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Systematic Classification of Antifungal Drugs, Resistance Mechanisms and Development of New Drugs
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ABSTRACT: With cancer chemotherapy, radiation therapy, and organ transplants generally carried out, and broad-spectrum
antibiotics widely used in clinic, incidence of Candida albicans, Cryptococcus neoformans and other invasive fungal infections
incidence has been rising sharply, which is a serious threaten to human health. At present, antifungal agents can be divided into
seven categories according to their action targets. Nevertheless, the clinical application of antifungal agents were limited for their
serious resistance, narrow antifungal spectrum and adverse effects. Thus, the development of new safe and effective antifungal
agents has become a difficult problem to be solved. This paper reviewed the classification, resistance mechanisms, and the new
development of antifungal agents, in order to provide reference for the future research direction.
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Fig. 1 Structure of antifungal agents
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Tab. 1 Antifungal compounds in preclinical or clinical
development
1EHBLH] wa&Y RIEM B VRIT G
FAEEEAEY AR VTI29 T MIGARES Bk B P i i 4%
i) 57 OLZG (£ H)
VTI161 TGRS AT IE & 2k
SR

B-(1,3)-D- % % i & SCY-078 [ AR 7%)- 11 ] 1R 2 PE &R

T 1) 7 I PR 1 0
ol - 1 BRI S R
I AR 56

Biafungin 1 JMIGIKIAIE KAk E

MR B LRARE  T-2307 T MWGKREE  SEkER

e A AR FO01318 T HAIGPRIALE: 1R 281k th &%

GPI #iE H S5 APXO001A THHIGRRES 2220 i 5
12 2k 2 R TR
Bk AU

R AE ML VL-2397 11K k50 R2R1E ih &

- 1434 . Chin J Mod Appl Pharm, 2019 June, Vol.36 No.11

VT1129 Al VT1161 ¥jJE T Hi 8 = w2k ib &
Yh. TEMRALN, VT1161 X &ERE CYPS1 [IZERT)
R Ik X AN A A R JR B A 1000 45 LA L, 1 VT 1129
Xof I BR A I B ) S A e s ek N A e [ I 1
3000 1%L PP, VT1129 %F 8 AR e sk s A BT
PG, HAE/NRBLE A, Z 57X Bk mE v
DG JIES 8 RIS PR B T SRR . 1% 90 T CU i FDA Jtbif
Ny, HETIEAT T MR, 2
TIRIT IR M 2 . Ak, VT1161 X & kP
A0 T BH 8 R TR T SRR R ) S Bk R A IR
e TT R, H Rl oE R I AR 7250,

SCY-078 A& —2H 1 B-(1,3)-D-Hi K Wi A Ak
B smdlR, HAEMARTHARRE, B2hn
B RN =S ATED Y 2 A
%o TR P T 25 10 7 T T R b 25 1 A AR 07 B 1D,
A, e ST ER . SRR A RN
L EA R S RO T I R T A S
H AT & 2 AT IIOR I R BT 7T, FERTRENS
T B 9VS 5  FOR R0 B I RO o

Biafungin(CD 101) & —J5H7 Bk A B R 5407
Az, T i B A R BR 1A S PR S R 2R g R
B J& 25 ¥ A FHAR AL, (HE IR 2 3 % A 1R KL
o, CD 101 FFFEHAT h) L JE 2515 2 32 1
(24 K2y 4 £, RIS AN a5 K BB E R
KPLRWMTED . ZoTEA R 2N, B
HeAENIOILZEY, 752018 4F 3 A 1 H 2R 1T #iIlG
PRI FE, I PR EE 0 7 B B 5 4 FHERCE
T T HIT S LRBBRE R S i ER.

T-2307 &P Y ) 5 B ms e RATAEY), H
PERBLEIAE T B BT H 3 b H AR 259
B3 T RN TR R AR, AT P A et AR
PR, BT HEESIZS THEEM,
Fr LLE AT DU 7 PR b R B X R 254 . T-2307
OV TR TT BRI 1) T I PRAFE A

WFFER IR, 24 50 B P s 1R AR ) 6 Fse 1% A PHL
Wi, JUECE IR 0RES, AT R DT R A CY,
T A HLIE R Bl U (dihydroorotate dehydrogenase,
DHODH) 58 % {# fL 8 g 2L W) & il — A FLIE IR ¥
WONFLIERR, " A2MENE Y& Ol FE A 48 o0 B 2
(IR . F901318 »& — g AL f¥) DHODH i 741, i
I BH T DHODH {3 1t ke s ngg A 1 2 it
TN AR A ER B FMERE. &
FHW BERFEFHULZERZMEZFEURNME
R AW AGRBEEPIREEE, AXNEEGHS &

PR E BACR 224 2019 4E 6 H 4 36 555 11 1)




R OGP, AT RE H T O R Y B S BT B
F901318 HT#E [ JHIm IR E i 3RAF B, I PRI
KHFEE DR SEKES, FERTRTRZE
PE i B .

APXO001A(E1210) 2 ¥ 5 5% i Ik VL EZ (glycosyl
phosphatidyl inositol, GPI)%i 7€ & [ KI#HIF], &
T T 0 A1) S AR -PT R VLR IR A S 87 SR 0
GPI &R, AR GPI % & A& 2K
B, ATIIIGI R IR . B2 B K LKA
W R S 5 B B /M SR i A i AR iy
TR MER . 2ZMESEA RIFMTEE.
A, APXO001A TR A TR T2 &S W
Wi AR PESERER A ER R, B AT 1 R
WEFE5E R, e 30 1T A AR 9T

VL-2397 J&—Fp F T 3657 Ml it 290 (187 2L 4t
BB, FLA I gr B L AN R, (H
AR, %9 F 5N F R R Bk is
A SIT-1 ¥rBho T W FLah P4 v ik = X Fil i i
A, ZHEEANHLEI R RE R T H OB R AR . VL2397
Xof A A AR SR R KA, ARG ) R T B
Hih&SEREICEME, &%l | WikET R, =
BRI TR 2B B
4 HEERZE

ih % 20 4ENE], T RKEBEBITHRE RN
e RE AT I I T TE T R R DIREAN A, S5
12 28V U R G R R R NS T AR B .
EBEA ML EE A, WD AR RBETR
TG, R RS BT E  Z W TR T 1)

T AEME . GRAEYE . TR RS
BB R R R IE W HE NP R 2T A
T R 045038, ROR I T e 3 B 38 24 ) BT
R R 2 R A 8 ) R R A R % e B
YEIT R, DA R Ko BB AR AR B e 4 AR e L
SRR EAT IR I, WA BT SR R
ER T b &Y. B2, Bl EE R4
HAAS . EWE RGN 5% 2 58
WA XBi%, BRI ENUH B2 3 B
ITEHEMZYRTT, &6 DA S ERE AR K
B O BORT DA e d 2 R R PO A e, A
REUE IR Kk DL F s . R R M. T3 X
2 14 1R BT B R 2 IR R

REFERENCES

[1]  REE, Rortg, SFEZ. FMR 5w 2 m st ).

R E BACR 2524 2019 4E 6 H 45 36 45 11 3

(3]

(4]

[3]

(6]

(7]

(8]

[9]
[10]
[11]

[12]

[13]

[14]
[15]

[16]

[17]

(18]

[19]

(20]

[21]

[22]

[23]

[24]

ST 222, 2011, 18(6): 1172-1174.

XIE F, NI TJ H, ZHAO J, et al. Design, synthesis, and in vitro
evaluation of novel antifungal triazoles [J]. Bioorg Med Chem
Lett, 2017, 27(10): 2171-2173.

HAN X Y, ZHONG Y F, LI S B, et al. Synthesis,
characterization and antifungal evaluation of novel
thiochromanone derivatives containing indole skeleton [J].
Chem Pharm Bull, 2016, 64(9): 1411-1416.

VANDEPUTTE P, FERRARI S, COSTE A T. Antifungal
resistance and new strategies to control fungal infections [J].
Int J Microbiol, 2012, 2012(3): 713687.

HAN X Y, LI S B, LIANG G C, et al. Synthesis and antifungal
activities of N-1,3,4-thiadiazol-2-yl-4-oxo-thiochroman-2-yl-
formamide derivatives [J]. Acta Pharm Sin( % %% % k),
2017(52): 113-119.

BOSSCHE H V. Biochemical targets for antifungal azole
derivatives: hypothesis on the mode of action [J]. Curr Top
Med Mycol, 1985, 1(1): 313-351.

KOLTIN Y, HITCHCOCK C A. The search for new triazole
antifungal agents [J]. Curr Opin Chem Biol, 1997, 1(2):
176-182.

FROMTLING R A. Overview of medically important
antifungal azole derivatives [J]. Clin Microbiol Rev, 1988,
1(2): 187-217.

XIS, TN, Zmde HrisiR Aot T E R
244 E, 2018, 13(2): 105-113.

GRANT S M, CLISSOLD S P. Fluconazole [J]. Drugs, 1990,
39(6): 877-916.

GRANT S M, CLISSOLD S P. Itraconazole [J]. Drugs, 1989,
37(3): 310-344.

KEATING G M. Posaconazole [J]. Drugs, 2005, 65(11):
1553-1567.

SARAVOLATZ L D, JOHNSON L B, KAUFFMAN C A.
Voriconazole: a new triazole antifungal agent [J]. Clin Infect
Dis, 2003, 36(5): 630-637.

EY. PRI A R]. EANEL G L),
2005, 26(2): 59-63.

CAMPOY S, ADRIO J L. Antifungals-MyScienceWork [J].
Biochem Pharm, 2017(133): 86-96.

WANG A P, WANG R J, LI R Y. New progress of antifungal
agents [J]. Dermatol Bull( 5 ik B} %2 i@ ik ), 2017, 34(5):
540-550.

EEV, BER. AANEEAVWMRD]. T EAWEN,
2012, 29(1): 10-13.

ANDERSON T M, CLAY M C, CIOFFI A G, et al
Amphotericin forms an extramembranous and fungicidal sterol
sponge [J]. Nat Chem Biol, 2014, 10(5): 400-406.

SKLENAR Z, SCIGEL V, HORACKOVA K, et al
Compounded preparations with nystatin for oral and
oromucosal administration [J]. Acta Pol Pharm, 2013, 70(4):
759-762.

LALITHA P, VIJAYKUMAR R, PRAJNA N V, et al. In vitro
natamycin susceptibility of ocular isolates of fusarium and
aspergillus species: comparison of commercially formulated
natamycin eye drops to pharmaceutical-grade powder [J]. J
Clin Microbiol, 2008, 46(10): 3477-3478.

FARID M A, EL-ENSHASY H A, EL-DIWANY A I, et al.
Optimization of the cultivation medium for natamycin
production by Streptomyces natalensis [J]. J Basic Microbiol,
2015, 40(3): 157-166.

ZOTCHEV S B. Polyene macrolide antibiotics and their
applications in human therapy [J]. Curr Med Chem, 2003,
10(3): 211-223.

LEMKE A, KIDERLEN A F, KAYSER O. Amphotericin B
[J]. Appl Microbiol Biotechnol, 2005, 68(2): 151-162.

ODDS F C, BROWN A J P, GOW N A R. Antifungal agents:
mechanisms of action [J]. Trend Microbiol, 2003, 11(6):

Chin J Mod Appl Pharm, 2019 June, Vol.36 No.11

- 1435 .-



(23]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

- 1436 -

272-279.

MR R 2. PrIimE 29 R B S e (0], o [ s A
Jrik, 2008, 28(8): 708-710.

LIU X H, ZHANG Z H. The action target mechanism of
antifungal agents and research advances of novel drugs [J].
Chin J Pharm Anal(Zi¥15r #12 &), 2015(35): 193-202.
TR, A, SO0, & BLREAMRIRT R[]
HFEZ 5, 2010, 21(16): 1533-1536.

WALSH T J, PAPPAS P, WINSTON D J, et al. Voriconazole
compared with liposomal amphotericin B for empirical
antifungal therapy in patients with neutropenia and persistent
fever [J]. N Engl J Med, 2002, 346(4): 225-234.
MORA-DUARTE J, BETTS R, ROTSTEIN C. Proceedings of
the 12th European Congress of clinical microbiology and
infectious diseases [C]. 2002.

DAI M, QIU J P, WANG K. Research on progress of chitin
synthase inhibitors as anti-fungi drugs [J]. Bull Sci Technol(#}
k), 2017(33): 71-76.

GE Z Q, J Q G, CHEN C Y, et al. Synthesis and biological
evaluation of novel 3-substituted amino-4-hydroxylcoumarin
derivatives as chitin synthase inhibitors and antifungal agents
[J]. J Enzym Inhib Med Chem, 2015, 31(2): 219-228.

TAN H W, TAY S T. The inhibitory effects of aureobasidin A
on Candida planktonic and biofilm cells [J]. Mycoses, 2013,
56(2): 150-156.

AEED P A, YOUNG C L, NAGIEC M M, et al. Inhibition of
inositol phosphorylceramide synthase by the cyclic peptide
Aureobasidin A [J]. Antimicrob Agents Chemother, 2009,
53(2): 496-504.

MANDALA S M, HARRIS G H. Isolation and
characterization of novel inhibitors of sphingolipid synthesis:
australifungin, viridiofungins, rustmicin, and khafrefungin [J].
Method Enzymol, 2000, 311(4): 335-348.

WUTS P G, SIMONS L J, METZGER B P, et al. Generation
of broad-spectrum antifungal drug candidates from the natural
product compound Aureobasidin A [J]. Acs Med Chem Lett,
2015, 6(6): 645-649.

PAPPAS P G, KAUFFMAN C A, ANDES D R, et al. Clinical
practice guideline for the management of candidiasis: 2016
update by the infectious diseases society of America [J]. Clin
Infect Dis, 2016, 62(4): 409-417.

POULAKOS M, GRACE Y, MACHIN J D, et al
Efinaconazole and Tavaborole: emerging antifungal
alternatives for the topical treatment of onychomycosis [J]. J
Pharm Pract, 2016, 30(2): 245-255.

LIANG H. Sordarin, an antifungal agent with a unique mode
of action [J]. Beilstein J Org Chem, 2008, 4(31): 1-14.
HERREROS E, MARTINEZ C M, ALMELA M J, et al.
Sordarins: in vitro activities of new antifungal derivatives
against pathogenic yeasts, Pneumocystis carinii, and
filamentous fungi [J]. Antimicrob Agents Chemother, 1998,
42(11): 2863-2869.

VICENTE F, BASILIO A, PLATAS G, et al. Distribution of
the antifungal agents sordarins across filamentous fungi [J].
Mycol Res, 2009, 113(6-7): 754-770.

ZHU Y J, YU X J, PAN Z Z, et al. Research advances of
griseofulvin [J]. J Xiamen Univ(Natur Sci)(J& | T R2#2%4k: H
SRELEERR), 2010(49): 435-439.

ANDRE B. Antimicrobiol agents: antibacterials and
antifungals [M]. Washington DC: ASM Press, 2005: 1265.

GU J F, WEI Q Y. Resistance mechanisms of fungi and
research progress on new antifungal medicine [J]. Pharm Clin
Res(Zi%£ 51 RIF5T), 2010(18): 303-306.

OSBORNE C S, LEITNER I, FAVRE B, et al. Amino acid
substitution in Trichophyton rubrum squalene epoxidase
associated with resistance to terbinafine [J]. Antimicrob
Agents Chemother, 2005, 49(7): 2840-2844.

Chin J Mod Appl Pharm, 2019 June, Vol.36 No.11

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

DOUGLAS C M, D’IPPOLITO J A, SHEI G J, et al.
Identification of the FKSI gene of Candida albicans as the
essential target of 1,3-beta-D-glucan synthase inhibitors [J].
Antimicrob Agents Chemother, 1997, 41(11): 2471-2479.
DOUGLAS C M. Fungal beta(l,3)-D-glucan synthesis [J].
Med Mycol, 2001, 39(Suppl 1): 55-66.
LAVERDIERE M, LALONDE R G, BARIL J G, et al.
Progressive loss of echinocandin activity following prolonged
use for treatment of Candida albicans oesophagitis [J]. J
Antimicrob Chemother, 2006, 57(4): 705-708.
MILLER C D, LOMAESTRO B W, PARK S, et al.
Progressive esophagitis caused by Candida albicans with
reduced susceptibility to caspofungin [J]. Pharmacotherapy,
2006, 26(6): 877-880.
PARK S, KELLY R, KAHN J N, et al. Specific substitutions
in the echinocandin target Fkslp account for reduced
susceptibility of rare laboratory and clinical Candida sp.
isolates [J]. Antimicrob Agents Chemother, 2005, 49(8):
3264-3273.
FISHER M C, HAWKINS N J, SANGLARD D, et al.
Worldwide emergence of resistance to antifungal drugs
challenges human health and food security [J]. Science, 2018,
360(6390): 739-742.
HU H, ZHANG Y X. Molecular mechanism of Candida
albicans biofim formation and its mechanisms of drug
resistance [J]. World Not Antibiot([E #MZE 2551 25453 111),
2008(29): 1-6.
WARRILOW A G S, HULL C M, PARKER J E, et al. The
clinical candidate VT-1161 is a highly potent inhibitor of
Candida albicans CYP51 but fails to bind the human enzyme
[J]. Antimicrob Agents Chemother, 2014, 58(12): 7121-7127.
GARVEY E P, HOEKSTRA W J, SCHOTZINGER R J, et al.
Efficacy of the clinical agent VT-1161 against
fluconazole-sensitive and -resistant Candida albicans in a
murine model of vaginal Candidiasis [J]. Antimicrob Agents
Chemother, 2015, 59(9): 5567-5573.
PELAEZ F, CABELLO A, PLATAS G, et al. The discovery of
enfumafungin, a novel antifungal compound produced by an
endophytic Hormonema species biological activity and
taxonomy of the producing organisms [J]. Syst Appl Microbiol,
2000, 23(3): 333-343.
JIMENEZ-ORTIGOSA C, PADERU P, MOTYL M R, et al.
Enfumafungin derivative MK-3118 shows increased in vitro
potency against clinical echinocandin-resistant Candida
species and Aspergillus species isolates [J]. Antimicrob Agents
Chemother, 2014, 58(2): 1248-1251.
LAMOTH F, ALEXANDER B D. Antifungal activity of
SCY-078 (MK-3118) and standard antifungal agents against
clinical non-Aspergillus mold isolates [J]. Antimicrob Agents
Chemother, 2015, 59(7): 4308-4311.
SHIBATA T, TAKAHASHI T, YAMADA E, et al. T-2307
causes collapse of mitochondrial membrane potential in yeast
[J]. Antimicrob Agents Chemother, 2012, 56(11): 5892-5897.
OLIVER J D, SIBLEY G E, BECKMANN N, et al. F901318
represents a novel class of antifungal drug that inhibits
dihydroorotate dehydrogenase [J]. Proc Natl Acad Sci USA,
2016, 113(45): 12809-12814.
WATANABE N A, MIYAZAKI M, HORII T, et al. E1210, a
new broad-spectrum antifungal, suppresses Candida albicans
hyphal growth through inhibition of glycosylphosphatidy-
linositol biosynthesis [J]. Antimicrob Agents Chemother, 2012,
56(2): 960-971.
WIEDERHOLD N P, NAJVAR L K, FOTHERGILL A W, et
al. The investigational agent E1210 is effective in treatment of
experimental invasive candidiasis caused by resistant Candida
albicans [J]. Antimicrob Agents Chemother, 2015, 59(1):
690-692.

ks H e 2018-09-21

(B339 TR

PR E BACR 224 2019 4E 6 H 4 36 555 11 1)



