dermal 
infections due to Candida albicans or Tinea 
versicolor.  
The azole antifungals are the most widely used 
class of antifungal agents. Despite their popular 
use, and effectiveness, resistance have been 
reported against these agents [12, 13]. In a study 
done by Emly et al. [14], it was reported that 
prolonged use of clotrimazole and other related 
azole antifungal agents can cause a shift in 
predominant vaginal yeast flora of HIV-infected 
women from Candida albicans to more instrinsically 
azole resistant species. It is estimated that the 
incorporation of saponin in clotrimazole creams 
may help to combat the problems of resistance and 
cross resistance. In addition, it would potentiate the 
anti-candidal effects, and elicit better therapeutic 
response.  
The aims of this study, therefore, were to 
characterize the clotrimazole creams containing 
saponin, and to determine the combined anti-
candidal effects of clotrimazole and saponin against 
clinical isolates of Candida albicans.  
 
MATERIALS AND METHODS 
Materials 
The materials used in the study included cetrimide, 
liquid paraffin, vegetable oil (Chew Hong 
Singapore), cetostearyl alcohol, clotrimazole 

(Pfizer), sodium benzoate, paraffin wax, 
Sabouraud’s dextrose agar (Fluka), sterile water 
and clinical isolates of Candida albicans. All the 
chemicals were purchased from reliable suppliers, 
and were not subjected to any further purification 
prior to use. Saponin was extracted from the dried 
seeds of Lecaniodiscus cupanioides. The method of 
extraction described elsewhere [2] was followed 
without any substantial modifications. 
Formulation of cream 
The required materials were accurately weighed on 
a sensitive electronic balance. Cetostearyl alcohol 
was melted with the aid of gentle heat and the liquid 
paraffin was added and warmed. Clotrimazole was 
dissolved in acetone, incorporated into the oil 
phase, and brought gently to a temperature of 
60°C. The cetrimide was dissolved in water; sodium 
benzoate was added and the mixture was heated to 
the same temperature as the oily clotrimazole 
solution. The oily phase was added slowly to the 
aqueous phase with gentle stirring. Mixing was 
continued off the source of heat until the cream 
cooled to form a homogenous blend. Creams 
containing saponin were prepared in the same 
manner, in which case saponin was used to replace 
cetrimide. Thus different batches of cream 
containing saponin or cetrimide were formulated 
using the formulae shown in Tables 1 – 4. 

 
Table 1.  Composition of cream (%) (cetrimide cream with clotrimazole) 
 Batch I Batch II Batch III Batch IV 
Cetrimide 0.5 1.0 1.5 2.0 

Clotrimazole 2.0 2.0 2.0 2.0 

Cetostearyl alcohol 5.0 5.0 5.0 5.0 
Liquid paraffin 50.0 50.0 50.0 50.0 

Sodium benzoate 0.2 0.2 0.2 0.2 

Purified water qs 100 100 100 100 
 
Table 2.  Composition of cream (%)   (cetrimide cream without clotrimazole)                                                      
 Batch I Batch II Batch III Batch IV 
Cetrimide 0.5 1.0 1.5 2.0 
Cetostearyl alcohol 10.0 10.0 10.0 10.0 
Liquid paraffin 50.0 50.0 50.0 50.0 
Sodium benzoate 0.2 0.2 0.2 0.2 
Purified water qs 100 100 100 100 
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Table 3.  Composition of creams (%) (saponin cream without clotrimazole) 
 Batch I Batch II Batch III Batch IV 
Saponin 2.0 3.0 4.0 5.0 
Clotrimazole 2.0 2.0 2.0 2.0 
Paraffin wax 10.0 10.0 10.0 10.0 
Vegetable oil 40.0 40.0 40.0 40.0 
Sodium benzoate 0.2 0.2 0.2 0.2 
Purified water  100 100 100 100 
 
Table 4.  Composition of cream (%) (saponin cream without clotrimazole) 
 Batch I Batch II Batch III Batch IV 
Saponin 2.0 3.0 4.0 5.0 
Paraffin wax 10.0 10.0 10.0 10.0 
Vegetable oil 40.0 40.0 40.0 40.0 
Sodium benzoate 0.2 0.2 0.2 0.2 
Purified water qs 100 100 100 100 
 
 
Globule size analysis 
The sizes of globules in the creams were analyzed by 
making a smear of the cream on a slide and examining 
the smear under an Olympus optical microscope 
connected to a digital camera. The photomicrographs of 
the globules were generated and analyzed with Moticam 
Images Plus 2.0 software at a magnification of 400.  
 

Stability test  
The prepared creams were stored at room temperature 
for 30 weeks and the globule size analyses were 
repeated. Changes in the physical appearance of the 
creams were observed and recorded. 
 

Microbiological studies 
Specimens were collected as high vaginal swabs from 
women diagnosed with vaginal candidiasis. The 
attendant medical laboratory scientists working in the 
hospitals were of great assistance in the collection of 
specimens. The specimens were inoculated on 
Sabouraud’s Dextrose Agar (SDA) slants. The agar 
bottles were then incubated at 30°C for 24 hours. The 
growth obtained after 24 hours was confirmed as 
Candida albicans using microscopy and morphological 
features. Antimicrobial tests against the C. albicans 
isolates were carried out with the prepared creams by 
agar diffusion method. Agar plates were marked into 
sections corresponding to the various batches of creams, 
and were appropriately labelled. A 0.02 ml of the 
standardized yeast suspension was used to seed molten 
SDA in each plate. The seeded agar was allowed to 
solidify in the dishes. A cork borer was used to remove 
agar discs from the dishes, thus forming wells in the 
layer of agar. A volume of 0.2 ml of each of the products 
was carefully dropped into the wells corresponding to the 
labelling on the reverse side of the plates. The plates 
were allowed to equilibrate for 20 minutes before 
incubation at 30°C for 24 hours. The inhibition zone 
diameters (IZD) were accurately measured with a vernier 
calliper, and recorded for each of the products 
 
 

 
 
 
RESULTS 
Appearance and feel after production 
The formulated cetrimide creams were basically oil-in-
water emulsions, and were non-greasy to feel. The 
colour was generally whitish, and the products were all 
opaque in appearance. However, the saponin creams 
were mildly greasy to feel, milky in colour and opaque in 
appearance (Table 5). 
 

Table 5: Appearance and feel after the creams 
Cream Batch Appearance and feel 
Cetrimide cream without 
clotrimazole 

White, opaque, creamy, 
non-greasy. 

Cetrimide cream with 
clotrimazole 

White, opaque, creamy, 
non-greasy. 

Saponin cream without 
clotrimazole  

Milk-coloured, creamy, 
opaque, mildly greasy. 

Saponin cream with 
clotrimazole 

Milky-coloured, creamy, 
opaque, mildly greasy. 

 

 
Fig. 1: A representation of mean particle size diameter of 
the cream droplets at day 1 of preparation and 30 weeks 
of storage. 
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Fig. 2: Photomicrograph of saponin            
(5 %) cream after 1 day 

Fig. 3: Photomicrograph of saponin                           
(5 %) cream after 30 weeks of storage. 
 
Stability/globule sizes  
 After storage for about 30 weeks the appearance 
and feel of the creams were re-examined and also 
microscopy of the creams was used to ascertain 
any form of instability or changes in globule sizes 
and distributions. The appearance and the feel of 
the different batches of the cream remained 
relatively unchanged. Comparisons of the globule 
size at day 1 and after 30 weeks of storage are 
represented in the bar chart (Fig. 1). 
Photomicrographs of the creams on day 1 and after 
30 weeks are shown respectively in Figs. 2 and 3. 
There is obviously no consistent pattern of changes 
in the globule sizes. 
 

Antimicrobological activity 
Results were obtained using three representative 
isolates of Candida albicans. The results are as 
shown in Table 6. In the absence of clotrimazole 
anti-candidal action of the saponin was 
concentration-dependent. It is obvious that a 
minimum concentration of 5 % is needed in the 
cream in order to produce anti-candidal inhibition. In 
both  conditions, preparation that had single agents 
(saponin or cetrimide) produced lower values of 
IZD, whereas combinations of saponin and 
clotrimazole or cetrimide and clotrimazole had 
significantly enhanced values of IZD. Cetrimide, 

generally, gave better inhibitory effects than 
saponin, probably because of the crude form of the 
saponin. The formulated creams were also 
positively comparable with the commercially 
available antifungal cream (Mycoten®). 
 
DISCUSSION 
Lecaniodiscus cupanioides has been shown to 
have saponins in abundance, which have selective 
anti-Candida effects [2]. Saponins are a group of 
phytoanticipins, (which were known as the first 
biochemical barriers against pathogens) that are 
present constitutively in plants and they play 
important roles in plant defences against 
phytopathogenic fungi [14]. It is believed that they 
exert their mechanism of action by forming 
complexes with sterols in the cell membranes of 
fungi, thereby causing pore formation and 
consequent loss of membrane integrity. The 
incorporation of saponin or cetrimide into the 
clotrimazole cream, produced evidently potentiated 
activity, as can be seen from the IZD values. Both 
saponin and clotrimazole disrupt the biosynthesis of 
ergosterol, an important component of fungal cell 
membranes. The similarity in the mechanisms of 
action of both constituents would account for the 
synergism recorded.  
Saponins are generally recognized or identified by 
their strong frothing ability. Hostettmann and 
Marston [8] have reported that the amphiphilic 
nature of saponins dominates their physical 
properties in solutions.  They are strongly surface 
active, form stable foams, act as emulsifying agents 
and form micelles in the same way as detergents. 
Aghel et al. [9] have also reported that saponins are 
used in various ways: in mining, in the preparation 
of emulsion for photographic films, and in cosmetic 
products, such as shampoos. The reason for 
formulating the creams with saponin was not only to 
evaluate its activity against Candida albicans but 
also to observe its emulsifying ability as well as 
emulsion-stabilizing potentials. Stable creams were 
formulated using saponin as the emulsifying agent, 
and paraffin wax as the lipogent. 
 
Stability of creams is of important consideration to 
any formulator. A standard definition of a stable 
cream is one in which the globules retain their initial 
characters (mean globule size and distribution) and 
remain uniformly distributed throughout the 
continuous phase over a protracted period of time 
[10]. The result, as seen in the photomicroscopy, 
shows uniform distribution of the globules in the 
continuous phase over a storage period of 30 
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weeks. This illustrates the emulsifying and 
stabilizing capacity of the saponin from L. 
cupanioides. 
In the studies reported earlier [2], the saponin from 
L. cupanioides, showed a remarkable inhibitory 
action on both the laboratory and clinical strains of 
Candida albicans isolated from an AIDS patient. In 
the present study, combined actions of the saponin 
and clotrimazole against the clinical strain of 

Candida albicans associated with vaginal 
candidiasis were significant. The cream is proposed 
as a suitable and stable form in the administration 
of the combination for management of vaginal 
candidiasis. However, an aspect of this study 
involving the possible tolerance of this formulation, 
by the yeast, is yet to be reported. 
 

 
Table 6. Inhibition zone diameters produced by the creams against the clinical isolates of Candida albicans. 

Isolate A 
IZD (mm) 

Isolate B  
 IZD (mm) 

Isolate C 
 IZD (mm) 

Prepared creams  
Cream  containing 2 % sapoinin without clotrimazole No inhibition No inhibition No inhibition 
Cream  containing 3 % sapoinin without clotrimazole No inhibition No inhibition No inhibition 

Cream  containing 4 % sapoinin without clotrimazole No inhibition No inhibition No inhibition 
Cream  containing 5 % sapoinin without clotrimazole 38 mm 18 mm 25 mm 
Cream  containing 2 % sapoinin with clotrimazole 46 mm 49 mm 42 mm 
Cream  containing 3 % sapoinin with clotrimazole 45 mm 47 mm 44 mm 
Cream  containing 4 % sapoinin with clotrimazole 44 mm 45mm 45 mm 
Cream  containing 5 % sapoinin with clotrimazole 49 mm 48mm 53 mm 
Cream  containing 0.5 % cetrimide without clotrimazole 32 mm 19mm 16 mm 
Cream  containing 1.0 % cetrimide without clotrimazole 23 mm 18mm 15 mm 
Cream  containing 1.5 % cetrimide without clotrimazole 23mm 16mm 14 mm 
Cream  containing 2.0 % cetrimide without clotrimazole 23 mm 17mm 13 mm 
Cream  containing 0.5 % cetrimide with  clotrimazole 43 mm 44mm 46 mm 
Cream  containing 1.0 % cetrimide with  clotrimazole 43 mm 46mm 47 mm 
Cream  containing 1.5 % cetrimide with  clotrimazole 50 mm 49mm 50 mm 
Cream  containing 2.0 % cetrimide with  clotrimazole 52 mm 51mm 51 mm 
Commercial Antifungal cream (Mycoten®) 28 mm 30 mm 29 mm 
 
CONCLUSION 
Clotrimazole creams prepared with saponin from 
seeds of Lecaniodiscus cupanioides present the 
properties of a stable and active anti-candidal 
product. Both ingredients used in combination gave 
a potentiated anti-candidal effect. In the wake of 
rising fungal resistance to the available azole 
antifungal agents, this combination has the 
prospect of serving in the combat against 
resistance of Candida albicans to clotrimazole. The 
need for the indigenous pharmaceutical industry to 
begin to explore medically potent plant materials 
and constituents is becoming more imperative. 
Therein lies the hope of maximizing the medicinal 
cum pharmaceutical benefits of available 
biodiversity. The successful formulation of saponin 
as creams and its co-formulation with clotrimazole 
should, no doubt, motivate both the pharmacist and 
the research scientist into harnessing several other 
products in the natural environment and exploring 
their potentials for standard pharmaceutical 
formulations. 
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