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ABSTRACT: OBJECTIVE  To optimize the extraction technology for total alkaloids from Solanum nigrum L. by 

Box-Behnken design. METHODS  Based on the results of single-factor experiment, Box-Behnken experimental design 

combined with response surface methodology(RSM) was employed, with the ethanol concentration(A), solid-liquid ratio(B), 

extraction time(C) and extraction times(D) as the independent variables. The response variable was the amount of total alkaloids. 

Acid dye colorimetry and UV spectrophotometer were used to detect the content of total alkaloid in Solanum nigrum L. 

RESULTS  The optimization processing parameters was as follows: A, B, C and D levels of 63.72%, 41.23 times, 54.93 min 

and extract twice, respectively. The content of total alkaloid was 1.40 mg·g

−1
. CONCLUSION  Box-Behnken experimental design 

is feasible, and highly predictive. 

KEY WORDS: Solanum nigrum L.; total alkaloids; extraction process; Box-Behnken design 
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1  ����� 

1.1  çè 

UV-2550 éêëì�ííÖ�(îäïð)ñ

RE-52A Ùòóôsè(õö÷øZ�çèù)ñ

KQ-600DB }ú©ûü7ýè(þ��©ûçè.

���)ñCT-6023 KEDIDA pH �(����	


��.���)% 

1.2  �
Ê�� 

��(������V(��.���)�5�

��á�(á�V(á�{���������

�������� Solanum nigrum L.�	
ñ 

!�^z"#(V�$��{|£�%&]LB29759�

'Ö>94.5%)ñ()*+(�ð�,-�áçèµp

.)ñ/01(�ð�23�á��ù)ñ450(�

ð�6Î��ù)ñ)��/�(�Ñ'��ð7Î

�á��.���)ñ��ô8�% 

2  ����	 

2.1  ��VåZ�^W½�Û� 

2.1.1  z"#9:�;<  Õ=>� !�^z

"# 6 mg�)�99À�?@ 25 mL ½AV�;

[ 0.24 mg·mL

−1
z"#9:�<q% 

2.1.2  0)M
�;<  Õ=>� 0.250 2 g ()

*+à{BV�C' 4 mL� 0.05 mol·L

−1
 �NaOH

9:{D99�EFCô8�GHÀ�?@

500 mL ½AV�I��<q% 

2.1.3  JK9:�;<  Õ=>�/01 1.0 g�C
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' 15 mL450�LCô8�M�99�GH[ pH

¡��� 4.05�5.04�6.33�6.70�JK:�<q% 

2.1.4  N#9:�;<  Õ=>��� 5.0 g�q

10O�P 55%/�ÐQ�� 1 h�R:ÐS9��

)�9:�?@ 500 mL ½AV�I��<q% 

2.1.5  v,TSüU���  ��T�V2.1.1W

XY !�^z"#9: 1 mL�V2.1.4WXYN

#9: 40 mL�tZ9��[C' pH ¡� 4.05

JK: 8 mL�©û99�L��C'()*+9

: 2 mL�ó\@�:]^V�I���C_`)

a 8 mLbI�c��de 24 h���_`)af

à 10 mLghiV�j§Cz"#:�N#:�

_`)aukl�éê�ííÖ�� 200~600 nm

mno�pqr¶z"#9:ÊN#9:&�

412 nms.v,TS��t�� 412 nm �Û�

üU% 

2.1.6  Û�uv� w  xV2.1.5WXYn�y

zJK:q½(6�8�10�12 mL)�()*+q½

(1�2�3�4 mL)Ê_`)aq½(6�8�9�10 mL)

zTSÖ�{|%pqr¶�}�~uv§¼��

JK: 8 mL�()*+ 2 mL�_`)a 8 mL��

�[��¦�TS�,% 

2.1.7  �����;< 

Õ=T�V2.1.1WXY !�^�z"#9

: 0.6�0.7�0.8�1.0�1.2 mL�tZ9��[C

' pH ¡� 4.05JK: 8 mL�©û99�L��

C'()*+9: 2 mL�ó\@�:]^V�I

��j_`)a 8 mLbI�c��de 24 h��

�_`)afà 10 mLghiV�j§Cz"#

9:�_`)aukl�à 412 nmsÛ�TíÖ�

jTíÖ(A)������Ö(C)������Ð1

nÈ]A=9.583C−0.152 3�r=0.999 0�r¶� !

�^ 0.018~0.036 mg·mL

−1
m�)ÍK�×% 

2.1.8  n�áyz   x(�n�°Ãn�áy

z%pqr¶�çèÕ=Ö RSD � 0.55%(n=6)ñ

��) RSD � 1.46%(n=6)ñN#9:� 1 hm�

ä���RSD � 1.11%ñ�&CNÐS�� 102.9% 

(RSD=2.50%)% 

2.2  ����´

 

2.2.1  /��P�}zåZ�^���{|�y

z  >��� 5 ���� 5 g���q 10 O�P

� 25%�40%�55%�70%�85%/�ÐQ�� 1 h�

�R�R:tZ9��;[�������>�

�� 35 mg�[C' pH ¡� 4.05 �JK: 8 mL�

©û99�L��C'()*+9: 2 mL�ó\

@�:]^V�I��j_`)a 8 mLbI�c

��de 24 h���_`)afà 10 mLghi

V�j§CN#9:�_`)aukl�à 412 nm

sÛ�TíÖ�xV2.1.7WXY����nÈ�

�W½�åZ�^������ 0.674�0.708�

0.745�0.644�0.586 mg·g

−1
�ë���/��P�

}��C�åZ�^���®�Ë�C�}/�

�P�}� 55%����
�v,�tF�ËY

��� w/��P�}� 55%� % 

2.2.2  
:gzåZ�^���{|�yz  >

��� 5���� 5 g���q 10�20�30�40�

50O�P� 55%/�ÐQ�� 1 h��R�R:t

Z9��;[�������>��� 35 mg�¡

Y¢u£V2.2.1W�åZ�^������ 0.748�

0.846�0.912�0.922�0.920 mg·g

−1
%ëì��


:g�P��C�åZ�^���®�Ë�C�

� 40O�P�¤¥±�/Ü¦��
:g w 40

O�P% 

2.2.3  ���ÁzåZ�^���{|�yz   

>��� 5 ���� 5 g�q 40 O�P� 55%/

���ÐQ�� 40�60�80�100�120 min��

R�R:tZ9��;[�������>��

� 35 mg�¡Y¢u£V2.2.1W�åZ�^���

��� 0.900�0.920�0.918�0.917�0.915 mg·g

−1
%

ëì�����Á��U�åZ�^���®�

Ë�C����Á� 60 min�����,�tF

L�U���Á����§,Y��� w��

�Á 60 min% 

2.2.4  ��Ç}zåZ�^���{|�yz   

>��� 3���� 5 g�q 40O�P� 55%/

�ÐQ�� 60 min����� 1�2�3 Ç��R�

R:tZ9��;[�������>���

35 mg�¡Y¢u£V2.2.1W�åZ�^����

�� 0.924�1.239�1.234 mg·g

−1
%ëì����

Ç}��C�åZ�^���®�Ë�C���

Ç}� 2 Ç��åZ�^���
�v,�tF
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�� 2 Ç% 
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¯vV Response Surface V� Box-Behnken�p¦

����´pq�$���Ç}� 2 Ç� w/

��P�}�
:g����Á 3 ������

q A�B�Cr°������ 3 ������q

−1�0�1 r°�jåZ�^��½�|p¡��

���ìr 1���n¬�pqìr 2% 

� 1  ������ 

Tab. 1  Factors and levels 

� � 

�� 

A����	
/% B��
/� C����/min 

−1 45 30 45 

 0 55 40 60 

+1 65 50 75 

� 2  ��	
��
 

Tab. 2  Arrangement and results 

��� A B C ���/mg 

1 45.00 50.00 60.00 3.409 2 

2 45.00 40.00 75.00 3.142 1 

3 55.00 50.00 45.00 5.647 0 

4 45.00 40.00 45.00 3.292 3 

5 55.00 40.00 60.00 6.968 0 

6 55.00 50.00 75.00 3.517 8 

7 65.00 30.00 60.00 5.613 6 

8 65.00 40.00 75.00 7.024 7 

9 55.00 40.00 60.00 6.325 6 

10 55.00 30.00 45.00 5.246 2 

11 45.00 30.00 60.00 3.092 0 

12 65.00 50.00 60.00 5.713 8 

13 55.00 30.00 75.00 5.187 8 

14 65.00 40.00 45.00 7.283 6 

15 55.00 40.00 60.00 6.774 2 

16 55.00 40.00 60.00 6.303 8 

17 55.00 40.00 60.00 6.319 9 

2.3.2  ØÙ�±²   Åq Box-Behnken V�

ANOVA Ø³zr 3 }®°Ã�Ñ�jåZ�^�

�½�|p¡�z/��P�}(A)�
:g(B)�

���Á(C)���°ÃXÆ4X´É¦��XÆ

4X´É¦nÈ]Y=6.54+1.59A−0.11B−0.32C− 
0.054AB−0.027AC−0.52BC−0.9A2−1.18B2−0.46C2

�

µÍK}� 0.935 5�n¶�Ñpqìr 3%·r 3

ë��/��P�}±ÇX�
:g4ÇX
�

¸¹º��(P<0.01)�/��P�}4ÇX
�¹

º�� (P<0.05)�»�ØÙ
�¸¹º��

(P<0.01)�¼ÉX§¹º�ª¶½ØÙÉ¦)�×% 

� 3  	����
 

Tab. 3  Results of variance analysis of the total alkaloids 

���� ��� ��� �� F  P 

Model 33.35 9 3.710 11.28 0.002 1(P<0.01) 

A 20.16 1 20.16 61.35 0.000 1(P<0.01) 

B 0.091 1 0.091 0.280 0.615 6 

C 0.840 1 0.840 2.560 0.153 3 

AB 0.012 1 0.012 0.036 0.855 2 

AC 0.003 1 0.003 0.009 0.927 1 

BC 1.070 1 1.070 3.260 0.113 8 

A

2

 3.390 1 3.390 10.32 0.014 8(P<0.05) 

B

2

 5.900 1 5.900 17.95 0.003 9(P<0.01) 

C

2

 0.870 1 0.870 2.650 0.147 4 

!� 2.300 7 0.330   

"#$ 1.910 3 0.640 6.570 0.0503 

%&� 0.390 4 0.097   

'� 35.65 16    

2.3.3  |po¾;��Ñ   Åq Design-Expert 

8.05b¯v�­®Ð1nÈ�Ñpq�u¿µp�

|poÀÊ�Ü�À�ìÀ 1~5%·À 1 ë��/

��P�}zåZ�^��½{|�±�«¬m

¤�)�C�ÁÂñ·À 2 ë��
:gzåZ

�^��½{|�ä¤4ÇÍK�
:g 40OÃ

Ä���½
�v,ñ���Á� 60 min��/

��P�}Ê
:gzåZ�^��½�{|ì

À 3ñ
:g� 40 O��/��P�}Ê���

ÁzåZ�^��½�{|ìÀ 4ñ/��P�}

� 55%��
:gÊ���ÁzåZ�^��½

�{|ìÀ 5% 
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Fig. 1  Effect of ethanol concentration on the content of 

total alkaloid 
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� 2  !"#����������  

Fig. 2  Effect of solid-liquid ratio on content of total alkaloid 

 

� 3  ������$!"#��������� � 

%& 

Fig. 3  Predicted response surface of ethanol concentration 

and solid-liquid ratio on the content of total alkaloid 

 

 

� 4  ������$��'(��������� �

 %& 

Fig. 4  Predicted response surface of ethanol concentration 

and extraction time on the content of total alkaloid 

 

� 5  !"#$��'(��������� � %& 

Fig. 5  Predicted response surface of solid-liquid ratio and 

extraction time on the content of total alkaloid 

2.3.4  ����uv����´Å  p¦ØÙ�

Ñpq�µp�|poÀÊ�Ü�À���åZ

�^���væ��uv]/��P�}�

63.72%�
:g� 1�41.23����Á� 54.93 min�

�� 2 Ç%�tvæ��uvY°Ã´Å�´�

´Å�´åZ�^�&���� 1.40 mg·g

−1 

(RSD=0.39%�n=3)ÆØÙÚÛ¡ 1.45 mg·g

−1
Çc�

ª¶½ØÙëÈ% 

3  
� 

yRÉq�Z�^W½Û�n�.éê�í

íÖ��ÜA:µhÊ��0^Ë���0)M


gh��

[5]

%�V(��Vz.AÌÍ°ÃW½

Û�Î§ë��réê�ííÖ��ÜA:µh
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��zV(.AÌÍåZ�^�W½Û�Aq§

�Ò%0^Ë��Ê0)M
gh�ëjÓÔ�

Y§Õ��0^Ë��Û�åZ�^W½�Ö¶

�,�0)M
gh�x·�×}ØÙV�Z�

^_(�(B) ëÆÚ��p¦[Û��( BH

+

)�Æ

±Ü0)M
(\(*Ý�()*+�)9�[�Þ

��(In

−
)��½ßp¦[.à�¦��á��z

(BH

+

In

−
)%��zëq.à9�����±�üU

sÛ�½.h��z�TSÖ�áë��¿Z�

^W½

[7-8]
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^�W½% 
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�����  ��������	
��
��������������  ������� !"#$�%&!'(

)*(A)+,-,./01)*(B)+23453678(C)9:;<*(D)�=>!��?@AB CD������	�
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Preparation and Release Study of Risperidone Nanosuspension in Situ Gel 
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Technology, Luoyang 471003, China) 

 

ABSTRACT: OBJECTIVE  To prepare risperidone nanosuspension in situ gel and investigate the release behavior of 

risperidone in vitro. METHODS  Risperidone nanosuspension was prepared by anti-solvent precipitation method. Regarding 

the particle size as index, the formulation and preparation of risperidone nanosuspension was optimized by orthogonal test with 

the concentration of risperidone(A), the concentration of docosahexaenoic acid (B), the ratio of water phase to oil phase(C) and 

the roter speed(D) as factors. And the risperidone nanosuspension was characterized. Then risperidone nanosuspension in situ gel 

was prepared and the release behavior of risperidone was studied. RESULTS  The optimized formulation was as follows: A 

5 mg·mL

−1
, B 10 mg·mL

−1
, C 1�1, D 600 r·min

−1
. The mean particle size of risperidone nanosuspension was 176 nm, PI 0.19, 
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