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ABSTRACT: OBJECTIVE  To establish ion exchange chromatography-suppressed conductivity detection for the 

determination of related substance A in cyclophosphamide. METHODS  Using a Ionpac CS12A column (250 mm×4.0 mm 

Analytical), the mobile phase was 0.16% methane sulfonic acid, the flow rate was 1.0 mL·min

−1
 with suppressed conductivity 

detector; the column temperature was 25 �; and the inject volume was 25 µL. RESULTS  The detection and quantification 

limit was 0.54 and 1.8 µg·mL

−1
, respectively. The linear range for the content of degradation impurity A was 1.8−24 µg·mL

−1 

(r>0.999), the average recoveries were in the range of 97.45%−99.81% with the relative standard deviation below 3%. 

CONCLUSION  The method is simple, rapid, accurate and is suitable for the determination of cyclophosphamide degradation 

impurity A. 

KEY WORDS: ion chromatography; suppressed conductivity detection; cyclophosphamide; related substance A  
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1.1  ��ü�� 

ICS3000 æ�ÏÐ�(�� Dionex)ÁÏÐ�

lonPac CS12A 250 mm�4.0mm Analytical (046073)Á

XP205��VÖ��(�� Mettler)������ 

�(USPv¬!"��#$%JIB 200�&�%100%)Á

����²³w� A� �(�� Sigma�#$%

08315KD-389��� 98%)Á������vy�('

()*v+,-�./0�#$%120301~12306)Á

�� Milli-Q&
1� 

1.2  2¥3ì��� 

����� �4�ì%57����� 

� 12.0 mg�67&13W89:S~; 10 mL�

 ¯����� �4�ì�<=�¯1.2 mg·mL

−1
� 

²³w� A � �4�ì%57����²

³w� A � � 120.0 mg3W�7&1G�S~

; 100 mL� ¯����²³w� A�� �4

�ì�=�¯ 1.2 mg·mL

−1
Á>?� �4�ì9

:; 1.8�6�12�18�24 µg·mL

−1
 ¯²³w� A

� �3ì� 

@A êBËÌVCD�=�¯ 1.0 mg·mL

−1

� Na

+

bK

+

bMg

2+

� Ca

2+

æ�2¥4�ì� 

1.3  y�3ì��� 

57����y� 100.0 mg�E 5 mL�FG�


7&13W89:;G��=�¯ 20.0 mg·mL

−1
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Væ�%LonPac CS12A �æ�çèÏÐ�

(250 mm�4.0 mm)ÁJK²%0.16%L�M¹3ìÁ

Jå%1.0 mL·min

−1
Á�N%25 �Á@y�%25 µLÁ

DIONEX CSRS 300 4 mm���ÁÉÊË�%�
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Fig 1  ICP chromatograms 

A−standard mixture of five ions; B−sample of cyclophosphamide 
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2.3  ËÌãò�b\­]�©�1 
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Tab 1  The results of the recovery and precision  

; 1 <= 

>?@/ 

µg·mL

−1
 

AB@/ 

µg·mL

−1
 

C�D/ 

% 

EFG/ 

% 

RSD/ 

% 

11.438 6  96.86 

11.872 2 100.54 

11.709 6 

11.809 

 99.16 

98.85 1.86 

24.320 1 101.17 

23.479 7  97.67 

HIJ� A 

24.005 0 

24.041 

 99.85 

99.56 1.77 

; 2 <= 

>?@/ 

µg·mL

−1
 

AB@/ 

µg·mL

−1
 

C�D/ 

% 

EFG/ 

% 

RSD/ 

% 

11.685 2  99.20 

11.582 3  98.32 

11.170 5 

11.779 

 94.83 

97.45 2.31 

24.042 6 100.01 

23.782 6  98.93 

HIJ� A 

24.151 6 

24.039 

100.47 

99.81 0.79 

2.4  y��³w�Ék  

AêBËÌVÖl 6 #y�²³�� A ��

��ü²³É[2¥mÓ�8n²|�ÉÊ÷ø

Qa 2�>æ�ÏÐÌÊ8�÷øüv¬ USP Í

ÎÏÐÌ�Ê8÷ø@^mÓ�6#����y�

G�� A o
ÍÎÏÐÌ�pÉ[�.æ�ÏÐ

ÌLS�É[²³�� A�qÉ[÷ør&²³

sS(.�t0.06%)� 

� 2  �������� A ����(n=3) 

Tab 2  The results of the related substance A analysis in 

sample(n=3) 

KL�M A 

< N 

IC-TCD TLC 

120301 0.05 O>? 

120302 0.01 O>? 

120303 0.01 O>? 

120304 0.01 O>? 

120305 0.02 O>? 

120306 0.04 O>? 
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Fig 2  The structure of cyclophosphamide related substance 

y�y�Gz�x¡	Q�æ��h K

+

�Na

+

�

Mg

2+

� Ca

2+

r�:{|VæHI}�~����

¡	Qæ��óô����,�{
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}�

·R�Èi��*£L�7������E��
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�`�ì�=
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�: 12 min�B8neZVæ�q°W�w Aü

²�XVæ��1.2� 

ª«������VÖ���� USP v¬G

�ËÌ@^ÉÊVÖ���
��ÍÎÏÐÌ%

c������� 0.25 mm ���¯����´

µL�-��¹-L�-1(50�25�15�12)¯��

���L·��¯�Ïì�ªÊ�����ìü
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