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º·¤Ñ´Â‹Í
 ¢ŒÒÇà»š¹ÍÒËÒÃËÅÑ¡¢Í§¤¹ä·Â ¨Ò¡¡ÒÃÇÔà¤ÃÒÐË �ÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¢Í§ÃíÒ¢ŒÒÇ¾ºÇ‹ÒÁÕÄ·¸Ôìμ ŒÒ¹ÊÒÃÍ¹ØÁÙÅÍÔÊÃÐÃÇÁ

·Ñé§ÊÒÃã¹¡ÅØ‹Á¿‚¹ÍÅÔ¡áÅÐ essential oils ã¹¡ÒÃÈÖ¡ÉÒ¤ÃÑé§¹ÕéÈÖ¡ÉÒ¼Å¢Í§ÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇ´ŒÇÂàÍ·Ò¹ÍÅã¹Ë¹Ù (Sprague Daw-

ley) ·ÕèàË¹ÕèÂÇ¹íÒãËŒÍŒÇ¹´ŒÇÂÍÒËÒÃä¢ÁÑ¹ÊÙ§ â´Â»‡Í¹ÍÒËÒÃä¢ÁÑ¹ÊÙ§Ã‹ÇÁ¡ÑºÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇ·Õè¤ÇÒÁà¢ŒÁ¢Œ¹ òòð.õ, ò,òðõ áÅÐ 

ô,ôñð ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ ¹éíÒË¹Ñ¡Ë¹Ùà·ÕÂº¡ÑºË¹Ù¡ÅØ‹Á·Õèä Œ́ÃÑºÂÒ metformin áÅÐË¹Ù¡ÅØ‹Á·Õèä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§à¾ÕÂ§ÍÂ‹Ò§à´ÕÂÇ 

ËÅÑ§¨Ò¡ÊÑ»´ÒË �·Õè ô μÃÇ¨ÇÑ́ ¤‹Òμ ‹Ò§æ ¼Å¡ÒÃ·´ÅÍ§¾ºÇ‹Ò¹éíÒË¹Ñ¡¢Í§ epididymal fat ã¹Ë¹Ù¡ÅØ‹Á·Õèä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ÁÕá¹Çâ¹ŒÁ

à¾ÔèÁ¢Öé¹àÁ×èÍà·ÕÂº¡ÑºË¹Ù¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô (÷.ðö ± ð.óõ à·ÕÂº¡Ñº ö.õñ ± ð.ñô ¡ÃÑÁ) áÅÐÅ´Å§ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ·Ò§

Ê¶Ôμ Ôã¹Ë¹Ù·Õèä´ŒÃÑºÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇ òòð.õ áÅÐ ò,òðõ ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ (ô.ù÷ ± ð.ñ÷ áÅÐ õ.÷ó ± ð.ò÷ ¡ÃÑÁ) ¹Í¡¨Ò¡¹Õé 

ÊÒÃÊ¡Ñ́ ÃíÒ¢ŒÒÇ¢¹Ò´ òòð.õ, ò,òðõ áÅÐ ô,ôñð ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ ÂÑ§ÁÕ¼Åã¹¡ÒÃÅ´ÃÐ´Ñº¹éíÒË¹Ñ¡¢Í§μ ÑºàËÅ×Í ñó.÷÷ ± ð.öò, 

ñò.ø÷ ± ð.òõ áÅÐ ñó.òö ± ð.óù ¡ÃÑÁ μÒÁÅíÒ´Ñº «Öè§áμ¡μ ‹Ò§ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ·Ò§Ê¶Ôμ ÔàÁ×èÍà»ÃÕÂºà·ÕÂº¡ÑºË¹Ù¡ÅØ‹Á·Õèä´ŒÃÑº

ÍÒËÒÃä¢ÁÑ¹ÊÙ§ (ñõ.ñð ± ð.ôñ ¡ÃÑÁ) ¼Å¢Í§¢¹Ò´à«ÅÅ� epididymal fat (õ,ôôô.óù ± õõð.ñð μm2 à·ÕÂº¡Ñº ô,øðð.ùð 

± õñó.÷ñ μm2) áÅÐäμÃ¡ÅÕà«ÍäÃ´ �ã¹μ Ñº¢Í§Ë¹Ù (ñ.÷ó ± ð.òô ÁÔÅÅÔ¡ÃÑÁ/ÁÔÅÅÔÅÔμÃ à·ÕÂº¡Ñº ñ.óù ± ð.ð÷ ÁÔÅÅÔ¡ÃÑÁ/

ÁÔÅÅÔÅÔμÃ) ·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ÁÕÃÐ´Ñº·Õèà¾ÔèÁ¢Öé¹àÁ×èÍà·ÕÂº¡ÑºË¹Ù·Õèä´ŒÃÑºÍÒËÒÃ»Ã¡μ ÔáÅÐÅ´Å§àÁ×èÍä Œ́ÃÑºÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇáÅÐ

ÂÒ metformin ¹Í¡¨Ò¡¹Õé ¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇ‹ÒÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇäÁ‹ÁÕ¼Åμ ‹Í¤‹Ò¾×é¹·Õèãμ Œ¡ÃÒ¿·´ÊÍº¡ÒÃμÍºÊ¹Í§¢Í§

ÍÔ¹«ÙÅÔ¹μ ‹ÍÃÐ´Ñº¹éíÒμÒÅã¹àÅ×Í´ (area under the curve of glucose tolerance test: AUC-G) ¤‹Ò fasting blood insulin ¤‹Ò»ÃÐàÁÔ¹

ÊÁ´ØÅ¡ÒÃËÅÑè§ÍÔ¹«ÙÅÔ¹ (homeostasis model assessment of pancreatic β-cell function: HOMA-β) áÅÐ¤‹Ò»ÃÐàÁÔ¹ÊÁ´ØÅ¤ÇÒÁ

äÇμ ‹ÍÍÔ¹«ÙÅÔ¹ (homeostasis model assessment of relative insulin resistance: HOMA-IR) «Öè§ÍÒ¨à¡Ô´¨Ò¡¤ÇÒÁ¼Ñ¹á»ÃÊÙ§ã¹

¤‹ÒàËÅ‹Ò¹Õé ̈ Ò¡¼Å¡ÒÃ·´ÅÍ§ÊÃØ»ä´ŒÇ‹ÒÊÒÃÊ¡Ñ́ àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇÁÕ¼Åã¹¡ÒÃª‹ÇÂ»ÃÑºáμ ‹§¤ÇÒÁá»Ã»ÃÇ¹¢Í§¡ÃÐºÇ¹¡ÒÃá»Å§

ÁÇÅ·Ò§¾ÅÑ§§Ò¹ã¹ÀÒÇÐ·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§àËÁ×Í¹¡ÑºÄ·¸Ôì¢Í§ÊÒÃÊ¡Ñ́ ¹éíÒ¢Í§ÃíÒ¢ŒÒÇ «Öè§ÂÑ§μ ŒÍ§ÁÕ¡ÒÃÈÖ¡ÉÒà¾ÔèÁàμ ÔÁã¹ÍÕ¡ËÅÒÂ

»ÃÐà´ç¹â´Âà©¾ÒÐÍÂ‹Ò§ÂÔè§ÊÒÃÊíÒ¤ÑÞã¹ÃíÒ¢ŒÒÇáÅÐ¡Åä¡¡ÒÃÍÍ¡Ä·¸Ôì¢Í§ÊÒÃàËÅ‹Ò¹Ñé¹ã¹ËÅÍ´·´ÅÍ§

¤íÒÊíÒ¤ÑÞ:   ÀÒÇÐÍŒÇ¹, ÃíÒ¢ŒÒÇ, ÍÒËÒÃä¢ÁÑ¹ÊÙ§

 * ¹Ñ¡ÈÖ¡ÉÒ»ÃÔÞÞÒâ· ËÅÑ¡ÊÙμÃÇÔ·ÂÒÈÒÊμÃÁËÒºÑ³±Ôμ ÊÒ¢ÒÇÔªÒÇÔ·ÂÒÈÒÊμÃ �¡ÒÃá¾·Â � ¤³Ðá¾·ÂÈÒÊμÃ � ÁËÒÇÔ·ÂÒÅÑÂ¸ÃÃÁÈÒÊμÃ �

 ** ÀÒ¤ÇÔªÒàÀÊÑªÇÔ¹Ô¨©ÑÂ ¤³ÐàÀÊÑªÈÒÊμÃ � ÁËÒÇÔ·ÂÒÅÑÂÁËÔ´Å

 *** ÊÒ¢ÒàÀÊÑªÇÔ·ÂÒ Ê¶Ò¹ÇÔ·ÂÒÈÒÊμÃ �¾ÃÕ¤ÅÔ¹Ô¡ ¤³Ðá¾·ÂÈÒÊμÃ � ÁËÒÇÔ·ÂÒÅÑÂ¸ÃÃÁÈÒÊμÃ �

**** ÊÒ¢ÒªÕÇà¤ÁÕ Ê¶Ò¹ÇÔ·ÂÒÈÒÊμÃ �¾ÃÕ¤ÅÔ¹Ô¡ ¤³Ðá¾·ÂÈÒÊμÃ � ÁËÒÇÔ·ÂÒÅÑÂ¸ÃÃÁÈÒÊμÃ �

ÇÑ¹·ÕèÃÑºº·¤ÇÒÁ: ñò ¾ÄÉÀÒ¤Á òõõõ  ÇÑ¹·ÕèÍ¹ØÞÒμãËŒμ Õ¾ÔÁ¾�:  òõ ÁÔ¶Ø¹ÒÂ¹ òõõõ



741Thammasat Medical Journal, Vol. 12 No. 4, October-December 2012

º·¹íÒ
 »˜¨¨ØºÑ¹âÃ¤ÍŒÇ¹à»š¹»˜ÞËÒμ ‹ÍÊØ¢ÀÒ¾·Õèà¾ÔèÁÁÒ¡¢Öé¹

ã¹»ÃÐà·Èá¶ºàÍàªÕÂñ â´Âà©¾ÒÐâÃ¤ÍŒÇ¹Å§¾Ø§ ËÃ×Í¡ÅØ‹Á

ÍÒ¡ÒÃàÁá·ºÍÅÔ¡ «Öè§ÁÑ¡¨ÐÁÕÀÒÇÐ´×éÍμ ‹ÍÍÔ¹«ÙÅÔ¹ ä¢ÁÑ¹ã¹

àÅ×Í´ÊÙ§ ¤ÇÒÁ´Ñ¹âÅËÔμÊÙ§áÅÐâÃ¤ËÅÍ´àÅ×Í´ËÑÇã¨ÍØ´μ Ñ¹ 

(cardiovascular disease)ñ-ó âÃ¤ÍŒÇ¹ÁÕÊÒàËμ ØÁÒ¨Ò¡¾Äμ Ô¡ÃÃÁ

¡ÒÃ¡Ô¹ÍÒËÒÃà»š¹Ê‹Ç¹ãËÞ‹ ¡Å‹ÒÇ¤×Í ä Œ́ÃÑº¾ÅÑ§§Ò¹¨Ò¡

ÍÒËÒÃÁÒ¡à¡Ô¹¤ÇÒÁμ ŒÍ§¡ÒÃ¢Í§Ã‹Ò§¡ÒÂã¹áμ ‹ÅÐÇÑ¹ ¾ºÇ‹Ò

¼ÙŒ·Õè¹ÔÂÁºÃÔâÀ¤ÍÒËÒÃ¨Ò¹´‹Ç¹ (fast food) «Öè§ÁÕ¤‹Ò´Ñª¹Õ¹éíÒμÒÅ 

(glycemic index) ÊÙ§ áÅÐÁÕÊ‹Ç¹»ÃÐ¡Íº¢Í§ä¢ÁÑ¹ÊÙ§ ¹íÒä»

ÊÙ‹âÃ¤ÍŒÇ¹áÅÐÀÒÇÐ´×éÍμ ‹ÍÍÔ¹«ÙÅÔ¹ô ´Ñ§¹Ñé¹ ÍÒËÒÃ·ÕèàËÁÒÐÊÁ

ÊíÒËÃÑº»‡Í§¡Ñ¹¡ÒÃà¾ÔèÁ¢Í§¹éíÒË¹Ñ¡ âÃ¤ÍŒÇ¹ ÀÒÇÐ metabolic 

syndrome áÅÐàºÒËÇÒ¹ª¹Ô´·Õè ò ¤×Í ÍÒËÒÃ·ÕèÅ´ä¢ÁÑ¹â´Â

äÁ‹ÁÕ¡Ã´ä¢ÁÑ¹·ÃÒ¹Ê � (trans fatty acids) ÍØ´Á´ŒÇÂàÊŒ¹ãÂ

áÅÐ¤ÒÃ�âºäÎà´Ãμ·ÕèÁÕ¤ÇÒÁË¹Òá¹‹¹¢Í§¾ÅÑ§§Ò¹μ èíÒ (¼Ñ¡ 

¼ÅäÁŒ áÅÐ¼ÅÔμÀÑ³±�̈ Ò¡¸ÑÞ¾×ª·Ñé§ËÁ´) áÅÐ¨íÒ¡Ñ́ »ÃÔÁÒ³¢Í§

à¤Ã×èÍ§´×èÁ·Õè»ÃÐ¡Íº´ŒÇÂ¾ÅÑ§§Ò¹õ ÃíÒ¢ŒÒÇÁÕ¤Ø³¤‹Ò·Ò§ÍÒËÒÃ·Õè

ÊíÒ¤ÑÞËÅÒÂÍÂ‹Ò§ »ÃÐ¡Íº´ŒÇÂ¤ÒÃ�âºäÎà´ÃμÃŒÍÂÅÐ óô-öò 

ä¢ÁÑ¹ÃŒÍÂÅÐ ñõ-òò â»Ãμ Õ¹ÃŒÍÂÅÐ òô-òù áÅÐáÃ‹̧ Òμ Øμ ‹Ò§æ 

ÃŒÍÂÅÐ ö.ö-ù.ùö ¹Í¡¨Ò¡¹ÕéÂÑ§ÁÕÊÒÃ·ÕèÁÕ¼Åμ ‹ÍÊØ¢ÀÒ¾·ÕèÊíÒ¤ÑÞ

¤×Í á¡ÁÁÒâÍäÃ«Ò¹ÍÅ (γ-oryzanols) ÁÕÇÔμÒÁÔ¹ÍÕ·Ñé§ã¹ÃÙ»¢Í§

â·â¤à¿ÍÃÍÅ (tocopherols) áÅÐâ·â¤ä·ÃÍÕ¹ÍÅ (tocotrienols) 

«Öè§ÁÕÄ·¸Ôìμ ŒÒ¹ÍÍ¡«Ôà´ªÑ¹ ÊÒÃÊ¡Ñ́ ¨Ò¡ÃíÒ¢ŒÒÇÊÒÁÒÃ¶Å´ÃÐ´Ñº

ä¢ÁÑ¹ã¹àÅ×Í´÷,ø Å´ÃÐ´Ñº¹éíÒμÒÅã¹àÅ×Í´ ÃÇÁ¶Ö§ºÃÃà·ÒÀÒÇÐ

¹éíÒμÒÅã¹àÅ×Í´ÊÙ§¢Í§¼ÙŒ»†ÇÂàºÒËÇÒ¹ø áÅÐÅ´¤ÇÒÁ´Ñ¹âÅËÔμ

ã¹Ë¹Ù·Õèà»š¹¤ÇÒÁ´Ñ¹âÅËÔμÊÙ§ä´Œù 

 à¹×èÍ§¨Ò¡»˜¨¨ØºÑ¹ÃÒÂ§Ò¹¡ÒÃÈÖ¡ÉÒ¼Å¢Í§ÊÒÃÊ¡Ñ´

¨Ò¡ÃíÒ¢ŒÒÇμ ‹Í¾ÂÒ Ô̧ÊÀÒ¾¢Í§¡ÅØ‹ÁÍÒ¡ÒÃàÁá·ºÍÅÔ¡ÂÑ§äÁ‹

ªÑ´à¨¹ ´Ñ§¹Ñé¹ §Ò¹ÇÔ¨ÑÂ¹Õé¨Ö§ä´ŒÈÖ¡ÉÒ¼Å¢Í§ÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇ

´ŒÇÂáÍÅ¡ÍÎÍÅ�ã¹¡ÒÃºÃÃà·Ò¡ÅØ‹ÁÍÒ¡ÒÃàÁá·ºÍÅÔ¡·Õèà¡Ô´

ã¹Ë¹Ù·´ÅÍ§·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ÃŒÍÂÅÐ öõ ¢Í§»ÃÔÁÒ³

¡ÔâÅá¤ÅÍÃÕ·Ñé§ËÁ´¨Ò¡ÍÒËÒÃ â´ÂÊÑ§à¡μ¼Å¢Í§ÊÒÃÊ¡Ñ́ μ ‹Í

¹éíÒË¹Ñ¡ÍÇÑÂÇÐáÅÐä¢ÁÑ¹ã¹ª‹Í§·ŒÍ§ ¢¹Ò´à«ÅÅ �ä¢ÁÑ¹ »ÃÔÁÒ³

ä¢ÁÑ¹ã¹à«ÅÅ�μ Ñº ÃÐ´Ñº¹éíÒμÒÅ ÃÐ´ÑºÍÔ¹«ÙÅÔ¹ áÅÐÍÑμÃÒ

¡ÒÃ¢¨Ñ́ ¹éíÒμÒÅã¹àÅ×Í´ ÃÇÁ·Ñé§¤íÒ¹Ç³¤‹Ò»ÃÐàÁÔ¹ÊÁ´ØÅ¤ÇÒÁ

äÇμ ‹ÍÍÔ¹«ÙÅÔ¹ (homeostasis model assessment of relative 

insulin resistance; HOMA-IR) áÅÐ¤‹Ò»ÃÐàÁÔ¹ÊÁ´ØÅ¡ÒÃËÅÑè§

ÍÔ¹«ÙÅÔ¹ (homeostasis model assessment of pancreatic 

β-cell function; HOMA-β)

ÇÔ¸Õ¡ÒÃÈÖ¡ÉÒ
ñ. ¡ÒÃàμÃÕÂÁË¹Ù·´ÅÍ§

 ¡ÒÃÈÖ¡ÉÒã¹ÊÑμÇ �·´ÅÍ§ä´Œ ÃÑºÍ¹ØÞÒμ¨Ò¡

¤³Ð¡ÃÃÁ¡ÒÃ¨ÃÃÂÒºÃÃ³¡ÒÃãªŒÊÑμÇ �·´ÅÍ§ (AE 001/2555) 

¤³Ðá¾·ÂÈÒÊμÃ � ÁËÒÇÔ·ÂÒÅÑÂ¸ÃÃÁÈÒÊμÃ � ÊÑμÇ �·´ÅÍ§·Õè

ãªŒà»š¹Ë¹ÙáÃ·ÊÒÂ¾Ñ¹¸Ø� Sprague Dawley à¾È¼ÙŒ ÍÒÂØ ô-ö 

ÊÑ»´ÒË � ¹éíÒË¹Ñ¡ ñõð-òðð ¡ÃÑÁ ¨Ò¡ÊíÒ¹Ñ¡ÊÑμÇ �·´ÅÍ§

áË‹§ªÒμ Ô ÁËÒÇÔ·ÂÒÅÑÂÁËÔ´Å Ñ̈§ËÇÑ´¹¤Ã»°Á àÅÕéÂ§ÊÑμÇ �

·´ÅÍ§ã¹ËŒÍ§·Õè¤Çº¤ØÁÍØ³ËÀÙÁÔ òô ± ñ Í§ÈÒà«Åà«ÕÂÊ 

¤ÇÒÁª×é¹ÊÑÁ¾Ñ·¸ �ÃŒÍÂÅÐ öð ·ÕèÁÕáÊ§ÊÇ‹Ò§à»š¹àÇÅÒ ñò ªÑèÇâÁ§ 

áÅÐã¹·ÕèÁ×´ ñò ªÑèÇâÁ§

ò. ¡ÒÃàμÃÕÂÁÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇ

 ¹íÒÃíÒ¢Í§¢ŒÒÇ¢ÒÇ´Í¡ÁÐÅÔ ñðõ ·Õèä Œ́ÁÒ¨Ò¡¡ÒÃ

¼ÅÔμáººà¡ÉμÃÍÔ¹·ÃÕÂ� Ñ̈§ËÇÑ´ÊØÃÔ¹·Ã �¢Í§»ÃÐà·Èä·ÂÁÒ

Ê¡Ñ´´ŒÇÂ 70% ethanol ã¹ÍÑμÃÒÊ‹Ç¹ ñ μ ‹Í ñð ·ÕèÍØ³ËÀÙÁÔ

ËŒÍ§ à»š¹àÇÅÒ ø ªÑèÇâÁ§ ËÅÑ§¨Ò¡¹Ñé¹¡ÃÍ§ Œ́ÇÂ¡ÃÐ´ÒÉ¡ÃÍ§

àºÍÃ � ò ¹íÒ¢Í§àËÅÇ·Õè¡ÃÍ§ä Œ́ãÊ‹¢Ç´» �´½Ò ¹íÒä»ÃÐàËÂàÍÒ 

ethanol ÍÍ¡ â´ÂãªŒà¤Ã×èÍ§ rotary evaporator áÅÐ·íÒãËŒáËŒ§

áººáª‹àÂ×Í¡á¢ç§ (freeze dryer) ä´ŒÊÒÃÊ¡Ñ´áËŒ§à»š¹¼§ÊÕ¢ÒÇ

¹ÇÅ »ÃÔÁÒ³¼§¼ÅÔμÃŒÍÂÅÐ ñð.ôô ÅÐÅÒÂ¹éíÒ¡ÅÑè¹μÒÁ¤ÇÒÁ

à¢ŒÁ¢Œ¹·Õèμ ŒÍ§¡ÒÃÊíÒËÃÑº»‡Í¹ãËŒÊÑμÇ �àÅÕéÂ§ ·´ÊÍºÄ·¸Ôì antioxi-

dant ¢Í§ÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇ´ŒÇÂÇÔ¸Õ¡ÒÃ·´ÊÍº¤ÇÒÁÊÒÁÒÃ¶ã¹

¡ÒÃ¡íÒ¨Ñ´ÊÒÃÍ¹ØÁÙÅÍÔÊÃÐ 2,2-diphenyl-l-picryhydrazyl radical 

(DPPH●) μÒÁÇÔ̧ Õ¢Í§ Yu áÅÐ¤³Ðñð ¤íÒ¹Ç³ËÒ¤‹Ò half effect 

concentration (EC
50
) â´Â prism program â´ÂÊÒÃÊ¡Ñ´·ÕèãªŒ

ã¹¡ÒÃÈÖ¡ÉÒ¹ÕéÁÕ¤‹Ò EC
50
 = ð.ðô÷ ± ð.ððñ ÁÔÅÅÔ¡ÃÑÁμ ‹Í

ÁÔÅÅÔÅÔμÃ áÅÐ¹íÒä»ãªŒã¹¡ÒÃ·´ÅÍ§·Ñ¹·ÕËÃ×ÍÍÂ‹Ò§ªŒÒäÁ‹à¡Ô¹ 

ñ à ×́Í¹ ¢³Ðà¡çºäÇŒã¹μ ÙŒàÂç¹·ÕèÍØ³ËÀÙÁÔ –ôð Í§ÈÒà«Åà«ÕÂÊ

ó. ¡ÒÃàμÃÕÂÁÍÒËÒÃË¹Ù·´ÅÍ§

 ÍÒËÒÃ»Ã¡μ Ô (standard chow) ¨Ò¡ºÃÔÉÑ·«Õ¾Õ 

ÊÁØ·Ã»ÃÒ¡ÒÃ »ÃÐà·Èä·Â «Öè§ãËŒ¾ÅÑ§§Ò¹¨Ò¡ä¢ÁÑ¹

¤ÒÃ�âºäÎà´Ãμ áÅÐâ»Ãμ Õ¹ÃŒÍÂÅÐ ñó, õõ áÅÐ óñ μÒÁ

ÅíÒ´Ñº Ê‹Ç¹ÍÒËÒÃä¢ÁÑ¹ÊÙ§àμÃÕÂÁμÒÁÇÔ¸Õ¢Í§ Kaendee áÅÐ

¤³Ðññ «Öè§ãËŒ¾ÅÑ§§Ò¹¨Ò¡ä¢ÁÑ¹ ¤ÒÃ�âºäÎà´Ãμ áÅÐâ»Ãμ Õ¹

ÃŒÍÂÅÐ öõ, òó áÅÐ ññ μÒÁÅíÒ´Ñº â´ÂàμÃÕÂÁ¨Ò¡

ËŒÍ§¤ÃÑÇ½†ÒÂâÀª¹Ò¡ÒÃ âÃ§¾ÂÒºÒÅ¸ÃÃÁÈÒÊμÃ �à©ÅÔÁ¾ÃÐà¡ÕÂÃμ Ô 

ÁËÒÇÔ·ÂÒÅÑÂ¸ÃÃÁÈÒÊμÃ �

ô. áºº¡ÒÃ·´ÅÍ§

 àÅÕéÂ§Ë¹Ù·Ñé§ öð μ ÑÇ ã¹¡Ã§·ÕèàμÃÕÂÁäÇŒ ¹Ò¹ ÷ 

ÇÑ¹¡‹Í¹·íÒ¡ÒÃ·´ÅÍ§¨ÃÔ§à¾×èÍãËŒË¹ÙÁÕ¡ÒÃ»ÃÑºμ ÑÇ áº‹§Ë¹Ù
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¤ÃÑé§áÃ¡â´Â¡ÒÃÊØ‹ÁÍÍ¡à»š¹ ò ¡ÅØ‹Á ¡ÅØ‹ÁáÃ¡à»š¹¡ÅØ‹Á¤Çº¤ØÁ 

ñð μ ÑÇ ä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô Ë¹Ù¡ÅØ‹Á·Õè ò ä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹

ÊÙ§ (high fat diet; HFD) ¹Ò¹ ÷ ÇÑ¹ ËÅÑ§¨Ò¡¹Ñé¹áº‹§Ë¹Ù

¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ÍÍ¡à»š¹ õ ¡ÅØ‹Á ¡ÅØ‹ÁÅÐ ñð μ ÑÇ 

¨Ðä´ŒË¹Ù·Ñé§ËÁ´ ö ¡ÅØ‹Á ¡ÅØ‹ÁÅÐ ñð μ ÑÇ ¡ÅØ‹ÁáÃ¡à»š¹¡ÅØ‹Á

¤Çº¤ØÁ ä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô Ë¹Ù¡ÅØ‹Á·Õè ò ä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹

ÊÙ§ Ë¹Ù¡ÅØ‹Á·Õè ó, ô, õ ä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§áÅÐÊÒÃÊ¡Ñ´ 

70% ethanol ÃíÒ¢ŒÒÇ·Õè¤ÇÒÁà¢ŒÁ¢Œ¹ òòð.õ, ò,òðõ, ô,ôñð 

ÁÔÅÅÔ¡ÃÑÁμ ‹Í¡ÔâÅ¡ÃÑÁ¹éíÒË¹Ñ¡μ ÑÇË¹Ù μÒÁÅíÒ´Ñº ÇÑ¹ÅÐ¤ÃÑé§·Ø¡

ÇÑ¹μÅÍ´¡ÒÃ·´ÅÍ§ áÅÐË¹Ù¡ÅØ‹Á·Õè ö ¨Ðä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹

ÊÙ§áÅÐ metformin ·Õè¤ÇÒÁà¢ŒÁ¢Œ¹ ñù.ñ ÁÔÅÅÔ¡ÃÑÁμ ‹Í¡ÔâÅ¡ÃÑÁ

¹éíÒË¹Ñ¡μ ÑÇË¹Ù μÒÁÅíÒ´Ñº ÇÑ¹ÅÐ¤ÃÑé§à»š¹àÇÅÒ ó ÇÑ¹ã¹μÍ¹

àªŒÒ ¹Ñº¨Ò¡¹Ñé¹ÇÑ¹·Õè ô ¢Í§ÊÑ»´ÒË �·Õè ó ¨ÐãËŒÇÑ¹ÅÐ ò ¤ÃÑé§ 

ã¹μÍ¹àªŒÒáÅÐàÂç¹ ¨¹¤Ãº ô ÊÑ»´ÒË � ÇÔ¸ÕãËŒÊÒÃÊ¡Ñ´¨Ò¡

ÃíÒ¢ŒÒÇ áÅÐ metformin â´Â¡ÒÃ»‡Í¹´ŒÇÂËÅÍ´©Ṍ »ÅÒÂâÅËÐ

Á¹ Ë¹Ù·Ø¡μ ÑÇä´ŒÃÑºÍÒËÒÃáÅÐ¹éíÒÊÐÍÒ´ÍÂ‹Ò§äÁ‹̈ íÒ¡Ñ́ »ÃÔÁÒ³

õ. ¡ÒÃà¡çºáÅÐÇÔà¤ÃÒÐË �¼ÅàÅ×Í´áÅÐà¹×éÍàÂ×èÍ

 àÅÕéÂ§Ë¹Ùã¹áμ ‹ÅÐ¡ÅØ‹Á¹Ò¹ ô ÊÑ»´ÒË � ÇÑ¹ÊØ´·ŒÒÂ

¢Í§ÊÑ»´ÒË �·Õè ô ·íÒ¡ÒÃ·´ÊÍº ÃÐ´Ñº¹éíÒμÒÅã¹àÅ×Í´ (fast-

ing blood glucose; FBG), áÅÐ·´ÊÍº¡ÒÃμÍºÊ¹Í§¢Í§

ÍÔ¹«ÙÅÔ¹μ ‹ÍÃÐ´Ñº¹éíÒμÒÅã¹àÅ×Í´ (oral glucose tolerance 

test; OGTT) â´Â·íÒ¡ÒÃÍ´ÍÒËÒÃË¹Ù ñö ªÑèÇâÁ§¡‹Í¹·íÒ¡ÒÃ

·´ÊÍº ¨Ò¡¹Ñé¹ ·íÒ¡ÒÃà¡çºàÅ×Í´¨Ò¡Ê‹Ç¹ËÒ§·ÕèàÇÅÒ óð, 

öð, ùð, ñòð, áÅÐ ñõð ¹Ò·Õ ËÅÑ§¨Ò¡·ÕèãËŒ¡ÅÙâ¤Ê·Ò§

»Ò¡ (ò ¡ÃÑÁμ ‹Í¡ÔâÅ¡ÃÑÁ¹éíÒË¹Ñ¡μ ÑÇ) ÇÔ¸ÕÇÔà¤ÃÒÐË�¹éíÒË¹Ñ¡

¹éíÒμÒÅã¹àÅ×Í´ãªŒà¤Ã×èÍ§ Glucosemeter Accu-Check monitors 

(Roche, Thailand) ¤‹Ò·Õèä´Œ¨Ð¹íÒÁÒ¤íÒ¹Ç³ËÒ¾×é¹·Õèãμ Œ¡ÃÒ¿ 

(area under curve of glucose; AUC-G) â´ÂÇÔ¸Õ¤íÒ¹Ç³μÒÁ

¡®ÊÕèàËÅÕèÂÁ¤Ò§ËÁÙ (Trapezoidal rule)ñò ¨Ò¡¹Ñé¹·íÒ¡ÒÃ¦‹ÒË¹Ù

´ŒÇÂÂÒÊÅº¢¹Ò´ÊÙ§ à» �́ Ë¹ŒÒ·ŒÍ§áÅÐà¡çºàÅ×Í´¨Ò¡ËÑÇã¨ ¹íÒ

ä»ÇÔà¤ÃÒÐË�ËÒ»ÃÔÁÒ³ä¢ÁÑ¹ã¹àÅ×Í´ ä´Œá¡‹ total-cholesterol, 

total-triglyceride (TG), high-density lipoprotein-cholesterol (HDL-C) 

áÅÐ low-density lipoprotein-cholesterol (LDL-C) ÇÔà¤ÃÒÐË�

â´ÂãªŒËÅÑ¡»¯Ô¡ÔÃÔÂÒàÍ¹ä«Á �´ŒÇÂà¤Ã×èÍ§ÍÑμâ¹ÁÑμ Ô (SIEMENS 

Automate) ¹íÒμ Ñºä»ÇÔà¤ÃÒÐË �ËÒ»ÃÔÁÒ³ TG àÍ¹ä«Á � áÅÐªÑè§

¹éíÒË¹Ñ¡ ËÑÇã¨ äμ μ Ñº μ ÑºÍ‹Í¹ áÅÐä¢ÁÑ¹ à¡çº´Í§ epididymal 

fat pads ã¹ formalin (ÃŒÍÂÅÐ ñð)

ö. ¡ÒÃÇÑ´»ÃÔÁÒ³äμÃ¡ÅÕà«ÍäÃ´ �ã¹à¹×éÍμ Ñº

 ãªŒªØ´μÃÇ¨ÇÑ´»ÃÔÁÒ³äμÃ¡ÅÕà«ÍäÃ �́ã¹à¹×éÍμ Ñº 

(F6428, Sigma Chemical Co., St. Louis, Mo) â´Â

äμÃ¡ÅÕà«ÍäÃ´ �¨Ð¶Ù¡ÊÅÒÂä Œ́ glycerol áÅÐ free fatty acid 

áÅÐÇÑ´»ÃÔÁÒ³ glycerol â´ÂÇÔ¸Õ·Ò§»¯ÔºÑμ ÔàÍ¹ä«Á �ÇÑ´¤‹Ò¡ÒÃ

´Ù´¡Å×¹áÊ§ ·Õè¤ÇÒÁÂÒÇ¤Å×è¹ õôð ¹Òâ¹àÁμÃ

÷. ¡ÒÃÇÑ´¢¹Ò´¢Í§à«ÅÅ�ä¢ÁÑ¹

 ½̃§à¹×éÍàÂ×èÍ epididymal fat pads ·Õè́ Í§äÇŒÅ§ paraffi  n 

μ Ñ́ ªÔé¹à¹×éÍ·ÕèàμÃÕÂÁä Œ́ ãËŒÁÕ¤ÇÒÁË¹Ò»ÃÐÁÒ³ ó-õ äÁâ¤ÃàÁμÃ 

áÅÐ¹íÒÁÒÂŒÍÁ´ŒÇÂÊÕ hematoxylin áÅÐ eosin ¹íÒÊäÅ´�ä»

´Ù´ŒÇÂ¡ÅŒÍ§ Ø̈Å·ÃÃÈ¹� ÇÑ´¢¹Ò´à«ÅÅ�ä¢ÁÑ¹´ŒÇÂ¡ÒÃÇÔà¤ÃÒÐË�

¾×é¹·Õè¢Í§à«ÅÅ�ä¢ÁÑ¹´ŒÇÂ Axiovision AC program

ø. ÇÔ¸ÕÇÔà¤ÃÒÐË�ÃÐ´ÑºÍÔ¹«ÙÅÔ¹ã¹àÅ×Í´

  àÁ×èÍÊÔé¹ÊØ´¡ÒÃ·´ÅÍ§ à¡çºàÅ×Í´Ë¹Ù¨Ò¡ËÑÇã¨ 

à¾×èÍμÃÇ¨ÇÑ´ÃÐ´ÑºÍÔ¹«ÙÅÔ¹ã¹àÅ×Í´â´ÂÇÔ¸Õ Enzyme-linked 

immunosorbent assay (ELISA) ´ŒÇÂªØ´¹éíÒÂÒÊíÒàÃç¨ÃÙ» (Rat 

insulin ELISA Mercodia, Uppsala, Sweden)

ù. ÇÔ¸Õ¤íÒ¹Ç³¤‹Ò»ÃÐàÁÔ¹ÊÁ´ØÅ¤ÇÒÁäÇ áÅÐ¡ÒÃËÅÑè§ÍÔ¹«ÙÅÔ¹

 ¤íÒ¹Ç³ÊÁ´ØÅ¤ÇÒÁäÇ¢Í§ÍÔ¹«ÙÅÔ¹ (HOMA-IR) áÅÐ

ÊÁ´ØÅ¡ÒÃËÅÑè§ÍÔ¹«ÙÅÔ¹ (HOMA-β) μÒÁÇÔ̧ Õ¢Í§ Kaendee áÅÐ

¤³Ð (òððù)ññ «Öè§ÁÕÊÙμÃ¡ÒÃ¤íÒ¹Ç³´Ñ§¹Õé

HOMA-IR = FBG (mmol/L) X Fasting blood insulin (μU/mL)

 22.5

HOMA-β = 20 X Fasting blood insulin (μU/mL)

 FBG (mmol/L) – 3.5

ñð. ¡ÒÃÇÔà¤ÃÒÐË�·Ò§Ê¶Ôμ Ô

 ãªŒâ»Ãá¡ÃÁÊíÒàÃç̈ ÃÙ» SPSS ã¹¡ÒÃ¤íÒ¹Ç³¤‹Ò¤ÅÒ´

à¤Å×èÍ¹ÁÒμÃ°Ò¹¢Í§¤‹Òà©ÅÕèÂ (SEM) ÇÔà¤ÃÒÐË�¤ÇÒÁá»Ã»ÃÇ¹

¢Í§¢ŒÍÁÙÅ ANOVA áÅÐ·´ÊÍº least signifi cant difference 

(LSD) ´Ù¤ÇÒÁáμ¡μ ‹Ò§áºº multiple comparisons

¼Å¡ÒÃÈÖ¡ÉÒ
 Ë¹Ù·´ÅÍ§·Ø¡μ ÑÇäÁ‹ÁÕÍÒ¡ÒÃ¼Ô´»Ã¡μ Ô «ÖÁËÃ×Í

·ŒÍ§àÊÕÂ μÅÍ´¡ÒÃàÅÕéÂ§·´ÅÍ§ à»š¹àÇÅÒ ô ÊÑ»´ÒË � ¾ºÇ‹Ò 

Ë¹Ù¡ÅØ‹Á·Õèä Œ́ÃÑº HFD ¨Ðä´ŒÃÑº¾ÅÑ§§Ò¹¨Ò¡ÍÒËÒÃ ÁÒ¡¡Ç‹Ò

Ë¹Ù·Õèä Œ́ÃÑºÍÒËÒÃ»Ã¡μ Ô (standard chow) ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ

·Ò§Ê¶Ôμ Ô (¤‹Ò¾Õ < ð.ðõ) ¹Í¡¨Ò¡¹Õé¾ºÇ‹Ò ¹éíÒË¹Ñ¡μ ÑÇË¹ÙÁÕ

á¹Çâ¹ŒÁà¾ÔèÁ¢Öé¹àÁ×èÍä Œ́ÃÑº HFD áÅÐÅ´Å§àÁ×èÍä Œ́ÃÑºÊÒÃÊ¡Ñ´

àÍ·Ò¹ÍÅ¢Í§ÃíÒ¢ŒÒÇÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ·Ò§Ê¶Ôμ Ô àÁ×èÍà·ÕÂº¡Ñº

¡ÅØ‹Á·Õèä´ŒÃÑº HFD ÍÂ‹Ò§à´ÕÂÇ Ñ́§μÒÃÒ§·Õè ñ áÅÐäÁ‹àËç¹

¤ÇÒÁ¼Ô´»Ã¡μ Ôã´æ ¢Í§¢¹Ò´ ÊÕ áÅÐÃÙ»Ã‹Ò§ÍÇÑÂÇÐ
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 ¼Å¡ÒÃμÃÇ¨ÇÑ´ÃÐ´Ñº¹éíÒμÒÅã¹àÅ×Í´ËÅÑ§¨Ò¡Í´

ÍÒËÒÃ (FBG) áÅÐμ ‹Í¡ÒÃμÍºÊ¹Í§¢Í§ÍÔ¹«ÙÅÔ¹μ ‹ÍÃÐ´Ñº

¹éíÒμÒÅã¹àÅ×Í´ (AUC-G) ¾ºÇ‹ÒË¹Ù·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ÁÕ

á¹Çâ¹ŒÁà¾ÔèÁ¤‹Ò FBG, fasting blood insulin, AUC-G, HOMA-IR 

 ¹éíÒË¹Ñ¡μ ÑÇË¹Ù (¡ÃÑÁ)

 ¡‹Í¹ä´ŒÃÑº ËÅÑ§ä Œ́ÃÑº ·Õèà¾ÔèÁ¢Öé¹ ¾ÅÑ§§Ò¹·Õèä´ŒÃÑº (¡ÔâÅá¤ÅÍÃÕ)

 RBEE RBEE

Standard chow òõñ.òõ ± ô.ùø óù÷.ðð ± ô.ñò ñôù.ðð ± ô.ô÷ ÷õ.ðò ± ñ.ñô

High-fat diet (HFD) òöð.ðð ± ò.ùù ôð÷.õð ± ô.ðð ñôù.ðð ± õ.ñó øõ.ùõ ± ñ.ñó*

HFD+RBEE òòð.õ Á¡./¡¡. òóñ.ðð ± ó.óö† óõõ.õð ± ö.ó÷† ñòô.ðð ± ò.÷ó† øó.ôò ± ñ.ùó

HFD+RBEE ò,òðõ Á¡./¡¡. òòö.ðð ± ó.òõ† ó÷ô.÷õ ± ô.ñð† ñôø.ðð ± ô.ð÷ øô.ôô ± ò.òõ

HFD+RBEE ô,ôñð Á¡./¡¡. òòñ.÷õ ± ò.ñò† óøò.÷õ ± ô.ö÷† ñöñ.ðð ± ò.õö øñ.õô ± ñ.òù

HFD+Metformin ñù.ñ Á¡./¡¡. òöð.øø ± ò.òñ óù÷.ðð ± ÷.ðõ ñóù.ñó ± õ.ñù øó.øö ± ñ.öñ

áÊ´§¤‹Òà©ÅÕèÂ ± ¤‹Ò¤ÅÒ´à¤Å×èÍ¹à©ÅÕèÂÁÒμÃ°Ò¹ (Mean ± SEM) 
* áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô (¤‹Ò¾Õ < ð.ðõ)

† áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ (¤‹Ò¾Õ < ð.ðõ)

μÒÃÒ§·Õè ñ áÊ´§¼Å¢Í§ÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¢Í§ÃíÒ¢ŒÒÇ (RBEE) μ ‹Í¹éíÒË¹Ñ¡μ ÑÇÊÑμÇ �·´ÅÍ§áÅÐ»ÃÔÁÒ³ÍÒËÒÃ·Õè¡Ô¹

áÅÐ HOMA-β «Öè§ã¹Ë¹Ù·Õèä Œ́ÃÑºÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¢Í§ÃíÒ¢ŒÒÇ

äÁ‹ÁÕ¼Åμ ‹Í¤‹Ò´Ñ§¡Å‹ÒÇàÁ×èÍà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹

ÊÙ§ ´Ñ§μÒÃÒ§·Õè ò

μÒÃÒ§·Õè ò áÊ´§¼Å¢Í§ÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¢Í§ÃíÒ¢ŒÒÇ (RBEE) μ ‹ÍÃÐ´Ñº¹éíÒμÒÅã¹àÅ×Í´ËÅÑ§¨Ò¡Í´ÍÒËÒÃ (FBG) áÅÐμ ‹Í¡ÒÃ

 μÍºÊ¹Í§¢Í§ÍÔ¹«ÙÅÔ¹μ ‹ÍÃÐ´Ñº¹éíÒμÒÅã¹àÅ×Í´ (AUC-G) ·ÕèÊÑ»´ÒË �·Õè ô

 FBG (mmol/L) AUC-G (mg/dL.min) Fasting blood insulin HOMA-IR HOMA-β
   (μU/mL)

Standard chow õ.õó ± ð.ð÷ óððö.ñù ± òöô.÷ñ õ.òõ ± ñ.ñõ ñ.óó ± ð.óð ôø.øò ± ñð.ðõ

High-fat diet (HFD) õ.ùô ± ð.ññ* óöòõ.ñó ± ôøò.ôø ÷.òø ± ñ.õù ñ.ùó ± ð.ôô öñ.øð ± ñò.öô

HFD+RBEE õ.öô ± ð.òô óùñ÷.õð ± ôùò.õñ ò.òð ± ð.õñ† ð.õõ ± ð.ñô† òò.÷ñ ± ô.ùð

òòð.õ Á¡./¡¡.

HFD+RBEE õ.ùð ± ð.òð óóðð.ðð ± ôðñ.øò õ.õò ± ñ.ðù ñ.õò ± ð.óñ ôô.ù÷ ± ù.ñ÷

ò,òðõ Á¡./¡¡.

HFD+RBEE õ.øð ± ð.ñõ óðóò.ðö ± óóö.÷ù ø.øõ ± ñ.ôø ò.òõ ± ð.ôð øñ.ùö ± ñò.ñð

ô,ôñð Á¡./¡¡.

áÊ´§¤‹Òà©ÅÕèÂ ± ¤‹Ò¤ÅÒ´à¤Å×èÍ¹à©ÅÕèÂÁÒμÃ°Ò¹ (Mean ± SEM)

* áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô (¤‹Ò¾Õ < ð.ðõ)

† áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ (¤‹Ò¾Õ < ð.ðõ)
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 ¼Å¡ÒÃμÃÇ¨ÇÑ´ÃÐ´Ñºä¢ÁÑ¹ã¹àÅ×Í´ ¾ºÇ‹Ò ÃÐ´Ñº

ä¢ÁÑ¹ total-cholesterol, TG, HDL, LDL Å´Å§ã¹Ë¹Ù¡ÅØ‹Á·Õè

ä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ áÅÐà¾ÔèÁ¢Öé¹ã¹Ë¹Ù¡ÅØ‹Á·Õèä´ŒÃÑºÊÒÃÊ¡Ñ´

àÍ·Ò¹ÍÅ¢Í§ÃíÒ¢ŒÒÇ áÅÐÂÒ metformin ¹Í¡¨Ò¡¹ÕéÂÑ§¾ºÇ‹Ò 

»ÃÔÁÒ³äμÃ¡ÅÕà«ÍäÃ´�ã¹à¹×éÍμ Ñº ÁÕá¹Çâ¹ŒÁà¾ÔèÁ¢Öé¹ã¹Ë¹Ù¡ÅØ‹Á·Õè

ä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ áÅÐÅ´Å§àÁ×èÍä Œ́ÃÑºÊÒÃÊ¡Ñ́ ÃíÒ¢ŒÒÇ áÅÐ 

metformin ´Ñ§áÊ´§ã¹μÒÃÒ§·Õè ó

 Plasma lipid (Á¡./´Å.) Triglyceride

 Total-Cholesterol Triglyceride HDL- Cholesterol LDL-Cholesterol in liver (Á¡./ÁÅ.)

Standard chow ÷÷.øø ± ñ.óó ÷ö.ðð ± ñ.òô ñø.ðð ± ð.øò õõ.õð ± ô.ò÷ ñ.óù ± ð.ð÷

High-fat diet (HFD) öù.÷õ ± ò.ôð* öù.ñó ± ò.ðö* ñø.óð ± ð.öó ôù.ñó ± ñ.ùù ñ.÷ó ± ð.òô

HFD+RBEE òòð.õ Á¡./¡¡. ÷ö.õð ± ò.÷ó ÷õ.òõ ± ò.õø† ñ÷.øø ± ñ.óô òö.õð ± ñ.øø† ð.ùù ± ð.ñò†
HFD+RBEE ò,òðõ Á¡./¡¡. ÷ø.ñó ± ò.ò÷† ÷ö.øø ± ò.ñ÷† ñø.øø ± ñ.ðù ò÷.óø ± ò.ðó† ñ.ññ ± ð.ñò†
HFD+RBEE ô,ôñð Á¡./¡¡. øð.õð ± ó.ðñ† ÷÷.ñó ± ò.ôò† ñù.òõ ± ñ.öó òù.ñó ± ð.ø† ð.ùó ± ð.ðö†
HFD+Metformin ñù.ñ Á¡./¡¡. ÷ó.øø ± ò.ôô ÷ò.øø ± ñ.ùö òò.öó ± ð.öõ† ô÷.ñó ± ò.øð ñ.øø ± ð.ôó

áÊ´§¤‹Òà©ÅÕèÂ ± ¤‹Ò¤ÅÒ´à¤Å×èÍ¹à©ÅÕèÂÁÒμÃ°Ò¹ (Mean ± SEM)

* áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô (¤‹Ò¾Õ < ð.ðõ)

† áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ (¤‹Ò¾Õ < ð.ðõ)

μÒÃÒ§·Õè ó áÊ´§¼Å¢Í§ÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇμ ‹ÍÃÐ´Ñºä¢ÁÑ¹

 ¼Å¢Í§¡ÒÃªÑè§¹éíÒË¹Ñ¡ÍÇÑÂÇÐË¹Ù¡ÅØ‹Á·Õèä´ŒÃÑº HFD 

¾ºÇ‹Ò ¹éíÒË¹Ñ¡¢Í§ËÑÇã¨ (heart) à¾ÔèÁ¢Öé¹ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ

·Ò§Ê¶Ôμ Ô Ê‹Ç¹¹éíÒË¹Ñ¡¢Í§μ Ñº (liver) μ ÑºÍ‹Í¹ (pancreas) äμ 

(kidney) abdominal fat áÅÐ epididymal fat ÁÕá¹Çâ¹ŒÁà¾ÔèÁ

¢Öé¹áÁŒäÁ‹ÁÕ¤ÇÒÁáμ¡μ ‹Ò§ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ·Ò§Ê¶Ôμ Ô àÁ×èÍà·ÕÂº

¡Ñº¡ÅØ‹Á¤Çº¤ØÁ â´Â¹éíÒË¹Ñ¡¢Í§ËÑÇã¨ μ Ñº μ ÑºÍ‹Í¹ äμ áÅÐ 

epididymal fat ¡ÅÑºÅ´Å§àÁ×èÍä´ŒÃÑºÊÒÃÊ¡Ñ́ àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇ 

ËÃ×Í metformin àÁ×èÍà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑº HFD ´Ñ§μÒÃÒ§·Õè ô

 Heart Liver Pancreas Kidney Abdominal fat Epididymal fat

Standard chow ñ.óò ± ð.ðò ñô.óù ± ð.öò ò.ñò ± ð.ñó ò.÷÷ ± ð.ð÷ ö.ùö ± ð.ôð ö.õñ ± ð.ñô

High-fat diet (HFD) ñ.ôù ± ð.ðò* ñõ.ñð ± ð.ôñ ò.óô ± ð.ññ ò.ø÷ ± ð.ðö ÷.óó ± ð.òñ ÷.ðö ± ð.óõ

HFD+RBEE ñ.ôô ± ð.ðó ñó.÷÷ ± ð.öò† ñ.ùð ± ð.ðù† ò.öõ ± ð.ðô† õ.õõ ± ð.ñô† ô.ù÷ ± ð.ñ÷†
òòð.õ Á¡./¡¡.

HFD+RBEE ñ.ôö ± ð.ðó ñò.ø÷ ± ð.òõ† ñ.ô÷ ± ð.ðø† ò.öð ± ð.ðô† ÷.ôô ± ð.ñ÷ õ.÷ó ± ð.ò÷†
ò,òðõ Á¡./¡¡.

HFD+RBEE ñ.õð ± ð.ðô ñó.òö ± ð.óù† ñ.öõ ± ð.ññ† ò.öó ± ð.ðõ† ÷.òó ± ð.óò ö.óð ± ð.ò÷

ô,ôñð Á¡./¡¡.

HFD+Metformin ñ.ôö ± ð.ðó ñó.øö ± ð.óó† ò.ñù ± ð.ðø ò.øð ± ð.ðó† ÷.õó ± ð.õó ö.øñ ± ð.óø

ñù.ñ Á¡./¡¡.

áÊ´§¤‹Òà©ÅÕèÂ ± ¤‹Ò¤ÅÒ´à¤Å×èÍ¹à©ÅÕèÂÁÒμÃ°Ò¹ (Mean ± SEM)

* áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô (¤‹Ò¾Õ < ð.ðõ)

† áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ (¤‹Ò¾Õ < ð.ðõ)

μÒÃÒ§·Õè ô áÊ´§¼Å¢Í§ÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇμ ‹Í¹éíÒË¹Ñ¡ÍÇÑÂÇÐã¹Ë¹Ù·´ÅÍ§
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 ¡ÒÃ´Ù¢¹Ò´¢Í§à«ÅÅ �ä¢ÁÑ¹´ŒÇÂ¡ÅŒÍ§¨ØÅ·ÃÃÈ¹ � (ÃÙ»

·Õè ñ) â´Â¾ºÇ‹Ò ¢¹Ò´¢Í§à«ÅÅ�ä¢ÁÑ¹ã¹¡ÅØ‹Á·Õèä Œ́ÃÑºÍÒËÒÃ

ä¢ÁÑ¹ÊÙ§ÁÕ¢¹Ò´à¾ÔèÁ¢Öé¹áÁŒäÁ‹ÁÕ¤ÇÒÁáμ¡μ ‹Ò§ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ

·Ò§Ê¶Ôμ Ô àÁ×èÍà·ÕÂº¡Ñº¡ÅØ‹Á¤Çº¤ØÁ áÅÐÅ´Å§ã¹¡ÅØ‹Á·Õèä´Œ

ÃÑºÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇã¹¢¹Ò´ òòð.õ, ò,òðõ 

ÁÔÅÅÔ¡ÃÑÁμ ‹Í¡ÔâÅ¡ÃÑÁ¹éíÒË¹Ñ¡μ ÑÇ áÅÐ metformin ÍÂ‹Ò§ÁÕ¹ÑÂ

ÊíÒ¤ÑÞ·Ò§Ê¶Ôμ Ô àÁ×èÍà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑº HFD ́ Ñ§μÒÃÒ§·Õè õ

 Adipocyte size (μm2)

Standard chow ô,øðð.ùð ± õñó.÷ñ

High-fat diet (HFD) õ,ôôô.óù ± õõð.ñð

HFD+RBEE òòð.õ Á¡./¡¡. ô,óñð.ðó ± ò÷ø.ðö†
HFD+RBEE ò,òðõ Á¡./¡¡. ô,ñôó.ôõ ± òó÷.ñ÷†
HFD+RBEE ô,ôñð Á¡./¡¡. õ,ðòó.÷÷ ± ñðô.÷ó

HFD+Metformin ñù.ñ Á¡./¡¡. ô,òðó.øõ ± óóô.ðö†

μÒÃÒ§·Õè õ áÊ´§¼Å¢Í§ÊÒÃÊ¡Ñ´ÃíÒ¢ŒÒÇμ ‹Í¢¹Ò´¢Í§à«ÅÅ�

ä¢ÁÑ¹ (adipocyte size)

áÊ´§¤‹Òà©ÅÕèÂ ± ¤‹Ò¤ÅÒ´à¤Å×èÍ¹à©ÅÕèÂÁÒμÃ°Ò¹ (Mean ± SEM)

* áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô 

(¤‹Ò¾Õ < ð.ðõ)

† áÊ´§¤ÇÒÁáμ¡μ ‹Ò§àÁ×èÍà»ÃÕÂºà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ 
(¤‹Ò¾Õ < ð.ðõ)

ÃÙ»·Õè ñ ÃÙ»¢Í§à«ÅÅ�ä¢ÁÑ¹·ÕèÂŒÍÁ´ŒÇÂÊÕ hematoxylin-eosin 

 (¡ ) Ë¹Ù¡ÅØ‹ Á·Õè ä Œ́ ÃÑ ºÍÒËÒÃ»Ã¡μ Ô  ( ¢ ) Ë¹Ù

 ¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ (¤-¨) Ë¹Ù¡ÅØ‹Á·Õè

 ä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§¾ÃŒÍÁ¡ÑºÊÒÃÊ¡Ñ´¨Ò¡ÃíÒ¢ŒÒÇ

 ¢¹Ò´ òòð.õ, ò,òðõ, ô,ôñð ÁÔÅÅÔ¡ÃÑÁμ ‹Í¡ÔâÅ¡ÃÑÁ

 ¹éíÒË¹Ñ¡μ ÑÇ μÒÁÅíÒ´Ñº (©) Ë¹Ù¡ÅØ‹Á·Õèä Œ́ÃÑºÍÒËÒÃ

 ä¢ÁÑ¹ÊÙ§¾ÃŒÍÁ¡Ñº metformin ¢¹Ò´ ñù.ñ ÁÔÅÅÔ¡ÃÑÁ

 μ ‹Í¡ÔâÅ¡ÃÑÁ¹éíÒË¹Ñ¡μ ÑÇ (ÀÒ¾¶‹ÒÂ¨Ò¡¡ÅŒÍ§¨ØÅ·ÃÃÈ¹ �

 ·Õè´Ù´ŒÇÂ objective len ¡íÒÅÑ§¢ÂÒÂ ôð à·‹Ò Êà¡Å

 ã¹ÀÒ¾à·‹Ò¡Ñº ñð äÁâ¤ÃàÁμÃ, μm)

ÇÔ¨ÒÃ³� áÅÐÊÃØ»¼Å¡ÒÃÈÖ¡ÉÒ
 ¡ÒÃÈÖ¡ÉÒ¹ÕéÍÒËÒÃä¢ÁÑ¹ÊÙ§àË¹ÕèÂÇ¹íÒãËŒà¡Ô´¡ÒÃ

ÊÐÊÁä¢ÁÑ¹ã¹ª‹Í§·ŒÍ§ ¹éíÒË¹Ñ¡μ ÑÇáÅÐ¹éíÒË¹Ñ¡ÍÇÑÂÇÐà¾ÔèÁ

¢Öé¹àÁ×èÍË¹Ùä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ Ë¹Ùã¹¡ÅØ‹Á·Õèä Œ́ÃÑºÊÒÃÊ¡Ñ´

àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇ¢¹Ò´ òòð.õ, ò,òðõ áÅÐ ô,ôñð 

ÁÔÅÅÔ¡ÃÑÁμ ‹Í¡ÔâÅ¡ÃÑÁ ¹éíÒË¹Ñ¡μ ÑÇË¹Ù ¾ºÇ‹Ò ¹éíÒË¹Ñ¡μÑº 

μ ÑºÍ‹Í¹ áÅÐäμ Å´Å§àÁ×èÍà·ÕÂº¡ÑºË¹Ù¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ 

¹éíÒË¹Ñ¡ä¢ÁÑ¹ abdominal áÅÐ epididymal ¢Í§Ë¹Ù·Õèä´ŒÃÑºÊÒÃ
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Ê¡Ñ´àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇ¢¹Ò´ òòð.õ ÁÔÅÅÔ¡ÃÑÁμ ‹Í¡ÔâÅ¡ÃÑÁ 

¹éí Ò Ë¹Ñ ¡μ Ñ Ç Ë¹Ù  Å´Å§ àÁ×è Í à·Õ Âº¡Ñ ºË¹Ù ¡ÅØ‹ Á·Õè ä Œ́ ÃÑ º

ÍÒËÒÃä¢ÁÑ¹ÊÙ§ ¹Í¡¨Ò¡¹Õé¢¹Ò´à«ÅÅ �ä¢ÁÑ¹ epididymal 

ã¹¡ÅØ‹Á·Õèä´ŒÃÑºÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇ¢¹Ò´ òòð.õ 

áÅÐ ò,òðõ ÁÔÅÅÔ¡ÃÑÁ/¡ÔâÅ¡ÃÑÁ ¹éíÒË¹Ñ¡μ ÑÇË¹ÙÅ´Å§

ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ·Ò§Ê¶Ôμ Ô àÁ×èÍà·ÕÂº¡ÑºË¹Ù¡ÅØ‹Á·Õè ä´ŒÃÑº

ÍÒËÒÃä¢ÁÑ¹ÊÙ§ ´Ñ§¹Ñé¹ÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇÊÒÁÒÃ¶

μ ŒÒ¹âÃ¤ÍŒÇ¹ áÅÐÍÒ¨ÁÕ¡Åä¡ÂÑºÂÑé§àÍ¹ä«Á �äÅà»Ê¨Ò¡μ ÑºÍ‹Í¹ 

áÅÐËÃ×Í¡ÒÃà»ÅÕèÂ¹á»Å§à«ÅÅ �ä¢ÁÑ¹

 Tsutsumi áÅÐ¤³Ð (òððð) ¾ºÇ‹Ò ÀÒÂã¹ 

ô ÊÑ»´ÒË �ÊÒÃÊ¡Ñ́ ¹éíÒ¨Ò¡ÃíÒ¢ŒÒÇ«Öè§Ê¡Ñ́ ¹éíÒÁÑ¹ÍÍ¡ ÂÑºÂÑé§¡ÒÃ

ÊÐÊÁä¢ÁÑ¹ÀÒÂã¹ª‹Í§·ŒÍ§áÅÐ¡ÒÃà¾ÔèÁ¢Í§¹éíÒË¹Ñ¡μ ÑÇâ´Â¡ÒÃ

ÂÑºÂÑé§àÍ¹ä«Á �äÅà»Ê¨Ò¡μ ÑºÍ‹Í¹ à¹×èÍ§¨Ò¡ÃíÒ¢ŒÒÇà»š¹áËÅ‹§

¢Í§ γ-oryzanol, phenolics áÅÐ antioxidants à»š¹ä»ä´Œ

Ç‹ÒÊÒÃ»ÃÐ¡Íº¿‚¹ÍÅÔ¡ÁÕÍÂÙ‹ã¹ÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇ 

ÊÒÁÒÃ¶àÂÕÂÇÂÒâÃ¤ÍŒÇ¹·Õèà¡Ô´¨Ò¡ÍÒËÒÃä¢ÁÑ¹ÊÙ§ã¹Ë¹Ù ¡‹Í¹

Ë¹ŒÒ¹ÕéÁÕ¡ÒÃÈÖ¡ÉÒã¹Ë¹Ù·Õè¶Ù¡àÅÕéÂ§ Œ́ÇÂÍÒËÒÃä¢ÁÑ¹ÊÙ§à»š¹àÇÅÒ 

ô ÊÑ»´ÒË � ¾ºÇ‹ÒÊÒÃ»ÃÐ¡Íº¿‚¹ÍÅÔ¡ àª‹¹ ¡Ã´ coumaric 

ãËŒ¼Å»‡Í§¡Ñ¹âÃ¤ÍŒÇ¹ñó ¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇ‹Ò¹éíÒË¹Ñ¡μ ÑÇ μ Ñº 

áÅÐä¢ÁÑ¹ã¹ª‹Í§·ŒÍ§ã¹Ë¹Ù¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§áÅÐ¡Ã´

¿‚¹ÍÅÔ¡ã¹ÊÒÃÊ¡Ñ́ àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇÅ´Å§ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞ

·Ò§Ê¶Ôμ ÔàÁ×èÍà·ÕÂº¡ÑºË¹Ù¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ Ñ́§¹Ñé¹ 

¿ÅÒâÇ¹ÍÂ �́áÅÐ¡Ã´¿‚¹ÍÅÔ¡ã¹ÊÒÃÊ¡Ñ́ àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇ

ÍÒ¨¨ÐÁÕÊÒÃ·Õè·íÒãËŒ¡ÒÃÊÐÊÁä¢ÁÑ¹ã¹Ë¹ÙÅ´Å§ñó-ñõ

 à«ÅÅ�ä¢ÁÑ¹à¾ÔèÁ¢¹Ò´ÍÒ¨à»š¹à¾ÃÒÐ·¹μ ‹ÍÍÔ¹«ÙÅÔ¹

áÅÐäÁ‹ÊÒÁÒÃ¶ÂÑºÂÑé§¡ÒÃà¼Ò¼ÅÒÞä¢ÁÑ¹ à»š¹¼ÅãËŒ¡Ã´

ä¢ÁÑ¹ÍÔÊÃÐáÅÐ¡ÅÕà«ÍÃÍÅ í̈Ò¹Ç¹ÁÒ¡¶Ù¡»Å‹ÍÂã¹ÃÐºº

äËÅàÇÕÂ¹àÅ×Í´ ¡Ã´ä¢ÁÑ¹ÍÔÊÃÐáÅÐ¡ÅÕà«ÍÃÍÅã¹àÅ×Í´ÁÕÃÐ´ÑºÊÙ§ 

·íÒãËŒà¡Ô´ÀÒÇÐ´×éÍÍÔ¹«ÙÅÔ¹ã¹¡ÅŒÒÁà¹×éÍÅÒÂáÅÐμ ÑºÃØ¹áÃ§¢Öé¹

μ ‹Íä»ñö-ñ÷ ¼Å¢Í§ÍÒËÒÃä¢ÁÑ¹ÊÙ§·íÒãËŒÃÐ´ÑºäμÃ¡ÅÕà«ÍäÃ �́

ã¹àÅ×Í´Å´Å§ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞàÁ×èÍà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä Œ́ÃÑº

ÍÒËÒÃ»Ã¡μ Ô à¹×èÍ§ÁÒ¨Ò¡¼Å¢Í§ÍÔ¹«ÙÅÔ¹·Õèà¾ÔèÁ¢Öé¹ä»¡ÃÐμ ØŒ¹ 

lipoprotein lipase (LPL) ä»μ Ñ´äμÃ¡ÅÕà«ÍäÃ´� ä Œ́à»š¹¡Ã´

ä¢ÁÑ¹ÍÔÊÃÐÍÍ¡ÁÒ áÅŒÇ¹íÒä»à¡çºÊÐÊÁà»š¹ä¢ÁÑ¹ã¹à¹×éÍàÂ×èÍ

ä¢ÁÑ¹ «Öè§ÊÍ´¤ÅŒÍ§¡Ñº¹éíÒË¹Ñ¡ÍÇÑÂÇÐáÅÐ¢¹Ò´¢Í§à«ÅÅ�

ä¢ÁÑ¹ÁÕá¹Çâ¹ŒÁà¾ÔèÁ¢Öé¹ 

 äμÃ¡ÅÕà«ÍäÃ´ �ã¹à¹×éÍμ Ñº¢Í§Ë¹Ù·Õèä´ŒÃÑºÍÒËÒÃ

ä¢ÁÑ¹ÊÙ§à¾ÔèÁ¢Öé¹àÁ×èÍà·ÕÂº¡ÑºË¹Ù¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô 

äμÃ¡ÅÕà«ÍäÃ´ �ã¹à¹×éÍμ Ñº·Õèà¾ÔèÁ¢Öé¹Å´Å§à»š¹»Ã¡μ Ô àÁ×èÍË¹Ù

ä´ŒÃÑºÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇã¹»ÃÔÁÒ³·ÕèμÍºÊ¹Í§ 

´Ñ§¹Ñé¹¼Å·Õèà¡Ô´áÊ´§ãËŒàËç¹¶Ö§¤ÇÒÁÊÑÁ¾Ñ¹¸ �â´ÂμÃ§ÃÐËÇ‹Ò§

ÃÐ´ÑºäμÃ¡ÅÕà«ÍäÃ´ �ã¹μ ÑºáÅÐã¹àÅ×Í´ º‹§ªÕé¶Ö§¡ÒÃÊÑ§à¤ÃÒÐË�

ä¢ÁÑ¹ã¹μ Ñºà¾ÔèÁ¢Öé¹ â´Âä¢ÁÑ¹¨íÒ¹Ç¹ÁÒ¡¶Ù¡»Å‹ÍÂ¨Ò¡à¹×éÍàÂ×èÍ

ä¢ÁÑ¹ μ ÑºÊÑ§à¤ÃÒÐË �äμÃ¡ÅÕà«ÍäÃ´ �áÅŒÇ»Å‹ÍÂÍÍ¡ÁÒà»š¹ very 

low density lipoprotein (VLDL) ÀÒÂã¹ÃÐººäËÅàÇÕÂ¹àÅ×Í´ 

¹íÒä»ÊÙ‹¡ÒÃÊÐÊÁä¢ÁÑ¹ã¹ÍÇÑÂÇÐÍ×è¹æ áÅÐà»š¹¡ÒÃ¤Ò´¡ÒÃ³ �

ÀÒÇÐ´×éÍÍÔ¹«ÙÅÔ¹μ ‹Íä»ñ÷-ñø ̈ Ò¡¼Å¡ÒÃ·´ÅÍ§¾ºÇ‹Ò ÊÒÃÊ¡Ñ́

àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇÅ´¢¹Ò´à«ÅÅ�ä¢ÁÑ¹áÅÐ¹éíÒË¹Ñ¡¢Í§

à¹×éÍàÂ×èÍä¢ÁÑ¹ ´Ñ§¹Ñé¹ä¢ÁÑ¹¨Ö§äÁ‹ä´Œ¶Ù¡¹íÒä»à¡çº·ÕèºÃÔàÇ³¹Ñé¹ 

«Öè§ÊÒÃÊ¡Ñ́ àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇÍÒ¨¨ÐÍÍ¡Ä·¸Ôì·íÒãËŒ lipopro-

tein lipase ·íÒ§Ò¹Å´Å§ ·íÒãËŒäÁ‹ä»ÊÅÒÂäμÃ¡ÅÕà«ÍäÃ´ � áÅÐ

Ê‹§¼Å·íÒãËŒäμÃ¡ÅÕà«ÍäÃ´ �ã¹àÅ×Í´ÊÙ§ (ËÃ×ÍäÁ‹Å´Å§¨Ò¡»Ã¡μ Ô) 

¹Í¡¨Ò¡¹Õé ÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇÍÒ¨ä»Ê‹§¼Åμ ‹Íμ Ñº

·íÒãËŒÁÕ¡ÒÃËÅÑè§ VLDL ÍÍ¡¨Ò¡μ ÑºÁÒ¡¢Öé¹ (¨Ò¡¼Å¨ÐàËç¹

Ç‹ÒäμÃ¡ÅÕà«ÍäÃ´ �ã¹μ ÑºÅ´Å§) «Öè§àÁ×èÍ VLDL ÍÍ¡ÊÙ‹àÅ×Í´áÅŒÇ 

¨ÐäÁ‹ÊÒÁÒÃ¶¶Ù¡à»ÅÕèÂ¹ä»à»š¹ LDL-C ä´Œ (¤‹Ò LDL-C Å´Å§

ÍÂ‹Ò§ÁÒ¡) ¹Ñè¹à»š¹à¾ÃÒÐ¡ÒÃ·íÒ§Ò¹¢Í§ lipoprotein lipase ·Õè

Å´¹ŒÍÂÅ§ Ö̈§äÁ‹ä»μ Ñ´ VLDL ãËŒà»š¹ LDL ä´Œ

 â´Â·ÑèÇä»ÃÐ´Ñº¹éíÒμÒÅã¹àÅ×Í´»Ã¡μ Ô ÂÑ§¤§ÁÕ¤ÇÒÁ

ÊÁ´ØÅÃÐËÇ‹Ò§¡ÒÃ·íÒ§Ò¹áÅÐ¡ÒÃËÅÑè§ÍÔ¹«ÙÅÔ¹áÅÐÍÒÈÑÂ

à«ÅÅ�àºμ ŒÒ¢Í§μ ÑºÍ‹Í¹»Ã¡μ Ô·ÕèÊÒÁÒÃ¶»ÃÑºãËŒà¢ŒÒ¡Ñº¡ÒÃ

à»ÅÕèÂ¹á»Å§¡ÒÃ·íÒ§Ò¹¢Í§ÍÔ¹«ÙÅÔ¹ ¡ÒÃ·íÒ§Ò¹¢Í§ÍÔ¹«ÙÅÔ¹

Å´Å§¨ÐÁÒ¾ÃŒÍÁ¡Ñº¡ÒÃ¤Çº¤ØÁ¡ÒÃËÅÑè§ÍÔ¹«ÙÅÔ¹à¾ÔèÁ¢Öé¹ ´Ñ§

¹Ñé¹¤ÇÒÁ¼Ố »Ã¡μ Ô¢Í§à«ÅÅ�àºμ ŒÒÊÒÁÒÃ¶à¡Ố ¢Öé¹ä´Œã¹ÃÐÂÐáÃ¡

¢Í§¡ÒÃà¡Ố âÃ¤ ¹Í¡¨Ò¡¹Õé¤ÇÒÁàÊÕÂËÒÂ·Õèà¡Ố ¡Ñº¡ÒÃ·íÒ§Ò¹

¢Í§à«ÅÅ�àºμ ŒÒ¢Í§μ ÑºÍ‹Í¹ÊÒÁÒÃ¶à¡Ô´¢Öé¹ä´Œã¹ÃÐËÇ‹Ò§¤ÇÒÁ

¾ÂÒÂÒÁ»ÃÑºμ ÑÇãËŒÀÒÇÐ¹éíÒμÒÅã¹àÅ×Í´ÊÙ§äÁ‹ÃØ¹áÃ§ñ÷ àÁ×èÍ

¡ÒÃ·íÒ§Ò¹¢Í§ÍÔ¹«ÙÅÔ¹Å´Å§ÁÒ¡¢Öé¹ (àª‹¹à´ÕÂÇ¡ÑºâÃ¤ÍŒÇ¹·Õè

à¾ÔèÁ¢Öé¹) ÃÐººÁÑ¡¨Ðª´àªÂâ´Â¡ÒÃ¡ÃÐμ ØŒ¹¡ÒÃ·íÒ§Ò¹¢Í§à«ÅÅ �

àºμ ŒÒ ´Ñ§¹Ñé¹à«ÅÅ �àºμ ŒÒ¢Í§μ ÑºÍ‹Í¹¨ÐÊÑÁ¼ÑÊ¡Ñº¤ÇÒÁà»š¹¾ÔÉ

¢Í§¹éíÒμÒÅ¡ÅÙâ¤ÊμÅÍ´àÇÅÒ áÁŒ¨ÐÊíÒÃÍ§à«ÅÅ �àºμ ŒÒÍÂ‹Ò§

äÁ‹¨íÒ¡Ñ´ ÀÒÇÐ´×éÍμ ‹ÍÍÔ¹«ÙÅÔ¹ÁÕ¡ÒÃ¾Ñ²¹Ò¹íÒä»ÊÙ‹ÀÒÇÐ¹éíÒμÒÅ

ã¹àÅ×Í´ÊÙ§áÅÐâÃ¤àºÒËÇÒ¹»ÃÐàÀ··Õè òñù-òð

 ¤ÇÒÁ·¹·Ò¹μ ‹Í¡ÅÙâ¤Êº¡¾Ã‹Í§ (AUC-G ÊÙ§) 

¹éíÒμÒÅã¹àÅ×Í´ÊÙ§äÁ‹ÁÒ¡áÅÐ¤ÇÒÁäÇμ ‹ÍÍÔ¹«ÙÅÔ¹Å´Å§ 

(HOMA-IR ÊÙ§) »ÃÒ¡¯ã¹Ë¹Ù·Õèä Œ́ÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§ áÁŒÇ‹Ò

äÁ‹ÁÕ¤ÇÒÁáμ¡μ ‹Ò§ÍÂ‹Ò§ÁÕ¹ÑÂÊíÒ¤ÑÞÃÐËÇ‹Ò§¤‹Ò¾ÒÃÒÁÔàμÍÃ �

àËÅ‹Ò¹Õé Â¡àÇŒ¹¹éíÒμÒÅã¹àÅ×Í´¢³ÐÍ´ÍÒËÒÃ¢Í§Ë¹Ù¡ÅØ‹Á·Õèä´Œ

ÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§àÁ×èÍà·ÕÂº¡Ñº¡ÅØ‹Á·Õèä´ŒÃÑºÍÒËÒÃ»Ã¡μ Ô ¢ŒÍÁÙÅ

ÂÑ§¾ºÇ‹ÒÊÒÃÊ¡Ñ´àÍ·Ò¹ÍÅ¨Ò¡ÃíÒ¢ŒÒÇäÁ‹ÁÕ¼Åμ ‹Í¾ÒÃÒÁÔàμÍÃ �

àËÅ‹Ò¹Õé ¢ŒÍÊÑ§à¡μÍÒ¨à¡Ô´¨Ò¡¤ÇÒÁ¼Ñ¹á»ÃÊÙ§ã¹Ê‹Ç¹¢Í§¤‹Ò

àËÅ‹Ò¹Õé «Öè§à»š¹àÃ×èÍ§»Ã¡μ Ô¢Í§Ë¹ÙÊÒÂ¾Ñ¹¸Ø� Sprague Dawley 
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äÁ‹ãª‹ÊÑμÇ �·Ñé§ËÁ´·Õèà»š¹âÃ¤ÍŒÇ¹ ¹Í¡¨Ò¡¹ÕéäÁ‹ãª‹ÊÑμÇ �·Õèà»š¹

âÃ¤ÍŒÇ¹·Ñé§ËÁ´ÁÕ¹éíÒμÒÅã¹àÅ×Í´ÊÙ§ËÃ×Í¤ÇÒÁ·¹·Ò¹μ ‹Í

¡ÅÙâ¤Êº¡¾Ã‹Í§à¾ÃÒÐà¡×Íº¤ÃÖè§Ë¹Öè§¢Í§ÊÑμÇ �·ÕèÁÕ¡ÒÃμ ŒÒ¹·Ò¹

âÃ¤ÍŒÇ¹«Öè§à¡Ô´¨Ò¡¡ÒÃàË¹ÕèÂÇ¹íÒ´ŒÇÂÍÒËÒÃòñ ÍÂ‹Ò§äÃ

¡çμÒÁ¾ÒÃÒÁÔàμÍÃ�ªÕÇà¤ÁÕã¹àÅ×Í´àËÅ‹Ò¹ÕéäÁ‹àËÁ×Í¹ã¹¤¹·Õèà»š¹

âÃ¤ÍŒÇ¹ ´Ñ§¹Ñé¹¾ÒÃÒÁÔàμÍÃ�ªÕÇà¤ÁÕã¹àÅ×Í´Ê‹Ç¹ãËÞ‹·Õè¾º

ã¹¹Õé¤ÇÃà»š¹μ ÑÇá·¹¢Í§á¹Çâ¹ŒÁáÅÐÊ¶Ò¹¡ÒÃ³ �¤ÅŒÒÂã¹

Á¹ØÉÂ� ¡ÒÃÈÖ¡ÉÒ¨ØÅ¡ÒÂÇÔÀÒ¤ÈÒÊμÃ �¢Í§à¹×éÍàÂ×èÍà¾ÔèÁàμ ÔÁã¹ÊÑμÇ �

àËÅ‹Ò¹Õé̈ Ö§¨íÒà»š¹μ ŒÍ§ãªŒà¾×èÍÂ×¹ÂÑ¹¼Å¢Í§¾ÒÃÒÁÔàμÍÃ�ªÕÇà¤ÁÕã¹àÅ×Í´ 

 ¨Ò¡¼Å¡ÒÃ·´ÅÍ§ÊÃØ»ä´ŒÇ‹Ò ÊÒÃÊ¡Ñ́ àÍ·Ò¹ÍÅ¨Ò¡

ÃíÒ¢ŒÒÇÁÕ¼Åã¹¡ÒÃª‹ÇÂ»ÃÑºáμ ‹§¤ÇÒÁá»Ã»ÃÇ¹¢Í§¡ÃÐºÇ¹¡ÒÃ

á»Å§ÁÇÅ·Ò§¾ÅÑ§§Ò¹ ã¹ÀÒÇÐ·Õèä´ŒÃÑºÍÒËÒÃä¢ÁÑ¹ÊÙ§àËÁ×Í¹

¡ÑºÄ·¸Ôì¢Í§ÊÒÃÊ¡Ñ´¹éíÒ¢Í§ÃíÒ¢ŒÒÇ¨Ò¡¡ÒÃÈÖ¡ÉÒ¡‹Í¹Ë¹ŒÒ¹Õéññ 

 «Öè§ÂÑ§μ ŒÍ§ÁÕ¡ÒÃÈÖ¡ÉÒà¾ÔèÁàμ ÔÁã¹ÍÕ¡ËÅÒÂ»ÃÐà´ç¹

â´Âà©¾ÒÐÍÂ‹Ò§ÂÔè§ÊÒÃÊíÒ¤ÑÞã¹ÃíÒ¢ŒÒÇáÅÐ¡Åä¡¡ÒÃÍÍ¡Ä·¸Ôì

ã¹ËÅÍ´·´ÅÍ§

¡Ôμμ Ô¡ÃÃÁ»ÃÐ¡ÒÈ
 ¢Í¢Íº¤Ø³½†ÒÂÇÔ̈ ÑÂ ¤³Ðá¾·ÂÈÒÊμÃ � ÁËÒÇÔ·ÂÒÅÑÂ

¸ÃÃÁÈÒÊμÃ � ·ÕèãËŒ·Ø¹áÅÐàÍ×éÍà¿„œÍÊ¶Ò¹·ÕèáÅÐÍØ»¡Ã³ �ã¹¡ÒÃ

·íÒÇÔ¨ÑÂ¤ÃÑé§¹Õé áÅÐ¢Í¢Íº¤Ø³½†ÒÂâÀª¹Ò¡ÒÃ âÃ§¾ÂÒºÒÅ

¸ÃÃÁÈÒÊμÃ �à©ÅÔÁ¾ÃÐà¡ÕÂÃμ Ô·ÕèàÍ×éÍà¿„œÍÊ¶Ò¹·ÕèáÅÐÍØ»¡Ã³ �ã¹

¡ÒÃ»ÃÐ¡ÍºÍÒËÒÃ

 §Ò¹ÇÔ ¨Ñ Â¹Õé ä Œ́ ÃÑ º¡ÒÃÊ¹ÑºÊ¹Ø¹¨Ò¡â¤Ã§¡ÒÃ

Ê‹§àÊÃÔÁ¡ÒÃÇÔ¨ÑÂã¹ÍØ´ÁÈÖ¡ÉÒáÅÐ¡ÒÃ¾Ñ²¹ÒÁËÒÇÔ·ÂÒÅÑÂ

¢Í§ÊíÒ¹Ñ¡§Ò¹¤³Ð¡ÃÃÁ¡ÒÃÍØ´ÁÈÖ¡ÉÒ
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Abstract
The effect of rice-bran extract from Khao-Dawk Mali 105 variety on abdominal fat deposition in rats fed a high-fat diet

Parinya Wangmuang*, Noppamas Soonthornchareonnon**, Seewaboon Sireeratawong***, Nusiri Lerdvuthisopon****

 * Master student, Master of Science Program, Medical Science, Faculty of Medicine, Thammasat University

 ** Department of Pharmacognosy, Faculty of Pharmacy, Mahidol University

 *** Division of Pharmacology, Department of Preclinical Science, Faculty of Medicine, Thammasat University

 **** Division of Biochemistry, Department of Preclinical Science, Faculty of Medicine, Thammasat University

 Rice is the staple source of energy among Thais. The analysis of rice-bran extracted with ethanol (RBEE) 

showed antioxidant property, total phenolic compounds and essential oils. The effect of RBEE was studied in Sprague 

Dawley rats fed with a high-fat diet. Three doses of RBEE, 220.5, 2,205 and 4,410 mg/kg rat weight, in comparison 

to metformin and a high fat diet fed rats were co-fed with the high-fat diet. After the treatment for 4 weeks, rats 

fed a high-fat diet tended to increase in epididymal fat accumulation when compared to rats fed chow (7.06 ± 0.35 

g versus g 6.51 ± 0.14). This was signifi cantly reduced to 4.97 ± 0.17 g and 5.73 ± 0.27 g when rats were co-fed 

with RBEE 220.5 and 2,205 mg/kg, respectively. Liver weights were signifi cantly reduced to 13.77 ± 0.62 g, 12.87 ± 

0.25 g and 13.26 ± 0.39 g when rats were co-fed with RBEE 220.5, 2,205 and 4,410 mg/kg, respectively compared 

to 15.10 ± 0.41 g in rats fed a high-fat diet. The results were concordance with the increased epididymal fat cell size 

(5,444.39 ± 550.10 μm2 versus 4,800.90 ± 513.71 μm2) and triglyceride content in liver (1.73 ± 0.24 mg/mL versus 

1.39 ± 0.07 mg/mL) of rats fed a high-fat diet. These increasing cell size and liver triglyceride content were signifi cantly 

reduced when rats were co-fed with either RBEE or metformin. In addition, the results showed that RBEE had no ef-

fect on area under the curve of glucose tolerance test (AUC-G), fasting blood insulin, homeostasis model assessment 

of pancreatic β-cell function (HOMA-β) and homeostasis model assessment of relative insulin resistance (HOMA-IR). 

These observations may be due to high variation in most of these values. In conclusion, the effect of RBEE on the 

amelioration of the abnormal energy metabolism was similar to that of rice-bran water extract. It is worth to further fi nd 

out which active substance or substances of RBEE were able to ameliorate the abnormal energy metabolism in vitro.

Key words: Obesity, Rice bran, High fat diet


