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a b s t r a c t 

Time-sensitive and pH-dependent polymers are generally employed to prepare colon-site 

delivery system, and their coating thickness and order are very important in controlling the 

drug release. The traditional colon-site delivery systems consist of time-dependent poly- 

mers as inner layer and pH-sensitive polymers as outer layer. However, they suffer from 

low drug-loading rate and immature drug release. In this study, total alkaloids of sophora 

alopecuroides(TASA)-loaded pellets were prepared by extrusion-spheronization method 

and coated with Eudragit RS30D and Eudragit S100. Pellets using Eudragit RS30D as inner 

layer and Eudragit S100 as outer layer were named as ERS-ES100 TCO, while pellets with 

Eudragit S100 as inner layer and Eudragit RS30D as outer layer were ES100-ERS NCO. Both 

types of formulations with varying coating ratios and orders of Eudragit S100 and Eudragit 

RS30D were designed and prepared. The following in vitro drug release and SEM studies in- 

dicated that ERS-ES100 TCO(F2) with 12.8% Eudragit RS30D as inner layer and 21% Eudragit 

S100 as outer layer released up to 42% drug in 5 h. Interestingly, ES100-ERS NCO (F4) coated 

with 12.8% Eudragit S100 and 14.8% Eudragit RS30D showed optimal drug release in colon. 

In conclusion, ES100-ERS NCO colonic delivery system achieved reduced coating thickness 

and improved colonic targeting compared with traditional delivery system (ERS-ES100 TCO). 

In addition, the similarity factors ( f 2 ) value of sophoridine and matrine for investigated for- 

mulation were within 50–100 and > 80, demonstrating that sophoridine and matrine in all 

formulations achieved a synchronous release. 
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. Introduction 

ral drug is the most convenient formulation for patients [1].
olon-targeted oral pellets offer various advantages in treat- 

ng colonic disease, such as ulcerative colitis, amoebiasis, ir- 
itable bowel syndrome and colorectal cancer [2–5]. Moreover,
olonic drug delivery systems can reduce the undue side ef- 
ects and increase the local drug concentrations. As the con- 
equences the therapeutic effect and patient appliance will be 
mproved [4 ,6]. There are various approaches to achieve drug 
olon specific delivery, including pH-based, time-dependent 
nd bacterial degradable systems. 

Time-dependent pellets for colon targeting are made of in- 
oluble polymers (hydroxypropyl cellulose or hydroxypropyl 
ethyl cellulose) to overcome the great variation of gastric 

mpty time. According to the various pH values of the gas- 
rointestinal tract in different physiological conditions (stom- 
ch pH 2–3, small intestine pH 6.5–7.0, colon pH 7.0–8.0 [7,8],
H-sensitive systems are rationally designed and prepared.
owever, it is still a challenge to avoid the premature release 
f drug for single pH-sensitive systems. Therefore, both time- 
ependent polymer (Eudragit RS30D) and pH-sensitive poly- 
er (Eudragit S100) were utilized to prepare the novel colon 

rug delivery systems in our research. 
Total alkaloids of sophora alopecuroides(TASA) is a mixture 

f extract from the roots or seeds of sophora alopecuroide,
hich has been used in the treatment of the acute enteritis 

or over 100 years in China. It contains aloperine, sophori- 
ine, oxymatine, oxysophocarpine, matrine, sophocarpine,

ehmannine, cytisine, and other alkaloids( Fig. 1 ) [9–11] . TASA 

ossesses a variety of pharmacological features, such as anti- 
nflammatory, anti-tumor, anti-cachectic and immunity reg- 
lation properties [12–17]. Recently, Zhao and coworkers re- 
orted that TASA showed therapeutic effect on colitis through 

egulating cytokine balance [17–19]. Based on the above con- 
iderations, the aim of this study is to directly deliver TASA to 
olon. Herein, we reported that TASA, as a model drug, was en- 
apsulated with Eudragit RS30D and Eudragit S100 in different 
oating order and thickness. Swelling and dissolving experi- 
ents of free films of Eudragit S100 or Eudragit S100 coated 

ith Eudragit RS30D were carried out. The results indicated 
Fig. 1 – Structures of alkaloids of sophora alopeucuroides . 
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hat pellets of ES100-ERS NCO system led to reduced coating 
hickness and improved colonic drug release than that of ERS- 
S100 TCO system. 

. Materials and methods 

.1. Materials 

ASA with a purity of 95% was purchased from Bauhinia phar- 
aceutical Co., Ltd. (Ningxia, China), bletilla striata polysac- 

haride(BSP) with a purity of 80.12% were from SenFu Biolog- 
cal Technology Co., Ltd.(Shanxi, China), microcrystalline cel- 
ulose (MCC) PH 101, talc powder (Tal) and triethyl citrate (TEC) 
ere from XIYA Reagent. Reference compounds of sophori- 
ine, oxymatine and cytisine with the purity ≥ 98% were 
upplied by Nology Co., Ltd.(Chengdu, China), reference com- 
ounds of sophocarpine and matrine with the purity ≥ 98% 

y DuShun Biological Chemical Co., Ltd.(Ningxia, China). Eu- 
ragit RS30D and Eudragit S100 were from Evonik industry Co.,
td. 

.2. Swelling and dissolving experiments of polymer films 

udragit S100 and Eudragit RS30D polymer suspensions were 
repared according to Table 1 . Eudragit S100 suspension was 
ransferred into a teflon plate and stored at 40 °C for 24 h to
ure a complete film. Then, the whole film was cut into three 
ieces of 1 cm 

2 films (film A–C) and weighted. Film B and C
ere coated with different thickness of Eudragit RS30D and 

tored at 40 °C for 24 h. The three films were weighted and
mmersed into 100 ml medium at 37 °C. Then the samples 
ere withdrawn from the medium and weighted after wip- 

ng the surface water by a filter paper at specific intervals. Af- 
er 52 h, the swelling and dissolving curve, and linear fit were 
arried out separately. The constant (a) of linear denotes the 
welling ability and dissolving ability of films per unit time.
he medium used in this experiment were simulated gastric 
uid (SGF) (2 h), simulated intestinal fluid (SIF) (3 h) and sim- 
lated colonic fluid (SCF) (47 h). All experiments were carried 

ut in triplicate. 

.3. Preparation of TASA pellet core 

ASA pellet cores were prepared via the extrusion- 
pheronization method using Mini-250 (Xinyite, China).
ASA, BSP and MCC were put together to amount of 480 g 
7:1:12, w/w) to prepare wet mass. TASA and BSP were dis- 
olved with 50% ethanol using ultrasound and kneaded with 
Table 1 – Film coating dispersion composition. 

Insoluble layer (%, w/w) Enteric layer (%, w/w) 

Eudragit RS 30D 30.23 Eudragit S100 9.32 
TEC 6.87 TEC 4.66 
Tal 1.83 Tal 4.66 
H 2 O 61.07 H 2 O 74.54 

1 N NH 3 • H 2 O 6.82 
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Table 2 – Operating conditions prevailing during the coat- 
ing processes of the pellets. 

Operating parameters Eudragit S100 Eudragit RS 30D 

Initial weight of 
pellets (g) 

400 400 

Temperature of 
material ( °C) 

35-40 36-40 

Inlet temperature of 
drying air ( °C) 

40 40 

Inlet rate of drying air 
(rpm) 

1200 1200 

Outlet rate of drying 
air (rpm) 

2000 2500 

Pneumatic spraying 
pressure (bar) 

0.15 0.15 

Spraying rates (g/ml) 1.5-2.0 1.5-2.0 

 

 

 

 

 

 

 

 

 

 

MCC. All the wet mass were loaded into the extruder (an
axial type, single screw extruder equiped with a 1.0 mm
scree for both the orifice diameter and screen thickness),
and the extrusion speed was set up at 30 rpm. The resulting
extrudates were spheronized for 6 min at a speed of 1500 rpm
using a spheronizer with a cross-hatched geometry friction
plate. The pellets were oven-dried for 24 h at 60 °C. 

2.4. Determination of sophoridine and matrine released 

from pellets 

A HPLC method has been established to determine the content
of sophoridine and matrine released from pellets in different
medium. The Agilent 1200 series HPLC system was equipped
with a quaternary pump, a degasser, an auto-sampler, a col-
umn heater and a tunable wavelength UV detector. The sep-
aration was performed at 30 °C using a kromasil 100-5C col-
umn (4.6 mm × 250 mm, 5 μm). The mobile phase was ace-
tonitrile (A) and 0.05 mol/l KH 2 PO 4 (with 2 ml/l triethylamine)
as solution (B) in gradient elution at a flow rate of 1.0 ml/min.
The gradient is as follows: 0 −25 min −60 min −65 min: 5%
(A) −5% (A) −12% (A) −5% (A). The detection wavelength is
205 nm. Good linearity was observed in the range of 0.0033–
0.052 mg/ml and 0.026–0.42mg/ml for sophoridine with a
high correlation coefficient (A1 = 36362X-45.436, r 2 = 0.9991;
A2 = 37852X-96.443, r 2 = 1.0000) (if the peak area of sophori-
dine in the drug release experiment below 887 mAu equal to
0.026 mg/ml of sophoridine, Equation A1 was chosen to de-
termine the release of sophoridine, otherwise, equation A2 is
selected). Moreover, good linearity was observed in the range
of 0.0031–1.6 mg/ml for matrine with a high correlation coeffi-
cient (A = 42957C + 191.92, r 2 = 0.9995). The RSD values of pre-
cision and repetition for sophoridine were 0.236% and 2.92%,
while for matrine were 0.157% and 3.56%. The stability data of
sophoridine and matrine within 48 h were 0.735% and 1.33%,
respectively. 

2.5. The coating of pellets 

Pellet cores (400 g) were transferred into a mini-250 multi-
functional pelletizing coater (equipped with a bottom spray,
Xinyite, China) and coated by polymer suspensions ( Table 1 )
until getting the desired coating thickness. During coating, the
aqueous dispersions were continuously stirred in order to pre-
vent the sedimentation of the insoluble particles. The operat-
ing conditions were given in Table 2 . The polymer dispersions
used in coating process contain 30.32% Eudragit RS 30D (w/w)
or 9.32% Eudragit S100 (w/w) (related to the content of insolu-
ble polymer). 

2.6. In vitro drug release studies 

Drug release from coated TASA pellets were determined us-
ing the basket method on Chinese Pharmacopoeia (2015 ED)
at a speed of 50 rpm. Pellets (5 g) corresponding to 1.75 g TASA
were placed in 900 ml 0.1 N HCl (pH 1.2) for 2 h, then phosphate
buffer solution (pH 6.8) for 3 h. After that, the pellets were im-
mersed into phosphate sodium buffer (pH 7.4) for the prede-
termined time at a temperature of 37 ± 0.5 °C. The samples
(5 ml) were withdrawn at 2, 4, 5, 6, 8, 10, 12, 16, 20 and 24 h re-
spectively, and were filtered with 0.22 μm membrane filter for
HPLC measurements. Meanwhile fresh medium (5 ml) should
be supplied. All experiments were performed in triplicate and
the results were expressed as an arithmetic mean. 

2.7. Kinetics of drug release 

In order to investigate the most suitable drug release model,
the drug release data was fitted into different models us-
ing linear regression analysis, the following models were
used: 

Zero order [20] 

Mt / M ∞ = kt 

First order [21] 

Mt / M ∞ = 1 − e −kt 

Higuchi diffusion model [22] 

Mt / M ∞ = k t 1 / 2 

Baker-Lonsdale model [23] 

3 / 2 
[ 
1 − ( 1 − Mt / M ∞ ) 2 / 3 

] 
− Mt / M ∞ = kt 

Hixson-Crowell cube root law [24 ,25] 

( UR ) 1 / 3 = kt 

Korsmeyer-peppas equation [26] 

Mt / M ∞ = k t n 

Where Mt/M ∞ denotes the fraction of drug released at time
t , k is the rate constant corresponding to each model and
n represents the diffusional exponent of the release mecha-
nism. 
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Table 3 – Composition of free films in swelling and dis- 
solve experiments. 

Free 
film 

ES 100 (g; mean ± SD, n = 3) Coating level of ERS (%) 
ES100 + ERS (g; mean ± SD, 

n = 3) 

A 0.10355 ± 0.01040 0% 0.10355 ± 0.01040 
B 0.06883 ± 0.003565 39.00% 0.095677 ± 0.002206 
C 0.11385 ± 0.000525 19.05% 0.135547 ± 0.001086 

ES 100: Eudragit S100; ERS: Eudragit RS30D; 
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Fig. 2 – Swelling and dissolving curves of A, B and C(mean 

± SD, n = 3). 

Table 4 – Coating level of experimental formulations. 

Formulation Inner 
layer ∗

Coating 
level (%) 

Outer 
layer 

Coating 
level (%) 

F1 ERS 12.2 ES100 13.6 
F2 ERS 12.8 ES100 21.0 
F3 ES100 7.0 ERS 10.0 
F4 ES100 12.8 ERS 14.8 
F5 ES100 28.5 ERS 6.5 
F6 ES100 20.5 ERS 12.3 
F7 ES100 11.0 ERS 21 
F8 ES100 6.3 ERS 30 

∗ERS: Eudragit RS30D; ES100: Eudragit S100. 
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.8. Scanning electron microscopy ( × 100 magnifications) 

canning electron microscopy (SEM) was used to observe the 
hanges of pellet surface morphology between the coated 

nd uncoated pellets in different medium (before and after 
n vitro dissolution testing). SEM images were recorded using a 
canning electron microscopy (SU8020, Japan). Sputter coating 
ith gold for all SEM samples was performed before measure- 
ents. 

.9. The release behavior of sophoridine and matrine in 

ormulations 

s mentioned above, sophoridine and matrine are both com- 
ositions of TASA. In order to investigate whether they reach 

ynchronous release in pellets, difference factor ( f 1 ) and simi- 
arity factor (f 2 ) [27] were applicated in this research. Similar- 
ty factor has been exploited by the center for drug evaluation 

nd research (FDA) and human medicines evaluation unit of 
he European agency for the evaluation of medicinal products 
EMEA), to be a criterion for the assessment of the similarity 
etween two in vitro dissolution profiles [28].

. Results and disscussion 

.1. Determination of swelling and dissolving for polymer 
lms 

he purpose of the experiments was to evaluate the prevent- 
ng effect of Eudragit RS30D and Eudragit S100 polymer in the 
welling or dissolving progress. The swelling data and dissolv- 
ng data of polymer films (A–C) were analyzed by swelling and 

issolving curve and linear fitting. The composition of three 
olymer films was shown in Table 3 . The swelling and dissolv- 

ng curves and linear fittings were shown in Figs. 2 and 3 , re-
pectively. As shown in Fig. 2 , film A reached the max swelling 
ithin 7 h, and dissolved completely within 18 h. Whereas,

he max-swelling times of film B and C were 20 h and 22 h,
espectively. They did not dissolve completely even after 52 h.

The results indicated that the max-swelling time and 

omplete-dissolving time of films are related to the prevent- 
ng effect provided by eudragit RS30D polymer. As shown in 

ig. 3 , the swelling constant (a s ) values of A, B and C are
.01894, 0.00258 and 0.00485, respectively, which is: A (a s ) > 

 (a s ) > B (a s ). The dissolving constant values of A, B and C
re 0.02044, 0.00269 and 0.00497, superlatively , which is con- 
istent with a s : A (a d ) > C (a d ) > B (a d ). 
.2. Determination of sophoridine and matrine in pellets 
ormulations 

he hybrid reference substance and TASA sample were an- 
lyzed using a HPLC method described above. As shown in 

ig. 4 , the chromatographic peak of sophoridine (peak 3) and 

atrine (peak 6) were both higher than other chromato- 
raphic peaks in TASA sample. In consideration of minimum 

rug release upper gastrointestinal simulated gastric fluid,
hich should reach the detection limit and the quantitation 

imit, sophoridine and matrine as main components in TASA 

ere selected to investigate drug release. In this research, dif- 
erent kinds of mobile phases including H 2 O, 0.01% phosphate 
olution (pH was adjusted between 5 and 6 by triethylamine),
ethanol and 0.05 mol/l KH 2 PO 4 (2 ml/l triethylamine) were 

nvestigated. The image showed that 0.05 mol/l KH 2 PO 4 (2 ml/l 
riethylamine) would not interfere the detection of samples 
nd reference in the condition of HPLC ( Fig. 4 A). 

.3. In vitro drug release studies 

 total of 8 formulations were designed in this experiment and 

he details of coating thickness were shown in Table 4 . Pel- 
ets release profiles of different formulations were shown in 

ig. 5 . For ERS-ES100 TCO (F1, F2), constant drug release was 
bserved from 4 h to 12 h. Although the coating thickness of 
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Fig. 3 – Linear fit for swelling curve or dissolving curves of A, B and C (mean ± SD, n = 3). 



418 Asian Journal of Pharmaceutical Sciences 14 (2019) 413–422 

Fig. 4 – HPLC of (A) baseline of KH 2 PO 4 (2ml/l trimethylamine), (B) hybrid reference substance and (C) TASA sample. 
Chromatographic peak attribution: 1-cytisine; 2-aloperine; 3-sophoridine; 4-oxymatine; 5-oxysophocarpine; 6-matrine; 
7-sophocarine; 8-lehmannine. 

Fig. 5 – Drug release of (A) F1 to F4 and (B) F5 to F8 (mean ± SD, n = 3). 
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Table 5 – Dissolution profiles between formulations F5 to 

F8. 

f 1 f 2 

F6 9.60 57.27 
F7 9.19 57.34 
F8 15.53 46.78 

f 1 : difference factor; f 2 : similarity factor 
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S100 was up to 21%, the drug released up to 42% within 5 h 

F2). In contrast, a slow drug release in ES100-ERS NCO was ob- 
erved. There was no drug release within 2 h and no more than 

% within 5 h. Surprisingly, 90% of sophoridine and matrine 
as released within 12 h (after releasing in SCF for 7 h), and 

ompletely released within 24 h (F4). Although the total coat- 
ng thickness of ERS-ES100 TCO (F2) and ES100-ERS NCO (F6) 
ere both 33%, there was a significantly difference between 

heir drug release profiles within 5 h. For F6, a negligible drug 
elease was observed within 4 h and 19% drug release was ob- 
erved within 5 h, whereas F2 represented 42% drug release 
ithin 5 h. 

When comparing drug release profiles of F2, F4 and F6, it 
ndicates that ES100-ERS NCO showed reduced coating thick- 
ess compared with ERS-ES100 TCO when realized colonic 
rug release. Then, formulations of F5 to F8 (ES100-ERS NCO) 
ere designed to investigate the effect of the thickness of eu- 
ragit S100 and eudragit RS30D in drug release. As shown in 

ig. 5 B, the total coating thicknesses of F5–F8 were controlled 

rom 32% to 36%. The drug release rates of F5– F8 were about 
5%, 19%, 18% and 8.5% within 5 h. When decreasing the coat- 
ng thickness of eudragit S100 (inner layer) and increasing the 
oating thickness of eudragit RS30D (outer layer), drug release 
ecame slower within 5 h. For all the formulations (F5–F8),
here were negligible drug release within 4 h and complete 
eleased within 12 h. 

Taking the release of sophoridine in F5 as a reference to 
ompare the similarity of drug release behavior in F6, F7, F8,
nd the difference factor ( f 1 ) and similarity factor(f 2 ) were em-
loyed. Generally, to confirm the similarity of the drug disso- 

ution profiles, f 1 values should be lower than 15 (0–15) and 

 2 values should be higher than 50 (50–100) [28]. The results 
 Table 5 ) showed that F5, F6 and F7 presented similar drug re-
ease profiles, while F8 appeared a different drug release pro- 
le compared with F5. 
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Table 6 – Kinetic assessment of drug release data from different formulation according to various kinetic models. 

Correlation coefficient(R 2 ) 

Formula 
code 

Zero order First order Higuchi 
model 

Baker-Lonsdale 
model 

Hixson-Crowell 
Cube root law 

Korsmeyer-Pe- 
ppas 

equation 

Korsmeyer-Peppas 
equation release 

exponent ( n ) 

F1 S 0.929 0.768 0.811 0.932 0.975 0.618 1.218 
M 0.974 0.765 0.808 0.909 0.919 0.615 1.205 

F2 S 0.990 0.845 0.888 0.969 0.980 0.730 1.437 
M 0.980 0.807 0.855 0.979 0.987 0.684 1.368 

F3 S 0.995 0.616 0.719 0.838 0.867 0.526 0.793 
M 0.990 0.678 0.777 0.893 0.911 0.597 0.834 

F4 S 0.976 0.775 0,855 0.977 0.970 0.733 0.956 
M 0.975 0.739 0.830 0.9549 0.9547 0.731 0.809 

F5 S 0.877 0.870 0.914 0.974 0.980 0.766 1.548 
M 0.840 0.980 0.883 0.983 0.989 0.716 1.491 

F6 S 0.919 0.986 0.947 0.985 0.991 0.761 1.381 
M 0.864 0.981 0.967 0.992 0.985 0.768 1.412 

F7 S 0.849 0.855 0.894 0.986 0.991 0.753 1.373 
M 0.884 0.990 0.923 0.983 0.983 0.791 1.451 

F8 S 0.927 0.838 0.943 0.988 0.999 0.805 2.132 
M 0.922 0.946 0.942 0.994 0.9997 0.797 2.057 

S: sophoridine; M: matrine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.4. Kinetic of drug release 

To explore the mechanism of TASA releasing from coated pel-
lets, the dissolution data were fitted into zero order, first order,
Higuchi model, Baker-Lonsdale model, Hixson-Crowell cube
root law and Korameyer-Peppas equation ( Table 6 ). 

For the release of matrine, a comparative evaluation of the
correlation coefficients showed that zero order was the most
appropriate to describe the kinetics of matrine releasing from
F1, F3 and F4, which indicated a constant matrine release from
coated pellets. The Hixson-Crowell cube root law provided the
best fit to F2, F5, F8, and Baker-Lonsdale model was suitable for
F6, first order was fit for F7. 

For the release of sophoridine, the correlation coefficients
confirmed that zero order was most suitable for F2 and F3,
while Hixson-Crowell cube root law was suitable for F1, F5, F6,
F7, F8, and F4 exhibited Baker-Lonsdale model. The Hixson–
Crowell model is used to assume the release of drugs that con-
trolled by the dissolution rate of the drug particles. It is used
to describe the release profiles taking place in the diminish-
ing surface of the drug particles during the dissolution [29].
Baker-Lonsdale model is used to describe the drug controlled
release from a spherical matrix. When the drug-loading rate is
higher than 20%, the drug release profiles of most TASA coated
pellets are limited by the diffusion that occurs through the in-
terconnection channel of the polymeric matrix [30] . 

3.5. Scanning electron microscopy ( × 100 magnifications) 

The photomicrographs of uncoated pellets ( Fig. 7 A), coated
pellets ( Fig. 7 B) and coated pellets after immersing in differ-
ent mediums ( Fig. 7 C −G) were shown in Fig. 7 . Compared the
surfaces of uncoated pellets with coated ones, it indicated
that rough and rugged surface of uncoated pellets caused in
spheronizing progress ( Fig. 7 A). However, the texture disap-
peared on the surfaces of coated pellets ( Fig. 7 B) and polymeric
films could be observed clearly. 

In drug release studies, ES100-ERS NCO samples and ERS-
ES100 TCO samples were withdrawn from different medium
in predetermined time to compare the differences of their
surfaces ( Fig. 7 C and D). After immersing in SGF (pH 1.2) for
2 h and SIF (pH 6.8) for 3 h, ES100-ERS NCO and ERS-ES100
TCO maintained integral surface. The reason was that eu-
dragit ES100 did not dissolve at acid environment and main-
tained its barrier function. After immersing in pH 7.4 medium
(SCF) for 19 h, the surface of these two pellets both became
unsmooth ( Fig. 7 E and F). There were some rough cakes ap-
peared on the surface of ERS-ES100 TCO, which might because
that the skeleton support effect of eudragit ES100 film disap-
peared as eudragit ES100 dissolved in the pH 7.4 medium(SCF).
However, there were no cakes on ES100-ERS NCO pellets al-
though they shrank to some extent, which benefited from the
protection effect of eudragit RS30D. 

3.6. The release behavior of sophoridine and matrine 

Some methods have been adopted to compare the drug re-
lease profiles, such as statistical methods, model-independent
methods and model-dependent methods. The f 1 and f 2 are
the pair-wise procedures of model-independent method. Gen-
erally, in order to confirm the similarity of the dissolution
profiles, f 1 values should be lower than 15 (0 −15) and f 2 val-
ues should be higher than 50 (50 −100) [28] . Results of the
f 1 and f 2 of the investigated formulations were showed in
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Table 7 – Results of f 1 and f 2 in investigated formulations. 

f 1 f 2 

F1 0.77 100.22 
F2 3.53 100.21 
F3 2.94 100.19 
F4 4.15 100.21 
F5 4.02 74.59 
F6 3.57 80.16 
F7 5.15 72.30 
F8 3.51 81.44 

f 1 : difference factor; f 2 : similarity factor 
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able 7 . As the results confirmed, sophoridine and matrine 
chieved synchronous release in all investigated formula- 
ions. 

.7. Discussions 

n the determination of swelling and dissolving for free films,
 s and a d represented the ability of swelling and dissolving 
er unit time, respectively. The increment of the values will 

ead to improved swelling ability or dissolving ability. The re- 
ults showed that film A (Eudragit S100) presented a stronger 
welling and dissolving ability than film B and film C (Eudragit 
100 and Eudragit RS30D). The explanation is that the film A 

ontacted with medium directly without the protection of Eu- 
ragit RS30D. In addition, a s and a d also related to the coat- 

ng thickness of Eudragit RS30D. When the coating thickness 
ncreased, the values of a s and a d both decreased. The coat- 
ng thickness of Eudragit RS30D in film B and film C were 
9.00% and 19.05%, respectively. The a s and a value of film 
d 

ig. 6 – Mechanism of drug release from ES100-ERS coated pellet
welling of Eudragit S100; 4 penetration of water into the swellin
udragit S100; 7 penetration of water into the pellet core. 
 both were nearly twice as the value of film B. The reason
ight be that Eudragit RS30D film is a penetration film. As 

he coating thickness of Eudragit RS30D increased, the path 

f medium penetrated outward to Eudragit S100 film became 
onger, which would decrease the swelling rate and dissolv- 
ng rate per unit time. In a word, the increment of the coat-
ng thickness of Eudragit RS30D led to the decrement of the 
welling or dissolving ability. According to the SEM results of 
RS-ES 100 TCO and ES100-ERS NCO, mechanisms of drug re- 
ease from ERS-ES 100 TCO and ES100-ERS NCO could be spec- 
lated. Their drug release mechanisms showed an inconsis- 
ency in medium pH 6.8 and pH 7.4. 

The drug release mechanism of ERS-ES100 TCO was inter- 
reted in Fig. 6 A. As a kind of methacrylic acid copolymer, Eu-
ragit S100 would not dissolve in pH 1.2 (SGF) and could main- 
ain its barrier function to provide gastric resistance. When 

est performing in pH 6.8 medium (SIF), the outer layer film 

Eudragit S100 film) began to swell in this environment, de- 
pite that the pH value was close to neutrality. As the test 
ent on, the film fell off. For ERS-ES100 TCO, the swelling of 
udragit S100 film would led more medium to infiltrate into in- 
er layer (Eeudragit RS30D film) and pellet core, which would 

ause more drug release in pH 6.8 (SIF). The outer layer (Eu- 
ragit S100) would dissolve and shed completely when pel- 

ets in pH 7.4 (SCF). The path for medium penetrated into 

he inner layer (Eudragit RS30D film) or pellet core would be- 
ome shorter, which resulted in drug dissolving and releasing 
apidly. 

For ES100-ERS NCO( Fig. 6 B), the medium (pH 1.2, SGF) could 

enetrate through the outer layer (Eudragit RS30D film). How- 
ver, it could not penetrate into inner layer (Eudragit S100 
lms) as the pH value did not reach to the dissolving point of
udragit S100. Therefore, the inner layer (Eudragit S100 films) 
s: 1 swelling of Eudragit RS30D; 2 gastric resistance; 3 
g of Eudragit S100; 5 release of drug; 6 dissolution of 
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Fig. 7 – Scanning electron microscope photographs ( × 100 
magnifications) of uncoated pellets and coated pellets after 
immersed in different pH medium. (A) uncoated pellet; (B) 
coated pellet; (C) Formula F4 after immersed in pH 1.2 2 h; 
(D) Formula F4 after immersed in pH 6.8 3 h.; (E) Formula F2 
after immersed in pH 6.8 3 h; (F) Formula F4 after immersed 

in pH 7.4 17 h; (G) Formula F2 after immersed in pH 7.4 17 h. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

could maintain its barrier function and provide gastric resis-
tance. When pellets transformed into pH 6.8 medium (SIF),
the medium would penetrat through the outer layer (Eudragit
RS30D films) and lead to the swelling of the inner layer (Eu-
dragit S100 films). Finally, the medium reached to pellets core
which would lead to the drug dissolving and release. Release
mechanism of ES100-ERS NCO in pH 7.4 (SCF) was the same
as pellets in pH 6.8 (SIF). 

The different release mechanisms of these two coating sys-
tems could be explained by the swelling and dissolving ex-
periments of polymer films. For ES100-ERS NCO, the rate of
swelling and dissolving of Eudragit S100 was controlled by Eu-
dragit RS30D film. The increment of the thickness of Eudragit
RS30D film leads to a decrease of the swelling and dissolving
rate of Eudragit S100 film and less drug release. For ERS-ES100
TCO, the swelling and dissolving of Eudragit S100 film were
only influenced by pH value of the experimental medium,
which would lead to a faster drug release from pellet core than
ES100-ERS NCO. 

To avoid drug release in the upper digestive tract for colon-
specific drug release system, drug coated with pH-sensitive
polymers as outer layer maybe interest the colon specific ap-
plications. However, a high coating thickness of pH-sensitive
layer is always necessary to prevent drug release in upper gas-
tric tract. Several published literatures have responded to this
problem. Xu reported that coating thickness of the outer layer
(Eudragit S100 film) reached up to 28% to achieve colon tar-
geting release [31]. Cui investigated a dosage of pH-time based
and enzyme-degradable pellets for colonic delivery. For the pH
sensitive layer of Eudragit L30D-55, the 30% increase of coating
weight was necessary [32].

Take F2 as an example, for ERS-ES100 TCO system, 42%
drug released within 5 h even the coating thickness reached
21%. In contrast, 12.8% coating thickness was necessary (F4)
when using the Eudragit S100 as inner layer,. Therefore, the
total coating thickness would be decreased, which was essen-
tially helpful for the economic production and improved pa-
tient appliance. 

4. Conclusions 

In conclusion, we prepared ES100-ERS NCO with reduced
coated thickness by changing the order of polymeric coat-
ings, and achieved optimized drug release in colonic site. Ad-
ditionally, ES100-ERS NCO maintained the complete shapes,
and their drug release properties were in accord with osmotic
pump release mechanism. We concluded that the penetration
of outer time-dependent layer (Eudragit ERS layer) might con-
trol the swelling and dissolving of inner pH-sensitive layer
(Eudragit ES100 layer) in the ES100-ERS NCO system. More-
over, the outer layer (Eudragit ERS layer) decreased the rate
of swelling and dissolving in a coating thickness dependent
manner. In the future, the in vivo drug release profile should
been carried out for further research. 
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