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The Effects of Organic Acidic Drugs on the Absorption, Excretion and

Diuretic Action of Furosemide
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Abstract—The effects of organic acidic drugs on the absorption, excretion and diuretic action

of furosemide were studied. Cefalexin, p-aminohippuric acid (PAH),

ibuprofen and p-amino

salicylic acid (PAS) were selected as organic acidic drugs. The in situ absorption rate and absor-
ption rate conmstant of furosemide (30xM) were significantly (p<0.05) decreased by 30uM of
cefalexin, PAH, ibuprofen and PAS in rat small intestine. The plasma concentration of furosemide
was significantly (p<{0.01) increased by cefalexin, PAH and ibuprofen in rabbits. But the urinary

excretion rate,

renal clearance and diuretic action of furosemide were significantly (p<(0.05)

decreased by cefalexin, PAH, ibuprofen and PAS in rabbits.

Furosemide (4-chloro- [2-furylmethyl}-5-sulf-
amoyl-anthranilic acid) & <FA+4] (pka=3.9)9 &
AolxA 2A o <ke o]k A& Henle’s Loop
Azt A Z A9 Nat Al F9 L2t
AA e A8 srAEFLEL A YRS
o FERAVE AL F2 AFE E3Y
76%7F L% WA Y, A gl
Ao Aj-ge] 90% ol Aoz®
t} T A st FulPe & g5l wjdE v

9, FRAvEs & pHelA o] 23] g
o}z A AlA| Zofl o o] FaFa uwebA
ol Aol Ztamvty nug wh gluf 80

wpeba]l vl gFejE Frl A dEel AR
Ho nEER EA LY ZHA xR pHIF B
ofxlthul  FE2 AW =9 AAZFHA ] Fhet
o] FZA VLY o]uFHgo] FrtE HAom
A5l o},

z28 Oliwgh.g
Aol F2Aw =g o

i)
o_}:
] ]
ALFA o )

273

=4 §E

3ty v ChennavasinE-12 o] 946}2%_ o] AdA &
GdEH T dogo] o Aol o FE
S Fubg AdaaA 9 H ] 71‘3l§}"+3’— X33}
Sor, Datag! 2 ojete =e] F2An =9
o] AL gl erAlel] a8 o F
3 sy oh

= Wallins%e FzAu)zgl =g A
o W Aol A" Fu o FR2AR =7}
2Foz WA E o] FUHE FTHIFL
o, olngeE AstEgn wasgch ol
o] F-2Av| =t H 44 e AL
L Aol Ao pHyistz A9 s = 7S
7b @t

w £E19.2 penicillin Gy} Y A ol A
& FEYE Bstal® FZAR =9
34Xz nastgE ¢, Carbon
SN etnl FERAv = 2 dAIYAG
o] penicillin Gol] 93] AYHoz AIdgoz
A fE ¥ FEAR = AFA A Bel o

Fu g

oL
1§ 1

o=
o
°]



274 o & 3 -

FE S webA F894 el Al e

EAV Egmsh gobal W ol gha e
A A o g o

AV el od o Pk A Ze

FE2Av et dAdeor Wi FoxI Qe

FEZ 7] 44 54l cephalexin lysinate!®!9,

sodium p-amino hippurate (PAH)2%, ibuprofen

M calcium p-amino salicylate (PAS)® Zo] F
ZA = F, A 8l o]kE e WAL

?Fe AEIA S
3 8 8 H

%E & I —E AYo] Agd FEL F2
Al v} = (Hoechst, Germany),
(Almirall, Spain), sodium p-aminohippurate
(Coleman & Bell, U.S.A.),
England), calcium p-aminosalicylic acid (Merck,
Germany) %o]glew, 7j7] &%= HPLC (Waters
Model 440, U.S.A.),
meter (Instrumentational Lab. Inc.,

cefalexin lysinate

ibuprofen (Boots,

flame photo-
U.S.A),
osmometer (Precision System Inc. U.S.A.), 2~
#l & 2 ¥ & o] e} (Coleman Instrument, Model 14,
US.AD 5¢ A8

Z2M0|=9| in situ B#EESHAE—(1) A
TE 200g N wisterd] §-4 ratg: AFA
2447} A A A]J] 5. pentobarbital sodium 40mg/

Associates,

qj =
Alel = 71 o] -2 2 s w §Fof 7 (ibuprofen-) =}
F2ZAn = 9 PASH 3R (PAST)Y 53
o2 FEIF (@) FFARL 0.2M sodium
phosphate dibasice} 0. 1M citric acidz Z#)] &
pH 5.3140.52] &3 Re] 2 AFF-9 2 o4 u}
G FzANE EE B A ad0Ed FEs
30pMe] = =% &) 50mlE A-gslg k. (3)
R 2e = d ratd] 55 A S5
vhet AA St AlolAAe] dete] WA 3mm F
ol eall F 25 49 ate] Shanker529e] 443

kg H740 wtA A A ALEstg o

ARTE FEAvE G5 5o T (control),
Z2 4 u]E_ 2 4] sgha) Al 8% o] F-(cefalexinit),
= 2 PAH o 3% of £ (PAHD), F=
I

furosemide

ABSORBANCE (280nm)

TIME (min)

Fig. 1-Chromatogram of furosemide in mucosal solu-
tion by HPLC. Operating Conditions (Column:
¢Bondapak Cis, Mobile phase: 40% MtOH/
0.2M NaAc, 1% HAc, Sensitivity: 0.05 a.u.
f.s., Flow rate: 1ml/min.)

FWel £33 37+1°Col A 2ml/ming] FF<Em
E 180% 7 #Fatseh. BARAY FY FEe
Fry AR $ue dge mAss) et
F3544Y A %] phenol redgle] FAHxE &
7 33 ot (4> FzAv=e Ao 3 7
A] Zke]] E 1mle] A3 Eolo] oA 0, 05ml
FHe 5 10ml,] el 7hete] F &3z o
H3& 2 A3E Aol el Ya
Z et 047]°ﬂ HPLC o] &4 0.5ml% 7P?5}°1 &
a1 gt ¥ 0.45um millipore W2 o 73t g
20ui% HPLCo| F=9lete] A ksl vh(Fig. D).
FEMHNIES in vivo SE{AEE—1) A3 F
& 2.0kg W AAT FANEE Ags
g.om, 25% urethane §A< sml/kgz 27
W Fabste m ARG () A¥Te F=2
Arl = dFFoH(F2AR = bmg/kg A F
A, FEARE g Aggda w gFd A
Dy A 1mg/kg/min infusion & FZ v =
smg/kg AW FAL), F2Avj= 2 PAH o 35
o] +(PAH 0. 2mg/kg/min infusion & 2 A)n)
= 5mg/kg AWM FAD), FRARE G o]z

J. Pharm. Soc. Korea



$7 44 GEo] Franzel F4,

Wl g ol mE o] MAE G 78

W 3FFo] (o] F =2 100mg/kg 7 T
PASHH B o 7 (PAS 500mg/kg 73 F5o &
A = 5mg/kg AW FA)S 5T2E FE
?f}ﬁ"%- @) Ay A=A S ln%/‘]
Zalo] e FuNo.21)E 4Fslate] Q=44
0.5ml/kg/ming  Folat@ s, HEFH F
&zl Fu(No. 19%E 4Fslshe] 3l o=l g
ZAA6 A9 BeA AL
3 A TR Sl A ASAS
Adte] g wEAINL FF TR
Zaloda Fr(No. 18)% 433t
Awsgeh As ol AL B Ak
49 2% FRANESE 340
o, F2AvE GEEAE U F7144 FE o)
?}*rfﬂf"ﬂ*i FzAe = EHA qzr] 9
ZolgdaE AEsigch €4 9 85 S¥
-°/] FFPRog i) FEA0 =E in situ FrAF
3 e oz Agstgch i) AL
A ek WoldE2 3 Salto?® 2] who] 2|3t =
6% trichloroacetic acid® A z] 3l HPLCol] A
7=+ pBondapak Cis, ©] A4S 229 MtOH/
0.03M NaH,PO,, &3 s} 280nmo] 4] &4 3}
Q. i) PAHO %2k Smithylg?he] o]l
5300me] 4 FHEF HARGT. W) o ¥z
sel Agke &AE 6% trichloroacetic acidz A
2] 8}e] Dusci®} Hackett?® o] HPLCH¥y o 2 7
o] E 4o 60% CH; CN/
40nMKH,PO,, 3Z3}s}x 225nmell Al A4 84
), v) PASAH g2 Way5229 Hy o2 530nm
A sdlegxredegz FIEE A
Mol A% 2.0k Lﬂﬂﬂ TANEE
ARNEER Agsiger, oF 2 el ¥4
in vivo 3|4 ¢ e e WS *}%3}%3}. Al
3 A A 2 (saline 0.5ml/kg A=) FAP),
A Al ghE o] F(cefalexin  1mg / kg / min
infusion), PAHw &% o 7 (PAH 0.2mg/kg/min
infusion), o] X 2 %% o7 (ibuprofen 100
mg/kg A T5), PASgHEFo (PAS 500mg/
kg AFF), FRAE G5FoAT(F2A 7
= smg/kg A FApelglen, wWiFAT

Vol. 31, No. 5, 1987

l #e —{ov 2

_\AL

o JL

22 pBondapak Ci,

F2A vl = bmg/kg AN FA), FRAUE

A9 in vivo Fel4gst Rk F A4l
T PAHQ} Wl FEof o] Qi E o E F7
quO‘Js}q HErx 9 ELHH@
=7} °M}-"H A& wa amg
He o

—_

Al ] A ekEg A7|e ukst zro
gk 904 Fol F-2Alw
nlE FA &9 g7 =
90--7k #*&6}9\14 F7 A FES] FHF A
75 Eet §7 A4 GE W FFdel &
ks —T—iﬂhﬂ o olnad (8%, AsAuAd,
Na*A] 4§, osmolal Fajojatz, A7A Az}
4z 9 2 pH 508 AT ¥ *i*ﬂ SRR
9 gesto] AunAAE AR o

272 2 99 Nats}l K2 flame photometer

2, Clx chloridometer®, A& AFA
2 Z2A &,
gld Nata] F4-g2 b2 Ao 93t 43
At
_ U XUV
Nata] &% (9)=100—100 ( P PR )
[}, Unat: &% Nat9l ¥ ={(uEq/ml>

UV : g9 473 2%<(ml/min.)
Pyat : B A% Nate] FE{(uEq/ml)
GFR : AF3 o 4 Z(ml/min})

d@dn 3 nF

Zgzqn|E9 in situ EX0| O|XE 2E &
A

JMgeEe] 98— F4A99 Aste Fig 2
s e,
FEEL o A o pEegen,
Cg B()
;)

F58(%)=100-100 (¢
(=t

, Cot FESY 3%
Ci i tAZE 9 dEFE
By : phenol red 25 %
B, tA 7 %9 phenol red Fx]
1808 ¥9 F4EE FRADE FEFITL
9 25 49% 3594 ik zone
B A A FrArI =Y F5IF A SFE



ABSORPTION RATE (Z)

276 9 & d-& A
®—@ Control
O—-Q Cefalexin " (A) ~ (c}
o) Me—A pail £ w0 EI
50 *——* ITbuprofen J \:
O—O ras % b= g —
i 3 =] —
40 * o 0 oo o2 / e
= )
30 g E / i
= p
= = .
20 B o o —
)0 60 00 6090 120 150 180
TIME (min,) f TIME (min.)
) (4]
104 »': T o '/-\'\
g 2 7
- T e .
g 15 S S /
3 S 10 /
= o«
B =
30 60 S0 120 150 180 o ,
ST w0 w0 oo D070 60 90 120 10 18
TIME (min.) '

Fj %, 2-Effects of organic acidic drugs on the absorption
of furosemide from the small intestine (rat).
Mean=+S.E. from 8 experiments.
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Fig. 3-Plasma concentration of several organic acidic
drugs.
(A) Cefalexin 1mg/kg/min., infusion.
(B) PAH 0.2mg/kg/min., infusion.
(C) Tbuprofen 100mg/kg, p.o.
(D) PAS 500mg/kg, p.o.
t : furosemide 5mg/kg, i.v.
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Table I—Effects of several organic acidic drugs on the change of plasma concentration of furosemide

(pg/ml) in the rabbit.

Acidic drugs added

Time (min.)

10~20 20~30 30~60 60’\'90
Control 14.10%1. 33 6.1041. 04 3.700. 68 2.21+0.42 1.240. 31
Cefalexin 25. 80 1. 80*** 19,4511, 46%% 12 501, 25%%* 6, 89141, 12%%* 4, 3]+ 1. 02%**
PAH 21.28+2. 81* 11. 23+1. 09** 4.25+0.72 2.24+1.34 1. 33:40. 47
Ibuprofen 24,732, 01**% 14,181, 87** 7,600, 92%* 3.184-0. 39 1.95-0. 45
PAS 14.83+1. 46 6.21+0. 63 4.9740.75 2.261+0.31 1.31+0. 35
furosemide was injected injected intravenously (5mg/kg) ) B
Mean+S.E. from 9 experiments. *p<0. 05 #¥p <. 01 *¥*p<0. 001

Cefalexin : 1mg/kg/min., infusion
PAS : 500mg/kg, p.o.

PAH : 0. 2mg/kg/min., infusion

Tbuprofen : 100mg/kg, p.o.
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Table II—Effects of several organic acidic drugs on the renal clearance of furosemide (ml/min/kg)

5mg/kg, i.v. (rabbit).

Time (min.)

Acidic drugs added

0~10 10~20
Control 13.1141. 66 4,22+1.04
Cefalexin 5.3041.39%**  3.09+0.78
PAH 5,081, 90***  3,02+1.23
Thuprofen 3,801, 51%%¢  2.26+40.96
PAS 9,70+2, 82% 3.184-1. 11

20~30 30~60 60~90
2.12%0.62 0.85-0. 29 0.237%0.15
2.50%0. 41 1.00£0.17 0.5240. 40
2.30%1.33 1.69+0.53 0.49+0. 37
1. 99--0. 89 0.754:0. 68 0.45:£0. 15
1.16%0.78 0.63:40.79 0.32%0. 26
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Other legends are the same in Table I.
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Fig. 4-Effects of several organic acidic drugs on the
change of sodium reabsorption rate of furose-
mide 5mg/kg, i.v. (rabbit).

Mean+-S.E. from 9 experiments.
Other legends are the same in Table L
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Fig. 5-Effects of several organic acidic drugs on the
change of osmolal clearance by furosemide 5
mg/kg, i.v. (rabbit).

Mean+S.E. from 9 experiments.
Other legends are the same in Table I.
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Fig. 6-Relationship between the plasma concentration
of furosemide and urine flow (rabbit),

Other legends are the same in Table I.
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