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Purpose: The effective treatment of ulcerative colitis (UC) poses substantial challenges, and 
the aetiopathogenesis of UC is closely related to infectious, immunological and environ-
mental factors. Currently, there is a considerable need for the development of orally 
bioavailable dosage forms that enable the effective delivery of therapeutic drugs to local 
diseased lesions in the gastrointestinal tract.
Methods: Berberine (BBR) and Atractylodes macrocephala Koidz (AM) volatile oil, 
derived from the Chinese herbs Coptis chinensis Franch and Atractylodes macrocephala 
Koidz, have anti-inflammatory and immunomodulatory activities. In this study, we prepared 
colon-targeted pellets loaded with BBR and stomach-targeted pellets loaded with AM 
volatile oil for the synergistic treatment of UC. The Box–Behnken design and β- 
cyclodextrin inclusion technique were used to optimize the enteric coating formula and 
prepare volatile oil inclusion compounds.
Results: The two types of pellets were spherical and had satisfactory physical properties. 
The pharmacokinetic results showed that the AUC and MRT values of the dual-targeted 
(DPs) pellets were higher than those of the control pellets. In addition, in vivo animal 
imaging confirmed that the DPs could effectively deliver BBR to the colon. Moreover, 
compared with sulfasalazine and monotherapy, DPs exerted a more significant anti- 
inflammatory effect by inhibiting the expression of inflammatory factors including IL-1β, 
IL-4, IL-6, TNF-α and MPO both in serum and tissues and enhancing immunity by 
decreasing the production of IgA and IgG.
Conclusion: The DPs play a synergistic anti-UC effect by exerting systemic and local anti- 
inflammatory and provide an effective oral targeted preparation for the treatment of UC.
Keywords: ulcerative colitis, oral dual-targeted pellets, synergistic treatment, berberine, AM 
volatile oil

Introduction
Ulcerative colitis (UC), known as chronic nonspecific ulcerative colitis, is 
a chronic and debilitating inflammatory disease that results from a complex 
interplay between infectious, immunological, environmental and microbial 
factors.1 The main clinical manifestations of UC are digestive system symptoms 
and difficulty healing, for as long as several months to decades.2,3 Depending on 
the duration and extent of inflammation, long-standing UC patients (~18%) have 
a much higher risk of developing colitis-associated colorectal cancer (CAC).4–6 

At present, adrenal corticosteroids (prednisone) and aminosalicylic acid (mesa-
lazine) are commonly used drugs for the treatment of UC, but these drugs can 
only relieve symptoms and often have many side effects. In addition, the 
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effectiveness and safety of other reported drugs, such as 
immunosuppressive agents (azathioprine), vary greatly 
among different individuals.7 Therefore, there is 
a considerable need to develop expedient and practical 
formulations that can effectively treat UC.

Atractylodes macrocephala Koidz (AM) has long 
been used to treat gastrointestinal hypofunction.8 

Volatile oil contains volatile components extracted 
from AM and can improve gastrointestinal function, 
enhance body immunity and exert anti-inflammatory 
effects.9 However, the components of AM volatile oil 
are less stable and can easily decompose and deterio-
rate under the action of oxygen, light and heat. As 
reported, the technique of cyclodextrin inclusion can 
prevent oxidation and decomposition of the volatile oil 
and simultaneously make the liquid drug a powder, 
which can improve the drug stability during the pre-
paration and storage processes.10 Further pelleting of 
the inclusion complex can facilitate patient administra-
tion and mask undesirable odours of the volatile oil.

Berberine (BBR) is the active ingredient of Coptis 
chinensis Franch (CC) and can reduce the symptoms of 
colitis, attenuate mucosal barrier damage,11 and restore 
barrier function.12 However, BBR is a BCS class II com-
pound that exhibits low bioavailability when orally admi-
nistered and is mainly well absorbed in the intestine.13 

Therefore, it is necessary to improve the solubility and 
bioavailability of BBR and to facilitate targeted delivery of 
BBR to diseased colon tissues to enhance the local anti- 
inflammatory effect.

Dosage forms play an important role in the absorption 
and transport of oral preparations. However, clinical treat-
ments for UC are always absorbed or degraded before 
reaching the colon, leading to less accumulation in ulcer 
lesions and affecting efficacy. The oral colon-targeted drug 
delivery system (OCDDS) uses appropriate preparation 
technology to prevent the drug from being released in 
the stomach, duodenum, jejunum and front end of the 
ileum after oral administration.14,15 Thus, it can deliver 
drugs to the lesion and exert a local or systemic therapeu-
tic effect.16 There are various types of oral colon-targeted 
drug delivery systems, including pH type, enzymatic con-
tact type, time-dependent type, pressure control type, 
bioadhesive type, prodrug type, combination type, 
etc.17,18 At present, the varieties that have been on the 
market or entered clinical research are mostly coated 
with pH-dependent materials. In addition, pellets are 
a multiunit drug delivery system that can increase the 
contact area between the drug and gastrointestinal tract, 
promoting absorption and bioavailability.19 Therefore, the 
development of oral colon-targeted pellets may improve 
BBR oral bioavailability and colon targeting.

Currently, commercially available OCDDS are mostly 
of the pH-sensitive coating type based on the pH of the 
gastrointestinal tract (stomach 0.9–1.5, small intestine 6.5– 
7, colon 6.8–7.5).20 Directly marketed polymer materials, 
such as EUDRAGIT®L 30D-55 and EUDRAGIT®FS 
30D, with intrinsic pH-sensitive properties, are not suita-
ble for targeted drug delivery to the colon.21 Therefore, we 
optimized mixed polymer materials to allow the coated 
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preparation to release a large amount of the drug after 
reaching the colon.

In this study, BBR and AM volatile oils were loaded 
into colon-targeted pellets and stomach-targeted pellets, 
respectively, to prepare DPs for synergistic treatment of 
UC. After administration, BBR was released in the colon 
to exert a local targeting anti-inflammatory effect, while 
AM volatile oil was absorbed in the stomach to exert 
a systemic immunoregulatory effect. In this study, we 
optimized the pellet preparation process, characterized 
the pellet physicochemical properties and evaluated colo-
nic targeting. In addition, the pharmacokinetic character-
istics of DPs in rats were detected. A DSS-induced rat UC 
model was constructed to investigate the pharmacody-
namic properties of the developed DPs. These results 
could substantially contribute to UC management and 
might provide a pharmaceutical strategy for the treatment 
of gastrointestinal diseases.

Materials and Methods
Materials
Atractylodes macrocephala Koidz volatile oil and Coptis 
chinensis Franch extract were purchased from Xi’an 
Xiaocao Plant Technology Co., Ltd. (Xi’an, Shanxi, 
China). Atractylenolide I (AT-1) and berberine hydrochlor-
ide standards were purchased from the National Institute 
for Food and Drug Control (Beijing, China). β- 
Cyclodextrin (β-CD) was purchased from Tianli 
Pharmaceutical Excipients Co., Ltd. (Qufu, Shandong, 
China). Microcrystalline cellulose (MCC) was purchased 
from Huzhou Linghu Xinwang Chemical Co., Ltd. 
(Huzhou, Zhejiang, China). Lactose was purchased from 
DMV-Fonterra Excipients GmbH & Co. KG (Goch, 
Germany). Crosslinking polyvinylpyrrolidone XL was 
purchased from Shanghai Yuanye Biological Technology 
Co., Ltd. (Shanghai, China). Tween 80 was purchased 
from Shanghai Lingfeng Chemical Reagent Co., Ltd. 
(Shanghai, China). EUDRAGIT® FS 30 D and 
EUDRAGIT® L 30D-55 were kindly donated by Evonik 
Röhm GmbH. (Darmstadt, Germany). Hypromellose 
(HPMC), triethylcitrate (TEC) and sulfasalazine (SASP) 
were purchased from Aladdin Reagent Co., Ltd. 
(Shanghai, China). Glycerine monostearate (GMS) was 
purchased from Alfa Aesar Chemical Co., Ltd. (Ward 
Hill, US). Dextran sulfate sodium salt (DSS, MV: 
36000~5000) was purchased from Shanghai Yisheng 
Biological Technology Co., Ltd. (Shanghai, China). Sulfo 

CY7 NHS ester was purchased from Xi’an Ruixi 
Biological Technology Co., Ltd. (Xi’an, Shanxi, China). 
HPLC-grade acetonitrile and methanol were purchased 
from Tedia Co., Ltd. (Shanghai, China). The other chemi-
cals and solvents used in the study were of analytical 
reagent grade.

Animals
Sprague-Dawley (SD) rats (male, 180 ± 20 g, Experimental 
Animal Center of Naval Medical University, Shanghai, 
China; certificate no. SCXK (Hu) 2017–0002) and BALC/c 
mice (male, 18 ± 2 g) were utilized for all the in vivo studies. 
The rats were acclimatized for at least 7 days. Animal experi-
ments were performed according to the protocols evaluated 
by the ethics committee of the Second Military Medical 
University (Shanghai, China) and conformed to the 
National Institutes of Health Guide for the Care and Use of 
Laboratory Animals.

Preparation of β-CD Inclusion Complex 
and Pellet Cores
The AM volatile oil/β-CD inclusion complex was first 
prepared to improve oxidative deterioration while masking 
the taste. At the same time, the solidification of the liquid 
drug also laid a foundation for the subsequent preparation 
of gastric coated pellets. The resulting product was ana-
lysed using differential scanning calorimetry (DSC) and 
X-ray powder diffraction (XRD) to confirm whether the 
inclusion was successful. The GPs and EPs cores were 
prepared using the extrusion-spheronization method. EPs 
cores coated with 4% HPMC as a sub coating layer (Sub- 
Ps) were also prepared for further coating. The enteric 
coating dispersion was prepared by mixing 
EUDRAGIT®FS 30D, EUDRAGIT® L 30D-55, GMS, 
TEC, Tween-80 and purified water. The coating process 
parameters are summarized in Table S1. For a more 
detailed description of the preparation process and char-
acterization parameters, see the Supplementary Material- 
Methods.

BBD-RSM-Based Enteric Coating 
Optimization
Polymer ratio, plasticizer concentration and coating weight 
gain are the three key factors that regulate the release rate of 
film-controlled pellets. Therefore, the range of values of each 
factor was determined by single-factor experiments in 
a previous study. Thereafter, a Box-Behnken design (BBD) 
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with a three-factor ratio of EUDRAGIT®FS 30D to 
EUDRAGIT®L 30D-55 (g/g, X1), plasticizer concentration 
(%, X2) and coating weight gain (%, X3) was used to optimize 
the enteric coating formula. This technology is suitable for 
the investigation of quadratic response surfaces, thus enabling 
optimization of a process with a small number of experimen-
tal runs. The design consists of replicated centre points and 
a set of points lying at the midpoint of each edge of the 
multidimensional cube that defines the area of interest.19

Response surface modelling (RSM) was performed 
with Design Expert 8.0 (StateEase Inc., Minneapolis, 
MN). Table 1 summarizes the factors and levels of inde-
pendent variables. The chosen dependent variables were 
the cumulative release percentage values of BBR dis-
solved in a determined time (after 2, 6 and 12 h).

Characterization of Pellets
Morphological Characterization
Pellet size was represented by the average of the length 
and breadth values determined using a digital Vernier 
calliper (Shanghai Meinaite Industry Co., Ltd. Shanghai, 
China). For each pellet type, 20 pellets were randomly 
characterized, and an average result was calculated.22 

The pellet size distribution of GPs and EPs was deter-
mined by the sieving method with diameters of 550–880 
μm (30–18 mesh) or 830–1400 μm (20–12 mesh). The 
results are shown as the percentage of each size fraction. 
Pellets coated with a thin gold layer were examined via 
scanning electron microscopy (SEM; HITACHI-S3400N, 
Japan) to analyse shape and surface morphology.23

Roundness, Friability and Bulk Density
Plane-critical stability (PCS) was used to reflect the roundness 
of the pellets. During the measurement, 20 g of the pellets 
were laid flat on a glass plate, and one end of the glass plate 
was slowly lifted. The critical angle (θ) of the plane formed by 
the inclined plane and the horizontal plane before the pellets 
start to roll is measured. The smaller the value of θ is, the better 
the roundness of the pellets.19

Pellet friability (Fr) was determined using 
a multipurpose tablet tester (78X-3C, Shanghai Huanghai 
Drug Testing Instrument Co., Ltd. Shanghai, China). 
Approximately 50 g of the two pellet types was weighed 
and added to an abrasion drum together with 200 glass 
beads (2 mm in diameter). The abrasion drum was rotated 
at 25 r/min for 10 min. The content of the abrasion drum 
was sieved using a 550 μm (30 mesh) or 830 μm (20 
mesh) sieve, and the fraction below 550 μm or 830 μm 
was weighed. Friability was measured in triplicate and 
calculated as follows.19

Fr %ð Þ ¼
Fraction <550μm gð Þ

Total sample
� 100 GPsð Þ

Fr %ð Þ ¼
Fraction <830μm gð Þ

Total sample
� 100 EPsð Þ

Bulk density was measured with 50 g of pellets, which 
were (M) weighed, placed in a 100 mL graduated glass 
cylinder and then dropped from 5 cm away from the 
table.24 The occupied volume (V) by the pellets was read 
precisely, and the bulk density (d) was obtained with the 
formula d = M/V. Three batches of pellets were measured 
in parallel.

Drug Loading Analysis Using HPLC and 
HPLC-QQQ-MS
Drug loading was defined as the percentage of drug 
embedded in a unit weight of pellets. Fifty milligrams of 
pellets were ground and dissolved in 50 mL of methanol. 
Then, the mixture was ultrasonicated and filtered through 
a 0.45 μm membrane filter. The samples were store at 4 °C 
for testing.25

For EPs, the BBR concentration was analysed using 
HPLC (Agilent 1200 series, USA). The mobile phase was 
composed of acetonitrile and water with 0.05 mol/L potas-
sium dihydrogen phosphate (adjusted with phosphoric acid 
to pH=3, 30/70, v/v). The flow rate and wavelength were 
set at 1 mL/min and 345 nm, respectively. For GPs, AT-1 
(the active ingredient in AM volatile oil) was 

Table 1 Factors and Their Levels in the Box-Behnken Design and Responses

Factors Levels Responses

−1 0 1

Ratio of EUDRAGIT®FS 30D to EUDRAGIT®L 30D-55 (g/g, X1) 1:2 1.25:1 2:1 Cumulative drug release in 2 h (%, Y1)
Plasticizer concentration (%, X2) 5 10 15 Cumulative drug release in 6 h (%, Y2)

Coating weight gain (%, X3) 10 15 20 Cumulative drug release in 12 h (%, Y3)
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quantitatively analysed using HPLC-QQQ-MS (Agilent 
Technologies Inc., USA). The mobile phase was composed 
of methanol and water with 0.1% (v/v) acetic acid (75/25, 
v/v). The other parameters were as follows: column tem-
perature, 35 °C; flow rate, 0.3 mL/min; dry gas (N2) 
temperature, 350 °C; nebulizer gas (N2) pressure, 20 psi; 
fragmentor voltage, 165 eV; collision energy, 35 eV; posi-
tive ion monitoring mode; and m/z = 231.1→128.1.

In vitro Drug Release Study
The pH dissolution method was used to evaluate drug 
release from pellets.26 The GPs quickly disintegrated com-
pletely in the artificial gastric juice, resulting in a high 
release rate (pH 1.2, cumulative release over 98% in 5 
min). The release of BBR from EPs was determined by 
using a ChP (2020 edition) dissolution apparatus II (basket 
method) at a rotation speed of 100 r/min in 750 mL of 
dissolution medium at 37 ± 0.5 °C under sink conditions. 
The dissolution test was performed as follows: pH 1.2 for 
2 h followed by phosphate buffer at pH 6.8 for 4 h and 
phosphate buffer at pH 7.6 for 18 h.27 The concentration of 
BBR in different samples was measured via HPLC after 
filtration (0.45 μm). The dissolution test for Sub-Ps and 
EPs was carried out six times.

In vivo Imaging-Based Colon-Targeted 
Study of EPs
To investigate the transport and release characteristics of 
EPs in the mouse gastrointestinal tract, the mice were 
administered fluorescein-containing EPs (during the pre-
paration of the pellet core, CY7 aqueous solution was used 
instead of water as a wetting agent) or uncoated pellet 
cores. Then, the mice were anaesthetized with isoflurane 
and fixed in an imaging apparatus (Quick View 3000, Bio- 
Real Sciences Technology Co., Ltd. Austria) at predeter-
mined time points (0 h, 1 h, 2 h, 4 h, 6 h, 8 h, 10 h) after 
administration. The excitation light wavelength was set to 
655 nm, the emission light wavelength was 716 nm, and 
the exposure time was 3 s.28

In vivo Pharmacokinetics Study
The rats were fasted for 12 h with free access to water and 
were randomly sorted into two groups, with three rats in 
each group. The two groups were given DPs or bulk 
pharmaceutical chemicals (BPC, a mixture of BBR and 
AM volatile oil) by means of oral administration at doses 
of 200 mg/kg BBR and 50 mg/kg AT-1. Blood samples 

were collected from the rats via the eye retro-orbital vein 
at specific intervals of 0, 0.5, 1, 2, 4, 6, 8, 10, 12, 18, 21, 
24, 27, 30, 33, 36, 42, 48 and 54 h. The blood samples 
were immediately subjected to centrifugation (Eppendorf 
(China), Ltd. Shanghai, China) at 3000 rpm for 15 min. 
The supernatant was then kept in a freezer at −20 °C for 
further analysis. Before analysis, plasma samples were 
protein precipitated with methanol and acetonitrile and 
dried with nitrogen at 40 °C. The sample was reconstituted 
in 100 μL methanol and centrifuged before HPLC-QQQ- 
MS analysis.

Standard methods were used to calculate the pharma-
cokinetic parameters AUC, half-life (t1/2) and MRT using 
Kinetica 5.0 software (Thermo Fisher Scientific Inc. 
Waltham, MA, USA). Cmax and Tmax were directly com-
puted from the plasma concentration versus time plot. 
Furthermore, the relative bioavailability (Frel) with refer-
ence to the AUC of the developed DPs group compared to 
the BPC group was calculated using the equation given 
below.29

Frel
AUCA

AUCB � 100% 

where Frel is the relative bioavailability and AUCA and 
AUCB are the areas under the drug concentration-time 
curves of DPs (test) and BPC (reference), respectively.

The concentrations of BBR and AT-1 in plasma were 
also determined using HPLC-QQQ-MS. The mobile phase 
was composed of acetonitrile (phase A) and water with 
0.1% (v/v) acetic acid (phase B). For BBR, m/z 
=336.2→320.2, and the operating parameters were set as 
follows: nebulizer gas (N2), 20 psi; fragmentor voltage, 
155 eV; collision energy, 30 eV; and drying gas (N2) 
temperature, 320 °C. For AT-1, the mobile phase ratio 
was A:B=75:25, and the remaining parameters were the 
same as before.

Anti-Ulcerative Colitis Analysis
Induction of a UC Rat Model and Experimental 
Design
UC was induced by replacing the rats’ drinking water with 
a 5% (w/v) DSS solution for 7 days according to 
a previously described procedure.30 Eighty rats were ran-
domly divided into eight groups: Group A (normal control 
group) received tap water for 14 days; Group B (model 
control group) received DSS (5% w/v) in drinking water 
for 6 days, after which the animals received regular tap 
water for 7 days; and Group C received DSS (5% w/v) 
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water for 6 days followed by treatment with sulfasalazine 
(SASP suspended in 0.5% w/v normal saline, 100 mg/kg). 
Groups D-H received DSS (5% w/v) similar to group 
C. Group D received GPs (equivalent to 50 mg/kg AT-1), 
group E received EPs (equivalent to 200 mg/kg BBR) for 
7 days after DSS administration, and group F-H received 
DPs (equivalent to 50 mg/kg AT-1 and 50, 100, 200 mg/kg 
BBR) for 7 days after DSS administration. The rats were 
treated once per day P.O. for 7 days (groups A and 
B received normal saline instead of treatment drug), and 
their body weight was recorded daily. The beginning of the 
UC model induction was considered day 1. Rat body 
weight was recorded daily. Blood samples collected from 
the rats via the eye retro-orbital vein were used to deter-
mine IL-1β, IL-4, IL-6, TNF-α, MPO, IgA and IgG con-
centrations. The rats were sacrificed by cervical 
dislocation on day 14. The colon length was measured 
from the ileocaecal junction to the anal verge. After that, 
the colon tissues were collected for scoring, gross mor-
phology, histopathological analysis and determination of 
the expression levels of various inflammatory factors. In 
addition, the spleen and thymus were isolated to calculate 
the spleen and thymus index.

Colon/Body Weight Ratio
The dissected colon tissues were opened longitudinally 
along the mesenteric edge and washed with ice-cold phy-
siological saline to remove luminal content before weigh-
ing. The colon/body weight ratio (C/B ratio) was an index 
used to quantify the inflammation and was calculated as 
a quotient of the 10-cm colon wet weight compared with 
the total body weight of each rat.31

Evaluation of Clinical Colitis Activity
The clinical activity of colitis, including weight loss, 
stool consistency and rectal bleeding, was evaluated to 
confirm the disease activity index (DAI). The DAI was 
determined by calculating the average of the above three 
parameters on a scale of 0–4 based on the criteria shown 
in Table S3.32–34

Assessment of Macroscopic Injury
For assessment of macroscopic injury, the whole distal 
colon was examined by an independent observer who 
was unaware of the research groups. The criteria and 
scale employed to grade macroscopic injury are described 
in Table S4.35,36

Histological Evaluation
A histological scoring system was used to evaluate micro-
scopic colonic changes. Colon tissue samples of 1 cm cut 
from the distal colon were prepared as a “Swiss roll” for full- 
length histopathology evaluation. The “Swiss roll” of each 
group was immersed in 10% neutral formaldehyde and sub-
sequently embedded in paraffin. Sections of 5 μm thickness 
were stained with haematoxylin and eosin (H&E) to assess 
the degree of inflammation. The slides were then examined 
in a blinded fashion by a pathologist based on a scale that 
graded the presence of oedema, erosion-ulceration, crypt 
damage and inflammatory area percentage using a standard 
light microscope as described previously. The basis of 
inflammation scoring based on assessment of microscopic 
(100×) histological changes is shown in Table S5.37,38

Determination of IL-1β, IL-4, IL-6, TNF-α, IgA, and 
IgG Levels and MPO Activity
Cytokines are considered crucial signals in the intestinal 
immune system, and immune cells, such as T cells, den-
dritic cells, macrophages, and intestinal epithelial cells, 
are involved in the secretion of various cytokines that 
regulate the inflammatory response in UC.39 Thus, the 
levels of IL-1β (Multi Sciences Rat IL-1β ELISA Kit, 
Hangzhou, China), IL-4 (Multi Sciences Rat IL-4 ELISA 
Kit, Hangzhou, China), IL-6 (Multi Sciences Rat IL-6 
ELISA Kit, Hangzhou, China) and TNF-α (Thermo 
Fisher Rat TNF-α ELISA Kit, Vienna, Austria) in the 
serum and colon tissue samples were determined accord-
ing to the manufacturer’s instructions using the appro-
priate ELISA Kits. MPO (Cusabio Rat MPO ELISA Kit, 
Wuhan, China), IgA (Multi Sciences Rat IgA ELISA Kit, 
Hangzhou, China) and IgG (Multi Sciences Rat IgG 
ELISA Kit, Hangzhou, China) levels in the serum sam-
ples were also measured using commercially available 
ELISA kits according to the manufacturers’ instructions. 
One unit of MPO activity was defined as the quantity of 
enzyme able to convert 1 μmol of hydrogen peroxide to 
water in 1 min at room temperature. The results are 
expressed in U/g of tissue.

Statistical Analysis
All data are expressed as the mean ± SD, and statistical 
analysis was performed with SPSS 20.0 statistical soft-
ware. Comparisons between groups of parametric data 
were made using one-way analysis of variance (ANOVA) 
followed by Bonferroni’s test. Nonparametric statistical 
analysis was performed with a Kruskal–Wallis test 

https://doi.org/10.2147/DDDT.S322702                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 4110

Tang et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com/get_supplementary_file.php?f=322702.docx
https://www.dovepress.com/get_supplementary_file.php?f=322702.docx
https://www.dovepress.com/get_supplementary_file.php?f=322702.docx
https://www.dovepress.com
https://www.dovepress.com


followed by a Mann–Whitney test to assess differences 
between groups. A threshold of P < 0.05 was defined as 
statistically significant.

Results
BBD-RSM-Based Enteric Coating 
Optimization and Pellet Preparation
The experimental runs with independent variables and the 
observed responses for the 17 formulations are shown in 
Table 2. Based on the Box-Behnken model, the factor combi-
nations resulted in different drug release rates for EPs. The 
cumulative release rate within 6 h was very low (below 10%), 
indicating that the main limiting factor was the barrier action 
of the enteric coating. However, the cumulative release rate in 
PBS buffer (pH 7.6, 6–12 h) was much higher (more than 
70%). To determine the levels of factors that yield optimum 
dissolution responses, mathematical relationships were gener-
ated between the dependent and independent variables using 
the experimental design software Design-Expert 8.0. The 
resulting equations in terms of coded factors for all the 
responses are given as follows:

Y1 ¼ 3:72 � 0:57X1 � 0:20X2 � 0:15X3 þ 0:075X1X2

� 0:025X1X3 þ 0:075X2X3 � 0:22X1
2 � 0:073X2

2

� 0:22X3
2 R2 ¼ 0:9538
� �

(2) 

Y2 ¼ 13:46 � 2:48X1 � 0:81X2 � 3:21X3 þ 1:52X1X2

þ 0:43X1X3 þ 0:15X2X3 � 1:53X1
2 � 0:61X2

2

� 0:55X3
2 R2 ¼ 0:9844
� �

(3) 

Y3 ¼ 76:64 � 4:09X1 � 1:32X2 � 1:39X3 þ 0:93X1X2

þ 0:45X1X3 þ 0:47X2X3 � 0:23X1
2 þ 0:39X2

2

� 0:52X3
2 R2 ¼ 0:9324
� �

(4) 

Eqs. (2)–(4) represent the quantitative effect of the formu-
lation independent variables X1-X3 on the three dependent 
responses Y1-Y3, respectively. The independent values of 
X1-X3 were ascertained in Eqs. (2)–(4) to obtain the pre-
dicted values of Y1-Y3. Furthermore, the relationship 
between the independent variables and dependent vari-
ables was illuminated and analysed using the three- 
dimensional (3D) response surface and two-dimensional 
(2D) contour plots shown in Figure 1.

As seen from Figure 1, when X1, X2 and X3 increased, Y1, 
Y2 and Y3 increased as well. It was found that the ratio of 
EUDRAGIT®FS 30D to EUDRAGIT®L 30D-55 (X1), plasti-
cizer concentration (X2) and coating weight gain (X3) were 
significant factors affecting Y1, Y2 and Y3 (the cumulative drug 
release in 2 h, 6 h and 12 h). The model predicted Y1, Y2 and Y3 

values of 2.50, 6.34 and 70.92 when X1, X2 and X3 were 2.0, 
11.7 and 20.0, respectively. The results of three validation 
experiments showed that the predicted values and observed 
values were in reasonably close agreement (Table 3).40

Characterization of the β-CD Inclusion 
Complex
Figure 2A shows DSC curves of β-CD, volatile oil/β-CD 
physical mixture, volatile oil and the volatile oil/β-CD 
inclusion complex. The thermogram of β-CD showed 
a wide endothermic peak at approximately 145.48 °C, 
which referred to water release. There was another 
endothermic peak at approximately 314.24 °C, which was 
mainly related to the phase transition of β-CD. Volatile oil 
exhibited an endothermal effect peaking at approximately 
307.40 °C, which was attributed to the decomposition of the 
volatile oil. The thermogram of the physical mixture was 
similar to the superimposition of the individual thermo-
grams of β-CD and volatile oil. However, the thermogram 
of the inclusion complex exhibited a different pattern, and 
the two characteristic peaks of β-CD disappeared, indicat-
ing that water molecules in the cavity of β-CD were 
displaced.41 Furthermore, a new characteristic peak 

Table 2 Experimental Runs and Observed Response Values for 
the Box-Behnken Design

Run X1 X2 X3 Cumulative Drug Release (%)

Y1 Y2 Y3

1 2 10 20 2.5 6.5 70.38

2 1.25 15 20 3.2 8.1 73.27

3 1.25 10 15 3.9 13.9 77.69
4 2 5 15 2.9 7.8 72.50

5 1.25 10 15 3.6 12.7 76.84

6 0.5 10 10 4 17.1 82.28
7 2 15 15 2.7 9.5 73.78

8 1.25 15 10 3.2 14.6 75.05

9 2 10 10 3 11.7 72.33
10 1.25 5 10 3.8 16.8 80.66

11 1.25 10 15 3.9 14.3 76.84

12 1.25 10 15 3.6 12.9 75.56
13 0.5 10 20 3.6 10.2 78.54

14 1.25 5 20 3.5 9.7 77.01
15 0.5 15 15 3.8 11.8 79.22

16 1.25 10 15 3.6 13.5 76.24

17 0.5 5 15 4.3 16.2 81.68
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appeared at 277.49 °C, which we speculated was due to the 
occurrence of an intermolecular interaction that generates 
a new phase rather than the volatile oil and β-CD. All these 

results indicate that the volatile oil was wrapped in the 
cavity of β-CD.

X-ray powder diffraction can be used to determine the 
crystal type of crystal compounds. As shown in 
Figure 2B, β-CD exhibited many crystalline peaks 
between 5° and 50° (2θ =8.88, 12.47, 18.76 and 
27.05°), indicating that β-CD mainly existed in 
a crystalline form. Volatile oil showed a large broad 
peak, suggesting that it is in an amorphous state. The 
XRD pattern of the physical mixture showed approximate 
superimposition of the individual patterns of β-CD and 
volatile oil. The inclusion complex exhibited different 

Figure 1 Effect of variables (X1-X3) on the response (Y1-Y3): 3D response surface plots and 2D contour plots. X1: ratio of EUDRAGIT®FS 30D to EUDRAGIT®L 30D-55; X2: 
plasticizer concentration (based on dry polymer weight); X3: coating weight gain. Y1-Y3: cumulative drug release at 2 h, 6 h and 12 h. (A) the effects of X1 and X2 on Y1; (B) the effects 
of X2 and X3 on Y1; (C) the effects of X1 and X3 on Y1; (D) the effects of X1 and X2 on Y2; (E) the effects of X2 and X3 on Y2; (F) the effects of X1 and X3 on Y2; (G) the effects of X1 and 
X2 on Y3; (H) the effects of X2 and X3 on Y3; (I) the effects of X1 and X3 on Y3.

Table 3 Comparison Between the Observed and Predicted 
Responses of the Optimized Enteric Coating Layer

Evaluating 
Indexes

Observed Predicted Prediction Error 
(%)

Y1 2.63 2.50 5.47%

Y2 6.55 6.34 3.26%
Y3 73.24 70.92 3.27%
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main peaks (2θ =5.86, 8.98, 11.70, 17.44 and 21.06°) and 
distinctive peak patterns, with relatively broad bands 
compared with the physical mixture.41 The appearance 
of these new characteristic peaks indicated that the inclu-
sion complex was a new crystal form.

Characterization of Pellets
The WG (%), yield (%), RSDw (%) and coating loss (%) 
for GPs, sub-Ps and EPs are listed in Table S2. The results 
showed that the preparation process employed for GPs, 
Sub-Ps and EPs was reasonable and repeatable and that the 
process stability was admirable.

According to the naked eye and SEM observations, 
the GPs were white and spherical or ellipsoid, while the 
EPs were yellow and brown spheres with smooth and 
round surfaces (Figure 3A and C (a and b)). 
Investigation of the morphology of these two pellets 
indicated that both GPs and EPs have a uniform size, 
ideal narrow size distribution, regular round shape and 
smooth surface.

The obtained particle size distribution of the coated 
pellets is presented in Table 4. The majority of the GPs 
and EPs lay within the intervals 700–830 μm (24–20 
mesh) and 880–1180 μm (18–14 mesh). SEM images of 

Figure 2 Characterization of the β-CD inclusion complex using DSC (A) and XRD (B): (a) β-CD; (b) volatile oil/β-CD physical mixture; (c) volatile oil; (d) volatile oil/β-CD 
inclusion complex.

Figure 3 Physicochemical characterization of pellets. (A) Pellet size and shape observed by the naked eye. (a) GPs and (b) EPs (B) in vitro release profiles of Sub-Ps and EPs 
in different media (pH=1.2 for 2 h, pH=6.8 for 4 h, pH=7.6 for 18 h) (C) magnified scanning electron microscopy photograph of pellets. (a) Complete GPs and (b) complete 
EPs at 100×; (c) GPs cross-sections and (d) EPs cross-sections at 1000× in dissolution medium.
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pellet cross-sections showing the structure of the inner 
region of the pellets are presented in Figure 3C (c). The 
sub coating layer (Figure 3C (d)) and polymer layer can be 
clearly observed in the cross-section views, indicating that 
the pellet core had a compact structure with the polymer 
layer tightly coated on the core.

Roundness, friability and bulk density are three impor-
tant product quality requirements, and these parameters are 
presented in Table 5. The lower plane-critical angle and 
friability were related to the superior roundness and indi-
cated that both GPs and EPs had good rigidity to avoid 
being smashed during the fluid-bed coating procedure.

HPLC-QQQ-MS and HPLC content determination 
methods were established for BBR and AT-1 to calculate 
drug loading and in vitro drug release. The good linearity 
of the determination method and the RSD of intraday/ 
interday precision had a value smaller than 2% for each 
concentration level, which demonstrates good precision of 
the measurement. On this premise, the BBR and AT-1 
loading in EPs and GPs was 125.61 ± 0.1 mg/g and 
17.11 ± 0.16 mg/g, respectively.

The release profiles of the Sub-Ps and EPs are shown in 
Figure 3B. BBR release from the Sub-Ps without an enteric 
layer was immediate and almost complete within 4 h, demon-
strating that Sub-Ps are not appropriate for colon drug deliv-
ery. Sufficient acid resistance was achieved when the Sub-Ps 
were coated with an enteric coating layer optimized by BBD- 
RSM. The cumulative release of BBR in artificial gastric 

medium (pH 1.2) for 2 h was less than 5% and that in 
artificial intestinal medium (pH 6.8) for 4 h was less than 
10%. Exhilaratingly, almost 95% of BBR release occurred 
within 10 h thereafter in an artificial colonic medium (pH 
7.6). The increase in the pH of the dissolution fluid (pH 7.6) 
significantly accelerates the rate of dissolution.

In vivo Imaging-Based Colon-Targeted 
Study of EPs
The results of the in vivo targeting evaluation of EPs are 
shown in Figure 4. Compared with coated pellets, the 
uncoated fluorescent pellets showed large dot-like fluores-
cence 1–2 h after oral administration, indicating that they 
began to disintegrate after reaching the stomach. At 4–6 
h after oral administration, the entire small intestine treated 
with uncoated pellets was filled with fluorescence, indicating 
that most of the pellets had been disintegrated by this time. 
Eight to ten hours later, the fluorescence in the colon from the 
uncoated pellets gradually weakened due to their complete 
disintegration, and the fluorescein was quenched by the con-
tents of the intestinal tract. However, the segment of the 
intestine from the ileocaecal region to the end of the colon 
was filled with fluorescence after oral administration of 
enteric coated fluorescent pellets, which means that a large 
number of pellets disintegrated and released the drug.

In vivo Pharmacokinetics Study
A pharmacokinetic study in SD rats after oral administra-
tion of DPs and BPC was performed, and the mean plasma 
concentration-time curve was constructed as shown in 
Figure 5. Lists of the corresponding pharmacokinetic para-
meters are shown in Table 6. As shown in Figure 5A, AT-1 
can be quickly absorbed into the blood after oral adminis-
tration of BPC and DPs. The Tmax values of the two 
formulations were the same at 1.00 ± 0.00 h. The Cmax 

values of BPC and DPs were 109.49 ± 5.61 ng/mL and 
106.94 ± 11.43 ng/mL, respectively (P>0.05). These 
results indicate that inclusion of β-CD increases the solu-
bility and dissolution of active ingredients in volatile oils. 
However, the Tmax of AT-1 showed a “bimodal” phenom-
enon, indicating that there may be secondary absorption in 
the blood. Interestingly, the AUC0→t value in the DPs 
group increased slightly compared with that in the BPC 
group, and the relative bioavailability value was 153.13%. 
Furthermore, the pattern showed a consistent plasma con-
centration of AT-1, indicating higher bioavailability in the 
DPs group. In addition, the DPs group had a higher MRT 

Table 4 The Particle Size Distribution of GPs and EPs (n=3)

GPs EPs

Size 
Distribution 
(Mesh)

Mass 
Ratio (%)

Size 
Distribution 

(Mesh)

Mass 
Ratio (%)

<30 5 <20 7

30–24 18 18–20 11

24–20 65 14–18 61
20–18 8 12–14 16

>18 4 >12 5

Table 5 Physical Characteristics of GPs and EPs (n=3, Mean ± SD)

Parameters GPs EPs

Roundness (θ/°) 12.17±0.35 9.73±1.50

Friability (Fr/%) 3.87±0.65 4.67±0.45

Bulk density (g/cm3) 0.62±0.030 0.76±0.06
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value than the BPC group, which means that AT-1 release 
from the pellets exhibited a certain sustained release effect.

According to Figure 5B, the Tmax values of BBR in plasma 
from the BPC group and DPs group were 2.00 ± 0.00 and 
10.00 ± 0.00 h, respectively. Furthermore, the obvious time lag 
in the DPs group indicated that the coated pellets had a good 
controlled release and a colon-specific effect. The Tmax of both 
groups showed a “double peak” phenomenon due to entero-
hepatic circulation during BBR absorption.42 The Cmax of the 
DPs group was significantly different from that of the BPC 
group. The relative bioavailability in the two experimental 

groups was 121.38%, indicating a higher relative bioavailabil-
ity of the DPs. In addition, the plasma drug concentration-time 
curve was gentler, and the DPs group had a higher MRT value 
than the BPC group, indicating an obvious sustained release 
effect in the DPs group, which can better stabilize the blood 
drug concentration and thus increase bioavailability.

Anti-Ulcerative Colitis Analysis
Effect of UC on Body Weight
Figure 6 shows that the body weight of rats in healthy 
control group A slightly increased over time. All the DSS- 

Figure 4 In vivo imaging of fluorescent colon-targeted pellets in mice.

Figure 5 Pharmacokinetic profile of AT-1 (A) and BBR (B) in SD rats after oral administration of BPC and DPs at a single dose of 50 mg of AT-1 and 200 mg of BBR. Each 
value represents the mean ± SD (n = 3).
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induced groups showed the lowest body weight on day 7 
or day 8, and the haematochezia and diarrhoea symptoms 
were most severe on these two days in the experimental 
process, which indicated that the establishment of the UC 
model was successful. After day 8, the body weight of rats 
in almost all the DSS-induced groups showed an upward 
trend, indicating that each drug administration group had 
a certain effect on alleviating the weight loss caused by 
UC. Among them, the DPs medium-dose group G and 
SASP group C showed the most effectiveness.

Effect of DPs Administration on the Clinical Activity 
Score in DSS-Induced UC
As shown in Figure 7, for all the DSS-induced groups, 
the DAI score increased rapidly and consistently over 
the 6 days of the induction experiment. Starting on day 

7, all drug-receiving groups showed a decrease in 
inflammation severity after a lag time of 24 to 48 
h and a reduction in the DAI score. The maximum 
reduction was observed in the DPs medium- and high- 
dose groups on day 14. This reflects the efficacy of the 
prepared DPs, and a dose of 50 mg/kg AT-1 + 100 mg/ 
kg BBR in rats was inferred to be sufficient to achieve 
satisfactory therapeutic efficacy. In the case of group F, 
the DAI index was observed to be significantly lower 
than that of model group B on day 14 (Figure 8A), 
indicating a partial reversal of inflammation even at 
a dose of 50 mg/kg AT-1 + 50 mg/kg BBR. In addition, 
the DAI score of groups G and H was also found to be 
significantly lower (P<0.05) than that of SASP group C, 
indicating better efficacy of DPs against inflammation 
induced by UC. Nevertheless, in both groups A and B, 

Table 6 Pharmacokinetic Parameters of AT-1 and BBR Delivered by DPs and BPC After Oral Administration (n=3, Mean ± SD)

Parameters AT-1 BBR

BPC DPs BPC DPs

Cmax (ng/mL) 109.49±5.61 106.94±11.43 138.81±17.63 150.43±20.82

Tmax (h) 1.00±0.00 1.00±0.00 2.00±0.00 10.00±0.00
AUC0→t (ng·h/mL) 543.91±50.24 832.87±130.73 1588.79±160.65 1928.56±297.47

AUC0→∞(ng·h/mL) 547.34±51.74 839.04±134.06 1888.77±524.25 2393.53±418.88

T1/2 (h) 4.94±1.06 4.1±1.54 22.82±16.57 26.74±13.97
MRT (h) 6.38±0.66 8.75±0.91 26.36±16.91 36.05±12.29

Frel (%) - 153.13 - 121.38

Abbreviations: UC, ulcerative colitis; BBR, Berberine; CC, Coptis chinensis Franch; AM, Atractylodes macrocephala Koidz; DPs, dual-targeted pellets; OCDDS, oral colon- 
targeted drug delivery system; DSS, dextran sulfate sodium salt; AT-1, Atractylenolide I; β-CD, β-cyclodextrin; MCC, Microcrystalline cellulose; HPMC, Hypromellose; SASP, 
Sulfasalazine; BBD-RSM, Box Behnken design of a response surface methodology; GPs, Gastric coated pellets; Eps, Enteric coated pellets; Sub-Ps, EPs core coated with 4% 
HPMC as sub-coating layer; BPC, bulk pharmaceutical chemicals.

Figure 6 Time-dependent variations in body weight. (A) Control group, (B) model group, (C) SASP group, (D) GPs group, (E) EPs group, (F) DPs low-dose group, (G) DPs 
medium-dose group, (H) DPs high-dose group (n = 10).

https://doi.org/10.2147/DDDT.S322702                                                                                                                                                                                                                               

DovePress                                                                                                                                     

Drug Design, Development and Therapy 2021:15 4116

Tang et al                                                                                                                                                              Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 7 Clinical activity scores (DAI) throughout the entire experimental period. (A) Control group, (B) model group, (C) SASP group, (D) GPs group, (E) EPs group, (F) 
DPs low-dose group, (G) DPs medium-dose group, (H) DPs high-dose group (n = 10).

Figure 8 (A) Scoring of disease activity index (DAI) in each group, (B) The colon/body weight ratio, (C) scoring of colon mucosal damage index (CMDI) and (D) 
microscopic histological changes on day 14 (�x� s, n=10). Comparisons: **P<0.01 vs control group, ΔP<0.05, ΔΔP<0.01 vs model group, ▲P<0.05, ▲▲P<0.01 vs SASP group, 
□P<0.05, □□P<0.01 vs DPs low-dose group, ■P<0.05 vs DPs medium-dose group, **P<0.01 vs control group.
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the treatment was less effective in reducing the DAI 
score. This gives a clear indication that the DPs exhib-
ited enhanced efficacy compared with GPs or EPs 
monotherapy, which resulted in a markedly reduced 
DAI score.

Effect of DPs Administration on the Colon/Body 
Weight Ratio and Macroscopic Injury Score
As shown in Figure 8B, GPs administration did not 
exert a significant effect; however, in the other drug 
administration groups, the C/B ratio was significantly 
reduced.

The colon mucosal damage index (CMDI) is shown in 
Figure 8C. The results showed that the colorectal morphol-
ogy in the rats in the control group was normal, and the 
inner wall of the intestine was smooth and elastic. The 
colour of the intestinal wall in all the DSS-induced groups 
was dark red. Diffuse oedema and destruction of the 
mucous membranes appeared in all parts of the intestinal 
wall. The CMDI scores of the rats in each administration 
group were significantly different from those in the control 
group (P<0.01). Except for the EPs group, there were 
significant differences between each administration group 
and the model group (P<0.05), indicating that each treat-
ment administered had a certain effect in improving color-
ectal mucosal damage. The DPs medium-dose group had 
a lower score than the other administration groups, indi-
cating that a better therapeutic effect was observed in the 
DPs medium-dose group.

Effect of DPs Administration on Microscopic Colon 
Damage in DSS-Induced UC
H&E-stained colon tissue sections (Figure 9) show that 
rats in the control group had basically no abnormalities. 
Colonic epithelial cells were intact, crypts were arranged 
in order, and goblet cells were adequate, with no signs of 
inflammation or tissue morphological damage. However, 
in the other groups, obvious inflammatory cell infiltration 
was present in the colon. The mucosal epithelial cells fell 
off to varying degrees, goblet cells were decreased, and 
crypts were arranged disorderly. The model group showed 
a large area of deep inflammatory cell infiltration, gland-
ular deformation and goblet cell loss. The colon tissue 
mucosal epithelial lesions of the rats in each administra-
tion group were reduced to a different extent than those of 
the rats in the model group. Some small ulcers were still 
present, but the histopathological score (Figure 8D) for the 
colon was lower than that for the model group. The 
inflammation and lesions of the colon tissue in the DPs 
medium- and high-dose groups were significantly reduced. 
The crypts and glands were arranged in an orderly manner, 
indicating superior anti-inflammatory effects.

Effect of DPs Administration on Inflammatory 
Factors and Immunoglobulins
As shown in Figure 10, the expression level of IL-1β in the 
serum and tissues of rats in the DPs high-dose group was 
not significantly different from that in the control group, 
indicating that the rats had basically recovered under 

Figure 9 Pathological colon sections stained with H&E in each group (200 ×) (A) control group, (B) model group, (C) SASP group, (D) GPs group, (E) EPs group, (F) DPs 
low dose-group, (G) DPs medium-dose group, (H) DPs high-dose group.
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treatment with high-dose DPs. In the serum, except for the 
GPs group, each administration group showed a significant 
difference compared with the model group (P<0.01), indi-
cating that the effect of drug intervention was better than 
the effect of autologous recovery. The treatment with DPs 
in the medium/high-dose groups had significant effects on 
increasing the expression of IL-4 in serum and tissues 
(P<0.01), and the promotive effect of IL-4 expression in 
the medium-dose group was more obvious. The control 

group was only had significantly different from the model 
group, the EPs group and GPs groups (P<0.05), while the 
expression of IL-6 was clearly inhibited in the other 
groups. The expression level of IL-6 was more signifi-
cantly decreased in the DPs medium/high-dose groups 
(P<0.01). In addition, the expression level of TNF-α in 
the DPs groups was not significantly different from that in 
the control group (P>0.05) in either serum or tissue, indi-
cating that the DPs had a great effect on inhibiting the 

Figure 10 The effects of each treatment on the expression of inflammatory factors and immune-related indicators (�x� s, n=10). (A) Serum, (B) colon tissue, (C) serum. 
Comparisons: *P<0.05, **P<0.01 vs control group, ΔP<0.05, ΔΔP<0.01 vs model group, ▲P<0.05, ▲▲P<0.01 vs SASP group, □□P<0.01 vs DPs low-dose group, ■■P<0.05 vs 
DPs medium-dose group.
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expression of TNF-α. Additionally, there was a significant 
difference between the DPs medium dose, DPs high dose, 
SASP and model groups (P<0.01), indicating that the 
activity of MPO was effectively inhibited in all three 
groups. All the results showed that DPs have great anti- 
inflammatory effects, and the activity was even better than 
that of the positive control drug SASP and administration 
of EPs alone.

Compared with the control group, the spleen index and 
thymus index of the model rats were decreased, and the 
IgA and IgG levels in the serum were increased. 
Compared with the model group, the spleen index and 
thymus index of the rats in each DPs dose group were 
increased in a dose-dependent manner, and the IgA and 
IgG levels in the serum were also decreased in a dose- 
dependent manner.

In the present study, after treatment with AM volatile 
oil-loaded GPs, the expression levels of IgA and IgG were 
obviously decreased. However, the levels were still sig-
nificantly different from those in the healthy control group. 
To our satisfaction, the IgA and IgG concentrations in the 
DPs groups were decreased significantly. In particular, 
there was no significant difference between the DPs med-
ium/high-dose groups and the control group (P>0.05), 
suggesting that DPs can improve the immune function of 
rats with UC.

Discussion
Ulcerative colitis (UC) is a common autoimmune disease 
and is difficult to heal, or even lead to colon cancer in 
severe cases. At present, the clinical treatment of UC is 
still dominated by drug methods, while the commonly 
used chemotherapeutic drugs have some disadvantages 
that can only alleviate symptoms, and it is difficult to 
cure and the adverse reactions are obvious, which reduces 
the patient’s compliance. Traditional Chinese medicine has 
unique advantages in the treatment of chronic gastrointest-
inal diseases caused by multiple reasons. It also pays 
attention to the overall balance while symptomatic treat-
ment. In this study, two traditional Chinese medicines 
BBR and AM volatile oil were combined with an oral 
colon-specific drug delivery system, and the research was 
carried out on the preparation and in vitro-in vivo evalua-
tion of DPs. Our results demonstrated that oral adminis-
tration of DPs could effectively relieve the symptoms in 
UC rats’ model, and the anti-UC mechanism may be 
related not only to inhibiting inflammation but also to 
enhancing body immunity.

In recent decades, state of the art small-animal imaging 
modalities provide non-invasive images rich in quantita-
tive anatomical and functional information, which renders 
longitudinal studies possible allowing precise monitoring 
of disease progression and response to therapy in models 
of different diseases.43 Our research is significant because 
it offers the possibility of using in vivo imaging to position 
the delivery of oral preparation. Photographs were taken at 
regular intervals to observe transport and drug release 
from the pellets in the gastrointestinal tract. According to 
our vision, if the coating of the pellet is not destroyed, it 
should emit dot-like or flaky-like fluorescence. After the 
coating was dissolved, the punctate fluorescence gradually 
spread throughout the gastrointestinal tract with the release 
of the drug. Combined with the fluorescence signal and the 
anatomical features of the gastrointestinal tract of mice, 
the transport position of the EPs in the gastrointestinal 
tract can be judged to evaluate their in vivo targeting 
characteristics. To our satisfaction, in vivo targeting eva-
luation results showed that the EPs have good colon tar-
geting properties and can be transported to the colon to 
release drugs after oral administration, thereby promoting 
drug absorption and improving drug efficacy.

MPO is an index of neutrophil recruitment in the 
murine UC model. Therefore, the MPO activity may 
reflect more specific inflammatory events compared with 
cytokine concentrations. In our study, the colonic MPO 
activity was significantly increased in the DSS group 
compared with the normal control group, and the group 
received with DPs showed significantly (P < 0.01) 
decreased MPO activity (Figure 10). Accordingly, DPs 
blocks neutrophil infiltration into injured tissues. 
Cytokines are considered crucial signals in the intestinal 
immune system, and immune cells, such as, T cells, den-
dritic cells, macrophages, and intestinal epithelial cells, are 
involved in the secretion of various cytokines that regulate 
the inflammatory response in UC. Previous studies have 
revealed elevated levels of cytokines, such as TNF-α, IFN- 
γ, IL-1β, IL-6, IL-17, and IL- 21, in UC.30,44,45 In our 
study, we detected increased expression levels of TNF-α, 
IL-1β and IL-6 in DSS-induced mice. However, the oral 
administration of DPs resulted in decreased expression 
levels of the above-mentioned proinflammatory cytokine.

The spleen and thymus are important immune organs 
in the body. It has been reported that the spleen index and 
thymus index of rats with UC are significantly reduced, 
and the immune capacity of organs is reduced.46 

Immunoglobulins participate in humoral immunity, and 
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the increased levels of IgA and IgG suggest that the 
humoral immunity of rats with UC is hyperactive, which 
may be a compensatory effect in response to the reduced 
cellular immunity. Studies have shown that an imbalance 
in the secretion of anti-inflammatory and pro-inflammatory 
factors is an important link in the intestinal inflammatory 
lesions of patients with UC. An increase in the levels of 
pro-inflammatory factors is involved in cellular immunity 
and promotes intestinal inflammatory responses, which 
can cause further damage to intestinal tissues. In our 
research, the expression levels of pro-inflammatory factors 
include TNF-α, IL-1β and IL-6 in DPs received rats’ 
groups were significantly decreased, and the expression 
level of anti-inflammatory factors such as IL-4 was rela-
tively increased. In addition, the IgA and IgG concentra-
tions in the DPs groups were significantly decreased. In 
summary, the orally deliverable DPs have a synergistic 
treatment effects for UC. It can regulate body immunity 
while exerting anti-inflammatory effects. The research of 
this subject is expected to provide a new drug for the 
treatment of UC.

Conclusions
A promising dual-targeted pellet loaded with BBR and 
AM volatile oil was developed for the treatment of UC. 
BBR was loaded in the enteric soluble layer for colon- 
targeted release and thus had a local effect. AM volatile oil 
loaded in stomach-targeted pellets was prepared by extru-
sion-spheronization and fluid bed techniques, with HPMC 
as the gastric soluble layer, resulting in quick release and 
a systemic effect. The optimized EPs and GPs both have 
satisfying physicochemical characteristics. The bioavail-
ability of BBR and AT-1 was much higher after pelletiz-
ing. The in vivo targeting evaluation showed that EPs have 
great acid resistance and satisfactory colon-targeting abil-
ity. The GPs disintegrated in 5 min in the stomach, allow-
ing complete drug release. The synergistic effect of DPs 
ameliorated the clinical symptoms of UC, inhibited the 
expression of several inflammatory cytokines and 
decreased the levels of IgA and IgG. This suggests that 
the anti-UC mechanism may be related not only to inhibit-
ing inflammation but also to enhancing body immunity. 
Thus, the developed oral dual-targeted delivery system 
could substantially contribute to the management of UC 
and might provide a pharmaceutical strategy for the syner-
gistic treatment of gastrointestinal tract diseases.
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