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Decrease of Distribution Volume of a Basic Drug in Rats of
Experimental Renal Failure

Abstract-Distribution volume (Vdss) of a model basic drug, tetraethylammonium bromide (TEA) at
a steady-state decreased sinificantly in glycerol and uranium-renal failure rats. Assuming carrier-mediated
transport of TEA into tissues, the theoretical Vdss of TEA decreases in an exponential way as the
plasmal concentration of TEA increases. The relationship between Vd,s and plasma concentration of
TEA in the experimental renal failure (ERF)-rats was similar. Therefore, the decrease in Vd,s of TEA
in the ERF-rats seemed to be due to the saturation of the carrier system that are responsible for the
tissue distribution of TEA, by the elevated plasma concentration of TEA in the ERF-rats. ERF was
induced to rats with glycerol, folate, salicylate, uranium and gentamicin, respectively.

o] o ojwl o] EHAREE (steady-state) o A o] HAEMH(Vdi) ol Trste olE 4
Lo wWol Rzmsz glrh Y e BEH A& Vdrt Zasigiaa st Aae off gl
A 7k Vdoob Sobebe A-S9 o #is, BEE o6 od NEMWES MEPREST
Z7bate], o] EAo] MHFEAY FHaste A FEE BAEMLEEE B JEEEHEY
(free drug) 2] M.z (free fraction)o] Z7lHe] W& Aog FAR T geh. Li-»

EEE AENQ] BEEMTES] 3tql tetraethylammonium (TEA) 9] V.7t BEE 28 7t
&8tE dos WAoo 2 a4 2 g Bete A vk E HEste A g
matedl & TEAE MHEES #HaskA @7 @ Ed® EA#aY Hidee Vdo 245 4
He £ gleslsts Aol A& AT ol otk Aol dE 58S HERAVERESE (experimental
renal failure) & §-x47 33 E—mHEY TEAS BIKESS & SHEERD THES A4

d % FHEshe] =z ML) s =detgoh

X B 5%
RRB 2 AW -ADF T A0 Wistar® Bl rat (T 230~
B KK)2 45995 B Bk Clalisl CE2§ T2 2345 $5EE 452 44 4

QA stk ARSAly ex = 24°Ce Eilfe] Aok
TEA 2 folic acid: B LR (EHFD Y ##%2, inulin, mannitol @ glycerol & FIE#iZE GE)
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9] ##K-e, sodium salicylate: /vREER (RS 448E, uranyl nitratel= TAAB Lab. (Emmer
Green) #42 4 or] gentamicin sulfate(JJ{H 570pg/mg) = BT BB (K)o =8 FHEwtol fiF
st ct. TEAE= New England Nuclear Corporation(Boston, MT) ¢ 2. 48] F43l9.en HiE
#:-2 4, 2mCi/mmolo] ¢t} Jk#E scintilationf§ #+d] & 2, 5-diphenyloxazole(DOTITE DPO, #n
FeRigE ) 4gst 1, 4-bis [2-(5-pheyloxazoly)]-bezene (POPOP, FSE#iZE 45#%) 0.1g-& toluene
(RISt #E3E %% 19} TritonX—100(FEHEZE 4540 0.5091e] iRl o 2447F Zukste &
HAA =A A

BHRES R EHEE] FREE Esh Table Is} 2ok &, glycerolFEE "= K44
BAtE 244 7Rl 50v/v259] glycerolik (A G52 HA) & rate] §8E lkgE 10mle] dosez
BETFFA et #F#&A G folateBWBEW = AU YA 244 2bgiol 5w/v%9 folic acid WK
(0. 3M-sodium bicarbonates] folic acid2 o] KigEolA N, ¥EMAZ)E 5ml/kge] dosez
HTHAEIRA FArste) FHAZch  salicylateBEEY = RAPME 484 217lel 160w/v%
9] sodium salicylate-§-2} (A 2] 4] @A 4¢l] £31)-& 2.5ml/kge] dosez AHTFR AR FAHsted 7%
FAZG FHEBEEEYE K AYME 1204 20800 0.5w/v%9] uranyl nitrate§-2 (4§ 2] 4]
G4l &3)& Iml/kge] dosez A TFRAFIRA T8t FFBAZAch gentamicinBFEEN S =
0.8w/v%2] gentamicin sulfateg o (2] A g Fo] £81)S 5ml/kge] dose 4244 7bebrt EF
o 7l REF Az H£7HEAM] FAFE 2447 FBA Lo 24 FRAAS BRE #HEe] 3
WA BF e olWebA T A Feieh. BRER 8 HERO DAL MERY EX
ratSg AEshgeh RE rate TEAS Faebr] o AL et 298 Af2
HA 4 A S

UC-TEAS| imifish JREC| BMMHRB o= 71dA 3= dE rate] AL AT F
448 & A2 Fo] HFHEESL. £ KBBIK 2 KEBHIRA PE-50(AfE 0.58mm, S
0.965mm, Intramedic 7it#l)e] polyethyene tube&- cannulationdt %, MB#HAEER No. 1(EBEI
¥, HpDo= Fgich UMHME BREAER No. 4EEHIH = Eastio

ko 3 HBED MATES®L PHTIINstd HATFAE EERC dr BERE
(ureter) cannulation-e {33tz KEEAWINFHE E3+dAE iulin-mannitolif S ZHHEHE A
et

¥ 30418 ik Ast b4 infusion pump(Microfeeder, Frue Science Co. Ltd.)E =4 4%
= KESE T & %38 UC-TEAJE (Table II)-& ratB®E kg 2ml(=8mg/kg)<] dosez 4l

Table I-Induction of experimental renal failure.

E.R.F. Dose(/kg) Rx. Admin. volume(/kg) Timehr)
Control — — — —
Glycerol 5ml 509 (saline) 10ml, s.c. 24
Folate 50mg 525 (0. 3M-Na,CO3) 5ml, i.v. 24
Uranium S5mg 0. 5% (saline) 1m], iv. 24%5
Salicylate 4g 160% (saline) 2.5ml, iv. 24%2
Gentamicin 40mg/day 0. 8% (saline) 5mlx7, 1v. 24
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Table II-Composition of ¥C-TEA solution.

Tetraethylammonium bromide 400mg
UC-Tetraethylammonium bromide (4.2mCi/mmol) 6ml
Sodium chloride 900mg
Water to fill 100ml

%3] A, JHre tubeye] zF TEAA S azko] g QdFa Peo| Y& o, e
7He & pumpel] FEAESt 2 infusion(3ml/hre] speed2)-& HHASIH o}

4C-TEAE B3 3 5, 10, 15, 20, 30, 40, 60, 80, 100, 140, 180, 210 = 24047 #7 120
plo] M-S KEEEES 7172 2458 microtube(MT-5)0] samplingsle] ZulZ 3,000rpmo 2 1
27 9488 (Beckmannjit 9] microfuge)dt ©he, Rizel m#f 5018 Hual #k@ scintilation
Hlol o] Wz A E|g o] 7 Q 10mlet A EFIE F AlE]#) ol 71-8¥ (Tri-carb liquid scin-
tilation spectrophotometer, Packard Instruments Corp., Model 3255, Downers Grave, IL.)o] 3
o] “C-TEAS cpmg ZA3Ach. kel s-wellRe] Bime  heparin-4§ 2] 4] ¢ 4 (heparin
#5 100IU0) o = BhiRAel Dol ¥elrh MC-TEAY cpmg dpme =z #HES = a3 fE
WA-S SHRIEYE channel Hikg A A Fatgh

TEAS|] AHEHM (Vd.o 2| FH—% HEE rate] ol TEAS] M |ES BN #BE
SALS program® & ] 4 2 =x 3-compartment model?] Ko best fittingA] ]}, 2 =& 3-
compartment model®] & —#pez BASEYdE 44

C=Ae % £ Be Bleeieritisaiiiieiiiniiiiiieiieiisiiiieiiereiiisissrisiotssiioesstearssnenes Eq. 1, =
C=Ae 4+ Be8t B o LA TP R T TR PP PP P PYRY P P YT P PR PP YT PPPP PSRN Eq_

2 ¥} 2-compartmentd A2 Vd, &

Vd,,=Dose« (A/a®+B/B+C/7%) [ (A)a+B/B+C/p)2 cereeeersrmrsnianiinniinninnnnn, Eq. 3
3-compartmentq] =} o] Vd, =

Vd,,=Doses (AB2+Ba2) / (AB+Ba)? +ereessersesreereermnenioeetenianieniansesanases Eq. 4

2 fFHH-h
WETRE Y RE o] 29 HE M (significance) §5E-S Student’s ¢ testE- ALg-3t g th.

XBERAEE

Wk TEAS| RE BRI — AP A A e BRERDS REkd deade
olv] Fij#*-ol A B ul Uvh. WEE 2 5o AYABEERN A TEAS] RKEpih BE
#BE Fig. 15 2gch o 25¥ BiEEC o8 TEAS Repdiio] A d=o HEER G =&
Mk @EF BAZE A€ 2 A ¢ 5 Asih

M BEHRBE SALS® 2 FEfbs] ¥ 25 HEH 2 glycerolFEERNY Mt it
# = 3-compartment?] &K, & Egq. 20| best fitsl gl el R 489 BEERS 9= 2-compart-
ment?] 5% & Eg. 1o} best fit 5 gt}
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Fig. 1-Influence of experimental renal failure on
plasma decline of TEA in rats following
i.v. injection of 8mg/kg. Solid lines were
calculated by SALS® on 3-compartment
model in control (@) and glycerol (QO)-
treated rats, and on 2-compartment model
in folate (1), salicylate (), uranium
(A), and gentamicin (A)-treated rats.
Each points represents the Mean *S.E.
of 3-6 rats.

Plasma Concentration (pg/ml)

0 1 2 3 4
Time (hr)

ERE EMERERN Parameter — L3 fittingiho] wE % KolAel A, B, P, o, B, 72
Vd o5 A =]3ted Table Illo] 2.y vk, Vdof A 42 BEEE 2 glycerol BFigEEt Hal A= Eg.
4o] whet, o)A 45E9] BREE# YA Egq. 3o web A AsE ok

glycerol FEERET} $eb5 ANt Vi BHEF sl FEMdA g, =3
glycerol FA s #to] dolxe B 9 Pg= ¥HBH] Mstd HFEMJUA #@hsth ot folate,
salicyate, uranium 2 gentamicin B3] Bfoll A = ¥REE 2 glycerol B s] 3% (3-compartment)
3 28] 2-compartmente] fittings] ¢l © T 2 & parameter?] FHEM UE Bito] F= Table IIlof
A et ehsieth

B2 AhERE(E—glycerol & S FAAREY] flol A Be vheh e Vd,o 2

Table III-Pharmacokinetic parameters of TEA in the rats of experimental renal faiture*.

Control® Glycerol® Folate?

Salicylate® Uranium? Gentamicin®

A 9.71 (2.57) 70.20(32. 44 7.26 (1.88) 3.72 (0.63) 17.63 (3.87) 4.53 (1.38)
B 2.04 (0.44 4.94% (0.80) 4.01 (1.43) 1.25 (0.25) 8.38 (1.46) 1.52 (0.25)
P 1.24 (0.18) 4.73* (1.73) — — — — — — — —
a 0.299(0.073) 0.425(0.113)  0.157(0.029)  0.115(0.008) 0.210(0.045>  0.113(0.032)
B 0. 049(0. 009) 0.037(0.003)  0.010€0.002)  0.010(0.001) 0.003(0.001>  0.011(0. 000)
7 0. 015(0. 002) 0.010¢0. 001> - - - — - - — —

Vdss® 2115.7(210.8)  954.6*(370.2) 1671.2(351.3) 2906.2(538.3) 525.8%* (90.7) 2752.9(734.3)

a) fitted to C=Ae ' Be™#+ Pe7t by SALS.?®

b fitted to C=Ae **+Be™# by SALS.2

¢) ml/kg of body weight.

* p<0. 05, ** p<0.001.

+ Each data represents the Mean+S.E. of 3-6 rats.
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dealo] A 1) TEAS [#fctel sho] gE45% 7 o] 913 free TEA 59 b4, =& 2) TEA
o Y] BAET4, =8 3) TEA RRFR(MHM—-HESME 2 BE & 4 HES + o
ot v ATl MY V.= MPFRES HEiEo R T ShAkels] WiEe TEAY mERSE
o gpe zH g gart Aok 19 1~)F Fel A $A DL a4 E dFHRel B
de Qutd oz FAFY BB EH(ree drug)d] =& F7H71E Zlo] kA l4-9ld ot
7}, 53] TEAL #3439t 2354 @€ 4492 23 Sle %Ed o 9449 23w B
Ao Vdir}l 1/42 7ad A& A5ekr] §l8 TEAS bl AZ%rL 004 5% =2 AS38
gogzt FA%E A 2 BdAol vlg el AAs zev, 2 beAdEA HRY
T QoD E Bk Ealsl Folok & AlFeletxz Bk g, 2 HdAe A2e ratd
tissue homogenated]] A 335t TEA2] ko] FAHNE $2uF Arde AAW hvivteo g s 2
AgEdko] ¥R H o WA e g DHH HHAE MintumF o] BEBERRD S AR 2y B
712 @b, 252 Fig. 2004 2 wpel 3ol  Im#E—figkel 2o TEAL MRl BB
o Eo] \EERRC RSl glon, Mol 29 FAol = B abnte] B} Urkx
B3+

Fig. 2-Schematic illustration of TEA trans-
port. (Repictured from reference 30 l |

with minor modification). For abbre-
viations, see text.
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A7lel A Ce Bx(pg/ml), t= 27, ss= EERE, T 27, Pt HMEHEFS E&AE
pEcEp (diffusional permeability; ml/min), V. EHEF+A S BAT 44 = (maximum transport
velocity; pg/ml), K& =454 ﬁ:zg}k—i(half -saturation concentration; pg/ml)E-, %]
= i £EY gt 24 % 9 ]3}‘:} weta igte A0 A TEAS Rz 44 (Vdi)e
2749 WERM)S R Foz vehd & gk

Vdi=Mix R

Ri

—Mi. Va }

|14+ P (Ki+Cp o)
Eq. 62 27 Cp .7t Kiol sl FAZE A5z #AAd weh Vir) Gl 4 8¢ NEE
¢ F 9
EEaEe] glolA TEAY =43 xe FERESL A3tz d& R Hstd Vs
C,s+8 A E simulations) 2= Fig, 33 Rk, o7lel4 Vo, PL K, R Mige £gA%
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Fig. 3-Theoretical relationship between C,,ss Fig. 4-Relationship of plasma concentration
and Vuss of TEA in the liver. Eg. 6 of TEA at 4hr after the injection(8mg
was considered as the theoretical base. /kg rat) and Vass of TEA in intact
Vass was standardized for the 1kg of and experimental renal failure-rats.
body weight of the rat. Values of M, Data are presented as mean+S.E. of
Va, P and Kn were taken from reference 3-6 experiments. Solid line means the
30 and were 48.4ml, 75.0ug/min, gross tendency of Vuss. For symbols,
2ug/min and 3.0ug/ml, respectively. see Fig. 1.

£ 2d = Adtglen G 72 Fig. 19) TEAY 835 S =% coverd 4 g7l 0ol 4 20pg/
ml Abolo] 4 WE A B ok,

Fig. 3614 & ubsh 7o) Cy.rb AXol web Vdle 2us] ez 7astdh.
g 2F AR R A dEle] Fael doAE A GRFEelAE Ak z3E, TEAY
ZH Y 51EHE DA Tl HEA 24 A Hilgol= WA= Fig. 33 & pattern?]
2a® g Ao o e

upeta] olwlel e B el A FHMS Vdior e MM Fxete] @A £ Fig. 4¢] plotd}
o] Fig. 37} ¥l w3l Bgkoh.

Fig. 49 #ifiel = Cpos Aol TEARHEL 447519 #3ds Fx2 plotsig o, Fig. 49 #
HEZF Fig. 39 BRA HUEMS Holx = patternd] glojx] —FKstE AFA 2 w]Fe] meo}
glycerol & -2k HAsdl 23 Vd.9 par Bt -5 335527429
Rl Slel A A Zalehe HEE oA A9 4 o A24E

& TEAS) 24 ¥ 251A0] olsle carriers] Kn(fi7d [Fol A% 3.0pg/mD)< TEAS &
R& 45 (renal tubular secretion) %9 K, (Heo]x 1g/mlo]AF9] o] Zod5] 1.9~ 5l = g w
S Aot A" 282 B Vd,(Fig. 471 [Tl A9 #%E Fig. )mnd @9 2 a4
2 v 5o} Hof TEAE &%, HEWS 2= BHRERE S3ld SEdo0z Lyss],
29 KA i $ 2 ghol @ Aox FA90.
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G714 FEe FEXEA Lo 2 A 27

o|sh7re TEAS 442 %o}, WMSSAE Soto 7o) FELE 474 FEE9 (o7
, cimetidine) ] H&EE &S 23 % ¢l compartment Bl fittingsty o= HW [ 49

Fel7h etz HARg. =3 o3 FEEE BEE FAdA BEAA F @& B clearance

9

gash WA HHEA) AHE 2esel FAE Tt BEIAE 449 BEVSA go

G2 R g R e

= B
olm BAs ol ratffe] & TEAS HfidA o] BAAnc HEMEIA A&t =2 94

TEASH &4=, = TEAS 2439 Aol dsatglr] Wfeletr] 2o, Rudsz o
T 5L dFE el d8 ARl HFAsSAt 2S5 Tz A

F WHES BEA A HRTR ERE LW 8B 2 Rz

X ®»

1. A.P. Van Peer, F.M. Belpaire, M.T. Rossel, and M.G. Bogaert, Distribution of antipyrine, phenyl-
butazone and phenytoin in experimental renal failure. Pharmacol., 22, 139 (1981).

2. A. Van Peer, F. Belpaire, and M. Bogaert, Pharmacokinetics of drugs in rabbits with experimental
acute renal failure. Pharmacol., 17, 307 (1978).

3. FEEEE, FERCcEY) 2 BHBRNERo SHEY BYEER, BLR HRASEEmM(198]).

4. A.P. Van Peer, F.M. Belpaire, and M.G. Bogaert, Binding of drugs in serum, blood cells and tissue
of rabbits with experimental acute renal failure. Pharmacol., 22, 146 (1981).

5. M. Gibaldi, Drug distribution in renal failure, Am. J. Med., 62, 471 (1977).

6. B. Rennick, and A. Farah, Studies on the renal tubule transport of TEA ion in the dog. J. Pharm.
Exp. Ther., 116, 287 (1956).

7. H.G. Preuss, Tubular function in experimental acute tubular necrosis in rats. Kid. Int., 10, S51
(1976).

8. R. Carrol, K. Kovacs, and E. Tapp, The pathogenesis of glycerol induced renal tubular necrosis. J.
Pathol. Bacteriol. 89, 573. (1965).

9. C. C. Westenfelder, G.J. Arevalo, P.W. Crawford, P. Zerwer, R.L. Baranowski, F.M. Birch, W.R.
Earnest, R.K. Hamburger, R.D. Coleman, and N.A. Kurtzman, Renal tubular function in glycerol-
induced acute renal failure. Kid. Int., 18, 432 (1980).

10. U. Schmidt, and U.C. Dubach, Acute renal failure in the folate-treated rat: Early metabolic changes
in various structure of the nephron., Kid. Int., 10, S39 (1976).

11. U. Schmidt, J. Torhorst, M. Huguenin, and U.C. Dubach, Acute renal failure after folate: Na-
K-ATPase in isolated rat renal tubule., Ultramicrochemical and clinical studies. Eur. J. Clin. Invest.,
3, 169 (1973).

12. G. Ayer, U. Schmidt, and B. Truniger, Intrarenal hemodynamics in two different models of acute
renal failure., Proc. 5th Int. Congr. Nephrol. (Mexico, 1972), pp. 165.

13. G.E. Schubert, Folic acid-induced acute renal failure in the rat: Molphologic studies. Kid. Int., 10,
S46 (1967).

14. H.G. Peuss, F.R. Weiss, R.H. Janicki, and H. Goldin, Studies on the mechanism of folate-induced
growth in rat kidneys. J. Pharm. Ezp. Ther., 180, 754 (1972).

15. I.C. Calder, C.C. Funder, C.R. Green, K.N. Ham, and J.D. Tange, Comparative nephrotoxicity of
aspirin and phenacetin derivatives. Brit. Med. J., 4, 518 (1971).

16. F.A. Carone, and W.G. Spector, The suppression of experimental proteinuria in the rat by com-
pounds that inhibit increased capillary permeability. J. Pathol. Bacteriol., 80, 55 (1960).

17. R.C. Blantz, and K. Konnen, The mechanism of acute renal failure after wuranyl nitrate. J. Clin.

Invest., 55, 621 (1975).

Vol. 27, No. 1, 1983



28 4 % F

18.
19.

20.

21.
. D.G. Houghton, M. Hartnett, M.C. Boswell, G. Porter, and W. Bennett, A light microscopic analy-

23.

24

25.

26.

30.
3L

32.
33.

34

36.

A.P. VanPeer, and F.A. Belpaire, Hepatic oxidative drug metabolism in rats with experimental renal
failure. Arch. Int. Pharmacodyn. Ther., 228, 180 (1977).

S.A. Bencosme, R.S. Stone, H. Latta, and S.C. Madden, Acute tubular and glomerular lesions in rat
kidneys after uranium injury. A.M.A. Arch. Path., 69, 122 (1960).

F.C. Luft, G.R. Aronoff, A.P. Evan, B.A. Connors, M.H. Weinberger, and S.A. Kleit, The renin-
angiotensin system in aminoglycoside-induced acute renal failure. J. Pharm. Exptl. Ther., 220,%433

(1982).
J.C. Kosek, R.I. Mazze, and M.]. Cousins, Neprotoxicity of gentamicin. Lab. Invest., 30, 48 (1974).

sis of gentamicin nephrotoxicity in rats. Am. J. Patkol., 82, 589 (1976).

N. Schor, Ichikawa, H.G. Rennke, J.L. Troy, and B.M. Brenner, Pathophysiology of altered glo-
merular function in aminoglycoside-treated rats. Kid. Int., 19, 288 (1981).

G.K. Kaloyanides, and E.P. Munoz, Aminoglycoside nephrotoxicity. Kid. Int., 18, 571 (1980).
W.M. Bennet, C.E. Plamp, D.N. Gilbert, and G.A. Porter, Kinetics of gentamicin uptake in rat
cortical slices and the effect of aminoglycoside pretreatment on the transport of para-aminohippurate
and N-methylnicotinamide., in Nephrotozicity edited by J.P. Fillastre, New York, Masson publishing
USA Inc., pp. 143-156. (1978).

C.K. Shim, Y. Sawada, T. Iga, and M. Hanano, Prediction of renal tubular secretion of renal tubular
secretion of tetraethylammonium bromide by use of endogenous N'-methylnicotinamide in the rat. J.
Pharm. Dyn., 5, 534 (1982).

C.K. Shim, Y. Sawada, T. Iga, and M. Hanano, Estimation of renal secretory function for organic
cationic drugs by endogenous N!'-methylnicotinamide in rats of experimental renal failure. Am."J.
Physiol., (Submitted).

wEk, BEEET, GPENT, TEE 8, NE# N-methylnicotinamideiz & 3, HEEH: Hpyo Biws
VT Iy AOBN—BIEET , P2V T—, H14H BHREE B - HEr oK v 2 (BX - RBE) B
EH#, 1982.

N. Nakagawa and Y. Koyanagi, “SALS, a computer program for statistical analysis with least square
fitting,” Library program of the University of Tokyo Computer Center, Tokyo, Japan, (1978).

M. Mintum, K.H. Himmelstein, R.L. Schroder, M. Gibaldi, and D.D. Shen, Tissue distribution
kinetics of tetraethylammonium ion in the rat. J. Pharmacokin. Biopharm., 8, 373 (1980).

wER, ANE# Nl-methylnicotinamideic & 2EEEMEY O Fows V7 7 Z0%E, LR, ®HE
KEE HEE (1982).

B.R. Rennick, Renal tubule transport of organic cations. Am. J. Physiol., 240, F83 (1981).

I.M. Weiner, Transport of weak acids and bases., Handbook of Physiology (Berliner R.W. and
Orloff. J. eds.), Washington, D.C., American Physiology Society, (1970).

I.M. ;’Veiner, and L. Roth, Renal excretion of cimetidine. J. Pharacol. Exptl. Ther., 216, 516
(1981).

. P.K. Narang, J. Adir, J. Josselson, A. Yacobi, and J. Sadler, Pharmacokinetics of bretylium in man

after intravenous administration. J Pharmacokin. Biopharm., 8, 363 (1980).

WER, KBRS RYLEGE, HEZNY KREHEBE, Ae8mes 7, 34(1982).

J. Pharm. Soc. Korea



