
 �788�          Chin JMAP, 2009 October Vol. 26 No. 10                     
��������	
 2009� 10�
 26�
 10� 

�=>?@AB?@CD?@EF G�47 H#

IJK!
��LMNO�PQR-��STUVW

�XYZ[\]^_`a;bc4��de���S

TUVWfgh��S�i��[j?klTm�j

?nopq�U[r/estu�bvc4'j?s

wx3�yz�{|�TUU[}~; 

 
REFERENCES 

 
[1] ZHANG K S, WU Y Y. Summarization of clinical application 

of Huangyangning [J]. Primary J Chin Mater Med (����

	
), 2000, 14(4): 52-53. 
[2] WU J, MAO Y, ZONG S, et al. The cardiovascular actions 

cardiovascular of Huangyangning [J]. Chin Heart J(��	
), 
2003, 15(2) : 169-171. 

[3] KE Z C, ZHOU Y Q, FANG C. Improve on quality standard 
Huangyangning tablets [J]. Chin Tradit Pat Med (���), 
2007, 29(5): 3-4. 

[4] FENG F, MA Y J, ZHANG Z X, et al. Improvement on the 
quality standard of cyclovirobuxine D [J]. Chin Pharm J (��

��	
), 2001, 36(5): 341-342. 
[5] XU X J, ZHANG Z X, SHENG L S, et al. The comparison of 

determinating cyclovirobuxine D related substances by 
HPLC/MS and precolumn derivatization on RP HPLC using 
l-phenyl-isocyanate [J]. J Chin Pharm Univ (�������

�), 2002, 33(5): 408-411. 
[6] XU X J,  ZHANG Z X, SHENG L S, et al. Determination of 

cyclovirobuxine by RP-HPLC with pre-column fluoresence 
derivatization [J]. Acta Pharm Sin (����), 2002, 37(5): 
359-361. 

[7] WEN H M, LI W, CHI Y M, et al. HPLC-MS (ToF) 
determination of cyelovirobuxine D in rat plasma [J]. Chin J 
Pharm Anal (����	
), 2003, 23(3): 181-183. 

�����2009-03-17 

 
 
 

!"#$%&'�()*+,-./�� 
 

�������(���	
��
�������������	
�������������
� 730050) 

 
�����  ��������	
��
��������  ���������	����������� 12!"

#$��	�%&'()*� 84184�+,-./&
01���	  23Hansch�
�����45�6lg1/MIC=0.035 0 π� 

0.015 3 π2+0.178 4 σ+0.002 0 MR�1.621 3 I+4.441 5�n=13�r=0.808 9�F=2.65(α=0.05)��789:;<��
=>?#$@

ABC�DEF45G��	
+,HIJK

LMNO�PQR%S�TU
L.�DEVWX� IY��+,
 58%

Z��[\/]6#$���	^PQ_�`a
bc\TWd��+,
S�ef��
  ghBG@KijklJ�


���mn	opqdS�ef�/r K

stouv� 

��
����w��+,w
�����wxyz{|} � 

������R285.5      ������A      �����
��

�1007-7693(2009)10-0788-03 
 
The Quantitative Structure-Activity Relationship of the Antibiotic Properties of Pyrolines 
 
LI Jianyong, ZHANG Jiyu (Lanzhou Institute of Animal and Veterinary Pharmaceutics Science, Key Lab of New Animal Drug 
Project, Chinese Academy of Agricultural Sciences, Lanzhou 730050, China) 
 
ABSTRACT: OBJECTIVE  To study the quantitative structure-activity relationship of the antibiotic properties of a series of 
pyrolines. METHODS  Pyroline was acted as a lead compound and new twelve hydroquine compounds were synthesized. 
Combined with clinic practice, staphylococcus was selected as a pathogenic bacterium by which effective coefficients were 
measured. RESULTS  It followed: Hansch QSAR equation was lg1/MIC=0.035 0��0.015 3�2+0.178 4�+0.002 0 MR�1.621 3 I+ 
4.441 5, n=13, r=0.808 9, F=2.65(α=0.05). When iso-propylhydroquinone were used to prove the equation, there were some certain 
effective significance for its equation forecasting compounds’ activity. Through selecting significant action parameters, it was 
followed that there was 58% correlation between indicator variance (I) and antibacterial activity. Therefore, antibacterial mechanism 
of hydroquinones was carried out by oxidization and reduction reaction. CONCLUSION  The experiment provides some certain 
clue and basis for finding farther effective pyrolines and explaining its action mechanism. 
KEY WORDS: pyroline; antibiotic properties; quantitative structure-activity relationship(QSAR); Hansch 
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Fig 1  The structure of pyroline 
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Fig 2  The structure of phenols and hydroquinones 
A�phenols; B�hydroquinones 
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Tab 1  The results of minimum inhibitory bacteria concen- 

tration (MIC) of fifteen pyrolines (µg·mL−1) 
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A 625.0 312.5 156.2 19.5 9.8 
B 156.0 625.0 312.5 39.0 4.9 
C 156.3 19.5 2.45 4.9 4.9 
D 78.1 2.4 2.45 0.3 9.8 
E 625.0 78.1 4.9 4.9 39.0 
F 625.0 78.1 4.9 4.9 39.0 
G 625.0 78.1 19.5 9.5 19.5 
H 2 500.0 312.5 19.5 19.5 156.3 
I 5 000.0 321.5 39.0 4.9 2.4 
J 5 000.0 5 000.0 78.0 78.0 9.5 
K 625.0 125.0 625.0 625.0 19.5 
L 1 250.0 5 000.0 312.5 625.0 625.0 
M 1 250.0 5 000.0 312.5 625.0 156.0 
N 2 500.0 2 500.0 1 250.0 1 250.0 78.0 
O 5 000.0 5 000.0 2 500.0 2 500.0 1 250.0 
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A�b~(1)=0.088 4�b(1)=0.035 0Íb~(2)=G0.195 7�b(2)= 

G0.015 3Íb~(3)=0.047 6�b(3)=0.178 4Íb~(4)=0.040 7�

b(4)=0.002 0Íb~(5)=G0.823 6�b(5)=G1.621 3#a=4.441 5�

r=0.808 9#b~(M)��4)�HI��)Íb(M)��4
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Tab 2  The calculated results of substituent parameters of 13 

hydroquines 

��� R π σ MR I lg(1/MIC)

����

 

A CH

3

 0.56 �0.17 5.56 0 3.803 

B OCH

3

 �0.02 �0.27 7.78 1 3.523 

C Cl 0.71 0.23 6.03 0 4.469 

D Br 0.86 0.23 8.9 0 5.796 

E CF

3 

0.88 0.54 5.02 0 4.553 

F C

2

H

5

 1.02 �0.15 10.3 0 4.450 

G C(CH

3

)

3

 1.98 �0.20 19.6 0 4.243 

H H 0 0 1.03 0 3.751 

I (C

6

H

13

N)

+

 �4.24 0.12 31.56 0 4.625 

J (C

6

H

14

N

2

)

+

 �6.52 0.12 35.40 0 3.454 

K C

9

H

12

N

3

O

3

S �1.48 0.03 60.62 1 2.749 

L C

7

H

10

N

3

O

2

S �2.01 0.03 50.47 1 2.694 

M COCH

3

 �0.55 0.50 11.18 1 2.386 

��R���	
π���
�
σ���
�
MR�����
I�����


MIC�������� !"#�$% 

Note: R�substituent; π�hydrophobic parameter; σ�electric parameter; 

MR�mole refraction; I�indicator variance; MIC�minimum inhibitory 

concentration for staphylococcus 
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Tab 3  Analytical table of variance 

SOURCES SS DF MS F 

TOTAL 10.73 12   

U 7.02 5 1.40 2.65 

Q 3.71 7 0.53  

�	
���lg1/MIC = 0.035 0 π 
�0.015 3 π

2 

+ 

0.178 4 σ + 0.002 0 MR 
�1.621 3 I + 4.441 5�n = 13�

r = 0.808 9�F=2.65 (α=0.05)                  (1) 
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� 1%��� �!"�b

~

(5)=
0.767 7�b(5)=
1.511 3�

a=4.349 3�r=0.767 7� 

� 4  ����� 

Tab 4  Analytical table of variance 

SOURCES SS DF MS F 

TOTAL  12   

U 0.589 4  1 0.589 4 15.790 

Q 0.410 6 11 0.037 3  

�	
���lg1/MIC=
1.511 3I+4.349 3�n=13�

r=0.766 3�F=15.79(α=0.01)                  (2) 

2.2  Hansch�
�#$%&'���� 

�#(1)�()*+�	,(���-./01

� lg1/MIC � 4.462�234� 4.472(MIC�

4.9 µg·mL

−1
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)��
�() π �NS4� 1.14�

TU σVMRWX
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