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��	��?��%���� �3$1��3��8�!��$(�&�����4�1�J��;�����#��!3�#�������1��������&�#�K�1�

?��%�� �3�(�'��&����,� �,�� ��41���#�8�!��$(�1�C�E���8�!��$(��@���,L��3��%���	 ��C��M�� �#

�����:���!#��K�6N 1�O	��1��� ���&�#� *������,�5��E3���&��,� ���8��4��#�J4��������;1�E3��� ��	�"�1

�3�(���� P��!�� �Q�L� �@��!4� K�3�(�� R� ?�;��#� S1� 1� �
T�� �@UHBsAg� V�<��W;��3�(� &�#��O��@

?��%���J,����9�$�X );�+��������,�J4�J3"������1�������2�Y;��8�!��$(�&�#��,� K��

�����������&1���2�
�HBsAg���P�4�;��,���4�1�Z�3>��&�����[����J��;�?�%3��%��&���

�� ��41���#�8�!��$(UAlhydrogel�V�1�C�E���8�!��$(UAdju-PhosV�'��=><�1����?4�"� ��6�J��;��K

���*�����A;1�<�8�;�\1��J,�2�
�BCA7�3�(��\1��J,��3����@ �* [����A;1�<�]�L�1�HBs�\1��J,�

SDS-PAGE�"�5��^!��K�_L���` �a�'��5�9: ��'(����5�"�J��;�Z�3>��&�����[����`�D
;�� �����

�&��"��J,����EQBalb/C� ��6�* ^;��K�'��b<�c�L�'1�������);�78���J��;�1�C������P���'��&��6

����&��,��3�(��3�; HbsAg�"�8�^���Ja,���?�4�'��5��E3����,��* [��\1��J,K��

����������:��=#1N<�� ���������#�J4���E!��2�3!4�51�6��,�J� �D�����= ��'(�����C��������U�2�
�

�@� �3�(� �1�,V� �,� 5�"� J$���� ��4�1� 7� C�E��� 8�!��$(� ?��%��UAdju-Phos� V�?��%��� J,� ?���

� � ��41���#� 8�!��$(UAlhydrogel� V� ��4�1� �3�� 1Engerix� �d1���� ��'�,� ��� �%���� �'� �!	 �� �M�

&�3:�,������^ ��� �	�K���

�����������B�!	 ���d���;��9���,�e �3��Jf�6����,�5�"�J$������4�1��3:�,��d�'C�E���8�!��$(�?��%���

���� &�!���� �g�� '�� 8'[� O @$�,� &���,� '��� ?�%� &�),� &��d�;� C�: ��'(� �$1� �"�,��1� h����

J����1���$;�������? �������1��d1����&��� �<���!i	#������4�1���!��J,�� �%����[����� ��

�"�����&�1���?�;��#K��

��������������!	 ��78�!��$(�&��3��%���7?�;��#���4�1����[����7�d�' 

 

 
?��%���1�2���#��!	 ��j��<�'1�,�J,�J4��!3�#�&�����#��� 

� O	4� ��,� ��� �[��5�	���(� � � 1���� = �*��� ���!#�K���C����� J,

?��%��� �9 ���@�	 �� J3����@�	 �� �#���� = �*��� ��� �#��!#�K��

O	��'��=�,�8�!��$(�&�#kI���J4�?���2������4�1��J,��������&�#��

��
��� 5��E3��� ?��%��� ��!����"K��?��%��� � �� �� '���� �#���!��;

�3�(���$;�l ���m�D$��P����;�= �*���7&��,�3�(��3����"���[a�7&��,

�3�(���$;����'�&��,n1�����);�=#�4�1���4�1�` �*;�'1�����!i	#

�3�(����D��=#�4��#�&��,�8'[��!�A;1�<��@���4�1�'1�H��"��K�&��,
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� ` �*;� J4� ?��� 5���� ��:�� C�)$�T�� 2�o�HBsAg��,� 5�"� J$����

?��%����3�(� �3�;� 78�!��$(� &�#�?���� ��� &�3:�,� &��,���4�1� J,�

�&1��HBsAg�����^ ��7��!;���!4Kk1F�O	��� �3$1��3������!��$(�&�#

�����4�J,�?��%�����!),�J4��8�!��$(�1�� ��41���#�8�!��$(�7��1�

���C�E����!"�,�K1��� ��Q�J,�P�4�;ppC������&��^;� �6pp�&�#�

� �,� 2���!��48���&�#Alhydrogel ® 1�Adju- Phos ® ����S�3���

�!3�#� K�3�(� ������� ��$@� � ���@���� �%�� �!�A;1�<� &�#��&��$�
�

�!!4� R/%� ��� �,(Kc���� � ��41���#� 8�!��$(��8�!��$(� l��1

��4��� � ��41���#(AlO(OH))� 1� ����� &�� '� qT�� J4� ?���pH�

��(�O �3�$�1* ���?���� K��A;1�<�R/%�&��,�?��%���� ����,�� �#

��,��E!�� �
T��U��A;1�<�&����� &�#V�?��� P��!�� K����_,�D�

��� C�E��� 8�!��$(��,� C�E��� ��41���#� 8�!��$(� l��1��_�"

U(Al(OH)m(PO4)n�?���C�E$���	4��,�5��	#��J,�C�E$�����D��J4

������93�,�2@���$;�r ��"�K�$��?�������,��1�8�!��$(����C�E���

s��� 8�!��$(� Z�3>� $;� t��(� C�E��� ��41���#5�"� ���7

?��� C1�E3�� KJ, � _�$�� ��	#PH�2@� Z�3>�� s���� O �3�$�1* ��

5�"���$;�t��(�C�E���8�!��$(�71�5�,�C1�E3�����,e!<��;�?E#�

����"�,� K��$@� � �� � ��,�!,7� ���pH��,� �o!L��1� J3"��� �E!�� �
T��

��,�&�#���A;1�<��?�o���
T�U��A;1�<�&'�,�&�#�V�R/%��,>,� ��

����!4K��.c1F�� s�� 1�� J)$�T�� � �� ��?��%��Adju-Phos �

1Alhydrogel ?�;��#� ��4�1� ���[���� ���.�"� 5��E3��� R�K�

�3 �����!	 �����4�1�� �'�� J%;� �,� 5�"�J$����&�#J,GMT1����Q��

�����C����u;�USeroconversion�V� ��6�J� �D�K��

��
��

��

�Pppp�4�;����A;1�ppp<HBsAg��ppp��1�=ppp><�1����?4�ppp"�'��

!�;�,� ��6�J��;�&@$�K���D� HBsAg �* [��\1��J,���'��5��E3p����,

�?p�4�Hepanostika HBsAg uni-Form ll��?4�p"�'��Biomeurix1��

���D��2�
����A;1�<�2�;; J, \1�BCA��?4�p"�'��?�4��,�Pierce�

���p"����);K������������&1�p��2p�
��]p�L���p�);�&��p,HBsAg���\1��'��

�����<�2@����'��1�3�$��_ �4(����0��,����(��?g�H�v����1��+ �p���w�����

���C�E$��_���USDS-PAGE�V���"�5��E3��K������C��3���\1��J,�2@�b��

x���5�D��� ��6�&*��(K��

2@�&�#Adju-Phos �1Alhydrogel '���?4�"Brenntay 

Bioector � �"�&��� �L�y��	���K�����D��S�����,�?��%���?g�0

� ��6����);��(�����%��8�!��$(K��?�;�8�^���&��,�������&�#

�\��'�Balb/C�����,�5�������f��;�="�"�5��E3���J3E#��K�C�����

� ��6� J��;� =><� 1���� ?4�"� '�K��s�� �#� �,� ��4�1� ���[���

J�6� J,� ?��%���� &1��� ��4�1� '1�� �#� J4� �"� 8�^��� &��I�

8�61����HBsAg � 1�HzI�������"�,� 8�!��$(� 8�6K�?���b����&�#

�$1����4�1�'���9 ����J��;�J��"K�?�%2@��,���4�1����[�����

Alhydrogel7��J��;�&��,�I�������m��3,����4�1�'���3�$Hz��'���3�$������

� 2@Alhydrogel� b��� J3> �� _ �3��� t�{� ��� ���="��������3�$

�C���J,�1�5��4�J���������@��3�(�|��0�2�
�e!<����"�&1��JD����

?���� �, rpm �HI��� ������+�#�� K�� b�Hz������������,� �3�$

�?���� +��� C��� J,� 5��,1�� ��� �(� 5��4� J����� t�{� J,� ���[���

�?�����,����"�&1�rpm�HI��������+�#��K��

� ?�%2@� �,� ��4�1� ���[����Adju-Phos� �� J��;� &��,�I�

������m��3,����4�1�'���3�$nz��2@�'���3�$������Adju-Phos�t�{�������

� b��� J3> �� _ �3��="�������3�(� |��0� 2�
�� �3�$��J����� ��� �@

� C��� J,� 1� 5��4e!<� ?���� �,� ���"� &1�� JD����rpm �HI�

�������+�#�� Kb��Fz�I ��������,� �3�$��J����� t�{� J,� ���[���

�?�����,����"�&1��?����+���C���J,�5��,1������(�5��4rpm��HI�

�������+�#�.� �!	��?��� ��4�1� 1�� �#� '��� &�#�Bn1��B�F1��B���

1�BFn�1��B��c� ��6�J��;�K��3�(�R/%��Q������);��@��3��%���J,��

��4�1� ���m��3,�� 5�"� J$���� &�# Hz���������4�1� '�� �3�$��J��;� &�#

����5�"U&'���`�����1�,V�C���J,�J3> ��t�1�!<��2� 1�_L�� �H�

?�����,�JD���� rpm��III���@E �3�����+�!4�K�� 1��2�
��b��

4� ��%� ��&�#� ?��� �(� '�� 5�� �B�I� 1�B�II����D�� �3 ���� 5�"� J��;�

HBsAg� '�2�����,�5�"�R/%��� ��6����);K����

��3�(����D�����J�$1���@�z�II���U�����������p,(�2p�
������@��p3�(����D�.�

J�$1���@��3�(����D��}VR/%��Q����

���� �!���"��	
#��\�����51�6�J,�����#���&�#�H����5��4�+��D;�� �;�

��O �51�6��#�J,�������p4�1�1�5�p"�Jp$������p4�1�'��?p�� Engrix1�

����,�2�
�.���"�` �*;�?��%���K����?"/6�'���),�c������'��`p �*;�'��'1��

\����L��#����"�8�^���&��6�K����1�5�"���%�8����3 �������&��,��3�(����D�

��������� 
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��������
��������������������	�
�������������
���������
���� !�"#$���� %&' 

���HBsAg��������?p�4�'��5��E3p����p,��*p [��\1��J,����( ETT-AB-

AUK-3 �?4�"�'�Diasorine� ��6����);�. 

 

 

$�%��#� ������ & �'	�HBsAgB�;1�<� 2�;;�A�\1�� J,� 2�
�� �

BCA��,��,ug/ml�FzkF��@��3�(����D��1���(�?��,��,��,ug/mlFzkn�

,��(�?���K�3�(�2�;;�J,��A�;1�<�2�;;�?��������E;�� ���,���,��,��@

I�z������"�,.e �3��� SDS-PAGE���_�"��5��	"���(�?���5K��O 

����,�O;HBsAg�&�#���,���,�KDa�z�I1� KDa��I���5� ����"�K��

� ���D�HBsAgR/%���3��%��� J,� 5�"���4�1� �����J$���� &�#

�?��%����,���4�1�&��,�5�"Adju-Phos��,��,�R/%���*���GzGH�v

1�?��%��� �,� ��4�1� &��,� Alhydrogel&��,�GGzGG� v�?��,

��(K����&��,��3�(��3�;HBsAg�J$����&�#���4�1�` �*;�'��_Q���

�3�(� �3�;� e �3�� 5�"�� ��� &��,HBsAg� S���� �,�GMT�����Q��

SeroconversionU��3�(� �3�;� J4� �3$���� ��� &��,HBsAg��3:�,�

'�mIU/ml� �"�,�VK1��Q��Seroprotection U��3�(�3�;�J4��3$����&��,

���HBsAg'���3:�,� mIU/ml�I�"�,�VK�� 8�������� ���);�1�j��<

?��� 5�"� ���,K���� e �3��21�%� 5��	"������	�� 1�� 5��	"���5��(

?��K��3�(��3�;�����&��,HBsAg?��%���2�
��` �*;�'��_Q����.�

� 51�6� O � J,� ���,e!<� \�� � �;�Balb/C�� �E!�� 2�3!4� ��!),�O 

������?��%���2�
��'���3�$���3�;������8�	;����J4��"�` �*;����,�

�3�(�����&��,HBsAg��(�?��,��EQ�K��

��

��

��

��

��

��

��

��

()*+,��SDS-PAGE��-�./��0HBs1���

�2 �+,����% )�	�2
������	����!3,4+562 �%�7 ����8��

2 �+�9�:� �� ���;�*�<��=/�>��=	������-�./��0HBs��

��

&��?+,�����
��������@���A��B	�C�� ?7�D ���	 %#�������

Note:  1Seroconversion, 2Seroprotection, 3Geometric Mean Titer   

GMT3 

(mIU/ml)��
Negative  Response��

��
SP2% SC1%��Number of 

Animals 

Dilution��
 

  Adjuvant    

             Type�

7972.025 0 100��100 15 Direct 

1297.35 0 100 100 15 1:4 

402.18 0 100 100 15 1:16 

226.08 0 100 100 15 1:32 

83.6 3 73.33 80 15 1:64 

36.47 1 80 93.33 15 1:128 

 

 

 

Adju-Phos 

601.8 0 100 100 15 Direct 

29.29 1 80 93.33 15 1:4 

6.8 5 33.33 66.66 15 1:16 

1.93 11 13.33 13.33 15 1:32 

1.15 14 0 0.66 15 1:64 

 

 

 

Alhydrogel 

1286.798 0 100 100 15 Direct 

339.53 0 100 100 15 1:4 

110.25 0 100 100 15 1:16 

15.56 5 40 66.66 15 1:32 

30��4 46.67 73.33 15 1:64 

1.45��12��6.67��20 15 1:128 

 

 

 

Engerix�

�������� 
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������� !���"#$�� %&'���
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A
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B
s
 G

M
T

(m
IU

/m
l)

HBsAg Con.(ug/ml)

Adju-Phos 36.5 83.6 226

Alhydrogel 1.1 2

Engerix 1.5 30 15.5

0.16 0.31 0.63

��

 

��7 ��+,���@���A��B	�C�� ?7��>��=	�����CE�F��7����HBsAg1����G* 	�
��;�������HBalb/C���B	� ml�,�����;�I*��I% 	���-AI����
�������IH�J�,�4+,�,G+,�:9+

,�G4�,�,9K��7���L��$/��J�MN�(O�7�L��P���� .�Q������R����GMTC��;�*�2����1 ����-A��������C�� ?7��Alhydrogel�CJ��,�,9K�"���S%�T	�1��

��

��
�!	 �� C���� =#1N<� � �� ������!),� 8�!��$(� &���	�� � �'

�� R� ?�;��#� ��4�1� ���[���� ��� ?��%(��\�� ��� P�4�;

Balb/C� ��6� J)$�T��K�?��%��� � ����� �#��l ��� m�D$�� P��� �!��;

�3�(� ��$;��3�(� �3�;� = �*��� 7&��,����$;� ���'� ��"� ��[a� 7&��,

�3�(�&��,n1�����);�=#�4�1���4�1�` �*;�'1������D��=#�4���!i	#

�3�(��#� &��,� 8'[� �!�A;1�<� �@���4�1� '1�H��"�� K�2�o�� &��,

T�� ` �*;� J4� ?��� 5���� ��:�� C�)$�HBsAg��,� 5�"� J$����

?��%����3�(� �3�;� 78�!��$(� &�#����4�1� J,� ?���� ��� &�3:�,� &��,

�&1��HBsAg�����^ ��7��!;���!4k1F������:��5��(�?��,�e �3����#�

�R/%���*���J4��A;1�<HBs �� ��41���#�8�!��$(�?��%���J,�U�2@

AlhydrogelV�%��� J,� ?���� C�E��� 8�!��$(� ?��UAdju- 

PhosV?��� �3:�,� KJ3�� � �,� J^�3�� � ������>	#� *��� ���9 �� &�#

�����n1��1n=�<�_,���� '�_ [��J,�J%;��,�J4��1��!�,��J�%;3�#�!�B��

�.5�~�5'�������&�2@Alhydrogel �7Ikz��J��(�2���?����1�����

5�~� 5'������ &�2@Adju-Phos � 7�Fzn�!,� ?��� �1������� ��,

2@Alhydrgel ��,/%�?���{��9 ��C�����J,� � ��3:�,�R/%�qT��

����� �3:�,KG��.�����A;1�<� ����� � �#�!���HBsAg �&����� J4�
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Background: Aluminum salts are common adjuvants in human and animal 

vaccine preparations. The two adjuvants aluminum phosphate and 

aluminum hydroxide show acceptable immunoadjuvant properties with 

many antigens. These two salts have different physicochemical 

characteristics that make each one suitable for certain antigens. The surface 

antigen of Hepatitis B (HBsAg) has several antigenic epitopes that bind to 

aluminum adjuvants by a ligand exchange mechanism. Although HBV 

vaccines using an aluminum hydroxide adjuvant are available, higher 

antigenicity is needed for the subgroup of people who do not respond 

sufficiently to the currently available vaccines. 

Methods: A solution of recombinant HBsAg for making different 

formulations of vaccines with aluminum phosphate (Adju-Phos®) and 

aluminum hydroxide (Alhydrogel®) adjuvants was obtained from 

Darupakhsh Pharmaceutical Company. The total protein content, 

antigenicity, and purity of HBsAg solution were determined using BCA, 

ELISA, and SDS-PAGE methods, respectively.  The different formulations 

were prepared in the lab and administered i.p. to two test groups of Balb/C 

mice and a third test group received the Engerix vaccine, which is currently 

available on the market and uses an aluminum hydroxide adjuvant. The 

control group of animals received the solution without antigen. After 28 

days, heart blood samples were collected and serum was separated to 

determine the antibody titer against HBsAg using an ELISA kit.  
Results: This study shows that the vaccine formulated with aluminum 

phosphate exerted more immunogenicity than both the aluminum hydroxide 

laboratory formulation and the Engerix vaccines.  
Conclusion: Although the results of our study indicate higher immunogenic 

properties of the vaccine formulated with the aluminum phosphate adjuvant, 

complementary experiments are needed to further evaluate the biological 

properties with respect to effectiveness, adverse effects, product stability 

and finally possibility for manufacturing and distribution of this new 

formulation as a Hepatitis B vaccine. 

Keywords: Hepatitis B vaccine, Aluminum adjuvants, Immunogenicity, 

Formulation  
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