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ABSTRACT

Obijective: This study evaluated the in vitro antifungal activity
of a series of five ester derivatives of the caffeic acid on
different Candida species. Methods: The antifungal assay was
carried out by the microdilution method in 96-well microplates
for determining the minimal inhibitory concentrations (MICs).
Results: The results obtained in this study revealed that most of
the evaluated compounds presented weak to moderate
antifungal effect. Among the five evaluated ester derivatives,
the methyl caffeate (1) was found to exhibit the best antifungal
activity, with MIC values of 512 pg/ml against all strains of C.
albicans, C. tropicalis and C. krusei. Further, all tested strains
showed precisely the same degree of sensitivity to screened
compounds. Some structural characteristics of the tested ester
derivatives that may affect the antifungal activity (alkyl ester
side chain length) were observed, giving information on
possible functional groups important for the antifungal effect.
Conclusion: The findings suggest that future research adding
new derivatives from caffeic acid may be interesting in the

search for new antifungal compounds.
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INTRODUCTION

Fungal infections are generally among the most common cause of several skin diseases in
developing countries [1]. Opportunistic fungal infections, principally resulting from the
species of Candida, Cryptococcus and Aspergillus are life-threatening in
immunocompromised individuals, mainly HIV-infected patients and those receiving
immunosuppressive chemotherapies for cancer and organ transplantation[2]. Due to the
increasing number of individuals of this category, fungal diseases have increased in the last
two decades, affecting millions of people globally and causing an estimated 1.5 million

deaths each year [3].

Candida species are recognized as the most commonly fungi involved in the etiology of the
mycotic infections [4]. Candidiasis is the fungal infection most common, being C. albicans
the most pathogenic and prevalent etiologic agent. Further, other Candida species, such as C.

parapsilosis, C. krusei and C. tropicalis are also causative agents of candidiasis [5,6].

The last decade has watched a considerable augmentation in the prevalence of resistance to
antimicrobial agents, presenting important implications for morbidity, mortality and
healthcare in the community. So, there is a pressing need to discover and develop new classes
of antifungal compounds for the treatment of fungal infections, and the research on natural
products derived compounds has increased and highlighted in recent years due to their key
role in drug discovery[7,8]. For example, some studies published in the literature have related
the antifungal activity of different cinnamic acid derivatives against fungi species[9-12].

Thus, the main aim of the current work was to evaluate the antifungal activity of a series of
five ester derivatives of the caffeic acid against three strains of Candida albicans (C. albicans
ATCC-76645, C. albicans LM-120 and C. albicans LM-106), two strains of C. krusei (C.
krusei LM-08 and C. krusei LM-13) and three strains of C. tropicalis (C. tropicalis ATCC-
13803, C. tropicalis M-14 and C. tropicalis M-7A).

CHEMISTRY

Purification of the compounds were performed by column chromatography on silica gel 60,
ART 7734 MERCK using solvent gradient Hex: EtOAc confirmed by analytical thin layer
chromatography on silica gel 60 Fs4, revealing ultraviolet light at two wavelengths (254 and
366 nm) using a Mineralight apparatus or H,SO, in 5% ethanol. FTIR spectra were recorded
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in an FTIR spectrometer IR Prestige-21-Shimadzu model using KBr pellets. *H and **C NMR
spectra were obtained in Varian MERCURY machines (200 and 50 MHz for *H and™C,
respectively). Deuterated solvent was used (DMSO-dg). Tetramethylsilane (TMS) was used
as the internal standard. Chemical shifts (d) were measured in parts per million (ppm) and

coupling constants (J) in Hz.
Methodology

General procedure for the synthesis of compounds

A mixture of caffeic acid (0.25g) and alcohol (50 ml) was heated under reflux in presence of
sulphuric acid (0.4 ml) until the completion of its reaction (5-8 hours), which was checked by
a single spot in TLC. Then, alcohol was removed under reduced pressure and the solution
was diluted with 20 ml of water. The product was extracted with ethyl acetate (15 ml). The
organic phase was neutralized successively with NaHCO3; 5% and water, dried over
anhydrous Na,SQOy,, and filtered. After evaporation under reduced pressure, this phase yielded

the ester derivatives.

Methyl caffeate (1): Yield 87.77%; IR vmax (KBr, cm™): 3477, 3009, 2953, 1678, 1606,
1436."H NMR (DMSO-ds, 200 MHz): 5 3.64 (3H; s), 6.24 (1H; d; J=15.9 Hz), 6.73 (1H; d;
J=8.1 Hz), 6.96 (1H; dd; J=8.1, 1.9 Hz), 7.02 (1H; d; J=1.9 Hz), 7.45 (1H; d; J=15.9 Hz); °C
NMR (DMSO-ds, 50 MHz): ¢ 51.7, 114.1, 115.1, 116.2, 121.9, 125.9, 145.6, 145.9, 148.9,
167.5.

Ethyl caffeate (2): Yield 86.53%; IR vmax (KBr, cm™): 3435, 3180, 2981, 1658, 1452. H
NMR (DMSO-ds, 200 MHz): 8y 1.19 (3H: t; J=7.1 Hz), 4.11 (2H; q; J=7.1Hz), 6.22 (1H; d;
J=15.8Hz), 6.72 (1H; d; J=8.2 Hz), 6.96 (1H; dd; J=8.2, 2.0 Hz), 7.01 (1H; d; J=2.0 Hz),
7.43 (1H; d; J=15.8 Hz); *C NMR (DMSO-ds, 50 MHz): ¢ 14.6, 60.0, 114.3, 115.1, 116.0,
121.7, 125.8, 145.3, 145.9, 148.7, 166.9.

Propyl caffeate (3): Yield 85.96%; IR uma (KBr, cm™): 3460, 3099, 2968, 1666, 1442.'H
NMR (DMSO-ds, 200 MHz): 64 0.89 (3H; t;J=7.4 Hz),1.61(2H; m), 4.04 (2H; t; J=6.7Hz),
6.24 (1H; d; J=15.9Hz), 6.73 (1H; d; J=8.2Hz), 6.98 (1H; dd; J=8.2, 1.9 Hz), 7.03 (1H; d;
J=1.9 Hz), 7.45 (1H; d; J=15.9 Hz); *C NMR (DMSO-ds, 50 MHz): 5¢ 10.8, 22.1, 65.6,
114.4,115.2, 116.1, 121.8, 125.9, 145.4, 146.0, 148.8, 167.1.
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Isopropyl caffeate (4): Yield 93.06%; IR vmax (KBr, cm™): 3466, 3311, 2983, 1680, 1371,
'H NMR (DMSO-ds, 200 MHz): 8y 1.22 (6H; d; J=6.2 Hz), 4.97(1H; m), 6.18 (1H; d; J=15.9
Hz), 6.73 (1H; d; J=8.2 Hz), 6.89 (1H; dd; J=8.2, 2.0 Hz), 6.99 (1H; d; J=2.0 Hz), 7.47 (1H;
d; J=15.9 Hz), *C NMR (CD30D, 50 MHz): 8¢ 22.1, 68.9, 115.0, 115.6, 116.5, 122.7, 127.6,
146.3, 146.7, 149.5, 168.9.

Butyl caffeate (5): Yield 91.53%; IR vmax (KBr, cm™): 3412, 2960, 1722, 1442, 1163. 'H
NMR (DMSO-dg, 500 MHZz): 64 0.88(3H; t;J=7.4 Hz),1.39-1.31(2H; m), 1.63-1.54(2H; m),
4.09 (2H; t; J=6.6Hz), 6.24 (1H; d; J=15.9Hz), 6.74 (1H; d; J=8.3 Hz), 6.97 (1H; dd; J=8.3,
2.1 Hz), 7.03 (1H; d; J=2.1 Hz), 7.44 (1H; d; J=15.9 Hz); *C NMR (DMSO-ds, 125 MHz):
5c14.0,19.1, 30.8, 63.9, 114.5, 115.2, 116.2, 121.8, 125.9, 145.4, 146.0, 148.8, 167.1.
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Methyl caffeate [1] Ethyl caffeate [2] Propyl caffeate [3]
I i
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Isopropyl caffeate [4] Butyl caffeate [5]

Figure 1. Chemical structures of the evaluated compounds.

Antifungal assay

Microorganisms in microbiological test were used strains of Candida albicans (ATCC-
76645, LM-120 and LM-106), two strains of C. krusei (LM-08 and LM-13) and three strains
of C. tropicalis (ATCC-13803, M-14 and M-7A). The strains were respectively acquired
from the Adolfo Lutz Institute in S&o Paulo, and from the Federal University Pharmaceutical
Science Mycology Laboratories of S&o Paulo and Paraiba. The yeast strains were maintained
in appropriate medium, Sabouraud Dextrose Broth-SDB (Difco Laboratories, USA, France),
and stored at 4°C and 35°C. The microorganism suspension was prepared according to
McFarland tube 0.5, and adjusted by means of a spectrophotometer (Leitz-Photometer 340-
800) at 90% T (530 nm) corresponding to approximately 10° CFU mL™ [13].
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Culture Medium: The antifungal activity assays were performed in Sabouraud Dextrose
Broth-SDB (Difco Laboratories, France, USA), which was prepared and used according to

manufacturer’s instructions.

Determination of the minimum inhibitory concentration (MIC): The MIC value was
determined by microdilution method using 96 well "U" shaped microtiter plates in duplicate.
In each well of the plate 100 ul of twice concentrated SDB liquid medium was added. Then,
100 mL of product solution (also doubly concentrated) was placed in the first row of plate
wells. Through serial dilution (ratio of two), the concentrations of 1024 pug/mL to 32ug/ml
were obtained, such that in the first line of the plate was the highest concentration and in the
latter, the lower concentrations. Finally, 10 pl of inoculum was added to the wells in each
plate column that specifically referred to a strain. The same was also done in the culture
medium with the fungal drug nystatin (100 IU). The plates were incubated at 37 °C for 24-48
h. For each strain, the MIC was defined as the lowest concentration capable of inhibiting
fungal growth in the wells as visually observed compared with the control. All tests were
performed in duplicate and the results were expressed as a geometric mean of the MIC values
obtained in both tests [14].

RESULTS

The results obtained in this study revealed that all the studied compounds, with the exception
of butyl caffeate (5), presented weak to moderate antifungal activity. Among the five
evaluated ester derivatives, the methyl caffeate (1) was found to exhibit the best antifungal
activity, with MIC values of 512ug/ml against all strains of C. albicans, C. tropicalis and C.
krusei screened. Compounds ethyl caffeate (2), propyl caffeate (3) and isopropyl caffeate (4)
presented the same activity on all Candida species, with MIC=1024 ug/ml and butyl caffeate
(5) did not show antifungal effect. Further, all strains tested showed precisely the same
degree of sensitivity to studied compounds. Table 1summarizes the in vitro susceptibilities of
the eight Candida strains against all the test compounds.

Citation: D. P. DE SOUSA et al. Ijppr.Human, 2016; Vol. 7 (1): 151-159.



www.ijppr.humanjournals.com

Table 1. Minimal inhibitory concentrations (MICs) values (expressed in pg/ml) of the

compounds 1-5.

MIC (pg/mL)
C. C. C. C. C. C. C. C.
Compounds albicans albicans albicans tropicalis tropicalis tropicalis krusei  krusei
(ATCC-  (LM- (LM-  (ATCC- (M-14) (M-7A)  (LM-  (LM-
76645) 120) 106) 13803) 08) 13)
1 512 512 512 512 512 512 512 512
2 1024 1024 1024 1024 1024 1024 1024 1024
3 1024 1024 1024 1024 1024 1024 1024 1024
4 1024 1024 1024 1024 1024 1024 1024 1024
5 + + + + + + + +
Micro-
_ + + + + + + + +
organism
Nystatin - - - - - + + -
+: Growth of micro-organism -: No growth of micro-organism

Some structural features of the screened ester derivatives that may alter the antifungal activity
(alkyl ester side chain length) were observed, giving information on possibly functional

groups important for the antifungal effect.

A close examination of the structures of the studied compounds permitted to conclude that
the introduction of bulky alkyl substituents on the ester side chain resulted in decreased of the
antifungal effect. For example, compound methyl caffeate (1; methyl group) was found to be
the most bioactive compound (equal MIC = 512 pg/ml), whereas the compound butyl
caffeate (5; butyl group) was inactive. This reduction in the antifungal activity probably
occurs due to steric hindrance caused by the presence of bulky butyl group and/or increasing
the lipophilicity.

DISCUSSION

In the current work, a set of five caffeic acid ester derivatives (methyl caffeate, ethyl caffeate,
propyl caffeate, isopropyl caffeate and butyl caffeate) with different substitutions on the ester

side chain was evaluated for its in vitro antifungal activity against several Candida strains,
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namely C. albicans ATCC-76645, C. albicans LM-120, C. albicans LM-106, C. tropicalis
ATCC-13803, C. tropicalis M-14, C. tropicalis M-7A, C. krusei LM-08 and C. kruseiLM-13.
The antifungal assay was carried out in 96-well microplates (microdilution method) and the

results were expressed as minimal inhibitory concentrations (MICs) in pg/ml.

Earlier investigations have documented the antifungal activity of cinnamic acid derivatives,
showing the relevance of this paper [12-16]. For example, Narasimhan and collaborators [11]
investigated the antifungal activity of a series of nine esters of cinnamic acid (methyl
cinnamate, ethyl cinnamate, propyl cinnamate, isopropyl cinnamate, butyl cinnamate,
isobutyl cinnamate, octyl cinnamate, phenyl cinnamate and benzyl cinnamate) against two
fungi: Candida albicans and Aspergillus niger. All the screened esters showed potent
antifungal activity against both A. niger and C. albicans, principally the compound isobutyl
cinnamate, with MIC values of 12.0 and 14.0 uM respectively. The MIC values of the other
cinnamic acid ester derivatives varied between 36.0 and 61.0uM for the filamentous fungus

A. niger, and between 43.0 and 61.0 uM for the yeast C. albicans.

Moreover, most of the compounds evaluated in this study was earlier scrutinized on different
biological activities, such as cytotoxic [17,18], anti-inflammatory [19,20], antioxidant
[21,22], leishmanicidal, trypanocidal [23], antibacterial [11,24] and antihypertensive [25]

activities.

In general, it could be clearly recognized that potential antifungal activity as well as
fungicidal nature of the compounds is dependent on their chemical structures. Our findings
suggest that the structure of the synthesized compounds herein needs to be further optimized
to provide more insight into the structure-activity relationship of this class of compounds
[26].

CONCLUSION

The present study investigated the antifungal activity of five caffeic acid ester derivatives
against selected eight yeast strains belonging to the genera Candida. Further, through a
preliminary Structure-Activity Relationship (SAR) study, we found that alkyl ester side chain
length influences the antifungal activity in this series. Future research adding new derivatives

to this collection may be interesting in the search for new antifungal compounds.

Citation: D. P. DE SOUSA et al. Ijppr.Human, 2016; Vol. 7 (1): 151-159.



www.ijppr.humanjournals.com

CONFLICT OF INTERESTS

Author declares that he has no conflict of interest.

ACKNOWLEDGEMENTS

This work was supported by the Brazilian agencies: Conselho Nacional de Desenvolvimento
Cientifico e Tecnoldgico (CNPq), Coordenacdo de Aperfeicoamento de Pessoal de Nivel
Superior (CAPES), and the Fundacéo de Apoio a Pesquisa e Inovacao Tecnologica do Estado
de Sergipe (FAPITEC/SE) - EDITAL FAPITEC/SE/FUNTEC/CNPqg N° 10/2011.

REFERENCES

1. Ping-Hsein CW, Jia-Ying C, Murugan M, Bor-Jinn S, Hueih-Mir C. Antifungal activity of crude extracts and
essential oil of Moringa oleifera L. Bioresource Technol 2007;98:232-36.

2. Perea S, Patterson TF. Antifungal resistance in pathogenic fungi. Antimicrob Resist 2002; 35:1073-80.

3. Microbiology Society. Briefing on human diseases. http://www.microbiologysociety.org/news/society-
news.cfm/briefing-human-fungal-diseases. 2016.

4. Lima IO, Oliveira RAG, Lima EO, Farias NMP, Souza EL. Atividade antifungica de 6leos essenciais sobre
espécies de Candida. Braz J Pharmacogn 2006;16:197-201.

5. Sardi JCO, Scorzoni L, Bernardi T, Fusco-Almeida AM, Giannini MJSM. Candida species: current
epidemiology, pathogenicity, biofilm formation, natural antifungal products and new therapeutic options. J Med
Microbiol 2013; 62:10-24.

6. Silva S, Negri M, Henriques M, Oliveira R, Williams DW, Azeredo J. Candida glabrata, Candida
parapsilosis and Candida tropicalis: biology, epidemiology, pathogenicity and antifungal resistance. FEMS
Microbiol Rev 2012; 36:288-305.

7. Arif T, Mandal TK, Dabur R. Natural products: anti-fungal agents derived from plants. Opportunity,
Challenge and Scope of Natural Products in Medicinal Chemistry 2011; 283-311.

8. Geetha RV, Anitha R. In vitro evaluation of antimycotic activity of ethanolic extract of Glycyrrhiza glabra.
Asian J Pharm Clin Res 2013; 6:205-6.

9. Gutierrez LJ, Mascotti ML, Kurina-Sanz M, Pungitore CR, Enriz RD, Giannini FA. Cinnamic acid
derivatives acting against Aspergillus fungi. Tag polymerase | a potential molecular target. Nat Prod Commun
2012;7:1639-44.

10.Guzman JD. Natural cinnamic acids, synthetic derivatives and hybrids with antimicrobial activity. Molecules
2014; 19:19292-349.

11.Narasimhan B, Belsare D, Pharande D, Mourya V, Dhake A. Esters, amides and substituted derivatives of
cinnamic acid: synthesis, antimicrobial activity and QSAR investigations. Eur J Med Chem 2004; 39:827-34.
12.Tawata S, Taira S, Kobamoto N, Zhu J, Ishihara M, Toyama S. Synthesis and antifungal activity of cinnamic
acid esters. Biosci Biotechnol Biochem 1996; 60:909-10.

13.National Committee for Clinical Laboratory Standards (NCCLS); Methods for Dilution Antimicrobial
Susceptibility Tests for Bacteria That Grow Aerobically; Approved Standard, 6th edn. (Wayne, Pennsylvania,
2003) pp. 19087.

14.SouzaEL., StamfordTLM.,; LimaEO, Trajano VN. Effectiveness of Origanum vulgare L. essential oil to
inhibit the growth of food spoiling yeast. Food Control, 2007, 18: 409-413.

15.Korosec B, Sova M, Turk S, Krasevec N, Novak M, Lah L, et al. Antifungal activity of cinnamic acid
derivatives involves inhibition of benzoate 4-hydroxylase (CYP53). J Appl Microbiol 2014; 116:955-66.
16.Seelolla G, Cheera P, Ponneri V. Synthesis, antimicrobial and antioxidant activities of novel series of
cinnamamide derivatives having morpholine moiety. Med Chem 2014; 4:778-83.

Citation: D. P. DE SOUSA et al. Ijppr.Human, 2016; Vol. 7 (1): 151-159.



www.ijppr.humanjournals.com

17.Bailly F, Toillon RA, Tomavo O, Jouy N, Hondermarck H, Cotelle P. Antiproliferative and apoptotic effects
of the oxidative dimerization product of methyl caffeate on human breast cancer cells. Bioorg Med Chem Lett
2013; 23:574-78.

18.Balachandran C, Emi N, Arun Y, Yamamoto Y, Ahilan B, Sangeetha B, et al. In vitro anticancer activity of
methyl caffeate isolated from Solanum torvum Swartz. Fruit. Chem Biol Interact 2015; 242:81-90.

19.Chiang YM, Lo CP, Chen YP, Wang SY, Yang NS, Kuo YH, et al. Ethyl caffeate suppresses NF-xB
activation and its downstream inflammatory mediators, iNOS, COX-2, and PGE2 in vitro or in mouse skin. Br J
Pharmacol 2005; 146:352-63.

20.Kim HJ, Kim HM, Ryu B, Lee WS, Shin JS, Lee KT, et al. Constituents of PG201 (Layla), a multi-
component phytopharmaceutical, with inhibitory activity on LPS- induced nitric oxide and prostaglandin E2
productions in macrophages. Arch Pharm Res 2016; 39:231-39.

21.Alwahsh MAA, Khairuddean M, Chong WK. Chemical constituents and antioxidant activity of Teucrium
barbeyanum Aschers. Rec Nat Prod 2015; 9:159-63.

22.Wang J, Gu SS, Pang N, Wang FQ, Pang F, Cui HS, et al. Alkyl caffeates improve the antioxidant activity,
antitumor property and oxidation stability of edible oil. PLoS One 2014; 9:1-10.

23.Lima TC, Souza RJ, Santos ADC, Moraes MH, Biondo NE, Barison A, et al. Evaluation of leishmanicidal
and trypanocidal activities of phenolic compounds from Calea uniflora Less. Nat Prod Res 2016; 30:551-57.
24.Paracatu LC, Bonacorsi C, Gomes de Farias CMQ, Nazare AC, Petronio MS, Regasini LO, et al. Alkyl
caffeates as anti-Helicobacter pylori and scavenger of oxidants produced by neutrophils. Med Chem 2014;
10:74-80.

25.Cheng JT, Lee YY, Hsu FL, Chang W, Niu CS. Antihypertensive activity of phenolics from the flower of
Lonicera japonica. Chin Pharm J 1994; 46:575-82.

26.Malik MA, Al-Thabaiti SA, Malik MA. Synthesis, Structure optimization and antifungal screening of novel
tetrazole ring bearing acyl-hydrazones. Int J Mol Sci 2012; 13:10880-98.

Citation: D. P. DE SOUSA et al. Ijppr.Human, 2016; Vol. 7 (1): 151-159.



