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Background: Candida albicans is one of the most common pathogenic yeasts, responsible for causing candidiasis. The use of conventional
antifungal agents for the treatment of Candida is reported to be less effective and hence alternative therapies for the treatment are needed.
Essential oils of medicinal plants may serve as a strong candidate for natural products in modern therapies. Aim: The aim of this study was to
determine the synergistic potential of essential oils extracted from leaves of Aegle marmelos (L.) Correa and a potent antifungal agent, nystatin,
against three clinical isolates of C. albicans using checkerboard assay. Materials and methods: The antifungal activity of the essential oils of
A. marmelos was screened against test cultures by disc diffusion technique. Antibiograms of the test organisms were developed. To determine
the minimum fungicidal concentration of the essential oil and nystatin, the broth microdilution method was employed, and a checkerboard
assay was used to investigate the synergistic potential of the essential oil and nystatin against the clinical isolates under study. The data were
expressed as mean + standard deviation. Results: The X fractional inhibitory concentration values were calculated as 0.12, 0.37, and 0.28
for three different strains of C. albicans used, respectively, which was <0.5, therefore, the synergy was demonstrated between essential oils
and nystatin against the test cultures. Conclusions: Combinatorial therapy of the essential oils extracted from the leaves of A. marmelos and
nystatin may be considered a line of treatment for candidal infections.
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Bael, cultivated across India, mainly near the temples
because of its status as a sacred tree.[! The tree of A.
marmelos grows with a thick trunk, soft, and flaky bark
and reaches a height of 7-8 m. The leaves of A. marmelos
are pale green, trifoliate, and aromatic in nature.’ It
produces greenish-white flowers, which further develop
into oval-shaped, sweet-tasting, soft fruit in a woody
green shell that turns yellow on ripening.l? 4. marmelos
is traditionally used to treat an array of ailments.[”? Along
with antimicrobial, it shows anticancer, antidiabetic, and

Among the various fungal infections seen in humans,
candidiasis is most common, caused by Candida species of
fungi. It can affect many body parts which include the oral
cavity, skin, urogenital tract, gastrointestinal tract, and lungs.
Immunocompromised patients are extremely prone to it.["
There are numerous antifungal drugs such as fluconazole used
to treat candidal infections. Nevertheless, gaining resistance
is a very common feature of the pathogen, which limits the
use of certain therapeutics. Moreover, there are side effects

associated with long-term intake of antifungal medicines.
Hence, it would be helpful to find an antifungal agent of natural
origin, which can be advocated to use along with known potent
antibiotics for better and quick relief with less or no side effects.

Aegle marmelos (L.) correa is one of the species of medicinal
plant belonging to the family Rutaceae, commonly called

Quick Response Code:
- Website:
E W- E www.ayujournal.org
T
. DOI:
E 10.4103/ayu.ayu_397_21

Address for correspondence: Mr. Pramod Ananda Kamble,

Department of Microbiology, SIES College of Arts, Science and Commerce,
Sion (W), Mumbai - 400 022, Maharashtra, India.

E-mail: pramodkamble1987 @gmail.com

This is an open access journal, and articles are distributed under the terms of the Creative
Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix,
tweak, and build upon the work non-commercially, as long as appropriate credit is given and
the new creations are licensed under the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

How to cite this article: Kamble PA, Phadke M. Use of checkerboard assay
to determine the synergy between essential oils extracted from leaves of
Aegle marmelos (L.) Correa and nystatin against Candida albicans. AYU
2023;44:38-43.

Submitted: 24-Dec-2021
Accepted: 25-Dec-2023

Revised: 01-Nov-2023
Published: 21-Feb-2024

© 2024 AYU (An International Quarterly Journal of Research in Ayurveda) |
Official publication of Institute of Teaching and Research in Ayurveda, Jamnagar | Published by Wolters Kluwer - Medknow



Kamble and Phadke: Synergistic potential of essential oils of leaves of Aegle marmelos to nystatin against Candida albicans

antioxidant activities.[*'"! Relevant literature has validated
the antifungal properties of essential oils extracted from
the leaf of A. marmelos.!?! Hence, the current study aims to
confirm the antifungal nature of essential oils, extracted from
leaves of 4. marmelos, and to determine their synergistic
potential with a well-known antibiotic, nystatin, against
pathogenic strains of Candida albicans. This is mainly to
limit the copious use of antibiotics with no or lesser side
effects and to decrease the chances of gaining resistance
from the pathogens against the antibiotics used.

Three different clinical isolates of C. albicans were
procured from the Microbiology Department of Brahma
Kumari Hospital, Breach Candy Hospital, and KEM
Hospital, respectively. These cultures were maintained
on Sabouraud’s dextrose agar media under refrigerator
conditions. They were sub-cultured regularly, and a 25%
glycerol stock of the test microorganism were stored
at —20°C. Active cultures were obtained by inoculating
a loopful of each strain on sterile Sabouraud’s dextrose
agar slants and incubated at 37°C for 48 h under aerobic
conditions.!']

The leaves of A. marmelos (Bael) were purchased from the
local market of Mumbai and outsourced for authentication
from Agharkar Research Institute, Pune. Obtained leaves were
washed with tap water and air-dried for 3 days under sunlight.
About 30 g of the air-dried leaves were powdered using a
mixer grinder. The powder was subjected to hydrodistillation
at 100°C using the Apparatus Clevenger for 1 h [Figure 1],
and the procedure gave a yield of 0.3 mL of essential oil.['¥]
The extracted essential oil was stored at room temperature
till further use.

To determine the antifungal activity of the essential oil
extracted from the leaves of A. marmelos, a disc diffusion
method was employed.[""! The initial optical density of each
of the microbial cultures was maintained at 0.5 McFarland.!'®!
The media used for the antimicrobial study was Sabouraud’s
dextrose agar (HiMedia Pvt. Ltd., India). A total of 100 pL.
of the inoculum were swabbed evenly all over the surface
of the media. Later, sterile Whatman filter paper number
1 discs were placed at the center of the agar and 20 puL
of the essential oil was loaded onto the disc. Petri plates
were subjected to incubation at 37°C for 48 h. The effect
of essential oils was reflected by the appearance of a clear
zone around the disc (6 mm in diameter). An antibiogram of
the test microorganisms was developed using commercially
available antibiotic discs (HiMedia Pvt. Ltd., India) by
disc diffusion technique. The experiment was performed
in triplicate.

AYU | Volume 44 | Issue 1 | January-March 2023

Overnight cultures of all three strains of C. albicans at 37°C
were prepared. The culture density was adjusted to obtain
turbidity comparable to the McFarland 0.5 standard. The
initial undiluted form of the essential oil was considered 100
uL/mL. Later, an equal volume of essential oil and sterile
double-strength RPMI 1640 containing 0.5% Tween 80 was
mixed to obtain the final concentration of the plant extract at
50 uL/mL. This was further diluted through a two-fold dilution
method using double-strength RPMI 1640 containing 0.5%
Tween 80. The total system was 100 uL. Two-fold dilutions
of the plant extract in sterile double-strength RPMI 1640
containing 0.5% Tween 80 were used for minimum inhibitory
concentration (MIC).

Different concentrations of the essential oil were tested in
the range of 50-0.39 uL/mL. Positive, negative, and media
controls were also maintained. After incubation at 37°C for
48 h, 10 pL from each tube was plated onto sterile Sabouraud
dextrose agar and incubated under standard conditions. The
plates showing no growth with a minimum concentration of
essential oils represented minimum fungicidal concentration.!!”
The experiment was performed in duplicate.

Overnight cultures of all three strains of C. albicans at 37°C
were prepared. The culture density was adjusted to obtain
turbidity comparable to the MacFarland 0.5 standard. The
microdilution method was employed using a 96-well microtiter
plate. The powder form of nystatin (HiMedia) was dissolved
in 30% DMSO. The working stock of nystatin was made in
double-strength RPMI 1640 at the concentration of 200 ug/mL.
It was sterilized by membrane filtration. The media used was
RPMI 1640 for MIC.

The antibiotic used for MIC ranged from 100 to 0.78 ug/mL.
Positive, negative, and media controls were maintained. After
incubation at 37°C for 48 h, 10 uL from each well was plated
onto sterile Sabouraud dextrose agar plates and incubated
for 48 h at 37°C. The plates showing no growth with a
minimum concentration of nystatin were minimum fungicidal
concentrations. The experiment was performed in duplicate.

The stock solutions and serial two-fold dilutions of each drug
to at least double the MIC were prepared as per the guidelines
of'the Clinical Laboratory Standards Institute (CLST).['81 A total
of 100 uL of RPMI 1640 media supplemented with 0.5% of
Tween 80 was used in each of the wells of 96-well microtiter
plates. According to the protocol of checkerboard assay, the
stock solution of essential oils was diluted along the ordinate
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and the stock solution of nystatin was diluted along the abscissa.
Each of the wells was inoculated with 10 uL of the pure cell
suspension of individual strains of C. albicans (optical density
is adjusted to 0.5 McFarland unit). The plates were subjected to
incubation at 37°C for 48 h under aerobic conditions. After the
process of incubation, the growth was observed by removing
10 uL of the culture from each of the wells and spreading it
on sterile Sabouraud’s dextrose agar plates. The plates were
incubated at constant temperature for a predetermined period
and checked for the growth of C. albicans. The experiment
was performed in duplicate.

According to the guidelines of CLSI for broth microdilution
method, the MIC was known as the lowest concentration of the
drug which inhibits the growth of the organism under study.
As per the checkerboard assay,

Fractional inhibitory concentrations (XFICs) were calculated
as follows: If A is essential oils and B is nystatin.

2ZFIC = FIC of drug A + FIC of drug B.

where, FIC of drug A = MIC of drug A in combination/MIC
of drug A alone.

FIC of drug B = MIC of drug B in combination/MIC of drug
B alone.

The combination is synergistic if XFIC is <0.5, indifferent if
2FIC is >0.5 to <2, and antagonistic if XFIC is >2.1""!

The overall yield of the essential oil extracted from the leaves
of A. marmelos was found to be 0.01%. The sensitivity of
the pathogenic strains of C. albicans procured from Brahma
Kumari Hospital, Breach Candy Hospital, and KEM Hospital,
respectively, were tested against essential oils extracted from
leaves of 4. marmelos and six different antifungal agents by
paper disc diffusion method. All three strains of C. albicans
appeared to be sensitive toward the essential oils and the
zone of clearance shown was highest for nystatin among the
six different antibiotics used. The zone of inhibition shown
by essential oils against C. albicans obtained from Brahma
Kumari Hospital, Breach Candy Hospital, and KEM Hospital
was 15 mm, 17 mm, and 22 mm, respectively. [Figures 2-4]
The antibiotic resistivity pattern was revealed [Figures 5-7] by

determining the antibiogram of the test cultures as described
in Table 1. To determine the minimum concentration of the
essential oil to inhibit the growth of test cultures, the broth
microdilution method was performed using 96-well microtiter
plates. The results are shown in Table 2. Next, the results of
the checkerboard assay to investigate the synergistic potential
of the essential oils of the leaves of 4. marmelos and nystatin
against the test organism are depicted in Table 3.

Antibacterial and antifungal activity of essential oils extracted
from leaves of 4. marmelos was previously reported.[!>!"
Meena et al. found that methanolic, ethanolic, and aqueous
leaf extract of 4. marmelos showed minimal antifungal activity
against the strain of C. albicans MTCC 183 as compared to
that of fruit extract.?) However, in the present study, essential
oil obtained from leaves of 4. marmelos showed satisfactory
antifungal activity against all three clinical isolates of C.
albicans; this may be due to the utilization of concentrated
form of the essential oils and difference in the strain of the test
microorganisms tested. Padalia et al. screened the synergistic
potential of leaf, stem, and fruit extract of A. marmelos
with two different antifungal agents amphotericin B and
ketoconazole against C. albicans by paper disc method.?" No
synergy was reported in their work concerning the leaf extract
of A. marmelos and that of amphotericin B, but synergy was
observed with ketoconazole against C. albicans. However,
in the current investigation, as test organisms were found
sensitive to nystatin as well as essential oil, the checkerboard
assay demonstrated synergy between the essential oil extract
of A. marmelos and nystatin for all the clinical isolates
screened. This could be due to the high affinity of nystatin
toward ergosterol to inhibit the growth of fungi by making
the cell membrane leaky and variation in the results reported
by Padalia ef al. may be attributed to the decoction method
used for phytochemical extraction of the plant of interest as
compared to the use of essential oil®!l. Nystatin is known to be
one of the potent antifungal agents against Candida species.
Taweechaisupapong et al. described the inhibitory effect of
lemongrass oil and nystatin individually on a clinical isolate
of Candida dubliniensis"” In consensus with their study,
the current work also depicted the antifungal activity of A4.
marmelos essential oils and nystatin against clinical isolates

Table 1: Antibiogram of different clinical isolates of Candida albicans

Antibiotics

C. albicans (Brahma Kumari Hospital)
Amphotericin-B (AP - 100U) 15
Clotrimazole (CC - 10 pg) 10

Fluconazole (FLC - 25 pug) -
Itraconazole (IT- 10 pg) -
Ketoconazole (KT - 10 pg) 11
Nystatin (NS - 100U) 14
SD: Standard deviation, C. albicans: Candida albicans

Zone of inhibition (mm) = SD

C. albicans (Breach Candy Hospital)  C. albicans (KEM Hospital)

14 14
12.5 9
19 -
9 -
21 14
23 14

AYU | Volume 44 | Issue 1 | January-March 2023



Kamble and Phadke: Synergistic potential of essential oils of leaves of Aegle marmelos to nystatin against Candida albicans

Figure 3: Screening of the antimicrobial activity of essential oils of Aegle
marmelos against Candida albicans (Breach Candy Hospital)

Table 2: Determination of minimum inhibitory
concentration/minimum fungicidal concentration of
essential oils and nystatin against test organisms

Test microorganism MIC/MFC of MIC/MFC of
Eos (uL/mL) nystatin (U/mL)

C. albicans (Brahma Kumari 12.5 100

Hospital)

C. albicans (Breach Candy 12.5 25

Hospital)

C. albicans (KEM Hospital) 25 50

Eos: Essential oils, MIC/MFC: Minimum inhibitory
concentration/minimum fungicidal concentration, C. albicans: Candida
albicans

of C. albicans. Therefore, nystatin can be considered the most
possible antifungal drug to treat candidial infections along with
essential oils of plant origin. Yoosuf et al., in their research,
investigated synergistic interaction between fluconazole and
essential oils of Ajwain (Trachyspermum ammi (L.) Sprague
ex Turril) and coriander against clinical strains of Candida
species by checkerboard assay® and they reported synergy.

-

Figure 2: Screening of the antimicrobial activity of essential oils of Aegle

marmelos against Candida albicans (Brahma Kumari Hospital)

Figure 4: Screening of the antimicrobial activity of essential oils of Aegle
marmelos against Candida albicans (KEM Hospital)

In the present study, encouraging results were obtained
concerning the synergistic ability of essential oils of leaves
of A. marmelos and nystatin against clinical isolates of
C. albicans. This suggests that essential oil is one of the major
constituents of traditional medicine and can be effectively
employed for the betterment of human health to treat certain
diseases along with known drugs since finding a medicinal
component from natural sources is always preferable due to
its lesser side effects.!

Conclusions

Acquiring resistance by pathogenic microorganisms against
antibiotics is of major concern in global health care. However,
by combining green medicine and allopathy, we could be able
to treat various infections caused due to various pathogens
including Candida species. A. marmelos is considered a
medicinally important plant according to the Natural Medicinal
Plants Board of the Government of India,?* and therefore, the
present line of research strongly inspires the use of 4. marmelos

.AYU | Volume 44 | Issue | | January-March 2023
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ih e
Figure 5: Antibiogram of Candida albicans (KEM Hospital)

Figure 6: Antibiogram of Candida albicans (Breach Candy Hospital)

Figure 7: Antibiogram of Candida albicans (Brahma Kumari Hospital)

as a potent candidate for combinatorial therapy of modern
medicine. Thus, it can be concluded that essential oils extracted
from the leaves of 4. marmelos and a potent antifungal agent
nystatin against pathogenic strains of C. albicans were found
to be synergistic with each other as per the checkerboard

Table 3: Determination of fractional inhibitory
concentration index

Test organisms FIC of FIC of XFIC
Eos nystatin

C. albicans (Brahma Kumari Hospital) 0.06 0.06 0.12

C. albicans (Breach Candy Hospital) 0.12 0.25 0.37

C. albicans (KEM Hospital) 0.03 0.25 0.28

Eos: Essential oils, FIC: Fractional inhibitory concentration, C. albicans:
Candida albicans

assay. The present study indicates that the combined effect of
medicinal plant extracts and known antifungal agents offers
significant potential for the development of modern era of
clinical therapies for the treatment of candidal infections.

Acknowledgment

We are extremely thankful to the Department of Biotechnology,
SIES College of Arts, Science and Commerce (Autonomous),
Sion (W), Mumbeai, for providing the necessary infrastructure.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References

1. Berenguer J, Diaz-Guerra TM, Ruiz-Diez B, Bernaldo de Quiros JC,
Rodriguez-Tudela JL, Martinez-Suarez JV. Genetic dissimilarity of two
fluconazole-resistant Candida albicans strains causing meningitis and oral
candidiasis in the same AIDS patient. J Clin Microbiol 1996;34:1542-5.

2. Morschhauser J. The genetic basis of fluconazole resistance development
in Candida albicans. Biochim Biophys Acta 2002;1587:240-8.
Aghazadeh M, Zahedi Bialvaei A, Aghazadeh M, Kabiri F, Saliani N,
Yousefi M, et al. Survey of the antibiofilm and antimicrobial effects
of Zingiber officinale (in vitro study). Jundishapur J Microbiol
2016;9:¢30167.

4. Sekar DK, Kumar G, Karthik L, Rao KB. A review of pharmacological
and phytochemical properties of Aegle marmelos (L.) Corr.
Serr. (Rutaceae). Asian J Plant Sci Res 2011;1:8-17.

5. Pathirana CK, Madhujith T, Eeswara J. Bael. Aegle marmelos L.
Correa, a medicinal tree with immense economic potentials. Adv Agric
2020;2020:1-13.

6. Ruhil S, Balhara M, Dhankhar S, Chhillar AK. Aegle marmelos (Linn.)
Correa: A potential source of phytomedicine. J Med Plants Res
2011;5:1497-507.

7. Satyal P, Woods KE, Dosoky NS, Neupane S, Setzer WN. Biological
activities and volatile constituents of Aegle marmelos (L.) Correa from
Nepal. ] Med Act Plants 2012;1:114-22.

8. Swarnkar R, Singh D, Choudhary A, Anand S, Rathore A, Jediya HK.
Pharmacological properties of Aegle marmelos: A review. Int J Curr
Microbiol Appl Sci 2019;8:1600-8.

9. Subramaniam D, Giridharan P, Murmu N, Shankaranarayanan NP,
May R, Houchen CW, et al. Activation of apoptosis by
1-hydroxy-5,7-dimethoxy-2-naphthalene-carboxaldehyde, a novel
compound from Aegle marmelos. Cancer Res 2008;68:8573-81.

10. Narendhirakannan RT, Subramanian S, Kandaswamy M. Biochemical
evaluation of antidiabetogenic properties of some commonly used
Indian plants on streptozotocin-induced diabetes in experimental rats.
Clin Exp Pharmacol Physiol 2006;33:1150-7.

11. Siddique NA, Mujeeb M, Najmi AK, Akram M. Evaluation of
antioxidant activity, quantitative estimation of phenols and flavonoids
in different parts of Adegle marmelos. Afr J Plant Sci 2010;4:001-005.

AYU | Volume 44 | Issue 1 | January-March 2023 /7




Kamble and Phadke: Synergistic potential of essential oils of leaves of Aegle marmelos to nystatin against Candida albicans

12. Rana BK, Singh UP, Taneja V. Antifungal activity and kinetics of combination with amikacin, against acinetobacters as determined by
inhibition by essential oil isolated from leaves of Aegle marmelos. checkerboard and time-kill studies. Antimicrob Agents Chemother
J Ethnopharmacol 1997;57:29-34. 1997;41:1073-6.

13. SanchezE, Rivas Morales C, Castillo S, Leos-Rivas C, Garcia-Becerra L, 19. Orhan G, Bayram A, Zer Y, Balci 1. Synergy tests by E test and
Ortiz Martinez DM. Antibacterial and antibiofilm activity of methanolic checkerboard methods of antimicrobial combinations against Brucella
plant extracts against nosocomial microorganisms. Evid Based melitensis. J Clin Microbiol 2005;43:140-3.

Complement Alternat Med 2016;2016:1572697. 20. Meena R, Pareek A, Meena RR. Antimicrobial activity of Aegle

14. European Pharmacopoeia. Determination of Essential Oils in Herbal marmelos (Rutaceae) plant extracts. Int J Med Pharm Res 2016;2:1-5.
Drugs, European Pharmacopoeia 6.2.8 2008;12:251-256. 21. Padalia H, Anjali T, Chanda S. Antimicrobial activity of some medicinal

15. Saravana SK, George FP, Ramamurthy M. A study on antibacterial and plant extracts and its synergistic interaction with some antibiotics.
antifungal activities of extracts of medicinal plant Aegle marmelos. Int J J Pharm Res 2016;10:211-20.

Adv Res Biol Sci 2016;3:321-8. 22. Yoosuf S, Kamat SD, Kamat DV. Checkerboard assay to assess
16. McFarland J. The nephelometer: An instrument for estimating the synergistic action of fluconazole and essential oils of Ajwain and
number of bacteria in suspensions used for calculating the opsonic index coriander against Candida species. Int J Pharm Biosci 2016;7:173-6.

and for vaccines. J Am Med Assoc 1907;49:1176-8. 23. Seemaisamy R, Faruck LH, Gattu S, Neelamegam R, Bakshi HA,

17. Taweechaisupapong S, Ngaonee P, Patsuk P, Pitiphat W, Khunkitti W. Rashan L, er al. Anti-microbial and anti-cancer activity of Aegle
Antibiofilm activity and post antifungal effect of lemongrass oil on marmelos and gas chromatography coupled spectrometry analysis of
clinical Candida dubliniensis isolate. S Afr J Bot 2012;78:37-43. their chemical constituents. Int J Pharm Sci Res 2019;10:373-80.

18. Bajaksouzian S, Visalli MA, Jacobs MR, Appelbaum PC. Activities 24. Kala CP. Ethnobotany and ethnoconservation of Aegle marmelos (L.)
of levofloxacin, ofloxacin, and ciprofloxacin, alone and in Correa. Indian J Tradit Knowl 2006;5:537-40.

fe=dt |
Ffeer sifrr=w & ufadr # g arfaly (@a.) Fiar #t it ¥ Fere 1o aroxiia dat siv Fefe
F &= gefrar Fuia w31 & forw awais wHen &1 ST

USYF: F13a7 Ufevdbw (-1, JfaA) sdfe (1923) T Ao O T T T §, ST SIS UeT o & forg
SHeR 81 $f8sT & IU=aR & fau urRuR® Tt a Toidl 1 IUTNT HH THTd! 9dmar T § 3R 3fit IUR &
fo dfus IR &1 sravgemar g1 sivel tielf & ar=fia a9, snyfie IRt & widhfae Iae! & fw te
Ayl fAwed & U H HTH IR Thd ¢l SERA: IHals RN BT ITANT HRb Hieel Sfedd= & i ek
AT & fAAw et T (@d) HiRkan & ukrl ¥ Fe T g ddl 8k Te wfdaRe TEhTa
Tole, FefeT &) Teforarares emdr &1 ulRor -1 AR g faf¥: grer ey & arasid dat @f Tdha
T B f5%h TR ddb-id gRT JaeH udtemr & fawg Siar m o11 udhemr fee 7 Sidl & ufoifas fawRia
foru MUl Rl da SR FRefeR &t =Ady FHamarht wigar Fuifd s & forg, AR gea-ageRor Ay @i
fnfora fovar mar o1, iR Siege & dgd Aale UdHIaRu & Ufd aroeid dd o fFRefe &t efrarers e
DI S B P fo7T U TpRale GIe BT YA fhar | iy g fazawur & forg Ser &f 4 + T3l ([FS
faa e wu & ogad far mar| uloma: IuahT feu T FH1SST sifegd & i SIerT-3aT Iudal & forg TFIC
ORI SfRfaes! H=u=eRF) HF @1 0T HHS: 0.12,0.37 3R 0.28 & U A &t T3 ff o fF 05 q & §,
Zfore Tieur TaeH & fave amwRiia dadl ok fFefes & offa geforar wiq fear man e gore ardalg ot
gfeal § fAere T arwRiia da ud FRefeT ot Tgad fafeen &1 Sfssa YhHu & SUDR & il s fadwed & U
A | O gobal B

RS qeq: Tt HIHAN, BISTT Sfeyar—, ddhvals URlell, a=ia ad, Fgfhar fRefed|

AYU | Volume 44 | Issue 1 | January-March 2023



