
14

����������� PXRD 	
��� Kollicoat MAE30DP 
��� amorphous �������
���������
�����

Naproxen ����!"#����$�%�� peak (intensity) EC-SDN &�&�  ������������
 A '����*�������%�����$� ���

�* intensity %���$����������
 B +&, C (�$��*� 7)

5 10 15 20 25 30 35

2 theta

In
te

ns
ity

Naproxen
talc
C
B
A
Kollicoat

�$��*� 7 ���. Powder X-ray difraction

����������� FTIR spectrum (�$��*� 8) 	
������+!��� peak +��%�� Naproxen ��/��� 1727-

1604 cm-1 
��� carbonyl stretching (14) '������#�	
������
#&��
 ��
�"����	
 broad band �*�

���+!��� 3535 cm-1 '���	
�� Naproxen – Ammonia +&,����
#&��
 (NAP-EC, 1:0.75) +��<��	
��

Naproxen '������+!�������&���
������+!���%�� OH stretching !��� NH streching (15) +&,���%"��$&

DSC '���<��
�=����
�&*���+�&�%�� peak +&, �H ��������� 2 /�=� (�$��*� 5)  ������������>��?�<�"���

broad band ���+!�������&���
��� OH stretching
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�$��*� 8 FTIR spectra %�� Naproxen (NAP), ����
#&��
�����
 B (NAP-EC; 1:0.75), Naproxen ���

ammonia (NAP-Amm), Talcum (Talc), Kollicoat MAE30DP (Kollicoat)

4. Micromeritic study

#�� True density, Bulk density Tap density +&, %�����?G�# +�����������*� 2 	
��� 
����

��=��J%��	�&=
���L�������

	=��%��� �,����!" Bulk density  Tap density %������
	=��%���
&Q��"�� +&,

��?G�#�*%����!U�%��� 
����������=��J	�&=
���L�*�
	=��%��� ����!"��?G�#���
��,���<�"�*%���  ������

#����J#��  Carr’s index %��+��&,�����
 �*#��������� 23% +����������
#&��
�*�<�"�*#��������>��

���<!&<���* (13)  ���#&"����
��������W���/"
#�����������<!&���W����= '���	
��� <�������>���#�� 

flow rate +&,#�� angle of repose <�" 
�����������<��<!&�����$%��
#�����

5. ���������	
��

������
��������	�

���������������&��&�������� Naproxen 	
��� ���G��,��� (�$��*� 9) EC-SDN �&�

�&�����/"�������������"� ������*������#�U����>=�= (p<0.05) W���*����&��&���������"������ 6% �*�


�&� 120 ���*+&, �����
�*��*��=��J���
#&��
�*�������� �,�*����&��&�����/"����� �����
�*��*���


#&��
�"������������*������#�U����>=�= (p<0.05)  Naproxen >$��&��&�����������
�Q����G��,���� 

Kollicoat
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(Phosphate buffer pH 7.4) W����>$��&��&����,��������� 80% �*�
�&� 30 ���*����$��*� 10  ���

����*����	
��������
�*��*��=��J���
#&��
�*�������� �,�*����&��&�����/"����� �����
�*��*���
#&��


�"������������*������#�U����>=�= (p<0.05)
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#&��
�����
 A, B, C +&,�����*�<��<�"
#&��
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�$��*� 10 ���.+�������&��&������������
#&��
�����
 A, B, C +&,�����*�<��<�"
#&��
 �� 0.1N

HCl 
���
�&� 2 /���W�� +&,
�&*���
��� phosphate buffer pH 7.4
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6. ���������
������
�	� EC-SDN

�����������#���#����%������
#&��
�����
 C 	
��� �*� 40oC, 75%RH ����
#&��
�*

&���J,��
���
����"�� ��%J,�*����������*�
�Q
�*� 25oC, 60%RH 
���
�&� 12 
��������*&���J,
!����


�=� ���
��<��	
���
�&*���+�&�  
�������������%�����?G�# 	
����*%����!U��������
�=���"�
&Q��"�� 

#�� �*%�����?G�#
[&*�� (d0.5) 48 <�#��� ��%J,�*����
�=���"� #�������
 C �*%�����?G�# 42 <�#���

����������� DSC %������
#&��
�����
 C �*�
�Q
�*� 25oC, 60%RH (�$��*�11) 	
 endothermal 

broad peak ��/��� 60-80oC ����,
��� dehydration peak (14) '������#&"����
���������"�� TGA 

(�$��*� 12) �*�	
��=��J���� (~2% on wet basis) ����������
�=���"� (~0.8% on wet basis)  �������*�

���	
��� melting endotherm peak ��$������+!�����&"
#*����� #����$���/��� 143-145oC 
/��
�*�������
 

melting endotherm peak %������
#&��
�����
 C �*�
�Q
�*� 40oC, 75%RH (�$��*�13)

 

30 60 90 120 150 180

Temperature (oC)

En
do

C 1M25

3M25 6M25

9M25 12M25

�$��*� 11 DSC %�������
 C �*�
�Q
�*� 25oC, 60%RH 
���
�&� 1, 3, 6, 9 +&, 12 
����
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30 60 90 120 150 180

Temperature (oC)

w
ei

gh
t (

%
)

C 1M25
1M40 3M25
3M40 6M25
9M25 12M25
6M40

�$��*� 12 TGA %�������
 C �*�
�Q
�*� 25oC, 60%RH +&, 40oC, 75%RH 
���
�&� 1, 3, 6, 9 +&, 12 
����

30 60 90 120 150 180

Temperature (oC)

En
do

1M40
3M40
6M40
C

�$��*� 13 DSC %�������
 C �*�
�Q
�*� 40oC, 75%RH 
���
�&� 1, 3 +&, 6 
����
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����������� powder x-ray diffraction (�$��*� 14-15) 	
��� 
����
�Q
��������<�"�*��G��,���� 2 


���
�&����%��� diffraction peak �,�* intensity &�&� 
����
�*�
��
���
�=�����#�� �����
 C  �����*����
�=�

���#���/�������!"	�&=
���L.]&L��*� 
#&��
��!&��������  
�
��#?J&���J,#���
����&�� 

(crystallinity) 
��������	�&=
���L
��� amorphous  '������#&"����
��?G�#�*��*%����!U�%�������*��&���

��+&"�%"���"� W��
[	�,������=�� �*��G��, 40oC, 75%RH '���	
��������
���
����"��

5 10 15 20 25 30 35

2theta

In
te

ns
ity

talcum Naproxen

6M25 Rx C

12M25 3M25

9M25

�$��*� 14 Powder X-ray diffraction %������
#&��
�����
 C 
�Q
�*��?J!G$�= 25oC, 60%RH
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5 10 15 20 25 30 35

2theta

In
te
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ity

talcum

Naproxen

Rx C

6M40

3M40

�$��*� 15 Powder X-ray diffraction %������
#&��
�����
 C 
�Q
�*��?J!G$�= 40oC, 75%RH

���������������&��&����������������
 C (�$��*� 16) 	
��� �G��,���� 2 �!"����&��&���

������*���&"
#*�����
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�$��*� 16 ����&��&����������������
 C 
�Q
�*� 25oC 60%RH +&, 40oC 75%RH �*�
�&�����^���

7. �
�������	�
����� Naproxen (EC-SDN tablet)

������
��*����
�Q���W��
'�W�����<�����*�+����� 20 ,40 +&, 60  kgf/cm2 %��+��&,

�����
 +&"����<����#���+%Q� 	
��� �������

�*�����
����+�����
	=��%��� �,����!"
�Q����*#���+%Q�
	=��

%������+������$��*� 17 
������������>$��������"��+���*��$�%�������!"#��������>��������
��,+&,

������������%���=�	�&=
���L
	=�����%��� +&,
����������
��*�

�*�
#���+%Q�%����
�Q��*�+�����


�*�����%��+��&,�����
 �,
!Q�<�"����*�+����� 40 +&, 60 kgf/cm2   ��
�Q��*#���+%Q�
	=��%������

��=��J%��	�&=
���L�*�
	=��%����������
 +���*�+����� 20 kgf/cm2  +������*��!"�������*�&<�����
	*��	�

������
��,���������%��	�&=
���L����!"#���*�<�"<��+���������/��
��
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�$��*� 17 ���.+���#������	��`L�,!����#���+%Q�%��
�Q��� +&,+�����

8. ����&��&�������������
�Q�

������>?��,��#L%�����������*�
	���	�j�����
��*������
#&��
+


��
���=# +&,���
���


�Q��*�+
����
��,���<�"W������*#?J��
��=
���
��
���=#  ���<�"������/���+������������
��
�Q���

��=��J 10%w/w 
	����!"��
�Q��*���+���������,
	�,��!�� 
���������&���>�����JL�!"
!������


���+
����
�Q���
��,���  ���/���+������*��/"<�"+�� sodium croscarmellose (Ac-Di-Sol�), sodium 

carboxymethyl starch (Explotab�), +&, crospovidone (Kollidon�CL) 	
��� Kollidon�CL �!"��


�Q��*��*���+�����
�Q��*��?��� 0.1N.HCl  �����*�
�������� Ac-Di-Sol� +&, Explotab� 
��������,��
�*�

�*��,�?
�� (anionic) ����!"�*���	�����<�"�"�����G��,��� '����&�����&���*����#&"����
�*�

Debunne +&,#J,������ (16)  �����<��Q��� 
�&��*��/"�����+��������������� 30 ���*  ����������<�"

�/" Kollidon�CL ����=��J 20%w/w 
	����!"<�"��
�Q��*�+�����<��
�=� 30 ���*���G��,���  ��������

����&��&����������W��
'��� 0.1 N HCl %��+��&,�����
�*� +���������^ 	
��� 
����+�����
	=��%���

����&��&�������������
�Q�/"�&� 
��������+���������!"����������+������%���+&,��
�Q��*#���

+%Q����%��� ����!"����&��&���%�������/"�&� +&,�&��&��������/"����� ����
#&��
 ��
�����*�<��<�"


#&��
 ���&����
 ����$��*� 18  �������*����	
����*�+�����
�*����� 
������=��J	�&=
���L
	=��%��� ���

�&��&���������,/"�&� 
��������	�&=
���L�*�
	=�����%��� �,<�%��%�������&��&����������������


�Q� ����$��*� 19  
������������������&,&���� phosphate buffer pH 7.4 	
�����>$��&��&��������

���
�Q� +&,
����+�����
	=��%��� ����&��&�������������
�Q�/"�&� �������
������=��J	�&=
���L
	=��%���

����&��&���������,/"�&� 
/��
�*�������
�*�	
������&��&������� 0.1 N HCl
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��!���������	�
��
��*��/�=�
#&��

��
���=# +

!&��!���������>
��*��W���=`*	��+!"� (spray-drying 

method)  ����
#&��
�*�<�"������	��+!"� (Enteric coated spary dried naproxen, EC-SDN) �*

&���J,
�����?G�#�*�>$�
#&��
+&,
��,�&?�����
�����?G�#�&��!U�  �����
�*��*	�&=
���L������� �,�!"

�&?����?G�#�*��*&���J,�&� +&,�=�
�*�
����  �?������
�*#?J��
��=���<!&<���* ��=��J������� spray 

dried naproxen &�&������=��J���
#&��
�*�
	=��%��� +&,��=��J�����#���%"�������
���W�����
��

���#�� % relative standard deviation (%RSD) �*��"������ 0.2%  ���������������&��&��������

��W��
'������� EC-SDN �*�<�"������	��+!"� +&, �*����<����
���
�Q������&,&����� +&,���� 	


��� �*�
�&� 120 ���* ��
�Q��!"����&��&���������"������ 4% ���G��,�*�
������ >��+�"���
�Q����,

+��
���/=��
&Q�^���G��,���  +&,�&�������������
�Q������&,&������ (phosphate buffer pH 7.4) 

W���&��������������� 80% �*�
�&� 30 ���*  �������*�	
��� 
����+�����
	=��%��� ����&��&��������

/"�&� +&,#?J��
��=�����������G��,���%�����
��=��J	�&=
���L�������
 W����
�Q��,�*����&�

�&�����������G��,���/"���������
#&��
 EC-SDN +&,�&����������������
�Q������&,&�� pH 

7.4   ������������>��?�<�"��� ���
#&��

��
���=#W���=`*	��+!"� �����>���<�������
�����
�Q�
#&��



��
���=#�*�!��+
��<�"
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Development of spray-dried naproxen enteric-coated microcapsules

Janejira Ruangchayajatuporn*1, Ampol Mitrevej2.
*Corresponding author
1Department of Pharmaceutical Technology, Faculty of Pharmaceutical
Sciences, Khon Kaen University, Khon Kaen 40002, Thailand.
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Mahidol University, Bangkok 10400, Thailand.

Purpose: The purpose of this study was to prepare naproxen enteric-coated
microcapsules by the spray-drying technique using methacrylic acid
copolymer, Eudragit L30D-55, as coating material.
Methods: The drug-polymer suspensions at three ratios, 1:0.25, 1:0.5 and
1:0.75 were spray dried. The effect of ratio of coating polymer and drug
loading on morphology, micromeritic properties and drug release from the
spray-dried powders were investigated.
Results: Photomicrographs illustrated that the products are spherical
aggregated of coated particles. The higher coating polymer content resulted
in the more spherical and smoother surface. The dissolution of naproxen
from the all spray-dried powder were less than 6% after 120 minutes in 0.1
N HCl solution and more than 80% after 30 minutes in pH 7.4, phosphate
buffer solution. The enteric-coating action depended on the amount of
Eudragit L30D-55 used in the formulation. Moreover, the spray-dried
powder showed some resistance to simulated gastric acid and then released
drug more rapidly in pH 7.4 buffer solution.
Conclusion: These data indicated that the enteric-coated microcapsules
could be prepared by a spray-drying technique with aqueous acrylic
copolymer. It may be possible to prepare dividable tablet from these enteric-
coated microcapsules.
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Development of spray-dried naproxen enteric-coated microcapsules

Introduction

Oral administration of anti-inflammatory drugs may result in adverse side effects such as
gastric irritation, nausea and vomiting. The incidence of such reactions from naproxen
can be reduced by administering enteric-coated tablets (1). Currently, much emphasis has
been laid on multiple-unit enteric-coated preparations because of their advantages over
single unit products demonstrated by a ready distribution over a large surface area, thus
minimizing the risk of local irritation (2-3). A spray-drying technique was used to prepare
enteric-coated microcapsules (4). However, interactions between the enteric-coating
material and the drug were found (5-6). Aqueous acrylic latex, Eudragit L30D, was used
to formulate spray-dried sodium diclofenac enteric-coated microcapsule (7).
The aim of this study was to prepare naproxen enteric-coated microcapsules by the spray-
drying technique using a methacrylic acid copolymer, Eudragit L30D-55, as a coating
material. The effect of different weight ratios of the coated polymer to drug loading on
morphology, micromeritic properties and the dissolution behavior of spray-dried
microcapsules were investigated.

Material and methods

A. Preparation of spray-dried products

Table I shows the spray-drying formulations. All excipients except naproxen were
mixed and the pH was adjusted to 5.5 with an ammonia solution. Finally, naproxen was
added. The suspensions were fed by a peristaltic pump to the spray-dryer (Niro, Mobile
Minor, Model H, Denmark) and atomized into a drying chamber by a spray nozzle. The
spray-dryer was operated under the following conditions: inlet temperature, 160�5oC;
outlet temperature, 90�5oC; feed rate, 32 ml/min; pressure pump, 0.9 bar. The drug
entrapped in each spray-dried product is listed in Table II.

Table I Formulations for preparation of enteric-coated microcapsules by a spray-drying
technique

Spray drying formulations (%)
Component  I II III

  Naproxen 12.00 12.00 12.00
  Eudragit L30D-55 3.00 6.00 9.00
  PEG 6000 0.30 0.60 0.90
  Talcum 1.34 1.34 1.34
  Simethicone 0.04 0.04 0.04

Table II Micromeritic parameters of spray-dried powder

Parameters Naproxen I II III
Drug content (%) 100 79.77�0.12 66.04�0.08 58.00�0.10
% RSD of content uniformity - 0.15 0.12 0.16
True density (g/cm3 ) 1.32 1.31 1.21



31

B. Micromeritic properties of spray-dried products

True density of spray-dried products was evaluated by a gas pycnometer and is listed
in Table II. Flow properties of the spray-dried products were determined by a flowmeter
(Pharmatest, type PTG). The shape and surface topography of the spray-dried products
were observed by a scanning electron microscopy (JEOL, model JSM-4510LV, Japan)

C. Content uniformity of spray-dried products

Dissolve 80 mg of spray-dried products in 100 ml of methanol and filter. Dilute 10 ml
of the filtrate to 50 ml with methanol and measure the absorbance at the maximum of 331
nm. The results of ten samples were determined for each formulation to ensure
homogeneity of mass. The relative standard deviation (RSD) was calculated.

D. Dissolution studies

The dissolution profiles of the naproxen starting material and the spray-dried products
were determined by using BP 2002 Apparatus 2 at 37�0.5oC with paddle and rotation was
set at 50 rpm. The dissolution medium was 0.1N HCl solution and pH 7.4 phosphate
buffer solution. The dissolution procedure was followed: 2 hrs of exposure to 750 ml of
0.1N HCl solution followed by testing in 1000 ml of pH 7.4 phosphate buffer solution.
The released amount of naproxen was periodically determined by UV spectrophotometer.
The naproxen starting material was also investigated for comparison. The mean of six
tablets was calculated.

Results and discussion

Figure 1 shows the scanning electron microphotographs of the naproxen starting material
and the spray-dried products. The spray-dried products were spherical agglomerations of
coated particles. The surface of the spray-dried powder seem to be entirely covered with
polymeric materials due to the higher coated polymer content which resulted in a more
spherical and smoother surface as shown in Fig. 2. All the spray-dried products could not
flow through the orifice.

Content uniformity criteria of acceptance were set according to USP 26. The relative
standard deviation must be less than 6%. In the present study, the relative standard
deviation of the spray-dried products was less than 0.2% (Table II).

The dissolution profiles in acidic media of the spray-dried powder and the naproxen
starting material are shown in Fig. 3. The release rate of the spray-dried products was
slower than the naproxen starting material. The gastroresistant property depended on the
amount of Eudragit L30D-55 used in the formulation. The more Eudragit L30D-55 used,
the slower the release of the drug. The dissolution of naproxen from all spray-dried
products was below 6% for 2 hrs in the acidic solution. After the medium pH changing
from acidic to 7.4, the release rate of the drug increased rapidly. The release amount was
more than 80% for 30 minutes in the pH 7.4 phosphate buffer solution (Fig. 4). The pH-
changed dissolution profiles of the spray-dried powder and the naproxen starting material
are shown in Fig. 5. The results indicated that all the spray-dried powder was thoroughly
encapsulated in the enteric-coated polymer.
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(A) (B)

(C) (D)

Fig. 1. Scanning electron micrograph of naproxen starting material (X500)and spray-dried
products with different amounts of Eudragit L30D-55 (X200). (A) naproxen starting
material; (B) Formulation I; (C) Formulation II; (D) Formulation III
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(A)

(B)

(C)

Fig. 2. Scanning electron micrograph of spray-dried products with different amounts of
Eudragit L30D-55 at X 750 magnificant. (A) Formulation I; (B) Formulation II; (C)
Formulation III
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Fig. 3. Dissolution profiles of the spray-dried powder and the naproxen starting
material in the 0.1N HCl.
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Fig. 4. Dissolution profiles of the spray-dried powder and the naproxen starting
material in the pH 7.4 phosphate buffer.



35

0

20

40

60

80

100

0 30 60 90 120 150 180

Time (min)

R
el

ea
se

 a
m

ou
nt

 (%
)

% Nap. Powder
%A (1:0.25)
%B (1:0.5)
% C (1:0.75)

Fig. 5. Dissolution profiles of the spray-dried powder and the naproxen starting
material in the pH changed dissolution medium.

Acknowledgement

Financial support from Thailand research fund and Khon Kaen University is
gratefully acknowledged. We would like to thank JJ-Degussa Chemicals Ltd. for
kindly supplying Eudragit L30D-55.

References
1. Trondstad, R.I., Aadland, E., Holler, T. and Olaussen, B., Gastroscopic findings
after treatment with enteric-coated and plain naproxen tablets in healthy subjects.
Scand. J. Gastroenterol., 20 (1985) 239-242.
2. Follonier, N., Doelker, E., Biopharmaceutical comparison of oral multiple-unit and
single unit sustained release dosage forms. STP Pharm. Sci. 2 (1992) 141-158.
3. Daumesnil, R., Multiparticulate Oral Drug Delivery. Marcel Dekker, New York,
1994, 457-474.
4. Takenaka, H., Kawashima, Y., and Lin, S.Y., Preparation of enteric-coated
microcapsules for tableting by a spray drying technique and in vitro simulation of
drug release from the tablet in GI tract. J. Pharm. Sci. 69 (1980) 948-951.
5. Takenaka, H., Kawashima, Y., and Lin, S.Y., Polymorphism of spray-dried
microencapsulated sulfamethoxazole with cellulose acetate phthalate and colloidal
silica, montmorillonite and talc. J. Pharm. Sci. 70 (1981) 1256-1260.
6. Lin, S.Y. and Kawashima, Y., Drug release from tablets containing cellulose
acetate phthalate as an additive or enteric coating material. Pharm. Res. 4 (1987) 70-
74.
7. Lin, S.Y. and Kao, Y.H., Tablet formulation study of spray-dried sodium
diclofenac enteric-coated microcapsules. Pharm. Res. 8 (1991) 919-924.


