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� 3  2!"#$%�&����� 5-ISMN�'� 

Tab. 3  Concentration of 5-ISMN in mice tissue after a 

single oral administration of 5-ISMN and 5-ISMN combined 

with nisoldipine 

5-ISMN ¸¹/µg·g

−1
 

~� t/h 

5-ISMN 5-ISMN+¼½¾¿ 

0.083 8.12±0.88 9.24±2.42 

0.5 5.76±1.07 5.44±1.63 

¥ 

2 4.30±2.09 3.56±0.36 

0.083 4.14±1.06 5.20±1.17 

0.5 4.52±0.27 4.32±0.58 

¦ 

2 ÀºÁ ÀºÁ 

0.083 4.12±1.29 4.96±0.79 

0.5 6.68±1.20 6.40±1.17 

§ 

2 5.00±1.22 3.88±0.63 

0.083 15.72±1.65 27.00±2.02 

0.5 21.36±3.14 19.60±2.99 

¨ 

2 3.88±1.32 3.08±0.36 

0.083 46.08±17.02 50.80±24.56 

0.5 14.06±4.70 13.40±1.40 

©ª 

2 3.76±0.74 3.56±0.71 

3  �	 

~klF♂ûnü��	w�kl����

"OPQRw 5-ISMN ���Cx�����|

},-m 3 /¬����« 5-ISMN 13 mg·kg

−1
"�

5-ISMN �����U��®óf¯°�0.083 h

%�P��UÔA«±���	�,>�>�>+>

>�0.5 h%	�>�,>>>�>+,��" 2.0 h�

5-ISMN ���P��U�~²l³´,2 ü��

�����+��,� 0.083 h���Ê�>� 0.5 h

���Ê,�U�Ê��±µ%&¶����m

v·�§�
�� 0.5 h 5-ISMN���Ê��I

�� 0.083 h���Ê,¸nOPQR/A¹4º

5-ISMN �»��¼��r��U�½�;�¾v

*�,����U��
����Ê��	(21.36�

3.14)µg·g

−1
��I����Ê��	 (27.00�

2.02)µg·g

−1
�S SPSS ¿e�¶@���Ç$
�

Ó~ t «��wxmn�2 � 5-ISMN ��\]o

p���(P<0.05),¼�OPQR8ÀkwI�

dÁ 99%�/ÂÃ 5-ISMN 8ÀkwIÄÅ�Æ

4"rÇôä�3�È����U��Ê��Æ

Ê�u�wx:Ê�8wx

[4]

�~Q©,~u�

�T��tv�r��%�CxQÉ*���Ê

67��%/c~ËÌ��%&�ÍÎ=��&Ï, 
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Rapid Identification and Determination of Etamsylate Injection by Raman Spectroscopy
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ABSTRACT: OBJECTIVE  To develop a method for the rapid identification and determination of Etamsylate injection using 

Raman spectra. METHODS  Raman spectra was used as the method of identifying and determination the Etamsylate injection. 

Determination conditions: Micro Raman spectroscopy, Laser: 785 nm, Objective: 50�, Laser power: 3 mW, Signal acquisition 

time: 60 s. RESULTS  The result showed that the Raman spectroscopy could identify Etamsylate injection and determinate 

Etamsylate injection in respectively 98.29%, 97.56%, 100.21%(Specifications: 2 mL�0.5 g)and 98.75%, 94.98%, 96.25% 

(Specifications: 2 mL�0.25 g), the results of determination results with the HPLC method showed no significant difference. 

CONCLUSION  Owing to its fast and nondestructive properties, the presented method can be developed as an analysis method 

for Etamsylate injection. 

KEY WORDS: Raman spectra; rapid identification and determination; Etamsylate injection 
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Fig. 1  Structural formula of etamsylate 

1  ����� 

SENTERRA çèo����é(êë ìí

îï)�origin7.5 Ø�~��ÊsðñòKÃqe

Ä�é(óÕôõîï)ò¬®¯"öF(�ë÷

FEF9H��ø�ùúû0134-9302�RSû

98.0%)ò¬®¯Û/q(�üý�þ$E�i�

îïòâãû2 mL�0.5 g�ùúû20131117�20130918�

20130627òâãû2 mL�0.25 g�ùúû20130721�

20130822�20130409)òn���nQ 

2  ����	 

2.1  ����:H  

�¬®¯"öF��	
������é

	F������:H��"öF�����

Øò���áâã�¬®¯Û/q|S���

���qÓ������:HQ:H�ñû�Ù

��Ç� 785 nm�Y�� 50��¨�	F@U�

����� 1~3 mW ����ú����� 30~ 
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60 s�é���� 2 cm

–1

Q 

2.2  �ØI   

����)*�Â�-N×� �!þ�Ù

/�Ç"��Ù�Ç�A#

[8]

�m�Õ��$�6

��Ù��Ç� 785 nm���Ç%�Â�-N×�

&�Ë¬®¯$%����'(viÇ)*�

π→π*+,�-��"��:Hi�H�./�@

A��j0ç�1234�56�Ø�7g89

��:_;<�ÕÚ=;<7g>?��@A�

���Ø�1234��ØB>? ×Ø 2Q 

2.3  GÞ 

¬®¯"öF��áâã¬®¯Û/q

�����:H�äèC�D�áâã¬®¯

Û/q�����Ø�DNE��¬®¯"ö

Fe"¡�bcdQ�ä×Ø 2Q 

 

� 2  �������� 

Fig. 2  Raman spectra of etamsylate 

��¬®¯����Ø�F�bcdd

%�¬®¯�����F�%GdH�×@ 1�

ßIJKL[5,9]MB�bcd�N�Q 

� 1  ��������������(cm

−1
)���� 

Tab. 1  Raman frequencies of etamsylate 

���� �� 

295.4m�380.4w C-C-N�	
� 

409.6m ���
��� 

474.8s ��	
��� 

707.9s ���
��� 

787.5m ��� 

910.2s �� C-N-C���� 

1021.6vs ����“��”�� 

1080.2m ���
��� 

1279.9w C-C-N������ δC-C-N��
��� 

�: vs− !"#s−!"#m−$%!&"#w−'"( 

Note: vs−very strong peak; s−strong peak; m−medium intensity peak; 

w−weak peak. 

¬®¯D 295.4 cm

−1
� 380.4 cm

−1
Ê�bc

dNN�� C-C-N OPQÎ���OPQÎ��

;R@A��SbcPÆ1�e[��d�D¬

®¯�������Åj��@A�Tj�À

1W�bcd��jbcP�åè�,dQ 

1,3,5-U�V'�WX�����V;RBA

D 520~470 cm

−1
YZ�Åj�V�m'(�OP

QÎ��[\��@A� 1 jbcPåè���

1d�D¬®¯�������ÅjbcdB

AD 474.8 cm

−1
ÊQ707.9 cm

−1
�d�m]ú 4�

'(U�(QÎ[\��Å� 1 jÆ1�d�b

cPåè�N��Å^��_D�`aQU�V

'�bþY�cD 830~720 cm

−1
ºi 1j+1�

���V�¬®¯�Åj�VBAD 787.5 cm

−1

Ê�@A� 1j�1dQ 

;R 1,3,5-U�V'D 1 000 cm

−1
YZi 1j

de)f���18����V�Åj�V�m'

���(1 010 cm

−1
)bþ�U�QÎrUgÎ(e

)���¬®¯�Åj�VBAD 1 021.6 cm

−1
�

318����V�BA�U�V'(_D�aåQ 

'(h�V ��ß�'��ho/ßD

1 080.2 cm

−1
ÊBA�À1W�i�P��d('

(U�QÎ��)�D 400 cm

−1
YZ;RjBAk

i�P����À1W��d�Åj�VN��

'(U�QÎ���D¬®¯�������

ÅjbcdBAD 409.6 cm

−1
ÊQ 

BAD 910.2 cm

−1
Ê���1d@c¬®

¯��l®¯� C-N-C "#mn��QD��

����Å^o$�Q$"���TÖ;R@A

�bcP+1���dQ2� C���pS� C-C

&1W� N ���pS� C-N &1W��q�2

3 C-C-N mn��� C-C-C mn���H�Ê�

eá���rs�D¬®¯�������

� 1 279.9 cm

−1
ÊBA� 1 j,�V�+N=�

C-C-N  "#mn� C-C-N tuQÎ���)á

vLQ 

2.4  RS:H   

2.4.1  :w�ñ�k$  x$yz���A#�

��Æ,��./A#�JK��1W"���

��8��HSIC{�|[����-JK

����1WF��;<}�:w�ñ�k$C

ÚA��Åº�HSI<~���[&P�¤

¥��

[10]
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LMP�NOP�h��"$i:H�����

�Ês��5��MÚ=���HSI$�æ

�]LQ 

I¬®¯Û/q������Ø�F�

�m 8 j�dS6��×Ø 3�W��i4�dd

1W�H�i4���HQÅ"�7��HS

Ih�HPI�Yp��IC{�
�o�

���Q$�D��¬®¯Û/qHSIÚ

=����¡��[���£����1W�Ú

=��ä×Ø 4(� 2 mL�0.5 g âã��)Q 

 

� 3  ���������� 

Fig. 3  The main characteristic peak of etamsylate 

 

� 4  �������� !"#$%&�'( 

Fig. 4  The relationship between spectral intensity of 

etamsylate injection and the number of scanning 

Ú=�äèC�i4ug��PÆ"�Å4

ug$@C��de"d1W��H(�2N=i

�; 2 �û�d$Ê%�7g��Æ"��ûd 1~

7~8ò�d1WÆ��Ú=��"W��Æåè�

�ûd 1~4~8)���6C��HSI�bc

dò-��PÆ�~Z��g��4ug$@C

��d�=6C��HSI�I_dQmØ 3

�Ø 4 N��B�"�¬®¯Û/qC{�V

@d 6 �ug��PÆ��Ëd 6 e"d1WÆ

"�� d 6(��%G 1 021.6 cm

−1
�@c'(U

gÎ(de)f��)��¬®¯Û/q�HS

bcd��WÆ>Q 

2.4.2  gPrs~HS��9:�  ¡¢#�¬

®¯"öF|S�Þ�n£6ZW� 50�75�

125�200�250�300�400 mg·mL

−1
�pq�¤Å

4pq������é�	F��������

:H���d 6 �e"1W(A)�¥¦]�¬®

¯"öFpqZW(C)�§¦]¨}�gP©NT

~� A=415 892�C+4 781.5�©N\� r=0.995 6�

N×�¬®¯�ZWD 50~400 mg·mL

−1
��b

cd 6 �e"1Wfª>gP[\Q 

��«¬®¯"öFpq¬ÈÉ:H�

:¬®¯�HS�(S/N=10)�9:�(S/N=3)

Þ� 42.70 mg·mL

−1
� 13.37 mg·mL

−1
Q 

2.4.3  ¡¢Ww=  �âã 2 mL�0.25 g ���

Þ£� 100�125�150 mg·mL

−1
®~�~KZW�

¬®¯pq�Þ� 1 d� 1y��¯:H 5£�

:ó�¡¢W�ó�¡¢W��äèC�®~

�~KZW�ó�¡¢W RSD<1.0%�ó�¡¢W

RSD<2.0%�@å�T8¡¢Wª>��ä×@ 2Q 

� 2  )*+,!-).+,!�/(n=5) 

Tab. 2  Results of intra-day and inter-day precision(n=5) 

)�*+& ),*+& 

-&/ 

mg·mL

−1
 

./0/mg·mL

−1
 RSD/% ./0/mg·mL

−1
 RSD/% 

100.00 101.28 0.75 100.93 1.61 

125.00 124.39 0.63 123.27 1.78 

150.00 148.91 0.71 149.67 1.63 

2.4.4  �¯Pw=  ¤¬®¯Û/q (âãû

2 mL�0.25 g�ùúû20131117)°±: 6 £�:

�²DZW� 124.35 mg·mL

−1
�RSD � 1.12%Q 

2.4.5  ©*�w=   ¡¢#�¬®¯�³|

S�Þ´öâã 2 mL�0.5 g �âã 2 mL�

0.25 g ©nÈÉ�âã 2 mL�0.5 g � 80%�100%�

120%ÈÉµ¶�û�¬®¯�³ 500�625�

750 mg Þ©n| 2.5 mL�·òâã 2 mL�

0.25 g � 80%�100%�120%ÈÉµ¶�û�¬

®¯�³ 500�625�750 mg Þ©n| 5 mL�·

Q��ZWÞ£�6�á©¸S�¬®¯
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pq} 3 ¹�¤��pq������é	F�

�������:H�:H�ä×@ 3Q 

� 3  01�23�/ 

Tab. 3  Results of recovery test 

12 

30/ 

% 

450/ 

mg 

./0/ 

mg 

678/ 

% 

9:67

8/% 

RSD/ 

% 

501.12 502.96 100.4 

502.33 501.95 99.9 

80 

501.57 506.76 101.0 

100.4 0.4 

626.31 628.73 100.4 

627.19 630.25 100.5 

100 

625.72 627.16 100.2 

100.4 0.1 

751.28 756.66 100.7 

752.16 749.68 99.7 

2 mL;

0.5 g 

120 

750.65 755.18 100.6 

100.3 0.4 

502.15 502.33 100.0 

502.34 501.98 99.9 

80 

503.21 505.36 100.4 

100.1 0.4 

625.35 627.84 100.4 

628.59 630.36 100.3 

100 

624.79 628.11 100.5 

100.4 0.1 

754.35 758.16 100.5 

754.16 748.21 99.2 

2 mL;

0.25 g 

120 

750.27 754.58 100.6 

100.1 0.4 

2.4.6  	FRS:H  �¬®¯Û/q 6 jù

£	F������é	F��������:

H�:H�ä� HPLC

[7]

:H�ä�_Æ×@ 4Q 

� 4  HPLC4"���4235678�/9: 

Tab. 4  Comparison of determination results between HPLC 

and raman spectroscopy                          % 

<=>? 12 HPLC @ABCD 

20131117 2 mL;0.5 g  99.43 98.29 

20130918 2 mL;0.5 g 98.92 97.56 

20130627 2 mL;0.5 g 99.01 100.21 

20130721 2 mL;0.25 g 100.12 98.75 

20130822 2 mL;0.25 g 96.31 94.98 

20130409 2 mL;0.25 g 95.27 96.25 

¤������89:�ä� HPLC 9:�

ä�� t 9=�2 �T8:H��ä7èºP��

[P=0.845 7>0.05(	Fùúû20130627)�P=0.761 8> 

0.05(	Fùúû20130822)]Q 

3  �� 

;<»¬®¯"öF����Ø�bcd

d%"_�����8NÜÝGÞB¬®¯Û

/q�e"�����8�����87��	�

Ë2�n���./+,�$�����8N9

:qÓ	F�hND�ÐÑ	F�¼½�¾¿;

"W��7ÀGÞ�Ú=��������Q 

����8�} Origin 7.5 Ø�~��Êsð

ñN�"�áâã�¬®¯Û/q��RS:

H�Ú=���©N\�� 0.995 6�©*�º

D>95%�7Õ�ÁÂRS:H��æ

[11]

Q 

Ã�$«�����8����ÜÝ9:�

��»����^��N;<»"öFØ�"_

I8CÚA"	F�ÜÝGÞQ����I

8¡6_����8{�ÄÅ�N9:ÒÓ	F~

qÓ	F�ÔÓ	F�Ë7�"	F��µÊs�

N�Æ9:Q 

��Ú=@å�����N�GÞB¬®

¯Û/q�ß«6_`Ha

[12]

�"�áâã�¬

®¯Û/q��RS:HQRS:H��ä�

HPLC :H��äB t 9=aå��Ç�[P=0.845 7 

>0.05(	Fùúû20130627)�P=0.761 8>0.05(	F

ùúû20130822)]Q����8� HPLC e_�v

iÜÝ~�È~LM�K~7À9:�ÉÞÊ�
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Pharmacokinetic Study of Apigenin, 3-Hydroxy-genkwanin and Genkwanin in Rats after Oral 

Administration of Extraction of Dephne Genkwa Sieb.et Zucc by LC-MS/MS 
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ABSTRACT: OBJECTIVE  To develop a sensitive and rapid HPLC-MS/MS method for the simultaneous quantification of 

apigenin, 3-hydroxy-genkwanin and genkwanin in rat plasma after oral administration of extraction of Dephne genkwa Sieb.et 

Zucc. METHODS  Esculin was used as the internal standard(IS), and samples spiked with analyzes and the IS were processed 

using liquid-liquid extraction. Then, the extract chromatographed on a Lichrosorb RP-C

18

(4.5 mm@150 mm, 5 µm) column with 

the mobile phase consisted of methanol-0.5% formic acid (80�20). A tandem mass spectrometer equipped with an ESI source 

was used as the detector and was operated in the negative ion mode. Quantification was performed using multiple reaction 

monitoring (MRM). RESULTS  The calibration curves of apigenin, 3-hydroxy-genkwanin and genkwanin were linear over the 

range of 10−2 000 ng·mL−1
, and the lower limit of quantification was 10 ng·mL

−1
. The validated method was successfully used to 

study the pharmacokinetics of apigenin, 3-hydroxy-genkwanin and genkwanin in rats after oral administration of extraction of 

Dephne genkwa Sieb.et Zucc. CONCLUSION  The established LC-MS/MS method is validated to specific, accurate and 
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