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&����� 
'�(�� :�� '�(�� �*+�� ,���$� &���- �	��� 
� ,������ ./�0���
�� ���
��� �	�� 

�1���� ��
�� �� 
� �����	$�� �	��
��
��	� �	NC +��	��� ��  ��� +�2(� 3�
�$ ��
��
,������ .

 ��
�������1�.:5�6 � 7�8 �
9�� �	��� NC :� PEG4000 ,2;���� 7�2$ .2�


 �1���� ��
�� �� <$��
� ��9� =��	� '�(� �(8�� ,>	���?,��2�@� ������ ��� �
 ��
 
HPMC2208 7�8�� �
9���� �		>� �� ��
���6@� A�2��� ?���
�2�� &2��  ���2��� 

����;���DSC ������� ��� ,9BC� '	� ?IR ,9B- '���$� 
 ?X.
D1��$��:���6@� ���
��� &�� ,��$�� �- �	��6:3:1 HPMC:PEG:NC ��!- ���� ��

 ������� :� .��
�	 �	�����	$�� ���� ���-FDA ,���$��� ���BC� �6C./�0� .5��

 �		>� 7�8�� �
9����PEG4000:NC @�����;���  ������ A���� &�� ���6DSC E�
�

 ��21	�6 ��29�- �� �	�� F�* 5�9	  ���
 �	�����	$�� =�	���� ,	������ ,�>�� �	�� G�	�$�
  �
���� �(��B 
- =����� �� 7�8�� �
9����?���$! �(E �� ���
 ,2	�
���� ,2	$��� ���� 

�������� ,9B- '���$� ��(6X�	�� E�
�
 � ,	$��� �� �	�����	$�� �	��
��
��	(� ,	�
���
 :� 7�8�� �
9���� ���PEG4000 ,��$���3:1 ��
� :����.

,8/��� :��2��� 7�� ���� �� 7�8�� �
9���� �� �	�����	$�� ���
� ��9� �*4000PEG 
�� ,���* 
 A��
 ��B� ����� 2208HPMC ,��$� 60 %H����� ��!- �� &���C� F�* 


�B
 .;�	 H����$� �FDA ,���$� ���BC� �6C ./�0�.
G��;��� ������� :?�	�����	$�� �	��
��
��	� ,���$�./�0��
�	�# �	�	
	"� �	�! ?.

*	����������� ��  ���� 	��
� � 	������ 	��! � "
�#.
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The use of Hydroxypropyl Methylcllulose in 
Controlling the Release of Sparingly Soluble Drug 
From Tablets Prepared Using Polyethylene Glycol 

Hind El-Zein*

Abstract 
Purpose: The purpose of this study is to investigate the possibility of 
preparing controlled release tablets for sparingly soluble drug, nicardipine 
hydrochloride NC,which is chosen as a model drug for this study and 
hydroxypropyl methylcellulose HPMC as an excipient for controlling the 
drug release from tablets prepared using PEG4000. 
Materials and methods: The solid dispersion NC:PEG4000 was prepared by 
fusion method and evaluated using dissolution test, differential scanning 
calorimetry DSC, Infra red spectra, and X-ray diffraction. 
Results: Although NC is sparingly soluble in water but it is dissolved and 
released rapidly from NC:PEG4000 solid dispersion at different ratios and 
more than 80% of the drug is released after 45 min. On the other hand, the 
release rate of NC is decreased significantly as HPMC ratio  is increased. 
Conclusion: The present results confirm that adding HPMC in the ratio 
60% to the NC tablet prepared with PEG4000 could produce controlled 
release tablets which are in full agreement with FDA requirements for 
controlled release systems.  
Key words: nicardipine, controlled release, polyethylene glycol. 

* Department of pharmaceutics, faculty of pharmacy, Damascus university. 
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��B��(1)�	�����	$�� �	��
��
��	(� ,	1�	�	��� ,	$��� 
1-,��>�Introduction 

��*��
!�#�� ������!����� �����
!�� "��#  "���

 �� )�!���1(() ���,�, (,��
 ����� $%& 1
2,�� 34/ hypertension5	������� 	�
*+��� angina pectoris 5

(0
����� �4,/���cerebral disease)1�3(.���� �� �8(������*�� �)���,�� �
bioavailability 9��� ���
� ��*��
!�#�� ������!����:� )15–40(%%!� ��� ;���

 ������*����:���� "
<,��dihydropyridine derivatives =&�, 	����<,�� >%�� �?) 
=����� @
���,��rapid absorption ������ .����
 ���<#� extensive 

biotransformation ��
�,� � A��$#4� (2�# ��/ =� �*!�� ()1
��� 5	/
�� 

��4*�� () '����� ��!�, () B+*+, C�D .�E�)1�3(.��-F�, C��/ ���
�� ����

G�$� (H��� 	�*#
��� �
-I� J��
 K�2�,� �side effects 	0
��� C��/ ����� �, 
NC8 () 	$*&�#� �8 	�L�$� �
!� �4�$M� sustained or controlled release 

B�
#� (��4* ��!�, C�/ 	N)

���O�� (����� ��
#,�� � 8 �,��, =� 	���$ )1–3(.
Q�:�� �D (�) ��*��
!�#�� 	�#
*�+ ���
, 	�#
!�D 	���� �� ����� �+� �� (�
���

 ���/ =� B�� �-�*� ��&
, ���$ �/ (H
��� $��������!��0 ����-�)8-7(5�- ��� 
	2�,�� B�#* ������ ��-�� ��*��* (�!����� 	)
&D ���$ �/ ;��
, $*&)14-9(

�C�/ ���
� "
$�%&� =� �2,� ��
, �&)8 ($�, "
�*�$,�FDA �
!��R� 
	$*&#� 	�#�������4$M� )15(.
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2-=�(6C�
 ��
���:Materials and Equipments 
������ 	������ ;+� () "���,��	�,I� :��*��
�!�#��NC )Albania،IRCA(����/ 

�� ����!��0 ������-�PEG4000 )Southampton, England Hythe, Breox,(5
� ��-�� ��*��* (�!����� �����HPMC 2208 )Shin-Etsu Chemical Co., Ltd, 

Tokyo, Japan(زج=>? ،)Boeco, MSH, Germany(	���,��� ���
#� 	/���� 5
CISA SIEVE SHAKER MOD.RP.09, Spain)(،$%& 	�T)Erweka, AR402, 

Germany(5�
*�+�� �
:�)Pharmatest PT-DT7, Germany(Q
��$��� �
:� 5
(H�&�� )Hash, DR/4000,USA(5�
�<�(�&
2,�� .���
�� U���� )NETZSCH, 

DSC200PC, Germany('����
�� "�
, 	����� Q
�$� 5)IR spectroscopy, 
Bruker Vector 22, Germany(	���8 Q��
#� �
�<� 5X(STADI P, STOE, 

Germany) .
3-�	������
��� �	�����	$�� Preparation of NC tablets:

	���*�� () �,��*��
!�#�� B�� �-�*� ��&
,NC  =����*�� PEG4000 ����,��
*
 �:��� 	<��$ )65-70º�(
�:����� (H
���2�� B�#�� �)�	�,I� 1:1،1:2،3:1 54:1 ،

6:1 '��� :���* 5��*� �-V����� ��:���� C�/ W��
,�� ����,�� =� V�-�� �� A�� 5
�- Q2���� () =&�� O��48 	/
� �� �����! ��) �����
!.+�E� V������ B����� 

V,
#�� (#4���*�� ��
:�� ����,�
* �
$�� �-V,
#�� ��
���� �����*/#��� 
��� � 

��� ��� 0.125و ��� 0.315���� ��#��� ��) (<* .+��0.125 ��� .+�� �� 3���

 =� ������ ��-�� ��*��* (�!����� 	2�,�� B�#* 5V������ $%&� �- C��/ 	��T 
$%&�����C�/ ���
�� 
!��"
$�%&� .�
, *�#9
��� 	�2�,�� 2208 HPMC 

+.	������ 15000��
 ���*,#B������ I�(,:
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�
�6��)1(7�$��,	$�
�� 2� NC:PEG4000 :HPMC 

,�	8�� ��� ,	$�
�� ,��$�� 
HPMC: PEG: NC 

NC
mg 

PEG4000 
mg 

HPMC 
mg 

18:1:1 2020160 
27:2:1 2040140 
36:3:1 2060120 
45:4:1 2080100 
53:6:1 20120 60

X�Y�Z,[�X�\�Y"1�# �� B�
#,� $%& 	�T )ERWEKA AR 402, Gemany(����,��
*� 
(������ 
��$  $%& O��
8
�! 5��� ]*Z$<̂Y"@��� �� ��! C��/ 	,*
- $%& O�  

��* @�� �� O�
�  "
���,�4-6_! .
4-�� 1��		>��� .:Evalution Methods 
4-1���
��� &��:Dissolution Test 

+�� @
) .��8 	���*  �
�� ��*��
!�#�� �
*�9
	��! 	 �* "#�� J�
 20��� _�� 
() "�&�� ��*��
!�#�� �
*�+��� �
:� 	��dissolution tester USP 1 O
�$%��� 

��,� ���#
,��� �� ��#�*)	
,2�� ��
100�,���!�� (�
*�+�� $�� 5900 �� ��� 
������� 	/��� 5�$<��� '
���100 O���/O���
�� 	��� 5	<� �37±0.5º�.B
� �,

3	�#���� ����2�� �#/ K���,�� =� "
#��! �� 	��,I� :5،10،15،30،45،60،
70 ،105 �120 ��,4) "���,��� 	<� � Millipore®0.45 ��,���!��9�U����,� 

a��� "
#����Q�2�, �
#� �!�* "
#���� 
:,'��  �*  B���$ ��#/ 	���� 242 
�,��#
#9�=�� .�
��� C#
#� �
� � ��&
, �,� �
! 	�*
<��� ��!��,�� ���
, ���� 5

�
*�+ 	*��, �! .�*	<��$�
 �2#
:��*��
�!�#�� B���� �-�*��� �
*�+�� @
) .��8 
=�PEG4000 ������ () O������ 	<*
��� B�#�
* )1(��� 	H)
!� 	��! ���, J�
 

��� B���� �-�*��20 �� _�� NC (�) ��*��
�!�#�� �� a�,
��� ���
, �,� �8 ��* 
$��,��� +�E�� B���� �-�*��� �� "
#�/ J4-5��-�*��� �� 	��! ���* W�+ �,�� 

�� 	H)
!� B����10 () B�+,� ��*��
!�#�� �� _��10 C��/ ���
#� ��#
-�� �� 
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��!�,��1_��/���-+�E� 50�,� ��!��9��C�D Q
&�� �*
��� ��!�,�� �5'
� �� 
	��� ��$ �#/ @
�,��� �
<�� $<)242 �,��#
#9�#
#��� �� ��!�,�� B�
� �- C

�)����� .�
����.=�� B����� �-�*��� 3�� ��* 
���&
, �, (,�� "
$�%&��� 
�8 
HPMC �
�:� ����,��
* �
*�+��� @
) 
:� a�� �<) �
*�+��� ) 2Q�������(

dissolution tester USP.
4-2����;���  ������ A���� DSC Differential Scanning Calorimetry:

@
) �, B���� �-�*��� NC:PEG4000 (3:1) (��&
2,�� .���
�� U���
* DSC 
�
:� ����,�
*(NETZSCH, DSC200PC, Germany) J�
� �  ����, .8 �
�*,� 

b������ ��*��
!�#�� ��* ��
<�� ��#
#�C�
��.�� V,
#�� V����� #
#��
* C.���
�� 
'����� �
������*��.DG��� ���,���� O���
�� ���� 3"
���/�� 	<� �10-300º�.

4-3������� ��� ,9BC�� �;	��� A���� Infra red spectroscopy:
c8[�X�\.�
�:� ����,��
* '���
�� "
, 	���
* (2�$�� U���� (IR Spectroscopy 

Bruker Vector 22, Germany) 5B���� �-�*���� 5���*�� 5'����� �� �!� �,� J�

 	$���* ��
���� V��� $%&�� ����
,�*�� �����* =� 9
<*�� 	#�
$��� "
#���� 3��

 �� 9�'�* U���� �,�� @�� 8 �!� C�/ �*!� 	��� ��$ 4000 �� �1C�,
� 400 
���1;��  ���*� 1	<� � .
4-4&��'���$� ,9B- XX-ray diffraction:

=� ��*��
!�#�� B���� �-�*��� �DPEG4000 	��8 ����,�
* ��* 
��) >���<, a�� �  
X.� 5���*��� 5��
�� ��*��
!�#�� K���, �, J�
 =�� ��*��
!�#�� B���� �-�*���

PEG4000 1
��� C�D CuKα 1.54056 Aº * �L������� Q
��!��
PSD (�$��� 
�
:� ����,�
*PSTOE, Transmission STADI .���& a�� V,
#�� U���� �D
 	���� �
��3:2θ-90º����*60 	�#
- /	��� .	�<��$�� "���,�� 	#�
<��� ����

Hanawalt E, J�
 J4- C�/8 +� 	)
-!�� ��  	�*�#�� ��  �� �:�*
<� 
�� ���=� �� d
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�
�� '����� ��� ��
<,�5���*�� 5B����� �-�*��� ��& '������ Q>?PEG4000 . �D
 	��  () 9
 �)d±0.02 	����*�� 	�#*�� () ��%, C�/ ��� crystalline lattice'����� 

���*���)18،17(.
,B��$���
 D1��$��Results and Discussion:

1-3�6��� �� ���
��� ������In vitro dissolution studies:
��� 	*���� "��-�*��� a�,
��� ���
, @
) '���D a�� ��*, 	2�,�� B�# �)� O�&


��,
�EC�/ 
�89 –103.4%	��N#�� ��*��
!�#�� 	��! �� 5��, .+�� a�,
��� �+�� 
9
�*���, ;���
, ��! ��� ��*��
!�#�� �� 	*H�+�� 	*�#�� ���
,� ���,�� �
! .+�� ��

B�� �-�*��
*�+�� @
) () .
�:N8 ��*��
!�#�� ��
��� �
*�+�� @
) �8 ;�
�35.35±1.044%��  '����� �� 

���
 () ��,/
�، 2.23± 91.37،  1.35±91.23، 2.23±90أن +�*" *�� ���� 
80.13±2.23 ،84.23±0.473%��*��
�!�#�� B���� �-�*��� �� "*�+ �  '����� �� 5

=�PEG4000 B��#�� ��)� ��,/
�� ���� ��* 1:1 ،2:1 ،3:1 ،4:1 ،6:1 NC:
PEG4000 
<� a��� 5B�,�,�� C�/ 	*�#�� 	#�	*H�+�� ��! �#/ 	*���� "��-�*��� �� 

��*��
!�#�� =� 	�#���� ����2�� 
�:* �,�� O�
���� �8� 	
&�� ���2�� �8 ��*, ;�
�
 ��+�� (H
#- "#���,� @
) ����,�
*T-test student two tails 	���� a�,�� �#/ 

(p< 0.05)،�� 	*H�+�� 	*�#�� 	#�
<� �#/ 
�8 NC ��-�*��� �� 	2�,�� B�#* 	*���� "
����,�
* 
:* �,�� �� 	
&�� ��0 ���2�� �8 ��*,)T-test student two tails �#/ 

	����� a�,��(p <0.05) '
���� B�
��� ����*�� 	*��# 1
�2,�� �8 C�/ ��� 
��
PEG4000 �-E, � B���� �-�*��� () ()��*��
!�#�� �
*�+ ���� (8) �!��� )2(.

�!��� �:N�(3) �
*�+ ����NC ��"
$�%&��� 	)
&?* O�&
��� HPMC 2208 
��� 	*�# "�2,�� 
��! K2�#� �
! .+���HPMC 	$�%&��� () .�
*�+ ���� �D

NC .�
, (,�� 	$�%&��� �� 20 _�� NC،60_��PEG4000 5120 _��HPMC 



"
$�%&� �� '
��� () �
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"
*�$,� =� 9
<)��,� �
!FDA 	$*&�#� �
!���� ��� �4�$M� "��<* J��
 
��,��� .+��� �
*�+�� @
) 	��$ @�  �!� 
:�� 	�*,#� 	$�%&���8"
/
�� 

��
,�40.55±1.22%� ��,/
�� ���� ��* 	�
�2�� O�
��� �� 54.56±1.66 ���
 ���� ��* 	�
�2�� O�
��� 4� "
/
� 82.7±0.35%����� ��* ��
, �  '����� �� 8

"
/
�5�$,�* (2, "#
! (,�� (� B�#�� ;+�� "
*FDA 	$*&�#� �
!���� �/ 
�4$M� ��
, O���& U&�, (,��� 45-20 %* 	�
�2�� O�
��� �� =�*� ����� ��

 ��* ��
,� �8� 5������� (�!�� " ���70-50%Q��# �4�� 	��
�2�� O�
��� �� 
���� 
� ��
,� �8� 5������� (�!�� " ���C�/ 75%Q�# ��* 
� 	�
�2�� O�
��� �� 

���� (�!�� " ��� >,�
:#� ���)15(.C�/ "�,
� (,�� "
$�%&��� 
�850%�� 8 �8 
��HPMC �� �-!8 ��
, �<) 61%��� �-!8� ��,/
� ���� ��* ��*��
!�#�� �� 
86%���� ��* 4�!��� �:N�� 5$<) "
/
� )3(�8 "
$�%&��� "��,
� (�,�� 

C�/70%�� �-!8 �8 HPMC 
! ��0� 9
H�$* 
:#� ��*��
!�#�� ��
, �
! J��
 ��
 �� � 8 ��
,42%���� ��* ��*��
!�#�� �� 4"
/
� �� �-!8 ��
,� ���47%

���� ��*8"
/
� )15(.
2- ������ A����>?@ABCDاDSC Differential Scanning calorimetry:

�!��� �:N�)4(#
#� CO�
�� (�&
2,�� .���
�� U���� NC 	�
� 	�  �:N, J�
 5
��� �#/ 8�*, O���
�� 	��167.8 º	����� �#/ 
:,��+ C�D ��, �174º�#/ (:,#,� �

	�����178.8º��*��
!�#�� �
:�#� �
�� 	�<�� ;+� �-�,� 5� .#
#� �!��� �:N��C
�� (�&
2,�� .���
�� U����PEG4000 	��� �#/ O���
�� 	�
� 	�  �:N, J�
 

O���
68ºB����� �-�*��� (�&
2,�� .���
�� U���� 
�8 5�PEG4000:NC (3:1) 
O���
 	��� �#/ C���� ��,����
 @
�,�� (,�  �:N� >#?)67.9ºO����� (�� �

��PEG4000 O���
 	��� �#/ 8�*, 	�#
-��� 161º	���� ��#/ 	�<�� C�D ��,� �
O���
168.1ºO���
 	��� �#/ (:,#,� �176.5º�..+�� Q�2$�� K
2�#�� �+� �D
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� �  ��*��
!�#�� 	�  >#� "#
/ O�
���� "
H��� �
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3-������� ��� ,9BC� '	�Infra-red spectra:
c8[�X�\.B����� �-�*��� '���
�� "
, 	���
* (2�$�� U���� PEG4000:NC)(3:1 

,�� Q�:*F��
!�#�� O�
�� (H
���!�� "
*-�� �� �! �-�*��� �+� () ��*.�!��� �:N�)5-
T(O�
�� '���
�� "
, 	���� Q�$ NC5D Y+XDG�� ����, >�) 	���H��� @
�,��� �

C�D $*���� 	�2�N� "
/���� ) O����� 	2�,�� ��*��
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���!�� 	�#*�� (.C���)
 �
-��� ��*� :��#�*�!�� 	/����* 	�
��� @
�,��� 	�  �:N,C=O �� ��& �
��

1703 �� 1- �1730��1-.�
*,/� �!��� '����
�� "�
, 	���� Q�$ ��-�*���
 B����PEG4000:NC )3:1(�!��� )5-3(V,
# ��	)
&D "�
, 	����� Q�$ 
'���
����NC C�D �� '���
�� "
, 	���� Q�$ �PEG4000 �!����)5-B(،

	<$#��� () 9

&�� W�+ �:N��2500 �� 1- �3500 ��� 1- ��
 "�N)

 J	��  
	/����* 	�
��� @
�,���OH () PEG4000 �
����� ���& 
:�&�� C�/ 
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4-,9B- '���$� &��XX-ray diffraction:

�!��� �:N�)6($$�� Q��
#� 	��8 X��*��
�!�#�� ��
�� �����*��PEG4000 
() �-�*��� ��*��
!�#���PEG4000 	*�#* 3:1 '��� :���* ������� )2(���  �:N� I

�d��<�� =&�,, 5�:#� �!�J4-�� 
!�#�� O������ ��*�� �
�!#� 
����* ;�
� 2θ(�)
 = �����:d 6.38 ،11.56 ، ،3.49 5	��� ��
 () "�:N J4-��� ���<�� O������� 

��*��� ��*��
!�#� �-
����* �
�!#� 2θXY= ����� d:6.38،11.62 ،3.94 	���.
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�
�6��)2(�	� I
d�	�����	$�� �� ��� ?PEG4000 7�8�� �
9����
 ?NC:PEG4000 
NC PEG4000:NC PEG4000 PEG4000:NC 

IdIdIdId

100 6.382 79.12 6.389 100 3.818 80.48 3.814 

91.24 11.62 76.67 11.62 544.684 100 4.634 

61.26 3.94 61.66 3.94 414.675 544.372 

�<�� �8 ������ �� �:N����, ������ ��, �� ��*��
!�#�� ��,�,�:N 
���  ��#/ d6.38 
�3.94 ,N)

 � 
:#
!� C�/ �	��  �#/ "�:N (,�� 	�<�� �8 ��
 () 
d11.560 �  

C�D "
��#�11.62.	��  () Q4,�� W
#� .8d;�� 0.06 ����*�� @���* 
�8�
PEG4000 )��<�
 J4-�� "N)

 �  >� O������ a�*!�� C���� 	���  C��/ d3.81 

����� "#
/� ;��  A
��#� �� ��0.05 �0.303 B�,�,�� C�/.() ��%, C�D ���� 
��
	����*�� 	�#*�����*��� ��*��
!�#�� PEG4000)20،19(.

3��$��"� Conclusion:
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B���� �-�*��� �
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