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Abstract

[ Objectives | To study the coating process of paeonol sustained release pills by extrusion-spheronization method taking ethyl cellu-

lose as the coating material. [ Methods] Paeonol pills were made by Auari AW-95 Full Automatic Pill Making Machine. Coating of paeonol
sustained release pills was prepared by Auari Mini Pill Polishing Machine. The prescription and process factors of paeonol sustained release

pills coating were investigated by single factor experiment and orthogonal experiment. The release of paeonol sustained release pills was deter-

mined according to the cumulative release curve of paeconol. [ Results] The prepared paeonol sustained release pills released slowly within 24

h, and the release rate reached 80% in 12 h. [ Conclusions]| The prepared paconol sustained release pills basically meet the 24 h sustained

release standard, and can be further developed and applied.
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1 Introduction

Paeonol ( Pae, 2’-Hydroxy-4’-methoxyacetophenone ) with chemi-
cal formula of C4H,,0,, is a natural phenolic compound. It is iso-
lated from root bark of Ranunculaceae plant peony ( Paeonia suf-
Sruticosa) and whole plant Asclepiadaceae plant Cynanchum pan-
iculatum. Due to the unique phenolic and ketone structure of pae-

onol, modern biological science studies have shown that it has a

wide range of biopharmaceutical activities'' ™ | such as lowering
blood sugar'”, antibacterial and anti-inflammatory® ™"’ | anti-al-
el promoting microcirculation

[15-17]

lergic, antipyretic and analgesic

[14]

cardiovascular protection' "',  anti-atherosclerosis anti-

[18-19]

tumor anti-thrombotic, anti-arrhythmic, anti-liver injury

and liver fibrosis* "

and other pharmacological effects.

At present, domestic and foreign research on diabetes mainly
focuses on chemical drugs, mainly traditional chemical hypoglyce-
mic drugs such as metformin and acarbose. As an active compo-
nent of traditional Chinese medicine, paeonol can be well ab-
sorbed in the intestinal tract. Ha Do Thi et al. ™ found that pae-
onol, an active component of Moutan Cortex, can up-regulate the
AMPK signaling pathway and improve glucose uptake and glycogen
synthesis in human liver cancer cells ( HepG2), and concluded
that paeonol can activate the AMPK pathway and has great poten-
tial to reverse the metabolic abnormalities associated with type 2
diabetes. Wang Lijing et al. "' found that paeonol could reduce
the insulin resistance of rat aortic endothelial cells (RAECs) and
promote the uptake of glucose by RAECs.

At present, most of the hypoglycemic drugs on the market are
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to maintain the body’s blood sugar, which requires long-term med-
ication. Therefore, low toxicity, effectiveness and long-term use
have become the focus of hypoglycemic drugs. Traditional Chinese
medicine has high safety, little toxic and side effects, and can be
used for a long time. Therefore, it is of great significance to ex-
plore new hypoglycemic drugs that can be taken for a long time
from traditional Chinese medicine. Paeonol has significant hypo-
glycemic effect, and its half-life is short, about 1.03 h, it is very
suitable for making sustained release preparations. However, there
are no sustained release pills with hypoglycemic effect on the mar-
ket. Therefore, we used the extrusion-spheronization method to
prepare paeonol pills. Then, using hydroxypropyl methylcellulose
as the isolation layer, ethyl cellulose as the coating material, and
prepared paeonol sustained release pills by coating with Auari
Mini Pill Polishing Machine. According to the cumulative release
curve of paeonol, we determined whether the release rate of pae-
onol sustained release pills meets the standard. Therefore, it is of
great significance to prepare paeonol sustained release pills to im-
prove the bioavailability and stability of paeonol, so as to exert the
new clinical application of paeonol on diabetic cardiomyopathy,
and provide a certain reference for the future research on paeonol

sustained release pills.

2 Materials and methods

2.1 Materials

2.1.1 Instruments. FCR1001-UF-P heat-free ultra-pure water
system (Qingdao Flom Technology, China); OTS-800 oil-free air
compressor (Taizhou Otus Industry and Trade Co. , Ltd. , China) ;
BY-300 Auari Mini Pill Polishing Machine ( Wenling Aoli Tradi-
tional Chinese Medicine Machinery Co., Ltd., China); GZX-
9023M electric blast drying oven ( Shanghai Boxun Industry &
Commerce Co. , Ltd. Medical Equipment Factory, China) ; ZRS-
8G intelligent release meter ( Tianjin Tianda Tianfa Technology
Co. , Lid. , China); UV-1800 ultraviolet-visible spectrophotome-
ter (Shanghai Mapada Instrument Co. , Ltd. , China) ; EL 20 pH
meter ( Mettler-Toledo Instrument Co. , Ltd. , Swiss) ; Auari AW-
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95 Full Automatic Pill Making Machine ( Wenling Aoli Traditional
Chinese Medicine Machinery Co., Ltd., China); SQP analytical
balance (Sartorius Scientific Instrument GmbH. , Germany).
2.1.2 Reagents. Paeonol Active Pharmaceutical Ingredient
(API) (Jinan Biobase Biotech Co. , Ltd. , batch No. ;202102130521 ) ;
corn starch ( Qufu Tianli Pharmaceutical Excipients Co. , TLid. ,
batch No. :20210317) ; dextrin ( Liaoning Dongyuan Pharmaceuti-
cal Co. , Ltd. , batch No. ;20210722) ; microcrystalline cellulose
( Huzhou Linghu Xinwang Chemical Co., Ltd., batch No. :
GB1886. 103-2015) ; lactose (Tianjin Fuchen Chemical Reagent
Factory, batch No. ;20210707 ) ; hydroxypropyl methyl cellulose
(Macklin, batch No. ;20210807 ) ; ethyl cellulose M70 ( Sinop-
harm Chemical Reagent Co. , Ltd. , batch No. ;20210523 ) ; PEG-
4000 ( Tianjin Fuchen Chemical Reagent Factory, batch No. :
20210419) ; PVP (K30) (Tianjin Fuchen Chemical Reagent Fac-
tory, batch No. ;20210613 ) ; triethyl citrate ( Shandong Xiya
Chemical Technology Co. , Ltd. , batch No. :20210922) ; carmine
(Shanghai Dyestuff Research Institute Co., Lid., batch No. :
20210816 ) ; lemon yellow ( Tianjin Duofuyuan Industrial Co. , Lid. ,
batch No. ;20210807 ) ; talc powder ( Tianjin Kemiou Chemical
Reagent Co., Ltd., batch No. ;20210711 ); sodium hydroxide
(Tianjin Damao Chemical Reagent Factory, batch No. ;20210903 ) ;
disodium hydrogen phosphate ( Tianjin Damao Chemical Reagent
Factory, batch No. :20210703) ; potassium phosphate monobasic
( Tianjin Damao Chemical Reagent Factory, batch No. :
20210711) ; hydrochloric acid ( Nanchang Xinguang Fine Chemi-
cal Factory, batch No. ;20210628 ) ; absolute ethanol (Xilong Sci-
entific Co. , Ltd. , batch No. ;20210511) ; ultrapure water.

2.2 Methods

2.2.1

weighed a certain amount of paeonol according to the prescription

Preparation of paeonol sustained release pills. First,

amount, added a certain proportion of microcrystalline cellulose,
dextrin, lactose and starch and mixed well. Then, added appro-
priate 10% starch slurry and mixed to make soft material. Put the
prepared soft material into the desktop automatic pill making ma-
chine, and used the extrusion-spheronization method to make pae-
onol pills. Finally, put the pills into an oven and dried at 45 C
for 6 h to obtain paeonol sustained release pills.

2.2.2 General procedure of coating process. Coating process
generally includes two parts, namely, the coating of the isolation
layer and the coating of the slow-release layer. In previous prelim-
inary experiments, we have determined that the optimal process for
the isolation layer is 4% HPMC, 3% PEG4000 and 1.5% talc.
Based on this, we investigated the process of the sustained-release
layer coating. The investigation of the coating process of the sus-
tained-release layer adopted Auari Mini Pill Polishing Machine at
45° and 100 rad/min for coating. Finally, we evaluated whether
the cumulative release curve of paeonol within 24 h meets the
standard of General Rules 0931 Sustained Release Pills in Volume
IV of the Chinese Pharmacopoeia (2020 Edition) (2ol

2.2.3 Preparation of coating process isolation layer and sustained
release layer. First, took4% HPMC aqueous solution, added 3%

porogen PEG4000 to swell fully, then added an appropriate amount
of lemon yellow and 1.5% talc powder, fully stirred, and used it as
a coating solution for the isolation layer ™. Selected an appropriate
ethyl cellulose concentration and porogen concentration, added an
appropriate amount of triethyl citrate, used absolute ethanol to pre-
pare a slow-release solution for later use, added an appropriate a-
mount of carmine and 1. 5% talc after completely dissolving, and
stirred well to make a slow-release layer for later use™’.

2.2.4 Design of in wvitro release test. In accordance with the
General Rules 0931 Dissolution and Release Determination Method
1 (Stirring Basket Method) in Volume IV of the Chinese Pharma-
copoeia (2020 Edition) 21 took one pill to the stirring basket
separately used hydrochloric acid buffer solution of pH 1.2, the
phosphate buffer solution of pH 6.8, the phosphate buffer solution
of pH 7.8 — 8.0 and pure water as the dissolution medium, and
sampled 5 mL at a volume of 900 mL, a rotational speed of 100
rpm, and a temperature of 37 C at 0.5, 1, 2,4, 6, 8, 10, and
12 h, and replenished the same amount of release medium in
time, then filtered the sample to be tested with a microporous
membrane, and used the blank medium to make up the volume in
a 25 mL volumetric flask, and determined according to the ultravi-
olet-visible spectrophotometric method™".

2.2.5 Preparation of artificial gastric fluid, small intestinal fluid
and colonic fluid. These fluids were prepared in accordance with
General Rules: Release Rate and Release Medium in Volume IV
of the Chinese Pharmacopoeia (2020 Edition )™, Precisely
weighed 8. 33 mL of concentrated hydrochloric acid (36% ) and
diluted with pure water to a constant volume in a 1 000 mL volu-
metric flask, adjusted the pH with a pH meter to 1.2 to obtain ar-
tificial gastric fluid. Precisely weighed 250 mL of 0.2 mol/L po-
tassium phosphate monobasic solution and added 180 mL of 0.2
mol/L sodium hydroxide solution and mixed, diluted with pure
water to a constant volume in a 1 000 mL volumetric flask, and
adjusted the pH to 6.8 with a pH meter to obtain artificial small
intestinal fluid. Precisely weighed 5.5 g of potassium phosphate
monobasic and 0.41 g of disodium hydrogen phosphate, dissolved
with pure water, then mixed and diluted with pure water to con-
stant volume in a 1 000 mL volumetric flask, and adjusted the pH
to 7.8 —8.0 with a pH meter to obtain artificial colonic fluid.

3 Results and analysis

3.1 Single-factor experimental investigation of the sus-
tained-release layer coating formulation

3.1.1 Selection of coating materials. Based on literature research
and preliminary experiments in the early stage, we found that ethyl
cellulose has good stability in coating materials, a wide range of vis-
cosity (molecular weight) and good coating performance, can pro-
duce a coating layer with good toughness and not easy to wear,
which meets the standard of coating material. The characteristics of
ethyl cellulose make it widely used in drug sustained and controlled
release film coating. lts coating solution is simple to prepare, eco-

nomical and affordable, the coating process is simple, and the coat-
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ing film has low porosity and low strength. Thus, we selected ethyl
cellulose as coating material in this experiment.

3.1.2 Selection of porogen. In the coating solution, the type and
concentration of the porogen have a great influence on the release
rate of the drug. According to the previous literature research and
preliminary experiments, we selected 2% PEG4000, 2% PVP
(K30), 2% lactose, and 2% mannitol as porogens for investiga-
tion. The results showed that lactose and mannitol were insoluble
in absolute ethanol and the coating solution could not be success-
fully prepared. It can be seen from Fig. 1 that both PEG4000 and
PVP (K30) have good sustained-release effects, but because PVP
(K30) does not meet the expectations of sustained-release medi-
cation, we finally selected PEG4000 as the porogen material.
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Fig.1 Selection of porogen

3.2 Single factor experimental investigation of coating
process

3.2.1 Concentration of ethyl cellulose. Setting the concentration
of ethyl cellulose t0 2% , 4% , 6% , 8% , 10% , and 12% to pre-
pare a coating solution, we added a porogen PEG4000 at a con-
centration of 3% , and coated 10 layers to investigate its effect on
drug release. Among them, the coating solution prepared with eth-
yl cellulose concentration of 2% and 4% was not considered be-
cause too low concentration resulted in uneven coating and sticking
to the pan; the coating solution prepared with ethyl cellulose con-
centration of 12% coating solution was not considered because too
high concentration resulted in blocking the nozzle of the spray
gun. It can be seen from Fig.2 that there is no significant differ-
ence in the release rate of paeonol in the range of 6% to 10% for
ethyl cellulose concentration. Under comprehensive consideration,
we selected ethyl cellulose with a concentration of 6% as the main
material of the coating solution.
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Fig.2 Effects of ethyl cellulose concentration on drug release

3.2.2 Selection of porogen concentration. Setting the concentra-
tion of PEG4000 to 1% , 2% , 3% , 4% , and 5% to prepare the
coating solution, we added ethyl cellulose at a concentration of
6% , and coated 10 layers each to investigate its effect on drug re-
lease. As shown in Fig. 3, with the increase of porogen concentra-
tion, the drug release rate increased.
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Fig.3 Effect of porogen concentration on drug release

3.2.3 Coating layers. Setting4, 7, 10, 13, 16, 19 coating lay-
ers, we sprayed each layer of coating for 10 min to investigate its
effect on drug release. As shown in Fig. 4, with the increase of the

number of coating layers, the release rate of the drug was obvious-
ly slowed down.
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Fig.4 Effect of coating layers on drug release

3.3 Experimental investigation of orthogonal factors for
coating process

3.3.1 Orthogonal experiment. Taking the 8 h drug release rate
(90% ) and pill weight difference RSD (10% ) as evaluation indi-
cators, we designed an orthogonal experiment with 3 factors and 3
levels'™’ to investigate the significance of the concentration of eth-
yl cellulose, the concentration of porogen and the number of coat-
ing layers on the coating process (Table 1).

Table 1 Factors and levels of orthogonal experiment for coating process

Factor
Level A (EC B (porogen C (coating
concentration) /%  concentration) // % layers)
1 2 1 4
2 6 3 8
3 10 5 12

From the visual analysis of Table 2 and Table 3, it can be
seen that the effect of EC concentration (A), porogen concentra-
tion (B), and coating layer number (C) on drug-loaded pills is A
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> C > B, that is the EC concentration ( A) has the greatest effect,
and the number of coating layers (C) has the least effect. From
Table 3, it can be known that the Sig values of the methylcellulose
concentration and the number of coating layers are all less than
0.05, so these two factors are significant. Through comprehen-
sively considering the results of range and variance analysis, we
selected the paeonol drug-loading layer process as A,B,C,, that
is, 6% EC, 1% porogen, and 8 coating layers.

Table 2 Results of orthogonal experiment for coating process

Experiment . RSD 8 h release
No. A B C - (10% ) rate Results
(90% )
1 1 1 1 1 7.2 95 0.86
2 1 2 2 2 6.9 81 0.74
3 1 3 3 3 6.5 88 0.80
4 2 1 2 3 3.5 69 0.62
5 2 2 3 1 3.7 55 0.50
6 2 3 1 2 3.4 95 0.86
7 3 1 3 2 3.7 36 0.32
8 3 2 1 3 3.2 63 0.57
9 3 3 2 1 3.5 57 0.52
K, 0.800 0.600 0.763 0.627
K, 0.660 0.603 0.627 0.640
K 0.470 0.727 0.540 0.663
R 0.330 0.127 0.223 0.036
Table 3 Results of variance analysis
I sums of Mean
sqllllares b sqjjre F Sig
Corrected model ~ 0.266 a 6 0.044 45.214 0.022
Intercept 3.735 1 3.735 3811.703 0. 000
A 0.161 2 0.080 81.924 0.012
B 0.031 2 0.015 15. 605 0.060
C 0.075 2 0.037 38.113 0.026
Error 0.002 2 0.001
Total 4.003 9
Corrected total 0.268 8

3.4 Release of paeonol sustained release pills in different re-
lease media We set pH 1.2 phosphate buffer solution, pH 6.8
phosphate buffer solution, pH 8. 0 phosphate buffer solution and
pure water to investigate the drug release medium. From Fig.5, it
can be seen that different release media have no obvious effect on
the release of paeonol sustained release pills.

3.5 Verification of coating process of paeonol sustained re-
lease pills

pills in accordance with the method in Section 2.2.1, measured

We prepared 3 batches of paeonol sustained release

the drug release at each time point, and plotted the drug release
curve. Fig. 6 shows that the drug is released completely at 12 h
and maintains a certain drug concentration within 12 h thereafter,
without a significant downward trend, which meets the drug re-
quirements of the Chinese Pharmacopoeia (2020 Edition) for sus-
tained-release preparations. Therefore, the final optimal process

for paeonol sustained release pills is 6% EC, 1% PEG-4000, 8

coating layers, and a buffer solution with pH 6. 8 as the release

medium.
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3.6 Comparison with the 24 h release rate of the market
drug Metformin Hydrochloride Sustained Release Tablets
Each tablet of Metformin Hydrochloride Sustained Release Tablets
weighs 0.5 g. Compared with the 80 mg drug loading per pill in
this experiment, it is relatively much larger, and the slightly fluc-
tuating curve has little effect ( Fig. 7). The cumulative release
curve of paeonol sustained release pills in this experiment is simi-
lar to it, which is in line with the in vitro release curve of Met-
formin Hydrochloride Sustained Release Tablets, and can be ap-
plied to clinical research.
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Fig.7 Cumulative release curve of Metformin Hydrochloride Sus-
tained Release Tablets

4 Discussion

Taking ethyl cellulose as coating material, we used Auari Mini Pill
Polishing Machine to prepare paeonol sustained release pills. The
paeonol release test also well proves that the prepared paeonol sus-
tained release pills have a certain sustained-release effect, no ob-
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vious burst release phenomenon, and meet the drug efficacy re-
quirements of sustained-release preparations. It is found that
adding a small amount of talcum powder in the ethyl cellulose so-
lution can well prevent the adhesion between the coated pills.
Through multiple release experiments, we found that the cumula-
tive release curve sometimes has a downward trend. Using market
drug Metformin Hydrochloride Sustained Release Tablets, we car-
ried out a release experiment for comparison. It can be seen that
even commercially available products will have a decrease in con-
centration. Therefore, it is inferred that this phenomenon is an un-
controllable phenomenon and has no effect on the experimental re-
sults. In addition, the cumulative release curves of paeonol sus-
tained release pills and Metformin Hydrochloride Sustained Re-
lease Tablets showed a similar trend. Therefore, the study of pae-
onol sustained release pills has certain clinical significance. This
study is expected to provide a certain reference for the future study
of paeonol sustained release pills, and also to provide some refer-
ence and basis for the development of new antidiabetic prepara-
tions of traditional Chinese medicine.
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