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ABSTRACT

Antifungal activities of crude aqueous and methanolic extracts of Azadirachta indica on some fungal isolates
were determined. Standard microbiological methods and methods in phamacognosy were used to determine
phytochemistry, for antibiotic susceptibility testing (AST), and antibiotic-extract interaction. The results
obtained from this research showed higher quantity of saponins in methanolic extracts while terpenes were more
in aqueous extracts. The antifungal effect showed by the extracts increased with increasing concentrations (12.5
mg/mL, 25.0 mg/mL, 50 mg/mL, 100 mg/mL, 200 mg/mL) on Aspergillus niger (inhibition zone range: 10.2 +
0.2 mm-19.5 £ 0.1 mm) Penicillium sp. (inhibition zone range: 6.0 £ 0.2 mm-16.3 £ 0.5 mm) and Candida
albicans (inhibition zone range: 8.3 +2.0 mm- 18.0 + 1.2 mm) for both methanolic and aqueous extracts.
Aqueous extracts showed higher potency than methanolic extracts (p < 0.01). Activity index as high as 1.8 was
observed. MIC as low as 125 pg/mL and 250 pg/mL were also observed. Combined extract and nystatin at MIC
and % MIC showed synergy against Aspergillus niger and Candida albicans, but showed indeterminate effect
on Penicillium sp. The traditional use of Neem plant for treating diverse infectious diseases is hereby justified,

while its combination with synthetic antifungal drugs when necessary would be effective.
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INTRODUCTION

There is an increasing demand for medicinal plants
and plants products as alternative to orthodox
medicines especially in developing countries [1-3].
Reports of proximate analysis show that plants like
neem consists of essential molecules, including
ascorbic acid (n-hexacosanol) and amino acid (7-
desacetyl-7-benzoylazadiradione,  7-desacetyl-7-
benzoylgedunin, 17-hydroxyazadiradione) [4]. This
justifies the use of such medicinal plants by
traditional healers with positive therapeutic results
[5]. Different parts used in folklore medicine
include: root, stem flower, fruit, twigs, exudates
and modified plant organs. Some of these raw
drugs of medicinal plants are collected in smaller
quantities by the local communities and folk
healers for local uses. Many other raw drugs are
collected in larger quantities and traded in the
market for many herbal industries [6], supporting
the need to study the potentials as antimicrobial
agent. Azadirachta indica (neem) is an evergreen
tree that has been used as a traditional medicine for
centuries in the Indian culture and many tropical
countries [5]. It is a fast growing tree that can reach

a height of 15-20 meters (49-66ft) [7]. Neem
plants‘parts have been used locally to boost
immune system, treat malaria, wounds and
swellings; and has been rationalized by some
formal reports [8, 9].

Meanwhile, the need for potent antifungal drugs
continues as ever [10]. Fungal infections are
estimated to occur in over a billion people each
year and recent evidence suggested the rate is
increasing. [11, 12]. Fungi can infect any part of
the body including skin, nails, respiratory tract, or
can be systemic [10]. If fungal infections enter
systemic circulation, consequences can be deadly
[13]. There are limited therapeutic options for
invasive fungal infections [10]. Three classes of
antifungal molecules are currently used in clinical
practice and in the last three decades, only one new
class of antifungal drugs have been developed [10].
It is therefore worthwhile to further study neem’s
antifungal activity and the effects of its combined
administration with an existing antifungal drugs,
while also considering its phytochemistry, for
which the study aimed.
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EXPERIMENTAL

Plants and Pathogens: The leaves of A. indica
were collected from the Pharmacy Garden of the
University of Uyo, Uyo, Akwa Ibom State Nigeria.
It was identified by Mr Etefia of the Department of
Pharmacology and Natural medicine, Faculty of
Pharmacy University of Uyo and some were
deposited for reference in the departmental
herbarium. The fresh leaves were allowed dry and
ground to powder using wooden pestle and mortal.
Exactly 250 g of the powdery form of the leaf was
placed in a container and was defatted using
petroleum ether and macerated using 300 mL of
95%v/v methanol in order to obtain the methanolic
extracts of the plant. The mixture was stirred and
kept for 24 hours. Clinical isolates of fungi used
(Aspergillus niger, Penicillium sp., and Candida
albicans), were obtained from the University of
Uyo Teaching Hospital and were re-characterized
to ascertain identification. All fungal isolates used
were cultured on sabouraud dextrose agar (SDA)
(Oxoid, UK).

Qualitative Phytochemical Analysis of the Plant
Extracts: Phytochemical screening of the plant
extracts was conducted following the standard
procedure as described by Harbone [27], Sofowora
[28] and Trease and Evans [29]. For alkaloids’, a
measure of 0.5 g extract was mixed with 5 ml 1%
aqueous hydrochloric acid on a steam bath. A few
drops of Dragendorff’s reagent were applied on 1
ml of the filtrate. The presence of turbidity or
precipitation was reported for the presence of
alkaloids. Exact 0.5 g of the extract extract in
distilled water in a test tube was warmed. Persistent
frothing during warming was recorded as an
evidence for the presence of saponins.

Tannin’s test was done by dissolving about 0.5 g of
the extract in distilled water into which 10 ml of
bromine water was added. Bromine discoloration
implied tannins’ presence. For Fehling's test for
Combined Reducing Sugars, CRS, 0.5 g extracts
was boiled in 5 ml hydrochloric acid (hydrolyzing)
and the resulting solution was neutralised with
sodium hydroxide solution. few drops of Fehling's
solution was added to the mixture and then heated
on a water bath for 2 minutes. Reddish-brown
precipitate of cuprous oxide showed the presence
of combined reducing sugars. The presence of
anthraquinones was determined by Borntrager’s
test. Exact 0.5 g of the plant extract mixed with
benzene layer separated and 10% ammonia
solution was applied to 50% portion. A pink, red or
violet coloration in the ammoniacal phase showed
the detection of anthraquinone. The presence of
cardiac glycosides was confirmed by Liberman’s
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test, Salkowski test and Keller-Killani test.

Sofowora [28] and Trease and Evans [29].

Antifungal Activity Assay of Plant Extracts:
The antifungal activity was determined by both
disc diffusion and tube dilution methods. Overnight
culture of the isolates was diluted with peptone
water to match the McFarland standard turbidity,
which was used as the inoculums size to be seeded
on the culture plates. One milliliter of the
standardized fungal inoculum was transferred into
pure agar plates with the aid of a sterile syringe and
a sterile spreader was used to spread the inoculum
uniformly on the plates. The plant extracts was
administered into 5 holes (bored with the aid of an
improvised 6 mm sterile cork borer) on each plate
with a varying concentrations of 200 mg/mL, 100
mg/mL, 50 mg/mL, 25 mg/mL, and 12.5 mg/mL
using a sterile syringe. Likewise, Nystatin (500 000
Ul) was titrated to achieve 100 units and sterile
distilled water was administered into two additional
holes to serve as positive and negative control
respectively. For the disc diffusion methods, the
plates were allowed to stand for one hour to aid
diffusion of extracts into the medium, and then
incubated at 25°C for 24 — 48 hours. The clear
zones of inhibition (mm) were measured using a
meter rule, while the turbidity or its absence was
recorded for the growth and inhibition. The results
of both disc diffusion were validated by the
observation in broth dilution.

Determination of Activity Index: The activity
index (Al) was calculated using the mean inhibition
zone of the extract and the mean inhibition zone of
a standard antifungal drug (Nystatin).

Al = Mean inhibition zone of sample (leaf extracts)
Mean inhibition zone of standard drug

Determination of Nystatin- Azadirachta indica
interaction: This was carried out by boring five
wells on agar plates seeded with Nystatin only,
Methanolic extracts only, Aqueous extracts only,
Methanolic extracts + nystatin and aqueous extracts
+ nystatin. The wells were filled with equal
volumes of the respective combination, labelled
and incubated at 25°C for 24 hours (and/or 48
hours for some plates). The zone of inhibition
around each well were measured and recorded.
This was validated by the checkerboard liquid
assay.

Checkerboard liquid MIC assays for Aspergillus
spp., Penicillium spp. and Candida spp.

Various lower concentrations of both extracts and
nystatin were prepared by titration to achieve MIC
and ¥ MICs. The test fungal isolates were also
standardized. The microtitre plates were incubated
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with shaking at 30°C. Optical density readings at
600 nm were obtained after 48 h of incubation.
Further reading were taken for the next 5 days.
Samples (5 pL) were taken from the wells with no
growth and were subcultured on SDA plates to
ascertain fungicidal or fungistatic effect.

Statistical Analysis: Triplicate samples were
analysed to arrive at the mean from absolute
values. The comparison of the antifungal activity of
the medicinal extracts with standard antibiotics,
and their interactions with same were analysed.
Paired sample T-test was employed to analyse the
zone of inhibition (mm) and the values were
reported as mean zone of inhibition = standard
deviation. One way anova was used to compare the
effect of methanolic extract to aqueous extract (p <
0.01).

RESULTS

As observed in this research, plants are important
sources of natural macromolecules and life
sustaining compounds.

Qualitative ~ Phytochemical  Screening  of
Azadirachta indica: It was observed that Alkaloids
was present in methanolic extracts and absent in
aqueous extracts, Saponins was present in
abundance in the methanolic extracts and
moderately present in aqueous extracts. Flavonoids
and Tannins were moderately present in both the
methanolic and the aqueous extracts. Terpenes was
moderately present in methanolic extracts but
abundantly present in the aqueous extracts. On the
other hand, Cyanogenic glycosides, combined
Anthraquinones and free Anthraquinones were
completely absent in both the methanolic and

aqueous inference. Cardiac glycosides Lieberman
and Killerkilliani was present in both methanolic
and aqueous extracts, while Salkowski was
abundantly present in both methanolic and aqueous
extracts of Azadirachta indica (Table 1).

Antifungal activity and drug interaction of A.
indica against some fungal isolates

Antifungal activity of A. indica on Aspergillus
niger was observed to be dose-dependent and it
increased with increase in concentration from 12.5
to 200 mg/mL. In methanolic extract, the range of
the mean zones of inhibition were 10.0 £ 0.2 mm —
13.0 £ 0.3 mm for Aspergillus sp., 6.0 £ 0.2 mm —
16.3 £ 0.5 mm for Penicillium sp. And 10.0 £ 0.7
mm — 13.1 £ 0.9 mm for Candida albicans (Table
2). The result of the mean zone of inhibition for the
aqueous extract of A. indica as depicted in Table 3
showed a range of 15.5 + 0.5 mm - 19.5 + 0.1 mm
for Aspergillus sp., 9.0 £ 0.3 mm -16.3 + 0.4 for
Penicillium sp. and 8.3 £ 0.1 mm -18.0 £ 1.2 mm
for Candida albicans (Table 3). This zone on the
agar diffusion was also consistent with the results
of MICs. MIC as low as 125 pg/mL was observed
against Aspergillus niger and Candida albicans by
aqueous extracts, and against Penicillium sp. by
methanolic extracts (Table 4). Aqueous extracts
had higher potency than methanolic extracts (p <
0.01).

Interaction between aqueous extracts and
standard antifungal agents: The combination
between the aqueous extract and the standard
antifungal agent at the MIC and at %2 MIC of both
the extract and nystatin gave a resultant synergistic
activity against Aspergillus niger and Candida
albicans, while it gave indeterminate effect against
Penicillium sp

Table 1 Qualitative Phytochemical Constituents of Azadirachta indica

Test Methanolic inference Aqueous inference
Alkaloids + -
Saponins +++ ++
Flavonoids ++ +
Tannins ++ +
Terpenes ++ +++
Cyanogenic glycosides -- -
Combined Anthragquinone -- -
Free Anthraquinones -- -
Cardiac glycosides
i Lebermans + +
ii. Salkowski +++ +++
iii. Kellerkilliani + +
Key: += Present, ++ = Moderately present, +++ = Present in Abundance, -- = Completely Absent, - = Absent
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Table 2. Antifungal activity, drug interaction and activity index of the methanolic extracts of A. indica on
the fungal isolates

Organism 200 mg/mL 100 mg/mL 50 mg/mL 25.0 mg/mL 12.5 mg/mL Nystatin Metha
MeantSD A.l MeantSD Al MeantSD A.l MeanzSD A.l MeantSD A.l MeantSD nol
Aspergillus 13.0+ 03 1.1 115+03 09 11.0+00 09 100+08 08 100+02 0.7 140+x12 -
Niger -
Penicillium 163+05 18 142+03 15 11.0+09 12 101+00 - 6.0+£0.2 102+0.0 -
Sp
Candida 13.1+09 14 123+14 11 120+08 11 110+00 13 100+07 13 111+10 -
Albicans
Key: A.l = Activity index; SD = Standard deviation
Table 3. Antifungal activity, drug interaction and activity index of the aqueous extracts of A. indica on the
fungal isolates
Organisms 200 mg/mL 100 mg/mL 50 mg/mL 25.0 mg/mL 12.5 mg/mL Nystatin
|-
Mean Al MeantSD Al MeanzSD Al MeantSD A.l MeanzSD A.l MeantSD %
+SD =
Aspergillus 195+ 13 187+06 1.3 17.7+08 1.3 17.0£1.0 12 155+05 11 140+12 -
niger 0.1
Penicillium 163+ 16 15510 15 14.0£0.6 14 131+00 13 9.0 0.3 08 102+00 -
sp 0.4
Candida 180+ 16 175%07 1.6 13.4+0.0 12 102+05 09 83%0.1 08 111+10 -
albicans 1.2

Key: A.l = Activity index; SD = Standard deviation; NZ = No zone

Table 4: Minimum Inhibitory Concentration (MICs) pg/mL of both methanolic and agueous and

methanolic extracts of

Organisms Methanol (ug/mL) Aqueous (ug/mL)
50 25 12 62. Ml MB 50 25 12 62. MI MB
0 0 5 5 C C 0 0 5 5 C C
A nig - - + + 250 ND - - - + 125 500
er
Penicillium sp - - - + 125 250 - - + + 250 ND
Candida albicans - - + + 250 ND - - - + 125 500

- = no growth, + =growth, ND = no detected accurately even when repeated severally

DISCUSSION

As observed in this study, presence of
phytochemicals must have begat antifungal activity
observed. Flavonoids and tannins have been
reported to confer protection against microbial
infection [14]. Presence of Terpenes might make
the aqueous extract better as it triggers defense
[15]. Flavonoids has also been reported to have
greater potential benefit to human health [16].
Cardiac glycosides Lieberman and Killerkilliani
was present in both methanolic and aqueous
extracts, while Salkowski was abundantly present in
both  methanolic and aqueous extracts of
Azadirachta indica (Table 1). This is an agreement
with the work of Oseni and Akwetey [16] and
Timothy et al. [17] which also linked the presence
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of these  phytochemical components to
antimicrobial activity of the plant extracts. These
constituents have been reported to exhibit
antiprotozoal and antibacterial activities [18] and
can serve as guide to the source of potent drugs
[19, 20].

Agueous extracts however, showed better
antifungal potency than the methanolic extracts
with activity index of 1.1 at very low extract
concentration (12.5 mg/mL) against Aspergillus
species. This was in tandem with the reports of
Mahmoud et al. [21] and Bazie et al. [22]. Series of
very high activity indices > 1 with respect to
nystatin against the three fungal pathogens showed
that the extract compared more favourably than the
synthestic antibiotic [23]. This is further
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exemplified by indices of 1.8 the methanolic
extracts at concentration of 200 mg/mL exhibited
against Penicillium species. Clinically, this plasma
concentration of 200 mg/mL may not be achievable
but the concentration of the drug’s active ingredient
in the extract can be achieved. In practice, this
active ingredient are obtained by advance
purification before clinical trials [23]. Though that
level of purification is beyond the scope of this
research, the results obtained so far is promising
toward addressing the scourge of these fungal
pathogens. These fungal pathogens are established
human pathogens. Aspergillus spp. for instance
cause aspergillosis, just as Candida albicans is
aetiology of some dermatophytosis, candidiasis and
a number of emerging diseases. All concentrations
of the aqueous extract effectively suppressed the
mycelial growth of these fungi and this effect was
found to increase with concentration where a
maximum. The combination between the aqueous
extract and the standard antifungal agent at the
MIC and at ¥2 MIC of both the extract and nystatin
gave a resultant synergistic activity against
Aspergillus niger and Candida albicans, while it
gave indeterminate effect against Penicillium sp.
This might be due to unpredictable nature of
Penicillium sp. due to production of several
metabolites that enhance their survival in multiple
antibiotic contaminated riverbeds

The World Health Organization, WHO [24]
continued to raise concern about the resistance of
pathogens to antibiotics. Even though appreciable

potency by aqueous extracts of A. indica against
fungal pathogens, synergy with antibiotics would
be more effective therapeutic approach for
multidrug resistant fungal infections [25, 26]. This
would be a way forward for treating infections
involving Aspergillus niger and Candida albicans,
though not applicable to Penicillium sp as observed
in this study. This is in line with approved
standards on the interpretation of synergy and
indifference [27]. Further research on this is
solicited on fractions and their application on
laboratory animals (in vivo).

Conclusions

A. indica showed antifungal activity and good
interaction with nystatin. The aqueous extracts are
more promising source of potential antifungal
drugs, not only because of its rich phytochemical
constituents, but because of its high activity indices
compare to the standard antibiotic, nystatin.

Acknowledgments

This is to acknowledge colleagues in University of
Uyo who supported in cash and kind to ensure the
success of this research.

Author Contributions
All authors have equal and complimentary
contributions.

Conflicts of Interest
The authors declare no conflict of interest

REFERENCES

1. Adam RP. Identification of Essential Oil Components by Gas Chromatography /Quadrupole Mass Spectroscopy Allured Publishing
Corporation, Carol Stream, IL, USA; 2001. p. 20-90

2. Negi PS, Jayaprakasha GK, Jena BS. Distribution and introduction cultivation state of

Azadirachta indica. Food Chem 2002; 80: 293-297

3. Ghimeray AK, Jin CW, Ghimire BK, Che DH. Antioxidant activity and quantitative estimation of Azadirachtin and Nimbin in
Azadirachta indica. Afr J Biotech 2009; 54: 1684-5315

4. Kokate C, Purohit AP, Gokhale SB. Pharmacognosy, Nirali Prakashan, India; 2010. p. 10.28-10.29

5. Srivaslava S, Lambert J, Vietmeyer Medicinal Plants: An expanding role in

development. World Bank Technical Paper; 1996, No. 320.

6. Uniyal SK, Singh KN, Jamwal P,
the tribal communities of Chhota
2006; (2): 1-14.

7. Sarma  S. Impact of  differential  dosage
alcohol-induced  hepatopathy  of  Albino  Rat.
246.

8. Biswas K, Ishita C, Rangjit KB, Uday
Neem (Azadirachta indica). Curr Sci. 2002; 82(11): 1336-1345.

9. Subapriya R, Nagini S.  Medicinal  properties

Anticancer Agents 2005; 5(2): 149-160.

10. Roemer T, Krysan DJ. Antifungal Drug

and New Approaches. Cold Harbour

http://perspectivesinmedicine.cshlp.org/ on May 19, 2015

11. Hsu JL, Russ S, Brower ND, Lin

Traditional use of  Medicinal Plants  among
Weatern Himalayan. J Ethnobiol Ethnomed

Azadirachta indica  A. Juss. Leaf-extract on
J. Pure App. Biosci 2015 3 (1): 241-

Biological  activities and  medicinal  properties  of

of neem leaves: a  review. Curr. Med.  Chem.

Development: Challenges, Unmet Clinical Needs,

Med. 2014, [Cited on 19 May, 2015]

Holodniy M, Stevens DA. Diagnosing invasive

fungal disease in critically ill patient. Int Rev Microbiol 2011; 37 (4): 277- 317.

12. Brown GD, Denning Dw, Levitz SM.

336 (6082): 647-648.
13. Badice P, Alborzi A Invasive fungal
Health forum 2011; 16: 206-210.

14. Kumar A, Chauhan PK, Bhardwaj VS,
Phytochemical Investigations ~ of  Ethanolic

Chem.Pharm. Res 2011; 3(4): 166-171.

Trelcling human fungal infections. Science 2012;
infections in renal  transplant  recipients. Exp  Clin

Kumar R, Tyagi A In vitro  Antioxidant &
extracts of  Viola  serpens &  Morus  nigra. J.



15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

217.

Adegoke and Asamudo, World J Pharm Sci 2017; 5(5): 133-138
Rodriguez A, Shimada T, Cervera M, Alquézar B, Gadea J, Gémez-Cadenas A, De Ollas CJ, Rodrigo MJ, Zacarias L, Pefia L.
Terpene down-regulation triggers defense responses in transgenic orange leading to resistance against fungal pathogens. Plant
Physiol 2014; 164(1): 321-339.
Oseni LA, Akwetey GM. An in-vivo evaluation of Antiplasmodial Activity of Aqueous and
Ethanolic leaf extracts of Azadirachta indica in Plasmodium berghiei infected Balb/c mice. Int J Pharm Sci Res 2012; 3 (5): 1406-
1410.
Timothy SY, Goji SY, Abdusalam B, Mava Y, Galadima IH. Antibacterial and Phytochemical Screening of the ethanolic leaf
extracts of Azadirachta indica (neem) (Meliaceal). Int. J. Aroma Brew Plant Tech 2011; 2(3): 194-199.
Anyanwu Gl, Dawet A. Pharmacological and Phytochemical Screening of Hyptis suavslens poit (Lamiaceae) for biochemistry
rodents. Nig J. Poot 2005; 18:190-196.
Ogbonnia S, Adekunle AA, Bosa MK, Enwuru VN. Evaluation of acute and subacute toxicity of Alstonia congensis Engler
(Apocynaceae) bark and Xylopia aethiopica (Dunal) A. Rich (Annonaceae) fruits mixtures used in the treatment of diabetes. Afr. J
Biotech 2005; 7(6): 701-705.
El-Mahmood AM, Ogbonna OB, Raji M. The antibacterial ACTIVITY of Azadarichta indica (neem) seeds extracts against
bacterial pathogens associated with eye and ear infections, J Med Plants Res 2010; 4(14): 1414-1421
Mahmoud DA, Hassanein NM, Youssef KA, Abou Zeid MA. Antifungal activity of different neem leaf extracts and the nimonol
against some important human pathogens. Braz J Microbiol 2011; 42(3): 1007-1016.
Bazie S, Ayalew A, Woldetsadik K. Antifungal Activity of Some Plant Extracts against Colletotrichum musae the Cause of
Postharvest Banana Anthracnose. J Plant Pathol Microbiol 2014; 5(2): [Cited on 19 May, 2015]. http://dx.doi.org/10.4172/2157-
7471.1000226
Adegoke  AA, Adebayo-Tayo BC. Antibacterial activity and phytochemical analysis  of leaf
extracts of Lasienthera africanum. Afr J Biotech 2009; 8 (1): 077-080
WHO. WHO publishes list of bacteria for which new antibiotics are urgently needed. WHO
New Release 2017; http://www.who.int/mediacentre/news/releases/2017/bacteria-
antibiotics-needed/en/.
Chanda S, Rakholiya K. Combination therapy: Synergism between natural plant extracts

and antibiotics against infectious diseases. In: Science against microbial pathogens:
communicating current research and technological advances. Méndez-Vilas ed.
Formatex Books, 2011; 520-529, http://www.formatex.info/microbiology3/book/520-
529.pdf

Njimoh DL, Assob JCN, Mokake SE, Nyhalah DJ, Yinda CK, Sandjon B. Antimicrobial
Activities of a Plethora of Medicinal Plant Extracts and Hydrolates against Human
Pathogens and  Their  Potential  to Reverse  Antibiotic Resistance. Inter J Microbiol 2015;
547156: 1-15 doi:10.1155/2015/547156

Planer JD, Hulverson MA, Arif JA, Ranade RM, Don R, et alSynergy testing of FDA-
approved drugs identifies potent drug combinations against Trypanosoma cruzi.
PLoS Negl Trop Dis 2014; 8: 2977 doi: 10.1371/journal.pntd.0002977

138



