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Human mycoses have become a threat to health world-wide. Unfortunately there are only a limited number
of antimycotic drugs in use. In the present study, antifungal activity of earlier synthesized spiro-1,4-dihydropyridines
(1,4-DHPs) was investigated. The antifungal activity of spiro-1,4-DHPs compounds were screened against
Aspergillus flavus, A. fumigatus, and Candida albicans by using Disc Diffusion and Modified Microdilution method.
Among six spiro-1,4-DHPs compounds tested all of them showed stronger antifungal activity possibly through
inhibiting the synthesis of chitin in cell wall against 4. flavus, A. fumigatus, and C. albicans as compared to fluconazole,
a standard antifungal drug. The combination of compounds showed that the synthesized compounds had synergistic,
additive effects as compared to currently used drugs as an antifungal agent. These results indicated that these
designed compounds were potential chitin synthase inhibitors and had excellent antimycotic activity for the treatment

of fungal infections.
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INTRODUCTION

Fungal infection is a leading cause of mortality
in the immunocompromised population, such as patients
exposed to anticancer chemotherapy, radiation therapy,
parenteral nutrition, or organ transplantation [1].
This population also includes patients infected
with HIV, which disrupts the immune system [2].
In contrast to the increased incidence of fungal
infections, the number of efficient and less toxic
antifungal antibiotics is limited. Also, the increased
use of antifungal agents leads to the emergence
of drug-resistant fungal strains [3, 4]. Therefore,
it is urgent to develop new and safe antifungal agents.
Unlike human cells, fungi have a cell wall structure,
which is an ideal target for antifungal drugs. The fungal
cell wall is highly dynamic and essential for cell
viability, morphogenesis, and pathogenesis. Although
the components of the fungal cell wall vary among
species, most fungal cell walls consist of a core
of B-1,3-glucan polysaccharide covalently cross-linked
to chitin, forming the primary scaffold structure.
As a key component of the fungal cell wall, chitin
contributes to about 2% (w/w) of fungal dry weight [5].
The 1,4-dihydropyridines (DHPs), a class of drugs
possess a wide variety of biological and
pharmacological actions. It represents one of the most
important groups of calcium-channel modulating
agents and has experienced widespread use in the
cardiovascular disease treatment, which includes
antihypertensive, antianginal, vasodilator and
cardiac depressants activities. It also shows
antibacterial, anticancer, antileishmanial, anticoagulant,

anticonvulsant, antitubercular, antioxidant, antiulcer,
CFTR, antimalarials, neuroprotection properties,
HIV-1 protease inhibitors, antifertility activities
and many more. There are many drugs available
in the market, which contain 1,4-dihydropyridines ring
as a basic scaffold. Dihydropyridines are a group
of pyridine-based molecules. Chemically, it is a family
of hydrogenated N-hetero-aromatic members. Various
derivatives with different substituents are known
to exist with them positioned at 2,6,3,5, and 1,4,
which can be synthesized via cyclic condensation
type reaction, Hantzsch pyridine synthesis [6].
The implications of 1,4-dihydropyridines (DHPs)
are known to be evident and satisfactory for more
than four decades now, and newer studies and
theories still persist [7]. DHPs’ analogy with
1,4-dihydronicotinamide has theorized its possible use
in studying the molecular mechanisms as model
compounds. They are postulated for providing the base
for newer cardiovascular drugs development [8, 9].
A number of drugs commonly used in present
times bear the 1,4-DHP ring-like calcium channel
blockers [10-12]. Spiro oxindole derivatives are also
becoming key building blocks for drug discovery
as these templates have been shown to exhibit a variety
of interesting biological activities, such as
antioneoplastic [13], antibiotic [14], cytostatic [15],
monoamine transporter inhibiting [16], bradykinin
antagonist [17] and cell cycle inhibitor activity [18].
Due to their structure, they interact with a wide range
of receptors; this activity has resulted in significant
interest in developing efficient methods to prepare spiro
compounds. A DHP skeleton is identified as a novel
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scaffold and its capability to exhibit pleiotropy [19].
Certain DHP derivatives and DHP encompassing
formulations are observed to depict antioxidant
action [20-22], contributing to their notable
pleiotropic effects precipitating into antiaging activity,
neuroprotective  effect, anticancer movement,
antibacterial action [23] and among others. When
exposed to certain chemical, biological and
electrochemical processes, these derivatives tend
to release free radicals. It is notable that hydrogen
donors like phenol, amine, etc, tend to have
an anticancer capacity basically via restricting oxidation
and free radical processes. Being a significant
H-donor, 1,4-dihydropyridines initiate similar actions.
It further supports their use in cancer conditions.
Additionally, synergistic effects might be witnessed
on their concomitant use with antioxidants [24].
DHP model compounds have been used in clinical
trials in recent decades due to their impressive
range of pharmacological activities. Hypotensive,
antimicrobial, anticoagulant, antioxidant, antitubercular,
anticonvulsant, antiulcer, neuroprotective and
antimalarial effects have been reported, among others
as well [25]. Increased risk of fungal diseases
in immunocompromised patients, emerging fungal
pathogens, limited repertoire of antifungal drugs and
resistance development against the drugs demands
for development of new and effective antifungal agents.
Some antifungal agents target cell wall structure.
Nikkomycin and polyoxin are specific chitin synthase
inhibitors, and nikkomycin Z is under clinical trial
for the treatment of fungal infections, such as
coccidioidomycosis [26]. Echinocandins inhibit
B-1,3-glucan synthesis in the cell wall, and this group
of agents is wildly used for the treatment of fungal
infections caused by yeast, such as Candida species,
or molds, such as Aspergillus [27]. A recent study
indicated a synergistic effect for the combination
of echinocandins and nikkomycin Z against infections
caused by C. albicans using a mouse model [28].
Therefore, chitin inhibitors could be wused
in combination with enchinocandins for the treatment
of fungal infections.

In the present study, the antifungal activity
of spiro-1,4-dihydropyridines (1,4-DHPs) compounds
were screened against Aspergillus flavus, Aspergillus
fumigatus, and Candida albicans.

METHODS

Spiro-1,4-DHPs derivatives (4a-4f), tested in this
study, were synthesized as described earlier
by Sharma et al. [29].

In Vitro Screening of the Synthesized Compounds
Using the Disc Diffusion Method

Compounds were screened for their antifungal
activity against 4. fumigatus, A. flavus, and C. albicans
by disc diffusion method [30]. Standard size
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Whatman No.1 filter paper discs, 6.0 mm in diameter
(“Sigma-Aldrich”, USA), sterilized by dry heat at 140°C
in an oven for one hour were used to determine
the antifungal activity. SDA medium for disc diffusion
test was prepared. After sterilization, it was poured
into sterilized Petri plates and allowed to solidify.
A suspension that was just turbid by visual inspection
was prepared by suspending in 0.9% NaCl solution and
the homogeneous suspension was used for inoculation
and test inoculum was maintained at (1-5)x10° CFU/ml.
The spore suspension of each of the fungi was prepared
from 8 to 10-day-old cultures separately. The suspension
was vortexed and 0.1 pl aliquots were spread over
the respective agar medium plates Sterilized filter
paper discs were soaked in 50 pg/ml concentration
of pure compounds and their mixture of compounds.
Similarly, a solution of Fluconazole of 50 pg/disc
used as the reference agent for comparison
of the antifungal activity was prepared. These discs
were then placed over the plates preceded with
respective microorganisms. The plates were incubated
at 30°C for 48-72 h. Three replicates were used in each
case and average values were calculated. The diameter
of the inhibition zones was measured in mm and
the activity index was calculated on the basis of the size
of the inhibition zone. The activity of compounds
was measured by the following formula:

Inhibition zone of Compound

Activity Index (Al) = .
Inhibition zone of standard drugs

Determination of Minimum Inhibitory Concentration
by a Modified Microdilution Method [31]

The Minimum Inhibitory Concentration (MIC)
of a mixture of compounds against A. fumigatus,
A. flavus, and C. albicans were determined by
a microdilution method with slight modification [31].
Sterilized brain heart infusion agar semisolid agar
media were poured into the sterilized culture tubes and
allowed to solidify. Test inoculum was prepared
in 0.9% NaCl solution, the suspension was vortexed
properly. Different concentrations of mixture
of compounds were added in media containing culture
tubes, afterwards a standard platinum loopful
(~0.005 ml, Flexiloop, “Himedia”, USA) of the inoculum
suspension was inserted deep into each tube of medium
containing a different concentration of compounds
as well as compound free control. The culture tubes
were then incubated at 28°C for 48-72 h to determine
the MIC. MIC was defined as the lowest concentration
that did not yield visual growth after the incubation
period. All experiments were performed in triplicates.

RESULTS AND DISCUSSION

Due to emerging fungal infections and increased
risk of fungal diseases in immunocompromised
patients, there is a clear need in new antifungal drugs,
firstly due to limited repertoire of antifungal drugs and
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secondly, due to developing drug resistance against
the available antifungal drugs. With greater knowledge
of fungal metabolism efforts are being made to inhibit
specific enzymes involved in different biochemical
pathways for the development of antifungal drugs.

Chitin synthase is one such promising target
as it is absent in plants and mammals. In the context
of antifungal agent development, different chitin
synthase inhibitors have been synthesized by a green
chemical approach. Previous researchers interest
on the green chemical synthesis of biodynamic spiro
and annulated derivatives [32, 33] using nontraditional
approach, an attempt has been made to synthesize
various spiro-1,4-DHPs derivatives. A series of novel
N-substituted spiro-1,4-DHPs derivatives (4a-4f)
(Table 1) has been synthesizes in one pot under
microwave irradiation using solvent free conditions
and tested for an antidermatophytic activity [29].
In the course of search for potent chitin synthase
inhibitors, we report here an antifungal activity of these
six compounds of spiro-1,4-DHPs derivatives (4a-4f)
against common fungal pathogens.

Screening of compounds (spiro-1,4-DHPs
derivatives, 4a-4f) for antimycotic activity against
A. fumigatus, A. flavus, and C. albicans, the dominant
etiological agents in immunocompromised patients,
was performed using the disc diffusion and
microdilution method. The results obtained showed
the significant antifungal activity of compounds alone
and in combinations (Table 1, Fig. 1). In the present
study, compound 4¢ showed excellent antifungal activity
against A. fumigatus followed by 4a, 4e, 4b, 4f, and 4d.
Similarly, compound 4e exhibited inhibitory action
against 4. flavus followed by 4a, 4f, 4c, 4b, and 4d.
In the current study, 4b compound also showed
significant antifungal activity against C. albicans
followed by 4a, 4d, 4e, 4f, and 4c. A mixture
of compounds showed excellent and synergistic
antimycotic activity as compared to single
compounds and reference antibiotics. The mixture
of compounds was prepared by adding 8.3 pg/ml from
each six compounds (4a to 4f) so total concentration
of mixture of compounds was 50 pg/ml. Synergistic
activity of spiro-1,4-DHPs derivatives was determined
in the present study, by preparing the mixture of all
six compounds in equal proportion so additive effect
of all six compounds in one mixture can be studied
against fungal pathogens. The diameter of inhibition
zone obtained from the mixture of compounds (4a-4f)
at total concentration 50 pg/ml were 87 mm, 86 mm,
and 84 mm against C. albicans, A. fumigatus, and
A. flavus (Table 2). In the further study, MIC was also
determined by the modified Provine & Hadley
method [31]. The results showed that the mixture
of compounds (4a-4f) exhibited inhibitory action
at 0.08 ul/ml to 0.9 pl/ml against A. fumigatus
(Table 3). At 0.08 ul/ml concentration, no growth
of A. fumigatus was observed after 6 days of incubation
at 28°C. This minimum inhibitory concentration

of mixture of spiro derivatives (4a-4f) showed no growth
up to 0.9 ul/ml concentration. Present results indicate
that these compounds can be used as active antimycotic
agents in pharmaceutical industries for drug formulation.
MIC of the mixture of compounds against 4. flavus and
C. albicans was found to be 0.1 pl/ml and 0.09 pl/ml
respectively. These results were observed after 6 days,
12 days, 18 days, and 24 days, no growth was observed
up to 30 days at that low concentration. Control was
taken without addition of mixture of compounds
showed 100% growth of A. fumigatus, A. flavus, and
C. albicans. Our present findings suggested that these
mixtures of compounds were found to be more
additive, syngeristic and effective in inhibiting
the growth of 4. fumigatus, A. flavus, and C. albicans
as compared to standard drugs used. These results
concluded that mixture of compounds and single
compounds can be used as an antifungal agent
against A. fumigatus, A. flavus, and C. albicans,
as a pharmaceutical drug active ingredient to combat
the fungal infections in immunocompromised patients.
Similarly, other researchers also reported that DHPs
exhibited effective anticoagulant action by restricting
calcium currents with high potency via calcium
channels. They were explored in this area owing to their
therapeutic use as hypotensive, anti-inflammatory,
and anti-ischemic agents [34]. Sirisha et al.,
synthesized compound 4-substituted-2,6-dimethyl-
3,5-bis-N-(heteroaryl)-carbamoyl-1,4-dihydropyridine
was also found to have anticancer, antitubercular, and
antibacterial activities in vitro and this derivative was
discovered to be incredibly successful in the fight against
cancer [35]. Tempone et al. reported the antileishmanial
action of the drug nimodipine, and the structural
damage to parasites caused by these medications [36].
This medication was found to be particularly selective
against Leishmania chagasi promastigotes and
intracellular amastigotes, with 50% inhibitory
concentrations of 81.2 uM and 21.5 uM, respectively.

Calcium channel blockers have shown to be
an effective antileishmanial compound in vitro [36].
Echinocandins are considered as the first-line therapy
for invasive Candida infections [28]. However,
treatment failures associated with resistant isolates
harboring fksl hot-spot mutations have been
reported [37]. In recent years, the synergistic effects
of nikkomycin and echinocandin have been studied,
which suggests that the combination of two antifungal
agents can be used in the treatment of infections
caused by echinocandin-resistant strains [38]. These
studies highlight the potential of combination
therapies that target the synthesis of the two major
structural polysaccharides found in most fungi,
in achieving fungicidal regimens that would
prevent the emergence of resistance mechanisms.
In addition, cell wall synthase inhibitors, applied
in combination with antagonists of the signalling
pathways that regulate synthase expression and activity,
may have potential as potent antifungal combination
therapies [39-41].
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Table 1. Antifungal activity of synthesized spiro-1,4-DHPs derivatives against 4. fumigatus, A. flavus, and C. albicans

Compounds

Product

IZ of compounds (50 pg/ml)

A. fumigatus

A. flavus

C. albicans

4a

cszooc

C,Hs00C

78

65

72

4b

C,Hs00C

ogj e

C,Hs00C

75

73

75

4c

C2H5OOC

PhH,CN >< @

C,Hs00C

80

76

66

4d

oszooot ;L C

H COOC2H5

72

79

70

4e

CzH5OOC£ ; _@

N COOCZH5

76

80

68

4f

szooci ; C

COOCZH5

75

77

65

In this and other tables IZ means Inhibition Zone measured in mm; IZ of Fluconazole is 42 mm against 4. fumigatus;

1Z of Fluconazole is 41 mm against 4. flavus; 1Z of Fluconazole is 38 mm against C. albicans.

Figure 1. Antifungal activity of mixture of compounds against: (A) C. albicans, (B) A. fumigatus, (C) A. flavus.
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Table 2. Antifungal activity of mixture of all compounds (novel synthesized spiro-1,4-DHPs derivatives, 4a-4f) against
A. fumigatus, A. flavus, and C. albicans

. 1Z of mixture of compounds 1Z of Fluconazole
Compounds Test strain (50 ug/ml) (50 pg/ml) Al
A. flavus 84 mm 41 mm 2.0
Mixture of compounds —
(da-4f) A. fumigatus 86 mm 42 mm 2.0
C. albicans 87 mm 38 mm 2.2

1Z is Inhibition Zone (in mm) including the diameter of disc (6 mm), Al (Activity index).

Table 3. MIC of Mixture of compounds (novel synthesized spiro-1,4-DHPs derivatives, 4a-4f) against 4. flavus,

A. fumigatus, C. albicans

Growth visually inspected Growth visually inspected Growth visually inspected
Different concentrations in different concentrations in different concentrations in different concentrations
of compound used in pm/ml of compounds against of compounds against of compounds against
A. flavus A. fumigatus C. albicans
0.07 +4 +1 +2
0.08 +3 0 +1
0.09 +2 0 0
0.1 +1 0 0
0.2 0 0 0
0.3 0 0 0
0.4 0 0 0
0.5 0 0 0
0.6 0 0 0
0.7 0 0 0
0.8 0 0 0
0.9 0 0 0
Control without mixture 100% growth 100% growth 100% growth
of compounds

The growth was scored in the following manner: 4+, growth comparable to that of the oil free control; 3+, growth
approximately 75% that of the control; 2+, growth approximately 50% that of the control; 1+, growth 25% or less that

of the control; and 0, no visible growth.

CONCLUSIONS

The results of this study indicate that spiro-1,4-
dihydropyridines are a genus of pharmacologically
active molecules that serve as multifunctional potent
leads and can be substituted in a variety of positions.
On the basis of biological experiments, we have
proved that these compounds have excellent
antifungal activity in vitro to control the fungal
infections and it can be used as a potent antifungal drug
for immunocompromised patients as a medicinally
important pharmaceutical application.
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MuKo3bI YenoBeKa MpEeCTaBIIOT CEPhE3HYI0 YIpo3y Ul 340pOBbs HaceleHHs BO BceM mupe. s nedeHus
3TUX 3a00JEeBaHMH NPUMEHSETCS OTPaHMYEHHOE YHCIO IPOTHBOTPHOKOBBIX IpemaparoB. B maHHOH pabote
HCCIIIOBAII TIPOTUBOTPUOKOBYIO aKTHBHOCTh paHee CHHTE3MPOBAHHBIX crupo-1,4-muruapormpunnHos (1,4-DHPs).
ITpoTHBOrpHOKOBYI0 AKTHBHOCTH COeAMHEHHMU crupo-1,4-DHPs mnposepsiin B oTHouieuuu Aspergillus flavus,
A. fumigatus u Candida albicans ¢ Wcronb30BaHWEM MeTo/a AUCKOBOW auddy3un ¥ MOIUPHIUPOBAHHOTO
MHKpopa3BeneHus. OleHKa MPOTUBOIPHOKOBOM aKTHBHOCTH TPOTHB JIEKAPCTBEHHO-YCTOMYMBBIX BapHaHTOB I'pHOOB
M0Ka3aJIa, YTO HCCIIeJOBAaHHBIE COCIUHEHHS 00JIalaloT 3HAYMTENIFHOM MPOTHBOIPHOKOBON aKTUBHOCTHIO. Bee mrects
HCCIENOBAaHHBIX coennHeHuil cmupo-1,4-DHPs mposiBisuin Gonee CHIBHYIO IPOTHBOTPUOKOBYIO aKTHBHOCTH
B orHomeHuu A. flavus, A. fumigatus u C. albicans mo cpaBHEHHIO C (QIYKOHA30JIOM — CTaHAAPTHBIM
MPOTUBOIPHOKOBBIM IIPENapaToM, — IO-BUAUMOMY, 38 CUET MHIMOMPOBAHUSI CHHTE3a XMTHHA B KIETOYHOH CTECHKE.
Tpu u3 mectu coenuHenuii (4¢, 4e u 4b) Obum Hambonee 3ddekTHBHBI B OTHOWICHUH A. fumigatus, A. flavus,
C. albicans coorBercTBeHHO. KOMOWHAIMsI COSIMHEHM IOKa3aja, YTO CHHTE3MPOBAHHBIC BEIECTBA O00JIafaroT
CHHEPIeTHYECKUM, aJINTHBHBIM AEHCTBHEM IO CPAaBHEHHIO C NPHMEHSIEMBIMH B HACTOSIIEE BpEMs Iperaparamu
B KaueCTBE MIPOTUBOIPHOKOBOTO cpercTBa. [1omydeHHbIe pe3yabTaThl CBUACTEIbCTBYIOT O TOM, YTO CHHTE3UPOBAHHBIC
COCIUHCHUS SIBIISIIOTCSI TOTCHIMAIBHBIMA HHTHOMTOpaMH XUTHHCHHTa3bl U 00NafaloT MPEBOCXOIHOU
AHTUMHUKOTUYECKON aKTUBHOCTBIO JUIS JIEYCHHUSI TPUOKOBBIX MH(PEKITHH.

Tonnwlii mexcm cmamuvu Ha pyccKom si3bike 0ocmynen Ha catime dcypuana (http://pbmc.ibmc.msk.ru).

KiroueBble cjoBa: cnupo-1,4-TUruaponupuINHBL; JIEKAPCTBEHHAsT YCTOMYMBOCTh; TpHOBI; KOMOHMHANHS;
Mpenaparsl; aHTHMUKOTHK

dunancupoBanue. Pabora BbInomHeHa NpH (UHAHCOBOH MomiepxKe [ocynapcTBEHHOro JenapTaMeHTa HayKH H
TeXHONOrui, YHuBepcureT Pamxacrana, xaimyp.
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