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Abstract : We established a new method to analyze moxidectin using high performance liquid
chromatography(HPLC) with fluorescence derivatization in order to obtain its residual profiles in biological
samples. Recovery of moxidectin in tissue was 62% at 10 ppb. Average detection reproducibility in terms
of coefficience variation was 4.47% at 0.32 to 10 ppb. Residual of moxidectin was studied in 44 Yorkshire-
Landrace mixed bred male pigs administered subcutaneously 0, 200, or 800µg/kg body weight (BW)
Residual profiles of moxdectin in blood, muscle, liver, kidney and fat of pigs were described. The
concentration of the moxidectin in liver after administration of moxidectin was the highest among the tissues
examined. Moxidectin in liver after administration of moxidectin as 200µg/kg BW was declined from
10.0±3.7 ng/g at 10 day post administration to 0.5±0.3 ng/g level at 40 day post administration. Residual
levels of moxidectin in all samples were estimated to fall below the limit of quantitation (0.32 ng/ml) after
50 day after treatment of 200µg/kg. Moxidectin showed no abnormal observations in all the clinical findings
at any concentrations under these experimental conditions. In conclusion, this analysis method by HPLC
after fluorescence derivatization was very effective for the detection of moxidectin in biological samples.
We suggest that 50-day is safe enough for the withdrawal time of moxidectin in pigs, following the
recommendation dose by the manufacturer.
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Avermectinea Burg 9 [3]� D% 1979f] g� h

iV� j� J�kHl mnE�� oY��� pq

TrVW �a J�C:P. Avermectinea stuv

Streptomyces avermitilisw ��8a x��` yz��

� {] |GD lactone|+ w}W �a~ J�� :�

��D 6� � OK �&�D ;:� �2 abamectin
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(avermectin B1a), ivermectin (22,23-dihydroavermectin B1a),

doramectin (25-cyclohexylavermectin B1) 9 I�

avermectine� ���}W �P [7]. Milbemycin�

1973f� hiV� ���a _��� ��C� �rV

Pw 1980f] �)� hD �$TG� � X�e JC

�: [vV'` �Dr�� �rV� -�8�P [2,

10]. Milbemycinea avermectine� �8I J��v ;

:a �� C13� H�� :�: ��V� �a x:P.

Avermectinel milbemycineD J� �n� ���D

��� �R8I ��V� GABAD s�+ ��8W


-� s�Z GABAAD �r4  � glutamate �r4

� XYZ Cl− ¡�RE+ 3]-¢ R^£+ 6¤8I

¥¦BX�D ¦§n¨+ ©C8W �0w ª�� >�

¢ «R� �¬�a x�� ­®¯ �P [1]. :° ±�

� ²}�` �� ACw VW �a H$� t�e

(Ascaris suum, Hyostrongylus rubidus, Oesophagostomum

spp., Stronglyloides ransomi), ³t�(Metastrongylus spp.),

:(Haematopius suis), �´� 9 ��� ���� J�

«R� w}W �a x�� µWV� �P [1, 11].

MilbemycineD 8�v moxidectin� avermectinel ª

¶w}� J� ±�(potency): MN ·0 4� kg �

200 µg:2a ¸7¹ º� r»�� TrV� @A�

P¼ ±�� �% ½eD N®a º��, ·� }¾¿y

E�� v% À )��� �¬Á x�� ÂÃZP.

Avermectine� ]Ä ^Å� O� ÆÇy sL+ :r

Ä WÈÉ4��ªÊc2�L°: µWVW ���, Ë

��` moxidectin� ]Ä ^ÅL XJ � 
�4�½e

E� ]Ä XJa :Ì�}� ÍÎP. �4 -Ï�` Ð

GVa moxidectinD _¤ ^Å� ÑGD HPLC Ò�t

Ó��� DÄ ÔÕÓ�_¤µP º0 :� ·:� H

% �4-Ï �D moxidectin+ ^q .ÖCÄ × :� Æ

Ç 6¤4L+ ÑÄ ^ÅLD [Ø: KJVW �P. 

Ù XJ�`a moxidectinD ÆÇ 6¤4y� ÑÄ

ÆÇÓ��� :r8I ^ÅL+ [Ø8W =C�

moxidectinD ÚÛ r»v 200 µg/kgR c 4Ü r»v

800 µg/kg� ²}� �8OTÄ × YÝZ -�� ÞÞ

¤�8I �{Ä ���` ½e»+ ÆÇ6¤4yL+

:r8I moxidectinD ½eQE � ½eÕ=+ ßw8

�P.

�� � ��

����

OàáT Äâ�` ãä8a moxidectin CC (å:æ

ç, OàáT Äâ)� Tr8�P. : CCa moxidectin

1%�` ml � 10 mgD 6«E^: è6V� �P.

����

éO v¥ }(D #ê$�` TUVW �a 5~6Oë

D Yorkshire-Landrace ìíî ïð Òê+ JñÄ × =

ò êT� ÜÖó0 1O>D ôy�õ+ {¿ × ½e

-ò� Tr8��ö TÏl ÷�a Ò6 äI-øP.

TÏa J�Cw è6V� �} Ía TÏ� cqW ÷

�a G�¤� :r8�P. 

���� 	
 � ���
 ��

-òù� ]�ù (x 0), �Ïr»ù (x 1), Wr»ù (x

4)�� 3ù�� 8W, ]�ù� �ú�ù��, �Ïr»

ù� ûG�Ir»v 4� kg� 200 µg/kg��, cqW

Wr»ù� ûG�Ir»D 4Ü r»v 800 µg/kg��

üÖ8�P. ±�� ²}D BÜ�H� �8OT8��

ö, �Ïr»ù� ²} 4� 50 kg � 10 mg/ml _¤D

-ò±� 1 ml+, cqW Wr»ù� 4 ml� �I8�

P. �Ïr»ùR Wr»ù� �I × M 10>ªP Þ

Þ 4ªqD -ò
�+ ý�8I -Ï� þÿP. ��

-òsL� 
�r D±� 9D ½eE-ò }�(�D

RzXJÕ Ð� C7§, 1996f 5� 6>)� �8I =

-8�P.

��� ��

¤�-�	� !É, ¥U, õ$, ¦$, }s, OT�H

D ¥U+ 
�8�P. !É� n]
��`, ¥U� ]


�, õ$� Þ��`D ����, ¦$� ��¦$+,

}s� � �HD x+ ÞÞ �^»+ 
�8I �


(-20oC) µ�Ä × ^Å+ =-8�P. 

��� ��� � ������

-ÏD nú� � ÆÇ6¤4ya Ô 9 [4]: ²}�

` abamectin+ Ú� .ÆÇy�� sL+ �Æ8I -r

8�P. ÆÇy� H8I -Ï �� moxidectin+ C�

Ä �ô�°+ Sep-Pak C18 catridge� ^qè���

moxidectin: _�Z ^Ý+ Ý�� � �ÿP(Fig. 1).

:�� þ�� ^Ý+ ¾Õw��` ��-� × �

� CH3CN+ �� r%-?W 1-methylimidazoleR

trifluoroacetic anhydride� :r8I moxidectinD ÆÇy

� -¤8�P(Fig. 2).

��� !"

Ú�RÖ+ Ñ8I þ� -Ï� ÆÇy )*+ =-

Ä × HPLC ÆÇÓ�� (RT-10A XL, Shimadzu, Japan)

� :r8I ̂ Å8�P. Ù -ò� TrÄ  ba HPLC

322 system (Kontron, Italy), :
G� 10% acetic acid/

MeOH/acetonitril (8/30/60) :ÿ�ö, WÖG� C18
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(Microsorb-MVTM, particle size 5 um, 150×4.6 mm,

Rainin, U.S.A.), Oñ� autosampler (Model As-100

HPLC Automatic Sampling System, Bio-Rad, U.S.A.)+

:r8��ö Oñ»� 100 µl, 6È� 1 ml/min, ÆÇ

Ó� ��� I�!$(excitation) 365 nm, ÆÇ!$

(emission) 475 nm :ÿ�ö data porcessing� software

(ValueChrom, Bio-Rad, U.S.A.)� :r8I "#$� ú

q8�P. %�Ó»&t+ �E8� HÄ %��¾�

moxidectin (American Cyanamid Co., New Jersey, U.S.A.)

� :r8�P. Ó�ÄY(limit of detection) � Ó»ÄY

(limit of quantitation)a ¦§] í÷�(signal-to-noise

ratio)� ���� 8��ö, ÞÞ 3 � 10+ �r8�P.

� 	

��#$�% �& '()*+,-.*/� 0123� 4


%��¾� TrÄ moxidectin+ ÆÇ6¤4y8I þ

�� Þ _¤�`D HPLC area '+ Table 1� �¬�

ÿP. ½eÐG_¤� (è8a 0.32~10 ng/ml�` _

¤� �)8I )*� 3]V� �¬*�ö, %�&t

+ �E8�+ @, : _¤ kH�`D N�Ä �tE+

µ�P(R2, 0.99). �tD á+sÖà� Y=775,225.1×X−
149,557 :ÿP(I��` Ya area '+ cqW Xa

_¤� w,?W �P). n _¤�`D �Ö -¸E

(coefficient of variation(CV)%)D ßu� 4.47% :ÿP.

5()*+,-.*/ 67� 89#$: � ;<%=� #

$&>? @AB � CD


Table 1�` �.Ù /l 0: %��¾ ýÅÉ�`

0.32 ng/ml: �ÖVÿP. !$, ¥U � õ$ 1 ml (1

a g) � 0.32 ng� %�Va _¤� 2w8�+ @, �

3 �Ö: Vÿ� @A� Ù -ò�`D �� �

moxidectinD Ó�ÄYa 0.32 ng/g (1a ml)� TÏV

ÿP. Ä4 ¥U�` moxidectin��` 5 ng/g+ 2w8

I H�` JÄ %�&tR �ì8I �Öá�5+ Y

�8I µÎa /, ßu 62.43% :ÿP. 
�D±� 9

D ½eE -ò}�D : _¤�` 6rVa á�5:

Fig. 1. Flow chart for the clean-up of moxidectin from
samples.

Fig. 2. Fluorescence derivatization for the elute containing
moxidectin purified from samples.

Table 1. Reproducibility on the calibration of moxidectin
between 0.32 and 10 ng/ml

Unit

Nominal
concentration

aObserved
concentration

Reproducibility 

ng/ml ng/ml CV%

0.31 0.38±0.005 1.3

0.63 0.59±0.038 6.5

1.25 1.23±0.136 11.0

2.50 2.47±0.053 2.2

5.00 5.01±0.087 1.7

10.00 10.00±0.424 4.2
aAll values are expressed as mean±S.D.
CV, coefficient of variation; CV mean value is 4.47%.
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60~120%+ 7W� @ : ��+ 89-:+ ­ � �

ÿP. á�5: º� x� _� � ÆÇy RÖ: PÃ

Y:W ;íÄ x� �v8a x�� TÏVÿP. 0�

��+ ]G�� 8I 3á �Ö8�+ @D -¸E

(CV%)� 3.97% :ÿP. 

;<%=� E�F '()*+,-.*/ GHI�

Fig. 3� moxidectin 200 µg/kg �Iù � 800 µg/kg

�Iù�` Þ -�	� ô;��� ¤�8I �{Ä

���`D �ÖÄ moxidectinD ½e_¤� �¬�ÿ

P. ]�ù�� :rÄ ²}�`a 4ªq �3�` �<

���`¤ moxidectin� Ó�V} ÍÎP. Moxidectin

200 µg/kg+ �8OTÄ BNa c 4Ü r»v 800 µg/

kg� �IÄ BNµP �� ���`D _¤w º� �

¬=���, moxidectin r»R �� ½e _¤a S�

Ä G§�>E: �÷: [vVÿP. 3 r» �3�`

OT�H�` w$ ·� _¤� �¬�ÿP. ?$r»

v moxidectin 200 µg/kg� �8OT8�+ @ w$ ·

� ½e_¤� �¬@ OT�HD BN �I × 20>�

61.8A20.3 ng/g :ÿ�ö, �I × 35>B�a 9.1 ng/g

:ÿP. OT�H� C�Ä ���`D ½e_¤w C

ô`a 800 µg/kg �IùD 10>B� C�8W 3 r»

�3�` ]4� õ$ > ¥U > ¦$ > }s > !$ ô

:ÿP. ?$r»v moxidectin 200 µg/kg� �8OT8

�+ @, OT�H� C�8W w$ ·� ½e_¤� �

¬@ õ$D BN, �I × 40>� 0.5A0.3 ng/g :ÿW

�I× 50>� Ó�V} ÍÎ�D� : r»�`D E

±�õ� 50>�� õOVÿP. õ$+ C�Ä P¼ �

��`D _¤a �3 õ$µP ºÎ�ö �I × 50>

�a Ó�: V} ÍÎ� @A� õ$+ ���� E±

�õ+ �Ö8I¤ �s� x�� �ÞVÿP. Ä4, ?

$r»D 4Üv 800 µg/kg�`a �I × 50>B�¤

n ���` Ó�Vÿ�ö, c kHa 0.9~2.7 ng/g :

ÿP. 


 �

ª��2:´ FGY y��� � .�� ���+

©C� ���� �D^,�` pq TrVW �a

J�C°:P. MilbemycineD 8�v moxidectin�

Streptomyces cyaneogriseus� CÄZ ���` Ü#8I

��Z i«�� � 8�v nemadectin�� �$ )�

E8I 8°� H�ö, C23�� methoxime �|4w \

-8a ;:w �P [7, 12]. Moxidectin� avermectine

l J�, J�kH, J��n, ±� 9: MN 6TÄ x

�� ­®¯ ��ö, avermectineµP }s���` )

��w IPW ÄP. Vercruysee 9D µW [13]� D8

' Õ�` 35> :GD J�Kc¬,H�(O. ostertagi)

� ]Ä }È�v J�«Rw �a x�� �¬*W,

Demeulenaere 9 [6]� ÒX��� g�` strongyle �

5: -iL Va -M+ ���� Ù J��õ�

ivermectinD �± × 10~13Ov x� �% NO À 22~24

Ov x�� µW8�P. Ù =ò�` ��� \-8a

moxidectin+ ÆÇy8I HPLC� ^Å8a sL� 0.32

ng/ml P} �Ö� � �� ½e^Å: w&8��ö,

Ó�ÄYa 0.32 ng/g or ml, ��� moxidectin+ 5 ng/

g 2w8I þ�� á�5� 62.43%, : @D -¸E

(CV%)� 3.97% :ÿP. 
�D±� 9D ½eE -ò

}�D : _¤�` 6rVa á�5: 60~120%+ 7

W� @ : ��+ 89-:+ ­ � �ÿP. á�5:

º� x� _� � ÆÇy RÖ: PÃY:W ;íÄ x

� �v8a x�� TÏVÿP. 1Ä 
 _¤�`D -

¸E� 6r��v 30(CV)%µP NO º� @A� �

��D moxidectinD ^ÅL�� �^Ä w�w �PW

ÂÃ8�P. ²}� moxidectin+ 200 µg/kgR 800 µg/

kg� �8OT =ò�R, �ÖÄ �� ���` ½e_

¤w r»G�E: �÷+ [v8�P.

800 µg/kg �IùD 10>B� C�8Wa 200 µg/kg

Fig. 3. Concentration of moxidectin in various tissues
obtained at different time points after subcutaneous
administration of moxidectin to four pigs at dose levels of
200 µg/kg and 800 µg/kg.
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� 800 µg/kg �Iù �3�` õ$, ¦$, }s, !$

ô�� ·� _¤� �¬�ÿP. w$ ·� ½e_¤�

�¬@ $�a õ$�� 200 µg/kg� �8OT 8�+

@ �I × 40>�¤ 0.5A0.3 ng/g� ½ew Ó�Vÿ

�� �I× 50>� Ó�V} ÍÎP. c QD P¼ �

�D �I × 40>D _¤a õ$D cxµP ºÎ�ö

�I × 50>�a �� ���` Ó�V} ÍÎP.

Craven 9 [5]� ²}� moxidectin+ 300 µg/kg�� �

8OT- ²}D �8¤� �2 ;:a ���, 28>P

} !É � }s ��` ½ew �RVÿPW µW8W

�� Ù XJÒ°� =ò�Rl H µW� 7�8I

moxidectin+ 200 µg/kg�� ²}� �8OT� BN, E

±�õ+ 50>� õOÄP.

� �

Ù XJ�` ÆÇ6¤4y� ÑÄ É4��ªÊc2

�L+ :r8I �4-Ï�` «R��� ½e_¤�

Ó�8a sL+ [Ø8�P. Þ $��` moxidectinD

á�5� 10 ppb _¤> @ 62%� �¬*P. ßuÓ�

-¸5(CV)� 0.32~10 ppb _¤�` 4.47%� �¬

*P. MoxidectinD ½eXJa 44ªqD K�S-T´U

:� ìíî ²}� 0, 200 � 800 µg/kg 4��� �

8OTÄ × !É, ¥U, õ$, ¦$ � }s�`D ½e

_¤�y� �Ö8�P. õ$�` w$ ·� ½e_

¤� �¬�ÿ�ö, 200 µg/kg OT × õ$�`D

moxidectinD ½e_¤a OT × 10>D 10.5A3.7 ng/

g�` OT × 40>� 0.5A0.3 ng/g� º0HP. �I

× 50>B�a n $��` moxidectin: Ö»ÄY :

8� º0H÷+ [v8�P. Moxidectin� Ù =ò�`

TrÄ n _¤�` �ÖG�v ûG3G+ �¬�}

ÍÎP.

�V���, ÆÇ6¤4y� :rÄ É4��ªÊc

2�L+ :rÄ ^ÅsL� �4-Ï�` moxidectin

+ Ó�8a~ MN «R�:ÿP. ?$r»+ Tr�

BN, moxidectinD E±�õ�� 50>� �^¹ mn�

x�� TÏVÿP.
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