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Research progress in combined application of traditional Chinese
medicines and antifungal agents in treating Cryptococcus infections

YANG Yihan", MAO Yaxin**, XU Xinping"

1 Jiangxi Provincial Key Laboratory of Respiratory Diseases, Jiangxi Institute of Respiratory Diseases, Department of
Respiratory and Critical Care Medicine, the First Affiliated Hospital of Nanchang University, Nanchang, Jiangxi,
China

2 Jiangxi Medical College, Nanchang University, Nanchang, Jiangxi, China

Abstract: Cryptococcus, a genus of invasive fungi with global distribution, have caused serious
public health problems. Notably, Cryptococcus neoformans (Cryptococcus neoformans, C.
neoformans) represents the main pathogenic species of Crypfococcus. The infection of C.
neoformans can cause pulmonary cryptococcosis and cryptococcal meningitis with high mortality
rates. The commonly used antifungal drugs are polyenes, flucytosine, echinocandins, and azoles,
which have limited efficacy and may induce resistance when being used alone in clinical practice.
Therefore, researchers have studied combined therapy. They have discovered that the combinations
of some traditional Chinese medicines and natural plant extracts and derivatives with the
commonly used antifungal drugs demonstrate synergistic effects in the treatment of cryptococcosis.
This paper reviews the research progress in the combined application of antifungal drugs and
traditional Chinese medicines.

Keywords: Cryptococcus neoformans; combined therapy; antifungal drugs; traditional Chinese
medicine; antifungal mechanism
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Table 1 Mechanisms of inhibition and resistance of common anti-Cryptococcus drugs

Drug class Representative ~ Mechanism of inhibition Mechanism of resistance
drug

Polyene Amphotericin B Binds to ergosterol and directly damages cell ~ Altering the amount of ergosterol in the cell
(AMB) membranes to produce bactericidal activity membrane!'?!

Flucytosine S-fluorocytosine As a precursor that enters cells via the Mutations in the FUR1 and FCY2 genes that

(5-FC)

toxic 5-fluorouracil by the cytosine
deaminase FCY, affecting nucleic acid

metabolism!>!%!

Echinocandins Micafungin

cytosine permease FCY2 and is converted to

Noncompetitive binding of the Fks1p subunit

result in deficiencies in enzymes required for
cellular uptake or metabolism of fluorocytosine
(cytosine permease and deaminase) and
increase the synthesis of pyrimidines that
compete with fluorinated anti-metabolites of
fluorocytosine!!*!”

Mutations in the Fks1 subunit gene!'™!

(MIF) of B-(1,3)-D-glucan synthetase leads to

structural abnormalities in fungal cell walls

Inhibition of ERG11, which inhibits the
conversion of lanosterol to ergosterol”’

Azole Fluconazole
(FLC)

Influence on beta microtubule protein

distribution”

[18]

Upregulation of the ERG11 gene due to
mutations in ERG11 and UPC2, and
overexpression of drug efflux pumps (Mdrlp
and Cdrlp/Cdr2p) due to mutations in
transcription factor genes (MRR1, TAC1, and
PDR1)!!¥
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Figure 1 Diagram of Common anti-Cryptococcus drugs’ inhibition mechanisms. Azole drugs inhibit the Ergl1
enzyme, thereby blocking the conversion of lanosterol to ergosterol; Polyene drugs (AMB) bind directly to
ergosterol, disrupting the cell membrane; Echinocandin drugs (micafungin) inhibit B-(1,3)-D-glucan synthesis by
binding to the Fkslp subunit of BGase; Flucytosine (5-FC) is converted to 5-FU, which inhibits dTTP synthesis
and ultimately disrupts fungal DNA synthesis.
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Table 2 Changes in the percentage of membrane lipid composition after drug treatment

Drug Saturated fatty acid Unsaturated fatty acid

treatment Palmitic acid (%) Stearic acid (%) Heptadecanoic acid (%) Oleic acid (%)  Linoleic acid (%)
Control 26 6.3 2.9 36.65 27.75

THY 43 14.1 4.2 2.40 35.59

CARV 41 16.5 7.80 33.06
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Table 3 The concentration of traditional Chinese medicine in synergy with antifungal drugs against Cryptococcus

Drug combination MIC of drugs used alone Combination therapy MIC (pug/mL) FICI

(ng/mL)

Chinese Antifungal Chinese medicine Antifungal

medicine drugs drugs
Oxidized resveratrol+itraconazole (ITC)/  2.5x10°- 31-250/ 1.5%10%-2.5x10%/ 15-125/ <0.5
MIEP”] 1x10° 250~1 000 1.5x10*-1.25x10°  63-250
Li Shen Pills+AMBE®] 128 0.25 32 0.125 0.625
Chaparraline+FLC/AMBE”! 8-16 0.25-4.00 0.625/1.000
Acteoside+ AMBE >12.5 1.0 <0.195 0.015 6 0.0312
Magnolo+FLCE®] 4-32 4-32 0.5-2 0.5-2 <0.5
Ocimum basilicum+AMBH®! 625-2 500 1.56 39-157.2 0.099-0.396  0.188
Eugenol+AMB/FLC/ITCHY 8 125 0.75 4 0.75
PedalitintAMB!®" 3900 125 100 30 0.49
Pinus sylvestris/Origanum vulgare/ 300/140/560 0.5 0.375/0.375/
Thymus vulgaris+ITC!®!! 0.375
AllicintAMBPY 2 0.25 0.25 0.062 5 0.375
Aloe emodin/barbaloin/hrysophanol+ 64-128/ 1.00 0.25/0.03/0.25 <0.5
AMBI!® 64-128/>256
ZFPFEILEE RSN, B ATRERE AR 1 e,

(cryptococcal xylosyltransferase 1, Cxtlp) J& & %l
RO — PR S 5 R BRSNS A W B R il
M BEIN Cxtlp BYTHRE, P LA R BT FEask 7
e kil B, gk BTk, 2R 5t
LT 24 W H (5 P AT LA A8 ) B K T 2
A, HEARPLE H AT ANTERE . Hit, ok
A DL X € B B 5 1 At b e B i A 1 7
BRI TR 259 T T

WL, B BRTA Y R 6 3R ] I 3210
ML RO, ISR EE R, TR A SE R
BRI B ALY B (A0 ROS), FFHMHIBT EH 254
TP, DT RS 3] £ 47 R A R 0k akt 1 T S
BE (4 7 FHUS 7, PRt A ol Bt R 1T 2R 5 3 it
EVURERA ) — D EHEIEA R, BORZE O
SEH T B A M4 P, f04E Bzp4d. UsvlO0l,
Hobl 1 Mbs1, LKA Gsk3 il Kicl, 3%
LR Sy O S A1 ) 8 € 2R 5 A e PR 25 P ARt T
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Table 4 Molecular mechanisms of synergistic antifungal drugs against Cryptococcus in traditional Chinese

medicine

Drug combinations

Research strains

Synergistic inhibitory mechanism

Oxidized resveratrol+
itraconazole (ITC)/MIFF”]

Li Shen Pills+tAMBP®!
Chaparraline+FLC/AMB?”!

Cryptocephalus analgesic
soup+AMB[65]

Acteoside+AMBP!

Magnolo+FLCE®

Ocimum basilicum+AMB™]
Eugenol+AMB/FLC/ITC*!
Thapsia villosa+FLC
Pedalitin+tAMBL"
Allicin+tAMBP!
Curcumin+FLC®7

Aloe emodin/barbaloin/
chrysophanol+AMB!®*

C. gatti and C. neoformans

C. neoformans

C. neoformans H99 and C. neoformans

N99a

Patients with novel CM

C. neoformans ATCC 204092

C. neoformans BNCC 225501 and
clinical isolates

C. neoformans T-444, C. neoformans
H99A, and C. gattii WM779

C. neoformans PFCC 93-589

C. neoformans CECT 1078

C. neoformans ATCC 90112
C. neoformans H99

C. neoformans ATCC 24065 and C.
neoformans ATCC 32608

C. neoformans ATCC 90113, human,
and animal isolates

Binds to DNA causing it to cleave, stalling the G2/M

phasel®

Inhibition of podophyllotoxin and melanin production
Up-regulation of the NRG1 gene inhibits sexual

reproduction'®¥

Reduces cerebrospinal fluid pressure, white blood cell
count, and cryptococcal count and reduces inflammatory
response

Inhibits biofilm synthesis; increases cell membrane
permeability while decreasing cell viability

Inhibition of podogenesis and urease synthesis

Affects histidine metabolism, arginine biosynthesis, and
sphingomyelin metabolism

Reduces hyperpigmentation, pod size and ergosterol
synthesis

Reduced Cxtlp gene expression results in decreased -1,2-
xylosyltransferase synthesis

Hydrophobicity of limonene promotes the solubilization
of lipids aggregated in microbial plasma membranes,
leading to loss of membrane integrity

Penetrates cell and organelle membranes (mitochondria),
leading to organelle destruction and cell death

Anthraquinones may interrupt the cross-linking of
B-glucan, making it easier for AMB to enter cells
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