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ÀíÌØÐÔ±¾ÉíÎ¬³Ö×ÅÐÄÔàÕý³£×ÔÂÉÐÔ£¬́«µ¼ÐÔ£¬²»Ó¦ÐÔ

µÈÉúÀí¹¦ÄÜ£Û2£Ý.
½ü 10 ¶àÄêÀ´£¬ÈËÃÇ·¢ÏÖ²¸Èé¶¯ÎïÐÄÊÒ¼¡±¾ÉíµÄ

µçÉúÀíÌØÐÔÒ²ÊÇ²»¾ùÒ»µÄ£Û3£Ý. ÓÉ Antzelevitch Áìµ¼µÄ

ÑÐ¾¿ÖÐÐÄ¶ÔÈ®ÐÄÊÒ¼¡µçÉúÀíÌØÐÔ½øÐÐÁËÏê¾¡µÄÑÐ

¾¿£¬×î³õ·¢ÏÖÐÄÊÒÄÚÄ¤ÏÂºÍÍâÄ¤ÏÂÏ¸°û¶¯×÷µçÎ»ÐÎ

Ì¬²»Í¬£¬ÄÚÄ¤ÏÂÏ¸°û¶¯×÷µçÎ»Ã»ÓÐÃ÷ÏÔµÄ 1 Ïà£¬¶øÍâ
Ä¤ÏÂÏ¸°ûµÄ¶¯×÷µçÎ»ÓÐÃ÷ÏÔµÄ 1 Ïà£¬ÇÒ 1 ÏàÓëÆ½Ì¨

¼äÓÐ°¼ÏÝ£¬¼¡́°spike and dome¡±£¨¼â·åºÍ°¼ñ·£©. ºóÀ´

·¢ÏÖÐÄÊÒ±ÚÖÐ²ãÏ¸°û¶¯×÷µçÎ»ÐÎÌ¬ÓÖ²»Í¬ÓÚÄÚÄ¤ºÍ

ÍâÄ¤ÏÂÏ¸°û¶¯×÷µçÎ»£¬ÐÄÊÒ±ÚÖÐ²ãÏ¸°û¶¯×÷µçÎ»ÓÐ

Ã÷ÏÔµÄ spike and dome£¬¶¯×÷µçÎ»Ê±³ÌÏÔÖø±ÈÄÚÄ¤ºÍ
ÍâÄ¤ÏÂÏ¸°û³¤£¬¶øÇÒ¶¯×÷µçÎ» 0 Ïà³ý¼«ËÙÂÊ±ÈÄÚÄ¤

ºÍÍâÄ¤ÏÂµÄÏ¸°û¿ì£¬³ÆÖ®Îª M Ï¸°û£¨midmyocardial
cell£©. M Ï¸°ûµÄµçÉúÀíÌØÐÔÓëÆÖ¿ÏÒ°ÏËÎ¬Ï¸°ûÏàËÆ

£¨0 Ïà³ý¼«ËÙÂÊ¿ìºÍ½Ï³¤µÄ¶¯×÷µçÎ»Ê±³Ì£©£¬È»¶øÔÚ
Ï¸°ûÐÎÌ¬Ñ§ÉÏÓëÐÄÄÚÄ¤ºÍÍâÄ¤ÏÂÏ¸°ûÎÞÇø±ð£Û4 ～ 7£Ý.
Ä¿Ç°ÈÏÎª M Ï¸°ûÓëÐÄµçÍ¼µÄ¡°U¡±²¨ÐÎ³ÉÓÐ¹Ø . Áí

Íâ£¬M Ï¸°ûÓÐÆä¶ÀÌØµÄÒ©Àí·´Ó¦ÌØÐÔ£Û4 ～ 7£Ý. ¸üÖµµÃ

Ìá³öµÄÊÇ£¬ÕâÖÖ²»¾ùÒ»µÄµçÉúÀíÌØÐÔÔÚÈËÐÄÊÒ¼¡µÃ

µ½ÁËÖ¤Êµ£¬M Ï¸°ûÒ²´æÔÚÓÚÈË×óÓÒÐÄÊÒ¼¡£Û8£¬9£Ý.

2 ÐÄÔàµç»î¶¯µÄÀë×Ó»ù´¡

µçÑ¹Ç¯ºÍÄ¤Æ¬Ç¯¼¼ÊõµÄÑ¸ËÙ·¢Õ¹£¬Ê¹ÈËÃÇ¶ÔÐÄ

Ôà²»¾ùÒ»µçÉúÀíÌØÐÔµÄÀë×Ó»ù´¡ÓÐÁË±È½ÏÇå³þµÄÈÏ

Ê¶ . Ä¿Ç°ÔÚ²¸Èé¶¯ÎïÐÄÔàÏ¸°û·¢ÏÖµÄÖ÷ÒªÀë×ÓÍ¨µÀ
ÓÐ£ºNa+ £¬Ca2 + £¬K+ ºÍ Cl - Í¨µÀ . µ±Í¨µÀ¿ª·ÅÊ±£¬»¯Ñ§

Àë×ÓÒÀÆäµç-»¯Ñ§ÌÝ¶È¾Í¨µÀ½ø³öÏ¸°û²úÉúÄÚÏò»ò
ÍâÏòµçÁ÷ . Àë×ÓÍ¨µÀÓÐÁ½ÖÖÌØÐÔ£º①µçÑ¹ºÍÊ±¼äÒÀ

ÀµÐÔµÄ¼¤»îÓëÊ§»î£»②ÎÞµçÑ¹ºÍÊ±¼äÒÀÀµÐÔ¼¤»îÓë

Ê§»î . ÏÖ½«ÐÄÔà²»Í¬Àë×ÓÍ¨µÀµÄÌØÐÔ£¬·Ö²¼£¬¹¦ÄÜ£¬

ÒÔ¼°ÌØÒìÐÔÍ¨µÀ×èÖÍ¼Á»ò¼¤»î¼Á·ÖÊöÈçÏÂ .
2 .1 Æð²«µçÁ÷£¨ I f£©

I f ÊÇÒÔ³¬¼«»¯µçÑ¹Ê×ÏÈÔÚÆÖ¿ÏÒ°ÏËÎ¬¼ÇÂ¼µ½µÄ

Ò»ÖÖµçÑ¹ºÍÊ±¼äÒÀÀµÐÔµçÁ÷£¬ÒòÆäÆæÃî£¨funny£©ÌØÐÔ
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¶øµÃÃû£¬ÈÏÎªÓëÆä¶¯×÷µçÎ» 4 Ïà×Ô¶¯³ý¼«»¯ÓÐ¹Ø£¬ºó
À´ÔÚñ¼·¿½á£¬·¿ÊÒ½áÒÔ¼°ÆÖ¿ÏÒ°ÏËÎ¬µ¥Ï¸°û¶¼·¢ÏÖ

ÓÐÕâÖÖµçÁ÷ . Ð¯´øÕâÖÖµçÁ÷µÄÍ¨µÀµ°°× hHCN2 ºÍ

hHCN4 ÒÑ±»¿ËÂ¡³ö²¢ÔÚ HEK-293 Ï¸°ûÏµµÃµ½±í´ï .
¸ÃÍ¨µÀ¿ÉÍ¨Í¸ Na+ ºÍ K+ £¬¹Ê¶øÈÏÎª I f ÊÇÒ»ÖÖ Na+ /
K+ »ìºÏµçÁ÷£Û10£Ý. ÕâÀàÍ¨µÀ²»½ö´æÔÚÓÚÐÄÔàÆð²«´«

µ¼ÏµÍ³£¬Ò²´æÔÚÓÚÖÐÊàÉñ¾ÏµÍ³ .
2 .2 Na+ Í¨µÀµçÁ÷£¨ INa£©

Ï¸°û³ý¼«Ê± Na+ Í¨µÀ¿ª·Å£¬Na+ Á÷ÈëÏ¸°ûÐÎ³É

INa . INa´æÔÚÓÚÐÄ·¿¼¡£¬Ï£ÊÏÊø¼°ÆäÊøÖ§£¬ÆÖ¿ÏÒ°ÏË
Î¬ºÍÐÄÊÒ¼¡Ï¸°û£¬µ«ÔÚÆÖ¿ÏÒ°ÏËÎ¬ÃÜ¶È×î¸ß£Û11£Ý. INa
ÔÚÕâÐ©Ï¸°û²ÎÓëÐË·Ü£¬¶¯×÷µçÎ» 0 ÏàÐÎ³ÉºÍ¶¯×÷µç

Î»´«µ¼ . ÔÚÎÞÆäËûµçÁ÷Ó°ÏìµÄÇé¿öÏÂ£¬Na+ Í¨µÀÔÚ

Ï¸°û³ý¼«ÖÁ - 70 ～ - 60 mV Ê±±»¼¤»î . Í¨µÀÔÚÑ¸ËÙ

¿ª·ÅºóºÜ¿ì¿ªÊ¼Ê§»î£¬́óÔ¼ 20 ms Í¨µÀÍê³ÉÈ«Ê§»î .
ºÓëà¶¾ºÍÀû¶à¿¨ÒòÊÇÆäÌØÒìÐÔ×èÖÍ¼Á . ÔÚñ¼·¿½áºÍ

·¿ÊÒ½á INaÍ¨µÀ±í´ïºÜÉÙ£Û12£¬13£Ý.
Na+ Í¨µÀ²»½ö¿ÉÍ¨Í¸ Na+ £¬Ò²Í¨Í¸ Li + £¬µ«ºÜÉÙ

Í¨Í¸ K+£¨9%£©ºÍ Cs+£¨2%£©£Û14£Ý. ¸ÃÍ¨µÀ¿É±»¶þ¼ÛÀë

×Ó²»Í¬³Ì¶ÈµØ×èÖÍ£ºCd2 + > Zn2 + > Mn2 + > Co2 + >
Ca2 + > Mg2 + > Ba2 + . Èý¼ÛÀë×Ó La3 + ºÍ Gd3 + Ò²¿É×è
ÖÍ Na+ Í¨µÀ£Û12£¬15£¬16£Ý. ÔÚ·Ö×ÓË®Æ½£¬Na+ Í¨µÀÓÉ 1 ¸öα-
ÑÇµ¥Î»ºÍ 2 ¸öβ-ÑÇµ¥Î»×é³É . α-ÑÇµ¥Î»×ãÒÔ±íÏÖ
Na+ Í¨µÀµÄ»îÐÔ£¬α-ÑÇµ¥Î»ÓÉ 6 ¸ö¿çÄ¤Æ¬¶Î¹¹³É£¬°ü

À¨Óë¼¤»îÓÐ¹ØµÄµçÑ¹Ãô¸Ðµã£¬¿ìËÙÊ§»îÕ¢ÃÅµÈ . Á½

¸öβ-ÑÇµ¥Î»Æð×Åµ÷½Ú£¬¼ÓËÙÍ¨µÀÊ§»îµÄ×÷ÓÃ
£Û13£¬17£Ý.

ÁíÍâÒªÌáµ½µÄÊÇ»ºÂýÊ§»îµÄ Na+ Í¨µÀ£¬ÕâÖÖÂý

Na+ Í¨µÀÓë¿ì Na+ Í¨µÀÍ¬Ê±¼¤»î£¬µ«Ê§»îÏàµ±Âý£¬Æä

µçÁ÷ÔÚÕý³£Çé¿öÏÂºÜÐ¡£Û12£¬18£Ý. ÓÐÊµÑéÖ¤Ã÷ÕâÖÖÂý

Na+ Í¨µÀ´æÔÚÓÚÍÃ£¬È®ÆÖ¿ÏÒ°ÏËÎ¬£Û19£¬20£ÝÒÔ¼°´óÊóÐÄ

ÊÒ¼¡Ï¸°û£Û21£Ý. ÔÚ¼Ò×åÒÅ´«ÐÔ LQT3£¨long-QT interval£©
×ÛºÏÕ÷²¡ÈËÐÄ¼¡£¬ÀàËÆÕâÖÖÂý Na+ Í¨µÀµÄ¼¤»î£¬ÈÏÎª

ÓÉÓÚ Na+ Í¨µÀÈ±·¦ KPQ Æ¬¶Î¶øÒýÆð INaÊ§»î¼õÂý£¬
ÊÇ LQT3 ×ÛºÏÕ÷µÄ»úÀí£Û21£Ý. Âý Na+ Í¨µÀ¶ÔºÓëà¶¾Ò²

Ãô¸Ð£¬»Æº£¿ûëÄ A£¨anthopleurin-A£©ºÍ ATX-ⅡÊÇÆäÌØ

ÒìÐÔ¼¤»î¼Á .
2 .3 Ca2 + Í¨µÀµçÁ÷£¨ ICa£©

Ca2+ Í¨µÀµÄ¿ª·ÅÒýÆðÏ¸°ûÍâ Ca2+ ½øÈëÏ¸°ûÐÎ³É
ICa . ÔÚÐÄÔàÏ¸°ûÓÐÁ½ÖÖ ICa£¬Ò»ÖÖÔÚ - 70 ～ - 55 mV ¼¤

»î£¬µçÁ÷½ÏÐ¡£¬Ê§»î½Ï¿ì£¬³ÆÎª T ÐÍ ICa£¬¼´Ë²Ê±ÐÔ Ca2+

µçÁ÷£¨ ICa-T£©. ÁíÒ»ÖÖÔÚ - 40 ～ - 35 mV ¼¤»î£¬µçÁ÷½Ï

´ó£¬Ê§»î½ÏÂý£¬³ÆÎª L ÐÍ ICa£¨ ICa-L£©. ICa-T / ICa-LµÄ±ÈÂÊ

ÔÚÆÖ¿ÏÒ°ÏËÎ¬ºÍñ¼·¿½áÏ¸°û×î¸ß£¨0.2 ～ 0.6£©£¬ÔÚÐÄ·¿
ºÍÐÄÊÒ¼¡Ï¸°û×îµÍ£¨0.15 ～ 0.25£©£Û22£¬23£Ý.
2 .3 .1 ICa-L

ICa-LÊÇñ¼·¿½áºÍ·¿ÊÒ½áÏ¸°û¶¯×÷µçÎ»³ý¼«»¯µÄ
Ö÷ÒªÀë×ÓÁ÷ . ÔÚ¹¤×÷¼¡Ï¸°û£¬Ca2 + Í¨¹ý Ca2 + Í¨µÀ½ø
ÈëÏ¸°û£¬́¥·¢¼¡½¬Íø£¨Ca2 + ¿â£©ÄÚµÄ Ca2 + ÊÍ·Å£¬²ÎÓë
ÊÕËõ¹ý³Ì£¬Íê³ÉÊÕËõ¹¦ÄÜ . ÁíÍâ ICa-LÔÚÎ¬³Ö¶¯×÷µç
Î»Æ½Ì¨ÆÚÆðÖØÒªµÄ×÷ÓÃ . ICa-LÍ¨µÀ³ýÍ¨Í¸ Ca2 + Íâ£¬
Ò²¿ÉÍ¨Í¸¶þ¼ÛÀë×Ó Ba2 + . ICa-LµÄÌØÒìÐÔ×èÖÍ¼ÁÊÇ¶þ
ÇâßÁà¤Àà»¯ºÏÎï£¨ÈçÏõ±½µØÆ½£©£¬¼¤»î¼ÁÊÇ BayK-
8644 . ICa-LÍ¨µÀ¿É±»¶þ¼Û»òÈý¼ÛÀë×Ó×èÖÍ£Û24£Ý£¬ÀýÈç
Mg2 + £¬Mn2 + £¬Cd2 + £¬Co2 + £¬Ni2 + £¬Zn2 + ºÍ La3 + . ·Ö×ÓÉú

ÎïÑ§ÑÐ¾¿ÒÑÖª ICa-LÍ¨µÀµÄ·Ö×Ó½á¹¹ÊÇÓÉ 4 ¸öÑÇµ¥Î»
×é³É£¬¼´ 2 ¸öαÑÇµ¥Î»£ α̈1 ºÍα2£©£¬1 ¸öβÑÇµ¥Î»ºÍ 1
¸öδÑÇµ¥Î»×é³É . 2 ¸öαÑÇµ¥Î»×ãÒÔ±í´ï ICa-LÍ¨µÀ
µÄ¹¦ÄÜ£¬È»¶øαÑÇ µ¥ Î» µÄ ¹¦ ÄÜ ÊÜβÑÇ µ¥ Î» µÄ µ÷

½Ú£Û25£Ý.
2 .3 .2 ICa-T

ICa-T´æÔÚÓÚñ¼·¿½áÏ¸°û£¬ÐÄ·¿¼¡Ï¸°û£¬·¿ÊÒ½áÏ¸
°û£¬ÆÖ¿ÏÒ°ÏËÎ¬Ï¸°ûºÍ¼¦ÅßÌ¥ÐÄÊÒ¼¡Ï¸°û£Û22£¬23£Ý.
ICa-TÔÚÕâÐ©Ï¸°û×Ô¶¯³ý¼«¹ý³ÌÖÐÆðÒ»¶¨×÷ÓÃ£¬Ò²Ó°
ÏìÐÄ¼¡Ï¸°ûµÄ·Ö»¯ºÍÉú³¤£Û26£Ý. È»¶ø£¬ICa-T²¢Î´ÔÚÈË
ÐÄ¼¡Ï¸°û·¢ÏÖ£Û27£Ý. Óë ICa-LÍ¨µÀÒ»Ñù£¬ICa-TÍ¨µÀÒ²¿É
Í¨Í¸¶þ¼ÛÀë×Ó Ba2 + £¬µÍÅ¨¶È Ni2 +£¨50µmol¡¤L

- 1£©¿É×è

ÖÍ ICa-T . ICa-TÍ¨µÀÒÑ±»¿ËÂ¡³ö²¢µÃµ½±í´ï£Û12£Ý.
2 .4 K+ Í¨µÀµçÁ÷£¨ IK£©

ÓÉÓÚ K+ Æ½ºâµçÎ»ÔÚ½Ï¸ºË®Æ½£¬ÐÄÔàËùÓÐ K+ Í¨

µÀÔÚ³ý¼«¼¤»îÊ±¶¼²úÉúÍâÏòµçÁ÷£¬ÔÚ´Ù½øÏ¸°û¸´¼«

»¯ÒÔ¼°ÔÚÎÈ¶¨Ï¸°ûÄ¤µçÎ»·½ÃæÆð×ÅÖØÒªµÄ×÷ÓÃ .
K+ Í¨µÀµçÁ÷¿É¸ÅÀ¨·ÖÎª£º①ÄÚÏòÕûÁ÷ K+ µçÁ÷£¨ in-
ward rectifier K+ current£¬IK1£©£»②µçÑ¹¼¤»îµÄ K+ µç

Á÷£¬°üÀ¨Ë²Ê±ÍâÏò K+ µçÁ÷£¨transient outward K+ cur-
rent£¬I to1£©ºÍÑÓ³ÙÕûÁ÷¼ØµçÁ÷£¨delayed rectifier K+ cur-
rent£¬IK£¬£©£¬ÕâÀàÍ¨µÀÓÖ°üÀ¨³¬¿ì¼¤»îµÄÑÓ³ÙÕûÁ÷ K+

µçÁ÷£¨ultra-rapid delayed rectifier K+ current£¬IKur£©ºÍ
¿ì£¬ÂýÑÓ³ÙÕûÁ÷ K+ µçÁ÷£¨rapid and slow component of
delayed rectifier K+ current£¬IKr and IKs£©£¬ÒÔ¼°¾ßÄÚÏò
ÕûÁ÷µÄË²Ê±ÍâÏò K+ µçÁ÷£¨transient outward K+ current
with inward rectification£¬I toir£©£»③µ×Îï¼¤»îµÄ K+ µçÁ÷£¬

°üÀ¨ÒÒõ£µ¨¼î£¨acetylcholine£¬ACh£©¼¤»îµÄ K+ µçÁ÷

£¨ IKACh£©£¬ATP Ãô¸ÐµÄ K+ µçÁ÷£¨ATP sensitive K+ cur-
rent£¬IKATP£©. ÔÚÉúÀíÇé¿öÏÂ£¬IK1ºÍµçÑ¹¼¤»îµÄK+ Í¨
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µÀµçÁ÷ÔÚÎ¬³ÖÕý³£¶¯×÷µçÎ»ÐÎÌ¬·½ÃæÆð×ÅÖØÒªµÄ×÷

ÓÃ .
2 .4 .1 IK1

IK1ÊÇÐÄÔà×îÔç±»ÃèÊöµÄµçÁ÷Ö®Ò»£¬±»ÈÏÎªÊÇ¾ö
¶¨¹¤×÷ÐÄ¼¡Ï¸°ûÄ¤¾²Ï¢µçÎ»µÄÖ÷ÒªÀë×ÓµçÁ÷£¬ÔÚ¶¯

×÷µçÎ» 3 Ïà¿ìËÙ¸´¼«»¯¹ý³ÌÖÐÒ²Æð×ÅÖØÒª×÷ÓÃ£Û28£Ý.
IK1µÄÃÜ¶ÈÒ»°ãÔÚÐÄÊÒ¼¡Ï¸°ûºÍÆÖ¿ÏÒ°ÏËÎ¬×î¸ß£¬ÔÚ
ÐÄ·¿½ÏµÍ£Û29£Ý£¬ÔÚñ¼·¿½áÏ¸°ûÉÙÓÐ±í´ï£Û30£Ý. Ï¸°û³ý¼«
µ½½ÏÕýµçÎ»Ê±ÍâÏòµçÁ÷Ç÷ÓÚ 0£¬³ÆÖ®ÎªÄÚÏòÕûÁ÷£¨¼´
ÍâÏò K+ µçÁ÷·ù¶È²»Ëæ³ý¼«Ä¤µçÎ»Ôö¼Ó¶øÔö´ó£¬·´

¶øËæÄ¤µçÎ»Ôö¼Ó¶ø¼õÐ¡£©. ÔÚ¶¯×÷µçÎ»¸´¼« 3 Ïà£¬Í¨

µÀ±»¸´¼«»¯·½ÏòµÄµçÎ»¼¤»î£¬ÍâÏò K+ µçÁ÷¼Ó´ó£¬́Ù

½øÏ¸°û¸´¼«µ½¾²Ï¢µçÎ»Ë®Æ½ . ËäÈ»ÓÐ±¨µÀÍÆ²â IK1
¾ßÓÐÄÚÔÚÕ¢ÃÅÌØÐÔ£Û31£Ý£¬µ«·Ö×ÓÉúÎïÑ§ÑÐ¾¿·¢ÏÖÕâÖÖ

ÄÚÏòÕûÁ÷ÐÔ K+ Í¨µÀÈ±·¦µçÑ¹Ãô¸Ðµã£¬Òò¶ø IK1Í¨µÀ
±»ÈÏÎªÊÇ±³¾° K+ Í¨µÀ£Û32£Ý. IK1Í¨µÀ¶Ô K+ Ñ¡ÔñÐÔºÜ

¸ß£¬ÒÀÀµÓÚÏ¸°ûÍâ K+ µÄ´æÔÚ£¬¿É±» Ba2 + ×èÖÍ£¬́ËÍâ£¬
Ï¸°ûÄÚÍâµÄ Cs+ ºÍ Rb+ Ò²¿É×èÖÍ IK1Í¨µÀ .
2 .4 .2 ¿ìËÙ¼¤»îµÄ K+ Í¨µÀµçÁ÷

Ï¸°û³ý¼«ºó£¬ÓÐ 3 ÖÖ²»Í¬µÄ K+ Í¨µÀµçÁ÷±»¿ìËÙ

¼¤»î£¬°üÀ¨ I toir£¬I to1ºÍ IKur .
I toirÊÇ×î½üÔÚÈ®ºÍëàÊóÐÄ¼¡Ï¸°û·¢ÏÖµÄ¾ßÄÚÏò

ÕûÁ÷µÄË²Ê±ÐÔÍâÏò K+ µçÁ÷£¬Ò²´æÔÚÓÚÆäËûÖÖÊôµÄ

ÐÄ¼¡£Û33£Ý. I toir±»³ý¼«µçÑ¹ºÜ¿ì¼¤»î£¬¼¤»îºóÑ¸ËÙÊ§
»î£¬ÒÀÀµÓÚÏ¸°ûÍâ K+ µÄ´æÔÚ£¬¿É±»µÍÅ¨¶È Ba2 + ×è
ÖÍ . µ«¶Ô I to1Í¨µÀ×èÖÍ¼Á 4-°±»ùßÁà¤£¨4-aminopyri-
dine£¬4-AP£©²»Ãô¸Ð£¬µçÁ÷¼¤»î²»ÒÀÀµÓÚÏ¸°ûÄÚ Ca2 + £¬
Òò¶ø²»Í¬ÓÚ¾µäµÄ I to1ºÍ I to2£¨ ICl£¬Ca£©. ÓëÆäËû K+ µç

Á÷Ïà±È£¬I toirÊÇµçÑ¹¼¤»î×îÔçµÄ K+ Í¨µÀ£¬µ±Ï¸°û³ý¼«

»¯µ½ÕýÓÚÄ¤µçÎ»£¨K+ Æ½ºâµçÎ»£©Ê±±»¼¤»î£¬Òò¶ø±È

INaÏÈ¼¤»î . ÓÉÓÚÆäÓë INa·½ÏòÏà·´£¬¿ÉÄÜÊÇ¾ö¶¨Ï¸°û
ÐË·ÜÐÔµÄÖØÒªÒòËØÖ®Ò»£Û33£¬34£Ý.

I to1ÊÇ¾µäµÄË²Ê±ÍâÏò K+ µçÁ÷£¬³ýëàÊóÍâ£¬I to1
Í¨µÀÔÚ´ó¶àÊý¶¯ÎïÐÄ·¿ºÍÐÄÊÒ¾ùÓÐ±í´ï . ÕâÖÖ K+

Í¨µÀÔÚÏ¸°û³ý¼«µ½ - 30 mV ¿ªÊ¼¼¤»î¿ª·Å£¬Ê¹ K+ Íâ

Á÷£¬¿ª·ÅºóÓÖÑ¸ËÙÊ§»î£¬Òò²úÉúµÄµçÁ÷ÊÇË²Ê±ÐÔÍâÏò

K+ µçÁ÷£¬Óë¶¯×÷µçÎ» spike and dome ÐÎ³ÉÓÐ¹Ø£Û35£Ý£¬4-
AP ÊÇÆäÌØÒì×èÖÍ¼Á .

IKurÊÇÒ»ÖÖ³¬¿ì¼¤»îµÄÑÓ³ÙÕûÁ÷ K+ µçÁ÷£¬¼¤»î

¿ì¶øÊ§»îÂý»ò¼¸ºõÎÞÊ§»î£¬́æÔÚÓÚÈËÐÄ·¿£Û36£Ý£¬È®ÐÄ

·¿£Û37£Ý£¬́ ó Êó ÐÄ ·¿£Û38£ÝÒÔ ¼° Ð¡ Êó ÐÄ ÊÒ ¼¡£Û39£Ý. µç Á÷ ÔÚ
- 40 mV ¿ªÊ¼¼¤»î£¬̧ÃµçÁ÷Ö÷ÒªÊÇ´Ù½ø¶¯×÷µçÎ»¸´

¼«£¬µÍÅ¨¶ÈµÄ 4-AP ¿É×èÖÍ IKurÍ¨µÀ£Û36£¬37£Ý. Ò»°ãÈÏÎª

¿ËÂ¡µÄ Kv1.5 Í¨µÀÓëÈËÐÄ·¿ IKurÏàÍ¬£Û40£Ý.
2 .4 .3 IK

IK ×îÏÈÓÉ Noble ºÍ Tsien£Û41£ÝÔÚÑòÆÖ¿ÏÒ°ÏËÎ¬¼Ç
Â¼µ½²¢ÈÏÎªÊÇ²ÎÓë¶¯×÷µçÎ»¸´¼«µÄ K+ µçÁ÷ . ºóÀ´£¬
Sanguinetti µÈ£Û42£¬43£ÝÔÚëàÊóÐÄ¼¡Ï¸°û¸ù¾ÝµçÁ÷µÄ¶¯Á¦
Ñ§£¬ÕûÁ÷ÐÔ£¬ÒÔ¼°¶Ô×èÖÍ¼ÁµÄÃô¸ÐÐÔ½« IK ·ÖÎª IKrºÍ
IKs . IKr±íÏÖ³öµçÑ¹ÒÀÀµÐÔ¼¤»îºÍÊ§»îÌØÐÔ£¬¶ø IKs
Ö»ÓÐ¼¤»î¹ý³Ì . ºóÀ´Ïà¼Ì·¢ÏÖÕâÁ½ÖÖ K+ µçÁ÷Ò²´æ

ÔÚÓÚÈ®ÐÄ·¿£Û44£ÝºÍÐÄÊÒ£Û45£ÝÏ¸°û£¬ÍÃÐÄ·¿£Û46£ÝºÍÐÄÊÒ£Û47£Ý

Ï¸°û£¬́óÊóÐÄÊÒ£Û48£Ý£¬ÒÔ¼°ÈËÐÄ·¿£Û49£ÝºÍÐÄÊÒ¼¡£Û50£ÝÏ¸

°û . ¶øÔÚÃ¨£Û51£ÝºÍÑ©õõ£Û52£ÝÐÄÊÒ¼¡Ï¸°û£¬ÍÃÐÄñ¼·¿½áÏ¸
°ûÖ»·¢ÏÖ IKr´æÔÚ£Û53£Ý£¬¶øëàÊóÐÄñ¼·¿½áÏ¸°ûËÆºõÖ»
ÓÐ IKs£Û54£Ý.

IKrÓÐµçÑ¹ÒÀÀµÐÔ¼¤»îºÍÊ§»îÌØÐÔ£¬¿É±»ⅢÀà¿¹

ÐÄÂÉÊ§³£Ò© E-4031 ºÍ¶à·ÇÀûÌØ£¨dofetilide£©Ñ¡ÔñÐÔ×è
ÖÍ£¬La3 + ºÍ Co2 + ¶Ô ´Ë Ò² ÓÐ ²» Í¬ ³Ì ¶È µÄ ×è ÖÍ ×÷

ÓÃ£Û55£¬56£Ý. ¿ËÂ¡µÄ K+ Í¨µÀ HERG ±í´ï³öµÄµçÁ÷ÈÏÎª

ÊÇ IKr£Û57£Ý.
IKsÖ»ÓÐÊ±¼äÒÀÀµÐÔµÄ¼¤»î¹ý³Ì¶øÎÞÈÎºÎÊ§»î

Ç÷ÊÆ£¬¶ÔⅢÀà¿¹ÐÄÂÉÊ§³£Ò©²»Ãô¸Ð¡£ IKs±È IKr¶Ô K+

Ñ¡ÔñÐÔ²î£¬Òò¶øÆä·×ªµçÎ»½Ï IKrÎªÕý£Û42£¬43£Ý. Ä¿Ç°ÈÏ
Îª Chromol 293B ÊÇ IKsÌØÒìÐÔµÄ×èÖÍ¼Á£Û58£Ý£¬½Ï¸ßÅ¨¶È
µÄ La3 + ºÍ Co2 + Ò²¿É×èÖÍ IKs£Û55£¬56£Ý. ¿ËÂ¡µÄ»ùÒò minK
¼° KvLQT1 ¹²Í¬±í´ï²úÉúµÄµçÁ÷¾ßÓÐ IKsµÄÌØÐÔ£Û59£Ý.
2 .4 .4 µ×Îï¼¤»îµÄ K+ Í¨µÀ

IKAChºÍ IKATPÊÇÐÄÔàÖ÷ÒªÓëµ×ÎïÓÐ¹ØµÄ K+ Í¨µÀ

µçÁ÷ .
IKAChÊÇ ACh ¼¤¶¯ÐÄÔà M2 ÊÜÌå¶ø¼¤»îµÄ K+ Í¨

µÀµçÁ÷£¬M2 ÊÜÌåÍ¨¹ýÄ¤ÄÚ G µ°°×Ö±½ÓÓë K+ Í¨µÀÅ¼

Áª£¬ÌØµãÊÇ¿É±»°ÙÈÕ¿È¶¾ËØ£¨pertussis toxin£©ÒÖÖÆ . ÈÏ

Îª K+ Í¨µÀµÄ¼¤»îÊÇÓÉÓÚ G µ°°×µÄβγ-ÑÇµ¥Î»Óë K+

Í¨µÀµÄ½áºÏ£¬ÕâÔÚÐÄ¼¡Ï¸°û£Û60£ÝºÍ¿ËÂ¡µÄÍ¨µÀ£Û61£ÝµÃ

µ½ÁËÖ¤Êµ . IKAChÍ¨µÀÖ÷ÒªÔÚñ¼·¿½áÏ¸°û±í´ï£¬¶Ô K+

Ñ¡ÔñÐÔºÜ¸ß£¬Í¨µÀµÄ¼¤»î¿ÉÊ¹ÐÄÂÊ¼õÂý . ¸ÃÍ¨µÀÒ²

´æÔÚÓÚÐÄ·¿£¬·¿ÊÒ½á£¬ÆÖ¿ÏÒ°ÏËÎ¬ºÍÐÄÊÒ¼¡ . ÒÑ¾·¢

ÏÖ IKACh´æÔÚÓÚÑ©õõ£Û62£Ý£¬́óÊó£Û63£Ý£¬ëàÊó£Û64£Ý£¬È®£Û65£ÝºÍ
ÈË£Û66£ÝµÄÐÄ¼¡Ï¸°û . µ«ÊÇ£¬²¢·ÇËùÓÐÖÖÊôµÄÐÄÔàÓÐ

IKAChÍ¨µÀµÄ±í´ï . ÔÚÏ¸°ûË®Æ½£¬IKAChÓÐÄÚÏòÕûÁ÷µÄ

ÌØµã£Û64£Ý. IKAChÍ¨µÀÓÐÏÔÖøµÄÈ¥Ãô¸Ð£¨desensitization£©
ÏÖÏó£Û67£Ý£¬¶øÆäËûÓë M2 ÊÜÌåÅ¼ÁªµÄÍ¨µÀ£¬Èç ICa-L£¬I f
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ºÍ IKs£¬ÔòºÜÉÙ·¢ÉúÈ¥Ãô¸ÐÏÖÏó£Û62£¬67£¬68£Ý. Cs + ºÍ Ba2 +

¶Ô IKAChÍ¨µÀÓÐÒ»¶¨µÄÒÖÖÆ×÷ÓÃ . Á½ÖÖ¾ßÄÚÏòÕûÁ÷

ÐÔµÄ¿ËÂ¡µÄÍ¨µÀ Kir3 . 1 ºÍ Kir3 . 4 ½áºÏ±í´ïÈÏÎªÊÇ

IKAChÍ¨µÀ£Û69£¬70£Ý£¬ÓÃ M2 ÊÜÌåºÍÇ°¶þÕß¹²Í¬±í´ï²úÉú

µÄ»îÐÔÓë IKAChÏàÍ¬£Û71£Ý.
IKATPÍ¨µÀµÄ¼¤»îÓÐÀµÓÚÏ¸°ûÄÚ ATP Å¨¶ÈµÄ½µ

µÍ£¬Òò´Ë£¬ATP ÊÇ IKATPÍ¨µÀµÄ×èÖÍ¼Á . IKATPÍ¨µÀ×îÔç
ÔÚÐÄÔà·¢ÏÖ£Û72£Ý£¬ÏÖÔÚÒÑÖª¹ã·º´æÔÚÓÚÆäËûÀàÐÍµÄÏ¸

°û£Û73£Ý. IKATPÍ¨µÀÔÚ²»Í¬ÖÖÊô°üÀ¨ÈËµÄÐÄÔà¶¼ÓÐ±í
´ï£Û74£¬75£Ý. µ±Ï¸°ûÄÚ ATP Å¨¶È½µµÍµ½Ò»¶¨Ë®Æ½£¬IKATPÍ¨
µÀ¼´¼¤»î¿ª·Å£¬¶Ô K+ ¸ß¶ÈÑ¡ÔñÐÔµØÍ¨Í¸ . È±ÑªÊ±£¬

IKATPÍ¨µÀµÄ¼¤»îÆð×Å±£»¤ÐÄ¼¡µÄ×÷ÓÃ . ÕâÖÖ×÷ÓÃ±í
ÏÖÔÚÒÔÏÂ·½Ãæ£ºËõ¶Ì¶¯×÷µçÊ±³Ì£¬½µµÍÐË·ÜÐÔ£¬»Ö¸´Ä¤

µçÎ»µ½½Ó½ü K+ Æ½ºâµçÎ»Ë®Æ½£¬·ÀÖ¹Ï¸°ûÄÚ K+ ½øÒ»²½

¶ªÊ§ . ´ËÍâ£¬IKATPÍ¨µÀµÄ¼¤»îËÆºõ¶ÔÐÄ¼¡ÔÙÈ±ÑªÒ²Æð
×Å±£»¤×÷ÓÃ£¬¼´È±ÑªÔ¤ÊÊÓ¦£¨preconditioning£©. IKATPÒ²
¾ßÓÐÄÚÏòÕûÁ÷µÄÌØÐÔ£Û64£Ý£¬¿ËÂ¡µÄÍ¨µÀ Kir6. 2 ÈÏÎªÓë

IKATPÍ¨µÀÀàËÆ . µäÐÍµÄ IKATPÍ¨µÀ¿ª·Å¼ÁÊÇßÁÄÇµØ¶û
£¨pinacidil£©£¬×èÖÍ¼ÁÊÇ¸ñÁÐ±¾ëå£¨glibenclamide£©. ´ËÍâ£¬
Ò»Ð©ÑôÀë×Ó¶Ô IKATPÍ¨µÀÓÐ²»Í¬³Ì¶È×èÖÍ×÷ÓÃ£Û76£Ý£¬Èç

Zn2+ £¬Cd2+ £¬Co2+ £¬Ba2+ £¬Ca2+ £¬Na+ ºÍ H+ .
ÖµµÃÌá³öµÄÊÇ£¬ÏÙÜÕ£¨adenosine£©¼¤¶¯ÆäÊÜÌåºó£¬

¿ÉÍ¬Ê±Ê¹ IKAChÍ¨µÀºÍ IKATPÍ¨µÀ¿ª·Å£Û64£Ý£¬ÕâÖÖ·´Ó¦
¿ÉÄÜÔÚÐÄ¼¡È±ÑªÊ±²ÎÓëÐÄ¼¡±£»¤×÷ÓÃ .
2 .5 Cl- µçÁ÷£¨ ICl£©

Ä¿Ç°ÔÚÐÄÔà·¢ÏÖµÄ IClÖ÷ÒªÓÐ 3 Àà£¬ËüÃÇÊÇ Ca2 +

¼¤»îµÄ Cl - Í¨µÀµçÁ÷£¨ ICl£¬Ca£©£¬µ°°×¼¤Ã¸ A£¨PKA£©»òµ°
°×¼¤ Ã¸ C£¨PKC£©¼¤ »î µÄ Cl - Í¨ µÀ µç Á÷£¨ ICl£¬PKA »ò
ICl£¬PKC£©£¬Ï¸°ûÇ£À»òÖ×ÕÍ¼¤»îµÄ Cl - Í¨µÀµçÁ÷£¨ IClvol
»ò ICl£¬swell£©£¬́ËÍâ»¹ÓÐÏ¸°ûÍâ ATP ¼¤»îµÄ Cl - Í¨µÀµç
Á÷£¨ ICl£¬ATP£©. ³ý ICl£¬PKAÍâ£¬ËùÓÐµÄ ICl¿É±»¶þÁò 1£¬2-¶þ
±½ÒÒÏ©£¨disulfonic stilbene£©»¯ºÏÎï DIDS£¨4£¬4'-diisoth-
iocyanostilbene-2£¬2'-disulfonic acid£©ºÍ SITS£¨4-acetami-
do-4'-isothiocyanostilbene-2£¬2'-disulfonic acid£©ÒÔ¼° 9-
AC£¨9-aminoacridine£©×èÖÍ£¬¶ø ICl£¬PKA¿É±» DNDS£¨4£¬4'-
dinitrostilbene-2£¬2'-disulfonic£©×èÖÍ . ËùÓÐ ICl¶¼ÓÐ²»Í¬
³Ì¶ÈµÄÍâÏòÕûÁ÷ÌØÐÔ . ÓÉÓÚÏ¸°û Cl - µÄÆ½ºâµçÎ»Õý
ÓÚ¾²Ï¢µçÎ»£¬Cl - Í¨µÀµÄ¼¤»îÒýÆð¾²Ï¢µçÎ»¼õÐ¡£¬¼Ó
ËÙ¶¯×÷µçÎ»ÔçÆÚ¸´¼«£Û77£Ý. Ä¿Ç°¿ËÂ¡£¬±í´ïµÄ Cl - Í¨
µÀÓÐ CFTR£¨cystic fibrosis transmembrane conductance
regulator£©ºÍ CIC-3£¬ËüÃÇ·Ö±ðÊÇ ICl£¬PKAÍ¨µÀ£Û78£¬79£ÝºÍ

IClvolÍ¨µÀ£Û80£Ý.

2 .5 .1 ICl£¬Ca
ICl£¬CaÓÖ±»³ÆÎªË²Ê±ÍâÏò Cl - µçÁ÷£¨ I to2£©. ¸ÃÍ¨µÀ

µÄ¼¤»îÒÀÀµÓÚÏ¸°ûÄÚ Ca2 + Å¨¶È£¬Òò¶øÓÐÀµ Ca2 + ½øÈë
Ï¸°û´¥·¢Ï¸°ûÄÚ Ca2 + ÊÍ·Å . ¹ÊÔÚ - 30 mV Ê±Í¨µÀ¿ª

·Å£¬Ê¹Ï¸°ûÍâ Cl - ½øÈëÏ¸°ûÄÚ£¬ÐÎ³ÉÍâÏò ICl£¬Ca . Æäµç
Á÷-µçÑ¹Çú Ïß Îª ÖÓ ÐÎ . SITS ºÍ DIDS ÊÇ Æä ×è ÖÍ ¼Á£¬

ICl£¬Ca ´æ ÔÚ ÓÚ ÍÃ ÆÖ ¿Ï Ò° ÏË Î¬£Û81£Ý£¬ÐÄ ·¿ ºÍ ÐÄ ÊÒ Ï¸

°û£Û82£¬83£Ý£¬È®ÐÄ¼¡Ï¸°û£Û84£Ý¼°Ñ©õõÐÄÊÒ¼¡Ï¸°û£Û85£Ý. Ä¿

Ç°ÔÚÈËÐÄ¼¡Ï¸°û»¹Ã»ÓÐ·¢ÏÖ ICl£¬CaµÄ´æÔÚ£Û86£Ý.
2 .5 .2 ICl£¬PKAºÍ ICl£¬PKC
βÊÜÌå¼¤¶¯¿É¼¤»î ICl£¬PKAÍ¨µÀ£¬Í¨µÀ¼¤»îµÄÉúÎï

»¯Ñ§¹ý³ÌÈÏÎªÊÇ PKA Ê¹ CFTR µ°°×Á×Ëá»¯ .βÊÜÌå

ºÍ H ÊÜÌåÍ¨¹ý cAMP Óë PKA ³ÊÕýÅ¼Áª·´Ó¦£Û87£¬88£Ý£¬¶ø

M2 ÊÜ Ìå ºÍ ÄÚ Æ¤ ËØ A ÊÜ Ìå Óë PKA Îª ¸º ÐÔ Å¼ Áª ·´

Ó¦£Û89£¬90£Ý. NO ºÏ Ã¸ Ïµ Í³ Óë ICl£¬PKA Í¨ µÀ µÄ ¼¤ »î ÎÞ

¹Ø£Û91£Ý. ICl£¬PKAÍ¨µÀ¶ÔÀë×ÓµÄÍ¨Í¸ÐÔÎª Br- > Cl - >
I - £¬̧ÃÍ¨µÀ´æÔÚÓÚëàÊó£¬Ã¨ºÍÍÃÐÄÊÒ¼¡Ï¸°û£¬ÔÚÐÄ·¿
Ï¸°û¼°ÆäËûÖÖÊôÐÄ¼¡Ï¸°ûÉÙÓÐ±¨µÀ . ËäÈ»ÓÐ±¨µÀÈÏ

ÎªÈËÐÄ·¿ÓÐ CFTR »ùÒò±í´ï£¬µ«ºÜÄÑ¼ÇÂ¼µ½¹¦ÄÜÐÔ

µçÁ÷ ICl£¬PKA£Û12£¬86£Ý. PKC ÔÚëàÊóºÍÃ¨ÐÄÊÒ¼¡Ï¸°ûÖ±½Ó

¼¤»î ICl£¬PKCÍ¨µÀ£¬Ä¿Ç°ÈÏÎª PKA ºÍ PKC ¼¤»îµÄÊÇÍ¬

Ò»Í¨µÀµçÁ÷ . ÒòÎª¶þÕßµÄÐ§¹ûÎÞÏà¼Ó×÷ÓÃ£¬²¢±»Ïà

Í¬µÄ»¯ºÏÎï£¬¼´ 9-AC ºÍ DNDS ×èÖÍ£¬¶ø²»ÊÜ DIDS ºÍ

SITS µÄÓ°Ïì£Û92£¬93£Ý.
2 .5 .3 IClvol

ÊµÑé·¢ÏÖ£¬½«Ï¸°û±©Â¶µ½µÍÉø»·¾³»òÍ¨¹ý·â½Ó

µç¼«¸øÓèÕýÑ¹Ê¹Ï¸°ûÖ×ÕÍ»òÅòÕÍ¿É¼¤»îÒ»ÖÖÐ¯´ø

Cl - µÄÍ¨µÀ£¬¼´ IClvolÍ¨µÀ£Û86£¬94£Ý. IClvolÍ¨µÀ¶ÔÀë×ÓµÄÍ¨
Í¸ÐÔÎª I - > NO3

- > Br- > Cl - > Ìì¶¬°±ËáÀë×Ó£Û95£Ý.
ÈÏÎªÏ¸°ûÄ¤µÄÇ£À¼¤»îÀÒ°±Ëá¼¤Ã¸Ê¹ IClvolÍ¨µÀÁ×
Ëá»¯¶øÊ¹Í¨µÀ¿ª·Å . IClvol´æÔÚÓÚÍÃ£Û94£Ý£¬È®£Û96£Ý£¬ÈË£Û86£Ý

ÐÄ·¿¼¡Ï¸°û£¬ëàÊóÐÄÊÒ¼¡Ï¸°û£Û97£ÝÒÔ¼°ÅàÑøµÄ¼¦ÅßÏ¸

°û£Û98£Ý. ¿ËÂ¡µÄÍ¨µÀ CIC-3 ±»ÈÏÎªÊÇ IClvolÍ¨µÀ£Û80£Ý.
³ýÒÔÉÏËùÊöÍ¨µÀµçÁ÷Íâ£¬»¹ÓÐÏ¸°ûÇ£ÀÓÕ·¢µÄ·Ç

Ñ¡ÔñÐÔÑôÀë×ÓÍ¨µÀµçÁ÷£¬Na+ -Ca2 + ½»»»µçÁ÷ºÍ Na+ -
K+ ±ÃµçÁ÷ÔÚÐÄÔàµç»î¶¯ÖÐÒ²Æð×ÅÒ»¶¨×÷ÓÃ£¬²»ÔÚ´Ë

×¸Êö . ÑóµØ»ÆÖÐ¶¾Ê±ÐÄÂÉÊ§³£µÄ·¢Éú£¬Óë Na+ -K+ ±Ã

µçÁ÷µÄÒÖÖÆºÍ Na+ -Ca2 + µçÁ÷Ôö¼ÓÓÐÖ±½Ó¹ØÏµ£Û99£Ý.

3 ÐÄÔà²»¾ùÒ»µçÉúÀíÌØÐÔµÄÏà¹ØÀë×ÓÍ¨µÀ

Ä¿Ç°ÈÏÎªÓëÐÄÔà²»¾ùÒ»µÄµçÉúÀíÌØÐÔÖ±½ÓÓÐ¹Ø
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µÄÀë×ÓÍ¨µÀÓÐÒÔÏÂ¼¸ÖÖ£¬Ö÷ÒªÊÇÓëÍ¨µÀµÄ±í´ïÒÔ¼°

·Ö²¼²»Í¬ÓÐ¹Ø£¬¼òÊöÈçÏÂ .
I f Í¨µÀ£ºÖ÷Òª´æÔÚÓÚÐÄÔàÆð²«´«µ¼ÏµÍ³£¬Í¨µÀ¿ª

·ÅÊ¹¶¯×÷µçÎ» 4 Ïà×Ô¶¯³ý¼«¶øÓÕ·¢×Ô¶¯½ÚÂÉ£¬ÔÚ¸º

ÔðÊÕËõ¹¦ÄÜµÄÐÄ·¿¼¡ºÍÐÄÊÒ¼¡ÉÙÓÐ±í´ï£¬ÔÚñ¼·¿½á

¸ßÃÜ¶È±í´ï¾ö¶¨×ÅÐÄÔà½ÚÂÉµÄ¿ØÖÆ .
INaÍ¨µÀ£º´æÔÚÓÚÐÄ·¿¼¡£¬Ï£ÊÏÊø£¬ÆÖ¿ÏÒ°ÏËÎ¬

ÒÔ¼°ÐÄÊÒ¼¡Ï¸°ûÄ¤£¬¿ª·ÅÊ± Na+ ¿ìËÙÄÚÁ÷£¬ÓëÕâÐ©Ï¸

°ûµÄÐË·ÜÐÔ£¬¿ìËÙ³ý¼«»¯ºÍÐË·Ü´«µ¼ÓÐ¹Ø . Òò´Ë£¬ÐÄ

·¿¼¡£¬Ï£ÊÏÊø£¬ÆÖ¿ÏÒ°ÏËÎ¬ÒÔ¼°ÐÄÊÒ¼¡Ï¸°û±»³ÆÎª¿ì

·´Ó¦Ï¸°û . ÔÚñ¼·¿½áºÍ·¿ÊÒ½á INaÍ¨µÀÉÙÓÐ±í´ï£¬ICa
ÊÇÆä»ºÂý³ý¼«»¯µçÁ÷£¬Òò¶øñ¼·¿½áºÍ·¿ÊÒ½áÏ¸°û±»

³ÆÎªÂý·´Ó¦Ï¸°û . ·¿ÊÒ½áµÄÂý·´Ó¦ÌØÐÔÊÇ±£Ö¤ÉúÀí
ÐÔ´«µ¼ÑÓ³ÙµÄ»ù´¡ .

ICaÍ¨µÀ£º¹ã·º´æÔÚÓÚËùÓÐÐÄ¼¡Ï¸°ûÄ¤ . Ö±½Ó²Î
Óëñ¼·¿½áºÍ·¿ÊÒ½á 0 Ïà³ý¼«»¯£¬ÐÄ·¿ºÍÐÄÊÒ¼¡µÄÊÕ

Ëõ£¬Î¬³ÖÐÄ·¿¼¡ºÍÐÄÊÒ¼¡¶¯×÷µçÎ»Ê±³Ì£¬ÒòÐÄÊÒ¼¡

ICaÃÜ¶È±ÈÐÄ·¿¼¡¸ß£¬¹ÊÐÄÊÒ¼¡¶¯×÷µçÎ»Ê±³Ì±ÈÐÄ·¿
¼¡³¤ . ÔÚÐÄÂÊÔö¼ÓÊ±£¬ÁÙ´²¹Û²ìµ½µÄÐÄµçÍ¼ Q-T ¼ä

ÆÚ¼õÐ¡£¬ÓëÔÚÏ¸°ûË®Æ½ ICaÆµÂÊÒÀÀµÐÔÊ§»î¶øÒýÆðµÄ
¶¯×÷µçÎ»Ê±³ÌËõ¶ÌÓÐ¹Ø£Û100£Ý.

IK1Í¨µÀ£º́Ù½øÐÄ¼¡ 4 Ïà¸´¼«»¯²¢Î¬³Ö¾²Ï¢Ä¤µç
Î» . ÐÄ·¿Ï¸°û IK1ÃÜ¶È±ÈÐÄÊÒÏ¸°ûµÍ£¬Òò´Ë£¬ÐÄ·¿¼¡
Ï¸°û¾²Ï¢Ä¤µçÎ»±ÈÐÄÊÒ¼¡Ï¸°ûÐ¡ .

I to1Í¨µÀ£º²ÎÓë¶¯×÷µçÎ» 1 Ïà¿ìËÙ¸´¼«»¯£¬·Ö²¼

ÓÚËùÓÐÐÄ¼¡Ï¸°ûÄ¤£¬µ«ÆäÃÜ¶ÈÔÚ²»Í¬²¿Î»ÓÐ²î±ð .
ÔÚÐÄÊÒ±Ú£¬́ÓÐÄÄÚÄ¤µ½ÐÄÍâÄ¤£¬I to1ÃÜ¶ÈÖð½¥Ôö¼Ó£¬Òý
Æð´ÓÐÄÔàÄÚÄ¤µ½ÍâÄ¤¶¯×÷µçÎ» 1 ÏàÖð½¥Ã÷ÏÔ£¬ËùÒÔ

ÐÄÄÚÄ¤ºÍÐÄÍâÄ¤Ï¸°û¶¯×÷µçÎ»ÐÎÌ¬½ØÈ»²»Í¬£¬ÐÄÍâ

Ä¤Ï¸°û¶¯×÷µçÎ»ÓÐÃ÷ÏÔµÄ¡°spike and dome¡±£¬¶øÐÄÄÚ
Ä¤Ï¸°ûÔòÃ»ÓÐ£Û8£¬35£Ý.

IKsÍ¨µÀ£ºÔÚÐÄÔà²»Í¬²¿Î»¶¼ÓÐ±í´ï£¬ÊÇÐÄ¼¡ÖØ
ÒªµÄ¸´¼«»¯µçÁ÷ . ÐÄÊÒ¼¡ÖÐ²ãÏ¸°û IKsÃÜ¶È±ÈÄÚÄ¤
ºÍÍâÄ¤Ï¸°ûµÍ£¬ÈÏÎªÊÇÐÄÊÒ¼¡ÖÐ²ã M Ï¸°û¶¯×÷µçÎ»

½Ï³¤µÄÔÒòÖ®Ò»£Û45£Ý.

4 Àë×ÓÍ¨µÀÓëÐÄÔà²¡ÀíÉúÀíÑ§£¬Ò©ÀíÑ§ºÍ¶¾

ÀíÑ§

4 .1 ÐÄÔà²¡ÀíÉúÀíÑ§

ÐÄÔà¼²²¡¶¼»áÒýÆðÐÄ¼¡Ï¸°ûÀë×ÓÍ¨µÀ²¡ÀíÐÔ±ä

»¯£¬́Ó¶ø¸Ä±äÐÄ¼¡²»¾ùÒ»µçÉúÀíÌØÐÔµÄÆ½ºâ£¬ÓÕ·¢ÐÄ

ÂÉÊ§³£ . ÏÖÒÑÖ¤Ã÷£¬ÔÚÀ©ÕÅÐÔÐÄ¼¡²¡£¬ÐÄ¼¡È±Ñª£¬ÐÄ

¼¡·Êºñ£¬ÂýÐÔ³äÑªÐÔÐÄË¥µÈ£¬ICa£¬I to1£¬IK1ºÍ IKs¶¼ÓÐ
²»Í¬³Ì¶ÈµÄ¼õÐ¡ . ÕâÐ©µçÁ÷µÄ±ä»¯Ö±½ÓÓëÆäÓÕ·¢ÐÄ
ÂÉÊ§³£Ïà¹Ø . Òò´Ë£¬ÖÂËÀµÄÖ±½ÓÔÒò¶àÊÇÐÄÂÉÊ§³£

µÄ·¢Éú£¬¶ø²»ÊÇÕâÐ©¼²²¡±¾Éí . ÎÒÃÇ×î½ü·¢ÏÖ£¬ÔÚÂý

ÐÔ³äÑªÐÔÐÄË¥È®Ä£ÐÍÏ¸°û£¬ÔÀ´ÐÄÊÒ±Ú²»¾ùÒ»µÄµç

ÉúÀíÌØÐÔ£¨¼´M Ï¸°û½Ï³¤µÄ¶¯×÷µçÎ»Ê±³Ì£©±äÐ¡ . Õâ
ÊÇÓÉÓÚÐÄË¥Ï¸°û I to1£¬IK1ºÍ IKsÃÜ¶È½µµÍ£¬¶øÊ¹ÐÄÊÒ
ÄÚÄ¤ºÍÍâÄ¤ÏÂÏ¸°û¶¯×÷µçÎ»Ê±³ÌÏÔÖøÑÓ³¤£Û101£Ý£¬¿É

ÄÜÊÇÂýÐÔ³äÑªÐÔÐÄË¥ÐÄÂÉÊ§³£·¢ÉúµÄ²¿·Ö»úÀí£¬ÐÄ

ÊÒ¼¡Ï¸°û¶¯×÷µçÎ»Ê±³ÌÑÓ³¤Ò×·¢ÉúÔçºó³ý¼«ºÍ´¥·¢

»î¶¯£¬ÓëÀ´×ÔÓÚÈËµÄ½á¹ûÒ»ÖÂ£Û102£Ý. ³ÏÈ»£¬ÐÄÔàÀë×Ó

Í¨µÀ±í´ïµÄÒì³£Í¬ÑùÒýÆðÐÄÔàµç»î¶¯µÄÎÉÂÒ . Èç¼Ò

×åÒÅ´«ÐÔ LQT ×ÛºÏÕ÷µÄÎ£ÏÕ£¬Ä¿Ç°ÈÏÎªÊÇ IKrÍ¨µÀ
£¨HERG£©±í ´ï ²» ×ã£¨LQT1£©»ò INa Í¨ µÀ Ê§ »î ¼õ Âý
£¨LQT3£©£¬ÒýÆðÐÄ¼¡Ï¸°û¸´¼«ÑÓ»º¶øÊ¹¶¯×÷µçÎ»Ê±³Ì
¹ý³¤£¬Ò×ÓÚ´¥·¢ÖÂËÀÐÔÐÄÂÉÊ§³£ .
4 .2 ÐÄÔàµçÒ©ÀíÑ§

Ä¿Ç°ÁÙ´²ËùÓÃµÄ¿¹ÐÄÂÉÊ§³£Ò©¶àÊýÍ¨¹ýÒÖÖÆÌØ

¶¨Àë×ÓµçÁ÷¶øÏû³ýÒì³£µç»î¶¯£¬·¢»ÓÆä¿¹ÐÄÂÉÊ§³£

µÄÐ§ÓÃ£¬ÈçⅠa Àà¿¹ÐÄÂÉÊ§³£Ò©¿üÄá¶¡·ÇÌØÒìÐÔµØ
ÒÖÖÆÐÄ¼¡ INa£¬I to1£¬IK1£¬IKsºÍ ICa£¬Ⅰb Àà¿¹ÐÄÂÉÊ§³£

Ò©Àû¶à¿¨ÒòÑ¡ÔñÐÔµØÒÖÖÆ INa£¬ⅢÀà¿¹ÐÄÂÉÊ§³£Ò©¶à

·ÇÀûÌØÑ¡ÔñÐÔµØÒÖÖÆÐÄ¼¡Ï¸°û IKrµÈ . ÔÚÑÐ¾¿ºÍ·Ö

ÎöÒ»¸öÐÂµÄ»¯ºÏÎï¶ÔÐÄÔàµçÉúÀí×÷ÓÃÊ±£¬ÖØÒªµÄÊÇ

ÒªÅªÇåËüÊÇÓ°ÏìÄÄÒ»ÖÖ»òÄÄÐ©Àë×ÓÍ¨µÀ .
4 .3 ÐÄÔà¶¾ÀíÑ§

ÏÖÒÑ·¢ÏÖÓÐÐ©ÐÄÑª¹ÜÒ©Îï»ò·ÇÐÄÑª¹ÜÒ©Îï¾ßÓÐ

Ò»¶¨µÄÐÄÔà¶¾ÐÔ£¬¿ÉÓÕ·¢ÖÂÃüÐÔµÄÊÒÐÔÐÄÂÉÊ§³££¬¾

·ÖÎöÑÐ¾¿·¢ÏÖÕâÐ©Ò©Îï¶àÊÇÑÓ³¤ÐÄÊÒÏ¸°ûµÄ¶¯×÷µç

Î»£¨ÓÈÆäÊÇ M Ï¸°û£©¶øÒýÆð»ñµÃÐÔ LQT ×ÛºÏÕ÷£Û103£Ý.
LQT ÊÇÔçºó³ý¼«ºÍÒì³£´¥·¢ÐÔµç»î¶¯µÄ»ù´¡£¬Ôçºó

³ý¼«ºÍ´¥·¢ÐÔÒì³£µç»î¶¯ÓÖÊÇÊÒÐÔÔç²«ºÍ¹ýËÙµÄÏ¸

°û»úÀí . ËùÎ½¿¹ÐÄÂÉÊ§³£Ò©µÄÖÂÐÄÂÉÊ§³£×÷ÓÃ£¬¾Í
ÊÇÕâÐ©Ò©Îï¹ý¶ÈÑÓ³¤ M Ï¸°û¶¯×÷µçÎ»Ê±³ÌÖ®¹Ê£¬Èç

¿üÄá¶¡£¬ÂÈ·Çï§£¨clofilium£©ºÍË÷ËûÂå¶û£¨sotalol£©µÈ . Áí
ÍâÒ»Ð©·ÇÐÄÑª¹ÜÒ©ÎïÈç¿¹×é°·Ò©£¬¿¹¾«Éñ²¡Ò©£¬¿¹Éú

ËØ£¨ÈçºìÃ¹ËØ£©µÈÒ²¿ÉÓÕ·¢ÐÄÂÉÊ§³£ . ÕâÊÇÓÉÓÚÕâÐ©

Ò©Îï¶àÒÖÖÆ IKrÍ¨µÀ¶øÒýÆð LQT ×ÛºÏÕ÷£Û103£Ý. Òò´Ë£¬

Ä¿Ç°ÃÀ¹úÊ³Æ·ÓëÒ©Îï¹ÜÀí¾Ö£¨FDA£©ÉóÅúÐÂÒ©Ê±£¬Ò©
ÎïµÄÐÄÔà¶¾ÀíÑ§ÊÇÒ»ÏîÖØÒªÖ¸±ê .
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5 ½áÓï

ÐÄÔàÕý³£µç»î¶¯ÊÇ²»¾ùÒ»ÐÔµÄ£¬ÕâÖÖ²»¾ùÒ»µÄ

µçÉúÀíÌØÐÔÓëÀë×ÓÍ¨µÀµÄ²¿Î»·Ö²¼ºÍ£¨»ò£©ÃÜ¶È²îÒì

ÓÐ¹Ø£¬ÁË½âÕâÖÖ²»¾ùÒ»µçÉúÀíÌØÐÔµÄ»úÀí£¬ÓÐÖúÓÚÐÄ

Ôà²¡ÀíÉúÀíÑ§£¬Ò©ÀíÑ§ºÍ¶¾ÀíÑ§µÄ½ÌÑ§ºÍÑÐ¾¿£¬²¢

¸øÁÙ´²¿¹ÐÄÂÉÊ§³£Ò©ÎïµÄÓ¦ÓÃÌá¹©ÀíÂÛ¸ù¾Ý .
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Mechanisms of heterogeneous electrophysiology in heart and the
relation to electropharmacology and toxicology

LI Gui-Rong1£¬CHEN Yi-Yue2

£¨1 . Institute of Cardiovascular Science and Medicine£¬the University of Hong Kong£¬Hong Kong£»
2 . Faculty of Pharmacy£¬Guangdong College of Pharmacy£¬Guangzhou 510224£¬China£©

Abstract£ºIt is believed that cardiac electrophysi-
ological properties are not homogeneous£¬and the
heterogeneity exists between pacemaker and con-
duction cells£¬atrial and ventricular cells£¬and
among endocardium£¬midmyocardium£¬and epi-
cardium of the transmural ventricular wall . The
heterogeneous electrophysiology is related to the
differential distribution and expression of trans-

membrane ionic channels . The present review in-
volves literatures regarding the intrinsic biological
basis of cardiac heterogeneous electrophysiology .
Key words£º heart£» cardiac electrophysiology£¬
heterogeneity£»ion channels£»cardiac electrophar-
macology
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