


2 
 

�żȸ� 
śČƘÉƫ(�&ņĐ�=&�<owɫ,ĎµĸɃ§,!6�|]`?ƴ�!

90ŜɱÙĵǲÝŁ�ƋĸɄʍ?đŚ�!� 
6 ɚʕ,ɹɸ Crl:CD(SD)|]`+owɫ? 0%�0.8%�2%�5%,ƣĭ' 90 Ŝ

ɱƗʋŁ����ȦƭĺȻė� ɧƜĐ�ōʋɨƜĐ�ĝŹų�ȮƖčǂŹų�

ȮƙƳÍčǂŹų�ȠíɧɨƜĐ�ȅǌƿưčǂŹųØ/ƿưǱǽčǂŹų?đ

Ś�!� 
 ,ǳű���=,Źųɿǅ+��&7ȴʍƫɍŁ�+9<Ƌĸİɾ-Ʌ6:

=*0#!� 

��,ǳű0:�ŬɄʍ+��<owɫ,ƧƋĸɨ-ɹɸ(7+ 5%ʘɸʞ
2.89 g/kg BW/day�ɹʞ3.84 g/kg BW/dayʙ(Áŗ�=!� 
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Ʉʍżȸ 

1.1 }�v� 

ĨĻ 30ʠ×è³ĩĭ owɫ,Ďµĸ+ɲ�<Ʉʍ |]`?ƴ�!owɫ,

90ŜɱÙĵǲÝŁ�ƋĸɄʍ 

1.2 }�a1 

 

1.3 }�ed 

owɫ?|]`+ 90 ŜɱƗʋŁ���ÙĵŁ�+9<Ƌĸ?ŝ:0+�<�(

?ǅǂ(�<� 

1.4 ������ 

	ʈéƘÉƫ,ņĐØ/£ƴúƠőƃ+ɲ�<ņɪ
ʘĨĻ 8 ĩ 3Ŧ 22 Ŝ ȰÍ

Ǡ 29 áʞÕƳǉƳƔȰƳĞɗǎʙ+ßȎ*ɴ;Ơ9&đŚ�!� 

1.5 ,YA� 

ŬŚɁ-i{�u�RCF�UŇȤɌðËƫđʍđŚŚɁɅɂW�Z�,Ƀ§

?Ü��ÕƳÊ²ǉ,ɗǎ	ÕƳÊ²ǉ,ĽǤ�<đŚƀɲ+��<Ëƫđʍǡ

,đŚ+ɲ�<úŬņɪ
ʘÕƳÊ²ǉĄȡďļÕƳǕčɆɯɗǎ ĨĻ 27 ĩ 2

Ŧ 20 Ŝ Ǖǀ 0220Ǡ 1áʙ+ɟã�!ŚɁ'�<(ɅĐ�=&�<�ŬɄʍ-ò

ǟÐȬéʈéȰƳǐǜĽ	Ëƫđʍǡ,ɟƃ*đŚ+ɲ�<ȺǙ
+Ĳ#&Ⱦƹ

��äĽ,ËƫđʍĊê�+9<Ęų�ŀɅ?ǲ&đŚ�!� 

1.6 }�7LL| 

1.7 }�g]�%q 

1.8 }��%q 

1.9 }�!F=q 
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2 w�Y� 

åǗ ʞ owɫʘìéåʞ ʙ 

¥ǴƟ ʞ  

CAS No. ʞ *� 

ĸƭ ʞ ȷȧʠʓȷȧ,Ǧū'�>�0+Ƭƽ*+����<� 

�]`Ƽá ʞ  
æɨ ʞ 100% 
©ǤŮ� ʞ »šĽ+ĖŴ�&©Ǥ�<� 

Û;Ŀ��,ƓĹ ʞ £ƴŞ+-ľȳ�uUMØ/©ɊxJdǡ,ɟÀ*©Ɋ¸

?Ǎƴ��ȆØ/ǅ0,ŉȽ?ɢ�<� 

3 }�h 

3.1 ,Y 

Ëƫǚ ʞ |]` 

Ǫǵ ʞ Crl:CD (SD)ʘSPF Ëƫʙ 

ĸ ʞ ɹɸ 

´ȨŞɚʕ ʞ 5ɚʕ 

Ł�ɰĉŞɚʕ ʞ 6ɚʕ 

Ɏ´ʘ£ƴʙÎŔ ʞ ɹɸâ 42 Îʘ40 Îʙ 

¥ǴƟ ʞ ŜŬ\z�~U�}g�ŵĮ�Ǔ 

Ľôõ ʞ 
243-0214 ǔćġǊÕŪĦ�ÞƐ 795 

Źƾ�ʌÍũɱ ʞ 8Ŝɱ 

Ȁ¿�ı,¡ÈËƫ,½Ǿ ʞ �ɄʍȀ,ÄŹŜ,ȂŜ+äŽ+ĎŻƈ�!� 

3.2 }�h�E]_ 

	ʈéƘÉƫ,ņĐØ/£ƴúƠőƃ+ɲ�<ņɪ
+ú%�&ʖƅʇ, 1$

(�&|]`?ɠŃ�!�ŬǪǵ-�ĶƳƫčǂ+ǵĴ�=�ɡ�ǂ+ĎĐ'�

<�(0:ƏĐ�!� 

3.3 �sO$ 

ɟÀ*ƳƫčǂɳĴ�*�=!Ʊþ,ɣğ'Ëƫ?ʊȈ�<� 

ʊȈĒ ʞ

ƛĭ ʞ 23�1°C 

ǈęƝĭ ʞ 50�5% 

ƩŝŞɱ ʞ 12ŞɱʚŜʘ7:00~19:00ʙ 

ŋƍïŔ ʞ 20ïʚŞɱ 

ʊȈÎŔ ʞ 2ÎʚO�T 
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O�T�ŋʄĭ ʞ 2ï��ʚɚ 

ǴƎƲ�ŋʄĭ ʞ 2ï��ʚɚ 

3.4 08���/�;H  

3.5 �J/�l�KU 

ʊŖ ʞ H}F�Z~ɥƊģźŵĮ�ǓȶǦūʊŖʘCRF-1ʙ 

Ǵʋřƒ ʞ O�T¹+ʊŖ?´=!ǦʋǴʋí?ɁǾ��ȢƶōÛ 

3.6 �JT/�lTKU  

ʉŖƎ ʞ ɇȶƎ 

ǴƎřƒ ʞ ɖŝ*ǴƎƲ?ƴ�&ȢƶōÛ 

3.7 o*�KU 

Ȁ¿�řƒ ʞ Ȁ¿�đŚŜ, ɧ+ú%�Ƨ¢Ʀ+đŚ 

Ȁ¿�đŚŜ ʞ đʍɰĉÃŜ 

3.8 (&�+U  

O�T|p~+ɄʍƼá�ĸÂ�Ȁå�O�TƼá�ȴʍƫɍåØ/Ł�ƣ

ĭ�ËƫƼá�ɄʍɰĉŜ�ÄŹŜ�Ʉʍ�ńįȄå?ŝɀ�<�Ëƫ,ª ɉ

Â-��ɀ¹ĕ(kM}�ɦ+9<ȋɣǃȜ0,u�K�NØ/ƑĸC�M+9

<Ĝɣ0,u�K�N?ƴ�&ȯ#!� 

4 }�KU 

4.1 D N�/�D KU  

ȴʍƫɍ,Ł�ũɱ- 90 Ŝ��ʘɹɸ·+ 91 Ŝʙ(��ȴʍƫɍ(Ñ¿+Ɨ

è�! 4.5 ɿ+ɀɕ,ǦūʊŖ?ȢƶōÛ��&Ł��!�ęƩȀ+-ȴʍƫɍ

?æ3*�ǦūʊŖ?ȢƶōÛ��!� 

4.2 D �/�oSC 

ȴʍƫɍ,Ł�ƣĭ�/+ 1Ȁį!;,ÎŔØ/ËƫƼá-��Ȳ,ɗ;'�

<� 

ĸÂ 
Ł�ƣĭ  

(%) 
ÎŔ ËƫƼá 

ɸ 0 10 101~110 

 0.8 10 111~120 

O�T ʞ n|U\]MȶO�TʘW258�D418�H186 mmʙ 

O�TȪ ʞ U^��Uȶ 

īŕ ʞ Yl`\]nʘ�Ò|±R�jUŵĮ�Ǔʙ 
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 2 10 121~130 

 5 10 131~140 

ɹ 0 10 201~210 

 0.8 10 211~220 

 2 10 221~230 

 5 10 231~240 

4.3 w�Y�D ��|6]_ 

28ŜɱÙĵŁ�ƴɨɁĐ�±Ʉʍ 1+��&�5%Ȁ,ɹɸ'ȴʍƫɍŁ�+9
<Ƌĸİɾ�4:=*0#!�(0:�ŬɄʍ+��<ȴʍƫɍ,Ł�ƣĭ-�

ťʐƴɨ? 5%+ɁĐ����¶ƌ 2.5 'ɵ�! 2%Ø/ 0.8%+ɁĐ�!� 

4.4 D j�/�D KU��E]_ 

Ł�ǲɑ-�i`�ȴʍƫɍ+ţɼ�=<ßȎĸ,ť7Ą��ǲɑ'�<ǲÝ

Ł�(�!� 

4.5 �J�~xKU/�~x�< 

ȴʍƫɍ?ɻċąǖ?ƴ�&ǖɨ���ɬ'ěɨ,ǦūʊŖ(Ñ¿+Ɨã��

!�ǖɨŞ�ɻċąǖ-ƎĨ+©#!�Õľt}F\��ȳ+�ĽĐ,ƣĭ(*

<9�+Ƈ;,ǦūʊŖ(·+É�&9�ŏŅ�&Ɨã��Ł�ʊŖ(�!�Ł

�ʊŖ- 1 ɚɱ+ 1 ïɇȶ�!� 

4.6 z9/�X6�e 

Ł�ɰĉŜ?Ł� 1 ŜʘDay 1ʙ(ɐǣ��Ł� 1~7 Ŝ?Ł� 1 ɚ�ÄŹŜ-Ł

� 91 Ŝ,ȂŜʘDay 92ʙ(�!� 

4.6.1 �tZB 

ȴʍƫɍŁ�ũɱ�+ 1 Ŝ 1ï���µ&,Ëƫ+$�&�Ȧƭĺ�ƳƆ*)

+$�&Ȼė��ŦʠɩŢŜ+��&-Ȼėǳű?ª Â+ɀɭ�!� 

4.6.2 &�  

Ł� 1, 8, 15, 22, 29, 36, 43, 50, 57, 64, 71, 78, 85 Ø/ 91 Ŝ+ƜĐ�!�3!�Ä

ŹŜ+âËƫ, 1şʘǫ 16 ŞɱʙǶʈı, ɧʘÄŹŜ ɧʙ?ƜĐ�!�âŞ

ƥ+��&µ&,Ëƫ?ɻċąǖ+���ª Â+ ɧ?ƜĐ�!�ƜĐŞ�ɻ

ċąǖ-ƎĨ+©#!� 

4.6.3 G�� 

Ł� 1-2, 8-9, 15-16, 22-23, 29-30, 36-37, 43-44, 50-51, 57-58, 64-65, 71-72, 78-79 Ø

/ 85-86 Ŝ,âO�T,ʋɧɨ?ɻċąǖ+&ƜĐ��ƜĐŜɱ,ɧɨĥ?ŜŔ
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(äO�T¹,ª Ŕ'ɵ� 1 Îį!;, 1 ŜĨöōʋɨ?ǣ¾�!�ƜĐŞ�

ɻċąǖ-ƎĨ+©#!� 

4.6.4 :RQ 

Ł�Ǡ 13 ɚ+�ɹɸâȀ 5 ÎʘËƫƼáʀʙ+$�&��,Źų?đŚ�!� 

Ëƫ-ŹųįŜ�ňĝ|]M+ǘ�ȩĝ?ɰĉ�!�ȩĝ�-ňĝ|]Mƴ,

ǴƎƲ?ƴ�& 4.6 ɿ+ɀɕ,ʉŖƎ?Ł��!�ȩĝ�,Ǵʋ-ȯ>*0#

!�ňĝ|]M0,ǘË-ȀÓ�'đŚ�!�ǫ 4Şɱ,ȩĝı�ĝR�n~

ʘŘʑĝʙ?ïÚ���ɀɿǅ,ɄʍǬƒ+9<Źų?đŚ�!� 

ŹųɿǅʞƢȮ�pH�O`� �ĝǩ�ȭǁ�D�j}e�P��j}~j� 

4.6.5 uV4dRQ  

ȴʍƫɍŁ�ũɱǰ�Ş,µƳČËƫ+$�&Źų?đŚ�!�ŹųɄŖʘȮ

Ɩʙ,ňÛ-�ňÛÃŜ,Ăř0:ǶʈʘǴƎ-ǷǸʙ��!Ëƫ?�įŜ+C

Yl~|�ʒɤ�'ɰȘ��Æɺı,ȘɣĄËȏ0:ȯ#!�ȼÄʀĬ-�Ȁ�

(+ǶʈŞɱ�­:*�9�ƺĹ�!� 

ňÛ�!ȮƖ,�ɣ?ł¼ñÅʘEDTA-2Kʙ´;,ɄʍǤʘpeTEM` II ǋ

ǝňȮǤ�^~yŵĮ�Ǔʙ+ǘ���ɀ,ɿǅ+$�&ȢËȮƯȾǣȵǾ

IDEXX n�RC` DxʘAC_]MU|±|`}�VŵĮ�Ǔʙ?ƴ�&ƜĐ�

!�ºƜĐ?đŚ�!üã�ºƜĐ?đŚ�!ưƶ�/+ňƴ��ňƴ(�!

_�ZØ/ ,ưƶ?ŝǑ+ɀɭ�!� 

ŹųɿǅʞɏȮƯŔʘRBCʙ�oyN�j�ƣĭʘHGBʙ�ou`M}]`¬

ʘHCTʙ�ĨöɏȮƯĕǛʘMCVʙ�ĨöɏȮƯȮȧǮɨʘMCHʙ�ĨöɏȮƯ

ȮȧǮƣĭʘMCHCʙ�ȮĚŰŔʘPLTʙ�ǁȮƯŔʘWBCʙ�ǹƭɏȮƯŔ

ʘRETʙ�ǁȮƯ¿ƹʘĈ�ƯʟNeutrophil�ĈɦƯʟEosinophil�ĈýúƯʟ

Basophil�ÓƯʟMonocyte�}�hƯʟLymphocyteʙ 

4.6.6 uW^-4dRQ 

ȴʍƫɍŁ�ũɱǰ�Ş,µƳČËƫ+$�&Źų?đŚ�!�Ãɿ'ňÛ�

!ȮƖ,Ƈ;?Ȯƙ¿ɺÅʘt}FU^~P~ʙØ/¼ñ¨ɛƴS}IĶǧċ´

;,ɄʍǤʘBD gK{^CbňȮǤ�ŜŬpM`��_B]K�Y�ŵĮ�

Ǔʙ+¿Ɠ��ɞķ¿ɺ�&Ȯƙ?ĳ!�Ȯƙ--20���'©Č�!�ƜĐ-

+Ċȿ�&đŚ�!�ƜĐɿǅ-��,ɗ;'�

<� 

AUh|L�ɦAve`|�UlE|�XʘASTʙ�A|c�Ave`|�U

lE|�XʘALTʙ�A~I}lGUl@Z�XʘALPʙ�γ-N~Zv~`|�U

qn\[�Xʘγ-GTPʙ�Ǻj}~j�ʘT-BILʙ�ĝǮǞǮʘBUNʙ�M�A\c

�ʘCREʙ�maDǩʘGLUʙ�ǺQ�U^��~ʘT-CHOʙ�`}N}W}a
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ʘTGʙ�ǺȭǁʘTPʙ�A~mv�ʘALBʙ�A/G ƌʘA/Gʙ�Ƨƀ}�ʘIPʙ�I

~SDwʘCaʙ�b`}DwʘNaʙ�I}DwʘKʙ�ýǮʘClʙ�ɫʘFeʙ 

4.6.7 c]4dRQ 

Ł�ũɱǰ�Ş+�Ǡ 5.6.6 ɿ+��&ňȮ��ŒȮȣƆ��!Ëƫ+$�&�

�ɀ,ƿưčǂŹų?ȯ#!� 

4.6.7.1 rfdc]4RQ 

µƳČËƫ+$�&�µɒ,Ɉíď�Ǳǽ,ȅǌǂƿưčŹų?đŚ���ɀ

,íďʡǱǽ?Ŏ¾��10%�ĸǻȱr~u}�Ɩ+&©Č�!�ñĐƖ+ƕ�!

Ƞí-ŇǄí+&�ş��ŇǄ�!ı�ßȎ*ɴ;ɘ80+À;¾�?ȯ#!�

!"��ǌƯ-[j]aY�ñĐƖ+&ñĐ�©Č��3ʠ5Ŝ�¹+À;¾�?

đŚ��ƇȠí- 10%�ĸǻȱr~u}�Ɩ+©Č�!�3!�ǨĢ-mA�Ɩ

+&ñĐ�!ȂŜ0: 70%FZe�~'©Č��À;¾�ı,ƇȠí- 10%�ĸ

ǻȱr~u}�Ɩ+©Č�!�ʔȕ?æ5ʂȪ�ȍʎ�ĄȚʎØ/ȐŸʘʁɣ�

ȍɣØ/Ȗɣſŗʙ-�10%LɦØ/ 10%�ĸǻȱr~u}�ƗãƖǡ'ȑƤ½

ư?ȯ#!� 

ķȠ�ȓȠ�}�hǥʘʃɣ�Ǽɶ�ȗɱȝʙ�ȍș��ø �Ʒƭșʘ�ǃĚ

 ?æ5ʙ�ÇȔ�ʂȪʘʔȕ?æ5ʙ�ƍǤ�ȉʘƍǤŐ?æ5ʙ�ȥ�ëƖș

ʘʆ�ș�ȥ�șʙ�ʈɝ�ȊʘÃȊ�șȊʙ�ĚȗʘÑ�ņȗ�ǝȗ�ïȗʙ�

Ąȗʘǆȗ�ǳȗ�Ǉȗʙ�ȇȠ�ȟȠ�ȔȠ�țȌ�ǨĢ�ǨĢ� �Ãǟ

ș�Ǩî�ÔĢ�ÔǤ�ċē��ș�Ȟ�ȒʘĄȒ�ĚȒʙ�Ȑʏʘʁɣ�ȍɣ

Ø/Ȗɣʙ��×ǔǲ�÷ʎǔǲ�ĄËȏʘȍɣʙ�ǌƯ�f�[�ș�ǃȜ�

ȍʎØ/ĄȚʎʘʎʏ?æ5ʙ�ĄȚɣʎŶǢ�T�g~ș� ,�ȅǌƿāɣ 

4.6.7.2 25�� 

µƳČËƫ+$�&��ɀ,íď,ɧɨ+$�&ɻċąǖ?ƴ�&ƜĐ��Ä

ŹŜ ɧ?ƴ�&íďɧɨ ɧƌ?ǣ¾�!�ƜĐŞ�ɻċąǖ-ƎĨ+©#

!�ȔȠ�ÇȔ�ǨĢ�Ø/ÔĢ-ĤàÂ+ƜĐ�!� 

Ȓ��ø *�ķȠ�ȉʘƍǤŐ?æ5ʙ**�ȇȠ�ȓȠ�ȔȠ�ÇȔ�ǨĢ�

Ãǟș*�Ǩî*�ÔĢʘÔǤ?æ3*�ʙ�ëƖșʘʆ�șØ/ȥ�șʙ*�ȍ

ș�Ʒƭșʘ�ǃĚ ?æ5ʙ*� 

*ʞñĐıƜĐ�!�**ʞƜĐı 10%�ĸǻȱr~u}�Ɩ?Ɠ´�!� 

4.6.7.3 c]in4dRQ 

ɹɸ,ęƩȀØ/ťʐƴɨȀ,µ&+$�&-�ňÛ�!íď�Ǳǽʘ4.6.7.1

ɿÖƩʙ+$�&ħƒ+Ĳ��h|lB�Ìù�ȫÀ�ou`KS}��FHT

�ŲȧžŬ?¢ȶ��ɮŹ�!� 
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4.7 m{)] 

Ʉʍũɱ�, ɧ�ōʋɨ�ȮƖčǂ�ȮƙƳÍčǂŹųǳűØ/íďɧɨ+

$�&-âȀ,¿œ? Bartlett ,řƒ'ŹĐ��ăɧƌɔ? Dunnett ǡ,řƒ+9

;ęƩȀ(âȴʍƫɍŁ�Ȁ(,ɱ'ŧĹĥŹĐ?ȯ#!�ƿưĽȹ+$�&

-�ǀƳʄĭ? Fisher ,ƃǑǑƮŹĐ�N��_B�N? Mann–Whitney, U Ź

Đ+9;ŧĹĥŹĐ?ȯ#!�P < 0.05 ,üã?ǵȾčǂ+ŧĹ(ÁĐ�!� 

5 "y	��
������
}��'�@�>��/�	b����#B
���}�{`M�?����
�
 

1ʙ Ǡ 4.6.1 ɿ,�ȦƭĺȻė+��&�óØ/ŜŢŜ-ɀɭ?ȯ>*0#!

�� +Ȼė?¦ʅ��ƽħ7ûç�=*0#!!6�Ʉʍǳű

+İɾ-*�(Áŗ�!� 

2ʙ Ǡ 4.6.4 ɿ,ĝŹų+��&�Şɱ¹+ňĝ'�*0#!ª -�ÂŜ+ő

6&ňĝ?ȯ#!�3!�ňĝR�n~� 5 Î+ƞ!*�Ȁ-�ä9Ȁ,

Â,ª 'ňĝ?ȯ#!�ä9Ȁɱ¹,ĝR�n~'�<!6�Ʉʍǳű

+-İɾ�*�(Áŗ�!� 

3ʙ Ǡ 4.6.4 ɿ,ĝŹų+��&�ɄʍȾƹŤ'-ňĝ|]M+ǘË��!ı+

7ʊŖ,Ǵʋ?ȯ��Đ"#!���±Ʉʍ+��&|]`�Ǵʋí0:

ʋ?�2�ȯË�ɹɸ(7+œȹ�=!!6�ƻĝŞ+ňĝ\{�m+ʊ

Ŗ�Ɨ´�<�(?ɢ�<!6Ǵʋ-ȯ>*0#!�Ǵʋ®ƂŞɱ- 4 Ş

ɱ(ǏŞɱ'�<!6Ʉʍǳű+İɾ-*�(Áŗ�!� 

4ʙ Ǡ 4.6.5 ɿ,ȮƖčǂŹų+��&�ǁȮƯ¿ƹ,Ĉ�Ư(%)��¬?ǒ�

!ª ʘɸ, 2%Ȁ, 1 ¤�ɹ,ęƩȀ, 1 ¤�ɹ, 0.8%Ȁ, 1 ¤�ɹ,

2%Ȁ, 2 ¤ʙ+$�&�ňȮǤ,ɓ«Ɨè��Ñ¿'�#!ßȎĸ?ȃ

��ºƜĐ?ȯ#!��0�*�:���=,ª +��&7 1ïǅ,Ɯ

Đ¬(ºƜĐ¬�äǙĭ'�#!�(0:�1 ïǅ,ƜĐ¬?ňƴ�!!

6�Ʉʍǳű+-İɾ�*�(Áŗ�!� 

5ʙ Ǡ 4.6.7.1 ɿ�9/Ǡ 4.6.7.2 ɿ,íďʡǱǽ,ňŭ�9/ɧɨƜĐ+��

&�ɹ, 0.8%Ȁ, 1 ¤,Ĥ¯Ʒƭș+$�&-�À;¾�Ş,Ƞí,ǭĆ

+9;ȠíɧɨƜĐ�đŚ'�*0#!�3!�ɹ, 5%Ȁ, 1 ¤,�ø 

+$�&-�À;¾�Ş+Ƞí,�ɣ�ƁŌ�&�<�(�ǑɅ�=!!

6�ȠíɧɨƜĐ�ȯ�*0#!��0�*�:���=7âȀ,�,ª

 'Ƀ§'�&�<�(0:�Ʉʍǳű+-İɾ�*�(Áŗ�!� 

6ʙ Ǡ 4.6.7.3 ɿ,ƿưǱǽčǂŹų+��<ƁŌȠí? Appendix 1 +ǒ��ɸ

,ęƩȀ, 1 ¤,�ǃĚ Ø/ 2 ¤,T�g~ș�ɸ, 5%Ȁ, 2 ¤,�ș

Ø/ 1 ¤,Ǽɶ}�hǥ�ɹ,ęƩȀ, 5¤,Ǽɶ}�hǥ�1 ¤,ƍǤØ

/ 1¤,ʈɝ�ɹ, 5%Ȁ, 3 ¤,Ǽɶ}�hǥ+$�&-�ȼÄ��<�
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-žŬ¢ĻɜǙ+��<Ƞí,ǭĆ+9;ƿưǱǽčǂŹų�đŚ'�*

0#!��0�*�:�âȀ,�,ª 'Ƀ§'�&�<�(0:�Ʉʍ

,ǳű+-İɾ�*�(Áŗ�!�3!�ɸ, 0.8%Ȁ, 1 ¤,ƪ¯ǌƯ,

ƎŠ Ø/ɹ, 2%Ȁ, 1 ¤,ĄȚʎ+$�&-�À;¾�Ş+Ƞí,ǭĆ

�ǑɅ�=!���Ø/�ƴɨ,Ȁ'�;ƿưǱǽčǂŹų-ȯ>*0#

!!6�Ʉʍǳű+-İɾ�*�(Áŗ�!�ɹ, 5%Ȁ, 1 ¤'-�À;

¾�Ş+Ĥ¯Ʒƭș?ǭĆ�!��à¯Ʒƭș'ƿưǱǽčǂŹų?đŚ

�!!6�Ʉʍ,ǳű+-İɾ�*�(Áŗ�!�3!�ɹ, 5%Ȁ, 1 ¤

'-�ø ,�ɣ�ƁŌ�&�<�(�À;¾�Ş+ǑɅ�=!��ƇČ

�<Ǳǽ'ƿưǱǽčǂŹų?đŚ�!!6�Ʉʍ,ǳű+-İɾ�*�

(Áŗ�!� 

6 }�kP 

6.1 ^3\/��tZB 

Ʉʍũɱ��ɹɸ�1&,Ȁ+��&Ɔ�-4:=���ȦƭĺȻė+��&

7ɹɸ,Ł�Ȁ+��&ȴʍƫɍŁ�+ɲə�<āÍ-Ȼė�=*0#!� 

6.2 &� 

 ɧƜĐ,ǳű? Fig. 1 +ǒ��Ʉʍũɱ��ɹɸ(7+ȴʍƫɍŁ�+ɲə

�<āÍ-Ʌ6:=*0#!� 

6.3 G�� 

Ʉʍũɱ�,âȀ+��< 1Î, 1 Ŝ�!;,ĨöōʋɨØ/owɫōÛɨ?

Table 1 +�13 ɚɱ,Ĩöōʋɨ,Ŋǘ,ǳű? Fig. 2ʘɸʙ�9/ 3ʘɹʙ+ǒ

��Ʉʍũɱ��Ǵʋí0:ʋ?�2�ȯË�ɹɸ,ęƩȀ�9/ȴʍƫɍŁ�

Ȁ+��&Ʉʍũɱ?ɗ�&œȹ�=!��ɹɸ(7+ōʋɨ+ȴʍƫɍŁ�,

ŝ:0*İɾ-Ʌ6:=*0#!� 

6.4 :RQ 
13 ɚǅ,ĝŹųɄʍǬ+9<ĝŹųǳű? Table 2 +ǒ��ɸ, 2%Ȁ+ 1

¤�ɸ, 5%Ȁ+ 3 ¤�ɹ, 0.8%Ȁ+ 1 ¤�ƢȮʘ�ʞơȮ�ɽơȮʙ�Ʌ6
:=!�ɸ, 0.8%Ȁ+ 1 ¤�ɸ, 2%Ȁ+ 2 ¤�ɸ, 5%Ȁ+ 1 ¤�ĝ�ȭǁ
ʘ1+ʙ�Ʌ6:=!�ɸ,ęƩȀ+ 1 ¤�ɸ, 0.8%Ȁ+ 3 ¤�ɸ, 2%Ȁ+ 1
¤�ɸ, 5%Ȁ+ 3 ¤�O`� ʘ1+ʙ�Ʌ6:=!� 

6.5 uV4dRQ 

ȮƖčǂŹųǳű? Table 3 +ǒ��ɹɸ(7+ȴʍƫɍŁ�+ɲə�<ā
Í-4:=*0#!� 
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6.6 uW^-4dRQ 

ȮƙƳÍčǂŹųǳű? Table 4 +ǒ��ɸ'-ȴʍƫɍŁ�+ɲə�<ā
Í-Ʌ6:=*0#!�ɹ, 5%Ȁ+��&�K,ŧĹ*ƚě�9/ IP ,ŧĹ
*ÿÉ�Ʌ6:=!�3!�ɹ, 2%Ȁ' Fe,ŧĹ*ƚě�Ʌ6:=!� 

6.7 c]4dRQ 

6.7.1 25�� 

ťǰ ɧØ/Ƞíɧɨ? Table 5 +ǒ��ťǰ ɧ+$�&�ɹɸ(7+ȴ
ʍƫɍŁ�Ȁ(ęƩȀ(,ɱ+ŧĹĥ-Ʌ6:=*0#!�ȠíɧɨƜĐ'

-�ɸ, 5%Ȁ+��&Ʒƭș,ǶęØ/ǈęɧɨ,ŧĹ*ÿÉ�Ʌ6:=
!�ǨĢ+��&�0.8%Ȁ,ǶęØ/ǈęɧɨ�2ʗȀ,Ƕęɧɨ,ÿÉ�Ʌ
6:=!� 

6.7.2 c]in4dRQ 
ÄŹŞ+đŚ�!ȅǌǂŹų+��&�ɹɸ(7+ȴʍƫɍŁ�+ɲə�

<āÍ-Ʌ6:=*0#!� 
ƿưǱǽčǂŹǯǳű? Table 6 +ǒ��ȢƨǀƳĸāÍ�ęƩȀØ/ 5%

Ȁ'œȹ�=!7,,�ȴʍƫɍŁ�,İɾ-4:=*0#!� 

7 p9/�k� 

ōʋɨƜĐ+��&�ɹ'-ƜĐŜ+9;.:$��Ą��4:=!7,,�

 ,āË+ƴɨ¦Čĸ�4:=*��(0:�ȴʍƫɍŁ�,ŝ:0*İɾ-*

�(Áŗ�!�  

ĝŹų+��&�ɸ, 2%ȀØ/ 5%Ȁ�ɹ, 0.8%Ȁ+ƢȮʘ�ʞơȮ�ɽơ

Ȯʙ�Ʌ6:=!��ơȮ'�#!,-ɸ, 2%Ȁ�5%Ȁ+â 1 ¤�$�ɹ,

0.8%Ȁ, 1 ¤,4'�ƿưǱǽčǂŹų+��&ȔȠ+āÍ-4:=&�*��

(0:�ƋĸčǂĹȁ-���(Áŗ�=!�ĝ�ȭǁ+��&�ɸ,Ł�Ȁ+

��&ĝ�ȭǁʘ1+ʙ,ÁĐ,ª �Ʌ6:=!��ȮƙƳÍčǂŹųØ/ƿư

ǱǽčǂŹų+��&ȔƀȎɷĔ+ɲə�<āÍ?Ɓ��3!ƴɨ¦Čĸ7Ʌ6

:=*��(0:�ƋĸčǂĹȁ-���(Áŗ�=!�ɸ,µ&,Ȁ+��&

O`� ʘ1+ʙ,ÁĐ,ª �Ʌ6:=!��ƴɨ¦Čĸ?Ɓ��(0:�Ƌĸ

čǂĹȁ-���(Áŗ�=!� 

ȮƙƳÍčǂŹų'-�ɹ, 5%Ȁ+��& K ,ƚě�9/ IP ,ÿÉ�Ʌ6:

=!��BUN Ø/ CRE +āË-4:=��ƿưǱǽčǂŹų+��&7ȔȠ+

āÍ-4:=&�*��(0:�ƋĸčǂĹȁ-���(Áŗ�=!�ɹ, 2%

Ȁ+��& Fe ,ƚě�Ʌ6:=!���ƴɨȀ,4,āÍ'�<!6°ǀĽȹ(

ȃ�:=!� 
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Ƞíɧɨ,Źǯ'-�ɸ, 5%Ȁ+��&Ʒƭș,ǶęØ/ǈęɧɨ,ŧĹ*

ÿÉ�Ʌ6:=!��ƿưǱǽčǂāÍ-4:=&�*��(0:�ƋĸčǂĹ

ȁ-���(Áŗ�=!�ǨĢ,ǶęØ/ǈęɧɨ,ÿÉ�ɸ, 0.8%Ȁ+�Ƕę

ɧɨ,ÿÉ�ɸ, 2%Ȁ+4:=!��ƴɨ¦Čĸ?Ɓ�!6ȴʍƫɍŁ�,İ

ɾ'-*�(Áŗ�=!� 

��,(�;�ɹɸ, Crl:CD(SD)|]`+ 0%�0.8%�2%�5%,ƴɨ'ow
ɫ? 90ŜɱƗʋŁ��!ŬɄʍ+��&�µ&,Źųɿǅ'ȴʍƫɍŁ�+9

<Ƌĸİɾ-Ʌ6:=*0#!��!�#&�ŬɄʍ,Ů��+��<owɫ,

ƧƋĸɨ-�ɹɸ(7+ 5%ʘɸʞ2.89 g/kg BW/day�ɹʞ3.84 g/kg BW/dayʙ
(Áŗ�=!� 

8 .pI[ 

1. ņĐƘÉƫ,Ďµĸ+ɲ�<Ʉʍ |]`?ƴ�!owɫ, 28 ŜɱÙĵǲÝ

Ł�ƋĸɄʍʞƴɨɁĐ,!6,�±Ʉʍʘ

�ɄʍƼáʞ ʙ 
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Table 1. Food consumption and intake of heme iron for 13weeks. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Males
0 10 25.1(55.9)a 0.00 0.0

0.8 10 23.6(54.1) 0.43 39.4

2 10 24.3(54.5) 1.09 99.1

5 10 25.8(57.8) 2.89 263.1

Females
0 10 18.7(78.1)a 0.00 0.0

0.8 10 20.1(83.4) 0.67 60.7

2 10 18.3(75.0) 1.50 136.6

5 10 18.3(76.7) 3.84 349.2
a :Values in parentheses are for food consumption calculated as g/kg BW/day.
Abbreviations: BW;body weight.

No. of
animals

examined

Dose of
Heme iron

(%)

Food consumption
(g/rat/day)

Mean daily intake
of Heme iron

(g/kg BW/day)

Total intake of
Heme iron
(g/kg BW)
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Table 2. Urinalysis data at week 13 in SD rats treated with heme iron. 

 

No. of animals examined 5 5 5 5
Males

Protein - 1 1 1 2
± 4 3 2 2
1+ 0 1 2 1

Glucose - 5 5 5 5
1+ 0 0 0 0
2+ 0 0 0 0

Occult blood - 5 5 4 2
±����� 0 0 0 2
±���� 0 0 1 1

Ketone body - 2 0 1 1
± 2 2 3 1
1+ 1 3 1 3

Urobilinogen 0.1 5 5 5 5
1 0 0 0 0
2 0 0 0 0

Bilirubin - 2 4 4 5
1+ 3 1 1 0
2+ 0 0 0 0

pH 6.5 0 0 0 0
7.0 0 0 0 0
7.5 0 0 0 0
8.0 3 1 0 2
8.5 2 4 5 3

Females
Protein - 4 5 2 2

± 1 0 3 2
1+ 0 0 0 1

Glucose - 5 5 5 5
1+ 0 0 0 0
2+ 0 0 0 0

Occult blood - 5 4 5 5
±����� 0 0 0 0
±���� 0 1 0 0

Ketone body - 5 5 4 5
± 0 0 1 0
1+ 0 0 0 0

Urobilinogen 0.1 5 5 5 5
1 0 0 0 0
2 0 0 0 0

Bilirubin - 3 5 2 3
1+ 2 0 3 2
2+ 0 0 0 0

pH 6.5 0 0 0 0
7.0 0 0 0 0
7.5 1 1 1 1
8.0 2 2 1 1
8.5 2 2 3 3

0% 0.8% 2% 5%
Heme iron
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Table 3. Hematology data for SD rats treated with heme iron for 13 weeks. 

 

 

Heme iron

No. of animals examined 10 10 10 10
Males

WBC (×103/µ�� 5.15 ± 1.96 5.03 ± 1.47 5.75 ± 1.41 4.67 ± 0.59
RBC (×106/µ�� 8.8 ± 0.3 8.9 ± 0.4 8.8 ± 0.3 8.8 ± 0.4
Hb �g/dl) 15.5 ± 0.6 15.5 ± 0.5 15.4 ± 0.6 15.4 ± 0.5
HCT (%) 46.0 ± 1.7 46.0 ± 1.4 45.6 ± 2.3 46.1 ± 1.7
MCV (fl) 52.2 ± 1.9 51.8 ± 1.8 51.8 ± 2.7 52.5 ± 2.4
MCH (pg) 17.6 ± 0.7 17.5 ± 0.9 17.5 ± 0.7 17.6 ± 0.7
MCHC (g/dl) 33.7 ± 0.8 33.7 ± 1.0 33.7 ± 1.0 33.5 ± 0.7
Plt (×103/µ�� 999.6 ± 140.5 1028.6 ± 115.1 1017.1 ± 148.9 1014.0 ± 119.2
Reticulocytes (%) 2.2 ± 0.3 2.2 ± 0.4 2.2 ± 0.3 2.2 ± 0.4

(×103/µ�� 189.8 ± 28.1 191.0 ± 35.0 197.6 ± 26.2 196.7 ± 37.6
Differential leukocyte counts
Neutrophils (%) 16.8 ± 4.6 15.1 ± 3.7 15.8 ± 6.1 17.6 ± 4.6

(×103/µ�� 0.86 ± 0.36 0.76 ± 0.34 0.90 ± 0.40 0.84 ± 0.34
Eosinophils (%) 2.2 ± 0.9 1.9 ± 0.6 2.0 ± 0.8 1.9 ± 0.6

(×103/µ�� 0.10 ± 0.03 0.09 ± 0.04 0.11 ± 0.04 0.09 ± 0.02
Basophils (%) 0.2 ± 0.3 0.2 ± 0.2 0.2 ± 0.3 0.2 ± 0.2

(×103/µ�� 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.02 0.01 ± 0.01
Lymphocytes (%) 75.0 ± 5.9 78.1 ± 4.2 76.7 ± 5.7 74.8 ± 5.1

(×103/µ�� 3.87 ± 1.50 3.93 ± 1.19 4.42 ± 1.13 3.48 ± 0.32
Monocytes (%) 5.8 ± 1.9 4.8 ± 1.2 5.4 ± 1.6 5.4 ± 1.5

(×103/µ�� 0.31 ± 0.20 0.23 ± 0.04 0.31 ± 0.12 0.26 ± 0.08

Females
WBC (×103/µ�� 3.13 ± 0.82 3.60 ± 1.32 3.45 ± 0.97 3.66 ± 1.13
RBC (×106/µ�� 8.3 ± 0.4 8.2 ± 0.4 8.0 ± 0.2 8.2 ± 0.3
Hb �g/dl) 14.9 ± 0.4 15.1 ± 0.7 14.8 ± 0.3 15.1 ± 0.6
HCT (%) 44.7 ± 1.7 45.5 ± 2.4 44.5 ± 1.0 45.4 ± 2.0
MCV (fl) 54.1 ± 2.0 55.8 ± 1.4 55.4 ± 1.8 55.8 ± 2.1
MCH (pg) 18.0 ± 0.5 18.5 ± 0.5 18.4 ± 0.5 18.5 ± 0.5
MCHC (g/dl) 33.2 ± 0.5 33.3 ± 0.6 33.2 ± 0.3 33.2 ± 0.6
Plt (×103/µ�� 986.3 ± 107.9 900.9 ± 137.3 986.1 ± 85.8 941.1 ± 134.6
Reticulocytes (%) 2.1 ± 0.5 2.5 ± 0.6 2.3 ± 0.5 2.4 ± 0.7

(×103/µ�� 176.0 ± 42.6 206.2 ± 53.2 181.9 ± 39.1 198.9 ± 53.3
Differential leukocyte counts
Neutrophils (%) 12.9 ± 5.9 13.6 ± 4.9 12.5 ± 8.0 13.1 ± 5.9

(×103/µ�� 0.40 ± 0.23 0.48 ± 0.23 0.43 ± 0.30 0.46 ± 0.20
Eosinophils (%) 2.7 ± 0.7 2.3 ± 1.0 2.2 ± 1.0 2.2 ± 0.9

(×103/µ�� 0.08 ± 0.02 0.09 ± 0.05 0.07 ± 0.03 0.08 ± 0.04
Basophils (%) 0.4 ± 0.2 0.3 ± 0.2 0.3 ± 0.3 0.3 ± 0.3

(×103/µ�� 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.01 0.01 ± 0.01
Lymphocytes (%) 79.5 ± 7.0 79.0 ± 5.3 79.2 ± 8.5 78.9 ± 8.0

(×103/µ�� 2.50 ± 0.75 2.85 ± 1.09 2.75 ± 0.88 2.94 ± 1.06
Monocytes (%) 4.5 ± 1.5 4.9 ± 1.5 5.9 ± 4.1 5.5 ± 3.9

(×103/µ�� 0.14 ± 0.04 0.17 ± 0.07 0.19 ± 0.11 0.18 ± 0.07

Values are means ± SDs.

0% 0.8% 2% 5%
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Table 4. Serum biochemistry data for SD rats treated with heme iron for 13 weeks. 
 
 
 

 
 
 
 
 
 
 
 

Heme iron

No. of animals examined 10 10 10 10
Males

TP (g/dL) 6.31 ± 0.23 6.27 ± 0.32 6.31 ± 0.19 6.44 ± 0.22
A/G ratio 2.17 ± 0.22 2.01 ± 0.28 2.03 ± 0.13 1.84 ± 0.24
Alb (g/dL) 4.30 ± 0.18 4.16 ± 0.13 4.22 ± 0.13 4.16 ± 0.16
Total Bil (mg/dL) 0.06 ± 0.01 0.07 ± 0.02 0.06 ± 0.02 0.06 ± 0.01
GLU (mg/dL) 110.6 ± 15.1 114.6 ± 15.6 114.0 ± 20.4 121.0 ± 18.8
TG (mg/dL) 57.9 ± 20.7 57.6 ± 20.4 64.5 ± 41.9 71.1 ± 34.4
T-CHO (mg/dL) 64.2 ± 12.0 57.4 ± 9.5 60.1 ± 14.9 66.2 ± 7.7
BUN (mg/dL) 14.3 ± 2.4 14.6 ± 1.9 14.0 ± 1.9 14.3 ± 1.4
CRE (mg/dL) 0.34 ± 0.04 0.32 ± 0.03 0.32 ± 0.03 0.32 ± 0.02
Na (mEQ/L) 145.7 ± 0.9 146.1 ± 0.7 145.5 ± 1.6 145.3 ± 0.8
Cl (mEQ/L) 105.4 ± 1.0 105.8 ± 1.2 105.0 ± 1.2 105.1 ± 0.7
K (mEQ/L) 4.67 ± 0.16 4.64 ± 0.15 4.61 ± 0.19 4.62 ± 0.19
Ca (mg/dL) 9.84 ± 0.25 9.78 ± 0.29 9.78 ± 0.17 9.89 ± 0.27
IP (mg/dL) 6.02 ± 0.34 5.87 ± 0.60 6.14 ± 0.61 5.85 ± 0.74
Fe (µg/dL) 146.2 ± 22.2 151.6 ± 29.8 147.5 ± 28.3 127.9 ± 19.8
AST (IU/L) 137.8 ± 30.5 127.3 ± 29.0 117.7 ± 16.2 119.6 ± 19.4
ALT (IU/L) 33.1 ± 4.3 30.5 ± 3.2 30.4 ± 4.8 34.1 ± 5.6
ALP (IU/L) 272.8 ± 35.0 315.2 ± 44.3 313.0 ± 88.5 297.8 ± 46.6
γ-GTP (IU/L) <3 <3 <3 <3

Females
TP (g/dL) 7.04 ± 0.55 6.89 ± 0.46 7.12 ± 0.57 6.94 ± 0.31
A/G ratio 2.98 ± 0.35 3.00 ± 0.28 2.75 ± 0.24 2.74 ± 0.33
Alb (g/dL) 5.26 ± 0.50 5.16 ± 0.38 5.22 ± 0.46 5.08 ± 0.32
Total Bil (mg/dL) 0.10 ± 0.03 0.09 ± 0.02 0.09 ± 0.03 0.10 ± 0.02
GLU (mg/dL) 108.7 ± 12.0 106.7 ± 17.9 111.7 ± 13.9 115.1 ± 16.8
TG (mg/dL) 61.3 ± 44.4 48.7 ± 19.8 75.7 ± 61.5 35.1 ± 18.5
T-CHO (mg/dL) 81.9 ± 27.6 80.5 ± 14.0 81.9 ± 12.1 71.7 ± 12.9
BUN (mg/dL) 14.1 ± 2.4 14.9 ± 2.1 14.1 ± 1.7 14.6 ± 2.2
CRE (mg/dL) 0.38 ± 0.04 0.38 ± 0.04 0.38 ± 0.04 0.38 ± 0.04
Na (mEQ/L) 143.6 ± 1.3 144.1 ± 1.2 143.0 ± 1.2 143.8 ± 0.8
Cl (mEQ/L) 105.6 ± 1.9 106.3 ± 1.3 105.0 ± 1.7 105.3 ± 1.2
K (mEQ/L) 4.41 ± 0.21 4.23 ± 0.27 4.33 ± 0.19 4.15 ± 0.14*

Ca (mg/dL) 10.24 ± 0.41 10.11 ± 0.37 10.22 ± 0.27 10.19 ± 0.26
IP (mg/dL) 4.55 ± 0.91 4.74 ± 0.46 5.05 ± 0.44 5.21 ± 0.47*

Fe (µg/dL) 367.5 ± 85.2 298.2 ± 62.3 287.4 ± 50.4* 313.0 ± 68.5
AST (IU/L) 112.5 ± 29.1 104.3 ± 17.1 120.7 ± 33.7 103.4 ± 27.4
ALT (IU/L) 24.2 ± 4.3 25.0 ± 4.9 27.2 ± 9.1 26.5 ± 15.2
ALP (IU/L) 158.7 ± 81.0 114.4 ± 26.6 134.9 ± 36.6 158.8 ± 52.0
γ-GTP (IU/L) <3 <3 <3 <3

Values are means ± SDs.
*,**:Significantly different from the controls at p<0.05 and p<0.01,respectively (Dunnett's test ).

0% 0.8% 2% 5%
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 Table 5. Body and organ weights data for SD rats treated with heme iron for 13 weeks.  

 
 

No. of animals examined 10 10 10 10
Males

Body weight (g) 543.5 ± 51.4 527.3 ± 42.7 548.9 ± 31.2 543.6 ± 46.0
Brain (g) 2.17 ± 0.09 2.16 ± 0.07 2.15 ± 0.08 2.18 ± 0.07

(g/100gBW) 0.40 ± 0.03 0.41 ± 0.03 0.39 ± 0.02 0.40 ± 0.03
Thymus (g) 0.27 ± 0.05 0.28 ± 0.07 0.30 ± 0.06 0.27 ± 0.07

(g/100gBW) 0.05 ± 0.01 0.05 ± 0.01 0.05 ± 0.01 0.05 ± 0.01
Heart (g) 1.52 ± 0.15 1.52 ± 0.17 1.57 ± 0.12 1.52 ± 0.12

(g/100gBW) 0.28 ± 0.02 0.29 ± 0.03 0.29 ± 0.02 0.28 ± 0.02
Lungs (g) 1.37 ± 0.13 1.31 ± 0.12 1.40 ± 0.10 1.41 ± 0.07

(g/100gBW) 0.25 ± 0.03 0.25 ± 0.03 0.26 ± 0.02 0.26 ± 0.02
Spleen (g) 0.74 ± 0.10 0.73 ± 0.14 0.75 ± 0.11 0.73 ± 0.08

(g/100gBW) 0.14 ± 0.02 0.14 ± 0.02 0.14 ± 0.02 0.14 ± 0.01
Liver (g) 12.63 ± 2.28 12.00 ± 1.21 13.01 ± 1.56 13.40 ± 2.00

(g/100gBW) 2.31 ± 0.23 2.27 ± 0.12 2.37 ± 0.21 2.46 ± 0.19
Adrenals (g) 0.054 ± 0.008 0.049 ± 0.006 0.053 ± 0.006 0.050 ± 0.005

(mg/100gBW) 10.0 ± 2.0 9.4 ± 1.2 9.7 ± 1.3 9.3 ± 1.0
Kidneys (g) 3.27 ± 0.43 3.19 ± 0.23 3.37 ± 0.20 3.31 ± 0.29

(g/100gBW) 0.60 ± 0.06 0.61 ± 0.03 0.61 ± 0.03 0.61 ± 0.03
Testes (g) 3.34 ± 0.36 3.68 ± 0.18* 3.77 ± 0.25** 3.59 ± 0.40

(g/100gBW) 0.62 ± 0.10 0.70 ± 0.05* 0.69 ± 0.04 0.66 ± 0.09
Pituitary (g) 0.014 ± 0.002 0.015 ± 0.002 0.015 ± 0.001 0.014 ± 0.001

(mg/100gBW) 2.62 ± 0.31 2.92 ± 0.25 2.69 ± 0.20 2.61 ± 0.35
Thyroid (g) 0.029 ± 0.005 0.027 ± 0.001 0.030 ± 0.004 0.033 ± 0.004*

(mg/100gBW) 5.29 ± 0.88 5.09 ± 0.46 5.46 ± 0.59 6.14 ± 0.50*

Salivary gland (g) 0.92 ± 0.10 0.89 ± 0.05 0.87 ± 0.07 0.95 ± 0.09
(g/100gBW) 0.17 ± 0.01 0.17 ± 0.01 0.16 ± 0.01 0.18 ± 0.02

Seminal vesicle (g) 1.92 ± 0.31 1.97 ± 0.29 1.86 ± 0.19 1.96 ± 0.32
(g/100gBW) 0.36 ± 0.06 0.37 ± 0.05 0.34 ± 0.04 0.36 ± 0.06

Prostate (g) 1.39 ± 0.27 1.34 ± 0.19 1.35 ± 0.18 1.38 ± 0.21
(g/100gBW) 0.26 ± 0.05 0.25 ± 0.03 0.25 ± 0.04 0.25 ± 0.03

Females
Body weight (g) 274.8 ± 22.0 280.0 ± 22.9 282.5 ± 13.5 272.2 ± 27.2
Brain (g) 1.92 ± 0.06 1.94 ± 0.06 1.90 ± 0.06 1.93 ± 0.09

(g/100gBW) 0.70 ± 0.07 0.70 ± 0.06 0.67 ± 0.04 0.71 ± 0.07
Thymus (g) 0.25 ± 0.04 0.25 ± 0.06 0.24 ± 0.04 0.26 ± 0.09

(g/100gBW) 0.09 ± 0.01 0.09 ± 0.02 0.08 ± 0.02 0.09 ± 0.03
Heart (g) 0.91 ± 0.09 0.97 ± 0.24 0.88 ± 0.07 0.93 ± 0.09

(g/100gBW) 0.33 ± 0.02 0.35 ± 0.07 0.31 ± 0.02 0.34 ± 0.04
Lungs (g) 1.03 ± 0.08 1.07 ± 0.26 0.98 ± 0.11 1.01 ± 0.10

(g/100gBW) 0.38 ± 0.04 0.38 ± 0.08 0.35 ± 0.03 0.37 ± 0.04
Spleen (g) 0.45 ± 0.05 0.47 ± 0.06 0.46 ± 0.04 0.50 ± 0.11

(g/100gBW) 0.16 ± 0.02 0.17 ± 0.02 0.16 ± 0.01 0.18 ± 0.03
Liver (g) 6.37 ± 0.95 6.34 ± 0.70 6.32 ± 0.47 6.16 ± 0.65

(g/100gBW) 2.31 ± 0.22 2.27 ± 0.22 2.24 ± 0.17 2.26 ± 0.15
Adrenals (g) 0.062 ± 0.008 0.055 ± 0.007 0.056 ± 0.010 0.056 ± 0.007

(mg/100gBW) 22.5 ± 3.0 19.6 ± 2.5 19.8 ± 3.2 20.5 ± 3.1
Kidneys (g) 1.69 ± 0.22 1.73 ± 0.11 1.71 ± 0.15 1.69 ± 0.11

(g/100gBW) 0.61 ± 0.06 0.62 ± 0.05 0.60 ± 0.05 0.62 ± 0.06
Ovaries (g) 0.067 ± 0.013 0.072 ± 0.012 0.072 ± 0.020 0.069 ± 0.008

(mg/100gBW) 24.9 ± 6.1 25.6 ± 4.0 25.3 ± 6.4 25.7 ± 3.7
Pituitary (g) 0.020 ± 0.005 0.018 ± 0.002 0.017 ± 0.003 0.019 ± 0.004a

(mg/100gBW) 7.34 ± 1.52 6.41 ± 1.19 6.14 ± 1.17 7.10 ± 1.61a

Thyroid (g) 0.022 ± 0.004 0.022 ± 0.004a 0.023 ± 0.004 0.023 ± 0.004

(mg/100gBW) 7.89 ± 1.72 7.78 ± 1.29a 8.02 ± 1.19 8.54 ± 1.42
Salivary gland (g) 0.55 ± 0.04 0.56 ± 0.02 0.53 ± 0.06 0.54 ± 0.07

(g/100gBW) 0.20 ± 0.02 0.20 ± 0.02 0.19 ± 0.02 0.20 ± 0.01

Values are means ± SDs.
*,**:Significantly different from the controls at p<0.05 and p<0.01,respectively (Dunnett's test ).
a :Number of effective animals was reduced to nine due to the failure of organ sampling.
Pituitary,Thyroid,Salivary gland,Seminal vesicle,Prostate : to mesure organ weight after formalin fixed.

Heme iron
0% 0.8% 2% 5%
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Table 6. Histopathological findings in SD rats treated with heme iron for 13 weeks. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Heme iron (%) 0 5 0 5
No. of animals examined 10 10 10 10

Organs Findings
Liver Focal necrosis, hepatocytes ± 0 0 1 0
Kidney Basophilic tubules ± 3 2 1 1

Cyst P 0 0 1 1
Heart Focal necrosis, myocardium ± 2 0 0 0
Pancreas Lobular atrophy ± 1 2 1 0
Thyroid Ultimobranchial rest P 1 0 0 0
Pituitary Cyst, pars distalis P 0 0 0 1
Eye Focal atrophy, retina, unilateral ± 1 0 2 1

Retinal rosette, unilateral ± 0 0 0 2
Small intestine Diverticulum P 1 0 0 0
±: Minimal, P: Present

Male Female
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Fig. 1. Body weight curves for male and female SD rats treated with heme iron for 13 weeks. 
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Fig. 2. Daily food intake for male SD rats treated with heme iron for 13 weeks. 

 
Fig. 3. Daily food intake for female SD rats treated with heme iron for 13 weeks. 
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Appendix 1. Defected organs in histopathological examination in SD rats treated with heme iron for 
13weeks. 

 

Heme iron (%) 0 5 0 5
Organs No. of animals 10 10 10 10
Mammary gland - 2 - -
Parathyroid 1 - - -
Lymph node, mediastinum - 1 5 3
Trachea - - 1 -
Esophagus - - 1 -
Zymbal'sgland 2 - - -

Male Female




