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���:,&"2%:; �� "&!,&2�V��L � �=L ���:,& �� �0 I&2K& �/�."D �6  W���:,& �� 2K�=� .
� +
#� ,�� �'

�� &!�:��O  (��2N�2�/ +2%:; ��  �,=S /& X�L"&!,&2�#
 Y�>
,&.E�:9 5 �2��2� �#HHF)(& X�L 2�/ /&!(
F2� �� �� )5�/&Z�� ��"9&2S=�� �2F�9 ER).&2
-)+�= =:�![!,=��HPLC 4=P:  /�9+#
 V��L.

/& �=L �,=	,��M��. �29 #
 �
92S �&2�"\!� /0 "�� PT �FT @92S �&2G ���%
.& ��= .
)%��� �'

2%:; ��  X�L M."&!,&2�2�� J6��!]�=^ �� #
 �=L ���:,&"�F@B8-_ �� 2B�/ mg/mL �+�B
>� ��
`a/�±`/�,�K)���  ��!�� ���	.Q�"#��
)c�/�±a/���),�K (P��)#
 D.

��- ).�%	�
2%:; ��  2�/"&!,&2����=
F�9 D �
"���:,&"@.& . 28, ����F&29 #.�)->� �=)2%:; ��  /& �#
 V"

&!,&2�5
)C��2� �� �)���:,& ("2�� �� ���G �F +#
��!&2
 �� ���,& �=L ���:,& ]!� /0 d!��e��@.&.
&/  0����/ :+�=L ���:,&E�:9 ()5 �2��2� �#HHf)"2%:; ��  M.(M. +

������ ����	:��/��/��
����� ����	:��/�/��

��������� ���� ������  !! "�#�#$	 % &�'( �)�% �*+,� ��-. /�012��3�0452 % 3��6 3��017%8� /�0��� 3���� ! 3��9	 !
��:%;<* =>;* :PhD &�, % ?< �% �	�#�#$	 @<,;* �����A,� ! ���>�� ������� �A<� B%��C ! 3���� ! D�  ! E-�� E-�, :�FG����HI 
��PhD &�, % ?< �% �	�#�#$	 @<,;* ! ������� 3���� ! D�  ! ��, 3���2�6 J5� ! E-�� E-�, 
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:�K� -�A,��7 % E�LK6 ��* M, -� ?�4*%�	%�� /���  3���N�7 % ������ E�9* 

��� 

���	� 
�LK6 ��* M,EOP�'5*�Q	%�� -��?��!1�. @!R �,�7

��#K2�ES�	 �$	 �� 3�T�3��!R B�( U6�* % /��� ���V �
�V�P �!,�� %�2�!T�WE�!��!* ����!� .� @!'�6 -� !� ?
Q	%���?4*%�	%�� O�7��,� ?@!R :�!K� -�!,E4*%�!	%���?

���E% Y�'��4	�Z4*%�	 @��� ?@,%�>�K� @' !� [\']!�R �
>�Q	%���A�4*%�	%�� ^�* _� -���Z*�� % �7� !� ��AR�!� ^

�,�Q	%�� ?�-��Xa �7��AR���R %E��AR�!�V%!�3��!7E
�Ca+>�L!!<� %�]��!!,� �7� .���!!K	E:�!!K� -� /�!!��R�!!7E

4*%�	%���6��T "��C @� ?���* M, ���/�!� ��� �!2�.
�LK6 ��* M,E* 3�T ��#K2� `(������ .��-� JI�/��*

* 3�T ��#K2� �� ='A5*;�!2�S .�� a�!7 !�2��� ��!#K2� !� ?
W2. @R �,��4*%�	 M�. ��6% @� ?��.��W2. ?��� @R �,� M

���� 3���4�� @!� �� 3b����!4��!4	 ?�!* Z��!�R .@A!�� �!7E
���4�@� :�c	� -� [� ?��\�@\4� O�0 �E!,. Z!$* ���U
��� /��* ��d����R)�.(

gK��� -����#K2� ��AR�� @R ���* ?E�2��� &�2OU!6�*
��* ��#K2� ��41��� O�2�� >�)�!gK� @!R���&�!2 �!� �!0

��AR�� ��#K2� �hE.�� =V�	 U6�* O�* ��#K2� ����2�!�.
3�� �#K�*�� :��!K	 @!6�� @� 3�T 3�12 �!�/%�!i %� ?
0A!<� /��*����� .4P �!>�) ���!K�O��!#K2� �!h ���!*E

�	��E�2 �#K�* 3�T % @A����*�0�7 �*� O����!i� @!R�
��#K2� ���* ��� /���E)�2 ���,. @�� U��!� O/�� :�K� /�

��#K2� �h ���*E* @4'j�A2 �� % ���R�@d�3�!T @!A5> ^
\1	�* Z����i .>�� �k2 -����M,�7E�i� 3�T /��� �#K�*

- ���#* @����	 @� % ����6 ���% @A<7. % l��2�� 3�T 3�O
C�T�!� -� �� 3�!T ��!#K2� ��!* ?��!2���!�K��� 3�!T

����4�* 3�T ��#K2� &�( `(�� /���2 @���2��i .���!#* �i�
��- M, ?��6 ���% �(�!, @� % ���� �� !� ���!i 3�!T 3�

 ��!, % /�!� B%�!( �� 3�!T ��#K2� `(�� ��!� m�!* &�d2
*��,�)�O�.(

���Wi @2n�, E�7 -���EWi��* -��i��* �1A�*���� .
�7 @��2 �'( ?��,��� W��,��� %�M, �� ��6�* Z*��(

�7� -� ��*�<� ��- �����E@!6�	 ���!* % /��!� �����T��
* 3����12������� .W2.�M�7E4*%�	%�� /���R :�K��?)4��@

��R� @��?(�!@�(!3���!�*-. �� M9* ��W�� ^�/�01��� �7E

>�2.�� 3�T W�2������ ��o� @R����E�4RE/�� ���!* O�!2�
* ���V /��LA,��i��2� .� �-���W2. ?�� �� M��!� @R �,� ?
��AR�� a+TXa !*�p+#A!<* �!2��	 2 3%�!� !� -� @!� !7�q

��AR�!!��RE!!A)�2 3%�!!�!!� ��AR�!!� @!!� -�V%� �!!�E
4*%�	%���?<R���R�% /�� @' !� !<R���R ��Z!�( /�!12 @'

��2��.�������A) ?���AR�� �� �i�V>+AT��@A!��� ��6%
* O������ �� 3��	�W2. ?�* M���!6�* 3�WE4*%�!	%����� ?

� 3�T ���/-��2� 3����i��E���2.��/���R :�K� ?@!� �!7F
�!�4* �!� /%�iE2��!�*-�EA)� %!��7��AR���R @!� D��3�!1

@#4P���E/���2� .:�K� /���R�7E4*%�	%���/%�i ?A%B

Q	%���>�A*�>�!!) �� O��A!!<7 -�!!��:�!!K� @!!R /�!!��R�!!7E
4*%�!!	%���/%�!!i ?C%D�!!,�Q	%�� ?�!!* -�!!����!!��� .

:�K� /���R�7E4*%�	%���/%�!i ?C�� ��!6�* ��AR�!� @!�
 3����2�A<���K�Xa [\']�R ��AR��V��� �7�4!� !2 �� �

>�)�:�K� @R /���R �!7E/%�!iD2��AT�!, r�!$> @!��%
��\'�(E��AR�� @��1*Xa �2�)G�F.(

�%� /-%�*� �7EL'A5*����E5!1	�-�!,��6 % sE
W2.�M�7E!� ��!* M, @!* @!A��i ��!R�@!'�6 -� @!R ��!� 

:��K* �	��	�����R�� % ?�?3.���i�	�!*%�R �%� �!7�%
�!!,� -��!�%�A\>�)�F��.(�!!�!!,��� ?��!!1	 3�!!\*��% t

C�	�=!�^�!,EW6�!�� "����!6�* "�!(+P� 3�!*��
/����� :�K� /���R �!7E4*%�!	%���%� �!� @!R ?E-�A!,��7
* 3�T;�2�S %�	n�;,� @R ���/�!2�* �,�� ��!P @!� O�!2�

* M7��� @A<6�����R.


 ��
��
� ��
�d	 @K>�u* v� ���O��LK6 ��* M,E>����'�/W/�� -�

�, 3���2�6 J5��*;&�!, % ?!<R�% @<, -�!,E-��E
9	!!�% �!!� @�!!*� ��E����A2�!!, @!!6�� ���!!i ���!!902E

��i��.[R��L,G-75 ODEAE�3�A!, % -%��L, HPLC 
C-18 ��\K* -�� -���,�*���)�w�, (�T����E��.<'R�M
��'R!!�R O�!!� �PT %FT )>�!!c$*�-�v�A!!,��i����
�*.��\(UP ���7� �R�� -�9	 -%����i @��.

3�T @2��2:
2��2!T @!-� 3����![�6 %� �7 -� % 3��6 OM>�, �� 
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�%�/��O/�����O3�A<��	��

��� 

)7 3%���� @#��, q����E2�T�(�� @A��i .2�!T @!2��2�
��"�!* @!� ����� ?�IV���� % @!#rpm �����A2�!,�b�L

��O��,+�E�@��� % �� ��6 /�*. �,�EJ��*-. E�!7 
PT %FT ���i ���V /��LA,� ���*.

?�4*%�	%�� 3�*- ����-��)PT(:
��� ��,+� -� ��2nE,�@	��A)�4<2 ���/�(@!>�> @� ��

 % /��!R @��h��V���!*� �� @!#E�H@!6�� �A2�!, ���!i
 @��\2�M����2 .[],��� �	 ��2n%A,+��4*�?)%�%�) :�E

�	%A,+��4*�<'R % ?�M(�A$* @>�> @� ��E@��!h� ��!,+�
/��  � x$* @� %�@A5> 3�O=V�A* �� 3�*-M���  .3�!*-

 J��*-. ?�� E��� :�*�2�F����* @�2�S ����)�H��I.(

3b����4�� 3�*- ����-��)FT(:
Z*�� @2��2G/�*�'�>�%� �� 3�T �AE�/��	E�,�M

,�"��A���/��n�*)�/�(%��!� .3�!T "�!* @!� ���I
V���� @#rpm ���� �A2�,�b�LM���  @!� �� ��,+� %!�^

A,+� @>�>�\�Z#A�* M���!�2 .�/�*�!'�>��� ��!,+� -� �!A
 % @A������/�*�'�>�V� ���� -� �A�z@��!h� 3. @!� �� /�!��R

 {�!!'5* % /��!!RM���!!�2)�!!V��:�� ��!!,+� -� .(�/�
*�'�>���,+� -� �AEV��@!� �� /�� z!�� @!>�> ^�@!1 �E

��� % /��R Z#A�*E"�*�V���� @#�H�A2�, @6�� ���!i
 @��\2���.���i -� [��V��!,���\2� -� @!#�3�O���!#*

�/�*�'�>�%�) a�K* -� �AE4*%�	���,+� @� �� ?EV��z
M7 % /��R @��h� /�� 3�*-����!>%� 3��+( ?!�\!1	 M�Z

@A5>O�� 3�*-�������M��� )����G.(

/-��2� E�LK6 ��* &�T �7- ?�Q	%�� 3�W�* E��i:
-� /��LA,� �� O&�T �7- :�'$* �� ��6�* ?�Q	%�� ���#*

BSA )Bovin Serum Albumin ( �d�!, ?�Q	%�!� �%� @� 
E��>�� ?��K	)��(.

/-��2� &�T �7- E��#K2� ��>�K� E��i:
-���*�'��LK6 ��* �7- &�iEO�k'jmg/mL �9	�@

i����.���k'j ?���E,����C�T���#K2� �E��!* M!,
�LK6EO�*-. ���*�JPT ���i ���V .

s>�T % E-�,��6 :�K� Z*�( E-�, ?�4*%�	%�� /���R:
s>�T -�,E:�K� Z*�( 4*%�	%�� /���R�?-� /��LA!,� �!�

�%� �7E���i�	�*%�R��!��i &�d2� .-�!,��6 �!96E
��#K2� ��AR��EOI�*�'��7- &�i �!LK6 ��!* &�!TE��F

*�'�>�2�*. ���� �A�"�A,� &�)��*�!'��!� �n�!*G/|pH= (
 "�!* @� % �� Z)�IV���� @!#rpm �F��� �A2�!,�b�L

���i�.c>�T�2��7E* -� /��LA!,� �!� M!,��%�\��!A'FI/�
��i a�)��.O3�A, :��K	 -� [�Q	%�� :�'$*���ZC�)

3�A, @�)cm �*��� ([R��L,G-75 �W	��!� z.3�A!,
���i�	�*%�R :b�2�*. ���� �� !� �!� "�A!,� &�G/|pH= @!�

,� :��K	��7 �� % ���W	 -� �K� ���� ?��!� @A<� @2��2 z.
<R��� �7 ~�6��� 3� D�!* :�P�G� !�@% �!*. �!,�

��^�7E�� M,� 3. @� {���* .*�!�	�!<R�����!7 3��F
Z��#* �(�,��� �u#* ~. Md)�>���2�� W%��F@6��

�A2�, ���i'�	���i ���2� .'�	 -� [���O� Md)�^!� �7 @
/-��2� �V� i��E��.J��*-. PT ���EI��^)!<R����3�(

�!��i &�d2� O@��1* �k'j �� .!<R��� �!K� @!')�* ���3�
��#K2�E��F@6�� �A2�, ���i �!	 ���!� Z!��#* ���[�HCl 

�I/�*�'��n�*)�/GpH= (��>��W����i .��?<R����@!� 3�
3�A,)cm �I*I/�(���i�	�*%�R��K	�x�2��DEAE  !

-%��L!!,O���%�!!� %���!!� �!!� 3�A!!, �!!	�[�HCl �I/�
*�'��n�*)�/GpH= ( :��K	 @���,� .���i �� �� 3�A, !�2��

-� ^�2 �k'j -��LC �	I/�*�'���� �!1A<� �n�!* !�M.
<R��� ~�,�2��>�K� @!R !� ��!#K2� �EO��� 3�!12 ��!T -�

�!�>��� -� �!K� % �!� W!�>��3�A!, @!� WHPLC C-18 -�!�
��\K* �W	�z����i .:�'$* �� 3�A,A)O~.�/�%�!	E

%��'�A,��,� ^��(,� :��K	 @�����i �� % �!�!Ak'j 3��-�
:�'$*B)2�A,���A�OZ�/�%�!	EA!,�%��'��!,� ^��(-�

�LC �	���%�6 �(�, ���3��/�*�'�>�A���V��@#OP�
II V���� /��� �1A<� @#)�FO��.(�92 ���� �!�^�� �!7

�G� !!<R��� % �2�!!� /�7�!!1* �A*�2�!!2����� 3�E>�K�!!� �
��#K2�E51	��� /��� s.

K* a��!!$2�!!!���)SD ( %p-value /��� ���!!!* �� �!!!7E
�*-.�J�7E&�!2 -� /��LA!,� �!� /�!� &�d2� ��W!��mini tab 

�!��i &�d2�O��!�H0 % ��H1 �	!�� ��!� %�I/�p≤

�� @A��i �k2 �� �����K*.
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3���N�7 % ������ E�9* 

��� !�M.�!A2�* l!�02��3�!*- "�!* ?
�>�) �/�2�S�@)��I/�p< ( !� @�!,�

!� ��	�����R @����i�	�!*%�R @'�!,%

���i�	�!!*%�R �� :b�!!,��A'�O3�I�!!� ^
3. @R �*. 	�	 @!� �� �!7 !� UF1�!	F5

�����2 �!<R��� O�3��!7EF1�!	F5

	�	 @� @R ��>�\>�* 3-% -� U�n��
���i�	�!!*%�R :�!!* D��!!T��2�!!� .

%�!) %E���A!1�* ?!�Q	%�!� 3�W�?

3��<R��� � E�7 @:b -� /�!*. �,�

PT%� �!�E!<R����3��!7EF1-F5O
�!� s5!1*.!<R����3�F1!C�T��

@� �,��<R����3��!7 �!��� .3�!*-
<R��� �3�F1��,+� ���F/�G2�S�@

SD=(��� .����!� 3�*- ?E!<R����3�
)�F/�p <%F�/�SD = ± (��� %E
-� IV��� @# @�*. �,�.

�c�G

F�

-�.�

�

�.�

�.�

�.�

�.�

�.�

�.�

�

O
D

�/�

�/�

�/�

�/�

�/�

	/�

�

	/�
 �

-�A,��7 % E�LK6 

��� 

��!,+� E:�!*�2)�!7- �!V��(O
�!LK6 �E�!, �� ��!,+��p�K 

!!�% �!!7- ?�!!i8���!!#K2�E
�!!� M!!, 3��!!R @��!!h� �!!k'j 

\!1	 �!� Z�.�!��	�	 ?!�U
�LK6 ��* E"�4S���i��.

@8-_ mg/mL �"2%:; ��  M.
�,&2!&

PT(s)*I�h)i=�

±|/G
p+*�  @A5>Z�N1	
�* ���.

±F/��
Z�N1	 p+*�  @A5>

�* ���.

%FT :�!*�2 ��!�E|@!2��2
!* l!* 3�!*- "� !�02��3. ?

)���/�p< ( %sH/��=FT 

mg/mL�%� �!�E��!,+�E

3�T|� &�!d2� @!2��2
J��*-. PT � ���>�) ?

�*..

�R [�R� M, E-�,��6
3��,��A'�� :b:

*%�R -� /��LA!!,� �!!�
)<R����3�(�@*. �,�

&�2 ���iE��R�M.2 z4P
Q	%�� Z*���?�7���,�

�!!� @!!���:b 3�A!!, -� ?
<R����3�F1�Ai�W��?

��� .

E��#K2� ��>�K� �,���
����i�	�*%�R:
&�!d2� �� J��!*-. T

<R������#K2� 3�E5!1*
��#K2�E���A1E�4<2
\1	�� ��6% �� @A5> Z

)��/�p< %�|/�±D=

F2�%�) ��I/�I2�S�@
�,�<R��� ��3�� �7��A1

�&�=	,�:�9&2S=�� �2f ERmg c�gf��%. /& ���%
.& �� X�L 2�/

�

F�

F�

�� �� �� �G|�F���
��=� ���	
 

:�K� LK6 ��* M, -� ?�4*%�	%�� /��� 

����� ��
+� ��!#K2� 3�!*- @� @6�	 ��

@R �� s51*��!* &�T �7-
!!* @!!A5>�����!!�� O�!!�R�� ?!�

)procoagulant (���� .!!�!!!h� �
mg/mL �O�(�!, @!� @A5>

��#K2� Z*�( ��6%E�* �7- ��

E�#;�:\!� /0PT 8-_ "&2�
,&2!&

2�/ @8-_()e,�) )

(mg/mL) �|F/�±

Normal PT 
)��6% 3%���7-(I�/�±

*�I/�p value < OFn= 

�K� @')�* �� J��*-.PT

T!d2� 3�!!��i &�!% ��A2 !�!l
��!!�EJ��!!*-.sG/��=PT

)��/�p< (�*. �,� @� .
J��*-. PT �����k'jL

�� ������G�
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�Q�	 
�&�=	,�:�=)�f&29 k)l%� Ym;F1 �,=! E��5� �9&2S=�� �2f d.=� 

�&�=	,�:�=)�f&29 Y�. "/�.&#;F1B�-).� ��HPLC 

3��<R��� ~�, E-�,��6 E�7F13��,��A'�� :b -� ZC�)
�@�2�� x��K	 ����i�	�*%�R @'�,%:

�!<R���3�F1R!T @!C��!�#K2�!��E���!!O�!�!��E
,��6!-�E���A1 ��%�E3�A,DEAE (DE-52)�L,!-%�� 

�� /���.���i�	�*%�R -���K	�x�2��F1 OG!<R����3�
F1A�	F1H�@�,��*.)�����2�(.

3��<R��� ~�, E��#K2� ���T �,��� E�7 F1:
C�T�!#K2� �!��E,!� ~�!<R���3�7!�EF1�!&�d2� �

J��*-.PT ,������):%�6�.(
z4P :%�6�O!<R��� ~�,�3��!7EF1A%F1B���A!1�?
C�T���#K2� �E��!P @� O�2��� ��E!A) @!R�F1B3�!*-

�� ��#K2���?�	E���� &�T M, @� �4<2.

3��!<R��� ~�, E-�,��6F1B!� @����i�	�!*%�R @'�!,%
HPLC :

-� /��LA!!,� �!!�HPLC OI�!!�!!� ^@@!!R O�!!*. �!!,�
<R����3��7EF1B1�	F1B5*�2��2�� /�)�����2�(.
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:�K� -�A,��7 % E�LK6 ��* M, -� ?�4*%�	%�� /���  3���N�7 % ������ E�9* 

��� 

��^7!�E�@!� �� /�*. �,��% �!2��� �W!d* @')�* ?
!!<R����:%� 3�O��!!1�~�!!6 ���!!#* @��!!��� �� .�!!� ?
<R����3��7-� /��LA,� �� J��*-. PT O-�������2��.

E�#;�:�=)�f&29 Y�. "���:,& @)��:9 �� / "��F1

d.=
 PT* �,=	,
s�FFraction F1 A

sGFraction F1 B

sH�Fraction F1 C

sI�Fraction F1 D

s��Fraction F1 E

sI|Fraction F1 F

�A1��-�I@#�V�Fraction F1 G

s�IFraction F1 H

�I/�p-value < OFn= *

E��#K2� ��>�K� �,��� 3��<R��� E�7F1B:
-� /��LA,� �� J��*-. PT %� ��E<R����3��7EF1B1�	

F1B5�!!� s5!!1* O!!<R����&��!!9o 3�)�!!�K�!!<R����3�
F1B4(C�T���#K2� �E����.� 3��R @��h� ���?!<R����3�

�� @A5> O��,+� @��2�S�@\1	��� Z)�I/�p<(O��P @�E
� 3��R @��h� �� ��,+� ��#K2� 3�*- @R!�!<R��� ?�@!� 3��

2�S�J7�R @��!�� .A2 ���!<R��� @!d�3�F1B4!* ���3��!	
<R������#K2� 3�E���i �k2 �� .

���
��#$	 ?��%� z�*;�����\	 % �S�-�,��6 �96 �� �E

�7��AR��E��#K2�E��!#K2� �!h %E��!* �!7- �� ��!6�*
�LK6E����� 3���* @��7� .�7- �7��*E% /���2�T��]�-� /�

�LK6 ��* @'�6EO�j �4�*�R�	 -���6 "�4��E@!R �,�
�!!7�����R��\!!�W� ���� %�!!���������)�|.(�!!k2 @!!�

*��!LK6 ��* M, @R �,�E�!�3��O!	 3�!T ��!#K2� ���S��
!!T�� `!!(�� �!!,� ?!!\�* @!!R O�!!��� @A!!����"n+A!!T�

	�A,��7�2���V �� ^���� 3�.
W* @� @6�	 �����7EJ��*-. E�7��#K2�E�@��!cT

J��*-. PT )�!,�� �!A�R 3�!*- !7��:�!* %-�!,E�!A9�
�����in vivo(O12!� /��� 3�!R �!7- @!��* ��LK6E��

'R �>�)�OC�T���#K2� �E-���E���� .
� ���(� -� @/�*. �,� -�J��*-. E�7 �!� @!A��i &�!d2�

%�E|�L2*�A2 3��!	����!* ���!�� @!�7 @!R �!��i @!d
�*-.�� 3�*- 3�o �2��� M>�, J@��� /�*. �,�E�7!�^
-� 3. 4P /�%�$* �� �7�K��*-. 3�*-�J�!7EPT O�F���
2�S�% @FT O�I�I2�S�@���.

���E,����C�T���#K2� �E�LK6 ��* M,EOJ��*-.
PT �k'j ��g) �� �� mg/mL�%� ��E��,+�E3�!T
|��� &�d2� @2��2�M.�A2�* l�02��3�*- "�* ?J��!*-. PT 

� ����>�) ?��2 M7 -���C�T �02����!#K2� �E&�!T �!7-
�LK6 ��*E��2������)2�S�@�/�PT=.( ���	�	 ?���!6% U

*�(!#K2� Z!��E7- ��!�LK6 ��* �E� % /�� "�4S���7- ?
-�,��6 �96E��#K2� Z*�(E�� ~�5A2�.

,��� ����A2�* �� On�� l�!�����!LK6 ��!* M!, @!R ME
�<	 `(���* 3�T ��#K2� ��O��!� � ��!�- @��!h� &�!0�7 �

�!LK6 ��* M, 3��RE��!,+� @!�O3�!*- J��!*-. PT 3.
4P �>�) @� �4<2�K�J��*-.PT * J7�R����� ./�%�$*

��� :�*�2E��#*�� ���4���,+� �� 3b��Epn��K* 3�<2� ��?
mg/dL F������*����� .����* ��E� tu, @R��4�3b�!�

 �!� :�*�2 /�%�$* ZV��) -� ��,+� ����?O�!��� @!A�� �!	
*�3��	�\��>�) -� �7E���4�>���Wi��* OW !�i��ODIC %

�,�	n�) ��3. �� @R� ���!#* �!7��4�J7�!R 3�!T 3b�!�
*�����i �k2 �� �� ��� ./��� z4P �7E!�@�� /�!*. �!,�

 �7�� -� ^�?J��*-. �7!* O�3��!	 A2�@!d �!��i �� @!R
Wi ��* "��C�i��%��k'j ��6% �� ��7E���#* OM,E

���4��5	 3b�!!�!!�A2 �� % /�!!� U�� @!!d��4�>�!!��B�!!L	� W
!!*��!!A��)����I.(!!<R����3��!!7E!!� @:b -� /�!!*. �!!,�

���i�	�*%�R�O����E	%�!LA* ���T���A!<7)����!�2�(.
��<R��� �� Z�( "%�L	 ?�3��7EF1�	F5>� @�!���!6% Z

W2.�M�7E� �� "%�LA*�<R��� ?�3��,�7 .��P @�E�� @R
<R����3�F1OW2.�M�7E��#K2�E):�!K� �!	%�� /�!�� %?�4*

k2���R� ��?(<R��� % ���� ��6%�3��7E��!* �!0��!2��	
W2. Z*���M�7E��#K2� �hE)k2��PLA2 ( Q	%�!� %�?�!7E

������ �0 .
, ��!:����| O<��!��2���\�7 %!� J!	 �!!R��4�-�

�%� 7!�ER :b!���i�	�*%�����i�	�*%�R %!��K	�!!x
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�2��s>�T @� z��* O-�,EW!2.�MCA-1 /�%�!$* �� kD 
|� ��* �7- -� �LK6E���2.#$	 &�d2� Z)��*��%�) �	 z
-���E��#$	 ��R�	�#��*�#��u* ����)��.(

Wi ��* �S� ���i��%!��W	 �!��!LK6 ��!* M!, zE@!�
��,+�O�� 3�T ��#K2� 3�*-��* ?�.��.�����!* �� �>�) ?
<R����3�F1O��\2 B�C th�% ��P @�� @� @6�	 ���?@R

>�K����#K2� �EO�#* �� ��#K2� 3�*- �� J7�R�@!2��2 �� @<
* :�A�R����� .3��7 ��PE@R!<R��� �!,� s51*�3�

F1C�T���#K2� �E���A1E��P @� O����E!<R��� @!R�3�
F1�!� ��!#K2� 3�*-��?�!	E!<R��� @!� �4!<2�3�F2%F3

����.��P -�����0!<R��� ~�,�!� 3� @-� /�!*. �!,�
���i�	�*%�R��K	�x�2��)F1B(O��!#K2� 3�!*- �(�, @�
* J7�R ���� @A5> % �7��* ��d���R .�!�"�!* J7�!R ?

3�!*- J��!*-. PT O!<R��� ~�!, ���3�F1B4-� Z!C�)
HPLC 2��� /�7�1* W.

&�d2� �� J��*-. PT %� ��E!<R����3��!7E-� Z!C�)
HPLC Os51* *���� Q	%�!� @!o �7 @R��!k2 ���!* ?
s>�T �	����	 O�S��� 3�T ��#K2� �� 3. ��* �	����� .

� ��* �7-�2���)Agkistrodon halys(�,�	 3���V % ��!�
J2���!!\�7 ���!!*�!!��i ���!!V �!!,���)��(.:b �!!,�	
3��,��A'��O�7- &�T @�l����^M�!<#	 �!�)AH1-AH5.( 

@�7 3��<R��� �7E��� ��#K2� ���* J��*-. �!�A��i ���!V %
3��<R���AH1���E��#K2���� �4�*.s>�T E-�!, �A!1�� 

�,�	 ����i�	�*%�R �2�� :��4	 �� &�d2�.
?�� �� W�2 @')�* 3��<R���AH14 3�12 E��#K2� ��>�K� 

��� .s>�T �,�	 ���92 E-�,HPLC @!R �� &�d2�AH143 
�>�\>�* 3-% ��kD ��O��>�K� 3�12 ��#K2� �\�A�>�Q	%��

��� .?�� �	�!#�#$	 ��!R �!� E��!�- �%�!) �	 z�#$	 &�!d2�
 @A��i� l��A2 %@�!��� �!#��u* ��!#K2� E��� /�*. �,�.
M�W2.CA-1 ��!* M!, -� @!R �,� ?�4*%�	%�� /���R :�K� O

�!,�	 E�LK6 ��!<�� -�!,��6 J2���!\�7 %E�!� %
�<	 `(���3�T ��#K2� �����i .� Z�(�W!2. ?�4!� M�@!� @

W2.�6��5A,� M�* �*����� )��.(

����� ���� 
� ��!!�!!,��� ?��!!LK6 ��!!* �!!7-E>� @!!�!!� ��!!6% Z

>�K����7E��#K2�E�%� @!� @!6�	 �� % �� ~�5A2� �!7E
���i�	�!!*%�R�OQ	%�!!��?�!!7E3. �� ��!!6�* =!!'A5*

s>�!!T -�!!,E-�!!,��6 %E�!!���i .�92 ��!!� Z!!*�( �
:�K� 4*%�	%�� /���R�?OQ	%������!<	 `!(�� @!R���!#K2� �
3�T�*O��� s>�T -�,E��.� Z�(�Q	%�� ?��%�) �	 ?

-���E4����R� @� @��,� ?* @R O�� -� 3��!	 !� W!2. ?��� M
)��6 :��(��%���E>�2.�� 3�T W�2������ ��o� @R����E

�4RE/��/��LA,� O�2� ��R .

������� 
 ���  
-�3�� ��  * &�A$*;-�� @<,E% @��J5� /8���	%�,�

%�!, 3���2�6�&��� �� �\!1	 :�!�R .�!V. -�E��!�9*
�\<(Eo @*�T �AR� M2�T %����7�� �P�T @� 3����7�3�1
0,�],W&��.
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Effect of a protrombin activator isolated from Iranian  
Echis carinatus venom on hemostasis 

 
Babaie M.1, Zolfagharian H.2, Salmanizadeh H.1, Zare Mirakabadi A. 2, Alizadeh H. 1 

1Young Researches and Elites Club, Science and Research Branch of Islamic Azad University, Tehran, Iran 
2Department of Venomous Animals and Antivenom Production, Razi Vaccine and Serum Research Institute, Karaj, 
Iran 
 

Abstract 
Background and Objectives 
Echis carinatus venom is a complex mixture of toxins. This venom contains 
metalloproteinases which convert prothrombin to meizothrombin. The prothrombin activator 
leads to the formation of small blood clots inside the blood vessels throughout the body. To 
understand the effect mechanism of Iranian Echis carinatus venom, in this study we 
investigated the effect of EV on human plasma proteins (prothrombin and fibrinogen) and on 
blood coagulation. The aim was the purification and characterization of procoagulant factor 
from the Iranian Echis Carinatus venom and the evaluation of the procoagulant activity on 
human plasma. 
 
Materials and Methods 
Crude venom from the Iranian snake species E. carinatus was selected. The prothrombin 
activator was purified from the crude venom of Echis carinatus by combination of the 
procedures by gel filtration, ion-exchange chromatography, and reverse phase HPLC. 
Electrophoresis on 12.5% polyacrylamide gel was performed. 

Results 
The Iranian E. carinatus venom was able to coagulate human plasma very rapidly. The 
coagulation time was reduced from 13.4 seconds (SD= ±0.59) to 8.6 seconds (SD= ±0.64) 
when human plasma was treated with crude venom (concentraion of venom was 1 mg/ml).  

Conclusions   
The venom of Iranian Echis carinatus contains procoagulant factors. It seems the fraction 
F1B4 isolated from IEc to be like coagulation proteins which coagulate human plasma very 
rapidly in vitro.
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