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:��-0� ��� �� ��� 	
�� �� �� �� ����� ����� �� ��� �� ����� ������ � !� ��"#$ 
	%� &' �(% ���#�� �� �) � �* �� +,
- ��- &,%�#.�� 	
�� �� � /0,.� 	1#� 	232' 

�-��� �� �#� .����� 5.�� ���6� /#,7
 +2�8 �0��� ��� 96�' ��� �� ��� :��3,%� 
�� �#� .&� �#;7� �2%8 �,
�� ,<' � 96�' ���� �� ��#� �� 5�� ������ =�>� ��? &� 

��@ 5�� �A���� :��3,%� �' .�� +�� �&BC�D� * 2
 �� &�" =�>� ��? +2�"#,7
 ��0��� 
����� E� &�" ���A� ��� E� F#3� &
$ ����� ���$ � ������� �� .  

1�� � ��� 	+: �� +�� 96�G� ���H� �� =�>� ��6<2 � &� ��? :�<6 ���� �� &�" /�� 
� �� 52�� �C# % ��� &�" ��� :��3,%� �� .�� �,%0� ����% � �� *6 :�7����� � �2� :��� 

E2�#<%� *6 �� &�" /�� :��3,%� �� .* 2
 ��6 &2I� :�� �� ;� �-G�� ��6 ����2
 � 
���%���� �7��� �J�DB�� �	��>K �-�7(�? in vivo� ���� L�� �� *6 ��2��� � �/0M�� 

pH �MD% � ���A� ���� � ���� ���8 ���% �� in vitro ������� ���� .�#2%"#�
 
�:���-� � N�%� ��6��2B� ������,%� �#@#� �� ��BC�D� +2O2� P�>,�� ��.  

���	
 :	+ �� &2I� �#2%"#�
 ��6 Q ,>� )44 �#2%"#�
(� +�,I� �#2%"#�
 =# >� 
��6<2 � � � 527�� � 5�C� *��% ��'#�' 52,� �C# % � �� *6 :�7�����  *��% U��,%� 

��"#��0- �� �-G�� ��6 ��2�#2%����
 P# D� �#� &' +�,O2� ���2� ���%���8   
)96 �X�� (�� �� �� 	��� .<2 � 52�� �C# % cps 100 � /0� 5�C� &� �#;7� 	.�% &�" 

��� )���A� (P�>,�� �� .�#2%"#�
 �>,7� ����� �-G�� ��6 �������,%� � N�%� 
��BC�D� +2O2� �#�.  

�2��)  :3(�# &2I� * 2
 =�>� ��? +2�"#,7
 �0��� &� �#;7� 	O-��� �� ��� �BK#� 
	
�� �� �� ����� ������ �� �-G�� ��6 ������ �%�7� ����� �[� 	%�.  

,4� -��5 :	+ �� ��� ��BK#� /#,7
 +2�8 ��0��� ���%����  
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�� ����� 	� 	
� ��� ��� ���� � ����� �� ����� 	���� �� 

������� 	� 	
� ���� �
����� ��� �� � !"#$���� ����� 	�� 

%"$�� &���'(� 	� ]���1[ .�
����� ��� �� � -!"#$���� ./( 

0�/1�� 2�$3 � �� �4�'� 5��6 789 !�:'
�( ����� 

	� 	
� �� ;<� ="��> 	� ��� � 	� 	
� =�:3 $> � 

	�?�@ �$> ��$� A �� ����� B��$ 	� ]��61[ .�������� 

	� 	
� ��� C$� .D�E'� ����� ����� 	���� )3 �> 5 �3�( (

.JK� 5�� �� ����� C�? 	� ]����2[ .�� BM� %"$> 0���3 

	� 	
� 	�?�@ N�� ��� C$� 	� ���> �� ������ �� -OJ� 

�/<P ��$6 � �"�� ��� %'$� �� �'(��Q .  -�� ���� � -���� 

�� &R"� �� -��6��6 ����: �( � .13 ������� 	��S &���� �$6 

�6 	� ����> �� ��@ �D�� ����6 	���� ����
� �� ����:�� �� 

5��6 ]���3[ .	�" �� &�� ��� �J��1� �� 	� 	
� 	�?�@ N�� 

��� -C$� &���'(� �� �
�����'�� ��� ������� T/1�� &���6 

	D�$3 	� ���� .%"� ������ 2�$3 	��Q ����� �� �� 0�/1�� U��Q 

	� ���6 � ��"$9 ��Q �� ;<� ="��> 5"��� 	� ���" � �� 

�4�'� ������� 	� 	
� ��9�� �� -��� O"$( $> ��JV> 	� ���� .

��"�$� %"� ����"�$ W3�� 	� ��� �6 	� 	
� ��� C$� � �V( 

����� �� N�� ���� �$':6 �� %�� ��$� � X� 	E�/@ � 

������'(� �� ��:�� ��$���� .	�" �� 	"������ �6 YZ/D �� %"� 

����� ���� ) ��"[>Food and drug administration( FDA 

��$D �'$� -�(� ����� Oraverse® )%��?�'� NZ"�� (

	� ]����4[.  

)Phentolamine mesilate!" ( ��M� &���6 $�K 	��V'�� 

&��$�� ��� �� � !"#$���� �(� .%"� ���� ��$� ��] -��Q ��$�� 

	'(�� 	��� �� ^�$> 5�� �� �� ��� 	�� %"$�� � ��$� 

_�V]> � ����� ����:�� ���$6�` ���'"�( &���'(� 	� ]���4[ .

%� �� $a� PA )Phentolamine mesilate����:� ( $b"� ��M� 

&���6 ��� -�� � ��]� ��$6 2�$3 ]�(�3[.  ="��>mg 8/0 �� 

PA �� ;<� ="��> 	� 	
� 	� ����> ���� 0���3 	/��9 ;��D 

-�9�> �� �]���� O"$( X� 	E�/@ �� ��� ��� 	���� !:6 

]��65[ .  

Oraverse® �� ;�� f"$>��6 ����� 	���� �� �> &�� 

�(� .&���'(� �� %"� ;�� 	"���� ���� �� ="��> ��4� �� ;<� 

���� $�� ���� �6 ./( .�(� 	'�� $']�� 	� ��� .&���'(� �� 

BJ� g�V� .
h PA ��$� �]���� 	� -	
� �/
� �� ;�� 

i�j�� �� 	� ����> �� ���� %'Q�( .�(� 	'�� �� ��:�� � �"�� 

5��6 ��� .D�E'� �� ! ����� .%��k:� ��:�� 	� ����> �/
� 

�� l�$� �" OmD ����� �� U��Q �� .m� C��D� �"�:�.  

	�" �� n���� ��M> B'
�( ��� 	��(����� -�"�9 B��$ 

���:� ;�� 	"���� �� ;D��� 0���3 � %"$']�� $a� 	����� 

	� ���� .��$� %"� ����� 	�" �� ;�� ��� 	"���� �6 N�1�1<> 

���"� $� ��� �� �� i�� C�4�� 	� -���� BJ� ��� 	"���� �(� 

�6 	� ���> �� �� �� �� ;�� ��� oJ'V� �'
�� -5�� O"$( 

;� &���� � �� 5�� i$'�6 &�� ��M> ��:� .BJ� ��� 	3��'� 

$��� BJ� g�V� .
h �� ���
��"$> ��$� ����� �� � 

���:�� ��� 	��M' � ���� � ��� BJ�  .
h g�V�-i���>�/ �( 

-%"��>��� %�(�
6�J�$j�( ���� �E �m� � 	��"��� ��$D 

�'$� ]���9 -6[.  

BJ� g�V� .
h %�s�6���  �M9 ��4"� 	� 	
� ��� C$� 

���� ���� �E �m� � �9�� S��� � ���� ���( �� ���� 	��"��� ��$D 

�'$� ]�(�10-[ ��� ���6�> ��$� �]���� 	� -	
� ;�� 

	"���� g�V� 	/
h 	��$@ &�]� �(� .  

�� %"� �E �m� BJ� �� �� &���'(� �� ���$:�J� g�V� .
h 

� �� B� &������� �� � 	'(Z� ����"�( � &��"��� ��� S��� 

oJ'V� �'Q�( �� .BJ� ��� ��M> &�� �� $�� 	�R"� ��� 

-�$��t ���� �� B� ������ � -iZ<�� pH -	<m( ���'<� 

	"���� -BJ� ����� � !�'��6 ���(���� -���� ���� 	��"��� ��$D 

��'$� .��$� ���(���� !" �$@ ���� �� ����� 5��6 789 

!�:'
�( � %'��� 0���3 	/��9 -$':6 !" �"? C��1� $� 

��� BJ� ��$D &��� ]��11[ .n�� %"� -�E �m� ��M> � 	��"��� 

BJ� g�V� .
h PA ��  ��E��2cm 1×2 �(� �6 ���'� �� �� 

��$� �]���� 	� 	
� � 5"��� ����6 	���� -����:�� ���� 

��4"� .�(� 	'�� �"�9 &���'(� �$6.  

  

 � ���  1�� 	+  

��� � ,	6�7� 3	+ �� �	5 ����  

��J6 ���� � ;"�(� ���� &���'(� �� %"� �E �m� &�$:� �� C�� 

o�V� � N�vV]� �� i��9 1 �"��� &�� ��� .�� %"� �E �m� 
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	�$4> ��$� ��M> BJ� g�V� .
h %��?�'� NZ"�� �� w�� 

Solvent casting &���'(� �� .��$� ��M> BJ� �� �� %��?�'� 

NZ"�� �� ����3 &��� $ax� &�$:� ���$:�J� g�V� .
h  ;���

HPMC )Hydroxy propyl methyl cellulose -(

NaCMC )Sodium carboxy methyl cellulose -(PVA 

)Poly vinyl alcohol�� ( �/
� ��� oJ'V� �� ��6 &�$� �� .

%��k:� �� %"$�
�J� � %J���$� i���J� ����3 �� 	'(Z� ��"�( 

� B"�( �"�$J6 �� ����3 &��� !�>�:(� &���'(� �� . $� &�Z3

%"�  ��SSG )Sodium startch glycolate -(MCC   

)Micro crystalin cellulose) -(Sodium lauryl sulphate (

SLS �� ����3 �� B� &������� �� $"��1� oJ'V� &���'(� ��   

]12 -9) .[Propylen glycol( PG � SLS �� ����3 &��"��� 

S��� ��� �� ��:� 	� ]��"�13.[   

��$� �Q�( BJ� -�� ���1� ���� $�� �� ��$:�J� �� 	:�� �� 

B4�  iZ�)7� $m1� (&���� � #Z�(�� ��M> �� .	D�� &���� 

iZ� �6 ���� ���� � 	'(Z� ��"�( � &��� !�>�:(� � �� B� 

&������� 	� -���� �� #Z�(�� &���� � �� �J�(� ��:� 

	
�@��y� g�JV� ���� .�� ����� �$���J9 �� ��4"� -7�/� 

i�J<� ;P�� 24 �3�( �� ���� 2�>� ����Mb� �� .Xj( 

i�J<� 	"�M� �� ��J� �]�� �� ;1'�� � �� ���� 2�>� �� N�� 

48 �3�( !]Q ���1� .�� ����� �$����� &�� mg 08/1 �� 

$� �EmD  BJ�2cm 1×2 ��� �6 $� z�(� ���1� ����� ��"�4> 

	1"��> 	� ]����14[.  

�"? C�� �� �� -N��P �� ;� ���:� ;�>� � �J( cps 100 

�� ;� � � �$b"� �� ;� ���:� ;�>� � �J( cps 10 �� g�JV� 

;� � � %s� �> ��M> �� .2 	J�� $'�  �� �� �� $� ��� �"? i�� 

�'V"� �� � �� %'��8� �� ���� 2�>� !]Q ��.  

�� -l�:4� 44 ���(?��$ 	��$@ �� .�� 	��$@ -i���9 

��'�� =/@ i��9 2- ���(?��$ 	"�� �� l���� � $"��1� oJ'V� 

��$:�J� � 	'(Z� ����"�( ��M> � 	��"��� �� .Xj( 

���(?��$ ��� -.V'�� =/@ i��9 3 �� �� B� &������� ��� 

oJ'V� � &��� -!�>�:(� 	��"��� �� .$"��1� $:�J� HPMC $� 

z�(� �E �m� BJ� g�V� .
h %"��>��� � $"��1� $:�J� PVA 

� NaCMC $� z�(� N�E �m� C�4�� �'$� �� ��M> BJ� g�V� 

.
h N��P i���>�/ �( ]�$�8 -7[. ���1� �� B� &������� �� � 

&��� !�>�:(� $� z�(� N�E �m� C�4�� �'$� �� ��M> BJ� 

g�V� .
h %�(�
6�J�$j�( � �'��� �(�6�  	��$@ ��   

]12 -9[ .���(?��$ ��� �"? C�� )C��1� (=/@ i��9 4 ��M> 

�� .���(?��$ ��� 	"�M� �� �"? =/@ i��9 5 ��M> �� .

f"�'� 	��"��� i��9 ��� 2- 3 � 5 �� i��9 6 $6S &�� �(� .  

	(�$� �$��t BJ� �� ��@ �� 	���(�$6�� C�4�� �� �6 

�"�� ����� ^m( -n�P -C$� n��� � ���� 7�/� ����.   

  
5��6 1. 8�9:	 ��0 � *;�<� 
!,� ��" 
( �� 
=.�> �+�% 

'	) ,�	�  '	) � �	8�"� �)	9�	5 ,-)�	7  

Phentolamine mesilate (PA) (Sigma, Germany) 
Hydroxy Propyl Methyl Cellulose 6cps (HPMC) (Dow, United State) 

Sodium carboxy methyl cellulose (NaCMC) (Merck, Germany) 
Polyvinyl alcohol 40000cps (PVA) (Merck, Germany) 

Ethyl cellulose 10,100 CPS (EC) (Dow, United State) 
Glycerin (Gly) (Merck, Germany) 

Sodium Lauryl Sulphate (SLS) (Daru Pakhsh, Iran) 
Micro crystalin cellulose (MCC) (Amin, Iran) 
Sodium startch glycolate (SSG) (Amin, Iran) 

Tolouen (Merck, Germany) 
UV/ VIS double-beam spectrophotometer (UV-1650 PC, Shimadzu, Japan) 

Franz cell device attached bath (Gallenkamp thermo stirrer 100, EEC) 
pH Meter (632 METROHM, Switzerland) 

orbital water bath (KBLee2020 Daiki, South Korea) 
The digital micrometer (GB/T14899-94, China) 

Stirrer machine (IKA RH basic 2, Brazil) 
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 5��62. <@0�,�0$ �A& #�$, ��B � C�0�� �(�; �� D�!:$!<2� � ��� �<��;  

*��7���(�  HPMC (mg) PVA (mg) NaCMC (mg) PG (ml) Gly (ml)  

A-1 - - 200 - 0/1  

A-2 - - 400 1 5/0  

A-3 - - 600 1 5/0  

A-4 - - 800 - 0/1  

A-5 - - 1000 - 0/1  

A-6 - 200 800 - 0/1  

A-7 - 400 600 - 0/1  

A-8 - 600 400 1 5/0  

A-9 - 800 200 1 5/0  

A-10 - 900 100 1 5/0  

A-11 - 1000 - - 0/1  

A-12 480 - - - 0/1  

A-13 320 - 160 - 0/1  

HPMC: Hydroxy propyl methyl cellulose    PVA: Poly vinyl alcohol   NaCMC: Sodium carboxy methyl cellulose 
PG: Propylen glycol         Gly: Glycerin 

  
 5��63. �0$<@0�, &�A #�$, ��B � C�0�� �(�; ��E����� #A F� D�!:  

*��7���(�  HPMC 
(mg) 

NaCMC 
(mg) 

PVA 
(mg) 

SSG 
(mg) 

MCC 
(mg) 

SLS 
(mg) 

PG 
(ml) 

Gly 
(ml) 

NaCl 
(mg) 

B-1 - 100 900 - - 3 1 5/0  - 

B-2 - 100 900 - - 10 1 5/0  - 

B-3 - 100 900 - - 10 1 5/0  10 

B-4 - 100 900 - - 30 1 5/0  - 

B-5 - 100 900 - - 90 1 5/0  - 

B-6 - 100 900 - - 270 1 5/0  - 

B-7 - 100 900 - 20 - 1 5/0  - 

B-8 - 100 900 - 20 - 1 5/0  20 

B-9 - 100 900 - 40 - 1 5/0  - 

B-10 - 100 900 - 60 - 1 5/0  - 

B-11 - 100 900 10 - - 1 5/0  - 

B-12 - 100 900 10 - - 1 5/0  30 

B-13 - 100 900 20 - - 1 5/0  - 

B-14 - 100 900 40 - - 1 5/0  - 

B-15 - 400 - - - 10 1 5/0  - 

B-16 320 160 - - - 10 1 5/0  - 

HPMC: Hydroxy propyl methyl cellulose   NaCMC: Sodium carboxy methyl cellulose   PVA: Poly vinyl alcohol 
SSG: Sodium startch glycolate      MCC: Micro crystalin cellulose      SLS: Sodium lauryl sulphate 
PG: Propylen glycol        Gly: Glycerine          NaCl: Sodium chloride 
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 5��64. <@0�,�0$ �A& 
;@  G��#�$, @)
; G��B(  

*��7���(� EC 10 cps (mg) EC 100cps (mg) PG (ml) Toluene (ml) Ethanol 96 (ml) 

C-1 440  -  1/0  16  4  

C-2 500 -  1/0  16  4  

C-3 560 -  1/0  16  4  

C-4 620 -  1/0  16  4  

C-5 680 -  1/0  16  4  

C-6 740 -  1/0  16  4  

C-7 -  50  1/0  -  20  

C-8 -  100  1/0  -  20  

C-9 -  200  1/0  -  20  

C-10 -  400  1/0  -  20  
EC: Ethyl cellulose     PG: Propylene glycol 

 
 5��65. �0$<@0�, &�A �;��� -:!E �� 
;@  

  �
� <�  �
� '��  

*��7���(�  PA 
(mg) 

PVA 
(mg) 

NaCMC 
(mg) 

SLS 
(mg) 

SSG 

(mg) 
Gly 
(ml) 

PG 
(ml) 

EC 100 cps 
(mg) 

PG 
(ml) 

Ethanol 
96 (ml) 

D-1  08/1  -  400  -  -  5/0  1  100  1/0  20  

D-2  08/1  -  400  10  -  5/0  1  100  1/0  20  

D-3  08/1  900  100  -  -  5/0  1  100  1/0  20  

D-4  08/1  900  100  10  -  5/0  1  100  1/0  20  

D-5  08/1  900  100  -  10  5/0  1  100  1/0  20  

PA: Phentolamine mesylate    PVA: Poly vinyl alcohol    NaCMC: Sodium carboxy methyl cellulose 
SLS: Sodium lauryl sulphate   SSG: Sodium startch glycolate   Gly: Glycerin 
PG: Propylene glycol     EC: Ethyl cellulose 

  

;:<> �� ;��1� �> ��� :��$� C��<'(� �� 1 +�> 4 +o"$E> 

 	� ]��$�15:[  

- 1 :+!]Q � &����� X� �� ��$6 �> $':6 �� �( ��� �� 

!" ~�Q   

- 2 :+�� C��D � B�<� � &����� X� �� ��$6 �> $':6 �� 

&� ��� �� !" ~�Q   

- 3 :+�� $�  	� .(��� � $�K &����� X� �� ��$6 �> 5�� 

�� &� ��� �� !" ~�Q   

- 4 :+���
� -omE�� ���� C��D .(���.  

����� BJ� ��]15 :[�� 1 +�> 3 +�'(� ����  	� ��� 

)����� BJ� �� �� ��@ -	/
� �� ��<� &�b]"���� � �� �9�> �� 

�<�P ���'��� �6 �� $"� BJ� ��$D  	� �$�� 	(�$�  	� ����(.   

- 1 :+��6 �� ���@ �6 ��'��� �]� BJ� &�"� ~��]�   

- 2 :+�:�� n��� �� ���@ �6 ��� �]� BJ� �� ��@ 

^��� ���/� ��� ��� �� �� �8� ~��6   

- 3 :+n��� �� ���@ �6 ��'��� �]� BJ� �� ��@ Z��6 

^��� &�"� ���. 

���V� BJ� �� :���V� !" $� �� BJ� �� �� �( ���� 

oJ'V� �� &����� �$�� � %�b���� w���� ]��8[. 

��$� %��E> ���1� ����� BJ� -�� BJ� ��� .V'�� �� �"? 

��M> &�� )2cm1×2 (�� �� 25 	J�� $'�  �� $�� N��
 �� 8/6 

pH �� ���� 37 �9�� 	'��( ��$� �'Q���� � �� ��:� 	
�@��y� 

�> !" �3�( BM� &�� �> �"? i�� BJ� YZ��6 �� B� &����� ��� .

�"? C�� ;� &�]� �� ��9 � Xj( i�J<� 	D�� &���� �� 8K�6 

	�P ��/3 &��� �� .%"� i�J<� �� $'��>��$'�j(� UV-Vis �� 

i�@ U�� 278 $'����� � �� !:6 	�<�� ������'(� %��E> ���1� 

  �� .!�Z� &���'(� -&�� BJ� �� �"? ��
�" ��� �D� ���� ��� 

�6 ��"�$ 2� Y�1�D� ��� �� C�4�� ]��16[.  
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 5��66. �!�L; F���(�; �;���� ,#�$ �A& �M
$ ���  

*��7���(�   �	�&   ��	=>  ?@A� �� ?�	0� 

	� *->  

��-B 

�#-�C�� )N(  

*	�� F�(> � �+ 

*-�>	G )min(  

*	�� <�A) 

)min(  

pH 
AH7�  

A-1 063/0 3+ 4+ 312/0  0/1 8 - 

A-2 098/0 3+ 3+ 332/0  0/1 9 - 

A-3 151/0 3+  3+  345/0  0/4 12 - 

A-4 226/0 3+  3+  358/0  0/12 30 > - 

A-5 285/0 3+  3+ 367/0  0/20 30 > - 

A-6 273/0 2+  4+  336/0  0/12  20  - 

A-7 259/0 2+  4+  296/0  5/6  15  - 

A-8 243/0 2+  4+  269/0  0/3  8  - 

A-9 232/0 3+  4+  251/0  0/3  9  - 

A-10 221/0 3+  4+  231/0  0/3  9  - 

A-11 216/0 3+  3+ 219/0  0/5  12  - 

A-12 055/0 3+  3+ 283/0  0/3  15  - 

A-13 093/0 2+ 3+  301/0  0/3 21 - 

B-1 219/0 3+  3+  226/0  0/3  10  - 

B-2 228/0 2+  3+  214/0  0/2  9  - 

B-3 228/0 1+  3+  214/0  0/2  9  - 

B-4 236/0 1+  3+  202/0  0/10  20  - 

B-5 243/0 1+  3+  175/0  0/30 >  30 >  - 

B-6 261/0 1+  3+  -* 0/30 >  30 >  - 

B-7 240/0 2+  3+  216/0  0/30 >  30 >  - 

B-8 238/0 2+  3+  216/0  0/30 >  30 >  - 

B-9 263/0 2+  3+  196/0  0/30  30 >  - 

B-10 281/0 2+  3+  173/0  0/30 >  30 >  - 

B-11 298/0 2+  4+  227/0  0/6  15  - 

B-12 303/0 2+  4+  227/0  0/6  15  - 

B-13 400/0 2+  3+  218/0  5/2  10  - 
B-14 465/0 2+  3+  196/0  0/8  18  - 

B-15 141/0 2+  3+  312/0  0/1  5  - 

B-16 123/0 1+  3+  268/0  0/3  15  - 

D-1 128/0  3+  3+ 327/0  5/1  9  7  

D-2 173/0  3+  3+  303/0  0/1  6  6  

D-3 256/0  3+  3+  225/0  0/4  9  7  

D-4 263/0  2+  3+  202/0  0/2  9  6  

D-5  303/0  2+  3+  219/0  0/6  17  6  
*:  � ��;� ���/
h	 ��-%�" &����� ;��D ��$� ��/�  

  

��$� %��E> ���� �� B� ������ � iZ<�� BJ� �� ��  ��<�

in vitro- !" �EmD 2cm1×2 �� BJ� �� !" ��J� �� ml 25 

$�� N��
 8/6 �� ���� 37 �9�� $� ��� C�:� 7� )37 �9�� (

&�b'(� ���>�� �� ��� rpm 50 �'��8� �� .	���� �6 BJ� 

l�$� �� �� B� ������ 	� ��6 �� ����3 ���� �� B� ������ � 

	���� �6 BJ� �� -iZ� ;<�� �� �� ����3 ���� iZ<�� �� 

$�� �'$� ]��17[ .  

��$� &����� �$�� N��D 	���/
h BJ� Ex vivo- �� g�V� 

����  �� ����3 �� ���	 �$� g�V� ^m( ��� E>%��  N��D

���/
h	 BJ� �$� .�� &���'(�� � C�4��%" ����5" BJ�  ! ��
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?��	"  &�b'(�SANTAM Q �� X�) ��� ���� g�V� �X� 

�� ! �� (7� &$mD ��h �� ���%�"  Xj( .�� &���/
h &�b'(�

BJ�  N�� ��!" D��1�  .�$� ��$D g�V� �� ;��6 z�:> ��

�	"�$� �$� �6�  ��$6 ��9BJ�  �(� C�? g�V� ^m( ��

(�<����/
h N��D ����3 �� � �/	 BJ� �� w����]18[. 

��$� %��E> ���(���� ���� �� ��<� in vitro- �� ;( ���$ 

���� $�� N��
 �� 8/6 pH � ���� 37 �9�� 	'��( ��$� ��$� 

%��E> ���(���� ���� &���'(� �� .��� -;( $'J� 45/0 ��$��� 

�'��8� �� .ml 2 ���:� $� 10 �1�D� �> 120 �1�D� �'$� �� � 

�� $�� N��
 �� 8/6 pH %"�b"�9 �� .���:� �� �� &�b'(� 

$'��>��$'�j(� &����� �$�� �'� �f" J<> ��;�  ��/(�<� 

]��19.[ 

��$� %��E> pH 	<m( BJ� ��� -.V'�� ���(?��$ ��� 

-.V'�� !" �3�( $� ��� ���� �'��8� &�� �> C��> ���� ���6 .

8K�6 pH f�( ��� ^m( C��'� &�� BJ� ��$D &��� �� �> pH 

	<m( �� 54�( ��� .��$� ��M> -���� )m/v( 2 �P�� ���� �� 

�� $�� N��
 !���>��"� C$� �� 2/6 pH ;� &�$6 � Xj( 

i�J<� �� �$'� 5"� �'V"� �� �> �� ���� 2�>� �� � �� ���9 

�� ]�"���20.[   

��$� 	(�$� !�'��6 � B
����� ���(���� ���� �� i���� 

	"���� �$:�J� � ��E� Peppas -Korsmeyer ���� &���'(� ��$D 

�$� .i��$ %"� � ��E� �� �$� $"� ]�(�21:[  
Log (Mt / M∞) = log km + nLog t 

Mt :���1� ����� ���� &�� �> ���� t -Km :���a 5�� ���� 

�6 ��]� &���� 	�R"� ��� ���'Q�( B'
�( 	� -���� n :��:� 

�6 ��]'�� ���� &���6 B
����� ���(���� ���� 	� ����.  

�/(�<� MDT:  

%�b���� ���� ) iZ<��Mean dissolution time (MDT 

�(� �6 �3$( ��"�$ iZ<�� �� ��]�  	� ��� .$� ��1h �6 

MDT $']�� ���� �3$( ���(���� ���� $':6 ]�(�22.[ 
MDT = (∑ =�� 1tmid × ∆M) / ∑ =�� 1∆M) 

tmin :%�b���� �� ���� 	 ��'� t1 � t2- ∆M :nZ'Q� ����� 

���� &�� %�� �� ���� �/(�<� 	 ��'� �P�� 	"���6 ]iZ<��22[:   
100 ) ×AUC0-t / y100 × t) = (Dissolution efficiency % (DE 

AUC0-t :l�:4� ^m( $"� 	�<�� �� ���� $�P �> t- y100 :

;6 ����� �$����� -&�� t :����  

���(?��$ -&�"��$� $� z�(� �
"�1� f"�'� �(� �� &��� 

�� ������E� ������'(� ��9�� �� N�E �m� %�]�� 7�V'�� 

]��15 -9-7[.  

  


���	 	+  

f"�'� 5"���� ��� ;:<> �� ;��1� �> -��� -����� -���V� 

N��D -	���/
h ���� l�$� �� B� ������ � iZ<�� � pH 

	<m( �� i��9 5 &���� &�� �(� .���V� BJ� �$( ��� 

A1 �> A5 )	��"��� $"��1� N���'� $:�J� NaCMC (�� ����� 

63 �> 285 ��$��� � N��D 	���/
h �� �� �� ����� 312/0 �> 

367/0 %>��� ��$D ���� .�� %�:� .�>$> ���V� BJ� ��� 

�$( A6 �> A11 )	��"��� $"��1� N���'� �� $:�J� NaCMC � 

PVA (�� ����� 216 �> 273 ��$��� � N��D 	���/
h �� �� 

�� ����� 219/0 �> 336/0 %>��� ��$D ���� .���V� BJ� ��� 

�$( B1 �> B6 )	��"��� $"��1� N���'� SLS (�� ����� 219 �> 

261 ��$��� � N��D 	���/
h �� �� �� o�@ 175/0 �> 226/0 

%>��� ��$D ���� .���V� BJ� ��� �$( B7 �> B10 )	��"��� 

$"��1� N���'� MCC (�� ����� 240 �> 281 ��$��� � N��D 

	���/
h �� �� �� ����� 173/0 �> 216/0 %>��� ��$D ���� .

���V� BJ� ��� �$( B11 �> B14 )	��"��� $"��1� N���'� 

SSG (�� ����� 298 �> 465 ��$��� � N��D 	���/
h �� �� 

�� ����� 196/0 �> 227/0 %>��� ��$D ����.  

���'<� 	"���� BJ� ��� ? ���" D1- D2- D3- D4  �

D5 E>%�� >$> �� �6 ��.� ���� 83 -81 -95 -94  �  

96 ���� �� �P��� �����$�  .����� -&�����(����  �� ����

<��� in vitro ��$� ���(?��$ ��� .V'�� � ;"��$� ��� 

���(���� ���� �� ����:� 1 �� B(����� .B
� ��(�����  ����

:(��6 � ��E� �� =��m�$�- z�j� � �������:� ($> �@��$�B� 

��1� �$" ��3� n- k � 2R  i��9 �� � &�� �/(�<�7  &����

'����� .�(� &�����$ g��$� �� iZ<�� ���� ) ;���Area 

under curve( AUC �(�'� ���� iZ<�� )MDT (� �P�� 

	"���6 iZ<�� )DE �P�� i��9 �� � &�� �/(�<� (7 &���� 

&�� �(�.  
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5��6 7. L;�!� �<��( &�A�!���� ��$!E$" &F�<��FN ���� F� #�$, &�A @ �� -OP Q�:
; N 50!E,R$ �82;  

*��7���(�  R2
 

3	+(���	G ���(� �� �J�	%� K	LG  3	+(���	G �.����5 
K * N**  MDT ***  (min) DE%  † AUC 0-120 †† 

D1 99/0  06/0  59/0  79/27  17/56  66/6740  

D2 98/0  001/0  44/1  92/40  43/33  05/4012  

D3 95/0  11/0  53/0  36/17  78/77  40/9334  

D4 96/0  23/0  19/0  86/15  76/48  46/5851  

D5 96/0  10/0  57/0  71/16  79/79  79/9575  
*: ���a 5�� -����   **: ��:� -��]'��   ***: %�b���� ���� iZ<��       

†: ��6	"�  -iZ<��††: l�:4� ^m( $"� 	�<��  

  

  
���0�� 1. &F�<��FN ���� F� �0$<@0�, &�A �;��� -:!E �� 
;@  

  

 MA�  

�� �E �m� �� �6  �(�>Hersh � ]�����:�5[  5��6 ����� ��

� N��	 	
� ��> ;�� �� -�� C�4�� ���� C$� ���	1" ����� 

�� i�'�%� ��NZ"  �� &���'(��  ��� ��]��6 %"� -���� i�@ 

N�� 	� 	
�  C$� ����� ������ 5��6 	� �� .���  �E �m�

�$b" ��h �3�( X� �� ="��>  ������ �E�	 �-����:� 6��� ���	 

 �6 -�� w���� ! ���"�� �� ;� � .�(� 	'�� 	��� �� ="��> 

]�(�2[ .BJ� �� i�'� .
h g�V�%� ��NZ" �/
� �� ;�� 

i�j�� �� 	� ����> �� ���� %'Q�( .�(� �� ��� ��:�� � �"�� 

5��6 ��� .D�E'� ! ����� .%��k:� ��:�� ��Q 	� ����> 

�/
� �� l�$� �" OmD ����� �� U��Q �� .m� C��D� �"�:�.  

�� ����� �� i�'�%� ��-NZ" ���6�> BJ� ����	" M>�� 

 Z� .�(� &�]��� 7�Q %"� M> -7� �� ������ BJ�  g�V�

��� ���� �� &���� ;� .
h� PA ����� �� $"8� 

	� ]���(16BJ� .[ g�V� .
h ��M> &�� ��$� �]���� 

	� 	
� ��� ;Q�� -���� &�Z3 $� $��t � 	�R"� ��� 	�"�� 

� ���� �� B� ������ � iZ<�� � pH 	<m( -.(��� 	� ����> 

���� �� �� 2�$3 	��Q ;<� ="��> ����� 	� 	
� ���($� � 

./( ���]� 2�$3 ��� � ���$D$� .(��� $> �"�$� !��( 

��$� O� ����� 	� 	
� �� O��� ���� $�� ���.  

�� BJ� ��� ��M> &�� �� $:�J� NaCMC- 1 �> 5 �P�� 

	��� - 	:4� $:�J� &���'(� �� �6 $�� ���1� $:�J� �� 2 �P�� 

$':6 	:4� �� 	���  ���)�� 5 �P�� 	:4� �� 	:4� 

	'(Z� ��"�( (BJ� l�$� �� O:9 ��� 	� -��6 �� 	 �� �6 

=/@ i��9 5- �� 2 �P�� 	��� �� 	:4� �� �� %"$'M� ���� 

l�$� �� B� ������ �� �/
� �� ���$:�J� $b"� ���� �6 �� 

$�� 	� �(� �� ;� � 	�R"� 	>�S �� B� 	�������� ��Q $:�J� 

]�(�23-[ ��� ���(���� ���� �� %"� $:�J� �� 	��Q BJ� ��� 
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����� $:�J� PVA ��/� �6 	� ����> �� ;� � � # �� ��� �� �� 

z�:> �� -7� ���� ���( �� �> ����� �� $�Q[> ������ .  

��$� 5"��� ���(�>����� BJ� �� � �� �4�'� O"$( $> ��� 

���� �� B� ������ � -iZ<�� �� BJ� ��� ����� $:�J� 

NaCMC- $:�J� HPMC B� &���� �� .�� �E �m� Kumar � 

]�����:�8[ �� &�<� $�a[> %"� $:�J� �� ���(�>����� BJ� �� 

&���� &�� �(� .�� BJ� ��� ��M> &�� ��  g�JV�NaCMC � 

HPMC- $a� HPMC �� ����3 !" &��"��� ���(�>����� BJ� 

�� ;:3 &���]� �]� � ���� �� B� ������ � iZ<�� BJ� 

5��6 	(�
<� ���� �$�� .g�JV� %"� -�� ����� �� ��� 
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Design and evaluation of the two-layer mucoadhesive film of 
phentolamine mesylate to reverse oral soft tissue local anesthesia 
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Abstract 
 
Introduction:  Long soft tissue anesthesia in dentistry results in problems such as difficulties in 
speaking and swallowing, inadvertent biting of soft tissues and a temporary negative influence on 
patients’ quality of life. Intra-oral injection of phentolamine mesylate is used to decrease local 
anesthesia duration. Mucoadhesive film containing phentolamine mesylate can be used as a needle-
free form of drug to reduce tissue damage and local pain. The aim of this study was to design and 
evaluate a two-layer film of phentolamine mesylate with one layer containing drug and the other 
containing a resistant layer for diffusion of the drug in one direction. 
Materials and Methods: In this experimental study, mucoadhesive polymers and drug were used in 
the first layer and ethyl cellulose was used in the second layer. Disintegrating agents, osmotic 
agents and plasticizers were used in first layer. The prepared films were evaluated in terms of 
physical and pharmaceutical properties including flexibility, thickness, ex vivo adhesion, 
disintegration time, superficial pH, and drug content and in vitro drug release. The formulation was 
selected based on standards of previous studies. 
Results: Of 44 different formulations the mucoadhesive film prepared by mixing PVA and NaCMC 
polymers and sodium starch glycolate disintegrating agent was desirable in terms of 
pharmaceutical features and had the highest drug release rate (96%). EC100cps polymer and 
alcohol as a solvent were selected in order to prepare the second layer. 
Conclusion: In order to reverse soft tissue local anesthesia in dentistry, producing of phentolamine 
mesylate mucoadhesive film is possible with suitable pharmaceutical effects. 
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