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���������������������� 3,3',5-� !"#$%&'(

)$%*+'�,-.�/0123����4567"8()9:567"8;1:1<�=>?@AB�

Pronase�=>?C9,D1233,3',5-� !"#$%&'()$%*+'4 2EF'G&F9567"8

HIJKL1�MNKL.(Bond Elut C18 O"� PQ �=>?R "'FPS123����	
��
)

������� InertsilODS-3 (4.6x 150mm, 5µm)��TUNV9:567"8: 'W;500:500:1, v/v<�

=>�XYZ[ 230 nmJ,-123\.V]�����^_� 3,3',5-� !"#$%&'()$%*+

'�`ab4 70 c 80%�Ydefg4 3,3',5-� !"#$%&'h 0.8µg/g�$%*+'h 1.4µg/g Ji

k*"l"# :����mnm no � !"#$%&'�$%*+'�HPLC�MNKL.�����p' -

� ���� ;USP: United States Pharmacopeia<V�
��?>��� 3

��qr���4�=s�����tuqr12vwxc �_V���� T� �MNKL1 LC/MS JXY���.

��yzx�{�J�|}^V~����hi�3���� Ð������ T�() T� � LC/MSJXY���. h

' -�mnm no � !"#$%&'�T��()$%*+'�T��4

6'�R�t��1?$%�%� '��J���V�

���?>�3$%�%� '46'�R,D����

=V]j?,D���T�() T�h��V��1��8

G'�=����3qr����4������ �¡

¢��=hiu�£I9¤�R¥$'¦����§¨©

e¦����¤ª�«¬­t1?®¯���3«¬°±

²�qr����4³oc´µmg/day ^_¶·1�¸�=

��>¹t�º»1�¼c½¾¿JÀÁd´µcÂµµmg/day

VÃd��3ÄdV��t���§¨ÅÆ²VÇ_��

ÈÉ�¸�=hÊ��3ËÌ#ÍÎ]Ï�¦�ÐÑÒÎ

]Ï¦��ÓÏ3ÔÕ�Ö×ÅÆ�ØÙÚÛ�ÜØÙ�

ÑÒÚÝY()eÞª�ß¦�hÔàh¡>3mµµmg/day

áâ�ã=J��^V4mäØå_>�æçè=Jéê

�
��?>�31^1�����húû��2���

��V4�ÈÉ���ö,h�
��2¢�¹�_��

.J HPLC �=>?XY��¹t4��Ji�3�¹

J�ÂÉ�������=>?�����������

����� T�() T�� HPLC,-.�/0123
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qr����4�ý���­;�<���\­	��

�=>23Tris�hydroxymethyl�aminomethane 4���­

��;�<��Â-Mercapto-³ -methylimidazole 4 Aldrich

��Pronase4 Calbiochem Novabiochem� Noom�µ���5

67"84���­������� HPLC,-=�=>23

T�() T�� !I4mnm no � !"#$%&'"�' -

��_��ëhi� 3qr����4³½¼o�ì�íîïð  Í#;Sigma �<�³µ$mmg�$%*+'"� Í#o

��JñÐò­ót1?ô=��2¹thi� 3õö³Âc 9�%;Sigma�<�³³$´mg&d1�Â%F'G&F9-

³´�V÷øùP�=����Vúû���üýðV�� 567"8�C'?³µµmlt1()
V��123=²�

�§¨ÅÆ]Ï¦��ÓÏ��þ�h����123 ¹�I³coml �tuÂ%F'G&F9 567"8�C'-

qr������ T�() T� �XY���.t1?� ?oµmlt12é��� HIt123

�������$%�%� '�6'�R,D���= ��*+I4µ$³³M ,-"� Í#�µ$µ´M Tris

>?C9,DB�HPLC JYd���.h�ý­	� �hydroxymethyl�aminomethane ()µ$µoM2-Mercapto-

��������	
 ;.�³�/µ³mo ���012345678���� m½<



� ,WJ� V9�1(1-methylimidazole 6M pH8.4±0.05

3 �)
V��12 HI4 ½µ �&d1Pronase Pronase mg

��*+I�C'mµ t12é��=²9�123ml

MNKLV4 �� ³� O"� PQVarian Bond Elut C

;oµµ n m <�=>23mg ml

ÂEF'G&F9 567"8HI4F'G&F�ÂE-

�:567"8HI�9�123

��� ��

;<=�à/L�; ³µ <()>"6?@ABSPD- AV

; < ; < �C-R A HPLC LC Am C 4DE��
 � �� ³µ �

OF#4 Gøù'H;�<�� m;´$¼GL InertsilODS-

I³oµ n o J <�K=123mm m

��� ����

����� ��
�������� 	
 �T T3 4

qr�����,-.4 ��. V L?�öUSP
��

12h�KLHM4³  'WFÌ�&� 8HI^_%

567"8VNO123C9,D²¿4PQ_ �RS��

mg ml�T^_³�cÂµ²¿t123qr����Âµ �³µ

�USVV&d1� HIm �C'�W�XHPronase ml

�Y³,¿Z�3USV�[�1�m�\J³�cÂµ²¿�²

]^uú_�h_C9,D��3U`� HI�aPronase

Ö,�B�9b�cd1efV567"8³ �C'^tml

ÏKL��3aÖ,�B�567"8b�cd19bt�

|ò�ÂEF'G&F9 567"8�C'?o t��3- ml

����� ����������� !"#$%& '�

(& %��
�

����µ$Â �³µ �USVV&d1�567"8g ml

� ()9:567"8;³ ³n <� J��g�Â`ml : v/v ml

@A1;��g�mµ,¿()³o,¿^tÏKL �aÖ<

,�Bâb�@AI4h?�$¹�V HIm �Pronase ml

C'�W�XH�Y³,¿Z�3USV�[�1�m�\

J³�cÂµ²¿�²]^uú_�h_C9,D��3U`

� HI�aÖ,�B�9b�cd1efVÂEPronase

F'G&F9567"8Â �C'Â`^tÏKL��3- ml

ÂEF'G&F9 567"8KLI�W�XH�´µcoµ-

\Jµ$� áeVijB�9bt�|ò�567"8�ml

C'?´ t��3 ³� O"� PQ456ml Bond Elut C

ml ml ml7"8Â 9Â �ÛkZ1l'>+m&'��� ´� 3

�U`KLI^_Â �cd1�9�C'?o Vnoml ml

��3¹�� ³� O"� PQVZ1 (Bond Elut C T�

) ��Á�ò2B 9Â ()9:567"8 � ÂnT ml :� � ;

v/v ml - ml< 3´ J@A�� ÂEF'G&F9 567"8m

�Z1 () �HL��;pIo ¼q4h?� 3HT T -� � <

�LI4W�XHrZe´µcoµ\J³ áesJijBml

ÂEF'G&F9 567"8�C'?³ V1U`H- ml

It��3

����� & '(& %)*+,-./0� �

OF# m �´$¼I³oµ �InertsilODS- mm

; <TUN 9:567"8: 'W oµ oµ µ$³n: : v/v

ml/minZd ³$Â

OF#tà ´o\

luûd ³µ J

nmXYZ[ Âmµ

�Á²¿ v�$½,� v³¼$³,T T� �

� 12'(34

���� ������56789:�& '(&� �

mg/day«¬­t1?�qr�����=d4³oc´µ

mg PronaseJi�¹t^_�³µcoµ �qr����V

HIm �C'�RSw�Vxj?qr����^_�ml

ö�� () d�XY12; ³ 3���T�qrT T n=� � <

����³µcoµ �yz�J{|}Y� () ��mg T T� �

ödhÇ_��³ �qr����~2u hm´³cm��g T�

J () h³³�oc³Â�½J �ö12;�� 3g T g� <

��� ������%;<=>?'(@A;<=>?

BCDCEFGH& '(& %78�'I�JK� �

����V4ÈÉ��%Ð��KLö,húû��

XY���t�uÐ�>3s2������:�HPLC

���� ?@V�>?�$%�%� '�C9Pronase

,Dh�����¹th�
��?>� 3����V��

�s����ö,�i_^L¢����ïðJ�qr�

���Âµ �567"8� JÂ`;��g�mµ,¿(mg ml

)³o,¿^tÏKL<@AB��_V9:567"8

;³ ³n <� JÂ`;��g�mµ,¿()³o,¿^t: v/v ml

ÏKL<@>�@AV]� () ��ö�����T T� �

/0123�Â� �V () �� HI��Â� �VqA T T B� �

r�����U`HI� R%���F#���3HPLC
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T3 T4

µg/g ±� ��

qr����;�@A< 357.4±7.6 1218.7±31.3

qr����;@A< 357.0±8.1 1222.6±14.2

������� 20mg�	
��
n=5�

�@A�qr����� T�() T�d4��g�

mo�$´J g/g()³Â³�$�Jg/g�NU��Â$¼Eá�Jij

2;�³ 3}��@A12qr��������T�(

) T�d4��g�mo�$µJg/g ()³ÂÂÂ$¼Jg/g�NU�

�Â$mEá�Jij23@AV]�qr�������

()C9,D����4»¢_��^j23

3���?>����� A;��������÷øù

P�=����<µ$Âg Vqr����Âµmg ��CB�

������RSw�Vxj?U`HI�9�123�

Â;C<V567"8()9:567"8J@A12�

��� A � HPLC R%���F#���3�Â�B��q

r�����R%���F#t��? T���� "R

h@A�¡TV]u����?>�3�Â�E��567

"8()9:567"8�@A����� A �R%�

��F#J4 T�() T�� "Rh�å���ö,t¢

�uYd��¹t4J£�>3¹�@A�.�=>2�

��Pronase V]�C9,D²�qr����^_�L

�ö,()����V�
�� HPLC XY���ö,

�^�u�¤�é�t¥'_�23

��� LMNOP%QRST%UV

qr�����=d;ÀÁd<4Yoµmg/dayJi 3

����V4³�~2u�=dh³o¦áât�>é�h

i�3=dh�>����;qr����oµmg/´$o ³og/

¦<����U`µ$Â g �&d��tqr����t1

?Â$Âmg���^_ T�() T�dt1?��g�Yµ$�Jg

()Â$�Jgt�u�HPLCJYd��2¢V4U`HI

�ij��§¨hi�3¹�¹t^_�Bond Elut C³�

O"� PQ�=>?R "'FPS1�HLI�ij

���.�/0123qr����Âµmg �=>?�q

r�����RSw�Vxj?9�12 T�() T��U

SHI�=>?�ÂEF'G&F9 567"8�HLd-

�/0123���T�T�() T�4µcmmlV³µµEHL

12¹t^_�ÂEF'G&F9 567"8HId4Âm-

mlt123RU`�XY²V4HLI� �

"# $%&'�()� ��� *+�, -. )������/0 1.� � �
�2 )
��
�����
��
�3��45678
9�: );<-= >?@A B�C D
EFGHIJ456789
�K���
��
�����
��
�L��	678
9�M�	NOPBQRSETUV

��)� W #)��

W�XHrZeJijB�ÂEF'G&F9 567"8

���
-

�C'³mlV123�Â�D�V Bond Elut C³� O"� P

QJ?@12���� A � HPLC R%���F#��

�3�Â�C��567"8()9:567"8J@AB

�R%���F#t��?�D��R%���F#4 T��

��ö,h¡TðV����?>�31^1�³�~u

�=dhm¦i�>4mOSÌ8áe�����Ð©�%

�hª�>t¥'_���������4�Bond Elut C

³��w��«>? T�() T��Yd��¹th¬,­¨

��W XYZ[\]^

���� A () B���������÷øùP�=�



�123

�

W _[�

`a

�����=>?�C`aRS�®j23����µ$Âg

Vqr����Âµmg ��CB�RSw�Vxj?`a

b�¯¢23°u±1RS4o`®>����T��ÂV

�# 6789XY	� ��� 	Z[\]^_`a� �

T3 T4

`ab ±� ��

���� A

Bond Elut C18?@� 70.7±2.5 69.8±0.6

Bond Elut C18?@B 71.1±0.9 68.0±1.0

���� B

Bond Elut C18?@� 77.2±1.7 79.8±1.9

Bond Elut C18?@B 81.5±2.7 78.2±2.8

6789b��;�cde� ��� fLgh3ij5k678� �

90l/.�������/01.mZ[45kn_\o�-pq k

���� A����Bond Elut C³�?@��`ab4 T�

h�µ$�E�¼�$�c�´$�E�() T�h¼½$�E�¼�$�c�µ$³

E�Jiu�Bond Elut C³�?@B�`ab4 T�h�³$³E

��µ$mc�Â$¼E�() T�h¼�$µE�¼¼$½c¼½$mE�Jij

23���� B����Bond Elut C³�?@��`ab

4 T�h��$ÂE��´$�c�½$³E�() T�h�½$�E��¼$�c

�Â$µE�Jiu�Bond Elut C³�?@B�`ab4 T�h

�³$oE���$µc�m$´E�() T�h��$ÂE��m$½c�µ$½E�

Jij23NU��4>}�ém$oEá�Jiu{|²

³���Th'_�231^1�`ab4´µ©>¶6

Vij23PQ_4 T�() T�4=·¸h¡å�¹Wù

$8KLI��ºJ�Ä��t�ºV=·1»¼V`a

��bh©e��t�
1?>� 3

�¹J��������?@1ÂEF'G&F9 56-

7"8Âml JÂ`KL12B���efVÂEF'G&F

9 567"8Âml �C'³`KL12�T� () T�h- T�

���� A ���Y´E����� B ���YmE`a

���ªdhKLefVe½1?>�¹th,^j23

`ab�©e�!¾4C9,D?@B�U`V T�() T�

h=·1�KLh¿ÀV���¹tV]�é�t¥'_

�23RSw������JÂEF'G&F9 567"-

8KLI��|uVqr�����,-.V�1256

7"8�=>2������� A � T�() T��`ab

h³�$Âc³�$�E©e123��Á'RU`�KLIV

4ÂEF'G&F9 567"8HI�=>23\.V]-

� T�() T��Ydefg4 T�hµ$�Jg/g () T�h³$´

Jg/gJij23

��þ���������hÂYJ£�>�ý�÷ø

ùP�=����t1?Ã�ÄÅ«��"#Æ"QâV

Ç���?>�����½�ï�ûÈ1XY123��

�T�����d4 T�h³�$oJg/g;�$¼cÂm$¼Jg/g<�T�

ho´$¼J g/g;³o$³c�¼$mJ g/g<Jij23qr���

�dVÉÊ��t�Y´o$�mg/g;³´$´c¼m$´mg/g<V

N~��3¹�½�ï�XYg4U`�567"8()

9:567"8J@A12é�i�>4�@A�é�J

iu�>}�é Bond Elut C³��?@�/�Ji�3�

��\.�¯=��Ë�uÌÍt1?�T�() T�4@

MJÎÏVå>2¢�USVK=12XFH�Ð4³

cÂ N�ÑWªJ��Ò@>��§¨hi�$

��������������� T�() T�� HPLC

,-.�/0123���T�U`� Pronase �=>?

C9,D���V567"8()9:567"8�=>

?@A��¹tV]u©�%��¡TðV����¹t

hJ£23s2�Pronase JC9,DB�KLI� Bond

Elut C³� O"� PQ?@��¹tV]u��_V©

�%������¹thJ£23s2�`ab�ÓÊ¸

téV{|²³���ThÔ_�23

³� �\­	�DÕÖ×ØÙÚÛv
³mÜÝ�\­	�

DÕÖ�;pp$DmmÂ mm <ÞßàváâÖã�³½½�3-

Â� The United States Pharmacopeia Â ´thvUnited States

Pharmacopeial Convention Inc$ n ³¼oo ³¼o¼n Âµµµ$-

m� Tai S et al$ vClin$ Chem$n ´�n ¼m�-¼´Ân ÂµµÂ$

´� PQäå�æçèév�êë�´mn ÂÂo ÂÂ½n ÂµµÂ$-
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Fukuoka Institute of Health and Environmental Sciences,

Mukaizano 39, Dazaifu, Fukuoka 818-0135, Japan

A reverse-phase HPLC method for determining 3,3',5-triiodo-L-thyronine (T3) and L-thyroxine (T4) in health foods is

described. A sample was washed with methanol and methanol/water (1:1, v/v), before hydrolyzing using a Pronase at 37\ for

18 h. T3 and T4 was extracted with 2% ammonium hydroxide in methanol. The sample solution for HPLC was applied to solid

phase extractions (Bond Elut C18) with 2% ammonium hydroxide in methanol as mobile phase. The HPLC analysis was carried

out on a column of InertsilODS-3 (4.6 x 150 mm, 5 µm) with H2O/CH3OH/H3PO4 (650:350:5, v/v) as mobile phase and the

eluate was monitored by UV detection at 230 nm. The average recovery of T3 and T4 from the health food sample was 70-80%.

The quantitation limits of this method of T3 and T4 were 0.8 and 1.4 µg/g, respectively.

[Key words; Thyroidn 3,3',5-triiodo-L-thyronine, L-thyroxine, HPLC�Solid phase extractions, Health Food]
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