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Influence of Intraventricular Bethanidine on the Renal Function of the Rabbit.

Abstract—Bethanidine was administered into the lateral ventricle
of the rabbit brain for the investigation of the effect on the renal
function in doses ranging from 0.1 to 1.0mg/kg. In a dose of 0.1
mg/kg, bethanidine did not exhibit significant changes on the renal
function of the rabbit, on the other hand, in the doses of 0.3 and
1.0mg/kg bethanidine elicited the reduction of renal plasma flow and
glomerular filtration rate with a marked antidiuresis, at the same time
bethanidine produced the decrement of urinary sodium and potassium
excretion. After intravenous pretreatment of phentolamine, intraven-
tricular bethanidine in a dose of 0.3mg/kg did not produced the
antidiuresis and the decrement of urinary sodium and potassium
excretion, wherease renal plasma flow and glomerular filtration rate
reduced as before of phentolamine pretreatment although the durations
of their reduction were shortened. These observations suggest that
bethanidine induces the antidiuresis through the centrally mediated
mechanism which interposed other factors in addition to sympathetic
stimulation affected by phentolamine, alpha adrenergic blocking agent.

Bethanidlne & ZER&i#ee] EEA =4 (LB bretylium ©] 1} guanethidine 2 -f-A18 ¥
ohJ 2} ZRRETRERTEA O Y RS Bk {FA S bretylium ¥ guanethisine 3} ¥] 528}

2319 FAEsiche 2ol dHA UG,

E3) ggtao] glojA FEol norepinephrine 3 tyramine o HEERFES] HIBIEMHC] guanet-
hidine 3 FAFsh} = potency 7} = IM ) AFHEM N A = guanethidine 43 FiRAyo = 2
23t 2 J1A e BR A RIS el o3t BHREY Ad HREHE QF BMm
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B OHRREe =718k 22 guanethidine 3 £ 3 |43}, guanethidineo] 7}A= 9-& Vas
efferense o] & 3 FREEREEES FI/HGELE /Hx e Aoz 48x Ao,

Guanethidine & iyl FE&2 Mz Jovt BmEbrs 3ex E3lzz $iEmd
FEe AdEH4 gl Aoz A JoP. webA guanethidine } 31343 oz} obejr oz
A8t bethanidine &) 349 &89 &4 455 HEF7| $3le] bethanidine & FES i
A T3] B wX = 4% BFEs

R® A5 &

BB = A% 1.5~2.3kg 9 A5 paFRES e PEgol AHLardrt.

FEBEE urethane(1g/kg) & B TEHESHE PstHon wtHE RKRE Fz 24 F ENE &
Wt 358 golslA 7 $13ted FE cannule & ¥o] A IAT. RS 3% glucose 9
0.3% NaCl £d ot} #3eke] creatinine 3 PAH (p-aminohippuric acid) & €8 A A 32 ml/hr
9 &z z —fi] E#glkol 7} polyethylene(P.E.) g EA pumpol ARSI HAE A3t
ek

Re THERES Ehgs 92 §std 93 23 5 o2 AJH BMie &REA T
77 Age 2719 PERE o] REE =3keth

BIRS=AS FE9 BAS FRS HE vire] 233tz BEE YBHSY BHEES =24
ActE £F2 FEY EHE A HEEHR FH WH2Z H 1L Sem 1522 < 0.5cm
HE #ifrel BE L5mm e $3% # 45°9 AER I Smm AX AAAA HEEES S5
o]o} A A& 1.5mm, Z¢} 3cm$ PEz#o = 5 cannule & $Xo2 I Aejd Adsia
fstsBERce) 22ty BES ¥ Utk BYHRHRE E4E st $1& 2ok AA 3] cannule
£ 53te] {EAG F cannule & ol #HE WABACE FAT FEY ¥ 0.2ml § ¥
A oletgct. AFel Bt Hole 479 methylen blue &4& HAZ ¥ BWEES GBis)
o] cannule 9] & 2 S MINER BEA 955 FUdsA

ES EABEE 3~4EREd & REC] /et —Edl AW 2~3E] & 20549 HER
HERE £ oS KR GBS 53ty 539 £FE Fetdch. HEREA 70 —/
EEAkS] ArQl3te] heparine saline(400U/mi) o2 AN F PEso g FH¥ H{msle Eik, oM
g Mm-S WAk A FAol Abgstaid

Creatinine -2 phillips ¥ ®¢]] u}z}l, PAH &+ Smith 579] #dlo] 9jsted HA sl om Nat
7} K*& flame photometry 24 A 3%},

Fore] WES #A3stE APAdAE HEIRES /K& manometer o] AZAer] kymograph k
o) fhzgtatach.

A8t eFE-9] bethanidine & sulfate B o 2 Welcome it #8470l 5] 0.9% saline o] %#&s+e
AL-8-8k9 o},

REB &R

@fg= & bethaninidine 2} R — 4] bethanidine 0. Img/kg 2 Fo3lg & = RE
L Frad] Aol ot EEEsT At HEMER] EESS X oh3E. E\E

¥}o] bethanidine 0. 3mg/kg, L V. Tell A& RES]l &AAS Fastgix old wlastd Bimis
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Table | —Protocol of an experiment showing the effect of intraventricular bethanidine
(0. 3mg/kg) on the renal function of rabbits.

1. 9kg, male rabbit.

9;00, Anesthesia with urethane. Preparation of the animal; tracheal tube inserted, both ureter catheterized,
and a femoral artery cannulated. Insertion of a cannule into right lateral ventricle

9:30, Infusion into a jugular vein of a solution containing 30g glucose, 3g NaCl, 3g creatinine and 400mg
PAH in a liter, with a speed of 32 mi/hr.

13:00, Collection of urine began.

Time Volume Cer Cran UnaV UxpV
(min) (ml/20min) (ml/min) (m{/min) (¢#Eq/min) (#Eq/min)
0-20 2.7 9. 42 15. 60 3.92 6. 64
20-40 2.2 9.12 16. 00 2.29 5.41
40 0.3 mg/kg of bethanidine in (. 2m/ saline, i v.t.
40-60 1.9 8.35 14. 20 1.53 4.28
60-80 1.7 8.02 12.10 1.33 4. 04
80-100 1.8 7.92 13. 20 1.54 3.53
100-120 1.7 7.17 11. 30 0.95 2.83
120-140 1.7 6. 64 10. 60 1.52 2.63

Abbreviations; Volume is urine flow rate, Ccr and CPay are clearances of creatinine and P-amino
hippuric acid, Ux.V and UxV are amounts of sodium and potassium excreted in the urine.

(Coan) & FRIAZ (Cer)o] Zradtgs o] =) Rebo] WidEE Nat 2 K*o] Bx 7has

¥ 1-& bethanidine 0. 3mg/kg & (UMl BRI % FEHES H3E g REHA
FrEafjo] vk, 7)ol A RES HRE 2.7, 2 2ml/20minc]A 0.3mg/kg, 1 V.T. 2 bethanidine
o] 93t AL 205E¢S 1L.9mlolQdx thE 205 1L7ml 2A 100559 AFe] Edw st
A RIEBS] ALE At olw Cer st Coan vt 7149 HB{HE 9.12m!/min $} 16. 00ml/min
ol A 6.64ml/min ¢ 10.60ml/min 2 FAA ZJEYLE FRFE 4 Ulon R Natsd
K+ wj A 2ke] B{EMEE 0.95¢Eq/min &} 2.63¢Eq/min 2 Z2he] HMRfE 2. 294Eq/min 9} 5.41
pEq/mindl v 8ke] oF 419%9} 48% 2 A At

Table [ —Effect of bethanidine(0. 1mg/kg, ivt) on the renal function of rabbits

Control 0’20’ 20'-40° 40'-60’ 60'-80 80’-100

Vol (m{/20min) 7.83+2.62 4.63+0. 81 3.48+0.43 4.03%0.54 4. 05+0. 67 4.35:+0.68

Cer (m!/min) 6.14+0.99 4.66+1.27 3.76+0.53* 8.98+0.74* 3.7240.98* 4.58+1.94 2
Cpan(ml/min) 12.62+2.25 9.85+2.90 8.251. 46%** 0.13+2.53** 8.88+2 21*** 9.09+3.19

UnaV(¢Eq/min) 14.67+4.51 10.264-3.91 8.3843.39% 11.13+6.74 10.68+6.67 9.15+5.53 i
UkV(¢Eq/min)  4.49:+0.64 3.87+1.00 3.26£0. 50 3.89+1.15 4.37+1.80 4.20+1.89

Mean+S. E. from 6 experiments, Vol =urine flow rate. Cer and Cpan are clearances of creatinine
and para-amino hippuric acid, indicating the gromerular filtration rate and renal plasma flow, respecti
vely. UnV and UgV are amounts of sodium and potassium excreted in urine. *=p<0. 05, ** —p
0. 02, ***=p<0.01.
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£ 2% bethunidine 0. Img/kg, LV.T. 2 $oi3 48 6% S Aotk ArlelAe #
Fi# bethanidine & $oi3lo] ERRMEAES) RSy W3he) Fsfiich BAMES vieh w2 Stk

Bethanidine #BEHYE REE ol B3 8 Bk 2437 A5 #2108 be-
thanidine 8§18 20~4077A10] o] A RIEME FEA . 24 AAA oz 5% AL By
o 2@} Cordh Coan @ 4 2,3, 4819 Na'ihilie] #2115 Adstns AY5TY mHEE
W Eol BEEEM HEMES gt A BE KBMIA 74 988 BT F Aok

Table [ —Effect of bethanidine(0.3mg/kg, ivt) on the renal funcion of rabbits

Control 0'-20 20'-40’ 40’-60 60-80° 80"-100

Vol (m!/20min) 3.71+1.08 2.08+0.24* 2.101+0.45* 2.00+0.54* 1.7240.57** 1.88+0.53*

Cer (ml/min) 8.70+1.36  7.00-+1.44*% 7.16+1.34%* 6.31+1.33%** 5 49+1. 12*** 5.38+1. 03*
Cpar (ml/min) 17.73+2.90  12.78+2.83% 12.094-2. 25%* 11.25-+2. 27*%* 9. 20+ 1. 88*** 9.97+1. 54*

UnaV(¢Eq/min)  5.9244.30  1.0540.64* 1. 444:0.83%** 1. 25+1. 08*** 1. 00=£0. 90*** 0.90+0. 68*
UgV(¢Eq/min)  6.48+1.19  5.39+1.57 4.70+1.21% 3.97:1. 26%%* 3. 14:+1. 11*** 3.09+0. 88*

Mean+S. E. from 6 experiments. Other abbreviations as shown in Table 11.

¥ 3 bethanidine 0.3mg/kg, LV.T. 2 58 Ad 6HF F&F Aotk o744
bethanidine off ] &+ BEEES W3l #HB EHEFEH 0. 1mg/kg J. V. T A A3ty A%
8} bethanidine #81 4 5 o]l B{&(EE ebllch, oA 23}al bethanidine 0. 3mg/kg, I V. T
ol A= BREHTE FHgo] et ERETHZIA ASHJAE Polist 2 FXs ETIEA
o] FAANSE Hehich

Table V—Effect of bethanidine (1.0mg/kg, ivt) on the renal function of rabbits.

Control 0'-20 20-40" 40'-60’ 60"-80 80'~100

Vol (ml/20min) 3.93+0.87 1.83+0.38* 3.2340.79 3.07+1. 04 1.63+0.51* 1.37+0.36

Cer(m//min) 7.55+0.51  4.73+1.03** 5.58+0.67 5.21+1.28  3.73+0.95*** 3.54+0.96
Cran(mi/min)  18.93+1.06 12.92-42.03* 14.0243.48 13.14+2.95  9.7742.02%** 9.94+2. 45

Un.V (#Eq/min) 8.32+2.97 3.00£1.04* 8.1444.32 6.77+3.05 1.46+0.34*  1.00+0. 140
UxV(¢Eq/min)  4.54+0.99 3.79+1.19* 4.89+1.30 4.81+1.49 2.2540. 62%** 1.67+0. 31

Mean+S. E. from 5 experiments. Other abbreviations as shown in Table 11.

¥ 4% bethanidine 1. 0mg/kg, LV.T. 2 F3F 549 AH & FTFF Aol drjdA&
bethanidine #HE K BES v Zato] Ak Figheo] A ANt H29 53 el
Ax EEes =5dor %4, #5HdE oA FIIE ETBE] ekl

@iigE A bethanidine o] Bi#{EAE0 0/X|+= phentolamine FIEES| HE—MIFEEAS betha-
nidine & BEEHAE] gt of o] LRMLFRV BIFRY T o4 FAN dertE AR
7] 913k RS - PEEHIQ]l phentolamine® & RFiEE3F tHg bethanidine & #8-& %
#tolh, ol 7] A48k phentolamine &2 o~ &S d3tevl FE3< 2mg/kg & FHIRAC]
2dsied oF 247 A= A F REe] 2AA L o bethanidine o FE& o= A=

J. Pharm. Soc. Korea
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Table V—Protocol of an experiment showing the influence of phentolamine pretreatment on
the renal effects of 0. 3mg/kg intravetricular bethanidine.

1. 5kg, male rabbit.

9:30, Anesthesia with urethane. Preparation of the animal; tracheal tube inserted, both ureter cathete
rized, and a femoral artery cannulated. Insertion of a cannule into right lateral ventricle.

10:00, Infusion into a jugular vein of a solution containing 30g glucose, 3g NaCl, 3g creatinine and
400mg PAH in a liter, with a speed of 32mi/hr.

11:30, 2mg/kg of phentolamine was given intravenously.

13:50, Collection of urine began.

Time Volume Cer CPAH UNaV UkV
(min) (m!/20min) (ml/min) (ml/min) (#Eq/min) (#Eq/min)
0-20 1.4 3.78 7.97 1. 56 1.58
20-40 1.4 3.60 7.64 1.40 1.58
40 0.3 mg/kg of bethanidine in 0. 2m! saline, i v.t.
40-60 1.6 3.58 6.94 2.38 2.20
60-80 1.5 3.40 7.05 1.37 1. 38
80-100 1.3 3.24 6. 45 1.24 1.18
100-120 1.1 3.02 6.10 1.22 1.51
120-140 1.5 3.60 7.50 1.37 2.12

Abbreviations as shown in Table. 1.

BH3A el = B9 0.3mg/kg B LV.T. 2 Fo3td 2 F8& Ade19 )

3% 5 & phentolamine §igEEo] 2]& bethanidine 0. 3mg/kg, 1. V.T. 9 BERILL AE3 o
E3ql EEplolvt, 7)ol A bethanidine #E# RES} Rk Nat 9 K+o] Pefrgo] &= 3159
o o] A2t Cer & Coan = 7S] 2+ A S e At

Table I —Influence of phentolamine pretreatment on the renal effects of 0. 3mg/kg
intraventricular bethanidine.

Control 0'-20 20'-40’ 40'-60" 60"-80" 80'-100

Vol (ml/20min) 2.13:0. 32 1.93x0. 32 1.90+0. 25 1.90£0. 45 1.65+0. 30 1.92+0. 26

Cer (ml/min) 5.28+0.82 3.10+0.84* 3.62:+1.18%  3.63+0. 86™** 3. 33+0.90*** 5.80+2.43
Crpan(ml/min) 11.07x1. 81 6.25--1. 88*  7.3342.22%  7.08+1.62%** 6.14+1.67** 6.11+1.11*

UnaV (#Eq/min) 0.75+0. 35 0.56+0. 37 0.6340.25 0.81%0.55 0.37+0.16 0.38+0.11
UxV (#Eq/min) 1.78+0. 34 1.15+0.35 1.93+0. 46 1.86=0. 50 1.44:20.32 1.2240. 32

Mean+S.E. from 6 experiments. Phentolamine was given intravenously in a dose of 2mg/kg. Other

abbreviations as shown in Table I

3 6% phentalamine RijEE] 2|3t bethanidine 0. 3mg/kg, I V.T. 8 &8 HAEZ A6
P15 Z@8 Aolrh, ool A KESH Rep Nat 9 Kol BRitE-> R st FEHQY
32 velR] 9k o}d Cer 9+ Cpap += phentolamine 9] FjgEEo] 334 ¢lo] bethanidine 0.3
mg/kg, L V.T.o] 93te] 8 5 4 07HA BEIA 228 3E vebl et 54 Cer &=
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EERBEE N L Coan = HWAHLS E31E vehllo] phentolamine 9] FjpEEF o] bethanidine
0.3mg/kg, L V. T. 7} vtebll = A &A Q] Cer ¢ Cean & WA BG4 duration o] FEHAFE
A2 5 AR

% ®

Bethanidine & KA fIMSZER] Fo3 23, HFIRMoz FE&stgony o RES 7
28 A BmiE e RE BmitE (RPF) Y RBRBREAR(GFR)Y 2% 7Fxsker o
o ote} JRep Nat 2 Ko Bpt&ES] 2hag vehliglot

o] 9} A8 catecholamine o B#fEo] gt 283 obF AL A o2 Mol AR
REES U =t FIBHEEY Zule Fad Aoz AbsEo] RS a-ZARE A}
X+ phentolamine®?] & 33 A E3&}>7| 93 phentolamine {ijpEEo] 2]3}e] bethanidine o} R&
F fRep Nat 8l Kt o] B B4 48] 4«45 ot GFR & RPF & @A B4 A 7ko] &
598 ¥ A3 FEMA FaE bl

QulA o 2 ZFRLHREEM: oFE-9] norepinephrine o] Y m&Hel A% ZL£3l= angiotensin
72 MM FES HIRA T3t vasculor toneo] $=t ZHFmEEC] AFdE A5,
preglomerular vessel i Wit o2 Bmitet FREERES 2H4as vepla ol whet
MEB GOl vhepd& Ame AotV w3l epinephrine ¢} v} norepinephrine & EEE B
BEo] BEEAY Fo3lE A Sl = RMEEY Vas afferense 7} &30 24 Fikp] HEr2}
FTLE AdSE A e,

Bt A A A RSt BEFREIREY) (autoregulation)of 2 st BjfkimBEC] 80~180mmHg
9 @EAA = mirt Aol LAsA KA, opA dEbd Mol 50% A5l = omifk
= 6~8%2] Epndtel & & glvh = RREBEBET I GEANA = Aol dAEA FAH
1} angiotensin & FEP Y [HEMWY MIERR HHA S o HAH BmE A 42 &
watx] okx ZHmEEY bRl FHEEHN A ST Bmite S7tt old ==l RERemEEEs
2 Z7F W REHEINZES] B8 pressure diuresis & FHE X AP, KEZ 100mmHg [
TFel A& R 48 Zaste 50~60mmHg o MEE A = BMEY HEEAE 7l 8
M 3 REBEEZR] Zhastd HRE vebd & B o el ol 22 AL shock B
RS 7L fiigo] o3l Aol th¥, whela bethanidine I V. T. A@ ol A9 HFHREIERH &
st FREEERZEY] Al 7" Aoz velgdor mE #Hhe Mk 4oz A7
g ot RESIA MES PES A4 WoE Hil g9 e AE st 2o" M
o] Wisle] w2 mMEFAc etns AAE 47t gl BERAY BEEHoE Asgd

B T MGl RS o Bl 0 4H A gley o Rxre F
= mES A MREMEEED b AR 2 2 g T2 mEd gt Aoz A
AA oz Na' el d%& VA= AE A3y ofddces 2a®7 J&rt o= A2
A (dog)ell a-ZERRTHRME S WS E A, AP HEl low frequency electric
stimulation & A7l 7 9ol &= Na's} K59 SEMREANAM S FRIkiRiEe] Jebd g Bod
vl 9t} o]t ol a-IfRLTHRRI:ZEYo] (B3R - peritubular capillary starling forces &
Blell 71qlE]l = Aol ohv] i guanyl cyclase 1} cyclic guanosin 3, 5 -monophosphate ¢} =) 7] & &
g BHREAN AL HEfER 3te Aoz duA JoH®, widlz FA3 BikEsZ (acute
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renal denervation) = o2} FHELE)MA A Nats} K739 wid & ZF7MA A2~ TRRe] o-R
Erro ERE @Ao] vieldo]l <elA gleh, holrt Bencsath %23 Bello-Reuss %4292
micropuncture Jj%g o] &3t FAg Bkt AAY ZAE B2 A, EERAA Nat B
Baee] HAE WHE e 2 Henle's loop o) EfTHF #Mrif 2 £4% 4 HRiks 371
7 ek ok o ghEaRet e

W) 2 ZERATRES] S-245889) B (isoproterenol of 4£31) & TRzl A9l Nat HRKINE 2
a-Z A FERGE Aol uhe UEbiS®, 28y o Ao Ay Bl o, pEERE
of BMipizel -t RRBMARE 159 WS dehuA gEo

o] o] Bkl I TRWIERY fEHd WY ARBERE HEmE s 2 o 94
Bl zhaok FAo RMEMMAZERC] Astgt Ao Hol Vas afferense 9 tone o] 443 A
ol2ta ALz 5 o]zt A2 fif§EEAY] bethanidine o] FiES E3}o] Vas afferense o
TREMRES] AES WM AY e oW AN F49 §ElE Qo shsAol glont #
# A F A RBREERSI VY Blis: 4N w BH o= ARAE AR A gk
Luz {iEYd hsAel &4dtch zeivd WS a-EETQ phentolamine o] FWARAY §i
BEiEo] °]3ke] bethanidine L V. T. 8 RES 749} Nat 4 Kro wid ke WAHHLS A4
HAdou REREERES FmiiEe 2B AEMS WHZ dehdA] ol &-e bethanidine
9 LV.T. bk JiRIRIEAS BHWAY TR o-R B 93t oprlsvt 3 53] Vas
afferense o] 734l ZZpiiARe] i3t ALnche 933 Nat Hlilre] 3hodle TRGHRY a-
TR 2 83t Vas afferense 9 tone & H S TRETHRRS] o-HE 93}A] =
714, ©hA] wralwl phentolamine o] o 83 ubx) ob: Hdgo] N7eE Aoz BRE G

od7le] A @A LV.T. 9 salineo] BRI e Rep Nat o] A & Z71A 7] A w1829 sag
Y o B 93S nAA X3t =3 2mg/kg, 1 V. 9] phentolamine & a-Z %582
5 EEEled 353 Bde A8 SEFAA S A,

%= A2l bethanidine ©] mineral corticoid hormome ¢l aldosterone o]v} #FI/fF hormone
o] vasopressin ¥} & RRMHESY SWE REAA HAREAE Yebd 4= o,
o]# 73 9ol &= phentolamine o] 9|3te] FEE WA ot & Fohel Bl dE (B AT &
B e MESA vebd Zelck, oA U@3hd aldosterone o] sri@inel 7%, Aol Sl
= Na*-K-pump 9] Z&& {BEAA Natdhitake] wWdet KrlAd ke F7h7h el A @R
Bigol & Aol vasopressin & FUME MY A ol & REQ] a9l NatwjAdeke] Z7470 v
ehd Z0]5] 3 o Ao At SRREERER Y BimkEd = #LE s A ¢§ Aelth
v ARl = 28 #Abe] VehvkaAl agtemz o NRMWEHIS MBS T3 3
iz

= #

R MES=EA bethanidine 0. 1~0. 3mg/kg & #HF A, 0. Img/kgol e BREHHE
o FiEEteel WEh 9otk 0 3mg/ke S 1 0mg/kgol A RES WAT 7ast §de] R
BREEAE 2 Bmiftie] Zrasdz volrt Rk Nat 2 Kt9) ghtE= 7ha8bsd ),

phentolamine FFikA EEH, MIKZERY bethanidine 0. 3mg/kg ] & WAL HHL Jelulx
e5gkem ofo] wlalste] Rk Nat 9 K*9 dhitie] WMARSEE JehdA gtk 28 g %
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BEAET BniEY ROBRSS BT SREQSE 43 HRE F2E HEhilch

LI kS A5tz xof bethanidine & HiES F3le B BEE VA ANRHSE 1F

3l o o] phentolamine o] & & M TWRWHEEBERIM oA NS Z e
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