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ÕªÒª£º²ÉÓÃÈ«Ï¸°ûÄ¤Æ¬Ç¯¼¼ÊõºÍ fura-2 Ó«¹â²â¶¨°û

½¬£ÛCa2 + £Ýi ±ä»¯¼¼Êõ£¬ÔÚÅàÑøµÄÅ£Ö÷¶¯ÂöÄÚÆ¤Ï¸°ûÉÏ
¹Û²ì ATP ÓÕµ¼µÄ Cl - µçÁ÷µÄÌØÐÔ¼°ÆäÓë Ca2 + ÄÚÁ÷
µÄ¹ØÏµ¡£¼ÇÂ¼µ½ ATP ¼¤»îÒ»ÍâÏòµçÁ÷£¬Æä·´×ªµçÎ»

Îª -£¨29 ± 8£©mV£¬Óë Cl - µÄÆ½ºâµçÎ»½Ó½ü£¬½µµÍÏ¸°û
Íâ Cl - Å¨¶ÈÊ¹·´×ªµçÎ»±ä»¯£¬Ö¤Ã÷ÊÇ Cl - µçÁ÷ . ATP
¼¤»îµÄ Cl - µçÁ÷¾ßÓÐ½ÏÇ¿µÄÍâÏòÕûÁ÷ÌØÐÔ£¬¾ßÓÐ
Ca2 + ÒÀÀµÐÔ£¬¿É±» Cl - Í¨µÀ×èÖÍ¼Áß»ÈûÃ×ºÍ¸ñÁÐ±¾
ëå·Ö±ð×î´óÒÖÖÆ£¨88 ± 8£©% ºÍ£¨93 ± 4£©%£¨ + 100
mV£©. ATP ÓÖ¿ÉÓÕµ¼ÄÚÆ¤Ï¸°ûÍâ Ca2 + ÄÚÁ÷£¬ß»ÈûÃ×
ºÍ¸ñÁÐ±¾ëå¶Ô Ca2 + ÄÚÁ÷·Ö±ð×î´óÒÖÖÆ£¨36 ± 14£©%
ºÍ£¨44 ± 12£©%£¬²¢ÇÒ¶þÕßÃô¸ÐµÄ Ca2 + ÄÚÁ÷ÌØÐÔ²»
Í¬ . ½á¹ûËµÃ÷ Cl - Í¨µÀ¿ª·ÅÔÚµ÷½ÚÄÚÆ¤Ï¸°û Ca2 + ÄÚ
Á÷ÖÐÆðÖØÒª×÷ÓÃ .
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channel£¬SOC£©£¬ËüµÄ¿ª·ÅÊÜ Ca2 + ³Ø³äÓ¯µÄ³Ì¶Èµ÷

½Ú£¬Ca2 + ³ØºÄ½ßµ¼ÖÂ SOC ¿ª·Å¶ø´¥·¢ Ca2 + ÊÍ·ÅÒýÆð
µÄ Ca2 + ÄÚ Á÷£¨ Ca2 + release-activated Ca2 + influx£¬
CRAC£©£Û1£¬2£Ý. ÄÚÆ¤Ï¸°ûÄ¤µçÎ»¶Ô Ca2 + ÄÚÁ÷µÄµ÷½ÚÆð
Ïàµ±ÖØÒªµÄ×÷ÓÃ£¬µ±Ï¸°ûÄ¤ Ca2 + Í¨µÀ¿ª·Åºó£¬ÊÜÏ¸
°ûÄ¤ÄÚÍâÅ¨¶È²îºÍµçÎ»²îµÄÇý¶¯£¬Ca2 + Ë³µç»¯Ñ§ÌÝ
¶È±»¶¯×ªÔË£¬Ä¤³¬¼«»¯¿ÉÍ¨¹ýÔö´ó Ca2 + ÄÚÁ÷µÄÇý¶¯
Á¦´Ù½ø Ca2 + ÄÚÁ÷£¬¶øÄ¤È¥¼«»¯Ôò¿ÉÍ¨¹ý¼õÐ¡ Ca2 + ÄÚ
Á÷µÄÇý¶¯Á¦ÒÖÖÆ Ca2 + ÄÚÁ÷£Û3£Ý.

ÔÚÐË·ÜÐÔÏ¸°û£¬Ï¸°ûÄ¤ Ca2 + Í¨µÀ¿ª·ÅÊ±°ûÍâ
Ca2 + ÄÚÁ÷£¬µ¼ÖÂÏ¸°ûÄ¤È¥¼«»¯¶ø¼¤»î VDC£¬½øÒ»²½
´Ù½ø Ca2 + ¿ìËÙºÍ´óÁ¿ÄÚÁ÷£¬Íê³É¼¡ÈâÊÕËõºÍÉñ¾­³å
¶¯ . ¶øÔÚÄÚÆ¤Ï¸°û£¬ÓÉÓÚ²»´æÔÚ VDC£¬Ca2 + ÄÚÁ÷ÒýÆð
µÄÏ¸°ûÄ¤È¥¼«»¯·´¶øÓÐ½µµÍ Ca2 + ÄÚÁ÷µÄÇ÷ÊÆ£¬¿É¼û
Î¬³ÖÄ¤µçÎ»µÄ³¬¼«»¯×´Ì¬ÊÇÒýÆðÄÚÆ¤Ï¸°û³ÖÐøÐÔ

Ca2 + ÄÚÁ÷µÄ±ØÒªÌõ¼þ . ÄÚÆ¤Ï¸°ûÄ¤µçÎ»Ö÷ÒªÓÉ K+

ºÍ Cl - µ÷½Ú£¬ÒÔÍù¶Ô K+ Í¨µÀµÄÑÐ¾¿½Ï¶à£¬¶ø¶Ô Cl -

Í¨µÀÔÚÄÚÆ¤Ï¸°û¹¦ÄÜµ÷½ÚÖÐ×÷ÓÃµÄÑÐ¾¿¸Õ¸ÕÆð²½ .
½üÄêÀ´ Cl - Í¨µÀÔÚµ÷½ÚÄÚÆ¤Ï¸°ûÄ¤µçÎ»¼° Ca2 + ÄÚÁ÷
ÖÐµÄ ×÷ ÓÃ ÒÑ ÊÜ µ½ ÈË ÃÇ µÄ ÖØ ÊÓ£¬µ« Æä »ú Àí ÓÐ ´ý ÑÐ

¾¿£Û4£¬5£Ý.
ÄÚÆ¤Ï¸°ûÄ¤ÉÏÖ÷Òª´æÔÚÁ½ÖÖ Cl - Í¨µÀ£ºÈÝ»ý¼¤

»îµÄ Cl - Í¨µÀ£¨Clvol£©ºÍ Ca2 + ÒÀÀµÐÔ Cl - Í¨µÀ£¨ClCa£©£¬
¾²Ï¢×´Ì¬ÏÂ ClvolÍ¨µÀ²¿·Ö¼¤»î£¬ÒÔÎ¬³ÖÄÚÆ¤Ï¸°û¾²
Ï¢Ä¤µçÎ»£¬ÊÜÌå¼¤¶¯Ê± Cl - Í¨µÀ±»¼¤»î£¬²¢²ÎÓëµ÷½Ú
ÄÚÆ¤Ï¸°û Ca2 + ÄÚÁ÷£Û6£¬7£Ý. µ«ÊÇ²ÎÓëµ÷½Ú Ca2 + ÄÚÁ÷µÄ
Cl - Í¨µÀµÄ·ÖÐÍ£¬ÌØÐÔ£¬¼° Cl - Í¨µÀ¿ª·ÅÓë Ca2 + ÄÚÁ÷
Ö®¼äµÄ¹ØÏµ»¹²»Çå³þ .

±¾ÊµÑé²ÉÓÃ±ê×¼È«Ï¸°ûÄ¤Æ¬Ç¯¼¼Êõ£¬¼ÇÂ¼ ATP
ÓÕµ¼µÄÄÚÆ¤Ï¸°û Cl - µçÁ÷£¬²¢½áºÏ fura-2 Ó«¹â²â¶¨Ï¸
°ûÄÚ ¸Æ Àë ×Ó Å¨ ¶È££̈ÛCa2 + £Ýi£©¼¼ Êõ£¬²â ¶¨ ÄÚ Æ¤ Ï¸ °û

£ÛCa2 + £Ýi ±ä »¯£¬ÑÐ ¾¿ Cl - Í¨ µÀ ×è ÖÍ ¼Á ß» Èû Ã×

£¨furosemide£©ºÍ¸ñÁÐ±¾ëå£¨glibenclamide£©¶Ô ATP ÓÕµ¼

µÄ Cl - µçÁ÷ºÍ Ca2 + ÄÚÁ÷µÄÓ°Ïì£¬́Ó¶ø¶Ô ATP ÓÕµ¼µÄ

Ca2 + ÄÚÁ÷ºÍ Cl - Í¨µÀÖ®¼äµÄ¹ØÏµ½øÐÐÑÐ¾¿ .
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1 ²ÄÁÏÓë·½·¨

1 .1 ÊµÑé²ÄÁÏ

Fura-2 / AM£¬ Å£ Ñª Çå °× µ° °× ¹º ÓÚ Boehringer
Mannheim ¹« Ë¾£¨Germany£©£»RPMI 1640 ¹º ÓÚ Gibco
BRL ¹«Ë¾£¨USA£©£»ATP£¬ß»ÈûÃ×£¬̧ ñÁÐ±¾ëå£¬ÒÈµ°°×

Ã£̧¨ trypsin£©£¬HEPES£¬EGTA£¬Ìì¶¬°±Ëá£¨aspartate£©£¬
CsCl£¬CsOH£¬¶þ¼×ÑÇí¿µÈ¹ºÓÚ Sigma ¹«Ë¾£¨USA£©. Æä
ÓàÊÔ¼Á¾ùÎª¹ú²ú·ÖÎö´¿ .
1 .2 Å£Ö÷¶¯ÂöÄÚÆ¤Ï¸°û·ÖÀë£¬ÅàÑøºÍ¼ø¶¨

·½·¨Í¬ÎÄÏ×£Û8£Ý. ÊµÑéÓÃµÚ 3 ～ 5 ´úÏ¸°û .
1 .3 Ä¤Æ¬Ç¯È«Ï¸°û¼ÇÂ¼

È¡´«´úºó 1 ～ 2 d ÄÚÆ¤Ï¸°û£¬ÓÃÏ¸°ûÍâÒº³ÖÐø¹à
Á÷£¬Á÷ËÙ 1 ～ 2 mL¡¤min- 1 . µç¼«ÓÃ²£Á§Ã«Ï¸¹Ü£¨Ö±¾¶

1 .6 mm£¬ÖÐ¹ú¿ÆÑ§ÔºÉÏº£ÉúÀíÑÐ¾¿Ëù³öÆ·£©¾­Î¢µç
¼«À­ÖÆÒÇ£¨Narishige£¬Japan£©¶þ²½À­ÖÆ¶ø³É£¬³ä¹àµç¼«
ÄÚÒººó×è¿¹Îª 1 ～ 3 MΩ. È«Ï¸°û¼ÇÂ¼¹ý³ÌÖÐ£¬́Ì¼¤

Âö³åµÄ²úÉúºÍÐÅºÅ²É¼¯¾ù²ÉÓÃ pCLAMP 7. 0£¨Axon
Instruments£¬USA£©³ÌÐòÍê³É£¬Àë×ÓµçÁ÷Í¨¹ýÄ¤Æ¬Ç¯·Å
´óÆ÷£¨Axopatch-200B£¬Axon Instruments£¬USA£©·Å´óºÍ
ÂË²¨£¬ÔÙ¾­ AD / DA ×ª»»°å½«Ä£ÄâÐÅºÅ×ª»»ÎªÊý×ÖÐÅ

ºÅ£¬²¢ÊäÈë IBM-PC »úÓ²ÅÌÖÐ£¬¹©ÊµÑéºó·ÖÎöºÍ´¦Àí .
1 .4 Ä¤Æ¬Ç¯ÊµÑéÈÜÒº

Ï¸°ûÍâÒº£¨mmol¡¤L- 1£©£ºNaCl 150£¬CsCl 6£¬MgCl2
1£¬CaCl2 1 .5£¬ÆÏÌÑÌÇ 10£¬HEPES 10£¬ÒÔ 1 mmol¡¤L- 1

NaOH µ÷ pH ÖÁ 7 . 3 . µÍ Cl - Ï¸°ûÍâÒº£¨mmol¡¤L- 1£©£º

NaCl 30£¬Na-Ìì ¶¬ °± Ëá120£¬CsCl 6£¬MgCl2 1£¬CaCl2
1 .5£¬ÆÏÌÑÌÇ 10£¬HEPES 10£¬ÒÔ 1 mmol¡¤L- 1 NaOH µ÷

pH ÖÁ 7 .3 . ÒÔµ¥¼ÛÒõÀë×ÓÌì¶¬°±Ëá´úÌæ Cl - ¶øÅäÖÆ
³ÉµÍ Cl - Ï¸°ûÍâÒº£¬ÒÔ¹Û²ì½µµÍÏ¸°ûÍâ Cl - Å¨¶È

££̈ÛCl - £Ýo£©¶Ô ATP ¼¤»îµÄ Cl - µçÁ÷µÄÓ°Ïì .
µç¼«ÄÚÒº£¨mmol¡¤L- 1£©£ºCsCl 40£¬Cs-Ìì¶¬°±Ëá

100£¬MgCl2 1£¬Na2ATP 4£¬EGTA 0.1£¬HEPES 10£¬ÒÔ 1
mmol¡¤L- 1 CsOH µ÷ pH ÖÁ 7 . 2 . ÎÞ Ca2 + µç¼«ÄÚÒº

£¨mmol¡¤L- 1£©£ºCsCl 40£¬Cs-Ìì¶¬°±Ëá 100£¬MgCl2 1£¬

Na2ATP 4£¬EGTA 5£¬HEPES 10£¬ÒÔ 1 mmol¡¤L- 1 CsOH
µ÷ pH ÖÁ 7 . 2 . ÔÚÕý³£µç¼«ÄÚÒºÖÐ¼ÓÈë 5 mmol¡¤L- 1

EGTA£¬ÅäÖÆ³ÉÎÞ Ca2 + µç¼«ÄÚÒº£¬ÒÔ²â¶¨ ATP ¼¤»îµÄ

Cl - µçÁ÷ÓëÏ¸°û£ÛCa2 + £Ýi µÄ¹ØÏµ . ÈÜÒºÅäºÃ¾­ 0 . 22

µm ÂËÄ¤¹ýÂË´¦Àí£¬·Ö×°¶³´æ£¬ÁÙÓÃÇ°¼Ó Na2ATP.
1 .5 Ï¸°û£ÛCa2+ £Ýi ²â¶¨

·½·¨Í¬ÎÄÏ×£Û8£Ý.

1 .6 Êý¾Ý´¦ÀíÓë·ÖÎö

ÊµÑéÊý¾ÝÒÔ-x ± s ±íÊ¾£¬Ò©ÎïÇ°ºó±È½ÏÓÃÅä¶Ô t
¼ìÑé½øÐÐÍ³¼ÆÑ§·ÖÎö .

2 ½á¹û

2 .1 ATP ¼¤»îµÄÅ£Ö÷¶¯ÂöÄÚÆ¤Ï¸°û Cl- µçÁ÷
ÊµÑéÖÐÒÔ Cs+ ´úÌæ K+ £¬ÒÔÅÅ³ý K+ µçÁ÷µÄ¸ÉÈÅ .

Cl - µçÁ÷µÄ¼ÇÂ¼²ÉÓÃµçÑ¹Ç¯ÖÆ·½Ê½£¬ÔÚÇ¯ÖÆµçÎ»Îª 0
mV Ê±£¬̧øÓèÒ»´Ó - 100 mV ÖÁ + 100 mV£¬½×Ô¾Îª 20
mV£¬Ê±³Ì 1 s µÄÈ¥¼«»¯·½²¨Âö³å´Ì¼¤£¬¼ÇÂ¼µ½»ù´¡µç
Á÷£¬¼Ó ATP£¨100µmol¡¤L

- 1£©ºó¼ÇÂ¼µ½Ò»¼¤»îµçÁ÷£¨Í¼

1A£©. ¸ÃµçÁ÷¾ßÓÐ½ÏÇ¿µÄÍâÏòÕûÁ÷ÌØÐÔ£¬ÔÚÕýµçÑ¹Ê±
»ºÂý¼¤»î²¢Öð½¥´ïµ½ÎÈÌ¬£¬µçÁ÷¼¸ºõ²»ËæÊ±¼äË¥¼õ .
ÒÔ²»Í¬²âÊÔµçÑ¹ÏÂµÄÄ¤µçÁ÷£¨ Im£¬ÔÚ±¾ÊµÑéÖÐÎªÏ¸°û
Ä¤ Cl - µçÁ÷£©Óë²âÊÔµçÑ¹£¨V£©×÷Í¼£¬µÃ³ö I-V ¹ØÏµÇú

Ïß£¨Í¼ 1B£©£¬¼ÆËã³ö´ËµçÁ÷µÄ·´×ªµçÎ»Îª -£¨29 ± 3£©
mV£¨n = 3£©£¬½Ó½ü Cl - µÄÆ½ºâµçÎ» - 36 mV.
2 .2 ½µµÍÏ¸°ûÍâ Cl- Å¨¶È¶Ô ATP ¼¤»îµÄ Cl- µçÁ÷
µÄÓ°Ïì

ÓÃ Na-Ìì¶¬°±Ëá´úÌæ²¿·Ö NaCl£¬½«£ÛCl - £Ýo ´Ó 160
mmol¡¤L- 1½µÖÁ 40 mmol¡¤L- 1£¬Ôò¿ÉÊ¹ ATP ¼¤»î Cl - µç
Á÷µÄ×î´óµçÁ÷¼õÐ¡£¬·´×ªµçÎ»¸Ä±ä£¬́Ó -£¨29 ± 3£©mV
×ª±äÎª£¨4 ± 3£©mV£¨ n = 3£©£¬Óë£ÛCl - £Ýo Îª 40 mmol¡¤L- 1

Ê± Cl - µÄÆ½ºâµçÎ»£¨Ô¼Îª 0 mV£©½Ó½ü£¬Ö¤Ã÷Ëù¼ÇÂ¼
µ½µÄµçÁ÷ÊÇ ATP ¼¤»îµÄ Cl - µçÁ÷£¨Í¼ 1£©.
2 .3 ATP ¼¤»îµÄ Cl- µçÁ÷µÄ Ca2+ ÒÀÀµÐÔ

ÓÃº¬ 5 mmol¡¤L- 1 EGTA µÄµç¼«ÄÚÒº£¬µ±Ï¸°ûÆÆ

Ä¤²¢¸øÓèÈ¥¼«»¯Âö³å´Ì¼¤ºó EGTA Ñ¸ËÙÂçºÏÏ¸°ûÄÚ

Ca2 + £¬Ïû³ý ATP Éý¸ß£ÛCa2 + £Ýi µÄ×÷ÓÃ£¬Ôò ATP ²»ÄÜ¼¤

»î Cl - µçÁ÷£¨ n = 3£©£¬ËµÃ÷¸Ã Cl - µçÁ÷ÓÉ ATP ÓÕµ¼µÄ

£ÛCa2 + £Ýi Éý¸ß¼¤»î£¬½áºÏ¸ÃµçÁ÷ÔÚÕýµçÑ¹Ê±»ºÂý¼¤
»î£¬¾ßÓÐ½ÏÇ¿µÄÍâÏòÕûÁ÷ÌØÐÔ£¬·ûºÏ Ca2 + ¼¤»î Cl - µç
Á÷£¨ ICl£¬Ca£©µÄÌØÐÔ£Û6£Ý£¬¿ÉÒÔÈÏÎªÖ÷ÒªÊÇ ICl£¬Ca³É·Ö .
2 .4 Cl- Í¨µÀ×èÖÍ¼Á¶Ô ATP ¼¤»îµÄ Cl- µçÁ÷µÄÒÖ
ÖÆ×÷ÓÃ

Õý³£Ï¸°ûÍâÒº£¬̧øÓè ATP£¨100µmol¡¤L
- 1£©¼¤»î

Cl - µçÁ÷£¬ÔÙ·Ö±ð¼ÓÈë Cl - Í¨µÀ×èÖÍ¼Á£¬¼ÇÂ¼ÀÛ»ýÅ¨
¶Èß»ÈûÃ×ºÍ¸ñÁÐ±¾ëå¶ÔÄ¤µçÁ÷µÄÓ°Ïì£¬Ã¿´Î¼ÓÒ©ºó

¹Û²ì 2 ～ 3 min£¬́ýµçÁ÷±ä»¯ÎÈ¶¨ºó¼ÇÂ¼½á¹û²¢¼ÌÐø
¼ÓÒ© . ß»ÈûÃ×ºÍ¸ñÁÐ±¾ëå¾ù³ÊÅ¨¶ÈÒÀÀµÐÔÒÖÖÆ ATP
¼¤»îµÄ Cl - µçÁ÷£¬µ«²»Ó°ÏìÆä·´×ªµçÎ»£¨Í¼ 2£¬±í 1£©.
ÔÚ²âÊÔµçÑ¹Îª + 100 mVÊ±£¬ß»ÈûÃ×ºÍ¸ñÁÐ±¾ëå¶Ô
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Fig 1 . A. Effect of lowering extracellular Cl- concentration on whole cell recording of ATP-activated mem-
brane Cl- currents£¨ Im£©in cultured bovine aortic endothelial cells . B. Current-voltage curves of ATP-activat-
edIm before and after extracellular Cl- concentration was lowered. Cells were clamped from a holding potential of 0 mV to
a series of test potentials from - 100 to + 100 mV for 1000 ms in + 20 mV increments. a£ºcontrol£»b£ºATP£¨100µmol¡¤L

- 1£©£¬in normal ex-
tracellular Cl -£¨160 mmol¡¤L- 1£©£»c£ºextracellular Cl - was reduced from 160 to 40 mmol¡¤L- 1 by equimolar replacement of Cl - with aspartate.

Fig 2 . Effects of cumulative concentration of furosemide and glibenclamide on whole cell recordings of ATP-ac-
tivated Cl- current in cultured bovine aortic endothelial cells . a£ºpre-ATP£¬b£ºATP 100µmol¡¤L

- 1£¬c£¬d£¬e£ºATP +
furosemide 5£¬10£¬20µmol¡¤L

- 1£¬respectively£»f£ºpre-ATP£¬g£ºATP 100µmol¡¤L
- 1£¬h£¬i£¬j£ºATP + glibenclamide 25£¬50£¬100µmol¡¤L

- 1£¬

respectively.

Cl - µç Á÷ ÒÖ ÖÆ ×÷ ÓÃ µÄ IC50 ·Ö ±ð Îª£¨6 . 2 ± 2 . 6£©ºÍ

£¨29 .6 ± 12 .3£©µmol¡¤L
- 1 .

2 .5 Cl- Í¨µÀ×èÖÍ¼Á¶Ô ATP ÓÕµ¼µÄÄÚÆ¤Ï¸°û Ca2+

ÄÚÁ÷µÄÓ°Ïì

ÎªÁËÑÐ¾¿ Cl - Í¨µÀÓë ATP ÓÕµ¼ Ca2 + ÄÚÁ÷Ö®¼ä

µÄ¹ØÏµ£¬½øÒ»²½¹Û²ìÁË Cl - Í¨µÀ×èÖÍ¼Á¶Ô ATP ÓÕµ¼

Ca2 + ÄÚÁ÷µÄÓ°Ïì . ÈçÇ°ÎÄ±¨µÀ£Û8£Ý£¬ATP ¿ÉÓÕµ¼°ûÄÚ

Ca2 + ÊÍ·ÅºÍ°ûÍâ Ca2 + ÄÚÁ÷ . ±¾ÊµÑéÔÚ Ca2 + ÄÚÁ÷Ïà
ÎÈ¶¨Ê±¼ÓÈëÀÛ»ýÅ¨¶ÈµÄß»ÈûÃ×ºÍ¸ñÁÐ±¾ëå£¬Ã¿´Î¼Ó

Ò©ºó¹Û²ì1 ～ 3 min£¬́ý£ÛCa2 + £Ýi±ä»¯ÎÈ¶¨Ê±¼ÌÐø¼Ó
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Tab 1. Effects of cumulative concentration of
furosemide£¨Fur£©and glibenclamide£¨Gli£©on ATP

£¨100µmol¡¤L- 1£©-induced membrane Cl- currents
at + 100 mV and + 60 mV in cultured bovine aortic
endothelial cells

Drug
/µmol¡¤L

- 1 n
Im / pA

at + 100 mV at + 60 mV

Pre-ATP 4 180 ± 54** 78 ± 16**

ATP 480 ± 90 232 ± 88

ATP + Fur 5 382 ± 80£¨33 ± 12£©** 156 ± 49£¨44 ± 20£©*

ATP + Fur 10 272 ± 66£¨67 ± 17£©** 114 ± 27£¨71 ± 7£©*

ATP + Fur 20 214 ± 69£¨88 ± 8£©** 88 ± 22£¨91 ± 3£©*

Pre-ATP 5 128 ± 53** 62 ± 33**

ATP 482 ± 55 218 ± 66

ATP + Gli 25 342 ± 62£¨39 ± 11£©** 144 ± 61£¨47 ± 22£©*

ATP + Gli 50 234 ± 62£¨70 ± 12£©** 102 ± 55£¨73 ± 22£©*

ATP + Gli 100 154 ± 57£¨93 ± 4£©** 72 ± 38£¨92 ± 7£©**

Inhibition of Im£¨%£©is shown in parenthesis.-x ± s . * P < 0 .05£¬
** P < 0.01£¬compared with ATP.

Ò© . ß»ÈûÃ×ºÍ¸ñÁÐ±¾ëå¾ù³ÊÅ¨¶ÈÒÀÀµÐÔµØÒÖÖÆ Ca2 +

ÄÚÁ÷ . 10µmol¡¤L
- 1ß»ÈûÃ×¿ÉÒÖÖÆ£¨36 ± 14£©% . ÓÉÓÚ

¸ßÓÚ 20µmol¡¤L
- 1ß»ÈûÃ×¶ÔÓ«¹âÓÐ¸ÉÈÅ£¬±¾ÊµÑéÎ´ÄÜ

¹Û²ì 20µmol¡¤L
- 1ÒÔÉÏß»ÈûÃ×¶Ô Ca2 + ÄÚÁ÷µÄÒÖÖÆ×÷

ÓÃ . 100µmol¡¤L
- 1¸ñÁÐ±¾ëå¿É¶Ô Ca2 + ÄÚÁ÷×î´óÒÖÖÆ

£¨ 44 ± 12£©% £¬Ëü ¶Ô Ca2 + ÄÚ Á÷ ÒÖ ÖÆ ×÷ ÓÃ µÄ IC50 Îª

£¨1 .1 ± 0 .8£©µmol¡¤L
- 1£¨±í 2£©.

ÔÚ 10µmol¡¤L
- 1ß»ÈûÃ×¶Ô ATP ÓÕµ¼ Ca2 + ÄÚÁ÷ÒÖ

ÖÆµÄ»ù´¡ÉÏ£¬100µmol¡¤L
- 1¸ñÁÐ±¾ëå¿É½øÒ»²½ÒÖÖÆ

£¨10 ± 4£©%£»¶øÔÚ 100µmol¡¤L
- 1¸ñÁÐ±¾ëå¶Ô Ca2 + ÄÚÁ÷

×î´óÒÖÖÆµÄ»ù´¡ÉÏ£¬10µmol¡¤L
- 1ß»ÈûÃ×¿É½øÒ»²½ÒÖ

ÖÆ£¨8 ± 4£©%£¨Í¼ 3£©. ËµÃ÷ß»ÈûÃ×Ãô¸ÐµÄ Ca2 + ÄÚÁ÷ºÍ
¸ñÁÐ±¾ëåÃô¸ÐµÄ Ca2 + ÄÚÁ÷´æÔÚ·ÇÍ¬Ò»ÐÔ£¬¼´Á½ÖÖ
Ca2 + ÄÚÁ÷µÄÌØÐÔ²»Í¬£¬ÌáÊ¾ß»ÈûÃ×ºÍ¸ñÁÐ±¾ëåÒÖÖÆ
Ca2 + ÄÚÁ÷µÄ»úÀí²»Í¬ .

3 ÌÖÂÛ

ÄÚÆ¤Ï¸°ûÉÏÖ÷Òª´æÔÚ ClvolºÍ ClCaÁ½ÖÖ Cl - Í¨µÀ£¬
ËüÃÇÔÚµ÷½Ú°ûÄÚ pH£¬Î¬³ÖÏ¸°ûÄ¤µçÎ»£¬²ÎÓëÏ¸°ûÔö
Ö³ºÍ·Ö»¯£¬µ÷½ÚÏ¸°ûÈÝÁ¿£¬¼°ÔÚµ÷½ÚÊÜÌå²Ù×Ý»ò

Ca2 + ³ØÒÀÀµÐÔµÄ Ca2 + ÄÚÁ÷ÖÐÆðÖØÒª×÷ÓÃ£Û6£¬7£Ý. Clvol
Í¨µÀºÍClCaÍ¨µÀÏà±È½ÏÓÖÓÐ²»Í¬µÄµçÉúÀíÑ§ÌØÐÔ£¬

Tab 2. Effects of cumulative concentration of
furosemide and glibenclamide on£ÛCa2+ £Ýi plateau
induced by 100 µmol¡¤L- 1 ATP in cultured bovine
aortic endothelial cells

Drug /µmol¡¤L
- 1 £ÛCa2 + £Ýi / nmol¡¤L- 1

Pre-ATP 48 ± 22**

ATP 164 ± 34

ATP + Fur 1.25 156 ± 37£¨7 ± 6£©*

ATP + Fur 5 149 ± 36£¨13 ± 7£©**

ATP + Fur 10 137 ± 31£¨23 ± 12£©**

ATP + Fur 20 124 ± 27£¨36 ± 14£©**

Pre-ATP 31 ± 13**

ATP 126 ± 40

ATP + Gli 0 .1 117 ± 33£¨9 ± 3£©**

ATP + Gli 1 107 ± 28£¨19 ± 2£©**

ATP + Gli 10 94 ± 28£¨34 ± 8£©**

ATP + Gli 100 85 ± 23£¨44 ± 12£©**

ATP + Gli 1000 102 ± 36£¨25 ± 16£©**

Inhibition of Ca2 + influx£¨%£©is shown in parenthesis.-x ± s£¬n =
8 . * P < 0 .05£¬** P < 0.01£¬compared with ATP.

Èç ClCaÔÚÕýµçÑ¹»ºÂý¼¤»î£¬¶ø ClvolÔÚÕýµçÑ¹»ºÂýÊ§
»î£»ClCaÓÉ£ÛCa2 + £Ýi Éý¸ß¼¤»î£¬¶ø ClvolÓÉÏ¸°ûÍâÉøÍ¸Ñ¹
½µµÍ¼¤»î£»ClCa±È ClvolÓÐ¸üÇ¿µÄÍâÏòÕûÁ÷ÌØÐÔµÈ£Û7£Ý.
ÄÚÆ¤Ï¸°û¾²Ï¢Ä¤µçÎ»±È½Ï·ÖÉ¢£¬µ«Æ½¾ùÖµÓë Cl - µÄ
Æ½ºâµçÎ»½Ó½ü£Û9£Ý£¬ËùÒÔ Cl - Í¨µÀÔÚ²»Í¬Ä¤µçÎ»¿ª·Å
Ê± Cl - µçÁ÷µÄ·½Ïò¿ÉÄÜ²»Í¬£¬Cl - ÍâÁ÷Ê±ÒýÆðµÄÄÚÏò
µçÁ÷¿Éµ¼ÖÂÏ¸°ûÄ¤È¥¼«»¯£¬Cl - ÄÚÁ÷Ê±ÒýÆðµÄÍâÏò
µçÁ÷¿Éµ¼ÖÂÏ¸°ûÄ¤³¬¼«»¯ .

±¾ÑÐ¾¿²ÉÓÃ±ê×¼È«Ï¸°ûÄ¤Æ¬Ç¯¼ÇÂ¼¼¼Êõ£¬ÔÚÅ£

Ö÷¶¯ÂöÄÚÆ¤Ï¸°û¼ÇÂ¼µ½ ATP ¿É¼¤»îÒ»ÍâÏòµçÁ÷£¬̧Ä

±äÏ¸°ûÍâ Cl - Å¨¶È¿É¸Ä±ä¸ÃµçÁ÷µÄ·´×ªµçÎ»£¬Ö¤Ã÷
ÊÇ Cl - µçÁ÷ . ATP ¼¤»îµÄ Cl - µçÁ÷ÓÐ½ÏÇ¿µÄÍâÏòÕû
Á÷ÌØÐÔ£¬¾ßÓÐ Ca2 + ÒÀÀµÐÔ£¬ËµÃ÷Ö÷ÒªÊÇ ICl£¬Ca³É·Ö .
Cl - Í¨µÀ×èÖÍ¼Áß»ÈûÃ×ºÍ¸ñÁÐ±¾ëå³ÊÅ¨¶ÈÒÀÀµÐÔµØ
ÒÖÖÆ ATP ¼¤»îµÄ Cl - µçÁ÷£¬ÔÚ + 100 mV Ê±ËüÃÇ·Ö±ð

×î´óÒÖÖÆ£¨88 ± 8£©% ºÍ£¨93 ± 4£©% . ÁíÍâ£¬ß»ÈûÃ×ºÍ

¸ñÁÐ±¾ëå¶Ô ATP ÓÕµ¼µÄ Ca2 + ÄÚÁ÷Ò²³ÊÅ¨¶ÈÒÀÀµÐÔ
µØÒÖÖÆ£¬ËµÃ÷ ATP ¼¤»îµÄ Cl - Í¨µÀ¿ª·Å²ÎÓëÁËÄÚÆ¤
Ï¸°û Ca2 + ÄÚÁ÷µÄµ÷½Ú .

ß»ÈûÃ×ÊÇÒ»ÖÖ Na+ £¬K+ / 2Cl - ½»»»ÒÖÖÆ¼Á£¬¾Ý
±¨µÀ¿ÉÒÖÖÆ ClCaÍ¨µÀ£Û10£Ý. ¸ñÁÐ±¾ëåÊÇÒ»ÖÖ K+ Í¨µÀ

ºÍCl - Í¨µÀ×èÖÍ¼Á£¬µÍÅ¨¶ÈÊ±£¨1µmol¡¤L
- 1ÒÔÏÂ£©¶Ô
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Fig 3 . Inhibitory effects of furosemide£¨10µmol¡¤L- 1£©and glibenclamide£¨100µmol¡¤L- 1£©combination on ATP
£¨100µmol¡¤L- 1£©-induced Ca2 + entry in cultured bovine aortic endothelial cells .

K+ Í¨µÀÓÐÑ¡ÔñÐÔÒÖÖÆ×÷ÓÃ£¬¶ø¸ßÅ¨¶È£¨10µmol¡¤L
- 1

ÒÔÉÏ£©¶Ô Cl - Í¨µÀÓÐÒÖÖÆ×÷ÓÃ£Û11£¬12£Ý. ±¾ÎÄ·¢ÏÖ£¬ß»Èû

Ã×Óë¸ñÁÐ±¾ëå¶Ô ATP ÓÕµ¼µÄ Ca2 + ÄÚÁ÷µÄÒÖÖÆÓÐµþ
¼Ó×÷ÓÃ£¬ËµÃ÷ß»ÈûÃ×Ãô¸ÐµÄ Cl - Í¨µÀÓë¸ñÁÐ±¾ëåÃô
¸ÐµÄ Cl - Í¨µÀ²ÎÓë Ca2 + ÄÚÁ÷µÄ»úÀí²»Í¬ . ÖµµÃ×¢Òâ
µÄÊÇ£¬̧ñÁÐ±¾ëå¶Ô ATP ÓÕµ¼ Cl - µçÁ÷µÄÒÖÖÆ×÷ÓÃ±È
Ëü ¶Ô Ca2 + ÄÚ Á÷ ÒÖ ÖÆ ×÷ ÓÃ µÄ Ç¿ ¶È ´ó¡² IC50 ·Ö ±ð Îª

£¨29 .6 ± 12 .3£©ºÍ£¨1 . 1 ± 0 . 8£©µmol¡¤L
- 1¡³£¬ËµÃ÷¸ñÁÐ±¾

ëåÃô¸ÐµÄ Cl - Í¨µÀ²ÎÓëÁË ATP ÓÕµ¼µÄ Ca2 + ÄÚÁ÷£¬µ«
¸Ã Ca2 + ÄÚÁ÷ÖÐÓÖ°üº¬¶Ô¸ñÁÐ±¾ëåÃô¸ÐµÄ·Ç Cl - Í¨µÀ
»úÀí£¬¿¼ÂÇµ½µÍÅ¨¶È¸ñÁÐ±¾ëå¶Ô K+ Í¨µÀÓÐ×è¶Ï×÷

ÓÃ£¬ÌáÊ¾ K+ Í¨µÀÒ²²ÎÓëÁË ATP ÓÕµ¼µÄ Ca2 + ÄÚÁ÷µÄ
²¿·Öµ÷½Ú .

×ÛÉÏËùÊö£¬Cl - Í¨µÀ×èÖÍ¼Áß»ÈûÃ×ºÍ¸ñÁÐ±¾ëå
³ÊÅ¨¶ÈÒÀÀµÐÔÒÖÖÆ ATP ÓÕµ¼µÄ Cl - µçÁ÷ºÍ Ca2 + ÄÚ
Á÷£¬ËµÃ÷ Cl - Í¨µÀ¿ª·ÅÔÚµ÷½ÚÄÚÆ¤Ï¸°û Ca2 + ÄÚÁ÷ÖÐ
ÆðÖØÒª×÷ÓÃ£¬ÎªÑ°ÕÒÐÂÐÍµÄÓ°ÏìÄÚÆ¤Ï¸°û¹¦ÄÜµÄÒ©

ÎïÌá¹©ÁËÊµÑéÊÒÒÀ¾Ý£¬²¢ÎªÐÄÄÔÑª¹Ü¼²²¡µÄ·ÀÖÎÌá

¹©ÐÂµÄË¼Â· .
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ATP-induced chlorine current in vascular endothelial cells
and its relationship with Ca2 + movement

WEI Wen-Li1£¬GUAN Yong-Yuan1£¬HE Hua1£¬DENG Chun-Yu2£¬
QIAN Wei-Min2£¬RUAN Hong-Mei1£¬SUN Jia-Jun1
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Abstract£ºThe combination of whole-cell patch
clamp and fura-2 fluorescence techniques had
been used to investigate the ATP-activated Cl -
current and Ca2 + entry in bovine aortic endothelial
cells£¨BAEC£©. Application of ATP activated an
outward current . The I-V curve showed
pronounced outward rectification and the current
reversed at -£¨29 ± 3£©mV£¬which was close to
the equilibrium potential for Cl -£¨ - 36 mV£©.
Reducing the£ÛCl - £Ýo caused a shift in the reversal
potential towards more positive potentials . It
indicated that the ATP-activated current was
mainly carried by Cl - . ATP-activated Cl -
current was£ÛCa2 + £Ýi dependent£¬it was maximally
inhibited by Cl - channel blockers furosemide and
glibenclamide with£¨88 ± 8£©% and£¨93 ± 4£©% at
+ 100 mV. Application of ATP activated Ca2 +

influx from the extracellular space . ATP-induced
Ca2 + entry was inhibited by furosemide and
glibenclamide with£¨36 ± 14£©% and£¨44 ±
12£©%£¬respectively . The Ca2 + influx sensitive to
furosemide is not the same as that to
glibenclamide. These observations suggest that
opening of Cl - channel plays an important role in
the regulation of Ca2 + entry in BAEC.
Key words£ºendothelium£¬vascular£»cells£¬cul-
tured£» chlorine channels£» calcium channels£»
adenosine triphosphate£»patch clamp technique
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