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ABSTRACT

The aim of this study was to synthesize cationic lipids for the preparation of 

liposomes. The cationic lipid, cholest-5-en-3-ol���������	�
��
�������
�	�
�	�

(CTA), was synthesized from cholesterol and betaine hydrochloride in 

dichloromethane. Dimethyl- aminopyridine (DMAP) and dicyclohexylcarbodiimide 

(DCC) were used to catalyze the esterification reaction. The reaction temperature was 

controlled at 40oC and was completed at 48 hours. The percentage yield of the 

product was 32.22 %. The product was identified by melting point determination, 

TLC, IR, NMR, LC-MS and HPLC. Other cationic lipids from 

solasodine/cholestranol and betaine hydrochloride can not be synthesized with this

same method because the reaction gave many by-products and very low percentage 

yields. The purified CTA was used to prepare cationic liposomes in comparing to 

other liposomal formulations. The liposomal formulations composed of 

dipalmitoylphosphatidylcholine(DPPC)/cholesterol(Chol)/dimethyldioctadecylammo-

nium bromide (DDAB) at 7:2:1 molar ratio, DPPC/Chol/CTA at 7:2:1 molar ratio, 

DPPC/Chol at 7:3 molar ratio, DPPC/CTA/DDAB at 7:2:1 molar ratio and 

DPPC/CTA at 7:3, 1:1 and 1:2 molar ratio, were prepared by chloroform film method 

with sonication. The particle size of the liposomes were investigated by dynamic light 

scattering. Their morphology was determined by optical microscope and their TEM
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images and zeta potential values were investigated by dynamic light scattering. It was 

found that four blank liposomes composed of DPPC/Chol at 7:3, DPPC/Chol/ DDAB 

at 7:2:1, DPPC/Chol/CTA at 7:2:1 and DPPC/CTA/DDAB at 7:2:1 molar ratios were 

showed good physical stability with no sedimentation for 3 months when stored at 4�

2, 30 � 2 and 45� 2 oC. The selected four blank liposomes were entrapped with 

human insulin at the concentration of 0.45 mg/ml in phosphate buffer (pH 7) by 

freeze dried empty liposome (FDEL) method. The human insulin entrapped in the

liposomal formulation composed of DPPC/CTA/DDAB at 7:2:1 molar ratio was 

selected because it exhibited good physical stability with no sedimentation or layer 

separation and the color was not changed when stored at 4� 2, 30 � 2 and 45� 2 oC

for 1 month. The percentages of entrapment efficiency of human insulin determined 

by gel filtration using Sepharose CL 6B and HPLC of this formulation were at 

62.72%. The spherical shape with unilamellar structure of the formulation determined 

by TEM with an average size of 2.26+0.87 �m was observed. For chemical stability

study, the DPPC/CTA/DDAB liposome entrapped with human insulin when stored at 

4� 2 , 30 � 2 and 45� 2 oC for 4 months gave the percentage remaining of human 

insulin of 26.12, 36.86 and 15.17% which were higher than human insulin solution 

which gave the percentage remaining of 4.26, 3.26 and 5.82%, respectively. The 

percentage of entrapment of human insulin in this liposomal formulation were at

31.72, 64.10 and 8.10 when kept at 4� 2, 30 � 2 and 45� 2 oC, for 4 months, 

respectively. In addition, this formulation gave no sedimentation or layer separation 

with an average zeta potential value of 47.7 + 1.44 mV. This synthesized cationic 

lipid, CTA can be furture applied for the entrapment of other negatively charged

substances, such as genes or anionic drugs.
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������ cholest-5-en-3-ol(3�)(trimethylammonio)acetate(CTA)�����

cholesterol 7!
 trimethyl glycine ���dichloromethane��7!
��� dimethylaminopyridine (DMAP) 

7!
� N,N’ dicyclohexyl carbodiimide(DCC)���9������:��;&�&�&������'��&1<�	�����"$�	��	��

��)�,=�&'���400# �#@���;&�&�&����&$����=)�'���48�����"��7!

$�������#������E!&�,�)*��':����� 32.22 

%  
$��%�E!&�,�)*�'������	��
��
$�
��&�=������!��H)�"$��������$�!����!�, TLC, IR, NMR, 

LC-MS 7!
� HPLC  �:���������	��
�� 
������
���������������� solasodine/cholesterol�7!
�

betaine hydrochloride "$�����&0�����$������
�:�����3����	��
��
$������������&$E!&�,�)*�'��
�:

����������7!
��� ������#������E!&�,�)*� �������  �@�
$��%�
������
�����CTA '������	��
��


$���'%������&��'0&O7!�� ��������9�
!"�"#� ��
������������'������"!"�"#��=���:��Q  
$�

������"!"�"#�"$�����'	�& 	 chloroform film method��:�����������	!���	���3���=� �%�����         

7��=����� dipalmitoylphosphatidylcholine(DPPC)/cholesterol(Chol)/dimethyldioctadecylammo- 

nium  bromide(DDAB) '��������:��"�!���  7:2:1,  DPPC/Chol/CTA '��������:��"�!�����7:2:1, 

DPPC/Chol '��������:��"�!���  7:3, DPPC/CTA/ DDAB '��������:��"�!���  7:2:1 �7!
�
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DPPC/CTA�'��������:��"�!�����7:3, 1:1 7!
 1:2 �����2�
$��%�
���$���$���,�	���
!"�"#�'��

������
$�"$�����'	�&	�����
��&�7��� �������!��H)
������,�	"$�����!�����!'��(��7!


�!�����!'��(���&�!	����7���:��E:��� (TEM) �7!
���	:� zeta potential "$�����'	�&	���

��
��&�7������:�
!"�"#� ��!:������  4��=��#@����	���	����'�����,��$� �"$� 
�:���
���

�!�����������
$�� 3��$����������Z�
��'����)�,=�&� 4+ 2, 30 + 27!
�45+ 2o#����
���$���  

DPPC/Chol/ DDAB '��������:��"�!���� 7:2:1,  DPPC/Chol/CTA '��������:��"�!����� 7:2:1, 

DPPC/Chol '��������:��"�!��� 7:3 7!
�DPPC/CTA/DDAB '��������:��"�!��� 7:2:1 ��@��%�
!"�

"#���!:�'�2�� 4��=������Z����\&� 7���&�#=!&�'����	����������� 0.45 �&!!&�����:��&!!&!&��"$����

�'	�&	���������7��'%����7���� (FDEL) �7!���%�
���
��������1���1���1�1���'����	:������

�':�����7.0 �!�������Z�������:�
!"�"#��=���DPPC/CTA/DDAB '��������:��"�!��� 7:2:1���9�

�=��'��$�'����$�����������	���	����'�����,��$�
�:���
�������7����2�7!

�:��!�������������Z�

'����)�,=�&�4+ 2  , 30 + 2 7!
�45+ 2   o#  ��9���!��1 �$����"$������3��Z����\&�7���&�#=!&�'�����

�'	�&	 gel filtration�$����Sepharose CL 6B 7!
 HPLC "$�
$��':�����62.72% 7!
��!��H)


���,�	��9�'���!� ��!��H)
��9�� unilamellar ������������$���� TEM #@�������$���,�	�_!���

�':���� 2.26+0.87 
�"	����� ��	���	����'���	���������Z�
��'��� 4+ 2  , 30 + 2 7!
�45+ 2   o# ��9�

��!��4 �$����"$����:�����&��)\&�7���&�#=!&���!���':���� 26.12, 36.86 7!
�15.75%�#@�������:�

\&�7���&�#=!&����=����!
!���2%�#@������&��)\&�7���&�#=!&���!���':����  4.86, 3.26 7!
�5.82% 

���!%�$���\&�7���&�#=!&���������#��������Z������
!"�"#��=����2�':����� 31.72, 64.10 7!
�

8.10%g��������Z�'���4+ 2 , 30 + 27!
�45+ 2  o# ��9���!��4 �$�������������2���
�:��������
���

����7����2��7!
��	:�� zeta potential �':���� 47.7+1.44 mV �
�����3�%�
������
�����'��

����	��
��
$��(CTA)
���Z�����������'������
��!���:�������������'������
��!�
$��:�
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