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Abstract
L-glutamate is an important component of protein. It can prevent gastrointestinal damage caused by NSAIDs. We
constructed two-phase enteric-coated granules of aspirin and L-glutamate compound by extrusion spheronization method
and fluidized bed coating. The subliminal effective dose of L-glutamate is 100 mg/kg tested by model of gastric ulcer of rats
induced by aspirin and drug administration. HPLC-UV and UV–Vis methods were adopted to determine content and
cumulative release of aspirin and L-glutamate as quality analysis method indexes. The prescription and process optimization
were carried out with yield, sphericity and dissolution. The two-phase compound granules have good sphericity of 0.93 ±
0.05 (aspirin pellets) and 0.94 ± 0.02 (L-glutamate pellets), content of salicylic acid (0.24 ± 0.03)%, dissolution of aspirin
(2.36 ± 0.11)%. Quality evaluation and preliminary stability meet the commercial requirements. The stored environment of
compound preparation should be sealed in a cool and dark place.

Graphical Abstract

1 Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are widely
available to treat fever, pain, and arthritis, which is one of the

most frequently prescribed drugs in the world [1]. NSAIDs
exert their effects by inhibiting the activity of cyclooxygenase
(COX). Common COX has two subtypes: COX-1 and COX-
2. COX-1 is necessary to maintain certain normal functions of
human body and participates in the synthesis of the prostate
(PGs) required for normal cell activities. COX-2 increases
expression under tissue injury and inflammation, while par-
ticipates in the synthesis of mediate inflammation, pain, PGs.
NSAIDs exert antipyretic, analgesic, and anti-inflammatory
effects by inhibition of COX-2 activity, while exert antith-
rombotic effect by inhibition of COX-1 activity. According to
the inhibitory mechanisms for COX, NSAIDs are divided into
COX-1 high-selection inhibitors (such as, aspirin, indo-
methacin), COX-1 low-selection inhibitors (ibuprofen, acet-
aminophen), COX non-selection inhibitors (naproxen,
diclofenac), COX-2 selection inhibitors (celecoxib, rofe-
coxib), and so on [2]. However, NSAIDs can cause severe
gastrointestinal adverse reactions using for a long-term. Epi-
demiological studies found that about 20–30% of patients
appear gastric ulcers and 2% suffer severe complications such
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as gastric bleeding or perforation and even death. The inci-
dence of high-risk groups can reach to 10% [3]. The incidence
of dyspepsia is 1.5–2 times that of non-drugs using [4]. About
5–15% of patients with rheumatoid arthritis discontinue drugs
due to gastrointestinal adverse reactions [5]. It can be seen
that the gastric injury effect of NSAIDs has become a huge
obstacle to the clinical use of such drugs, and it is of great
clinical significance to find a safe and effective way to prevent
gastric injury caused by NSAIDs.

At present, the common methods to prevent gastric
injury caused by NSAIDs include the combination use of
antiulcer drugs or mucosal protection drugs, or use of
selection COX-2 inhibitors, dual pathway inhibitors of
COX and 5-LOX [6]. The most common anti-ulcer drug to
protect gastric injury caused by NSAIDs is proton pump
inhibitor (PPI). PPI can effectively inhibit incidence of
gastric ulcers caused by NSAIDs, while long-term use of
PPI can cause fractures (hip, wrist, and spinal) and gas-
trointestinal microbial homeostasis [7–9]. Gastric mucosal
protective drugs such as misoprostol can effectively
reduce the gastric ulcer caused by NSAIDs, but the effect
on dyspepsia is poor which limits its application [10].
COX-2 selection inhibitors can significantly reduce gas-
trointestinal adverse reactions [11]. COX and 5-COX dual
pathway inhibitors have anti-inflammatory and analgesic
effects almost no gastrointestinal side effects, but ben-
zoxprofen was withdrawn from global market due to
severe hepatotoxicity [12]. Now, there is still no
ideal approach to gastric injury resistance caused by
NSAIDs.

In recent years, researchers have shown that L-glutamic
has gastrointestinal protection and functional regulation
through multiple pathways including increasing mucus
and bicarbonate secreation [13], increasing mucin
expression, enhancing intercellular adhesion, inhibiting
microbial invasion [14, 15], enhancing the gastrointestinal
mucosal barrier effect, reducing intestinal oxidative
stress-induced damage, and promoting the repair of gas-
tric damage [16, 17]. In addition, L-glutamic is relatively
safe for individual even pregnant women, lactating
women and children [18]. Thus, L-glutamic is considered
as a potential drugs which is an effective and safe way to
reduce gastric mucosal damage caused by NSAIDs. In this
work, we proposed effective dose of L-glutamate using
aspirin as a model drug with stomach injury model of rats
for gastrointestinal protection. We constructed a biphasic
release compound formulation of aspirin (enteric) and
L-glutamate and studied the prescription and process of
compound preparation. This study provides a novel idea
for protection of gastric mucosa damage caused by
NSAIDs.

2 Materials and methods

2.1 Chemicals

Aspirin (>100%) was pharmaceutical grade and purchased
from Shandong Xinhua Pharmaceutical Co., Ltd., China.
L-glutamate (>98.5%) was pharmaceutical grade and pur-
chased from Jizhou Huayang Chemical Co., Ltd., Salicylic
acid (>99.9%) was pharmaceutical grade and purchased
from China National Institute for Food and Drug Control.
Sodium carboxymethyl cellulose, PVP K30, and hypro-
mellose were AR grade and purchased from Anhui Sunward
Pharmaceutical Excipients Co., Ltd., China. Hydrochloric
acid, ethanol (95%), and tartaric acid were analytical grade
and purchased from Sinopharm Chemical Reagent Co.,
Ltd., China. Glyceryl monostearate (GMS) was AR grade
and purchased from Hunan Huihong Reagent Co., Ltd.,
China. Steria was pharmaceutical grade and purchased from
Qufu Shengren Pharmaceutical Co., Ltd., China. All che-
micals were used without further purification.

2.2 Effective dosing of L-glutamate

2.2.1 Construction of stomach damage model

Twenty-four SD rats were randomly divided into six
groups: blank control group, aspirin 25, 50, 100, 200,
400 mg/kg group, respectively. Aspirin was intragastric
administrated for 7 days and once a day. The statistic data
from designed experiments, see Table. 1. The rate of gastric
ulcer was 100% when the dose of aspirin was equal or
greater than 200 mg/kg. Therefore, we use 200 mg/kg
aspirin to build gastric injury model of rats.

2.2.2 Effective dosing of L-glutamate for gastric injury
protection

Seventy-two SD rats were randomly divided into nine
groups: blank control group, model group, L-glutamate

Table 1 Lesion index of gastric mucosal and rate of gastric ulcer of
rats induced by aspirin (Mean ± SD, n= 4)

Dose of aspirin (mg/kg) Lesion index Rate of gastric ulcer (%)

0 0 0

25 0 0

50 0.75 ± 1.50 25

100 4.50 ± 3.42 75

200 25.50 ± 2.65 100

400 29.50 ± 4.36 100
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group (25, 50, 100, 200, 400, 800 mg/kg), and positive
control group (ranitidine hydrochloride, 30 mg/kg) (see
Table S1). The drugs were intragastric administrated for
7 days and once a day (Tables 2 and 3). The gastric scale
was tested to evaluate the injury protection performance of
different doses (see Fig. 1) and statistic data of inhibition
rate were shown in Table S2. The results showed that the
protective effect was weak when L-glutamate was 25 and
50 mg/kg (på 0.5). When the dose of L-glutamate was equal
or greater than 100 mg/kg, its protective effect was sig-
nificant (p < 0.01) with a dose-dependent (see Fig. 2). The
analysis results of tissue morphology as evaluation index
(see Fig. S1) kept the consistency.

2.3 The dosage form of compound preparation

Low-dose aspirin (75–150 mg) is often used for preventing
secondary cardiovascular disease. In this paper, specifica-
tion of aspirin is 100 mg which refer to aspirin preparation,
just like “Bayaspirin” (100 mg) and “Axanum” (81 mg).
The subliminal effective dose of L-glutamate is 100 mg/kg
which is equal 1 g for human. So the specification of
L-glutamate is 1 g [19].

Aspirin enteric-coated preparations can significantly
reduce the direct damage for gastric mucosa. Therefore,
aspirin would be regarded as enteric preparation. There are
many advantages of pellets, such as little effect by gastric
emptying, drug absorption evenly, local irritation for gas-
trointestinal slightly, individual pellet defects having little
impact on preparation, conducive to coating, flexible con-
trol of drug dose and so on. Thus, the compound prepara-
tion is prepared as pellets. According to the preliminary test
results, the density of L-glutamate pellets is about 0.6 g/ml.

If the preparation is made into capsules, 4–5 capsules of No.
0 capsules are need. So the drug adaptability is poor. The
compound preparation was prepared as a two-phase release
pellet granule, i.e., aspirin enteric pellets and L-glutamic
acid common pellets (Fig. 3).

2.4 The establishment of quality analysis methods

The content and cumulative release of aspirin and
L-glutamate compound enteric granules are important eva-
luation indexes. Aspirin is easy hydrolyzed to irritating
salicylic acid. So, the amount of salicylic acid should be
controlled to ensure the quality of the preparation and
medication safety.

HPLC-UV methods were used to determine the content
and release of aspirin and the content of salicylic acid. A
Diamonsil C18 column (250 × 4.6 mm, 5 μm) was used with
the mobile phase consisting of acetonitrile-tetrahydrofuran-
glacial acetic acid-water (20:5:5:70). The detection wave-
length of content and release of aspirin is 276 nm. The
detection wavelength is 303 nm of the content of salicylic
acid. Results from chromatograms, standard curve, accuracy
curve, repeatability, and recovery experiments showed that
the methods were sensitive, effective, and specific used as
quantitative analysis.

UV–Vis was used to determine the content and dis-
solution of L-glutamate. Ninhydrin was used as the color
reagent and the derivative is stability. The maximum
absorption wavelength is 567 nm. Results from repeat-
ability, recovery, and stability tests showed that the method
was sensitive, effective, and specific.

3 Results and discussion

3.1 Formulation and process study

3.1.1 Aspirin enteric pellets

Extrusion-spheronization method was used to prepare
aspirin pellets [20]. The prescription and process optimi-
zation were carried out with yield, sphericity, and dissolu-
tion as evaluation indexes. The prescription factors include
the amount of filler, disintegrant and stabilizer and the type
of wetting agent. The process factors include extrusion
speed, spheronization speed, spheronization time, and flui-
dized bed drying time [21–24].

The inquiry experiment results indicated that the optimal
formulation included aspirin (44%), microcrystalline cellu-
lose (MCC, 44%), L-HPC (5%), PVP K30 (5%), tartaric
acid (2%), and the optimal process were 30 rpm of extrusion
speed and 1000 rpm of spheronization rate in 4 min. Pellets
were prepared by the optimal formulation and process that

Table 2 The composition of prescription of aspirin drug-loaded pellets

Composition The prescription analysis Amount (%)

Aspirin API 44

MCC Filler 44

L-HPC Disintegrant 5

PVP K30 Adhesive 5

Tartaric acid Stabilizer 2

Water Moistening agent –

Ethanol Moistening agent –

Table 3 The parameter of extrusion-spheronization process of aspirin
drug-loaded pellets

Parameter Value

Extrusion speed 30 rpm

Spheronization speed 1000 rpm

Spheronization time 4 min

Journal of Materials Science: Materials in Medicine (2021) 32:116 Page 3 of 9 116



performed high yield of (86.77 ± 3.65)% and rapid dis-
solution rate of (83.30 ± 0.23)% at 30 min in pH 6.8 PBS (In
details, see Tables S3 and S4 and Fig. S2).

The enteric-coated layers with Eudragit L30D-55
including plasticizer triethyl citrate (10%) and anti-
adherent GMS (5%) were coated on aspirin pellets by

Fig. 1 The general morphology of gastric mucosa of rats. A Normal group, BModel group, C L-Glutamate 25 mg/kg, D L-Glutamate 50 mg/kg, E
L-Glutamate 100 mg/kg, F L-Glutamate 200 mg/kg, G L-Glutamate 400 mg/kg, H L-Glutamate 800 mg/kg, I Positive control group

Fig. 2 Effect of L-glutamate on gastric mucosal lesion index in rats
induced by aspirin. *Significantly different from the model at p < 0.01

Fig. 3 The schematic diagram of aspirin and L-glutamate compound
enteric-coated granules
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fluidized bed method [25, 26]. The detailed composition pf
enteric coating, see Table 4. The enteric layer was prepared
with process parameters: 5 rpm of spray rate, 0.09 MPa of
atomization pressure, 40 °C of the inlet temperature,
32–35 °C of the material temperature (see Table 5). When
aspirin pellets were coated by enteric-coated layer with 10%
weight gain the drug release percentage was (1.77 ± 0.08)%
in pH 1.0 hydrochloric acid solution for 2 h and (88.76 ±
0.76)% in pH 6.8 PBS for 45 min. The evaluation results
see Table 6 and Fig. S3. It shows that the result meets the
requirements that drug release in the intestinal.

3.1.2 L-glutamate pellets

L-glutamate pellets were prepared by extrusion-
spheronization method and the prescription and process
optimization were carried out with yield, sphericity, and
dissolution as the main evaluation indexes. The prescription
factors include the amount of filler, disintegrant and fla-
voring agent, and the type of adhesive. The results indicated
that the optimal formulation included L-glutamate (68%),
MCC (18%), L-HPC (6%), hypromellose (HPMC, 2%), and
stevia (6%) (see Table 7). The optimal process (see Table 8)
were 800 rpm × 2 min+ 500 rpm × 2 min of spheronization
process and 500 rpm of inlet air speed in 3 min. Pellets were

prepared by the optimal formulation and process that per-
formed high yield of (85.80 ± 3.68)% and rapid dissolution
of (98.43 ± 1.05)% at 30 min in pH 7.2 PBS.

3.1.3 Mixing process of compound preparations

Due to the mass of the pellets are small (100 g), we mixed
the pellets manually. The aspirin enteric-coated pellets were
placed in a sealed bag since the instability of moisture.
Simulating a three-dimensional mixed form, L-glutamate
pellets were added by the method of equivalent addition and
mixed at the same time. Finally, the mixture pellets of
compound formulation can be obtained.

3.2 Quality evaluation and preliminary stability
study

The rationality and procedure reproducibility of prescription
preparation was studied to evaluate the quality of products
by few factors: determination of appearance, sphericity, size
distribution, bulk density, free salicylic acid, uniformity of
aspirin content, and release of aspirin.

Figure 4 showed that both aspirin enteric-coated pellets
and L-glutamic acid pellets are white spherical pellets with
good appearance. The sphericity of pellets was described by
evaluation ratio of the short diameter and long diameter:
randomly take 20 pellets, place them under an optical
microscope (Fig. 5), then measure the short diameters and
long diameters, and calculate the ratio [27], the results are
shown in Table 9. The results showed aspirin enteric-coated
pellets and L-glutamate pellets were white spherical pellets
and sphericity was 0.93 ± 0.05 (aspirin pellets) and 0.94 ±
0.02 (L-glutamate pellets), respectively.

Table 4 The composition prescription of enteric coating solution

Composition The prescription analysis Amount

Eudragit L30D-55 Enteric material 50

GMS Antiadherent 0.75

TEC Plasticizer 1.5

Tween-80 Stabilizer 0.3

Table 5 The coating parameters of aspirin enteric pellets

Parameter Value

The temperature of material 32–35 °C

The temperature of air inlet 40 °C

The spray flow 5 rpm

The pressure of atomization 0.09MPa

The frequency 1300–1450 rpm

Table 6 The effect of the weight gain of enteric layer on release
behavior of aspirin enteric-coated pellets in 0.1 mol/l HCl solution

The weight gain (%) Cumulative release (%)

10 1.77 ± 0.08

15 1.62 ± 0.56

20 0.98 ± 0.26

Table 7 The composition of prescription of L-glutamate drug-loaded
pellets

Composition The prescription analysis Amount (%)

L-Glutamate API 68

MCC Filler 18

L-HPC Disintegrant 6

HPMC Adhesive 2

Steviosin Flavoring agent 6

Water Moistening agent –

Table 8 The parameter of extrusion-spheronization process of
L-glutamate drug-loaded pellets

Parameter Value

Extrusion speed 30 rpm

Spheronization speed and time 800 rpm × 2 min
500 rpm × 2 min

Wind speed and time 500 rpm × 3 min
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According to pharmacopoeia regulations [28], A= |100−
Mean|, A+ 2.2S= 0.343+ 2.2 × 6.24= 14.06, unless other-
wise specified, L= 15.0, if A+ 2.2S ≤ L, the content uni-
formity of the test product meets the requirements. Therefore,
the content uniformity of aspirin in the compound preparation
meets the requirements (see Table 10). The test results
showed that the content of salicylic acid was (0.24 ± 0.03)%,
which was <1.0% in Table 11, which meets the quality
requirements. In Table S5 and Fig. S4, the dissolution of
aspirin was (2.36 ± 0.11)% in pH 1.0 for 2 h and (83.29 ±
2.01)% in pH 6.8 PBS for 45 min. The dissolution of
L-glutamate pellets was (98.92 ± 0.88)% in pH 7.2
PBS for 45 min in Fig. S5. The analysis results of
dissolution of aspirin and L-glutamate also meet the quality
requirements.

Fig. 4 The appearance of the
aspirin (A) and L-glutamate (B)
drug-loaded pellets (visual
inspection)

Fig. 5 Optical micrographs of
the aspirin (A) and L-glutamate
(B) drug-loaded pellets

Table 9 The sphericity of aspirin and L-glutamate drug-loaded pellets

Batch number Aspirin pellets L-Glutamate pellets

1 0.95 ± 0.03 0.94 ± 0.02

2 0.93 ± 0.07 0.93 ± 0.03

3 0.92 ± 0.04 0.94 ± 0.02

Mean 0.93 ± 0.05 0.94 ± 0.02

Table 10 Content uniformity of aspirin in compound enteric-coated
granules

No Content (%)

1 89.48

2 99.39

3 104.15

4 102.51

5 108.74

6 95.52

7 102.30

8 107.47

9 92.02

10 102.51

Mean ± SD 100.34 ± 6.24

Table 11 The content of salicylic acid in compound enteric-coated
granules

Batch number Salicylic acid (%)

1 0.24 ± 0.02

2 0.24 ± 0.03

3 0.26 ± 0.05
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According to the general rules for the determination of
content uniformity, the content uniformity of aspirin in the
compound enteric-coated granules meets the requirements,
but its content exceeds the limit specified in the Pharma-
copoeia for aspirin enteric-coated tablets and aspirin enteric-
coated capsules (93.0–107.0%), the main reason is that the
doses of two drugs are quite different, thus, particle size
distribution and bulk density of the two pellets are different.

The results of influencing factors tests showed that the
free salicylic acid was increased to (6.54 ± 0.07)% at a high
temperature (60 °C) for 10 days which exceeding the stan-
dard of 1.0% (Table 12) and the cumulative release of
aspirin in pH 6.8 PBS for 45 min was <80% (Fig. 6). It

means that the compound enteric-coated granules is
unstable under high temperature conditions. Under the other
conditions for 10 days quality meet the requirements.
Therefore, the compound preparation should be sealed in a
cool and dark place.

There is no apparent change in shape of compound
enteric-coated granules when placed at 92.5% humidity for
5 days. But weight gain was (5.18 ± 0.05)% caused by
moisture absorption. When humidity condition was chan-
ged to a relative humidity of 75%, the weight gain of 5 and
10 days were (2.17 ± 0.02)% and (2.19 ± 0.05)%, respec-
tively. When placed at high temperature (60 °C) for
10 days, the weight of free salicylic acid increased to

Table 12 The stress testing
results of compound enteric-
coated granules

Condition Characters Weight change (%) Salicylic acid (%) Acid resistance (%)

0 day White spherical pellet – 0.24 ± 0.02 2.30 ± 0.10

5 day

60 °C White spherical pellet −1.37 ± 0.05 4.26 ± 0.31 3.54 ± 0.34

RH 75% White spherical pellet 2.17 ± 0.02 0.64 ± 0.05 3.34 ± 0.17

4500 lx White spherical pellet −0.03 ± 0.07 0.52 ± 0.04 2.36 ± 0.24

10 day

60 °C White spherical pellet −1.67 ± 0.13 6.54 ± 0.07 6.15 ± 0.34

RH 75% White spherical pellet 2.19 ± 0.05 0.56 ± 0.05 8.04 ± 0.22

4500 lx White spherical pellet −0.04 ± 0.04 0.83 ± 0.04 2.91 ± 0.10

Fig. 6 The stress testing results of cumulative release of compound enteric-coated granules (A, B release of L-glutamate; C, D release of aspirin)

Journal of Materials Science: Materials in Medicine (2021) 32:116 Page 7 of 9 116



(6.54 ± 0.07)%. Therefore, the storage temperature should
not be too high. The results of this study are slightly dif-
ferent from other studies of aspirin stability [29]. Thus,
further research work about the stability of this compound
preparation should be done.

3.3 Particle size distribution and bulk density

The specifications of two pellets in the compound pre-
paration are quite different. The consistency of the particle
size distribution and bulk density is of great significance to
the uniformity of pellets. In this article, the particle size
distribution and bulk density of two pellets are quite dif-
ferent, so the determination of content uniformity for aspirin
is quite necessary.

3.4 Release of drugs

When tested the acid release of compound enteric-coated
granules, a small amount of aspirin enteric-coated pellets is
dissolved. The release rate of the two pellets meets the
requirements with non-interference each other during the
determination test.

4 Conclusion

This study shows that L-glutamate has obvious protection
effect on chronic gastric injury caused by NSAIDs like aspirin.
The minimum effective dose of L-glutamate is 100mg/kg.
The two-phase compound enteric granules can be prepared by
adopting the combination technique of extrusion spheroniza-
tion method and fluidized bed coating. The test results of
prepared pellets showed that appearance pellets is white
spherical structure. And yield can reach to over 85%. The
release of free salicylic acid is in line with the quality
requirement. Meanwhile, the preparation process is simple and
has good reproducibility. The influencing factors tests evident
that the compound enteric-coated granules should be sealed in
a cool and dark place. The method can provide a guide for
development of compound formulations in the future.

Acknowledgements This work was supported by the grant of Key
Laboratory Breeding Base of Hu’nan Oriented Fundamental and
Applied Research of Innovative Pharmaceutics (Grant/Award Number:
No.2016TP1029).

Compliance with ethical standards

Conflict of interest The authors declare no competing interests.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Hansen JM, Hallas J, Lauritsen JM, Bytzer P. Non-steroidal anti-
inflammatory drugs and ulcer complications: a risk factor analysis
for clinical decision-making. Scand J Gastroentero.1996;31:126–30.
https://doi.org/10.3109/00365529609031975.

2. Zhu YZ, Yin M. Pharmacology. 7th ed. Beijing: People’s Medical
Publishing House; 2011.

3. Alsaeed A. Gastrointestinal and cardiovascular risk of non-
steroidal anti-inflammatory drugs. Oman Med J. 2011;26:385–91.
https://doi.org/10.50010/omj.2011.101.

4. Laine L. GI risk and risk factors of NSAIDs. J Cardiovasc Pharm.
2006;47:60–S66. https://doi.org/10.1097/00005344-200605001-
00011.

5. Zhang L, Min LY, Gang DS. Clinical characteristics of non-
steroidal anti-inflammatory drugs associated gastroduodenal ulcer
bleeding. Chin J Intern Med. 2003;42:258. https://pubmed.ncbi.
nlm.nih.gov/12887811.

6. Sinha M, Gautam L, Shukla PK, Kaur P, Sharma S, Singh TP.
Current perspectives in NSAID-induced gastropathy. Mediators
Inflamm. 2013;2013:258209. https://doi.org/10.1155/2013/258209.

7. Gigante A, Tagarro I. Non-steroidal anti-inflammatory drugs and
gastroprotection with proton pump inhibitors: a focus on keto-
profen/omeprazole. Clin Drug Invest. 2012;32:221–31. https://doi.
org/10.2165/11596670-000000000-00000.

8. Ament PW, Dicola DB, James ME. Reducing adverse effects of
proton pump inhibitors. Am Fam Phys. 2012;86:66–70.
https://www.aafp.org/afp/2012/0701/p66.html.

9. Otani K, Tanigawa T, Watanabe T, Shimada S, Nadatani Y,
Nagami Y, et al. Microbiota plays a key role in non-steroidal anti-
inflammatory drug-induced small intestinal damage. Digestion.
2017;95:22–28. https://doi.org/10.1159/000452356.

10. Silverstein FE. Misoprostol reduces serious gastrointestinal com-
plications in patients with rheumatoid arthritis receiving non-
steroidal anti-inflammatory drugs. A randomized, double-blind,
placebo-controlled trial. Ann Intern Med. 1995;123:241–9. https://
doi.org/10.7326/0003-4819-123-4-199508150-00001.

11. Sibbald B. Rofecoxib (Vioxx) voluntarily withdrawn from market.
Can Med Assoc J. 2004;171:1027–8. https://doi.org/10.1503/cma
j.1041606.

12. Kulkarni SK, Singh VP. Licofelone-a novel analgesic and anti-
inflammatory agent. Curr Top Med Chem. 2007;7:251–63. https://
doi.org/10.2174/156802607779941305.

13. Camilleri M, Madsen K, Spiller R, Van Meerveld BG, Verne GN.
Intestinal barrier function in health and gastrointestinal disease.
Neurogastroenterol Motil. 2012;24:503–12. https://doi.org/10.
1111/j.1365-2982.2012.01921.x.

14. Amagase K, Kimura Y, Wada A, Yukishige T, Murakami T,
Nakamura E, et al. Prophylactic effect of monosodium glutamate on

116 Page 8 of 9 Journal of Materials Science: Materials in Medicine (2021) 32:116

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3109/00365529609031975
https://doi.org/10.50010/omj.2011.101
https://doi.org/10.1097/00005344-200605001-00011
https://doi.org/10.1097/00005344-200605001-00011
https://pubmed.ncbi.nlm.nih.gov/12887811
https://pubmed.ncbi.nlm.nih.gov/12887811
https://doi.org/10.1155/2013/258209
https://doi.org/10.2165/11596670-000000000-00000
https://doi.org/10.2165/11596670-000000000-00000
https://www.aafp.org/afp/2012/0701/p66.html
https://doi.org/10.1159/000452356
https://doi.org/10.7326/0003-4819-123-4-199508150-00001
https://doi.org/10.7326/0003-4819-123-4-199508150-00001
https://doi.org/10.1503/cmaj.1041606
https://doi.org/10.1503/cmaj.1041606
https://doi.org/10.2174/156802607779941305
https://doi.org/10.2174/156802607779941305
https://doi.org/10.1111/j.1365-2982.2012.01921.x
https://doi.org/10.1111/j.1365-2982.2012.01921.x


NSAID-induced enteropathy in rats. Curr Pharm Design.
2014;20:2783–90. https://doi.org/10.2174/13816128113199990579.

15. Jiao N, Wu ZL, Ji Y, Wang B, Dai Z, Wu G. L-Glutamate
enhances barrier and antioxidative functions in intestinal porcine
epithelial cells. J Nutr. 2015;145:2258–64. https://doi.org/10.
3945/jn.115.217661.

16. Yin J, Liu MF, Ren WK, Duan JL, Yang G, Zhao YR, et al.
Effects of dietary supplementation with glutamate and aspartate
on diquat-induced oxidative stress in piglet. PLoS ONE.
2015;10:e0122893. https://doi.org/10.1371/journal.pone.
0122893.

17. Duan JL, Yin J, Wu MM, Liao P, Deng D, Liu G, et al. Dietary
glutamate supplementation ameliorates mycotoxin-induced
abnormalities in the intestinal structure and expression of amino
acid transporters in young pigs. PLoS ONE. 2014;9:e112357.
https://doi.org/10.1371/journal.pone.0112357.

18. Jinap S, Hajeb P. Glutamate. Its applications in food and contribution
to health. Appetite. 2010;55:1–10. https://doi.org/10.1016/j.appet.
2010.05.002.

19. Xu SY. Experimental methodology of pharmacology. 3rd ed.
Beijing: People’s Medical Publishing House; 2002.

20. Xia Y, Shi CY, Fang JG, Wang WQ. Approaches to developing fast
release pellets via wet extrusion-spheronization. Pharm Dev Technol.
2016;2016:1–10. https://doi.org/10.1080/10837450.2016.1265556.

21. Tunón Å, Börjesson E, Frenning G, Alderborn G. Drug release
from reservoir pellets compacted with some excipient of different
physical properties. Eur J Pharm Sci. 2003;20:469–79. https://doi.
org/10.1016/j.ejps.2003.09.009.

22. Soh JL, Yang L, Liew CV, Cui FD, Heng PWS. Importance of
small pores in microcrystalline cellulose for controlling water
distribution during extrusion-spheronization. AAPS Pharm Sci
Tech. 2008;9:972–81. https://doi.org/10.1208/s12249-008-9134-9.

23. Goyanes A, Martínez-Pacheco R. New co-processed MCC-based
excipient for fast release of low solubility drugs from pellets
prepared by extrusion- spheronization. Drug Dev Ind Pharm.
2013;41:362–8. https://doi.org/10.3109/03639045.2013.861479.

24. Mascia S, Seiler C, Fitzpatrick S, Wilson DI. Extrusion-
spheronisation of microcrystalline cellulose pastes using a non-
aqueous liquid binder. Int J Pharm. 2010;389:1–9. https://doi.org/
10.1016/j.ijpharm.2009.12.058.

25. Evonik. EUDRAGIT® medicinal acrylic resin. 2020. Access from
https://healthcare.evonik.com/in2020.

26. Liu WL, Han HL, Han JS. Preparation and in vitro evaluation of
multi-unit tablets of delayed release aspirin. Shanghai Med Pharm J.
2013. http://en.cnki.com.cn/Article_en/CJFDTotal-SYIY201321022.
htm.

27. Chen SL, Zhang J, Huang GH. Preparation and evaluation of drug
release of compound aspirin and esomeprazole magnesium
entericcoated pellet capsules. Chin Pharm J. 2016. http://en.cnki.
com.cn/Article_en/CJFDTOTAL-ZGYX201612011.htm.

28. Chinese Pharmacopoeia Commission. Pharmacopoeia of the
People’s Republic of China. Beijing: China Medical Science
Press; 2015.

29. Veronica N, Liew CV, Heng PWS. Insights on the role of exci-
pients and tablet matrix porosity on aspirin stability, International
Journal of Pharmaceutics. 580;2020:119218.

Journal of Materials Science: Materials in Medicine (2021) 32:116 Page 9 of 9 116

https://doi.org/10.2174/13816128113199990579
https://doi.org/10.3945/jn.115.217661
https://doi.org/10.3945/jn.115.217661
https://doi.org/10.1371/journal.pone.0122893
https://doi.org/10.1371/journal.pone.0122893
https://doi.org/10.1371/journal.pone.0112357
https://doi.org/10.1016/j.appet.2010.05.002
https://doi.org/10.1016/j.appet.2010.05.002
https://doi.org/10.1080/10837450.2016.1265556
https://doi.org/10.1016/j.ejps.2003.09.009
https://doi.org/10.1016/j.ejps.2003.09.009
https://doi.org/10.1208/s12249-008-9134-9
https://doi.org/10.3109/03639045.2013.861479
https://doi.org/10.1016/j.ijpharm.2009.12.058
https://doi.org/10.1016/j.ijpharm.2009.12.058
https://healthcare.evonik.com/in2020
http://en.cnki.com.cn/Article_en/CJFDTotal-SYIY201321022.htm
http://en.cnki.com.cn/Article_en/CJFDTotal-SYIY201321022.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZGYX201612011.htm
http://en.cnki.com.cn/Article_en/CJFDTOTAL-ZGYX201612011.htm

	Preparation and preliminary quality evaluation of aspirin/L-glutamate compound pellets
	Abstract
	Introduction
	Materials and methods
	Chemicals
	Effective dosing of L-nobreakglutamate
	Construction of stomach damage model
	Effective dosing of L-nobreakglutamate for gastric injury protection
	The dosage form of compound preparation
	The establishment of quality analysis methods

	Results and discussion
	Formulation and process study
	Aspirin enteric pellets
	L-nobreakglutamate pellets
	Mixing process of compound preparations
	Quality evaluation and preliminary stability study
	Particle size distribution and bulk density
	Release of drugs

	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




