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ABSTRACT: OBJECTIVE  To establish HPLC methods for determining salicylic acid and terbinafine hydrochloride in rabbits 

plasma, and to investigate the pharmacokinetics of salicylic acid and terbinafinie hydrochloride in Kemeishu liniment after 

percutaneous absorption in rabbits. METHODS  12 rabbits with their hair on the back removed were randomized divided into large 

single dose group, medium single dose group and low single dose group. Plasma samples were collected and quantitated by HPLC. 

The pharmacokinetic parameters were calculated using PKS1.0 software. RESULTS  Terbinafine hydrochloride were not 

determined in rabibits plasma.The main pharmacokinetics parameter of salicylic acid in low, medium and large single dose group 

were as follows: T

max 

(2.73±0.30), (3.48±0.16), (5.86±1.72)h, C

max 

(25.24±9.21), (25.32±11.05), (37.47±4.31)µg·mL

−1

, T

1/2 

(5.74±3.29), (4.60±1.99), (13.28±3.84)h. The T

max

, C

max

, T

1/2  

in large single dose group were higher than that in medium and low 

single dose group (P<0.05). CONCLUSION  The established methods are sensitive, fast and accurate, which were suitable for the 

determination of salicylic acid and terbinafine hydrochloride in plasma . Kemeishu liniment is safety spreding on skin, terbinafine 

hydrochloride seldomly can enter in the blood, salicylic acid partially enter in the blood, its pharmacokinetics fitted 

one-compartment model. 
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SA� TBFH]^�±²!³�$�
´µ�,�

�����C$¶·o¸¹ºA 

1  ����� 

1.1  »¼S½$ 

HI1ª«J»(HP 1100�¾¿HPÀÁ)�ÂÃ

�gÄ¼(DAD *ÅÆÇÈÉ¼ATGL-16C HÊ

ËÌÍÎÏ(ÐÑÒÓÔ
»¼Õ)�80-2 DÖ×ØW

¼(ÐÑÙÚ¼ÛÕ)�B550 ÜÝÞßàá(ÐÑâã

äåÔ
»¼Õ)�æçè�éêëìí(TCLÀÁ)A 

���(��	
�$îï�ð�·ñò031117�

óô 10 mL:100 mg TBFH(300 mg SA)�TBFH�

õö(÷ø$Õ�·ñò20020614s�ù^ò99.8%)�

SA(·ñò100106-200303�ù^ò100%)�úûü

á(Car�·ñò0142-9503�ù^ò100%)�õö( 

¿$öýjöÉ\þ)�25%����/��(Ð

Ñ�ý½�Õ)��+(«Jù)�	�(/�(
�

�(/,ÞßùA 

äå�� TBFH(SA(Car �õö���Þ�

�5 100 mL �� ��+0���\���^�

� TBFH 1 g·L

−1

(SA 0.4 g·L

−1

(Car 0.4 g·L

−1

X�1�

4 �ìí�YA2����+��,þ�]^A 

1.2  ���j 

Cü ®¯ 12!�¥"(2.0#0.10)kg�$%&

'���	
����j Îo¸����j(L

�ñòSCXK())2008-0002A 

1.3  «J*+ 

SAòODS

2

 Hypersil«J,(4.6 mm×250 mm�

5 µm)�-�ª,�+-�-/�(56�43�1)�É.

/ 301 nm�-Ê, 1 mL·min

−1

ATBFHòODS

2

 

Hypersil«J,(4.6 mm×250 mm�5 µm)�-�ª,

�+-�-5%����/��(90�10�0.3)�	�0

1 pH� 5�É./ 282 nm�-Ê 1.0 mL·min

−1

A 

1.4  £°Äö2î 

SA£Äö2îò� 0.2 mL£°�5 1.5 mL Í

ÎÆ �3 0.8 mL�+�43 0.4 g·L

−1

�¦501

Car X�1 10 µL�2 000 r·min

−1

Ö×ØW 30 s�

4 000 r·min

−1

ÍÎ 10 min��Ð6 20 µLgÄATBFH

£Äö2îò� 1 mL£°�5 10 mLÍÎÆ �

3 0.5 moL·L

−1 

NaOH01 50 µL�78�43k


��-/(1�2)ØW�Ï0� 6 mL(Þ!9o�)�

2 000 r·min

−1

Ö×ØW 2 min�2 000 r·min

−1

ÍÎ 5 

min��Ð6� 10 mLÍÎÆ �&:;<�2g

Ä�� 300 µL�+0���Ð6 30 µLgÄA 

1.5  ���= 

12!®¯>ÏÞz?9@$H( (ê��y�

Ay 4!A�"�B<dC�DEF����G�

HIn®¯B<dC89Ð�H$Jm 10×15 cm

2

�

H$K®¯89��LMNOPIQ\A?9@$

H( (ê��yR 6.0 mL·kg

−1

(TBFH 60 mg·kg

−1

�

SA 180 mg·kg

−1

)(4.0 mL·kg

-1

(TBFH 40 mg·kg

−1

�SA 

120 mg·kg

−1

)(2.67 mL·kg

−1

(TBFH 26.7 mg·kg

−1

�SA 

80 mg·kg

−1

)��@$A@$K 0�0.5�1�2�3�4�

6�8�12�24 hSTUV£A��WX �®¯Ã

YZ��g[AA9V£ 2.5 mL� 10 mLHI\

��ÍÎÆ �3 000 r·min

−1

ÍÎ 10 min��ÐR

£° 0.2�1.0 mLÞ�� 1.5 mL ÍÎÆ� 10 mLÍ

ÎÆ �−20 �ìí �YA 

1.6  µ]2î�$^�_
´µ±² 

PKS 1.0 $^�_
X`2îaW£$]^b

bWX�þµ]%cµ35de( sx ± )fg��

SPSS 11.5�±h+gY�±ij�ÞßA 

2  �� 

2.1  £° �������� �]^\�¬kl 

2.1.1  �¬mn?�Éo  np1.3q�«J*+�

SA� Car�ÞÍ^r��SA��sb}t, 5.91 

min�n SA� Caruv2wxyQ<zv�x{ 1�  

 

� 1  SA��� 

AW�!XYMBWSAZ Car"#&(100 µg·mL

−1

)MCWSAZ Car[�!XY(100 µg·mL

−1

)MDW\]�$^; 1 h_XY%&M1WSAM2WCar 

Fig 1  Chromatograms of SA 

AWblank plasma; BWstandard of SA and Car (100 µg·mL

−1

); CWblank plasma spiked with SA and Car (100µg·mL

−1

); DWplasma sample of SA; 1WSA; 2WCar 
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SA|êÉ]^ 0.5 µg·mL

−1

(}»¼~��ñ�^

S���^��, 3b��\� SA]^,Éo)A

TBFH SyQvÞÍ����v����TBFH �

�sb}t, 8.76 min�x{ 2�TBFH |êÉ

]^ 0.05 µg·mL

−1

(}»¼~��ñ�^S���

^��, 3b��\� TBFH]^,Éo)A 

 

� 2  TBFH��� 

AW�!XYMBWTBFH"#&(5 µg·mL

−1

)MCWTBFH[�!XY(5 µg·mL

−1

)MDWE]�$^; 2 h_XY%& 

Fig 2  Chromatograms of TBFH 

AWblank plasma; BWstandard of TBFH; CWblank plasma spiked with TBFH; DWplasma sample of BFH 

2.1.2  �?��  äå�������v]^ SA

�õö01�3k� 200 µL®¯��£°� 1.5 mL

ÍÎÆ �z 7�]^n 1�300 µg·mL

−1

¦��

v]^£°Äö�Rp1.4q�wK�p1.3q\�

%£°  SA �]^��&Ã� SA S Car vJm

��gY�?���� SA ����XAäå��

�����v]^� TBFH �õö01�3k� 1 

mL®¯��£°� 10 mLÍÎÆ �z 7�]

^n 0.1�20 µg·mL

−1

¦��v]^£°Äö�R

p1.4q�wK�p1.3q\�%£°  TBFH �

]^��vJmgY�?���� TBFH?���

XA���Xxf 1A 

� 1  �����	
�� 

Tab 1  Regression equations and calibration range 

;� `abc r d1ef/µg·mL

−1

 

SA Y = 0.022 122+0.216 121g 0.996 1h300 

TBFH Y = W329.20+113 824.56g 0.991 0.1h20 

2.1.3  äå^��S�¬���  n 200 µL ��

£° 3k�v]^� SA �õö01�Âz]^

, 300�100�5 µg·mL

−1

� 3y£°Äö& 10��

n 1 mL��£° 3k�v]^� TBFH�õö

01�Âz]^, 20�5�0.2 µg·mL

−1

� 3y£°

Äö& 10�ARp1.4q2îK�p1.3q\��

1 à��v]^� SA � TBFH £Ä&\ 5 ��

^k���X±²\�]^��� SA � TBFH

�¦äå^(n=5)� KAà\ 1 ��¡¢ 5 d�

^k���X±²\�]^��� SA � TBFH

���}äå^(n=5)A£�¦äå^� ]^,

300�100�5 µg·mL

−1

� SA£°Äö��]^S

�¤]^����uH( (ê]^ SA ��¬�

��(n=5)�£�¦äå^�� ]^, 20�5�0.2 

µg·mL

−1

� TBFH £°Äö��]^S�¤]^

����uH( (ê]^ TBFH ��¬���

(n=5)AV�xf 2A 

� 2  ��������������������

(n=5 

sx ± ) 

Tab 2  Precision and recovery of SA and TBFH in plasma 

(n=5 

sx ± ) 

;� ij/µg·mL

−1

 4�klj/m 4nklj/m bo`2p/m 

SA 300 7.82 6.19 96.91q7.58 

 100 4.03 3.02 96.18q3.88 

 5 6.84 4.22 97.93q6.70 

TBFH 20 7.24 4.72 92.83q6.72 

 5 4.63 4.35 90.13q4.17 

 0.2 8.53 5.64 86.21q7.35 

2.1.4  Äöo����  Â]^ 300�100�5 

µg·mL

−1

� SA 5d£°& 5 ��Rp1.4q2îK

�p1.3q \�¥¦ SAvJmA§Â� SA]

^Þ� 300�100�5 µg·mL

−1

�-�ª01& 1 mL�

¨©gÄ 20 µL�¥¦ SAvJmA±²£°Äö�

-�ªÄö  SA �vJmªÞ��� SA �o�

���Þ�, 91.5.5%�94.2%�89.6%AÂ]^

20�5�0.2 µg·mL

−1

� TBFH5d£°& 5��R

p1.4q2îK�p1.3q \�¥¦ TBFHvJmA

§Â� TBFH]^ 20�5�0.2 µg·mL

−1

�-�ª

01& 1 mL�̈ ©gÄ 30 µL�¥¦ TBFHvJmA

±²£°Äö�-�ªÄö  TBFH�vJmªÞ

��� TBFH�o����Þ�, 76.4%�70.6%�

69.2%A 

2.2  �_
´µ 

n§��*+«�?9@$H( (ê��y

®¯£° cÉN SA�£°Äö«J{x{ 1A

�v��y SAb−$]^µ]V� PKS1.0X`g

Yµ]2î�¬�aW���#4$�
´µ�p
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aW¬�{x{ 3�$�
´µxf 3ASAM8�

�Kn®¯¥¦$�
Y,WBð�®¯D�H

��y SA � T

max

K°�C

max

 ±²�AUC ±²�

T

1/2 

°/�³ (ê��y��e´��µ?

(P<0.05)An§��*+«�&y®¯£° cw

� TBFH�£°Äö«J{x{ 2A 

� 3  !"#$% SA�&'$()*(n=3 

sx ± ) 

Tab 3  Main pharmacokinetic parameters of SA after a ingle dose(n=3, 

sx ± ) 

]�$ 

T

max

 

/h 

C

max

 

/µg·mL

−1

 

T

1/2 

/h

 

T

1/2Ka 

/h

 

AUC 

/µg·h·mL

−1

 

CL/F 

/L·h

−1

 

\]�$ 2.73±0.30 25.24± 9.21 5.74±3.29 1.65±1.43 296.80±159.23 0.42±0.17 

r]�$ 3.48±0.16 25.32±11.05 4.60±1.99 2.01±0.14 284.47± 41.21 0.25±0.04 

E]�$   5.86±1.72

1)2) 

  37.47± 4.31

1)2) 

 13.28±3.84

1)2) 

1.52±0.68 961.23±341.59 0.19±0.08 

'�E]�$Z\]�$st�

1)

P<0.05ME]�$Zr]�$st�

2)

P<0.05 

Note: Compared with low dose group,

 1)

P<0.05, compared with medium dose group,

 2)

P<0.05 

 

� 3  !+,-.#$ SA$/�-01234	 

Fig 3  Mean plama concentration-time curves of SA after a 

single dose  

3  �� 

�5 SA nýjÄö �ÞÍ�\�¶¶�

·�2î�¬¸�¹?�º»[¿¦�²¼V�

HPLCgYýjÄö  SA�\

[3]

A§�� �V

��+,½�¾¿�gY£Ä�2î��¬ÀÁ¹

Â�"Ã?��mn?��o����n 89%%Ð�

�¬ª����O 97.91%~96.15%�RSD cÄ5

10%�WýjÄö�Þß4�A 

£°  TBFH�\�¬¿¦�¶¶�Å�²

¼V� HPLC�Æ�£°K�V��Ï0�Ç�-È

o���¬gY£ÄÉ2î�ÀÁÊË�$jo�

ÌÍ�²

[4-5]

AÎ³�%ÏÐÑ¶¶� TBFH£ÄÉ

2î�¬gY|ÒÓ(�g�ÔÞ�� 0.5 moL·mL

−1 

 

NaOH� pH 9�ÕÖ×Ø1Æ�£°K�4Þ��


��(
��-/ØW�Ï0�(/o��4

� 0.5 moL·mL

−1

�Ù�01-´)+(85�15)ØW1

Èo�AsÃÈo�K�Ú yQvÛÅ�Ü TBFH

�ÌÍ�²(ÝÞ^ßêA0.5 moL·mL

−1

 NaOHÆ

�£°K�
��-/o�KyQvª��Ä�o

���H�o����n 69%~76%��
��-/

tsà�ábÅA§�� TBFH�\��¬�

��O 86.21%~92.83%�ÝÞ^�H�WýjÄ

ö�Þß4�A 

ÐÑ¶¶

[6-9]

�TBFH89K<�$K�¢MP

QRS89PQTUâåVWeXYnPQR�n

89:ãK<st`a���w���ÅäÍPQ

TUgk£1�n£1 p]^åæê��� TBFH 

8 dK�n£° �TBFH�]^, ng·mL

−1

�á�

�çèw��é�]ê� TBFH/�ë��£°l

mw�A§�� &y®¯£° cwÉN

TBFH�p£°]^Ä5 0.05 µg·mL

−1

�ê� TBFH

ìí�MW89gkN£1�¡¢ë��lm?�

SÐÑªA¸ê������89K<@$K�

TBFH �Ï¥��îï?È�Ä�W��$�Ò

�4�A 

SA ð�ñòPQR�w��f¢MPQRó

ôÅ�gk£1ASA �Bð¯D$j�fõÊÞ

IN�îyö�T

1/2

>���±²_°/

[10]

A§�

������?��@$M8���� �SA M

8��Å���Kn®¯¥¦�$^�_
Y,

WBð�®¯D�SÐÑª

[10]

AH( (ê��

y SA� T

1/2ka

b tÉ��P>0.05���µ?�og

�����n§9��@$��÷ø¦�SA �M

8��'ù�S������BÅ�_
���S

ÐÑª

[10]

AH( (ê��y� T

max

(C

max

(T

1/2

b t É��H��ySê( ��y�´µe´�

�µ?(P<0.05)�og>ú�������±3N

hB�b�SA M8��Kn®¯¥¦ T

max

°K�

C

max

±²�T

1/2

°/�AUC S���}�z
�û

±/�üiV�ê�>ú��±²ONB\�b SA

uÃýÅ�_
þ��SÐÑª

[10]

A§�� é

²��(H��y)@������b�� �uÃ

ýÅ�_
þ��>ú]^�«ß�,BÅ�_


þ���p T

1/2

�ê( �y��°/�§�� 

,(13.28±3.84)hA§�� ê( �������
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89K<@$K SA� T

1/2

t, 5 h�24 h¦n¥¦

�§þ�<���n§���K¢½��®¯lm

�� �V�H��Aà89@$�¡¢ 7 d�s

Ã 3 d K SA n¥¦�v�]^�§nvB�á�

üi¼ê� SA n¥¦�lm�SÐÑª

[10]

A�

�����89����@$�¬,n89�2

HG�29·d

−1

�@$���Ä�	]
S®¯��

²�µ�²�
�@$��ª}5§�� �ê�

��VW§���V�ê������@$K��

uÃ� �£$]^WH�ÃA 

§��V�f�������89K<@$

K�SA � TBFH n¥¦]^ê��Ï¥��îï

?È�Ä�W��$�Ò�4�A 
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�����  �� Caco-2������ 5-	
��(5-fluorouracil5-FU)���	(carmofurHCFU)����������

���� logP�pKa�� !"#$%�&'()����*+,��  -./��� 5-	
�����	� pKa��$

%�&01234logP �� HyperChem V5.0 56/� ChemPlus �7894:;�<=>?�(transepithelial electrical 

resistanceTEER)�@ABCD��EF�GH��-.89IJ��KL(apparent permeability coefficientsP

app

),�

	  5-	
�����	� logP � MN−0.96� 2.63;��� TEER �OPQ 760~965 Ω·cm

-2

RS;@AB� P

app

�N

(1.89 ± 0.78)×10

-7

 cm·s

−1

��TUVWXYZ�[\��=]^_`��EF�ab;HCFU� P

app 

�cd 5-FU� P

app 

�� 10 e,�
  logP �' 5-	
�����	Q Caco-2 ����/����fghi�5-	
�����	���

j�'()����klm�*+, 

���5-	
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