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Abstract: Objective: To identify the medicinal species in the Zi Hua Di Ding (ZHDD) prescription commonly used 
by the Dong ethnic people, and investigate the potential mechanism involved with the anti-fungal properties on 
Trichophyton rubrum. Methods: DNA barcode technique was used to identify the species in the ZHDD prescription. 
In vitro study was performed to investigate the antifungal properties of the identified Viola philippica on the T. ru-
brum. Microscopy was used to observe the growth of the T. rubrum. Results: The ZHDD prescription is a mixture of 
V. philippica and V. inconspicua, and its antifungal properties was superior to the single component. V. philippica 
could affect the surface and flexibility of hypha, and contribute to the generation of branches. In addition, it could 
damage the biofilm. Conclusions: Using the DNA barcode technique, we identify the ZHDD prescription is a mixture 
of V. philippica and V. inconspicua, and its antifungal properties was superior to the single component. V. philippica 
could affect the growth and biofilm formation of T. rubrum.
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Introduction

Viola philippica is a small perennial herb with 
violet flowers, which is mainly distributed in 
China, Japan and Korea [1]. Its dry plant includ-
ing the root, known as Herba Violae, has been 
acknowledged as an important constituent of 
the traditional Chinese medicine ‘Zi Hua Di Di- 
ng’, a drug with many documented local uses 
[2]. For example, Zi Hua Di Ding (ZHDD) pre-
scription, a mixture of powder obtained from 
several plants of Violaceae, has been used by 
the residents of Dong ethnic minority living in 
southeast of Guizhou Province for treating tinea 
pedis by smearing the powder onto the affect-
ed position. According to a survey of comple-
mentary and alternative medicine use in the 
Dong ethnic minority, a majority of population 
using ZHDD prescription report a complete 
response of beriberi within 2-4 weeks with ne- 
arly no relapse. However, rare studies have be- 
en conducted for the phytochemistry of this 
medicinal herb. 

Diversity of natural environmental conditions is 
important for the quality variation and ecotype 
classification of herbal medicine [3]. Plants for 

medicinal usage cover a wide range of taxa and 
closely related species. Although V. philippica is 
the only specimen approved for preparation of 
commercial drug according to the Pharmaco- 
poeia of People’s Republic of China (2010 ver-
sion), various commonly-used plant species are 
still used to prepare for an ethnic prescription in 
different regions. The identification of cultivars 
of Violaceae was difficult as they showed ex- 
tremely similar appearance especially those 
with no fruit and flowers. When collecting the V. 
philippica, mixture of plants is inevitable. For- 
tunately, the ‘wrong collection’ resulted in bet-
ter therapeutic effects compared with single 
component. To our best knowledge, no study 
has been conducted to identify the component 
of ethnic drug, and investigate the potential ef- 
ficiency. 

In this study, DNA barcode was used to identify 
the species of medicinal plant mentioned in the 
ZHDD prescription commonly used by the physi-
cians of the Dong people. Also, we investigated 
the potential mechanism of ZHDD prescription 
on the antifungal properties on the T. rubrum to 
illustrate the potential reason for the efficiency 
of tinea pedis. 
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Table 1. Characteristics of the plant species
ID Characteristics of plants
Sample 1 Violet flower, with no spigeal stem, short root stock, white root, stipule in pale color, capsular fruit in spherical profile, seeds  

in oosphere profile, in jasmine color

Sample 2 Violet flower, with no spigeal stem, short root stock, white root, stipule in brown color, capsular fruit in spherical profile,  
seeds in oosphere profile, in flavor green color

Sample 3 No spigeal stem, white root, no flower, fruit or seeds identified 

A A mixture of sample 1-3

Materials and methods

Materials

Medicinal plants were collected from a local 
maintain with an altitude of > 600 m in Liping 
country, southeast region of Guizhou Province. 
The plants were washed using fresh water and 
dried. The plants were identified by Dr. Zhirong 
Sun. Three species were collected, and the in- 
formation of the species was listed in Table 1.

DNA barcode identification

Rapid authentication of these plants was per-
formed using the DNA barcode technique accor- 

ding to the previous report [4]. Briefly, DNA ex- 
traction from leaf tissues (100 mg) was per-
formed using the commercial kit (TianGen Bio- 
tech Co., Ltd., Beijing, China) according to the 
manufacturer’s instructions. Specific primers 
for ITS2 were designed, and the sequences we- 
re 5’-ATGCGATACTTGGTGTGAAT-3’, and 5’-GAC- 
GCTTCTCCAGACTACAAT-3’. The PCR amplifica-
tion was performed in a 25 µl volume contain-
ing 2 µl DNA template, µM of each primer (syn-
thesized by Sangon Co., Ltd., Shanghai, China), 
and U DNA polymerase. The reaction conditions 
were pre-denaturation at 94°C for 5 min, fol-
lowed by 40 cycles of denaturation at 94°C for 
30 s, annealing at 56°C for 30 s, and extension 

Figure 1. Sequence alignment 
of ITS2 of sample 1 and 3 com-
pared with the ITS2 of Viola phi-
lippica. 
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at 72°C for 45 s. Purified PCR products were 
sequenced using a 3730XL sequencer (Applied 
Biosystems, Grand Island, NY, USA). All seque- 
nces of the samples containing the ITS2 were 
retrieved according to the previous report and 
GenBank annotations. Species identification 
was performed using BLASTN program.

Drug sensitive test

To prepare the ZHDD extract, sample 1-3 were 
extract using ethanol (50%) and water. After 
condensation, the dried samples were obtai- 
ned, and on this basis, the extract with a con-
centration of 0.1 g/ml was obtained. 

For the antifungal test, the T. rubrum (l × 105 
cFu/ml) was cultivated in the 24-well cell cul-
ture plate containing ZHDD solution or solution 
of sample 1-3 with a concentration of 50 mg/
ml, 25 mg/ml, 12.5 mg/ml, 6.25 mg/ml, 3.125 
mg/ml and 1.563 mg/ml, respectively. Fungi 
treated using terbinafine dissolved with steril-
ized NaCl solution (0.85%) with a concentration 
of 5, 2.5, 1.25, 0.625, 0.3125, 0.156, 0.078, 
0.039 μg/ml set as positive control.

Minimum inhibitory concentration (MIC) and mi- 
nimum fungicidal concentration (MFC) were us- 
ed to determine the antifungal properties ac- 
cording to the previous description. Quality con-
trol was performed according to the CLSI stan-
dard [5].

Results

Identification of plant species in ZHDD pre-
scription

Two plant strains were chosen for each sample 
(sample 1-3). The ITS2 sequences of sample 1 
and 3 showed the same DNA sequence as that 
of V. philippica obtained from GenBank data-
base (Figure 1), demonstrating the sample 1 
and 3 were V. philippica. For the ITS2 sequence 
of sample 2, high sequence similarity of (94% 

Figure 2. Sequence alignment of ITS2 of sample 2 compared with the ITS2 of V. inconspicua.

Table 2. Minimum inhibitory concentration 
and minimum fungicidal concentration on 
Trichophyton rubrum
ID MIC MFC
Sample 1 12.5 mg/ml 12.5 mg/ml
Sample 2 12.5 mg/ml 25 mg/ml
Sample 3 12.5 mg/ml 25 mg/ml
Sample A 1.563 mg/ml 6.25 mg/ml
Terbinafine 1.25 μg/ml 1.25 μg/ml
MIC, minimum inhibitory concentration; MFC, minimum 
fungicidal concentration.
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and 97%) was noticed with the V. inconspicua 
(Figure 2). Therefore, we concluded the species 
of sample 2 was V. inconspicua. Moreover, a hi- 
gher similarity was noticed between sample 2 
and sample 1 or 3, demonstrating these culti-
vars belong to the Violaceae.

Determination of drug sensitive test

Table 2 summarized the MIC and MFC of the 
samples. Sample A showed higher antifungal 
properties with a MIC and MFC of 1.563 mg/ml 
and 6.25 mg/ml, respectively. For sample 1-3, 
similar antifungal properties were noticed.

Effects of V. philippica on the growth of T. ru-
brum

In this study, we determined the effects of V. 
philippica on the growth of T. rubrum. The iden-
tified V. philippica was extract using ethanol 
and water solution, and was diluted into 50, 25, 
12.5, 6.25, 3.125, and 1.563 mg/ml using Sa- 

baurauds agar medium. The organisms obtain- 
ed from the well incubated with 6.25 mg/ml V. 
philippica extract were smeared on the Saba- 
urands agar medium and were incubated at 
30°C for 14 days.

As revealed in Figure 3, the hypha of the T. 
rubrum was long with no branches. The septa-
tion of the hypha was even and significant. In 
addition, dispersed spores were noticed. For 
the T. rubrum treated by V. philippica, the T. ru- 
brum were twisted with multiple branches. The 
septation was eliminated or not obvious. Me- 
anwhile, no spores were noticed. Based on th- 
ese facts, we concluded that ZHDD may elimi-
nate the septation and spores, and contribute 
to the irregular formation of branches for the 
hypha. All these may affect the growth and pro-
liferation of T. rubrum, which finally inhibit the 
growth of fungi.

In this study, scanning electron microscopy was 
used to monitor the structure of T. rubrum 

Figure 3. Growth of Trichophyton rubrum with (A) or without interference of V. philippica (B). 

Figure 4. Growth of T. rubrum with no interference of V. philippica. A. The hypha was long with spores on it. B. The 
hypha was smooth with membrane attached on it. C. The membrane was intact with secretion on the membrane. 
The hypha was smooth and even.
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(Figures 4 and 5). A large amount of deep-color 
substances were observed after treating using 
ZHDD. Meanwhile, a large number of small seg-
mental hypha was noticed. Further, the mem-
brane attached to the surface of the hypha was 
significantly damaged, and no secretion was no- 
ticed on the membrane. Based on this informa-
tion, ZHDD could induce damage of the mem-
brane surface, based on which to affect the 
growth and proliferation of T. rubrum.

Discussion

Tinea pedis is a common superficial fungal in- 
fection in the general population with T. rubrum 
as the major causal organisms [6, 7]. ZHDD 
prescription has been used for treating tinea 
pedis by the Dong ethnic People. Plants of Viola 
showed similar morphology, especially those 
before blooming and without fruits, which br- 
ings a great challenge for the identification of 
the species. Therefore, the prescription is actu-
ally a mixture of the medicinal herbs. In this 
study, DNA barcode technique was used for the 
identification of specimen mentioned in the 
prescription. Our results revealed that the pre-
scription was consisted of two species, includ-
ing V. philippica and V. inconspicus.

T. rubrum is the most common causal organism 
of tinea pedis [8]. In this study, the MICs of V. 
philippica and V. inconspicus were same with a 
value of 12.5 mg/ml, indicating these two spe-
cies showed antifungal properties to T. rubrum. 
In addition, the MFCs of V. philippica and V. in- 
conspicus were 12.5 mg/ml and 25 mg/ml, re- 
spectively. The killing effects of these species 
were associated with the irreversible injury to 
the growth of T. rubrum. Taken together, we con- 
cluded that the ZHDD prescription could affect 
the growth and proliferation of T. rubrum, and 

exert killing effects. Compared with the V. in- 
conspicus, V. philippica was more effective in 
killing the T. rubrum. Although these two speci- 
es showed antifungal and even fungi-killing ef- 
fects, the efficiency of combinational applica-
tion was superior to any single component.

To further determine the potential mechanism 
of the antifungal and killing effects, we deter-
mined the effects of V. philippica on the growth 
of the T. rubrum in vitro using scanning electron 
microscope. The septation of the hypha was ev- 
en and significant. In addition, dispersed spores 
were noticed. In addition, the surface of the hy- 
pha was not smooth, and the flexibility of the 
hypha was poor after interference of V. philip-
pica. On this basis, several branches were gen-
erated in the hypha, and were fragile. Further, 
the anatomical structure and physiological 
function of the hypha were affected. Meanwhile, 
the membrane structure and the attached sub-
stances in the surface of hypha were signifi-
cantly damaged. However, as the ZHDD presc-
ription of two herbal plants, even though the 
effects of V. philippica have been identified, we 
cannot conclude that V. philippica is the only 
active component for treating tinea pedis. 

Interestingly, in this study, formation of biofilm 
was noticed in T. rubrum as revealed by elec-
tron scanning. According to the previous stud-
ies, formation of biofilm contributed to the dr- 
ug-resistance in Candida albicans [9, 10]. In 
our study, the biofilm was severely damaged by 
V. philippica, based on which we concluded th- 
at V. philippica is effective in inhibiting or even 
killing the T. rubrum.

To date, extremely rare studies have been con-
ducted to investigate the potential mechanism 
of the ethnic drugs on certain diseases. The 

Figure 5. Growth of Trichophyton rubrum treated using V. philippica. A. The hypha was destroyed with no spore ex-
isted. B. A large number of substances in deep color were noticed in the hypha. The surface was smooth and fragile. 
C. The membrane at the surface of the hypha was destroyed. The mycelium was not even.
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essence of ethnic drugs is a mixture of several 
components [11], which can exert certain ef- 
fects such as killing the fungi. However, this 
cannot live up to the standards of modern med-
icine theory, which focuses on how the drug 
works and the potential function of single com-
ponent [12]. For ethnic drugs, single compo-
nent may show no contribution to the efficiency 
as revealed by pharmaceutical and toxicologi-
cal tests. However, effectiveness was noticed 
after combining application of the single com- 
ponent. 

DNA barcode contributes to the accurate and 
rapid authentication of medicinal plants of the 
same species. In this study, using DNA barcode 
technique, we identified the raw materials of 
ZHDD prescription were consisted of V. philip-
pica and V. inconspicua. On this basis, we deter- 
mined the antifungal effects of V. philippica on 
the growth of T. rubrum in vitro under scanning 
electron microscopy. Our results indicated that 
V. philippica extract could inhibit the growth 
and proliferation of T. rubrum in vitro. Also, the 
biofilm formed in the T. rubrum was destroyed 
by V. philippica extract, demonstrating it plays a 
crucial role in the antifungal effects of the 
ZHDD prescription. In the future, we will focus 
on the effects of V. inconspicua on the growth 
of T. rubrum.

In conclusion, the component of ZHDD pre-
scription used for treating tinea pedis by the 
Dong ethnic People was identified using DNA 
barcode technique, which included V. philippica 
and V. inconspicua. Its antifungal properties we- 
re monitored using electron microscopy. ZHDD 
prescription plays an inhibiting role in the tinea 
pedis through inhibiting the growth and prolif-
eration of T. rubrum, and damages the biofilm. 
Our study could provide helpful information for 
the research and development of ethnic drugs.
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