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Abstract

[ Objectives ] To determine the optimal reflux extraction process conditions for Compound Coptis Ointment. [ Methods] The study

employed the orthogonal experimental design method and drug-sensitive disc agar diffusion method to evaluate the extraction rate, berberine

hydrochloride content, and bacteriostatic ring diameter of the extract as comprehensive indices, and optimized the extraction process conditions

of Compound Coptis Ointment using ethanol reflux. [ Results | Based on the results of comprehensive indices, the optimal reflux extraction con-

ditions for Compound Coptis Ointment were determined to be soaking in 1.5 times the amount of 70% ethanol for 2 h, followed by two extrac-

tions with 6 times the amount of 70% ethanol for 1 h each time. Three verification tests were conducted under the optimal process conditions.
The yield of the extract was 28.32% +0.53% , the content of berberine hydrochloride was 4.68% +0.45% , and the diameter of the bacterio-
static ring was (2.5 +0.2) cm. [ Conclusions| The extract had higher drug content and exhibited better antibacterial effects. The optimized

extraction process is simple, stable, and reliable, and can be effectively used to optimize the extraction process of Compound Coptis Ointment.
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1 Introduction

Skin ulcer is a common clinical disease in dermatology, character-
ized by localized skin or mucosal defects that can extend to the
dermis or deeper layers, primarily caused by infection, injury,

.. 1-5
tumors, vasculitis, and other factors" *'.

Compound  Coptis
Ointment, a classic prescription in traditional Chinese medicine
for treating skin ulcer disease, has a long history of application
and widespread use in various departments of Chinese hospitals'® .
The main ingredients in Compound Coptis Ointment are Rhizoma
Coptidis and Cortex Phellodendri. Rhizoma Coptidis is rich in
berberine, jatrorrhizine, and other components, which exhibits
strong antibacterial, anti-endotoxin, antiviral, anti-inflammatory,

-] " Cortex Phellodendri contains ber-

and anti-diarrheal effects
berine, jatrorrhizine, magnolia, phellodendrine and other com-
pounds, which possesses antibacterial, anti-inflammatory, immune-
enhancing, and anti-ulcer properties. Therefore, the extraction rate
of berberine hydrochloride directly influences the content of active
ingredients and the therapeutic effect of the medication” ™"
Moreover, previous experimental studies have indicated that
the mechanism of traditional Chinese medicine’s external applica-
tion in treating skin ulcers might be associated with its antibacteri-
al and anti-inflammatory effects, improvement of wound ischemia
and hypoxia, promotion of wound blood circulation, augmentation

of wound fibroblast count, and regulation of type I and III collagen
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In this study, we utilized the extraction rate,
berberine hydrochloride content, and antibacterial activity of the
extract as comprehensive indices. Additionally, we employed the
orthogonal test design method to systematically assess the impact
of process conditions on the reflux extraction effectiveness of the

ointment.

2 Materials and methods
2.1 Instruments High-performance liquid chromatography,
Shimadzu Company; Analytical column (250 mm x 4. 6 mm,
5 wm), Shimadzu International Trading (Shanghai) Co., Lid. ;
Pure water treatment system, Millipore Company; Electronic ana-
Iytical balance (Max 210 g, d =0.01 mg), Sartorius Company;
Electric heating sleeve, Beijing Yongguangming Medical Instru-
ment Co. , Ltd. ; Digital display constant temperature water bath
pot, Changzhou Aohua Instrument Co. , Ltd. ; Ultrasonic cleaner,

Kunshan Ultrasonic Instrument Co. , Ltd. ; Isolated constant tem-

perature incubator, Shanghai Qixin Scientific Instrument
Co. , Ltd. ; Clean bench, Suzhou Xiangyu Purification Technology
Co. , Lid.

2.2 Reflux extraction methods In the prescription, Cortex
Phellodendri, Rhizoma Coptidis, Rhizoma Curcumae and other
medicinal materials contain more liposoluble components. There-
fore, different concentrations of ethanol were used to extract me-
dicinal materials. Preliminary experiments showed that ethanol
concentration, solvent dosage, extraction time, and extraction
times had a significant influence on the extraction effect of decoc-
tion pieces. Hence, the above four factors were chosen as the re-
search targets. We accurately weighed 240 g of Compound Coptis
Ointment powder with a particle size less than 0. 178 mm and add-
ed 1. 5 times the amount of solvent for soaking for 2 h. The

L,(3") orthogonal experiment was designed with 90 °C water bath
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reflux as the fixed condition. The reflux extraction process was op-
timized using extraction rate, berberine hydrochloride content and
bacteriostatic ring diameter as indices. The factor level design of

the orthogonal experiment is presented in Table 1.

Table 1  Orthogonal test factor level of reflux extraction process of
Compound Coptis Ointment
Factor
Level Ethanol Solvent Extraction Extraction
concentration A//% amount B//mv  time C//min times D
1 50 1:6 30 1
2 60 1:8 45 2
3 70 1:10 60 3

2.3 Extraction rate determination Experiments were con-
ducted following the conditions listed in Table 1, and reflux ex-
traction solutions under different extraction conditions were ob-
tained. These reflux extractions were concentrated to 400 mL, and
100 mL of the concentrated extraction solution was accurately
taken. The concentrated extraction solution was placed in an
evaporator with constant weight and dried in a water bath. The
concentrate was then transferred to a vacuum drying oven at
105 °C for 6 h. After reaching constant weight, it was precisely
weighed, and the extract yield (% ) was calculated as follows:
Extract yield (% ) = [ ( Weight of pan + Dry extract) -
Weight of pan] x (400/100)/Total weight of slices x 100%
2.4 Determination of berberine hydrochloride content
2.4.1 Preparation of reference solution. An appropriate amount
of berberine hydrochloride reference substance was taken, precise-
ly weighed, and dissolved in methanol to make a 1 mL solution
containing 60.2 pg of berberine.
2.4.2 Preparation of test solution. One gram of dry extract was
precisely weighed and dissolved in methanol to a volume of
100 mL in a flask. The solution was shaken uniformly, and then
filtered through a 0.45 pm microporous membrane to obtain the
filtered solution.
2.4.3 Preparation of negative control solution. Medicinal mate-
rials, except Rhizoma Coptidis and Cortex Phellodendri, were
weighed and prepared using the same method as the negative con-
trol samples of Rhizoma Coptidis and Cortex Phellodendri. Nega-
tive control solutions of Rhizoma Coptidis and Cortex Phellodendri
were prepared according to the method in Section 2. 4. 2.
2.5 Conditions for HPLC Chromatographic column; octa-
decyl silane bonded silica gel column (250 mm x4.6 mm, 5
pm ) ; mobile phase: acetonitrile-0. 03 mol/L sodium dihydro-
gen phosphate-phosphoric acid solution (23 : 77 : 0. 1) ; flow
rate; 1.0 mL/min; column temperature; 30 C ; injection vol-
ume: 10 pL; detection wavelength: 265 nm; theoretical plate
number should not be less than 3 000 according to berberine
hydrochloride.
2.6 Determination of antibacterial activity in vitro"*’
2.6.1 Preparation of bacterial liquid. Using sterile techniques,
a small amount of Staphylococcus aureus, Escherichia coli, and
Pseudomonas aeruginosa were selected from the inoculation ring
and inoculated on the slant of nutrient agar medium. After smea-

ring the bacterial solution evenly, the bacteria were cultured in a
37 °C thermostat for 24 h. Four to five bacterial colonies were se-
lected in sterile 0. 9% sodium chloride solution test tubes, and the
concentration was diluted to the same concentration as a 0.5 Mc-
Farland turbidity tube (1.5 x10° CFU/ mL).

2.6.2

strong water absorption was selected to make several circular paper

Preparation of drug sensitive paper. Filter paper with

sheets with a diameter of 6 mm. A clean test tube was sterilized at
121 °C for 20 min and then placed into a constant temperature dr-
ying oven. Several filter paper pieces were taken with sterilized
tweezers and immersed in the extract of Compound Coptis Oint-
ment, 0.9% sodium chloride solution, and chlorhexidine acetate
solution, respectively. After the drug solution was completely ab-
sorbed by the paper, the multi-drug solution was gently brushed
off. The drug-sensitive paper was then saved.

2.6.3

bacteria were swabbed on the ultra-clean table using sterilized cot-

Determination of antibacterial activity. Three types of

ton swabs. After rotating the inner wall of the tube to extrude the
bacterial solution, the plate was evenly coated on the surface of an
MH agar plate three times, rotating the plate by 60° each time to
spread the bacterial solution as evenly as possible. Finally, a cir-
cle was spread along the inner wall of the plate for 5 min. The
drug-containing filter paper was placed on the agar surface of the
petri dish with sterile tweezers, and the name of the drug solution
was marked outside the petri dish. The plate was then covered,
inverted in a 35 °C incubator, and cultured. Penicillin and ceftaz-
idime solution were used as positive controls, and 0. 9% sodium
chloride solution was used as a negative control. After 24 h, the
growth of bacteria was observed, and the diameter of inhibition
zone was measured.

2.7 Calculation of index comprehensive score The extract
yield, berberine hydrochloride content, and inhibition zone diame-
ter in the concentrated extraction were determined under various
conditions of orthogonal test.

Comprehensive score was calculated according to the follow-
ing formula; Comprehensive score = ( Extract yield/ Maximum
extract yield) x25% + ( Berberine hydrochloride content/Maxi-
mum berberine hydrochloride content) x 25% + ( Bacteriostatic
ring diameter score/Maximum bacteriostatic ring diameter score) X

50% . And the comprehensive score was statistically analyzed.

3 Results and analysis

3.1 Berberine content determination Fig. 1 showed that both
berberine hydrochloride reference substance and test solution ex-
hibited a berberine chromatographic peak at about 16 min, while
the negative control had no interference. The methodological re-
sults demonstrated that berberine exhibited a good linear relation-
ship within the range of 0. 602 —6. 020 pg, with a linear regres-
sion equation (R> =0.999 9). The precision RSD of this method
was 0.61% (n=6), and the recovery rate was 98.4%.

3.2 Antimicrobial susceptibility test in vitro The results of
in vitro antibacterial rate test are presented in Fig. 2. The Com-
pound Coptis Ointment extract had a significant inhibitory effect on

S. aureus, E. coli and P. aeruginosa.
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Note: A. Berberine hydrochloride reference solution; B. Sample solu-
tion; C. Negative control solution.
Fig.1 HPLC diagram for the specificity of the determination meth-
od of berberine hydrochloride content

3.3 Optimum results of alcohol extraction process L, (3*)
orthogonal experimental design was employed to investigate the

Table 2 Alcohol extraction orthogonal test

alcohol extraction process of drugs. The results are shown in
Table 2.

Note: A. Antibacterial effect of Staphylococcus aureus; B. Antibacterial

effect of Escherichia coli; C. Antibacterial effect of Pseudomonas
aeruginosa.

Fig. 2 Antibacterial effect of Compound Coptis Ointment extract
in vitro

The data in Table 2 were processed to obtain Table 3. Using
the comprehensive score as the evaluation index, the range R and
variance analysis showed that the order of factors affecting the re-
flux effect was C > A >D >B. Therefore, the experimental condi-
tions of A;B,C,D, were determined to be better. According to the
results of comprehensive indices, the optimal reflux extraction
conditions of Compound Coptis Ointment were determined as fol-
lows: 1.5 times the amount of 70% ethanol for 2 h, and then 6
times the amount of 70% ethanol for 2 times, 1 h each time.

Test No. A B C D Extraction Determination of Inhibition zone Conflation
rate // % berberine hydrochloride /%  diameter (fraction)

1 1 1 1 1 25.61 1.42 2.6 44.88
2 1 2 2 2 26.22 3.15 3.8 61.09
3 1 3 3 3 28.02 2.64 5.9 72.02
4 2 1 2 3 27.74 3.41 5.4 72.87
5 2 2 3 1 26.96 4.89 6.6 86.55
6 2 3 1 2 24.40 2.51 4.3 53.35
7 3 1 3 2 26.37 3.33 8.8 90.55
8 3 2 1 3 25.46 2.79 4.1 60.28
9 3 3 2 1 24.15 3.18 6.3 73.60
Comprehensive score K, 177.99  208.30  164.19  205.03

K, 218.45  207.92  207.56  210.67

K; 224.43 204. 65 249.12 205.17

R 46.440 3.650 84.93 5.64

Note: The diameter of bacteriostatic ring (0 =3 e¢m) is uniformly divided into 0 — 10 points.

Table 3 Analysis of variance of comprehensive score

Source of error  Square sum of deviations F P
A 425.494 0 158.504 9 <0.01
B 2.684 4 1.000 0 -
C 1 202.366 2 447.905 0 <0.01
D 6.897 7 2.569 5 >0.05

3.4 Validation test of optimum experimental conditions

Three verification tests were carried out according to the final ex-
traction process, and the extract yield, berberine hydrochloride
content and bacteriostatic ring diameter were determined. The ver-

ification test showed that the optimized process had good repeat-

ability. The yield of extract was 28.32% +0.53% , the content of
berberine hydrochloride was 4. 68% +0.45% , and the diameter of
bacteriostatic ring was (2.5 £0.2) cm. The bacteriostatic effect
was remarkable.

4 Discussion

The treatment of skin ulcers in western medicine mainly focuses on
wound infection prevention and treatment and wound protection,
which is insufficient compared to the treatment of traditional
Chinese medicine. For instance, long-term use of systemic antibi-
otics can lead to drug resistance. In China, there are few clinical
studies and applications on the external treatment of skin ulcers,
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especially for large-scale trauma. Surgical debridement and skin
grafting are often used for patients with intractable pain and high
economic costs. The use of various dressings and long treatment
courses can lead to poor clinical efficacy.

Compound Coptis Ointment is a traditional Chinese medicine
with dermatological characteristics. In clinical practice, it is com-
monly used to treat skin diseases such as siltation dermatitis, ecze-
ma, herpes disease, frostbite, severe drug eruption, gangrenous
pyodermatitis, radioactive dermatitis, and bedsore. The clinical
efficacy has been unanimously accepted by patients. Rhizoma Cop-
tidis and Cortex Phellodendri have the effect of clearing away heat-
evil, eliminating dampness, and detoxification. Modern medical
studies have shown that Rhizoma Coptidis and Cortex Phellodendri
have strong inhibitory effects on S. aureus, E. coli, B. anthracis,

[13-18] " Recent research shows that angelica has

and S. hemolyticus
the function of regulating platelets and anticoagulation, and fresh
rehmannia has anti-inflammatory and anti-allergic effects and in-
hibits the growth of various fungi''”’. Radix Angelica Sinensis and
Radix Rehmanniae have antibacterial, anti-inflammatory, moistur-
izing, and astringent effects, and their components are mainly con-
densed tannins, which are clinically safe. Curcumin has such
effects as lowering lipids, inhibiting platelet aggregation, and en-

[18-19 ! .
', Curcumin and angelica

hancing the activity of plasminogen
can promote blood circulation and remove blood stasis. Modern
pharmacological studies have shown that drugs promoting blood cir-
culation and removing blood stasis can improve the microcircula-
tion of ulcer surfaces and promote wound healing* "'
Currently, the active ingredients in medicinal powder are not
only low in content but also difficult to control microorganisms,
leading to unstable quality standards and inconvenient dressing
changes. To better apply Compound Coptis Ointment to clinical
practice, this study deeply analyzed the effective components con-
tained in medicinal materials and combined them with efficacy in-
dices to objectively compare the effects of different reflux condi-
tions on the extraction of effective components. Further pharmaco-
logical and pharmacodynamic studies were carried out to develop
the traditional prescription into a new Chinese medicine with high

efficiency, stability, and convenience.

5 Conclusions

The optimized extraction process is rational and reliable, suitable
for preparation production. The multi-index design, combining
chemical and biological activities, provides a methodological refer-
ence for the optimization of the extraction process of classical herb-

al prescriptions.
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