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Kasidit Sa-ngeumrum1, Supachai Bungthong2, Warisada Sila-on3, Utsana Puapermpoonsiri4, Saroch Onlaor5, 

Chonladda Pitchayajittipong6* 

 

Abstract 
Introduction: Extemporaneous metronidazole suspensions are consistently prepared at 

Sapphasitthiprasong hospital in Ubon Ratchathani province. In order to obtain the exact amount of 
metronidazole, the method of such drug has to be efficiently proved. The main objective of this 
present research was to validate the method for analyzing metronidazole oral suspensions with the 
dose of metronidazole 50 mg per mL by using high performance liquid chromatography (HPLC). 
Methods: The study of method validation for extemporaneous metronidazole suspensions was 
included in the topics of linearity, precision, limit of detection (LOD), limit of quantification (LOQ) and 
accuracy. This method validation finally based on the assay of metronidazole tablet from USP 36 NF 
31 and such method was evaluated via HPLC. The operating system was obtained under the 
following HPLC conditions: the mobile phase composition of water : methanol in 80 : 20, flow rate of 
1 mL/min, volume of injection at 10 µL, HPLC column C18 150 x 4.6 mm containing particle size 5.0 
µm. All samples were analyzed using UV detector at the wavelength of 254 nm. Results: According 
to the study of method validation, the r-square of linearity is more than 0.9990 with the range of the 
concentration 5 v 25 µg/mL. The precision results shown in the percentage of the relative standard 
deviation (%RSD) were less than 2 in both intraday and interday. From the data of analytical 
chemistry, the LOD and LOQ can be detected at 0.0081 µg/mL and 0.2460 µg/mL, respectively. 
Moreover, the accuracy data which are shown in the %recovery of metronidazole, were still in the 
range of 80 v 120%. Conclusion: The proposed method met the general requirement for validation. 
It was accurate and reliable and was able to act as a stability-indicating method for the determination 
of metronidazole in the extemporaneous suspensions. 
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�� � 
 �'-�0#�*��'0F( (metronidazole) -AO*�'
AY� >%*1J*ก(�)� nitroimidazoles F�.�$$ก�#G��J*ก'�
�) ' -  IC $ B ! @ #> - �> �  * �� #> .P � )J  "$ $ ก F �- 3 * 
(anaerobic bacteria) *���J "J*ก'���ก�'ก'�4��
- IC$#��0@0�B*� (trichomoniasis) J*A�33�!�**>C,!%)' 
�'-�0#�*��'0F(#>.*���J "��ก31$�/)J*�/AB!!
�' -�R�#> .J "��!A�1#'*J*E*'� 400 ��((�ก��� 
(American pharmacists association, 2016) #D'JH"
_/" A� % �#>. �> A�2H'ก'�ก(I*� ' -�R �AY� -� Gก'�
��!A�1#'*�' 3���>ก'�-4�>��J*�/AB!!�'-4�>��
-?,'1@�'%�/AB!!�'*CD 'BE%*41ก$*E�C*J*
0��,�'!'( F�.��'-4�>��-?,'1@�'%-AO*�'#>.
- 4 �> � � 0 � � P �) J  " �/ 4 � � ' 4 � Q ' *  ( standard 
formulation) H�I$-AO*�'#>.-4�>��E�C*0���>-A�'H�'�
-,I. $ J H" � ' ก� ! _/" A� % � - ? ,' 1@ � '% #>. �� ก �' J *
0��,�'!'(JH"_/"A�%�P�"��!�'#>. -H�'1�� F�.��'
-4�>��-?,'1@�'%��กJ "ก�!_/"A�%�-�Rก @* �'H�I$
_/"A�%�#>.P�)�'�'�Kก(I*�'-�R�P�" (Jew K, 2003) 
0��,�'!'(���,��#G�A�1��@�P�"-4�>���'-4�>��
-?,'1@�'%�/AB!!�'*CD'BE%*41ก$*E$��'-�0#�*��'0F(
@%'�B�� 50 mg/mL B(1#D'ก'���ก�'@%'�@�
��',#'�-@�>E$��'-4�>�����ก()'%0��%�-@�'1H�
A���'+�'@�-H(I$J*4D'��! �"%�-@�I.$�0@��'0#ก�'MN
E$�-H(%����K*1�/� 3'กก'�@"*@%"',!E"$�/(�"'*
ก ' � �� ก � ' @ % ' � @ � 4� % E $ �  metronidazole 
suspensions #>.$�/)J*�/AE$� benzoate (Vu et al., 
2008) B4)E"$�/(E$� metronidazole suspensions 
0��-?,'1$�)'���.�J*- ��E$�ก'�4�%3�$!@%'�
K/ก4"$�E$�ก'�%�-@�'1H�A���'+ metronidazole 
����>P�)-,>��,$ �'*%�3��*>C�>ก'�A��!A���%�G>ก'�3'ก 
pharmacopeia (USP 36 NF 31, 2013) E�C*-,I.$JH"�>
@%'�-H�'1��ก�!��'%1E$�-@�I.$� HPLC #>.�>$�/) $�*

31*D'PA�/)ก'�4�%3�$!@%'�K/ก4"$�#>.�>A�1��#G��',  
�'*%�3��*>C�>%�4K�A�1��@�-,I.$4�%3�$!%�G>

%�-@�'1H��'-�0#�*��'0F(J*�'-4�>��-?,'1@�'%
�/AB!!�'*CD'BE%*41ก$* �"%�-@�I.$�0@��'0#ก�'MN
E$�-H(%����K*1�/� J*H�%E"$@%'�-AO*- ��-�"* 
(linearity) @%'�B�)*�D' (precision) @%'�-E"�E"*
4.D'���#>.%�G>ก'�#��$!�'�'�K%��P�" ( limit of 
detection; LOD) @%'�-E"�E"*4.D'���#>.�'�'�K%���'�
4�%$�)'�0���>@%'�- I.$��.*�1��!H*�.�P�" (limit of 
quantitation; LOQ) @%'�K/ก4"$� (accuracy) -,I.$J "
-AO*E"$�/(J*ก'�*D'�'J "��ก�'@%'�@���',E$��'
-4�>�����ก()'%4)$PA 

 
��89� �����������!" 

1. ก'�%�-@�'1H�4�%�'�"%�-@�I.$� HPLC  
ก'�%� -@�'1H�4�%�'�"%�-@�I. $�  HPLC 

B!!%�Y�'@�"$*ก(�! (reverse phase column) 
150 ��((�-�4� x 4.6 ��((�-�4� @$(��*� *�� C18 
E*'�$* ��'@  5.0 P�0@� -�4�  (Water 
symmetry, USA) #>.A�1ก$!�"%� autosampler 
B(1J " UV-visible detector #>.@%'��'%@(I.* 254 
nm A�1�%(_(ก'�%� -@�'1H��" %�F$M4�B% �� 
(software) P�"Bก) Chromeleon version 6.80 %�Y�'@
-@(I.$*#>.�D 'H��!ก'�%�-@�'1H�  (mobile phase) 
A�1ก$!�"%� -�G'*$( 4)$ *CD' (20 : 80) �>$�4�'ก'�
PH( 1 ��((�(�4�4)$*'#> (mL/min) B(1�>A���'4�#>.?>� 
(injection volume) @I$ 10 P�0@�(�4�4)$@��C� 

2. ก'�4�%3�$!@%'�K/ก4"$�E$�%�G>%�-@�'1H� 
ก'�4�%3�$!@%'�K/ก4"$�E$�ก�1!%*ก'�

%�-@�'1H� (method validation) (Huber L., 2010) -,I.$
*D'�'#D'ก'�%�-@�'1H�H'A���'+4�%�'-�0#�*��'0F(J*
�'-4�>��-?,'1@�'%�/AB!!�'*CD'BE%*41ก$* 0���>
-ก+ �̀!'�H�%E"$-AO*PA4'� ICH guideline �D'H��!ก'�
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%�3��*>C�>ก'�#��$!@%'�K/ก4"$�E$�ก'�%�-@�'1H�J*
H�%E"$���4)$PA*>C  

2.1 @%'�-AO*- ��-�"* (Linearity) 
Linearity @I$@%'��'�'�KE$�%�G>#��$!

#>.JH"_(#��$!-AO*����)%*0��4��ก�!@%'�-E"�E"*
E$��'�#>.�>$�/)3����'�J* )%�@%'�-E"�E"*#>.กD'H*� 
%�G>ก'�@I$-4�>��$�)'�*"$� 5 @%'�-E"�E"* 
(Panchon N., 2015)  

ก'�-4�>���'�(1('��'4�Q'* (standard 
solution) E$��'-�0#�*��'0F( #>.@%'�-E"�E"* 200 
µg/mL 0�� �.��'��'4�Q'*�'-�0#�*��'0F( $�)'�
B�)*�D' 5 mg B("%*D'�'(1('�B(1A��!A���'4�JH"
-AO*�'�(1('��'4�Q'* 25 mL �"%� methanol 
3'ก*�C**D'�'-3I$3'��"%� mobile phase JH"�>@%'�
-E"�E"* 5, 10, 15, 20 B(1 25 µg/mL B("%*D'PA
4�%3%���"%�-@�I.$� HPLC 3'ก*�C*3��*D'_(#>.P�"�'
��"'�ก�'M 0��Bก* x @I$ @%'�-E"�E"*E$�
�'�(1('��'4�Q'*E$��'-�0#�*��'0F( �>H*)%�
-AO* µg/mL B(1Bก* y @I$ ,I C*#> .J4 "ก�'M 
3'ก*�C*@D'*%+H'@)'���A�1��#G��ก'�กD'H*� (r2) 
B(1@)' r2 4"$�P�)4.D'ก%)' 0.9990 

2.2 @%'�B�)*�D' (Precision) 
Precision @I$@%'��'�'�KE$�%�G>#��$!

#>.JH"_(ก'�#��$!H�I$_(ก'�%�-@�'1H�#>.P�"�>@)'
Jก(" -@> � �ก�*  0��#��$!FCD '� ก�*H('�@��C � 
(Panchon N., 2015)   

ก'�-4�>���'�(1('��'4�Q'*E$�-�0#�*��'0F( 
#>.@%'�-E"�E"* 200 µg/mL -4�>��0��ก'� �.��'�
�'4�'Q'*-�0#�*��'0F( $�)'�B�)*�D' 5 mg B("%
*D'�'(1('�B(1A��!A���'4�JH"-AO*�'�(1('�
�'4�'Q'* 25 mL �"%� methanol 3'ก*�C**D'�'-3I$
3'��"%� mobile phase JH"�>@%'�-E"�E"* 15 µg/mL 
3D'*%* 7 4�%$�)'� %�-@�'1H��"%�-@�I.$� HPLC 0��#D'

ก'�?>�4�%$�)'�(1 1 @��C� (N=7) -,I.$*D'_(�'%�-@�'1H�
H'@)' %RSD  0��@)' %RSD P�)@%�-ก�* 2% 

2.3 @%'�-E"�E"*4.D'���#>.%�G>ก'�#��$!
�'�'�K%��P�" (LOD) @%'�-E"�E"*4.D'���#>.�'�'�K%��
�'�4�%$�)'�0���>@%'�- I.$��.*�1��!H*�.�P�" (LOQ) 
(Panchon N., 2015) 

 @)' LOD @I$@%'�-E"�E"*4.D'���#>.%�G>ก'�
#��$!�'�'�K%��P�"B(1@)' LOQ @I$@%'�-E"�E"*
4.D'���#>.�'�'�K%���'�4�%$�)'�0���>@%'�- I.$��.*
�1��!H*�.�P�"  

ก'�H'@)' LOD B(1 LOQ *�C*�'�'�K
#��$!0��ก'�%�� blank 0��J "�'�(1('�
�'4�Q'* metronidazole #>.@%'�-E"�E"* 5, 15 B(1 
25 µg/mL #D'ก'�#��$!FCD'3��(1 7 @��C� @D'*%+
@)'�)%*-!>.��-!*�'4�Q'*B(1H'@)'-?(>.�E$�B4)(1
@%'�-E"�E"* -E>�*ก�'M�1H%)'�@%'�-E"�E"*-?(>.�
J*Bก* x B4)(13��B(1�)%*-!>.��-!*�'4�Q'*J*Bก* y 
('ก-�"*4��Bก* y 3��4��@I$ �)%*-!>.��-!*�'4�Q'*
E$��'�(1('� blank (S0) (Magnusson B., 2014) 
@D'*%+P�"3'ก��ก'�#>. 1 

        LOD = 3S0      ��ก'�#>. 1    
        LOQ = 10S0  

    -�I.$ S0 = �)%*-!>.��-!*�'4�Q'*E$��'�(1('� 
Blank (3��4��Bก* y E$�ก�'M�1H%)'�@%'�-E"�E"*
-?(>.�J*Bก* x B4)(13��B(1�)%*-!>.��-!*�'4�Q'*
J*Bก* y) 

2.4 @%'�K/ก4"$� (Accuracy) 
  Accuracy @I$@�+(�ก�+1#>. >C%)'_(ก'�
#��$!�>@)'-E"'Jก("@)'3��� (reference standard) 
H�I$@)'$"'�$��H�I$@)'#>.  �$���! -*I.$�3'กJ*#'�
AY�!�4��'ก#>.31#�'!@)'3��� 3��J "%�G>-A�>�!-#>�!ก�!
@)'#>.�$���!B#* (Kanyanuwat N., 2555) 

ก'�-4�>���'�(1('��'4�Q'*J*@%'�
-E"�E"*#>.  25 mg/mL 0��ก'� �.�_��'�'4�'Q'*-�0#�*��'0F( 
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$�)'�B�)*�D' 250 mg *D'�'(1('�B(1-3I$3'��"%� 
methanol JH"�>A���'4� 10 mLB(1�'-4�>��-?,'1
@�'%�/AB!!�'*CD'BE%*41ก$*E$��'-�0#�*��'0F( 
@%'�-E"�E"* 25 mg/mL 3'ก�'-�R�-�0#�*��'0F(
E*'� 400 ��((�ก���4)$-�R� 3D'*%* 3 -�R� #D'ก'�
!��'JH"(1-$>��J*0ก�)�  B("%J "*CD'ก�1�'��'
�D'-�R3�/A-4��(�-,>��-(Rก*"$�-,I.$-AO*�'� )%�#D'JH"
_��'-AN�ก @)$�� -4��*CD'ก�1�'��'(�!�_��#>(1
*"$�J*0ก�)� 3'ก*�C*3��A��!A���'4��"%�*CD'ก�1�'�
�'JH"@�! 24 mLB("%B!)� ��#��$!$$ก-AO* 2  �� 

1. P�)-4���'��'4�Q'*-�0#�*��'0F( 
0��A�-A4�/4�4D'��!�'*CD'BE%*41ก$*�' 

1 mL (1('��"%� methanol 5 mL J* volumetric 
flask E*'� 10 mL 3'ก*�C*3��*D'PA sonicate -AO*
-%(' 30 *'#> ก)$**D'�'A��!A���'4��"%� methanol 
JH"@�! 10 mL 3'ก*�C* A�-A4�'� 40 µL A��!A���'4�
JH"-AO* 10 mL �"%� mobile phase #D'FCD' 3 @��C�  

2. -4���'��'4�Q'*-�0#�*��'0F(  
0��ก'�A�-A4 �/4�4D'��!�'*CD'BE%*41ก$*

A���'4� 1 mL _��ก�!�'�(1('��'4�Q'*-�0#�*��'0F( 
2 mL (1('��"%� methanol 5 mL J* volumetric 
flask E*'� 10 mL 3'ก*�C*3��*D'PA sonicate -AO*
-%(' 30 *'#> ก)$**D'�'A��!A���'4��"%� methanol 
JH"@�! 10 mL 3'ก*�C*A�-A4�'� 40 µL A��!A���'4�
JH"-AO* 10 mL �"%� mobile phase #D'FCD' 3 @��C�  

%�-@�'1H��"%�%�G> HPLC  3'ก*�C*@D'*%+ 
%recovery 0��J "��ก'�#>. 2   

 
           %Recovery = [(C1-C2)/C3] x 100    ��ก'�#>. 2 
 
-�I.$  C1 = @%'�-E"*E"*E$�4�%$�)'�#>.-4���'��'4�Q'* 

C2 = @%'�-E"�E"*E$�4�%$�)'� 

C3 = @%'�-E"�E"*E$��'��'4�Q'*#>.-4��(�PA 

0��@)' %recovery #>._)'*314"$�$�/)J* )%� 80 - 120% 
 
%�ก�����!" 

3.1 @%'�-AO*- ��-�"* (Linearity) 
3'ก0@��' 0#Bก��E$��'�( 1( '�

�'4�Q'*B(1�'�(1('�4�%$�)'�-�0#�*��'0F( ,!%)'
P�)�>@%'�B4ก4)'�ก�*E$�@)' retention time E$�4�%
�'J*�'�(1('��'4�Q'*B(1J*�'�(1('�4�%$�)'� 
@I$4�%�'31A�'กYJ*0@��'0#Bก��#>.-%('A�1�'+ 
3 *'#> ���ก�'M�/A#>. 1 (ก) B���%)'��'%1#>.J "J*
ก'�%�-@�'1H�-H�'1��-,I.$J "B�ก4�%�'0#�*��'0F( 
3'ก�'� )%�#'�-��� ก���$I.*J*4D'��!�'-4�>��
-?,'1@�'%�/AB!!�'*CD'BE%*41ก$*  

_(ก'�#��$!@%'�-AO*- � � -�"*E$�
ก�1!%*ก'�4�%3�$!@%'�K/ก4"$�E$�ก�1!%*ก'�
%�-@�'1H�,!%)' J*ก'�#��$! intraday �>@)'E$�
���A�1��#G��ก'�กD'H*� (r2) -#)'ก�! 0.9996 0���>
��ก'�-�"*4��P�"Bก) y = 0.1333x - 0.0314 B(1J*ก'�
#��$! interday ,!%)'�>@)' r2 -#)'ก�! 0.9991 B(1P�"
��ก'�-�"*4�� y = 0.1350x - 0.0300 3'ก@)'  r2  #>.P�"
�>@)'Jก("-@>�� 1 *$ก3'ก*>C���,!E"$�/(3'ก Bempong 
B(1@+1 #>. P�"#D 'ก'�#��$!@%'�@�4� %E$� 
metronidazole benzoate 0��ก'�%�-@�'1H� HPLC J*
@*(1��'%1 ,!%)'�>@)' linearity E$� )%�@%'�-E"�E"* 
0.2-800 µg/mL �>@)'���A�1��#G��ก'�กD'H*�-#)'ก�! 
1.0000 (Bempong et al., 2005)   

3 ' ก ก ' � # � ( $ � *>C  >C J H" - HR * %) '  �>
@%'����,�*G�- ��-�"*4��-ก��E�C*�1H%)'�@%'�
-E"�E"*ก�!,IC*#>.J4"ก�'M#>.%�-@�'1H�P�"B(1�'�'�K
#D'*'�P�"�"%���ก'�-�"*4��#>.$�/) J* )%�ก'�
#��$!@I$$�/)J* )%�@%'�-E"�E"* 5-25 µg/mL   
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����9* 1 B��� (ก) -A�>�!-#>�!0@��'0#Bก��E$��'�(1('��'4�Q'*-�0#�*��'0F(B(1�'�4�%$�)'�  
         (E) @%'�-AO*- ��-�"*E$� intraday (@) @%'�-AO*- ��-�"*E$� interday  

(ก) 

(E) 

(@) 



%.-��� �'�4��$>�'*                                    ก'�4�%3�$!@%'�K/ก4"$�E$�ก'�%�-@�'1H�A���'+-�0#�*��'0F(J*4D'��!�'*CD'BE%*41ก$* 
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������9* 1 B���_(ก'�#��$!-�I.$�@%'�B�)*�D'0��#D'ก'�#�($� intraday B(1 interday 
�!�	"7���9* ����������������������� (µg/mL) 

intraday interday 
1 19.2093 13.5326 
2 19.9715 13.4007 
3 19.6032 13.4252 
4 18.9990 13.5489 
5 19.5566 13.3148 
6 19.5867 13.5298 
7 19.5566 13.3919 

@)'-?(>.� (Average) 19.4976 13.4491 
@)'-!>.��-!*�'4�Q'* (SD)  0.3115   0.0891 

@)'-!>.��-!*�'4�Q'*���,�#G� (%RSD)  1.5975   0.6625 
 

3.3 @%'�-E"�E"*4.D'���#>.%�G>ก'�#��$!
�'�'�K%��P�" (LOD) @%'�-E"�E"*4.D'���#>.�'�'�K%��
�'�4�%$�)'�0���>@%'�- I.$��.*�1��!H*�.�P�" (LOQ)  
 @%'�-E"�E"*4.D'���#>.%�G>ก'�#��$!�'�'�K
%��P�" (LOD) B(1@%'�-E"�E"*4.D'���#>.�'�'�K%���'�
4�%$�)'�0���>@%'�- I.$��.*�1��!H*�.�P�" (LOQ)  B���
J*4'�'�#>. 2   0��ก'�?>��'�(1('��'4�Q'*#>.@%'�
-E"�E"* 5, 15 B(1 25 µg/mL @%'�-E"�E"*(1 7 @��C�J*
-@�I.$� HPLC ��"'�ก�'M@%'����,�*G��1H%)'�@%'�
-E"�E"*ก�!@%'�-!>.��-!*�'4�Q'* ����/A#>. 2 #D'JH"
#�'!@)' SD of y-intercept (S0) @I$ 0.0246 -�I.$
@D'*%+ ,!%)' LOD �>@)' 0.0081 µg/mL B(1 LOQ �>
@)' 0.2460 µg/mL 3'กE"$�/(*>CB���%)'@%'�-E"�E"* 

4.D'���#>.�'�'�K%���'�4�%$�)'�0���>@%'�- I.$��.*�1��!
H*�.�#>. 0.2460 µg/mL F�.�ก'�#��$!*>CJ "@%'�-E"�E"*
4.D'���$�/)#>. 5 µg/mL  
 *$ก3'ก*>C Bempong B(1@+1 (Bempong 
et al., 2005) P�"#D'ก'�#��$!@%'�@�4�%E$� 
metronidazole benzoate 0��ก'�%�-@�'1H� HPLC J*
@*(1��'%1,!@)' LOD $�/)#>. 0.0300 µg/mL B(1@)' 
LOQ $�/)#>. 0.2000 µg/mL F�.�@)'#>.P�"3'ก Bempong 
B(1@+1�>@)'Jก("-@>��ก�!_(ก'�%�3��J*@��C�*>CK��B�"%)'
31�>��'%1#>.J "J*-@�I.$�4)'�ก�* ���*�C* )%�E$�@%'�
-E"�E"*#>.J "J*ก'�#��$!3���>@%'�-H�'1��#>.31
*D'�'J "J*ก'�H'@%'�-E"�E"*E$�4�%�'*CD'BE%*
41ก$*-�0#�*��'0F(J*ก'�%�3��4)$PA 

 

������9* 2 B���_(ก'�#��$!-,I.$H'@)' LOD B(1 LOQ  

 ������������������"����i�� (µg/mL) 
5 15 25 

1 4.6000 13.2610 22.6691 
2 4.1752 12.1472 20.8713 
3 4.5370 12.6674 21.6391 
4 4.7331 14.4475 23.9893 
5 4.9431 14.2638 24.2247 
6 4.6378 14.5599 24.0927 
7 4.8932 15.0604 24.8276 

Mean 4.6456 13.7725 23.1877 
SD 0.2558 1.0878 1.4866 

SD of y-intercepts 0.0246 
LOD (µg/mL) 0.0081 
LOQ (µg/mL) 0.2460 



Method validation for metronidazole analysis by HPLC in extemporaneous suspensions                             IJPS 
Kasidit Sa-ngeumrum et al.                Vol.13 (Supplement) Jan v Mar 2017 
 

226 
 

 
 

 
����9* 2 ก�'MB���_(�1H%)'�@%'�-E"�E"* (µg/mL) ก�! Standard deviation -,I.$J "J*ก'�H'@)' LOD B(1 LOQ 

 
3.4 @%'�K/ก4"$� (Accuracy) 
_(ก'�#��$! Accuracy -,I.$#��$!

@%'�K/ก4"$�E$�ก�1!%*ก'� J*ก'���ก�'*>CJ "%�G> 
standard addition B(1,�3'�+'@%'�K/ก4"$�0��
4"$��>@)'E$� % recovery P�)-ก�* ± 20% -�I.$
@D'*%+@)'E$� %recovery 4'��/4�@D'*%+B("%
,!%)'�>@)'�1H%)'� 104.4695% B(1 116.2324% 

���B���J*4'�'�#>. 3 F�.�$�/)J* )%�#>.กD'H*�P%"@I$ 
80-120% ���*�C*3��B���JH"-HR*%)'ก�1!%*ก'�#>.J "
J*ก'�%�-@�'1H��'-�0#�*��'0F(J*4D'��!�'-4�>��
-?,'1@�'%�/AB!!�'*CD'BE%*41ก$*�>@)'@%'�
K/ก4"$�_)'*4'�-ก+ �̀ก'�#��$!0��%�G> standard 
addition 

 
������9* 3 B���_(ก'�#��$!@%'�K/ก4"$�0��%�G> standard addition B(1@)' %recovery 

     
Sample 

Spike 
(C1) 

mg/mL 

Non-spike (C2) 
mg/mL 

Standard 
(C3) 

mg/mL 
%Recovery 

1 133.3963 118.4093 12.8940 116.2324 
2 132.1426 117.8259 12.8940 111.0338 
3 131.5259 118.0556 12.8940 104.4695 

 

	<����"$����:�%�ก�����!" 
3'กก�1!%*ก'�4�%3�$!@%'�K/ก4"$�

E$�%�G>%�-@�'1H�,!%)' #�C�@%'�-AO*- ��-�"* @%'�
B�)*�D' @%'�-E"�E"*4.D'���#>.%�G>ก'�#��$!�'�'�K
%��P�"@%'�-E"�E"*4.D'���#>.�'�'�K%���'�4�%$�)'�
0���>@%'�- I.$��.*�1��!H*�.�P�"B(1@%'�K/ก4"$�

-E"'-ก+ �̀#>.กD'H*� ���*�C*%�G>ก'�%�-@�'1H��'-4�>��
-?,'1@�'%�/AB!!�'*CD'BE%*41ก$*E$�4�%�'-�0#�*��'0F(
E*'� 50 ��((�ก���4)$��((�(�4��"%�-@�I.$�0@��'0#ก�'MN
E$�-H(%����K*1�/��>@%'�K/ก4"$�B(1-H�'1��#>.
31*D'PAJ "J*ก'�%�-@�'1H�A���'+�'J*ก�1!%*ก'�
��ก�'@%'�@�4�%E$�4D'��!4)$PA 
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ก����ก������ก�> 
 ก'���ก�'-,I.$,��*'B(14�%3�$!@%'�
K/ก4"$�E$�ก�1!%*ก'�%�-@�'1H��'-4�>��-?,'1
@�'%�/AB!!�'*CD'BE%*41ก$*E$��'-�0#�*��'
0F(J*@��C�*>C�'�'�K�D'-�R3(�()%�PAP�"�"%��> _/"%�3��
4"$�E$E$!@�+@+'3'��� !�@('ก� @+1-��� �'�4�� 
�H'%�#�'(��$�!(�' G'*>B(1-��� ก�3'กก(�)��'*
-��� ก��� 0��,�'!'(���,��#G�A�1��@� 3��H%��
$�!(�' G'*> #>.P�"JH"ก'� )%�-H(I$�*�!�*�*B(1
$D'*%�@%'��1�%กJ*�"'*�'�-@�> $�Aก�+�B(1
�K'*#>.J*ก'���ก�'@��C�*>C 
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