UEEJEFIASHATEE Vol. 47, 23-34 (1998) 23

— R —
ThE

TURNMFIUMERBICBITA2EDENTEL IO
B HEM 2 o £ 1L

B O R 1T

B : V7 AEMEOMBREBEDEREN THE U PRI Uid, TV 2 MEMH, FIEBESES~ 77—
EE b7 CRBIERER TTET D, Eo, =V F IR UVIIBBECHF#REAZET IR bbb T3, &Ko, =
YRR EoTHERIND BHEBAR2IL, EYOENEEL b N EIEES 2 LI T3 L EXLND, =
FhEI U HETAZEICIVER LA FFRVUVMEETLT v MZBOWT, REREBREEEDE T I - T
7 2 BEEERAEHEOBHEMET L, REELLOBRIUIEM L, —F, FE7 =4 A8 H o REE
SYUWNTIET LS, AN F 4t RIS L D RMEWIIEL L doTz, TV R X UOESAFETHBIE R
A B EHRELEEZA, =2 F MR U MAER L RFEOBHEET & EMPEEOETARD LN, VEF A &
BARLORBICHEETHLEELIONL, £/, TV FF XU L3 EMEHHOK T IIRMMEEOCEE LA, X6
W, 7TV ERETHITAT 4V VRS LA F MR U AT KD BHEEEORT A I Z L
b, T RMRU LB BMEBRERBICET T/ CUBEELTWAZ ERRALNE -7, DEDOARIL, =
> K b ¥y v MEROEMFEHRZE) 2 b N 7T LARMERBRIEREDOIGRICH LTHEERZEREZEXHHLOTH S,

FEIAE: = FhxI o, BN, RUBIRHEES), RREMBEE (GFR). REESW. FREEBERI

Alterations in the Pharmacokinetics and Renal Handling of Drugs
in Endotoxemia

Masayuki NADAI

Abstract: Endotoxin, a Gram-negative bacterial cell-wall component, has various biological and immunological activities,
including adjuvant effects, antitumour activity and macropharge activation.  Endotoxin induces nephrotoxicity and hepatotoxicity.
Acute renal failure induced by endotoxin may alter the pharmacokinetics and renal handling of drugs. Renal excretion of
aminoglycoside antibiotics decreases with glomerular filtration rate in endotoxemic rats made by intravenous administration of
endotoxin at 250 pg/kg, although tubular reabsorption increases.  The tubular secretion of anionic drug decreases, but organic
cation transport system does not change in endotoxemic rats.  Lipid A, an active component of endotoxin, decreases renal function
and renal excretion of drugs as seen in endotoxemic rats, indicating that lipid A contributes to the action of endotoxin. ~ Recovery
from decrease in renal excretion of drug after endotoxin treatment occurs time-dependently.  Protective effect of theophylline,
adenosine antagonist, against endotoxin-induced reduction in renal function suggests adenosine to be involve in the induction of
acute renal failure by endotoxin. These findings provide clarification of the renal excretion of drugs in endotoxemia as well as
information for treating patients with Gram-negative bacterial infection.

Keyphrases: endotoxin, acute renal failure, renal handling of drug, glomerular filtration rare (GFR), tubular secretion, tubular
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Fig. 2. Mean semilogarithmic plots of plasma concentration-
time curves of tobramycin in control (@) and endotoxin-
pretreated (O, 50; [J, 250, A, 500 pg/kg) rats after a single
intravenous administration of tobramycin 2 mg/kg. Each plot
represents mean = SE (n = 5). When the SE is small, it is
included in the symbol.
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Fig. 3. Mean semilogarithmic plots of plasma concentration-
time data for cefazolin in control (O) and endotoxin-treated
(@) rats after a single intravenous administration of cefazolin
(20 mg/kg). Each plot represents mean + SE (n = 4-5).

LEZBNTNS, £ZC, = FMX Y UVmEETL
Ty bMEBIBET 7Y DEABEDERITONT
BEIL7 (Fig. 4) = F XV VMETT NG v b THF
BEERIIEIL Lo, TAT IV 1IH5FLEORS
BB L MR 7L T IVBEOEE LTHELNEES
EACIIFEREBETEARDLONE, 5T, 2O K
PR UMEETNG y MCRBITAETZ 7V U DERA
BWEOETIX, =V FREIUBRTAT IV HFILME
POEREZRIEIL, FDaLs 74 A—a VEBLEYE
ZZLICERTALDLEEXX N,

=]
]

=)
]

=
—

(]
—]

Bound cefazolin concentration (ug/ml)

0 10 20 30

Unbound cefazolin concentration (p1g/ml)

0

Fig. 4. Protein binding profiles of cefazolin in fresh plasma
obtained from control (O; n = 4) and endotoxin-treated (@; n
= 3)rats. Solid lines represent computer-fitted curves.



W EFEFIAZAITE Vol 47, 23-34 (1998) 27

TV F MU UVMEROEARE DELSENERRIC
RISTEEBEPENAT LD, 77/ ) OMBEHER
FBEABOBNIBEIRMLELE ZA, EEEEETY 7
VIV DEE VT T UVARBEICET LTRSS, &
BERBOSMHBRICET R, ZOEEMS, 7
7YV OmEPREMRENLRHBINEOHEHED
i, BAESDETICEIZAMNT EOETHY .,
HOEYSHBEERDTLEEX DN DIEBEABOS
BREIN T F=A v LRI F bR r0a@dic
TOERLARNWZ BN, Fh, 77V
Y U AEREERTH D AFIBRCBEIC I AT A0, o
FEALER R T II AT, EICHRMRC SR TE E W
DITNG 3N L hat FFRCBWNTZ S FhFS
kB ET VY DOGHBEROEARRD bied
S Z LI RV UBMRNMrEREEELLSE 2,
St TARBROEREIFTHHLOLELLND,

—%., AR T 7V IV D2F I VTS5 ARE
BIETLTWAEZERDL, 77V V027V T
S UADEALRIEMEARBESOLICERAT 3 R2T k
DETTRRVWI LN RBEINE, BiRLELdIC, &
TV U IENTIEE A RBEZ T, REREGE,
RABESWICEVRP~FEEN D Z L2 b, EESR
EWOB 2 VT T A X, GFR L RMESWMI VT T
ADFE 2D, £ZT, ¥EEEETI VI OB
7 AB LY GFR #RE L, OB S % T BN
WM LA, ZOKR, = FFXOUVMEETALT v
M TiE. GFR 2MET, 97205 KREMIBIC L 5 BN
BF+aZLicmz, RMESWELELIAETLTY
BT EBHLNERST (Fig. 5) LAEDORKEELY, =
FhER U RBRCBWTEEINEEZ 7V ) LV OK
NEIEOELIT. BABADIETL, GFR BLUORME
SWDETIC L2 BHMEHOLICERTHHDOTH
BTERHALNE ST,

0.6 1 - 1.5
=
0.4 - -1.0 8
8§
g
& E
© 024 -0.5 €
]
-4
0.0 0.0
Control Endotoxin
Fig. 5. GFR and net tubular secretion (CL, - GFR) for

cefazolin in control and endotoxin-treated rats. Open and
closed colomns represent GFR and (CL, - GFR), respectively.
Each column represents mean + SE (n = 4-5). * Significantly
different from control (p<0.05).
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Fig. 6. Relationship between renal uptake rate of enprofylline
and its steady-state unbound plasma concentration in control
and endotoxemic mice. Solid lines represents computer-fitted
curves.
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Fig. 7. Mean semilogarithmic plots of plasma concentration-
time data of famotidine after a single intravenous administration
of famotidine at a dose of 20 mg/kg in rats pretreated without
(O) and with endotoxin (@). Each plot represents mean +
S.E. (n = 5). When the SE is small, it is included in the

symbol.
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(CL, - GFR) for famotidine in rats treated with (endotoxin) and
without (control) endotoxin. Open and closed columns
represent CL, /GFR and (CL, - GFR), respectively. Column
represents mean + SE (n = 5-6).
*Significantly different from control.
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Fig. 9. Mean semilogarithmic plasma concentration-time data
for gentamicin after intravenous administration at a dose of 10
mg/kg in control (@), endotoxin (O)- and lipid A (A )-treated
rats. Each plot represents mean * SE of seven control and five
endotoxin- and lipid A-treated rats. When the SE is small, it is
included in the symbol.
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Fig. 10. Effects of endotoxin and lipid A on concentrations of
plasma creatinine (open column) and BUN (closed column).
Each column represents mean + SE of five control and six
endotoxin- and lipid A-treated rats. ® Significantly different
from control (p<0.05).
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Fig. 11. Changes in relative percentage of the GFR (O, @)
and renal clearance (A, A) for enprofylline measured against
their initial mean values in control (open symbol) and
endotoxin-treated (closed symbol) rats, respectively. Each plot
represents mean + SE (n = 4). ® Significantly different from
control (p<0.05).
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Figz. 12. Mean semilogarithmic plots of the plasma
concentration-time data for enprofylline after a single
intravenous administration of enprofylline at 2.5 mg/kg in
control rats (O) and rats pretreated with endotoxin at 2 (), 10
(A) and 24 h (@) earlier. Each plot represents mean = SE (n
= 4-5).
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Fig. 13. GFR in rats treated with (endotoxin) and without
(control) endotoxin, and in theophylline (TPH)-pretreated rats
treated with (TPH + endotoxin) and without (TPH) endotoxin.
Column represents mean + SE (n = 5-6). *¢ Significantly
different from control, endotoxin, and TPH, respectively.
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