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Abstract — This study was performed in order to investigate the effect of renal denervation on diuretic action
of UK 14,304, o,-Adrenergic Agonist, administered into the vein and the carotid artery in dog. The diuretic
action of UK 14,304 administered into the vein or the carotid artery was reversed to the antidiuretic action by
renal denervation, this time, the decrease of Na* excretion amounts in urine (Ey,) and the increase of Na'
reabsorption rates in renal tubule (Ry,) were exhibited. This results suggest that central diuretic action of UK
14,304 is mediated by renal nerves and the antidiuretic action of UK 14,304 in denetvation kidney is caused
by the increase of Na* reabsorption rates (Ry,) in renal tubules in dog.
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UK 14,304+ 5-bromo-N-(4.5-dihydro-1H-imidazole-2-yl)-
6-quinoxaline amine @ 2. oy-ol=3| 32l FEeke g zhast
t}(Anderson %, 1988; Grand2} Scrutton, 1980; Neubig 5,
1985; Cambridge, 1981; Tuner 5, 1985). UK 14,304= &3
z2ha A 23 el = (V.I.P=Vasoactive Intestinal Peptide)e]]
2|3} cAMPS] &4 A3l A4 ehllE opol=d
FA] g2 ghdg mogokeld) uksled clonidine =
A gl Zgeko 29 2hg-ghr}(Paris 5, 1988). Cloni-
dine(z e e} 717|%, 1983)% clonidine¥} <f|ztgo] &
AFGF guanabenz(o]Ab# 3} A, 1988y A FHA
al el=#d=A A2} ADHS| Fu]oAlel] &J3}e] 2]
g o] xabgo] B yrEle] 9lie=v) F o] UK 14,304% 7}
Al FF2] ootz dwlA 8448 53 ADHS ¥u]Y
At A mFA A A ANF5 Aol 2Fhe] o] mAhE-
o] Vel Ao 2 wwd vl ol (zAe] 5, 1997). £F
AQl Ahge 744 Azsh AR A4E 44T 7}
SIck. W2lA ol e 23] 517 Slste] AE ol4ato]
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ALgokE-2 UK 14,304(RBI, U.S.A), creatinine anhydrous
(Sigma, U.S.A), P-aminohipuric acid(PAH Sigma, U.5.A),
pentobarbital sodium(Entobar® &+ 4] ¢¥), phenol(Ishisu, Japan)
So]m pentobarbital sodium-& Entobar® FARAE o2
ALg-319d 31 UK 14,304+ DMSO(Dimethyl Sulfoxide)el] %
A AHgskE A A °4“-§=— 10 ml& _»_i’Jr%}Z] %%‘w‘f L
HellA Aleisd ot oh&
A AR A1)
S.A), flame photometer(Ciba-Comig, England), osmometer
(Advanced Ins. U.S5.A), peristaltic pump(Tokyo Rikakikai,
Japan), infusion pump(Harvard, U.S.A), physiography(Grass,
U.S.A), centrifuge(Kokusan Ensinki, Japan) 59|t} 4%
2 A% 9.0~16.0 kg?] A& AHE-3Hsint.

EL.

spectrOphotomctcr(Coleman, u.
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AY 552 A¥dd AAAF o B AHrEe] #s)
&Z 39t} ml#) = pentobarbital sodium=<- 35.0 mg/kg -8
R I e s R 1 v R I R "-q'E]' F7} i3}
ek He FEAW) MR st F 25 folst
Al 8471 91544 endotracheal tubeE 7| =l ol 4] 74514
L] Aol Tl ekEe] T 742} peristaltic pump
<} infusion pumpE |43} 7 drle] AL St A
xE oHE ANE AFEANE Bk ofErrdtel po-
lyethylene¥H(P.E. )& “§3te] Asisisict. 7:'5"’"‘~H of] eFE-2]
Folis AR5 Asl] AEdg REAZ F FA RS
B 9HE 23 G. FAFE& polyethylenes#©. % Harvard infu-
son pump] 422 o8 E Al Ae4e] 120 mihe)
Lx 2 Ae|Adaeg AE Filsle] FApgle] 7R $x
= skt °Jr°“3~] agste] F4lshe W o® bt
A121719) A A% Elsa So] wh Blsa %, 1975)0] wre} 2=
ANE FE2AEHE wEA7] 5 pedicleFH 2] 222 F
2]gl vhe E<ke g FAE 4 9l AAS A AAsZ
AlEale] gd-2vk(aventitiayS $HAS]) W7])37 = alcohole]]
£31X7] 10% phenol-g-o1-& AA &= o7 2087k :le
sloich. ¥ o] Tt Frelle Ae|A @2 A4 pedicle
£ o AAsIETE ARAA =Tl A5 Z]L]r"]
AZFuFoll wiF Faate] el UA A7 Fell=
AR 385 ev dAAITE Fedle Ao s
Ho| Hz] ¢ F-F-2 Aol A1) Clearance &3
¢l ceratinine¥} PAH: A%} HF 5o Ao Edstx
2 3|2H(creatinine=500 mg/kg, PAH=6 mgkg)e Soigh
¥, Zolo] =gl wiAdEE FTE Tl st &

w7l AdAFA A= =2 Fkedct vl clearance =7}l
TEy ) 4kq)l Tl heparin-saline © 2 -3 polye-
thylene TS §-310] AP 3le] il Eelat o} E=le 83
& WA 23 Schyt e} Al Bl AR Ehsirt
Al A od 22w Al Fgeke bt creatinineiﬂr]- PAHS] clear-
ancex| 2 27 sledct, @9 B8 7.%mlo|| pressure trans-
ducer® ¢17d5}e] physmgraphy/‘J'Oﬂ B8] A8l
Clearance £219] creatinines’t PAH2] #-41-2- 22} Philipst}
(Philips, 1944)5 Smith 5] W (Smith ., 1945)e]] 54
L, Na'z} K2 flame photometer 2. osmolarity+= osmometer 2
Astsdch BAA oA AR daaz HEje] HMEE
Student's paired “t tesi(Snedecor2} Cochram, 1980)%. 5}4ict.
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C= % (U: 235 % (mg/ml), P: 825 (mg/ml),
V: X #(mnl/min))

Cosm= %‘“—"‘V (Cosm: osmolar clearance, Uosm: 9] AF

OStn

%9k, Posm: 7o) ATES})
Cyo=V-Cosm (Cyyo: free water clearance)
o] 75 Na*eF (Na* filtered)=Py, X C,
w3 Na's} (Na* excreted)=Uy, X V
)= Nat filtered — Na* excreted

Na* filtered

x 100

Na" 2}F-8(%
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g ok NE S AT F S25 F A%
o) AAE AAstZ dAAZ F AR Fo] A2
32 glen Hx7) Fofl UK 14,3045 Aol Fois]
of Vehde AAAE AAT AR FY WsE kA
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Table 12 g5 AAAZEE AAE 718 ARl UK
231AT AABAA AR
HE 3 Aol
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P
& AAT AFAA
e

b ¥ FF Fxel polye-
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14,304(15.0 ug/keys —?—cﬁl gk & A4
9] 71FHEE ulw B AP 6
Table Ief|4] vieldulel Zho] A A
ke ZrtdAbe] Jelshert 4173
=E)ell A= woFe] Fvle A3 s g7} gz 2.5]H
zhag Aol viebstct. AR FAE AEAE)S] A
Xakell gle)4] 2.2540.09(Mean +S.E.) ml/min thF3] o] ]
shed Al 1, 2 2@ 37)¢) Zkz+ 1.73+0.10, 1.73+0.09 & 1.77
+0.09 mli/minZ Z}4x9] A& Jehfigde) QZ24(C)
7%, 1.132£0.05 mUmin HZX] ] w]se] 1.42+0.08, 1.44
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Table I Effect of renal denervation on diuretic action of UK 14,304 (15.0 pg/kg, i.v) infused into vein in dog

Times

Control 0~10 10~20 2--30 (min)
Parameters
Vol (ml/min) E  225+0.09 1.73+0.10° 1.73+0.09° 1.77+0.09°
C  1.13+0.05 1.4240.08* 1.44-+0.08* 1.59+0.08*
GFR(m!/min) E  23.6--0.67 20.5+£0.80 22.2+1.07 22.4+0.35
C 221081 27.94+2.15* 25.1+£1.74% 26.4:+2.29*
RPF (ml/min) E  54.2+1.39 453+1.90 47.7+1.94 53.741.33
C  479+168 54.043.49* 49.5+2.82* 58.0+3.86*
Cosm (ml/min) E  2.28+0.10 1.78+0.15° 1.4940.13° 1.3240.12°
C  1.46+0.11 7.73£0.15* 1.59+0.16 1.4440.14
Cuyo (ml/min) E  0.07+0.11 -0.05+£0.03 0.2440.14* 0.45+0.16*
C -0.33%£0.09 -0.314+0.14 -0.1440.12 0.2940.61*
ENa (UWEq/min) E 204.9+11.4 143.6+15.5" 130.9+13.9° 95.5+12.7°
C  114.0+7.89 136.0£11.3* 128.7414.3% 138.4+11.6*
RNa (%) E  93.3%0.76 95.4+0.87* 95.9+0.88* 96.3+0.83*
C  96.6+042 96.5:+0.67 96.1:0.87 96.2--0.78
Bx (LEq/min) E  30.9+190 23.0+1.94 24.0+2.38 2354241
C 178%1.14 22.942.36* 22.74+2.46* 242+2.11%
Rx (%) E  73.7+3.80 76.944.22 76.9+5.02 77.54+5.10
C  83.3+313 81.34.95 78.745.34* 78.6+4.91
MAP (mmHg) 125.149.39 127.0410.54 121.5£11.10 122.0-£10.35

Mean+S.E. from 6 experiments. Abbreviations: Vol=urine flow rate. GFR and RPF=gromerular filtration rate and renal plasma flow
measured by clearance of creatinine and P-aminohippuric acid, resp. Cosm and Cyo=clearances of osmotic substances and free water,
resp. Ex, and Eg=excretory rates of sodium and potassuim in urine, resp. Ry, and Ry=reabsorption rate of sodium and potassium in the
renal tubles. Denervation was performed by sectioning the visible nerves on the renal artery and surrounding the renal artery with cot-
ton drenched the 10% alcholic phenol solution for 20 min. E: experimental denervation kidney. C: control innervation kidney. * and °=
Statistically significant increase and decrease by comparing with corresponding conirol values, resp. MAP mean arterial pressure as cal
culated from diastolic pressure+1/3 pulse pressure.

Table II. Effect of renal denervation on diuretic action of UK 14,304 (50.0 pg/kg i.v) infused into vein in dog

P
b 1mes Control 0~10 10~20 20~30 30~40 (min)
arameters
Vol (ml/min) E 1364014 1.35+0.14 1.7440.16 1.72+0.15 1.51+0.14
C  0.50+0.09 1.47£0.19* 1.714+0.15*% 1.47+0.09* 1.39+0.10*
GFR (ml/min) E 2524210 27.5--2.65 24.8+1.60 23.3-+0.98 21.941.13
C  221£2.10 25.3+£2.61% 25.5£1.72% 24.61.06* 20.7+£1.35
RPF (ml/min) E  54.0+4.27 56.6--4.34 46.1--4.00 49.2-+3.51 47.14£3.71
C  481+394 52.9+4.29% 59.5+5.00* 52.1+3.75% 49.1£3.72
Cosm (ml/min) E  2.00+0.17 1.57+0.13 1.25+0.16 1.24+0.14 1.234+0.15
C  0.84£016 1.30+0.10* 1.38+0.16 1.28+0.14 1.2940.14
Cuyo (ml/min) B -0.64+0.09 0.08--0.08* 0.50+0.17* 0.48-+0.19 0.28:0.17*
C -0.44+0.07 0.16+0.14* 0.34+0.16* 0.20+0.18* 0.10+0.19
Ey, (LEq/min) E 169.4-14.1 133.3+14.4° 94.7+13.3° 95.6+11.3° 98.9+11.3°
C  694%13.7 102.7£7.22% 127.0£11.8* 124.64+6,15* 176.3£22.1%
Ry, (%) E 9554019 96.4--0.58 96.9+0.58* 96.5-+0.70* 96.3--0.69*
C  98.2+0.50 96.7+0.65 96.4+0.61 96.5+0.62 96,1+0.51
EK (LEq/min) E  332%4.63 22.3+2.74 23.8--2.58 23,7198 23.3--1.96
C  182£3.97 2224225 25.0+2.39* 22.7+1.83 20.9+1.66
Rk (%) E  74.6+5.76 79.1--4.27 80.2-+3.41 78.5+3.84 76.2+5.17
C  85.7+4.60 78.4+4.35 79.2+3.77 80.4+3.71 78.8+3.10

Mean +S.E. from 6 experiments. Abbreviations are the same as in Table L.
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Table IIl. Effect of UK 14,304 on renal function in dog

Han Kwang Na et al.

Time Vol GFR RPF Cosm CHZO ENs RN'\ Ek Rk K+/N 3+
(taim) (ml/min) (ml/min) (ml/min) (uEq/min} (%) (ULEq/min) (%) (%)
0~10 2.75 54.2 130.3 5.18 -2.43 415.0 94.9 454 83.2 10.9
10~20 2.60 574 138.9 5.11 2.51 403.3 95.3 46.3 83.9 11.5
UK 14,304 150.0 pg/kg, iv.
20~30 4.75 593 131.8 7.59 -2.84 115.6 93.1 73.6 752 12.0
30~40 6.10 62.5 150.4 7.45 -2.35 609.4 93.5 84.2 73.1 13.8
40~50 6.30 57.6 149.9 5.89 0.45 455.5 94.7 78.8 72.6 17.3
UK 14,304 50.0 pg/kg, iv.
50~60 4.65 48.4 114.0 3.02 1.63 266.9 96.3 52.5 38.3 19.7
60--70 7.30 56.3 1321 3.17 4.13 310.3 96.3 533 81.1 17.2
70~80 7.80 55.1 149.4 2.78 5.02 281.6 96.6 49.1 82.2 174
80~90 8.05 52.9 146.2 2.70 5.35 273.7 96.6 50.7 80.8 18.5

Data from Expt. No. 782. Abbreviations are the same as in Table L.
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Table IV. Effect of renal denervation on the diuretic action of UK 14,304 (3.0 ug/kg/min) infused into carotid artery in dog

Times Control 0~10 10~20 20~30 (min)
Parameters
Vol (ml/min) E 136+0.09 1.4840.23 1.47+0.22 1.33+0.16
C  0.50+0.09 0.75--0.25 0.77+£0.24 0.404:0.07
GFR (ml/min) B 252£210 25.6+4.39 25474429 23.9+3.83
C  221+210 23.0+5.46 28.0+6.32* 19.7+3.86
RPF (ml/min) E  540+425 53.8+8.06 50.747.04 52.6+6.78
C  481+3.94 48.110.0 60.412.2* 46.04+6.95
Cosm (ml/min) E  2.00%£0.17 2.00+0.33 1.75+0.24 1.57+0.20
C  084+0.16 1.14+0.34 1.11+0.36 0.61-£0.12
Ciyo (ml/min) E -0.64+0.09 -0.42+0.08 -0.28+0.09 -0.24+0.05
C  -0.44+0.07 -0.39£0.11 -0.40£0.13 -0.21+0.05
Fy, (UWEq/min) E 169.4-+14.1 168.3£28.34 148.7+25.3 130.2+0.49°
C  69.4+13.7 84.74+27.27* 80.1+26.6* 37.0£6.53
R (%) E  95540.19 95.6+0.02 96.0+0.30% 96.11£0.46*
C  9824+0.50 93.442.53* 98.4-+0.19 98.740.06
Ex (MWEq/min) E 3321463 31.6--7.24 26.44:3.66 23.4+2.07
C  182+397 18.6-+6.47 20.3+7.33 19.841.40
R¢ (%) E  740+4.76 75.7+£3.26 78.4+1.15 79.4+1.37
C  85.7+4.60 84.0+3.82 87.4-+1.86 89.1£0.99*

Mean=+S.E. from 6 experiments. Abbreviations are the same as in Table L.
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Table V. Effect of renal denervation on the diuretic action of UK 14,304 (10.0 pg/kg/min) infused into carotid artery in dog

Times Control 0~10 10~20 20~30 30~40 (min)
Parameters
Vol (ml/min) E  1.36+027 1.35+0.27 0.97+0.19 0.77+0.12° 0.75+0.09°
C 0.50+0.18 1.47+0.37* 0.7240.11 0.57+0.06 0.55+0.07
GFR (ml/min) E  252£420 27.5£5.30 22.2+4.10 24.944.01 25.0+4.63
C 2214420 5.3+5.22% 20.04:4.07 21.7+4.56* 21.8+4.80
RPF (ml/min) E  54.0+8.54 6.6+8.68 48.7+£7.95 54.84+8.33 55.24+7.48
C  48.1+7.88 2.9+ 8.58* 40.4£5.99 46.318.37* 48.049.12
Cosm (ml/min) E  2.00£0.33 1.57£0.25 1.28-0.28 1.33+0.26 1.38+0.25
_ C 0844032 1.30£0.20* 0.85+0.12 0.93£0.13 0.08+0.20
Ciyo (ml/min) E  -0.64+0.17 0.08£0.15* -0.31£0.07* -0.56:0.14 -0.6610.14
C  -044+0.14 0.16+£0.28% -0.13+0.05* -0.3640.10 -0.25+0.14
En. (MWEq/min) E 169.4%28.19 133.3+28.76° 101.7+22.71° 102.5+19.76° 107.7£7.31°
C 69442738 102.714.43* 51.3+10.67 69.8+7.67 72.8+1.92
Ry, (%) E  955+0.19 96.4-0.58 98.01+0.20* 97.3--0.02* 97.1+0.11
C 9824050 96.910.41 97.74+0.49 97.3+0.56 97.1£0.51
Ex (uEq/min) E  332+925 23.5+3.08* 29.8+1.92% 32.9+4.47 34.94+4.85
C 1824793 20.9+3.01 17.0+3.15 19.745.38 20.8--2.07
Rk (%) E  74.6+5.76 $1.0+£1.99* 67.1£6.60 67.616.05 64.9+7.84
C  857+4.60 §1.0+2.53 79.9+3.57 79.3+8.45 78.4--4.94

Mean+S.E. from 6 experiments. Abbreviations are the same as in Table L.
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Table VI. Effect of UK 14,304 on renal function in dog

Time Vol GFR RPF Cosm Cuyo Exa Rra Ex Rx K*/Na*
(min) (tnl/min) (ml/min) (ml/min) (UEq/min) (%) (LEq/min) (%) (%)
0~10 1.55 36.0 100.0 275 -1.20 204.3 96.2 29.5 83.6 14.4
10~20 1.62 34.4 96.8 2.89 -1.29 210.9 95.9 304 82.3 14.4
UK. 14,304 3.0 pg/kg, into carotid artery
20~30 2.40 37.8 095.2 3.65 -1.25 290.0 94.9 374 79.9 13.0
30~40 2.30 395 98.8 3.39 -1.09 278.5 95.3 41.4 79.0 14.9
40~50 2.30 393 89.8 322 -.092 268.9 95.4 42.6 78.3 15.8
UK. 14,304 10.0 ug/kg, into carotid artery
50~60 3.15 384 91.9 345 -0.30 341.5 94.1 473 75.4 13.8
60~70 3.35 40.3 98.2 316 0.19 341.7 943 50.3 75.0 14.7
70~80 3.20 42.6 99.9 2.80 0.40 313.0 95.1 49.0 73.0 15.6
80~90 2.70 453 93.1 2.70 0.00 281.1 95.9 42.7 81.1 15.2

Data from Expt. No. 782. Abbreviations are the same as in Table 1.
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