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Abstract
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The effects of angiotensin II receptor antagonist (candesartan)

on rat renal vascular resistance
Songklanakarin J. Sci. Technol., 2004, 26(4) : 485-496

The present study aimed to investigate the action of angiotensin II (AII) on renal perfusion pressure

and renal vascular resistance using noncompetitive AT
1
-receptor antagonist (candesartan or CV 11974).

Experiments were performed in isolated kidney of adult male Wistar rats. Kreb's Henseleit solution was

perfused into the renal artery at the rate of 3.5 ml/min. This flow rate was designed in order to maintain

renal perfusion pressure between 80-120 mm Hg. Dose-response relationship between perfusion flow rate

and AII concentration were studied. Renal perfusion pressure in response to 1, 10 and 100 nM AII were

increased from basal perfusion pressure of 94±8 mm Hg to 127±6, 157±12 and 190±16 mm Hg, respectively.

Administration of perfusate containing 11.4 µµµµµM candesartan for 30 min had no effect on the basal perfusion

pressure. However, this significantly reduced renal perfusion pressure in the presence of AII (1, 10 and 100

nM) by 39%, 47% and 61%, (n=7, P<0.05) respectively. At the basal perfusion pressure, calculated renal
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vascular resistance was 27±2 mm Hg · min · ml-1. However, the vascular resistance were found to be 41±1,

45±2 and 47±2 mm Hg · min · ml-1 when 1, 10 and 100 nM AII were added. Moreover, this dose of candesartan

also showed a significant decrease in renal vascular resistance at the corresponding doses of AII by 38%,

48% and 43%, (n=7, P<0.05) respectively. The higher dose of candesartan (22.7 µµµµµM) completely inhibited

the action of 1, 10 and 100 nM AII on renal vasoconstriction. These results may indicate that the action of

AII on renal vascular resistance is via AT
1
-receptor, at least in rat isolated perfusion kidney.

Key words : AT
1
- receptor antagonist, candesartan (CV 11974), renal perfusion pressure,

renal vascular resistance
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°“√∑¥≈Õß§√—Èßπ’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈¢ÕßŒÕ√å‚¡π·Õß®‘‚Õ‡∑π´‘π II (AII) µàÕ§«“¡¥—π¿“¬„πÀ≈Õ¥

‡≈◊Õ¥·≈–§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ ‚¥¬„™â “√ÕÕ°ƒ∑∏‘Ïµâ“πµ—«√—∫ AII ∑’Ë®”‡æ“–‡®“–®ßµàÕµ—«√—∫ª√–‡¿∑

AT
1
 (candesartan À√◊Õ CV-11974) ∑”°“√∑¥≈Õß„πÀπŸ¢“« “¬æ—π∏ÿå Wistar ‡æ»ºŸâ ∑”„Àâ ≈∫·≈â«µ—¥‰µ¢â“ß´â“¬

ÕÕ°¡“»÷°…“‚¥¬«‘∏’ isolated perfused kidney  „π°“√∑¥≈ÕßÀ“º≈¢Õß AII µàÕ§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ®–

„™âÕ—µ√“°“√‰À≈¿“¬„πÀ≈Õ¥‡≈◊Õ¥§ß∑’Ë∑’Ë 3.5 ¡≈/π“∑’  ®“°π—Èπ®÷ßªíö¡ “√≈–≈“¬‡§√∫ å (Krebûs Helseleit solution)

∑’Ë¡’ AII ¢π“¥ 1, 10 ·≈– 100 π“‚π‚¡≈“√å∑’≈–¢π“¥µ“¡≈”¥—∫‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥·¥ß∑’Ë‰µ æ∫«à“ AII ∑—Èß “¡

¢π“¥∑”„Àâ§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ‡æ‘Ë¡¢÷Èπ®“°§à“ basal perfusion pressure 94±8 ¡¡.ª√Õ∑ ‡ªìπ 127±6,

157±12, ·≈– 190±16 ¡¡.ª√Õ∑ µ“¡≈”¥—∫  °“√∑¥≈Õß‚¥¬ªíö¡ “√≈–≈“¬‡§√∫ åº ¡ candesartan §«“¡‡¢â¡¢âπ

11.4 ‰¡‚§√‚¡≈“√å ‡ªìπ‡«≈“ 30 π“∑’ æ∫«à“‰¡à¡’º≈µàÕ§à“ basal perfusion pressure ·µà‡¡◊ËÕ∑¥ Õ∫‚¥¬„Àâ√à«¡°—∫

AII ∑—Èß “¡¢π“¥¢â“ßµâπ æ∫«à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ≈¥≈ß 39%, 47% ·≈– 61% Õ¬à“ß¡’π—¬ ”§—≠∑“ß

 ∂‘µ‘ (n=7, P<0.05) µ“¡≈”¥—∫   ”À√—∫°“√∑¥≈Õßº≈¢Õß AII µàÕ§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ ∑”‚¥¬°“√

ªíö¡ “√≈–≈“¬‡§√∫ å∑’Ë¡’§«“¡‡¢â¡¢âπ¢Õß AII ¢π“¥ 1, 10 ·≈– 100 π“‚π‚¡≈“√å∑’≈–¢π“¥µ“¡≈”¥—∫¥â«¬Õ—µ√“°“√

‰À≈¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë∑”„Àâ§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ¡’§à“§ß∑’Ë√–À«à“ß 80-120 ¡¡.ª√Õ∑ æ∫«à“¢π“¥¢Õß

AII ∑’Ë‡æ‘Ë¡¢÷Èπ∑”„Àâ§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ‡æ‘Ë¡¢÷Èπ®“°§à“ basal perfusion pressure 27±2 ¡¡.ª√Õ∑ π“∑’/

¡≈ ‡ªìπ 41±1, 45±2 ·≈– 47±2 ¡¡.ª√Õ∑ π“∑’/¡≈ µ“¡≈”¥—∫ „π°“√∑¥≈Õß∑’Ë„Àâ candesartan §«“¡‡¢â¡¢âπ 11.4

‰¡‚§√‚¡≈“√å ‡ªìπ‡«≈“ 30 π“∑’°àÕπ„Àâ AII ∑’Ë§«“¡‡¢â¡¢âπ‡¥‘¡∑—Èß “¡¢π“¥ æ∫«à“§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥‡≈◊Õ¥∑’Ë

‰µ∑’Ë‡°‘¥®“° AII ¢Õß·µà≈–§«“¡‡¢â¡¢âπ≈¥≈ß 38%, 48% ·≈– 43% Õ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (n=7, P<0.05) µ“¡

≈”¥—∫  πÕ°®“°π’È¬—ßæ∫«à“∂â“„Àâ candesartan §«“¡‡¢â¡¢âπ 22.7 ‰¡‚§√‚¡≈“√å ·≈–∑¥≈Õß‡™àπ‡¥’¬«°—∫¢â“ßµâπ

 “¡“√∂¬—∫¬—Èßº≈¢Õß AII ∑—Èß “¡¢π“¥µàÕ°“√À¥µ—«¢ÕßÀ≈Õ¥‡≈◊Õ¥„π‰µ‰¥âÕ¬à“ß ¡∫Ÿ√≥å  ®“°º≈°“√∑¥≈Õß§√—Èßπ’È

· ¥ß«à“°≈‰°°“√ÕÕ°ƒ∑∏‘Ï¢Õß AII ∑’Ë∑”„ÀâÀ≈Õ¥‡≈◊Õ¥·¥ßÀ¥µ—«„π isolated perfused rat kidney ∑”ß“πºà“π∑“ß

µ—«√—∫ª√–‡¿∑ AT
1

·Õß®‘‚Õ‡∑π´‘π II (angiotensin II À√◊Õ AII) ‡ªìπ
ŒÕ√å‚¡π∑’ËÕÕ°ƒ∑∏‘Ï„π√–∫∫‡√π‘π-·Õß®‘‚Õ‡∑π´‘π (renin-

angiotensin À√◊Õ RAS) ‚¥¬¡’‡√π‘π∑”Àπâ“∑’Ë‡ªìπµ—«

‡ª≈’Ë¬π·Õß®‘‚Õ‡∑π ‘́‚π‡®π (angiotensinogen) ´÷Ëß‡ªìπ
‰°≈‚§‚ª√µ’π∑’Ë √â“ß®“°µ—∫„Àâ‡ªìπ·Õß®‘‚Õ‡∑π´‘π I

(angiotensin I À√◊Õ AI) µàÕ¡“ AI ®–∂Ÿ°‡ª≈’Ë¬π‡ªìπ AII
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‚¥¬ angiotensin converting enzyme (ACE) ∑’Ë‰À≈
‡«’¬πÕ¬Ÿà„π°√–· ‡≈◊Õ¥  ”À√—∫∑’Ë‰µπ—Èπ AII  “¡“√∂ÕÕ°
ƒ∑∏‘ÏµàÕ°“√‰À≈‡«’¬π‡≈◊Õ¥∑’Ë‰µ ‚¥¬∑”„ÀâÀ≈Õ¥‡≈◊Õ¥À¥µ—«
‡ªìπº≈„ÀâÕ—µ√“°“√‰À≈‡«’¬π‡≈◊Õ¥¿“¬„π‰µ (renal blood

flow À√◊Õ RBF) ≈¥≈ß·≈–¡’º≈‡ª≈’Ë¬π·ª≈ßÕ—µ√“°“√
°√Õß¢Õß‰µ (glomerular filtration rate À√◊Õ GFR) ‚¥¬
∂â“ AII ¡’º≈∑”„ÀâÀ≈Õ¥‡≈◊Õ¥·¥ß afferent arteriole À¥
µ—«®–¡’º≈≈¥ GFR ·µàÀ“°¡’º≈∑”„Àâ efferent arteriole

À¥µ—«®–¡’º≈‡æ‘Ë¡ GFR ‰¥â (Navar et al., 1996)

°“√»÷°…“°“√ÕÕ°ƒ∑∏‘Ï¢Õß AII ‚¥¬„™â “√ÕÕ°ƒ∑∏‘Ï
µâ“πµ—«√—∫π—Èπ  “¡“√∂®”·π° “√¥—ß°≈à“«µ“¡°“√∑”ß“π
ºà“πµ—«√—∫ (receptor) ¢Õß AII ́ ÷Ëßªí®®ÿ∫—π·∫àßÕÕ°‰¥â‡ªìπ
2 ª√–‡¿∑„À≠àÊ µ“¡≈—°…≥–¢Õß¬“À√◊Õ “√∑’Ë‡©æ“–
‡®“–®ß°—∫µ—«√—∫π—ÈπÊ µ—«√—∫ª√–‡¿∑∑’ËÀπ÷Ëß§◊Õ AT

1
 ´÷Ëß®–‰«

µàÕ “√æ«° losartan, valsartan, eprosartan, irbesartan,

telmisartan ·≈– candesartan  ”À√—∫µ—«√—∫ª√–‡¿∑∑’Ë
 Õß§◊Õ AT

2
 ´÷Ëß®–‰«µàÕ “√æ«° PD compound ‡™àπ

PD123177, PD123319, PD124125 ·≈– CGP42112

(Chiu et al., 1989; Timmermans et al., 1993)  ”À√—∫
‡π◊ÈÕ‡¬◊ËÕ·≈–Õ«—¬«–∑’Ëæ∫«à“¡’µ—«√—∫™π‘¥ AT

1
 ‰¥â·°à °≈â“¡

‡π◊ÈÕ‡√’¬∫À≈Õ¥‡≈◊Õ¥, À—«„®,  ¡Õß, ‰µ·≈–µàÕ¡À¡«°‰µ
 à«πµ—«√—∫™π‘¥ AT

2
 æ∫‰¥â∑’Ë ¡Õß, ¡¥≈Ÿ° ·≈–µàÕ¡À¡«°

‰µ   ”À√—∫∑’Ë‰µπ—Èπ 90% ¢Õßµ—«√—∫‡ªìπ™π‘¥ AT
1
 ·≈–

10% ‡ªìπ™π‘¥ AT
2
 (Timmermans et al., 1993; Zhang

et al., 1993)

losartan ‡ªìπ “√ÕÕ°ƒ∑∏‘Ïµâ“πµ—«√—∫™π‘¥ AT
1

µ—«·√°∑’Ë¡’°“√»÷°…“°—πÕ¬à“ß°«â“ß¢«“ß µàÕ¡“®÷ß‰¥âæ—≤π“
¡“‡ªìπ candesartan cilexetil (TCV-116) ·≈– cande-

sartan (CV-11974) ´÷Ëß‡ªìπæ«° non-peptide  ”À√—∫
candesartan cilexetil ‡ªìπ “√ÕÕ°ƒ∑∏‘Ïµâ“πµ—«√—∫™π‘¥
AT

1
 ™◊ËÕ∑“ß‡§¡’§◊Õ (±)-1-(cyclohexyloxycarbonyloxy)-

ethyl 2-ethoxy-1-[[2-(1H-tetrazol-5-yl) biphenyl-4-yl]

methyl]-1H-benzimidazole-7-carboxylate (Shibouta

et al., 1993; Nishikawa et al., 1994) „™â‡ªìπ¬“°‘π‡æ◊ËÕ
≈¥¿“«–§«“¡¥—π‡≈◊Õ¥ Ÿß∑—Èß„π§π·≈–„π —µ«å∑¥≈Õß
(Shibouta et al., 1992; Kubo et al., 1993; Inada et

al., 1994)  à«π candesartan ™◊ËÕ∑“ß‡§¡’§◊Õ 2-ethoxy-

1-[[2-(1H-tetrazol-5-yl) biphenyl-4-yl] methyl]-1H-

benzimidazole-7-carboxylic acid (Noda et al., 1993;

Shibouta et al., 1993)  “¡“√∂„™â„π°“√»÷°…“·∫∫ in

vivo ‚¥¬°“√©’¥ ·≈–„™â»÷°…“·∫∫ in vitro ‚¥¬°“√≈–≈“¬
„π physiological fluid  Ÿµ√‚§√ß √â“ß¢Õß candesartan

∑—Èß Õßª√–‡¿∑ ¥—ß· ¥ß„π Figure 1

ªí®®ÿ∫—π°“√»÷°…“°“√∑”ß“π¢Õß  AII  ‚¥¬„™â
candesartan ‡ªìπ‰ªÕ¬à“ß°«â“ß¢«“ß „π°“√»÷°…“ƒ∑∏‘Ï¢Õß
AII µàÕÀ≈Õ¥‡≈◊Õ¥·¥ßπ—Èπæ∫«à“ candesartan ¡’ƒ∑∏‘Ï

Figure 1. Structure of candesartan (CV-11974) and candesartan cilexetil (TCV-116)

(Adapted from: Shibouta et al., 1993; Kondo et al., 1996)
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∑”„ÀâÀ≈Õ¥‡≈◊Õ¥·¥ß¢¬“¬µ—« (vasodilation) µâ“π°“√
∑”ß“π¢Õß AII ·≈–≈¥§«“¡¥—π‡≈◊Õ¥‰¥â„πÀπŸª°µ‘·≈–ÀπŸ
spontaneously hypertensive rats (SHR) (Kanagawa

et al., 1997)  ®“°°“√»÷°…“Õ◊ËπÊ æ∫«à“ candesartan

¡’ƒ∑∏‘Ïµâ“π°“√‡æ‘Ë¡§«“¡¥—π‡≈◊Õ¥·¥ß‡©≈’Ë¬∑’ËµÕ∫ πÕßµàÕ
AII „πÀπŸ¢“«∑’Ë»÷°…“∑—Èß·∫∫ in vivo ·≈– in vitro

(Cervenka et al., 1998; Champion et al., 1998) ·≈–
¡’ƒ∑∏‘Ïµâ“π°“√‡æ‘Ë¡§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥°≈â“¡‡π◊ÈÕ
∫√‘‡«≥¢“À≈—ß∑’ËµÕ∫ πÕßµàÕ AII „πÀπŸ¢“« (Champion

et al., 1998) ·≈–„πÀ≈Õ¥‡≈◊Õ¥ mesenteric vascular

beds ¢Õß·¡« (Champion and Kadowitz, 1997)

πÕ°®“°π’È¬—ßæ∫«à“ candesartan „π¢π“¥∑’Ë∑”„Àâ§«“¡
¥—π‡≈◊Õ¥≈¥≈ßπ—Èπ ¡’ƒ∑∏‘Ï≈¥ RBF ·≈– GFR ≈¥°“√¢—∫
‚´‡¥’¬¡·≈–≈¥°“√¢—∫∂à“¬ªí  “«– ·µà candesartan „π
¢π“¥∑’Ë‰¡à∑”„Àâ§«“¡¥—π‡≈◊Õ¥‡ª≈’Ë¬π·ª≈ß°≈—∫¡’º≈∑”„Àâ
¡’°“√¢—∫‚´‡¥’¬¡¡“°¢÷Èπ „π¢≥–∑’Ë RBF ·≈– GFR ‰¡à
‡ª≈’Ë¬π·ª≈ßÕ¬à“ß‡¥àπ™—¥ (Cervenka et al., 1997) ´÷Ëß
°“√∑¥≈Õß¥—ß°≈à“«∑”„Àâ‰¡à∑√“∫·πà™—¥«à“ candesartan

¡’º≈Õ¬à“ß‰√„π°“√§«∫§ÿ¡ RBF ‡π◊ËÕß®“°°“√‡ª≈’Ë¬π·ª≈ß
renal hemodynamics ®–¡’º≈°√–∑∫µàÕ RBF °àÕπ
πÕ°®“°π’È¬—ß‰¡à¡’√“¬ß“π°“√»÷°…“∂÷ßº≈¢Õß candesartan

µàÕ°“√§«∫§ÿ¡ RBF ®“°°“√‡ª≈’Ë¬π·ª≈ß§«“¡µâ“π∑“π
√«¡¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π‰µ  ‚¥¬‡©æ“–„π isolated

perfused rat kidney

°“√»÷°…“§√—Èßπ’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“º≈¢Õß
candesartan (CV-11974) ´÷Ëß‡ªìπ “√ÕÕ°ƒ∑∏‘Ïµâ“πµ—«√—∫
·Õß®‘‚Õ‡∑π´‘π II µàÕ§«“¡µâ“π∑“π√«¡¢ÕßÀ≈Õ¥‡≈◊Õ¥
¿“¬„π‰µ‡æ◊ËÕ‡ªìπ¢âÕ¡Ÿ≈‡æ‘Ë¡‡µ‘¡§«“¡√Ÿâ‡°’Ë¬«°—∫°≈‰°°“√
ÕÕ°ƒ∑∏‘Ï¢Õß AII µàÕ°“√§«∫§ÿ¡Õ—µ√“°“√‰À≈‡«’¬π‡≈◊Õ¥
∑’Ë‰µ

«— ¥ÿ Õÿª°√≥å·≈–«‘∏’°“√

 —µ«å∑¥≈Õß

°“√∑¥≈Õß„™âÀπŸ¢“« (Wistar rats) ‡æ»ºŸâ πÈ”Àπ—°
µ—«√–À«à“ß 250-350 °√—¡ ®“°Àπà«¬‡√◊Õπ‡≈’È¬ß —µ«å∑¥≈Õß
§≥–«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å ÀπŸ∑—ÈßÀ¡¥
‡≈’È¬ß„π ¿“æ∑’Ë‡À¡◊Õπ°—π‚¥¬°“√„ÀâÕ“À“√‡¡Á¥ ”‡√Á®√Ÿª

·≈–πÈ”ª√–ª“ –Õ“¥Õ¬à“ß‰¡à®”°—¥ª√‘¡“≥¿“¬„πÀâÕßª√—∫
Õ“°“» Õÿ≥À¿Ÿ¡‘ 25ºC ·≈–§«∫§ÿ¡ª√‘¡“≥· ß„Àâ¡’ —¥ à«π
‡«≈“¡◊¥µàÕ «à“ß‡∑à“°—∫ 12:12 ™—Ë«‚¡ß

¬“·≈– “√‡§¡’

1. physiological fluid ‡ªìπ “√≈–≈“¬‡§√∫ å
(Krebs' Henseleit solution; mM: NaCl, 118; KCl,

4.8; CaCl
2
, 2.5; KH

2
PO

4
, 1.2; MgSO

4
·7H

2
O, 1.2:

NaHCO
3
, 25;  D-glucose, 11)

2. Angiotensin II, Sigma, USA

3. candesartan, Astra, Sweden

4. Heparin, Leo, Denmark

5. Sodium pentobarbitone, Sigma, USA

°“√‡µ√’¬¡ —µ«å∑¥≈Õß

 ≈∫ —µ«å∑¥≈Õß¥â«¬ sodium pentobarbitone

50 ¡°/πÈ”Àπ—°µ—« 1 °° ‚¥¬©’¥‡¢â“™àÕß∑âÕß ºà“·π«°≈“ß
∑âÕß‡ªî¥À“‰µ¢â“ß´â“¬   Õ¥∑àÕ polyethylene (PE 50)

‡¢â“„πÀ≈Õ¥‡≈◊Õ¥·¥ß·≈–À≈Õ¥‡≈◊Õ¥¥”¢Õß‰µ¢â“ß ấ“¬
·≈â«„™â infusion pump (model 975A, Harvard, USA)

ªíö¡ “√≈–≈“¬‡§√∫ å∑’Ë§«∫§ÿ¡Õÿ≥À¿Ÿ¡‘ 37ºC ·≈–ºà“π°“√
„Àâ°ä“´§“√å‚∫‡®π‡¢â“ Ÿà‰µ∑“ßÀ≈Õ¥‡≈◊Õ¥·¥ß‡æ◊ËÕ™–≈â“ß
‡≈◊Õ¥¿“¬„π‰µ®π‡°◊Õ∫À¡¥‚¥¬ —ß‡°µ«à“‰µ®–¥Ÿ„ ‡π◊ËÕß®“°
‰¡à¡’‡≈◊Õ¥§â“ßÕ¬Ÿà ·≈– Õ¥∑àÕ PE10 ‡¢â“„π∑àÕ‰µ‡æ◊ËÕ„Àâ
‡ªìπ∑“ßÕÕ°¢Õßªí  “«–  µ—¥·¬°‰µ¢â“ß´â“¬ÕÕ°®“°µ—«
 —µ«å∑¥≈Õß„ à„π tissue chamber ∑’Ë∫√√®ÿ¥â«¬ “√≈–≈“¬
‡§√∫ å 37ºC ∑’Ë¡’øÕß°ä“´§“√å‚∫‡®πºà“π “√≈–≈“¬µ≈Õ¥
‡«≈“ ‚¥¬«‘∏’°“√π’È®–‰¥â isolated perfused kidney ∑’Ë
 “¡“√∂„Àâ “√≈–≈“¬∑’ËµâÕß°“√»÷°…“‚¥¬„™â peristaltic

perfusion pump ºà“π∑“ßÀ≈Õ¥‡≈◊Õ¥·¥ß∑’Ë‰µ‰¥â

·ºπ°“√∑¥≈Õß

°“√∑¥≈Õßª√–°Õ∫¥â«¬°“√»÷°…“∑—ÈßÀ¡¥ 4 µÕπ
·µà≈–µÕπ„™â —µ«å∑¥≈Õß°≈ÿà¡≈– 4-9 µ—«

1. °“√»÷°…“‡æ◊ËÕÀ“§«“¡ —¡æ—π∏å√–À«à“ß§à“Õ—µ√“

°“√‰À≈¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ ‚¥¬„™â‡§√◊ËÕß peristaltic

perfusion pump °—∫§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥

„πµÕπ·√°À“§«“¡ —¡æ—π∏å√–À«à“ß§«“¡‡√Á«
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¢Õß‡§√◊ËÕß peristaltic perfusion pump °—∫Õ—µ√“°“√‰À≈
°àÕπ ‚¥¬‡ªî¥‡§√◊ËÕß peristaltic perfusion pump (model

miniplus 3, Gilson, USA) ‡æ◊ËÕªíö¡ “√≈–≈“¬‡§√∫ å
ºà“π∑àÕ PE 50 ´÷Ëß‡ªìπ¢π“¥‡¥’¬«°—∫∑’Ë„™â Õ¥‡¢â“„πÀ≈Õ¥
‡≈◊Õ¥·¥ß∑’Ë‰µ ¥â«¬§«“¡‡√Á«µË” ÿ¥¢Õß‡§√◊ËÕß ‡√‘Ë¡∑’Ë§«“¡
‡√Á« 2.0 Àπà«¬ „™âÀ≈Õ¥∑¥≈Õß√Õß√—∫ “√≈–≈“¬‡§√∫ å∑’Ë
‰À≈ÕÕ°¡“®“°ª≈“¬∑àÕ‡æ◊ËÕπ”‰ª«—¥À“ª√‘¡“µ√¢Õß “√
≈–≈“¬‡§√∫ å∑’Ë∂Ÿ°ªíö¡¡“¬—ßª≈“¬∑àÕ PE ¥â«¬§«“¡‡√Á«
¥—ß°≈à“«  ®“°π—Èπª√—∫§«“¡‡√Á«‡æ‘Ë¡¢÷Èπ§√—Èß≈– 0.5 Àπà«¬
®π°√–∑—Ëß∂÷ß§«“¡‡√Á« Ÿß ÿ¥¢Õß‡§√◊ËÕß§◊Õ 7.0 Àπà«¬‡æ◊ËÕ
À“ª√‘¡“µ√¢Õß “√≈–≈“¬‡§√∫ å∑’Ëªíö¡¥â«¬§«“¡‡√Á«∑’Ë
·µ°µà“ß°—π°àÕπ ·≈â«®÷ßÀ“§«“¡ —¡æ—π∏å√–À«à“ß§à“Õ—µ√“
°“√‰À≈∑’Ë§”π«≥¡“‰¥â°—∫§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥
À≈—ß®“°‡µ√’¬¡ isolated perfused kidney ‡√’¬∫√âÕ¬·≈â«
®÷ß‡√‘Ë¡∫—π∑÷°§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ®“°À≈Õ¥
‡≈◊Õ¥·¥ß∑’ËµàÕ°—∫ pressure transducer ‚¥¬· ¥ßº≈∫π
‡§√◊ËÕß‚æ≈’°√“ø (model 7, Grass, USA) ‡√‘Ë¡∑’Ë§«“¡‡√Á«
2.0 Àπà«¬‡™àπ°—π®π‰¥â°“√µÕ∫ πÕß¢Õß§«“¡¥—π¿“¬„π
À≈Õ¥‡≈◊Õ¥∑’Ë§ß∑’Ë ·≈â«ª√—∫§«“¡‡√Á«¢Õß‡§√◊ËÕß peristaltic

perfusion pump ‡æ‘Ë¡¢÷Èπ∑’≈– 0.5 Àπà«¬‡™àπ‡¥‘¡∑’Ë®–
∑”„Àâ‰¥â§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ¢π“¥µà“ßÊ °—π
®“°π—Èππ”¡“À“§«“¡ —¡æ—π∏å√–À«à“ß§à“Õ—µ√“°“√‰À≈°—∫
§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ (Tublin et al., 1999)

2. °“√»÷°…“‡æ◊ËÕÀ“§à“ equilibration time ·≈–

time control experiment

À≈—ß®“°‡µ√’¬¡ isolated perfused kidney

‡√’¬∫√âÕ¬·≈â« ∑”°“√∑¥≈Õß‚¥¬„™âÕ—µ√“°“√‰À≈ 3.5 ¡≈/
π“∑’ (Woodman et al., 1980) ∑’Ë∑”„Àâ§«“¡¥—π¿“¬„π
À≈Õ¥‡≈◊Õ¥‡∑à“°—∫§«“¡¥—π‡≈◊Õ¥ª°µ‘‡¢â“∑“ßÀ≈Õ¥‡≈◊Õ¥
·¥ß∑’Ë‰µ  ∫—π∑÷°°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—π¿“¬„πÀ≈Õ¥
‡≈◊Õ¥‡ªìπ‡«≈“ 3-4 ™—Ë«‚¡ß‡æ◊ËÕÀ“™à«ß‡«≈“∑’Ë§«“¡¥—π¿“¬
„πÀ≈Õ¥‡≈◊Õ¥‡√‘Ë¡§ß∑’Ë (equilibration time) ´÷Ëß§à“π’È®–
π”‰ª„™â„π°“√∑¥≈ÕßÕ◊ËπÊ µàÕ‰ª ‚¥¬®–‡√‘Ë¡°“√∑¥≈Õß
À≈—ß®“°ºà“π™à«ß‡«≈“ equilibration time ‰ª·≈â«  à«π
§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë™à«ß‡«≈“ 1, 2 ·≈– 3 ™—Ë«‚¡ß
®–π”¡“‡ª√’¬∫‡∑’¬∫‡æ◊ËÕ¥Ÿ§à“°“√‡ª≈’Ë¬π·ª≈ß«à“‡ªìπÕ¬à“ß‰√
(time control experiment)

3. »÷°…“°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—π¿“¬„πÀ≈Õ¥

‡≈◊Õ¥µàÕ°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π‰µµàÕ AII

‚¥¬„™â candesartan

À≈—ß®“°‡µ√’¬¡ isolated perfused kidney

‡√’¬∫√âÕ¬·≈â« ‡√‘Ë¡°“√∑¥≈Õß‚¥¬ªíö¡ “√≈–≈“¬‡§√∫ å¥â«¬
Õ—µ√“°“√‰À≈ 3.5 ¡≈/π“∑’‡ªìπ‡«≈“ 15 π“∑’ (equili-

bration time) æ√âÕ¡°—∫∫—π∑÷°§à“§«“¡¥—π¿“¬„πÀ≈Õ¥
‡≈◊Õ¥µ≈Õ¥°“√∑¥≈Õß ·≈â«®÷ßªíö¡ “√≈–≈“¬‡§√∫ å∑’Ë¡’ AII

§«“¡‡¢â¡¢âπ 1, 10 ·≈– 100 π“‚π‚¡≈“√å ∑’≈–¢π“¥‚¥¬
°“√ªíö¡ “√≈–≈“¬‡§√∫ å∑’Ë¡’ AII §«“¡‡¢â¡¢âπµË” ÿ¥°àÕπ
®π‡°‘¥°“√À¥µ—«µÕ∫ πÕß Ÿß ÿ¥ ·≈â«®÷ßªíö¡ “√≈–≈“¬
‡§√∫ åµàÕÕ’°‡ªìπ‡«≈“ 5 π“∑’ ®π°√–∑—Ëß°“√À¥µ—«¢Õß
À≈Õ¥‡≈◊Õ¥°≈—∫§◊π Ÿà¿“«–ª°µ‘ ∑”°“√∑¥≈Õß´È”‚¥¬„™â
 “√≈–≈“¬‡§√∫ å∑’Ë¡’ AII §«“¡‡¢â¡¢âπ 10 ·≈– 100

π“‚π‚¡≈“√åµ“¡≈”¥—∫‚¥¬«‘∏’°“√‡¥’¬«°—π ®“°π—Èπªíö¡ “√
≈–≈“¬‡§√∫ åº ¡ candesartan ∑’Ë§«“¡‡¢â¡¢âπ 11.4 ·≈–
22.7 ‰¡‚§√‚¡≈“√å ‡ªìπ‡«≈“ 30 π“∑’‡æ◊ËÕ„Àâ®—∫°—∫µ—«√—∫
¢Õß AII (Ojima et al., 1997) °àÕπ∫—π∑÷°°“√‡ª≈’Ë¬π
·ª≈ß§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥„À¡àÕ’°§√—Èß¢≥–ªíö¡ “√
≈–≈“¬‡§√∫ åº ¡ candesartan ·≈–¡’ AII §«“¡‡¢â¡¢âπ
1, 10 ·≈– 100 π“‚π‚¡≈“√å µ“¡≈”¥—∫‚¥¬«‘∏’°“√‡¥’¬«°—π
π”§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰¥â¡“À“§à“°“√µÕ∫
 πÕß Ÿß ÿ¥‡æ◊ËÕ§”π«≥§à“ EC

50
 ·≈–À“§à“ % ¢Õß°“√

¬—∫¬—Èßƒ∑∏‘Ï¢Õß AII (% inhibition) ¿“¬À≈—ß°“√„Àâ
candesartan ‚¥¬§”π«≥¥—ßπ’È

§à“ % ¢Õß°“√¬—∫¬—Èßƒ∑∏‘Ï¢Õß AII = (§«“¡¥—π
¿“¬„πÀ≈Õ¥‡≈◊Õ¥°àÕπ„Àâ “√¬—∫¬—Èß - §«“¡¥—π¿“¬„π
À≈Õ¥‡≈◊Õ¥À≈—ß„Àâ “√¬—∫¬—Èß) / §«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥
°àÕπ„Àâ “√¬—∫¬—Èß × 100

4. »÷°…“°“√‡ª≈’Ë¬π·ª≈ß§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥

‡≈◊Õ¥¿“¬„π‰µ∑’ËµÕ∫ πÕßµàÕ AII °àÕπ·≈–À≈—ß°“√„Àâ

candesartan ®“°§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‡ª≈’Ë¬π

‰ª‡¡◊ËÕ„™âÕ—µ√“°“√‰À≈µà“ßÊ

À≈—ß®“°‡µ√’¬¡ isolated perfused kidney

‡√’¬∫√âÕ¬·≈â« ∫—π∑÷°§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥®“°
°“√ªíö¡ “√≈–≈“¬‡§√∫ åºà“π∑“ßÀ≈Õ¥‡≈◊Õ¥·¥ß¥â«¬Õ—µ√“
°“√‰À≈µà“ßÊ °—π‚¥¬∑”„Àâ§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥¡’
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§à“§ß∑’Ë„π™à«ß 80-120 ¡¡.ª√Õ∑ ¿“¬À≈—ß equilibrate

À≈Õ¥‡≈◊Õ¥¿“¬„π‰µ¥â«¬ “√≈–≈“¬‡§√∫ å¥â«¬Õ—µ√“°“√
‰À≈π—ÈπÊ ®π§ß∑’Ë‡ªìπ‡«≈“ 15 π“∑’ ·≈â«®÷ß∫—π∑÷°°“√
‡ª≈’Ë¬π·ª≈ß§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ‡¡◊ËÕªíö¡
 “√≈–≈“¬‡§√∫ å∑’Ë¡’ AII §«“¡‡¢â¡¢âπ 1, 10 ·≈– 100

π“‚π‚¡≈“√å ∑’≈–¢π“¥‚¥¬«‘∏’°“√‡¥’¬«°—∫¢âÕ 3  ®“°π—Èπ
ªíö¡ “√≈–≈“¬‡§√∫ å‡æ◊ËÕ„Àâ§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥
°≈—∫ Ÿà¿“«–ª°µ‘‡ªìπ‡«≈“ 15 π“∑’ ·≈â«ªíö¡ “√≈–≈“¬
‡§√∫ åº ¡ candesartan §«“¡‡¢â¡¢âπ 11.4 ‰¡‚§√‚¡≈“√å
‡ªìπ‡«≈“ 30 π“∑’ ∫—π∑÷°°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—π¿“¬„π
À≈Õ¥‡≈◊Õ¥„À¡àÕ’°§√—Èß¢≥–ªíô¡ “√≈–≈“¬‡§√∫ åº ¡
candesartan ∑’Ë¡’ AII  §«“¡‡¢â¡¢âπ 1, 10 ·≈– 100

π“‚π‚¡≈“√å µ“¡≈”¥—∫‚¥¬«‘∏’°“√‡¥’¬«°—π π”§à“§«“¡¥—π
¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰¥â®“°°“√„™âÕ—µ√“°“√‰À≈µà“ßÊ ¡“
§”π«≥À“§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π‰µ (Tublin

et al., 1999) ¥—ßπ’È
§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π‰µ = §«“¡

¥—π‡©≈’Ë¬¿“¬„πÀ≈Õ¥‡≈◊Õ¥ / Õ—µ√“°“√‰À≈¿“¬„πÀ≈Õ¥
‡≈◊Õ¥

°“√§”π«≥·≈–°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈∑“ß ∂‘µ‘

‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß®“°§à“§«“¡ —¡æ—π∏å
√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß “√∑’Ë„™â∑¥ Õ∫°—∫§à“‡©≈’Ë¬

(mean±SEM) ¢Õß°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥ (dose-

response curve) ·≈–§”π«≥À“§à“ EC
50

 (effective

concentration) ´÷Ëß‡ªìπ§«“¡‡¢â¡¢âπ¢Õß¬“∑’Ë∑”„Àâ¡’°“√
µÕ∫ πÕß 50% ¢Õß°“√µÕ∫ πÕß Ÿß ÿ¥ (maximum

response) ¢ÕßÀ≈Õ¥‡≈◊Õ¥ ÷́ËßÀ“‰¥â®“°°√“ø§«“¡ —¡æ—π∏å
√–À«à“ß§«“¡‡¢â¡¢âπ¢Õß “√°—∫°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥
‡≈◊Õ¥¥—ß°≈à“« (Diem and Leutner, 1970)  à«π°“√À“
§à“§«“¡·µ°µà“ß√–À«à“ß°≈ÿà¡§«∫§ÿ¡°—∫°≈ÿà¡∑¥≈Õß„™â
Student's t-test ·≈– ANOVA ‚¥¬®–¬Õ¡√—∫§à“π—¬ ”§—≠
∑“ß ∂‘µ‘∑’Ë§à“ P<0.05

º≈°“√∑¥≈Õß

1. º≈°“√»÷°…“§«“¡ —¡æ—π∏å√–À«à“ß§à“Õ—µ√“°“√‰À≈

¿“¬„πÀ≈Õ¥‡≈◊Õ¥°—∫§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥

®“°°“√»÷°…“æ∫«à“°“√‡ª≈’Ë¬π·ª≈ßÕ—µ√“°“√‰À≈
¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ (RPFR) ¢Õß “√≈–≈“¬‡§√∫ å∑’Ë
„Àâºà“πÀ≈Õ¥‡≈◊Õ¥·¥ß ®–¡’§«“¡ —¡æ—π∏å°—π·∫∫ positive

correlation °—∫°“√‡ª≈’Ë¬π·ª≈ß¢Õß§«“¡¥—π¿“¬„πÀ≈Õ¥
‡≈◊Õ¥∑’Ë‰µ (RPP) §◊Õ‡¡◊ËÕÕ—µ√“°“√‰À≈¿“¬„πÀ≈Õ¥‡≈◊Õ¥
‡æ‘Ë¡¢÷Èπ §«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥®–‡æ‘Ë¡¢÷Èπ‡ªìπ —¥ à«π
‚¥¬µ√ß ‚¥¬¡’ ¡°“√§«“¡ —¡æ—π∏å  RPP = 42.3  RPFR -

24.3 ·≈– r2=0.98 (n=4, P<0.05) ¥—ß· ¥ß„π Figure 2

Figure 2. Relationship between renal perfusion pressure (RPP) and renal perfusion flow

rate (RPFR)

RPP = 42.3 RPFR - 24.3, r2 = 0.98  (P<0.05)
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2. º≈°“√»÷°…“À“ equilibration time ·≈– time control

®“°°“√ªíö¡ “√≈–≈“¬‡§√∫ åºà“π∑“ßÀ≈Õ¥‡≈◊Õ¥
·¥ß¢Õß isolated perfused kidney ¥â«¬Õ—µ√“°“√‰À≈
3.5 ¡≈/π“∑’ ∑”„Àâ§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥‡√‘Ë¡µâπ∑’Ë
„°≈â‡§’¬ß°—∫§à“§«“¡¥—π‡≈◊Õ¥ª°µ‘ ®“°°“√∑¥≈Õßæ∫«à“
§à“‡©≈’Ë¬¢Õß§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥ ‡¡◊ËÕ‡√‘Ë¡∑”°“√
∑¥≈Õß‡∑à“°—∫ 113±9 ¡¡.ª√Õ∑ (n=15) ·≈â«®–§àÕ¬Ê
≈¥≈ß®π°√–∑—Ëß§ß∑’Ë∑’Ë 94±8 ¡¡.ª√Õ∑ ∂◊Õ‡ªìπ§à“ basal

perfusion  pressure  ∑’Ë„™â‡«≈“ª√–¡“≥  15  π“∑’  ¥—ß
µ—«Õ¬à“ß‡ âπ∫—π∑÷°°“√∑¥≈Õß∑’Ë· ¥ß„π Figure 4 (A)

·≈–∂◊Õ§à“π’È‡ªìπ§à“ equilibration time  ”À√—∫°“√∑¥≈Õß
„π§√—ÈßµàÕÊ ‰ª

3. º≈°“√»÷°…“°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—π¿“¬„πÀ≈Õ¥

‡≈◊Õ¥µàÕ°“√µÕ∫ πÕßµàÕ AII °àÕπ·≈–À≈—ß°“√„™â

candesartan

Figure 3 · ¥ßº≈°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥
„π‰µµàÕ AII §«“¡‡¢â¡¢âπ 1, 10 ·≈– 100 π“‚π‚¡≈“√å
°àÕπ·≈–À≈—ß°“√„™â  candesartan  §«“¡‡¢â¡¢âπ  11.4

‰¡‚§√‚¡≈“√å ·≈–µ—«Õ¬à“ßº≈°“√∑¥≈Õß∑’Ë‰¥â®“°°“√∫—π∑÷°
¥â«¬‡§√◊ËÕß‚æ≈’°√“ø · ¥ß‰«â„π Figure 4 (B) ·≈– (C)

º≈°“√∑¥≈Õß· ¥ß„Àâ‡ÀÁπ«à“°“√‡ª≈’Ë¬π·ª≈ß
§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥∑’Ë‰µ∑’ËµÕ∫ πÕßµàÕ AII §«“¡
‡¢â¡¢âπ 1, 10 ·≈– 100 π“‚π‚¡≈“√å®–‡æ‘Ë¡¢÷Èπµ“¡§«“¡
‡¢â¡¢âπ¢Õß AII ‚¥¬æ∫«à“§à“§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥
‡æ‘Ë¡¢÷Èπ®“°§à“  basal  perfusion  pressure  94±8  ¡¡.
ª√Õ∑‡ªìπ 127±6, 157±12 ·≈– 190±16 ¡¡.ª√Õ∑µ“¡
≈”¥—∫ (n=7, P<0.05) ¿“¬À≈—ßªíö¡ “√≈–≈“¬‡§√∫ åº ¡
candesartan ¢π“¥§«“¡‡¢â¡¢âπ 11.4 ‰¡‚§√‚¡≈“√å
‡ªìπ‡«≈“ 30 π“∑’ æ∫«à“ candesartan ‰¡à∑”„Àâ§à“ basal

perfusion pressure ‡ª≈’Ë¬π·ª≈ß·µàÕ¬à“ß‰√ ·µà‡¡◊ËÕ„Àâ
AII ∑—Èß “¡¢π“¥Õ’°§√—Èß æ∫«à“§à“§«“¡¥—π¿“¬„πÀ≈Õ¥
‡≈◊Õ¥∑’Ë‡°‘¥®“° AII π—Èπ≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘‡ªìπ
114±4, 127±8 ·≈– 132±9 ¡¡.ª√Õ∑µ“¡≈”¥—∫ (n=6)

¥—ß· ¥ß„π Figure 3 À√◊Õ§‘¥‡ªìπ 39%, 47% ·≈– 61%

µ“¡≈”¥—∫ πÕ°®“°π’È candesartan ¢π“¥§«“¡‡¢â¡¢âπ
11.4 ‰¡‚§√‚¡≈“√å ¡’º≈≈¥°“√µÕ∫ πÕß Ÿß ÿ¥¢Õß AII

®“° 96±16 ¡¡.ª√Õ∑ ‡ªìπ 38±9 ¡¡.ª√Õ∑ ‚¥¬‰¡à¡’º≈
‡ª≈’Ë¬π·ª≈ß§à“ EC

50
 ¢Õß°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥

¿“¬„π‰µµàÕ AII   §à“ EC
50
 ®“°°“√§”π«≥‡¡◊ËÕ„™â AII

Õ¬à“ß‡¥’¬« = 8.5 π“‚π‚¡≈“√å ·≈–‡¡◊ËÕ„Àâ AII+cande-

sartan = 9.4 π“‚π‚¡≈“√å

Figure 3.  Effects of AII and AII+11.4 µµµµµM CV-11974 on renal perfusion pressure

Each bar represents the mean ± SEM (n = 7)

* P<0.05  compared with AII (paired t-test)
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 ”À√—∫°“√∑¥≈Õß∑’Ë„™â candesartan ¢π“¥§«“¡
‡¢â¡¢âπ 22.70 ‰¡‚§√‚¡≈“√å ¥â«¬«‘∏’°“√‡™àπ‡¥’¬«°—πæ∫
«à“¡’º≈¬—∫¬—Èß°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π‰µÕ¬à“ß
 ¡∫Ÿ√≥åµàÕ AII ∑—Èß 3 §«“¡‡¢â¡¢âπ (‰¡à‰¥â· ¥ßº≈°“√
∑¥≈Õß)

4. º≈°“√»÷°…“§à“§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π

‰µ‡¡◊ËÕ„Àâ AII ·≈–‡¡◊ËÕ„Àâ AII+candesartan

®“°°“√§”π«≥æ∫«à“§à“§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥
‡≈◊Õ¥¿“¬„π‰µ®–‡æ‘Ë¡¢÷Èπµ“¡§«“¡‡¢â¡¢âπ¢Õß AII §◊Õ
‡æ‘Ë¡¢÷Èπ®“°§à“ basal perfusion pressure 27±2 ¡¡.
ª√Õ∑ π“∑’/¡≈ ‡ªìπ 41±1, 45±2 ·≈– 47±2 ¡¡.ª√Õ∑
π“∑’/¡≈ µ“¡≈”¥—∫ (n=9) ¿“¬À≈—ß°“√ªíö¡ “√≈–≈“¬
‡§√∫ åº ¡ candesartan ¢π“¥§«“¡‡¢â¡¢âπ 11.4 ‰¡‚§√
‚¡≈“√å ‡ªìπ‡«≈“ 30 π“∑’ ¡’º≈∑”„Àâ§«“¡µâ“π∑“π¢Õß
À≈Õ¥‡≈◊Õ¥¿“¬„π‰µ∑’ËµÕ∫ πÕßµàÕ AII ∑’Ë§«“¡‡¢â¡¢âπ
1, 10 ·≈– 100 π“‚π‚¡≈“√å≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠∑“ß
 ∂‘µ‘‡ªìπ 37±1, 39±1 ·≈– 41±1 ¡¡.ª√Õ∑ π“∑’/¡≈
µ“¡≈”¥—∫ (n=9) ¥—ß· ¥ß„π Figure 5 ‚¥¬ candesartan

¡’º≈∑”„Àâ§«“¡µâ“π∑“π¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π‰µ∑’ËµÕ∫
 πÕßµàÕ AII §«“¡‡¢â¡¢âπ 1, 10 ·≈– 100 π“‚π‚¡≈“√å
≈¥≈ß 38%, 48% ·≈– 43% µ“¡≈”¥—∫‡¡◊ËÕ‡∑’¬∫°—∫§à“∑’Ë
„Àâ AII Õ¬à“ß‡¥’¬«

Õ¿‘ª√“¬º≈°“√∑¥≈Õß

®“°°“√»÷°…“°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π
‰µ¢ÕßÀπŸ¢“«∑’Ë·¬°ÕÕ°®“°µ—«§√—Èßπ’È æ∫«à“ basal per-

fusion pressure ¡’§à“ 94±8 ¡¡.ª√Õ∑ „°≈â‡§’¬ß°—∫º≈
°“√∑¥≈Õß¢Õß Muller ·≈–§≥– (1997) ·≈– Endlich

·≈–§≥– (1997) πÕ°®“°π’È¬—ßæ∫«à“§à“§«“¡¥—π¿“¬„π
À≈Õ¥‡≈◊Õ¥¥—ß°≈à“«®–§ß∑’Ëµ≈Õ¥ 2-3 ™—Ë«‚¡ß (n=4) À≈—ß
®“°π—Èπ§à“π’È°Á®–‰¡à ¡Ë”‡ ¡Õ ÷́ËßÕ“®®–‡°‘¥®“°°“√‡√‘Ë¡‡ ’¬
 ¿“æ°“√∑”ß“π¢Õß‡π◊ÈÕ‡¬◊ËÕµà“ßÊ ¿“¬„π‰µ ¥—ßπ—Èπ°“√
∑¥≈Õß∑—ÈßÀ¡¥µàÕ‰ª®–∑”„Àâ‡ √Á® ‘Èπ¿“¬„π‡«≈“ 3 ™—Ë«‚¡ß

 ”À√—∫°“√‡ª≈’Ë¬π·ª≈ß§à“§«“¡¥—π¿“¬„πÀ≈Õ¥
‡≈◊Õ¥µàÕ°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π‰µµàÕ AII

π—Èπ®–‡æ‘Ë¡¢÷Èπµ“¡§«“¡‡¢â¡¢âπ¢Õß AII ·≈–æ∫«à“„π°“√
∑¥≈Õß„™â “√ÕÕ°ƒ∑∏‘Ïµâ“πµ—«√—∫¢Õß AII §◊Õ candesartan

‡æ’¬ßÕ¬à“ß‡¥’¬«‰¡à¡’º≈‡ª≈’Ë¬π·ª≈ß§à“ basal perfusion

pressure ‡™àπ‡¥’¬«°—∫°“√»÷°…“¢Õß Lambert ·≈–§≥–
(1998) ·µà®“°°“√»÷°…“º≈¢Õß candesartan µàÕ°“√
µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥ mesenteric vascular beds

¢Õß·¡« (Champion and Kodowitz, 1997) ·≈–º≈µàÕ
°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥„π°≈â“¡‡π◊ÈÕ hindquater

(hindquater vascular beds) ¢Õß·¡«‡™àπ°—π (Lambert

et al., 1998) æ∫«à“ candesartan ¡’º≈¬—∫¬—Èß°“√µÕ∫

Figure 4. Effects of AII and AII+11.4 µµµµµM CV-11974 on renal perfusion pressure

(A) basal perfusion pressure (B) effects of 1, 10, 100 nM AII

(C) effects of 1, 10, 100 nM AII +11.4 µµµµµM CV-11974
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 πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥µàÕ AII µ“¡§«“¡‡¢â¡¢âπ¢Õß
candesartan ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“§√—Èßπ’È∑’Ëæ∫«à“
candesartan ¡’º≈¬—∫¬—Èß°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥µàÕ
AII ‚¥¬∑’Ë candesartan §«“¡‡¢â¡¢âπ 11.4 ‰¡‚§√‚¡≈“√å
¡’º≈∑”„Àâ°“√µÕ∫ πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π‰µµàÕ AII

§«“¡‡¢â¡¢âπ 1, 10 ·≈– 100 π“‚π‚¡≈“√å‚¥¬∑”„Àâ§à“
§«“¡¥—π¿“¬„πÀ≈Õ¥‡≈◊Õ¥≈¥≈ß 39%, 47% ·≈– 61%

µ“¡≈”¥—∫ Õ¬à“ß‰√°Áµ“¡®“°º≈°“√»÷°…“‡∫◊ÈÕßµâπ (‰¡à‰¥â
· ¥ßº≈°“√∑¥≈Õß) æ∫«à“ candesartan „π§«“¡‡¢â¡¢âπ
 Ÿß¢÷Èπ 2 ‡∑à“§◊Õ 22.7 ‰¡‚§√‚¡≈“√å ¡’º≈¬—∫¬—Èß°“√µÕ∫
 πÕß¢ÕßÀ≈Õ¥‡≈◊Õ¥µàÕ AII ∑—Èß 3 §«“¡‡¢â¡¢âπ¥—ß°≈à“«
·∫∫ ¡∫Ÿ√≥å (complete inhibition)

 ”À√—∫º≈¢Õß candesartan ∑’Ë„™â„πºŸâªÉ«¬§«“¡
¥—π‡≈◊Õ¥ Ÿß°Á¡’√“¬ß“π¢—¥·¬âß°—π„π°“√»÷°…“‡√◊ËÕß renal

function ‡™àπ °“√»÷°…“¢Õß Buter ·≈–§≥– (1997)

æ∫«à“ candesartan cilexetil ¡’º≈‡æ‘Ë¡ RPF ·≈–≈¥
filtration fraction (FF) ‚¥¬‰¡à¡’º≈‡ª≈’Ë¬π·ª≈ß GFR

·µà Fridman ·≈–§≥– (1998) æ∫«à“ candesartan

cilexetil ¡’º≈‡æ‘Ë¡ RPF ·≈– GFR ‚¥¬∑’Ë FF ‰¡à‡ª≈’Ë¬π
·ª≈ß  ·¡â°“√∑¥≈Õß„π —µ«å∑¥≈Õß°Á¡’√“¬ß“π∑’Ë¢—¥·¬âß
‡™àπ°—π  Cervenka ·≈–§≥– (1998) ∑”°“√»÷°…“„πÀπŸ
¢“«ª°µ‘∑’Ë„Àâ AII æ∫«à“ candesartan cilexetil ¡’º≈≈¥
§«“¡¥—π‡≈◊Õ¥  ≈¥°“√¢—∫‚´‡¥’¬¡ RPF, GFR ·≈–°“√

¢—∫∂à“¬ªí  “«– ·µà®“°°“√»÷°…“¢Õß Cervenka ·≈–
§≥– ‡™àπ°—π (1999) ∑’Ë»÷°…“„πÀπŸ two-kidney, one

clip (2K1C) renal hypertension æ∫«à“ candesartan

cilexetil ‰¡à¡’º≈≈¥§«“¡¥—π‡≈◊Õ¥ ·µà¡’º≈‡æ‘Ë¡ RPF, GFR

·≈–°“√¢—∫‚´‡¥’¬¡
 ”À√—∫ CV-11974  ´÷Ëß‡ªìπ active metabolite

¢Õß candesartan cilexetil (TCV-116) (Shibouta et

al.,1993; Kondo et al.,1996) ¡’√“¬ß“π°“√»÷°…“‚¥¬
Widdop ·≈–§≥– (1994) æ∫«à“ candesartan ¡’º≈°àÕ
„Àâ‡°‘¥¿“«– hyperemic vasodilatation ®÷ß∑”„Àâ§«“¡¥—π
‡≈◊Õ¥≈¥≈ß‰¥â ·≈– candesartan ¬—ß¡’º≈‡æ‘Ë¡ RPF ·≈–
‡æ‘Ë¡ conductance ¢ÕßÀ≈Õ¥‡≈◊Õ¥¥â«¬ µàÕ¡“¡’°“√»÷°…“
‡æ‘Ë¡‡µ‘¡„πÀπŸ 2K1C ∑’Ë™—°π”„Àâ‡°‘¥¿“«–§«“¡¥—π‡≈◊Õ¥
 Ÿß¡“«—¥ blood flow ‚¥¬«‘∏’ Laser Doppler Flowmetry

„πÀ≈Õ¥‡≈◊Õ¥ 3 ™π‘¥§◊Õ renal, mesenteric ·≈–
hindquarter vascular beds æ∫«à“ candesartan ¡’º≈
¬—∫¬—Èßƒ∑∏‘Ï¢Õß AII  ∑”„Àâ‡°‘¥¿“«– vasodilation „π
À≈Õ¥‡≈◊Õ¥ renal vascular beds ‡ª≈’Ë¬π·ª≈ßµ“¡§«“¡
‡¢â¡¢âπ¢Õß candesartan ‰¥â¡“°°«à“À≈Õ¥‡≈◊Õ¥™π‘¥Õ◊ËπÊ
∑”„Àâ¿“«–§«“¡¥—π‡≈◊Õ¥ Ÿß≈¥≈ß‰¥â (Li and Widdop,

1995)

Sachinidis ·≈–§≥– (1996) ·≈– Flesch ·≈–
§≥– (1997) æ∫«à“ candesartan ¡’ƒ∑∏‘Ï¬—∫¬—Èßº≈¢Õß AII

Figure 5. Effects of AII and AII+11.4 µµµµµM CV-11974 on renal vascular resistance

Each bar represents the mean ± SEM (n = 9)

* P<0.05 compared with AII (paired t-test)
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„π°“√™—°π”„Àâ‡´≈≈å°≈â“¡‡π◊ÈÕ‡√’¬∫À≈Õ¥‡≈◊Õ¥‡®√‘≠‡µ‘∫‚µ
(cell growth-promotion effect) µàÕ¡“ Nishimura ·≈–
§≥– (1998)  »÷°…“„πÀπŸ Wistar Kyoto ∑’Ë¡’§«“¡¥—π
‡≈◊Õ¥ª°µ‘·≈–„πÀπŸ SHR ∑’Ë¡’§«“¡¥—π‡≈◊Õ¥ Ÿß‚¥¬«‘∏’
Laser Doppler Flowmetry æ∫«à“ candesartan ¡’º≈
≈¥§«“¡¥—π‡≈◊Õ¥‰¥â„πÀπŸ∑—Èß Õß™π‘¥  ”À√—∫°“√∑¥≈Õß
§√—Èßπ’È‡ªìπ°“√»÷°…“„π isolated perfused kidney ∑’Ë§«“¡
µâ“π∑“π à«π„À≠à‡°‘¥®“°°“√À¥µ—«¢Õß afferent ·≈–
efferent arterioles æ∫«à“ candesartan ¡’º≈¬—∫¬—Èßƒ∑∏‘Ï
¢Õß AII  ‚¥¬¡’º≈≈¥°“√µÕ∫ πÕß Ÿß ÿ¥·µà‰¡à¡’º≈
‡ª≈’Ë¬π·ª≈ß§à“ EC

50
 ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“∑’Ëæ∫«à“

candesartan ¡’º≈¬—∫¬—Èßƒ∑∏‘Ï¢Õß AII „π°“√™—°π”„Àâ
À≈Õ¥‡≈◊Õ¥ aorta ¢Õß°√–µà“¬≈¥°“√À¥µ—«µÕ∫ πÕß
 Ÿß ÿ¥ (maximum contractile response) ‡ªìπ·∫∫ non-

competitive antagonist (Noda et al., 1993; Shibouta

et al., 1993)  πÕ°®“°π’È¬—ßæ∫«à“º≈°“√¬—∫¬—Èßƒ∑∏‘Ï¢Õß
AII ‚¥¬ candesartan ®–≈¥≈ß‡¡◊ËÕ‡æ‘Ë¡ losartan §«“¡
‡¢â¡¢âπ ŸßÊ ≈ß‰ª¥â«¬ ¡’º≈„Àâ candesartan ∑’Ë®—∫°—∫
receptor ·≈â«π—Èπ®–∂Ÿ°·∑π∑’Ë¥â«¬ losartan ‡¡◊ËÕ„ à AII

‡æ‘Ë¡≈ß‰ªÕ’°®÷ß¬—ß “¡“√∂®—∫°—∫ receptor ‰¥âÕ’° ÷́Ëß¡’
§«“¡·µ°µà“ß°—∫°“√„™â candesartan ‡æ’¬ßÕ¬à“ß‡¥’¬«∑’Ë
®–®—∫°—∫ receptor ·∫∫ irreversible (Ojima et al.,

1997)

ªí®®ÿ∫—π‡ªìπ∑’Ë∑√“∫·≈â««à“ AII „π‰µ¡’ à«π‡°’Ë¬«¢âÕß
°—∫ nitric oxide (NO) ∑’Ë √â“ß®“°‡´≈≈å∫ÿºπ—ßÀ≈Õ¥‡≈◊Õ¥
(endothelium cell) (Ito et al., 1991; Sigmon et al.,

1992) ·≈–¡’º≈√à«¡°—π„π°“√§«∫§ÿ¡§«“¡¥—π‡≈◊Õ¥·≈–
°“√‰À≈‡«’¬π‡≈◊Õ¥„π‰µ (Baylis et al., 1990)  ®“°°“√
»÷°…“¢Õß Thorup ·≈–§≥– (1998) „π isolated per-

fused renal resistance arteries æ∫«à“ losartan ·≈–
candesartan ´÷Ëß‡ªìπ “√ÕÕ°ƒ∑∏‘Ïµâ“πµ—«√—∫¢Õß AII ‰¡à¡’
º≈µàÕ°“√À≈—Ëß NO „π¿“«–ª°µ‘·µà¡’º≈≈¥ƒ∑∏‘Ï¢Õß AII

„π°“√™—°π”„Àâ‡°‘¥°“√À≈—Ëß NO ‰¥â  · ¥ß„Àâ‡ÀÁπ«à“ AII

∑’Ë¡’º≈∑”„ÀâÀ≈Õ¥‡≈◊Õ¥∑’Ë¡’‡´≈≈å∫ÿºπ—ßÀ≈Õ¥‡≈◊Õ¥‡°‘¥°“√
À¥µ—«‰¥âπ—Èπ‡ªìπº≈¡“®“°°“√∑”ß“πºà“π AT

1
-receptor

´÷Ëßπà“®–¡’ à«π∑”„Àâ≈¥°“√À≈—Ëß¢Õß NO ≈ß  À√◊Õ NO

ÕÕ°ƒ∑∏‘Ï‰¥â‰¡à‡µÁ¡∑’Ë   πÕ°®“°π’È Dendorfer ·≈–§≥–
(1998) ¬—ß‰¥â»÷°…“æ∫«à“°“√„™â candesartan ´÷Ëß‡ªìπ “√

ÕÕ°ƒ∑∏‘Ïµâ“πµ—«√—∫™π‘¥ AT
1
-receptor π—Èπ¡’º≈≈¥ƒ∑∏‘Ï

¢Õß AII „π°“√™—°π”„Àâ‡°‘¥°“√À≈—Ëß “√ catecholamine

(adrenaline ·≈– noradrenaline) ∑—Èß®“° presynaptic

sympathetic nerves ·≈– adrenal medulla ¢ÕßÀπŸ
pithed rats ́ ÷Ëß®–µâÕß¡’°“√»÷°…“∂÷ß§«“¡ —¡æ—π∏å‡°’Ë¬«¢âÕß
√–À«à“ß AT

1
-receptor antagonist °—∫°“√À≈—Ëß¢Õß NO

·≈– “√ catecholamine °—πµàÕ‰ª

∫∑ √ÿª

°“√ÕÕ°ƒ∑∏‘Ï¢Õß angiotensin II ∑’Ë¡’º≈‡æ‘Ë¡§«“¡
µâ“π∑“π√«¡¢ÕßÀ≈Õ¥‡≈◊Õ¥¿“¬„π‰µ¡’°≈‰°ºà“π∑“ß AT

1
-

receptor ‚¥¬∑’Ë candesartan (CV-11974) ´÷Ëß‡ªìπ “√
ÕÕ°ƒ∑∏‘Ïµâ“πµ—«√—∫¢Õß AII ª√–‡¿∑ 1 (AT

1
-receptor

antagonist)  “¡“√∂ÕÕ°ƒ∑∏‘Ï¬—∫¬—Èß°“√µÕ∫ πÕß¢Õß
À≈Õ¥‡≈◊Õ¥·≈–°“√‡ª≈’Ë¬π·ª≈ß§«“¡¥—π¿“¬„πÀ≈Õ¥
‡≈◊Õ¥∑’Ë‡°‘¥®“° AII ‰¥â

°‘µµ‘°√√¡ª√–°“»

ß“π«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ®“°‡ß‘π√“¬‰¥â  §≥–
«‘∑¬“»“ µ√å ¡À“«‘∑¬“≈—¬ ß¢≈“π§√‘π∑√å   ¢Õ¢Õ∫§ÿ≥
∫√‘…—∑ Astra ª√–‡∑» «’‡¥π ∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå can-

desartan (CV-11974)   ¢Õ¢Õ∫§ÿ≥¿“§«‘™“ √’√«‘∑¬“
§≥–«‘∑¬“»“ µ√å ∑’Ë„Àâ§«“¡ π—∫ πÿπ°“√«‘®—¬§√—Èßπ’È®π
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