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Isolation and Identification of the Antibacterial
Compounds in Coptis chinensis for the Preservation of
Wood

Lei Wang, Binhui Li, Xiaogi Zhao, Shiming Ren, and Yamei Wang *

Wood is a biomass material that is easily eroded by wood-rotting fungi. Coptis
chinensis is a natural green plant, which has an inhibitory effect on most
microorganisms. Based on the highly toxic effects of the currently used wood
chemical preservatives on humans, animals, and the environment, Coptis
chinensis was selected to perform decay resistance experiments of wood in this
paper. The active ingredients with bacteriostatic properties in Coptis chinensis
were separated and screened via chemical treatment, and their structure was
identified via nuclear magnetic resonance spectroscopy. The primary
bacteriostatic components in Coptis chinensis were berberine hydrochloride,
palmatine, and jatrorrhizine. The bacteriostatic zone experiment with a single
component and different compounds for white-rot and brown-rot fungus were
tested by the disc agar diffusion method. The bacteriostatic effect of berberine
hydrochloride in a single active fraction was better. The three-fraction compound
had the best bacteriostatic effect and was equivalent to alkaline copper
guaternary. The natural active bacteriostatic fractions in Coptis chinensis had
noticeable inhibitory effects on white-rot fungus (Trametes versicolor (L.) Lloyd)
and brown-rot fungus (Gloeophyllum trabeum (Pers.) Murrill). The minimum
bacteriostatic concentration was 0.01 g/mL. The results showed that Coptis
extracts had potential as a wood protectant.
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INTRODUCTION

Wood is a natural polymer material composed of cells. It is the only renewable
material among the four most commonly used building materials in the world, and it has
been used in construction since ancient times (Li et al. 2016). Because of its unique
aesthetic and environmental characteristics, as well as its biodegradability (Brischke
2020), wood is considered an application material with broad development prospects
(Song et al. 2017). However, it is easily degraded by microorganisms found in daily life,
which affects its usage, value, and shortens its service life (Oberhofnerova et al. 2019;
Sgarbossa et al. 2020). To reduce the waste of wood as much as possible and maximize
the utilization rate of wood, research on wood preservation becomes a valuable tool
(Johnston et al. 2016).

The purpose of wood preservation is to counteract the susceptibility of wood to
decay and biological degradation, so as to protect the wood from wood rot fungi and
prolong the service life of the wood (Guo et al. 2018). After many years of development,
there are three current treatment methods for wood preservation: physical modification,
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chemical treatment, and microbial treatment (Zalamea et al. 2016). The physical
modification method is primarily through the thermal modification of the wood, i.e., the
wood is placed in a high-temperature (160 to 240 °C) environment for an extended period
of time (Gaff et al. 2019), and the water and nutrients in the wood are reduced so that the
fungus that cause decay cannot survive in the wood (Sikora et al. 2018). Thermal
modification of wood improves dimensional stability and decay resistance (Mubarok et al.
2019), but this method reduces the strength of wood and makes it difficult to apply to
industrial building materials (Wang et al. 2018; Kojima et al. 2020). Wood microbial
treatment refers to the use of dynamic interactions between microbial species to protect
the wood by antagonistic microorganisms (Hiscox et al. 2018; Lasota et al. 2019). These
antagonistic microorganisms achieve the purpose of inhibiting the growth of wood-rot
fungi by reducing the chance of harmful microorganisms inoculating wood and the ability
to invade wood (Presley et al. 2020). Microbial treatment provides wood products with
the ability to resist microbial damage, but research on microbial treatment is not
comprehensive and cannot be applied to production (Joseph and Junier 2020). Currently,
the most common wood treatment method is chemical treatment (Cai et al. 2020).
Traditional wood chemical preservatives include copper chromium boron (CCB), copper
chromium arsenic (CCA) (Oh and Kim 2020), ammonia soluble copper arsenate (ACA),
fluoride chromium arsenic phenol (FCAP), and acid copper chromate (ACC) (Yanitch et
al. 2020), etc. These preservatives are effective for the prevention of microorganism
growth, but the harm to the environment is undoubted (Barbero-Lopez et al. 2021). With
the change and development of the application range of wood in the world, new low-toxic
and high-efficiency preservatives (Cai et al. 2019), including organic ammonium,
inorganic boron, nano wood, organic fungicides, and tree extracts, are being researched
(Usmani et al. 2018). Inspired by the field of wood bionics, the effective fractions
(alkaloids, phenols, aldehydes, etc.) in plants that have bacteriostatic effects have been
extracted and further developed into preservatives (Hassan et al. 2019).

Coptis chinensis Franch. is a member of the Ranunculaceae family. It is grown in
Japan and China and has pharmacological effects on hypertension, gastric ulcer, diarrhea,
influenza (Le et al. 2020), etc. After years of exploration and research, it was found that C.
chinensis has noticeable bacteriostatic effects on various organisms, e.g., bacteria, fungi,
molds, insects, and other microorganisms (Tseng et al. 2020). The main biological process
involved in wood decay is fungal decay (Kim et al. 2016). White-rot fungus and brown-
rot fungus are the most common species that cause fungal erosion (Kumar et al. 2020). The
idea of using C. chinensis as a preservative was put forward to solve the environmental
problems of existing wood preservatives. Compared with traditional preservatives, this
type of preservative relies on natural materials (Farias et al. 2020) and has a remarkable
environmental protection effect (Ahmed et al. 2020). But it also has the characteristics of
easy degradation and a short effective period of the single active ingredient (Treu et al.
2020). At present, many functional studies on plant extracts have been reported, but few
studies have reported the efficacy of the active ingredients and compounds related to active
ingredients (Mkindi et al. 2020). Due to the complexity of plant raw materials, most
researchers only have studied the crude extracts of plants (Cornara et al. 2020). Therefore,
it is necessary to establish a fast and efficient method of separation, purification, screening,
and identification of active substances as soon as possible to realize the full and effective
use of plant extracts. At the same time, the effective components and contents obtained by
different extraction methods were also different (Ciganovic et al. 2019). The isolation and
identification of the antifungal active ingredients of C. chinensis can be helpful to
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characterize the extraction process and have a further understanding of the active
ingredients.

In this paper, the extraction method with higher active ingredient content was
selected by comparing different extraction methods. The alcohol extraction combined with
microwave and ultrasonic extraction technology was used to extract the components of C.
chinensis. These extractions were combined with an alumina column to separate and purify
the primary extracts, and the natural active ingredients with a bacteriostatic effect were
selected. The structure of these bacteriostatic components were identified via nuclear
magnetic resonance (NMR) spectroscopy. Besides, the decay resistance of wood was
tested. A single complex study on the bacteriostatic components of C. chinensis will more
clearly define the bacteriostatic mechanism. As such, it was important to explore the
bacteriostatic active components and structures of C. chinensis, which provided theoretical
support for the development of C. chinensis wood preservatives (Yang et al. 2018).

EXPERIMENTAL

Materials

Coptis chinensis was purchased from the Northern Pharmacy (Hohhot, Inner
Mongolia, China). Beijing Poplar (Populus x beijingensis W. Y. Hsu) and Pinus sylvestris
var. mongolica Litv. specimens were obtained from Hohhot (Inner Mongolia, China).
Samples with dimensions of 20 mm x 20 mm x 10 mm (Radial x Tangential x Longitudinal)
were prepared for decay resistance tests in accordance with Chinese Forestry Standard
LY/T1283-2011. The test bacteria, white-rot fungus (Trametes versicolor (L.) Lloyd) and
brown-rot fungus (Gloeophyllum trabeum (Pers.) Murrill), were purchased from the
Institute of Forest Ecology, Environment and Protection, Chinese Academy of Forestry
(Beijing Shi, China), then activated via laboratory cultivation.

The berberine hydrochloride standard was kindly provided by the Guizhou Dida
Biotechnology Co., Ltd. (Guizhou Province, China). The tetrahydrojatrorrhizine and
tetrahydropalmatine standards were purchased from the Shanghai Yaji Biotechnology Co.,
Ltd. (Shanghai, China). Ethanol, acetonitrile, acetone, and all other chemical agents were
all HPLC grade.

Culturing Medium

In the experiment, potato medium was selected in accordance to Chinese Forestry
Standard LY/T1283-2011. 300 g of potatoes were washed and cut into small pieces. Then,
1500 mL of deionized water was added and boiled for 30 min. The mixed solution was
poured into a bottle; then the mixture was decanted and filtered through cheesecloth in
order to make the potato infusion. Deionized water was added to bring the total volume of
the suspension to 1500 mL, and then 27 g of agar and 22 g of glucose were added to the
solution. The potato culture medium was evaporated at 121 °C and 0.1 MPa for 30 min. It
was poured into a glass petri dish in a sterile inoculation room after cooling. Inoculation
needles were used to inoculate white-rot fungus and brown-rot fungus after the potato
medium had solidified. The inoculated agar plates were cultured at a constant temperature
(28 °C) and humidity (85% relative humidity (RH)) in an incubator for 9 d.
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Analytical Methods
Instrumental analysis

The structure of the bacteriostatic components was identified via Fourier transform
nuclear magnetic resonance (FT-NMR) spectrometry using an AC-80 spectrometer
(Bruker, Billerica, MA). The measurement temperature was 25 °C, the ambient humidity
was 35%, and the operating frequency was 500.13 MHz. The content of the active
ingredients of Coptis chinensis were detected via high-performance liquid chromatography
(HPLC) (LC-20AT, Shimadzu, Kyoto, Japan).

Berberine hydrochloride chromatographic conditions: the column used was C18
(150 mm x 4.6 mm and 5 um), the mobile phase was acetonitrile (0.033 mol/L), potassium
dihydrogen phosphate (pH = 3.0) (30:70), the total velocity was 0.8 mm/min, the detection
wavelength was 263 nm, the column temperature was 25 °C, and the injection volume was
20.0 pL. The standard curve drawing was quantified by the external standard method. The
detection limit concentration of berberine hydrochloride was 0.34 pg/mL.

Palmatine and jatrorrhizine chromatographic conditions: the total velocity was 1.2
mL/min, and the detection wavelength was 349 nm, while the other test conditions were
the same as berberine hydrochloride. The detection limit concentration of jatrorrhizine and
palmatine was 0.3 ug/mL (Gilani et al. 2019).

Extraction of berberine

Coptis chinensis rhizome contained a variety of isoquinoline alkaloids, e.g.,
berberine, methyl-berberine, palmatine, jatrorrhizine, etc., but the berberine content was
highest, approximately 5% to 8% (Ren et al. 2007). Compared with other alkaloids,
berberine had a better bacteriostatic effect on wood-rot fungus (Singh and Sharma 2018)
and was more easily extracted from the Coptis rhizome (Liu et al. 2011). Therefore,
berberine was selected as the material to determine the best alkaloid extraction method.

At present, the extraction methods of plant extracts include solvent extraction,
ultrasonic extraction, and microwave extraction (Ji et al. 2020). The solvent extraction
method adopts the principle of similarity and compatibility to extract the effective
components. The effective components have good selectivity but low extraction efficiency
(Busto and Vera 2019). The ultrasonic extraction method uses the strong vibration
produced by ultrasonic waves to release the substances in plant cells. The extraction
efficiency is high, but the purity of effective components is poor (Arafat et al. 2020). The
microwave extraction method is to use the microwave to heat the target component for
selective extraction, but the microwave parameters are not easy to control, and heating may
change the properties of the extract (Yuan et al. 2020). In this study, the method with a
higher extraction rate and suitable for industrial production was selected for the extraction
of berberine through the comparison of different extraction methods.

The same batch of C. chinensis was crushed and dried through an 80-mesh sieve
and set aside. According to the properties of berberine (Ye et al. 2009), the following six
methods were used to extract berberine.

(1) Ethanol extraction method: 20.0000 g of dry Coptis powder was accurately
weighed and placed in a beaker. After adding 160 mL of 95% ethanol, the solution was
evenly stirred. Plastic wrap was placed on the mouth of the beaker to prevent the
evaporation of ethanol. C. chinensis powder was soaked for 12 h and refluxed for 4 h. Most
of the ethanol was recovered via distillation under reduced pressure to obtain a mobile
extractive. Finally, it was dried to a constant weight at 70 °C in a blast drying furnace to
obtain sample A.
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(2) Microwave aided ethanol extraction method: 20.0000 g of dried Coptis powder
was accurately weighed and added to 160 mL of 95% ethanol and evenly stirred. It was
covered with plastic wrap and soaked for 12 h. The solution was intermittently treated by
microwaving (at 320 w) for 5 min and refluxed for 4 h. Most of the ethanol under reduced
pressure was recovered to obtain a stream extractive. Finally, it was dried to a constant
weight in a 70 °C blast drying oven to obtain sample B.

(3) Ultrasonic aided ethanol extraction method: 20.0000 g of dried C. chinensis
powder was weighed accurately and put into a beaker. Then, 160 mL of 95% ethanol was
added and evenly stirred. C. chinensis powder was soaked for 12 h. The solution was
treated with a 600 W ultrasonic wave and 20 kHz pulse for 30 min and refluxed for 4 h.
Most of the ethanol was distilled under reduced pressure to obtain a stream extractive.
Finally, it was dried in a blast drying oven at 70 °C to a constant weight to obtain sample
C.

(4) Water extraction and decoction method: 20.0000 g of dried Coptis powder was
accurately weighed and added to 160 mL of deionized water, stirred, and then soaked for
12 h. The solution was boiled for 0.5 h to concentrate into a thick paste. Finally, it was
dried to a constant weight in a blast drying oven at 90 °C to obtain sample D.

(5) Microwave aided water extraction method: 20.0000 g of dried Coptis powder
was accurately weighed and added to 160 mL of deionized water in a beaker and soaked
for 12 h. The solution was intermittently treated by microwaving (at 320 w) for 5 min and
then boiled for 0.5 h to obtain a thick paste. Finally, it was dried to a constant weight in a
blast drying oven at 90 °C to obtain sample E.

(6) Ultrasonic aided water extraction method: 20.0000 g of dried Coptis powder
was accurately weighed and added to 160 mL of 95% ethanol and soaked for 12 h. It was
treated with a 600 W, 20 kHz pulse ultrasound for 30 min and boiled for 0.5 h to obtain a
concentrated thick paste. The final solution was dried to a constant weight in a blast drying
oven at 90 °C to obtain sample F.

Sample A to sample F were accurately weighed. After methanol was added to the
volumetric flask up to 50.00 mL, the solution was diluted 10 times. The sample was filtered
through a 0.45 um microporous membrane, and the filtrate was used as the test product.
The berberine content was calculated using Eq. 1,

CxV
m

X = xnx10~* (1)

where X (g/1009) is the berberine content, C (ug/mL) is the sample concentration, V (mL)
is the constant volume, m (g) is the sample weight, and n is the diluted multiples.

Screening of the bacteriostatic components

According to the properties of the components in C. chinensis and the best
extraction process of berberine hydrochloride, an 8 to 1 ratio of 95% ethanol to C. chinensis
powder was used as the extraction solvent in this study. The powder was sifted through a
size 80 mesh screen, then soaked for 12 h. The solution was treated with an ultrasonic pulse
of 600 W and 20 kHz for 30 min and refluxed for 4 h in order to separate and extract.

Rhizoma C. chinensis root powder was soaked in ethanol for 24 h and
ultrasonicated for 30 min to obtain an ethanol concentrate. Then, concentrated hydrochloric
acid was added for filtration and the yellow precipitate was recrystallized with water
several times to obtain substance A. The filtrate was treated with NH4OH and ether, then
filtered through H2SO4 to obtain a yellow precipitate, and crystalline substance B was
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obtained after ethanol was added. The filtrate was added to a 10% concentration of Kl to
obtain precipitation C. Then, the solution was stratified with the addition of a 5%
concentration of KOH. The filtrate was added to acetic acid (HAc) and a 10% concentration
of K1 to obtain precipitation G. The precipitate was dissolved in H2SO4 and Zn to obtain a
reducing solution, and then it was treated with NH4OH and chloroform, to which a 2%
concentration of KOH was added. The alkaline aqueous layer was sequentially treated with
HCI/NH4OH/chloroform to obtain a colorless crystalline substance D. The chloroform
layer was concentrated and then treated with acetone, and the precipitate was eluted with
chloroform to obtain colorless needle crystal substance E. This filtrate was eluted with
acetone, and the obtained eluate was eluted with benzene to obtain the pale yellow flaky
crystal substance F.

The overall flow chart for screening the bacteriostatic components of C. chinensis
was visualized in Fig. 1.
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Fig. 1. The overall flow chart of screening the bacteriostatic components of Coptis chinensis via
the berberine extraction method

Selection of the minimum inhibitory concentration

The minimum inhibitory concentration (MIC) is an important index for the
screening of bacteriostatic components. It refers to the minimum concentration of a drug
that obviously inhibits the growth of a certain microorganism in a specific environment. It
is used to quantitatively determine the bacteriostatic activity of drugs (Mahmoud et al.
2019). In this study, the drug sensitivity was used to determine the MIC. Commonly used
drug sensitivity test methods are the paper agar diffusion method for qualitative
determination (K-B method) and the dilution method for quantitative determination. In this
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experiment, the paper agar diffusion method was used (Sirgel et al. 2009). A 4%
concentration of a crude drug comprised of C. chinensis in a toxic medium was used as the
reference for the selection of the natural active fractions. Berberine hydrochloride,
palmatine, and jatrorrhizine extracted from C. chinensis were accurately weighed. They
were heated and dissolved in deionized water to prepare sample solutions of 0.04, 0.02,
0.01, 0.005, and 0.001 g/mL. After mixing the three substances in a mass ratio of 1 to 1,
they were heated and dissolved in deionized water to make sample solutions of 0.04, 0.02,
0.01, 0.005, and 0.001 g/mL. Three-layer filter paper with a diameter of 6 mm was put into
the four sample solutions to soak and absorb the solution. White-rot fungus (Trametes
versicolor (L.) Lloyd) and brown-rot fungus (Gloeophyllum trabeum (Pers.) Murrill) were
used as the test bacteria to determine the minimum inhibitory concentration. At the same
time every day, the bacteriostatic zone of each plate was measured via the cross method
using a sterilized vernier caliper, and the data was recorded.

Decay Test

Wood decay test methods and decay resistance grades were performed according
to Chinese Forestry Standard LY/T1283-2011. The samples were dried in a drying oven
until the weight remained unchanged, and weight was recorded (W1). Then samples were
put into extractive of Coptis coptis and immersed in a vacuum drying oven (0.01 MPa) for
30 min. The extractive of sample's surface was absorbed with filter paper and weight (W2)
was recorded. After soaking, the sample were dried in atmospheric conditions and weight
(Ws) was recorded. Then samples were cultured in a constant temperature and humidity
chamber. Decayed sample was taken out and the mycelium of sample surface was scraped
off. Then decayed samples were dried, its weight (Wa) was recorded.

The extractive-loading level was calculated using Eq. 2,

(W, —W,)xc
\%

where R (kg/m®) is extractive-loading rate, C (%) is the extractive concentration, and V
(cm?®) is the sample volume.
The weight loss percentage was calculated using Eq. 3,
L= W —Wa) 100 3)
3
where L (%) is weight loss, W3 (g) is the constant weight of the sample before decay, Wa
(9) is the constant weight of the sample after decay.

R= %10 (2)

RESULTS AND DISCUSSION

Extraction of the Active Ingredient Berberine

Berberine had a high content in Coptis chinensis, and a good bacteriostatic effect
on wood-rot fungus. Besides, it was the main bacteriostatic component found in C.
chinensis (Yan et al. 2014). The quality and a corresponding yield of the C. chinensis
extractive obtained via the above 6 extraction methods are shown in Table 1. The Coptis
extractum trends and berberine content are shown in Fig. 2.
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Table 1. Coptis chinensis Extractum and Berberine Content Obtained From the 6
Extraction Methods

Sample A B C D E F
Extractum quantity (g) 3.35 3.38 4.46 5.23 5.90 7.51
Extract yield (%) 16.75 16.90 22.30 26.15 29.50 37.55
Berberine content (%) 15.426 15.902 19.933 11.047 11.387 13.083

Note: A: Ethanol-extracted samples; B: Microwave ethanol extracted samples; C: Ultrasonic
ethanol extracted samples; D: Water extracted and boiled samples; E: Microwave water
extraction samples; and F: Ultrasonic water extraction samples

Table 1 and Fig. 2 show that under the conditions of this test, the water-soluble
substances in C. chinensis was greater than 50% of the alcohol-soluble substance. Among
them, the yield of the microwave water extracted samples (E) exceeded the 74.56% vyield
of the microwave alcohol extracted samples (B). Since the water extraction liquid had a
long time to evaporate and condense during the subsequent processing, it consumed a lot
of energy. Many non-alkaloids, e.g., proteins and sugars, will be dissolved in a large
amount of water (Deans et al. 2018). Combining this with the fact that berberine was
soluble in ethanol (Hao et al. 2020), an alcohol extraction method would be better used in
industrial production. It can be seen that the berberine content obtained via alcohol
extraction was noticeably greater than the berberine content obtained via water extraction,
as shown in Fig. 2. The ultrasonic treatment (C) berberine content was greater than the
microwave treatment (B) berberine content, which was greater than the berberine content
of the untreated samples (A). The berberine content of the ethanol extracted samples via
ultrasonic treatment (C) was 29.2% higher than the untreated samples (A), and the ethanol
ultrasonic treatment (C) was 80.4% higher than the untreated water extraction method (D).
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Fig. 2. Coptis chinensis extractum trend and the berberine content

To reiterate the treatment method, the C. chinensis powder was treated inan 8 to 1
ratio of 95% ethanol to powder (with ethanol as the extraction solvent), the solution was
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soaked for 12 h, and treated with an ultrasonic pulse at 600 W and 20 kHz for 30 min. The
maximum berberine content in the extractive was 19.93% after refluxing for 4 h. Therefore,
an ethanol ultrasonic treatment should be used to extract berberine from C. chinensis; the
ultrasonic treatment not only has a high efficiency and simple operation, but also saves a
lot of energy, so it can be widely used for the industrial extraction and production of
berberine.

Bacteriostatic Effect of Coptis extractive

The recorded data of the bacteriostatic effect of Coptis extractive, prepared by six
different extraction methods, on the toxic medium of white-rot fungus and brown-rot
fungus are shown in Tables 2 and 3. According to the data of the bacterial circle, the growth
trend of white-rot fungus and brown-rot fungus on the toxic medium are shown in Figs. 3a
and 3b.

Table 2. Diameter of the Bacterial Circle of Six Toxic Culture Media Against
White Rot Fungi

Third Day Fourth Day Fifth Day Sixth Day Seventh Day
Sample
Diameter (mm)
A 2 2 8 15 23
B 0 2 5 9 14
C 0 0 0 2 6
D 6 9 16 27 35
E 6 10 17 24 30
F 4 8 13 20 26
Blank 17 29 40 55 67

Table 3. Diameter of the Bacterial Circle of Six Toxic Culture Media Against Brown

Rot Fungi
Third Day Fourth Day Fifth Day Sixth Day Seventh Day
Sample
Diameter (mm)
A 1 1 3 5 5
B 0 0 2 2 3
C 0 0 0 0 0
D 3 3 6 10 15
E 2 3 6 8 12
F 3 5 5 7 10
Blank 25 41 58 72 78

Compared to the blank control, the C. chinensis water extractive and alcohol
extractive had a bacteriostatic effect on white-rot fungus and brown-rot fungus. However,
they both had a more significant bacteriostatic effect on brown-rot fungus, as shown in Fig.

2.
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Fig. 3. The effects of different toxin culture media on the growing tendency of white-rot fungi (a); and the effect of different toxin medium on the growth trend
of brown-rot fungus (b)
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The ethanol extraction had better results than the water extraction; the ultrasonic
treatment (C) had a greater bacteriostatic effect than the microwave treatment (B), which
had a greater bacteriostatic effect than the untreated samples (A). This may be due to the
significant increase in the content of bacteriostatic active fractions after the alcohol and
ultrasonic treatments, e.g., the berberine found in C. chinensis.

The next step of the experiment was to find out the specific components of C.
chinensis that effected bacteriostasis, in order to make the selection of protectants found in
Chinese herbal medicine more targeted. The growth of white-rot fungus and brown-rot
fungus at the later stage of the bacteriostatic test was slightly improved, which could be the
reason for the gradual weakening of the efficacy. In the future, more in-depth research
should be performed in terms of maintaining the long-term efficacy of the pharmaceutical
effect and explore non-harmful extraction methods.

Screening and Structure Determination of the Active Ingredients
Isolation of Coptis chinensis

In summary, the obtained effective components were substance A, substance D,
and substance F. The calculated amount of the effective substances A, D, and F found in
the root powder of C. chinensis were 5.21%, 0.91%, and 0.98%, respectively. Furthermore,
its structure was identified via nuclear magnetic resonance, and its content was analyzed
via high-performance liquid chromatography.

(A) (D) F

Fig. 4. The structure of the bacteriostatic components in Coptis chinensis: the structure of berberine
hydrochloride (A); the structure of jatrorrhizine (D); and the structure of palmatine (F)

Structural identification and content analysis

The structure of the bacteriostatic components in Coptis chinensis are shown in Fig.
4. Substance A was described as yellow needle-like crystals, with the following results: *H
NMR (500.13 MHz, MeOD) peak was attributed to 6 ppm: 9.77 (1H, s, 14-H), 8.71 (1H,
s, 11-H), 8.12 (1H, d, J = 9.5 Hz, 15-H), 8.00 (1H, d, J = 9.0 Hz, 16-H), 7.66 (1H, s, 3-H),
6.96 (1H, s, 6-H), 6.11 (2H, s, 20-OCH20-), 4.92 (2H, t, J = 6.5Hz, 9-H), 4.20 (3H, s, 22-
OCHs-), 4.11(3H, s, 23-OCHs-), 3.25 (2H, t, J = 6.0Hz, 10-H) (Bayar et al. 2019); 13C
NMR (125.77 MHz, MeOD) peak was attributed to & ppm: 152.2, 152.1, 150.0, 146.5,
145.8, 139.8, 135.2, 131.9, 128.1, 124.6, 123.4, 121.9, 121.6, 109.4, 106.6, 103.7, 62.6,
57.7, 57.2, and 28.2. The data from the *H NMR and *3C NMR were consistent with the
data reported by Sahu et al. (2016). The purity was 91%, as determined via high
performance liquid chromatography. Therefore, the active ingredient was identified as
berberine hydrochloride.
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Substance D was described as a colorless crystal, with the following results: *H
NMR (500.13 MHz, CDClIs) peak was attributed to & ppm: 6.89 (1H, d, J = 8.5 Hz, 15-H),
6.81 (1H, d, J =8.0 Hz, 18-H), 6.70 (2H, d, J = 5.5 Hz, 1, 6-H), 4.26 (1H, s, 9-CH-), 3.87
(9H, m, 20, 22, 24-OCHs-), 3.56 (2H, s, 7-CH2-), 3.19 (3H, m, 10-CH2-, 12-CH3-), 2.86
(1H, s, 12-CH-), 2.68 (1H, s, 11-CH2-); 3C NMR (125.77 MHz, CDClIs) peak was
attributed to 6 ppm: 150.4, 145.2,144.1,127.4,123.9, 114.3, 111.2, 107.9, 60.2, 59.4, 56.1,
55.9, 54.0, 51.5, 36.2, and 28.8. The data from the *H NMR and *3C NMR were consistent
with the data reported by Liu et al. (2019). The purity was 90%, as determined via HPLC.
Therefore, the active ingredient was identified as jatrorrhizine.

Substance F was described as a yellow flaky crystal, with the following results: *H
NMR (500.13 MHz, MeOD) peak was assigned to 6 ppm: 6.91 (3H, m, 1, 15, 18-H), 6.70
(1H, s, 6-H), 4.20 (1H, d, J = 15.5 Hz, 9-CH-), 3.82 (12H, dd, J = 1.5 Hz , J=7.5 Hz, 20,
22, 24, 26-OCHs-), 3.55 (1H, dd, J = 3.5 Hz, J = 3.0 Hz, 7-CH2-), 3.50 (1H, d, 16 Hz, 7-
CH2-) , 3.43 (1H, dd, J = 3.5 Hz, J = 4.0 Hz, 10-CHz2-), 3.20 (1H, m, 10-CH2-), 3.09 (1H,
m, 12-CHz-), 2.74 (2H, m, 12-CHz-, 11-CHz-), 2.63 (1H, m, 11-CHz-); ¥C NMR
(125.77MHz, MeOD) peak was assigned to 6 ppm: 151.8, 149.2, 146.3, 130.7, 128.9,
128.7,127.8, 125.3, 113.0, 112.7, 110.5, 60.8, 60.6, 56.7, 56.4, 54.9, 52.7, 36.6, and 29.4.
The data from the *H NMR and **C NMR were consistent with the data reported by Fan et
al. (2012). The purity was 90%, as determined via HPLC. Therefore, the active ingredient
was identified as palmatine.

Bacteriostatic properties of the different active ingredients against white-rot fungus

Through the paper agar diffusion method, the different concentrations of the active
ingredients and the different compound ratios of the active ingredients found in C.
chinensis were used for the bacteriostatic testing of white-rot fungus. The diameter data of
the bacteriostatic circle measured at different days is shown in Table 4, and the relationship
between the diameter of the bacteriostatic circle on the 7" d and the concentration of the
active ingredient is shown in Fig. 5a. Since the bacteriostatic effect of each active
ingredient at concentrations of 0.005 g/mL and 0.001 g/mL was poor, the data were not
listed in the table. The different compounds were listed as follows: Berberine hydrochloride
was A, jatrorrhizine was B, palmatine was C, berberine hydrochloride and jatrorrhizine
combined was D, berberine hydrochloride and palmatine combined was E, jatrorrhizine
and palmatine combined was F, and a 1 to 1 to 1 ratio of the three active ingredients was
G.

The bacteriostatic effect can be seen in Table 4 and Fig. 5a. Compared with the
blank group, the active ingredients in C. chinensis and their various combinations had an
obvious inhibitory effect on white-rot fungus at various concentrations, and the
bacteriostatic effect was enhanced as the concentration of the active ingredients was
increased, but the amplitude was not obvious. It was apparent that the concentration range
selected in the experiment had reached the minimum inhibitory concentration of white-rot
fungus. The bacteriostatic circle data of each active ingredient and its compounds were
compared with alkaline copper quaternary (ACQ). The 1 to 1 to 1 mixed ratio compound
(G) had the same bacteriostatic effect as ACQ, while the other groups were worse than
ACQ. This may be due to the volatilization and loss of the active ingredients of traditional
Chinese medicine during the process, and the efficacy was gradually weakened.
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Table 4. Diameter of Inhibition Zone of Different Active Ingredients of Coptis

Chinensis Against White-Rot Fungus

Concentration

Third Day | Fifth Day | Seventh Day

Ingredient Group (g/mL) Diameter (mm)
1 0.01 29 20 14
Berberin_e 2 0.02 28 21 14
hydrochloride
3 0.04 29 21 14
ACQ 4 0.01 30 23 16
Blank 5 _ 12 3 0
1 0.01 20 13 10
Jatrorrhizine 2 0.02 23 18 11
3 0.04 25 18 11
ACQ 4 0.01 28 21 15
1 0.01 27 21 14
Palmatine 2 0.02 27 20 14
3 0.04 28 21 14
ACQ 4 0.01 31 24 17
Blank 5 — 12 3 0
_ 1 0.01 28 19 13
Berberine
hydrochloride 2 0.02 27 20 13
and jatrorrhizine 3 0.04 28 22 13
ACQ 4 0.01 29 22 16
Blank 5 13 6 0
Berberine 1 0.01 27 20 13
hydrochloride > 0.02 27 19 14
and palmatine i
3 0.04 28 20 14
ACQ 4 0.01 30 22 15
Blank 5 _ 12 4 0
1 0.01 26 19 10
Jatrorrhizine 2 0.02 23 16 12
and palmatine
3 0.04 25 18 12
ACQ 4 0.01 28 21 15
1 0.01 29 24 19
1: 1:1 mixed 2 0.02 29 23 19
compound
3 0.04 29 24 19
ACQ 4 0.01 30 24 18
Blank 5 — 15 5 0
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At the same time, it also showed that a single active ingredient of C. chinensis was
inferior to a mixture of all three in terms of the bacteriostatic effect, this proved that the
synergism of the active ingredients can enhance the bacteriostatic effect.

Table 5 and Fig. 5a show that in terms of a single active ingredient, berberine
hydrochloride (A) had the best bacteriostatic effect, and the minimum bacteriostatic
concentration was 0.01 g/mL; palmatine (C) was the second best, and the minimum
bacteriostatic concentration was also 0.01 g/mL; and jatrorrhizine (B) had the worst
bacteriostatic effect, and the minimum bacteriostatic concentration was 0.02 g/mL. There
was no noticeable difference in the bacteriostatic effect between the two most effective
components. The minimum bacteriostatic concentration of the berberine hydrochloride and
jatrorrhizine compound (D) was 0.01 g/mL. The minimum bacteriostatic concentration of
the berberine hydrochloride and palmatine compound (E) was 0.02 g/mL. The minimum
bacteriostatic concentration of the jatrorrhizine and palmatine compound (F) was 0.02
g/mL. The minimum inhibitory concentration of the 1 to 1 to 1 mixed ratio compound (G)
was 0.01 g/mL.

According to the test results, the bacteriostatic effect of the compound with a 1 to
1 to 1 ratio of the three active ingredient was the best, so it was used as the primary
bacteriostatic extractive for the subsequent preparation of high-efficiency preservatives,
and its performance was evaluated.

Bacteriostatic properties of different active ingredients against brown-rot fungus

The paper agar diffusion method was used to test the inhibition of brown-rot fungus
(Gloeophyllum trabeum (Pers.) Murrill) with different concentrations of the active
ingredients and different compound ratios of the active ingredients found in Coptis
chinensis. The diameter data of the bacteriostatic circle measured on different days is
shown in Table 5. The relationship between the diameter of the bacteriostatic circle and the
concentration of the native active fractions on the 71" d is shown in Fig. 5b.
At the same concentration, the bacteriostatic effect of each active ingredient on brown-rot
fungus was slightly worse in comparison to their effect on white-rot fungus, as shown in
Fig. 5. Table 5and Fig. 5b show that compared with the blank group, the active ingredients
in C. chinensis and their various combinations had the obvious inhibitory effects on brown-
rot fungus (G. trabeum) at various concentrations, but the bacteriostatic effect varied with
the concentration of the active components. Among them, the berberine hydrochloride (A),
palmatine (C), berberine hydrochloride and jatrorrhizine compound (D), jatrorrhizine and
palmatine compound (F), and 1 to 1 to 1 mixed ratio compound (G) all had their
bacteriostatic effect increased or decreased with the increase of the concentration of active
ingredient. The bacteriostatic effect of jatrorrhizine (B) and berberine hydrochloride and
palmatine compound (E) were increased as the concentration increased, but the changes
were not noticeable. It was indicated that the concentration range in this study achieved the
minimum inhibitory concentration for brown-rot fungus. It was clearly demonstrated in
Fig. 5b that the 1 to 1 to 1 mixed ratio compound (G) had the best bacteriostatic effect and
it was equivalent to ACQ. The bacteriostatic effect of jatrorrhizine (B) was the worst when
the minimum bacteriostatic concentration was 0.01 g/mL. This was consistent with the
white-rot fungus test results, and once again demonstrated that the synergistic effect of
each active ingredient will enhance their efficacy.
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Table 5. Diameter of Inhibition Zone of Different Active Ingredients of Coptis

Chinensis Against Brown-Rot Fungus

Concentration

Third Day | Fifth Day | Seventh Day

Ingredient Group (g/mL) Diameter (mm)
1 0.01 19 10 4
Berberine 2 0.02
hydrochloride 19 -0 :
3 0.04 18 11 4
ACQ 4 0.01 20 12 6
Blank 5 _ 9 0
1 0.01 11 0
Jatrorrhizine 2 0.02 14 G
3 0.04 15 8 4
ACQ 4 0.01 17 11 6
1 0.01 18 10 3
Palmatine 2 0.02 17 11 s
3 0.04 18 10 3
ACQ 4 0.01 19 12 6
Blank 5 _ 8 0
1 0.01
Berberine 18 >
hydrochloride 2 0.02 19 10 4
and jatrorrhizine 3 0.04 18 10 3
ACQ 4 0.01 19 12 6
Blank 5 9 0
Berberine 1 0.01 10 0
hydrochloride
and palmatine 2 002 14 2
3 0.04 15 4
ACQ 4 0.01 17 10 6
Blank
5 — 10 0
1 0.01 16 9 3
Jatrorrhizine 2 0.02 17 10 2
and palmatine
3 0.04 16 10 3
ACQ 4 0.01 18 11 7
Blank
5 — 11 2 0
1 0.01 19 13 7
1: 1:1 mixed 2 0.02 20 13 6
compound
3 0.04 20 14 7
ACQ 4 0.01 19 13 6
Blank
5 — 10 0 0
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It is shown in Table 5 and Fig. 5b, that as far as a single effective ingredient was
concerned, berberine hydrochloride (A) had the best bacteriostatic effect, and the minimum
bacteriostatic concentration was 0.01 g/mL. The bacteriostatic effect of palmatine (C) was
the second best, and the minimum inhibitory concentration was also 0.01 g/mL. The
bacteriostatic effect of jatrorrhizine (B) was the worst, and the minimum inhibitory
concentration was 0.04 g/mL. The bacteriostatic effect of the two active ingredient
compound of jatrorrhizine and palmatine (F) was the best. The minimum inhibitory
concentration was 0.01 g/mL. The bacteriostatic effect of the berberine hydrochloride and
jatrorrhizine compound (D) was second best, and the minimum bacteriostatic concentration
was 0.02 g/mL. The bacteriostatic effect of the berberine hydrochloride and palmatine
compound (E) was the worst, and the minimum bacteriostatic concentration was 0.04
g/mL. The minimum inhibitory concentration of the 1 to 1 to 1 mixed ratio compound (G)
was 0.01 g/mL.

Decay Resistance of Wood

The surface of wood not treated with active ingredients was completely covered by
white-rot fungi, and the growth of white-rot fungi was vigorous in Fig. 6a. As can be seen
in Fig. 6b, only small amounts of mycelia were scattered on the wood surface, and the
growth of white-rot fungi was poor, indicating that the active ingredients have a good
inhibitory effect on the growth of white-rot fungi. It can be found that the amount of brown
rot fungi mycelium is more than that of white-rot fungi in Fig. 6d. Compared with Fig. 6c,
the wood surface is not completely covered by brown-rot fungi, which indicates that the
active ingredients are effective against brown-rot fungi.

Fig. 6. white-rot fungus blank (a); wood decay resistance of 1:1:1 mixed active ingredient against
white-rot fungus (b); brown-rot fungus blank (c); wood decay resistance of 1:1:1 mixed active
ingredient against brown-rot fungus (d)

Table 6. Weight Loss Rate and Decay Resistance Grade of Wood

Concentration Ext_ractive Weight D_ecay
Fungus Ingredient L Loading Rate loss rate Resistance
(g/mL) (kg/m?) (%) Grade
white-rot Blan_k 0 0 48.32 v
1:1:1mixed 0.01 10.54 4.68 I
brown-rot Bla_nk 0 0 46.76 v
1:1:1mixed 0.01 10.48 28.14 I
Note: T (0%-10%): Strong decay resistance; II (11%-24%): decay resistance; Il (25%-44%):
Slight decay resistance; and IV (>45%): No decay resistance

Decay resistance of wood can be measured by the weight loss of decayed samples.
It can be found from Table 6 that the weight loss percentages of the white-rot blank and
the brown rot blank were 48.3% and 46.8%, respectively, indicating that there was no
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decay resistance. The weight loss of the wood treated with 1 to 1 to 1 active ingredient
against white rot fungi was 4.7%, indicating strong decay resistance. However, the weight
loss against brown rot fungi was 28.1%, indicating slight decay resistance. The extract
concentration is the same for white-rot fungi and brown rot fungi in Table 6, and the
difference of extractive loading rate was small, indicating that the vacuum pressure
leaching method has a protective effect on the extractive leaching (Clausen et al. 2010). In
future studies, different factors should be changed to further consider the leaching of active
ingredients in wood. The hydroxyl radical produced by brown rot fungi has a strong
oxidation ability, which can oxidize the hydroxyl group on the glucose of cellulose to the
carboxyl group (Faure and Nystrom 2016). It leads to the breaking of the hydrogen bonds
of the cellulose molecular chain and the looseness of the cellulose structure (Lu et al. 2019).
The reason for the poor decay resistance of brown rot fungus in this study may be due to
the low degree of influence for the active ingredients on the formation of hydroxyl free
radicals and the activity of glucosidase, which leads to the brown rot fungus still can
participate in the degradation of wood cellulose. This may require further research in the
field of enzymology.

CONCLUSIONS

1. The method with the highest extraction efficiency for the active components of Coptis
chinensis was determined in this paper. The best extraction method of the active
fractions was soaking the root powder in ethanol for 12 h, followed by an ultrasonic
treatment for 30 min, and reflux for 4 h.

2. The bacteriostatic components of Coptis chinensis were berberine, jatrorrhizine, and
palmatine. The bacteriostatic effect of berberine in terms of a single-component was
the better of the three active components. Among the component mixtures, the
bacteriostatic effect of the 1 to 1 to 1 ratio of the three active components was the best
and was equivalent to ACQ. The stronger bacteriostatic effect of active component
mixtures was shown by the test results.

3. The active ingredients in Coptis chinensis and their various mixtures had noticeable
inhibitory effects on white-rot fungus and brown-rot fungus. The white-rot fungus was
inhibited to a greater extent than the brown-rot fungus. It was shown that the synergistic
effect of each active ingredient enhanced the bacteriostatic efficacy and delayed the
growth of wood-rotting fungi. This article provides a reference for the extraction of
Coptis chinensis active ingredients as well as the mixing of different active agents for
the development of wood preservatives.
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