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ABSTRACT
Multiple organ failure {MOF)1s
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< their histopathological changes were studiad to elucid
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Five groups of healthy male rabbits were usad . The first group served
" rabbits received digoxin (0.

solvent) in marginal ear vein. A third group of
({00 ug/kg) in marginal ear vein, The fifth g
LPS( 800 ngke).

Serum alanine aminotransferase (ALT), aspartate

digoxin, blood was collectad 0.23.0.3, 1, 132468,
lovel. Administration of digoxin or saline to rabbits
nitric oxide levels. On the otl
LES alone or in combination with digoxin treated rab
concentr
A brief word caution sheuld be menticned that in the
take into account the po
rerapeutic range as digoxin. Therele

of digoxin may need readjustment in those patients.

induced by Escherichia coli lipopolvsaccharide (LPS)
ng. To give an insight about this phenomenon, the present s

< phammacokinetics of digoxin in normal healthy male rabbits and L
ate the probable mechanism(s) involved in this interaction.

oup received digoxin (0.02 mg/kg, p.o) eight hours af

aminotransterase (AST), tot

Stion-time curve and increase in maximum concentration were
acute period of Gram-nega

creatinine were determinad. Serum nitric oxide was estimated by Griess reaction. To study the pham
and12 hours after digoxin
had no significant effect on live
rer hand, a significant increase in Kidney, liver functions
bits. In addition, a significant increase in the

alters the clearance of several drugs in
tudy aimed to investigate single-
PS pretreated rabbits. Liver and kidney functions as well

as control. The second group received saline( LPS
02 mg/ ml’kg, p.o).The fourth group received LPS
ter the intravenous injection of

al bilirubin, blood urea nitrogen (BUN) and
racokinetic behavier of
administration for determination of its serum
r functions, kidney functions .and serum
and serum nitric oxide were observed in
area under the serum digoxin
observed in rabbits pretreated with lipopolysaccharide.
osative bacterial infoction, It 1s necessary to
of some drugs, especially those having narrow

ssibility of significant pharmacokinetic changes
fore, digoxin serum level must be monitored care

fully in endotoxemic patients. and the doses

INTRODUCTION

Digoxin is one of the most important drugs in the
treatment of congestive heart failure. atirial flutter and
fibrillation. Digoxin is an important drug with a
narrow therapeutic index and a potentially lethal
toxicity. Digoxin is absorbed predominantly from the
|V Glomerular filtration is important in
the renal handling of digoxin. There is a strong linear
correlation between creatinine clearance and digoxin
renal clearance®. In addition. the liver serves as a
minor pathway of digoxin climination. about 6.3% of
a digoxin dosc participates in the enterohapatic
circulation®™. Morcover, Kramer and Reuning” and
Beveridge et al.®. reported that 30-80% of the
administered dose is eliminated unchangoes. Via
glomerular filtration and ~ not more than 13%
undergoing hepatic biotransformation.

Endotoxin. which is an active component of gram-

small bowe

negative bacterial  cell  wall released  during
septicemia, is well known 10 induce damage of

numerous organs, including the liver and kidney. The
liver and kidney have crucial functions for the
climination of endogenous and exogenous substances,
which are converted to more hydrophilic compounds
by cytochrome P450 and/or conjugating enzyme and
then excreted into bile or urine®”™®. Endotoxin
_deuccs the clearance of hepatically metabolized drugs
i human™® as well as in experimental animals"V,

~1

and decrease the total cytochrome P430 content and

catalvtic activiy"™.

Therefore. the purpose of the present study was to
assess the effect of lipopolysaccharide treatment on i
the pharmacokinetics of digoxin in male rabbits. ?
Rabbits are more sensitive 10 LPS than rats™ and
mice™19. Liver. kidney functions. serum nitric oxide
as well as histopathological changes in liver and 3
kidney were studied to clucidate the possible i
mechanism(s) of interaction.

MATERIAL AND METHODS

Material

Itipopolysacclmridc {Seroype  055:b3)  was
obtained from Sigma Chemicals. USA. Digoxin
(Glaxo-Wellcome, UK). o

Animals
2.51;\\;11& i;x\\ ;cnll::slzdl\;;\r\*ouzge;::lnd rabbits weighing
S - 3 kg we _ ghout the study. Rabbits
were kept in well-ventilated cages and were fed witl
dry food and water ad Zibitum. Thev were housed o
C-zl-lu-o‘ok"d remperature and humidilv (22;'?‘::* fﬂ“ .
;.r;u;s(,o ;rfla)r.mll{abt.ms were randomly assigned (o Il'xl\“ E
2 Sigroup) :the first 2roup  were : X
control, the second group were injoc & served a
ml‘/kg) In marginal ear vein, the il SIM With saline (1
sxlmc in marginal ear vein (l‘ m;l\ s reoened
intragastrically digoxin (0,03 1 y &) and administered
group received LpS (800“'2} 1_\ ‘ L4 .ml;"l\'g\llo\. the fourth
SRE V) and the fifiy group
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secehed dupensn (02 mplp po pight houts afior
adpsneanon of L PS (800 pplpe 1)

The rabibite were Doeaed for 78 howre tast sath fre
accesh Jo waley  Fasting war continnod for 1 hoars
afier dipesin admintiation  For pharmacobinoii
study Blood v collpgted B 7% 008 10 18 20 40
60 K0 and 120 howss @les dipovn admimstraton
Fer Blood oo homitn o nane osade dotormination
bload was goltected gty howrs after | PS o ipoan

sinunmtoston

Sample colloction and snalyvis

Hiood snmples were ondlocted from margsnal car
vern PRood was drmen o semim soparation tube and
win allowod W ot for W0 mun followed
centefapaton OO0 rpm for 15 nun ) Sers was used
amediatch Tor Bload hrochemtny and nitnic oxide
anadvens Tor diposin determmmation sers wore stored
#2000 ull analyas

Hepatd dvsfunction and Tnlure were assessed
measunng the morese in serum levels of alamne
anpnatuanstonase. aspartate anunotoansferase and 1ot
bilivuben " Renal dyvsfunction  and fuslure were
assessiod by moasuning the mcrease i serum devels of
Blood wrea mittopen (BUN) and creatimne’™

Al previoush mentioned  indicatons were
Syachron”  svstems, blood

brochemucal analy zor ( Beckman Coulter. UK

momured v puing

Determination of plasma nitrite

Scrumt nitrte was determuned by ousing Griess
L3
reagent according 10 the method of Moshage et al Y

Determination of serum digovin levels

Serum concentranon of digoxin was determined by
ensvine hinked Quorescent assay (ELFA) method
using Vidas Digoxin kit (Biomernicun, France)

Hissopathologica! sudy

ALl anamals were awtopsied at the end of the study
Kidnevs and livers were hept m diluie formahin
solution and send for listopathology study

Statiitical analysis
Dats from cach group are presented as mean 1
SEM The spmficance of differences between
proups was  analvsed  using Student’s  (-gest®”
Differences were regarded sipificant at P<0 0% level
- of significance
- Pharmacokinetic analysiy
Mean maximum  serum digoxin concentration
(G and time (T, sequired 1o reach C max wese
calentared from individual peak of serum digoxin
concentrition. The arca under the cune (AUC) was
,-mlml.ucd usmg the mpczmdal rule and was

extrapolated  to affity  The  phannacokiney,
parameters were caloulated wsing NCOMP vergin
1 'UI‘P

RESULTS

L aborators fests

Ag eummanzed i table T adnmumstration of | ps
ceonppd induced @ sgmficant increase o serum
AST from 386 236 0 840 ¢ 907 L/L (P<0 05
ALT from 26 4 19060 4 0 668 L7 (PO 05) toty)
lirubin from S 81 « 09 to 486 ¢ 1 4 uMP<0 0%
scrum creatimne from 1651 4 13710 2943 2 247
M (P 0%y serum blood vrea mitregen (BUN) from
62409101606 £1 8 mmol/l. (P<0.05) and nitric
oude lovel from 248 ¢ 25 0 K14 & 6 74uM
(P<005%5 In hipopolysacchande plns digoximn-treated
rabbits. the following changes in serum levels were
obsenved a2 apmficant nse  of total  bilirubin
concentratton from SK1 409 to 164 £]18 M
(P68, AST from 3360 £ 3610974 ¢ 79 UL
(P osy, ALT from 26439 10 664 + 4.7 U/
(PO 05 the concentration of serum creatimine  from
1687 2 13710 1248 + 283 uM (P <0.05), blood
urca mitrogen ( BUN) from 6.2 £ 09 10 162 + |2
mmol/L (P<0.05), nitne oxide (NO) from 248 ¢« 2§
0 9 S9N (<005 On the other hand.
Admimistration of sahine or  digoxine have no
sipmficant cffect on the parameters measured

Table 1. FEficct of sabine. dipoxin, LPS. and
LPS+dipoxin on Inver, kidney functions, and serum
witne onde level i conscious male mibbits. Data are
presented as mean + SEM (n=§)

S Laramcten] ASTTALT I'Al bl | Creatn ; HU\ NG l
S ) m’lpv&!u\h‘ (uM) | umul,m h

Groups S | A i
| ot L -
, P33 26 «mil‘al;'-:)ll.\‘-
(n.mq IERRS ,.,1 N]ll’ 17 [ 4191 428 ¢

s -4 -y g
Saline- ]’(].X!’Ol»; UR IR R BRE I Sr.':‘n.“'
,,,:m] }""7 Mo HI9 1 484 ,mi;‘;.-h-i
) - - - -4~ - - ——— 1
it ponine P38t ‘)U‘; SH13 ) 1S I 62 ;‘HH

rested 1235 mj«mi'.:sauu £19 |
]l\'u.ui I\c("‘v”l"“\' i Gy \' }hll) \lJ'l
' FL XN f'v t\, :1 4] 29 _7)‘{ (l() B
,ll',\*lh;wv\m“' FOr L1641 3 5‘ 16 2" 04*
j.llr.:lg}ll s ‘31‘13" 'alns} 28 ‘lu’l £59 |

* P~ 005 Compared with control group.

Histopathological findings

There was no significant change in the liver and
Kidney of rabbits treated with saline or digoxin alone.
Ou the other hand. the kidney of rabbits (reated with
LPS alone or in combination with digoxin showed
cloudy swelling and collecting tubule hyaline casts.
While, the fiver of the rabbits showed mild focal
necrosts with detected apoplom. bodies as shown 1t
Figure |,
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Fig. (1): Effect of LPS plus digoxin on liver and kidney of rabbits . A Section of liver from control rabbj

wi?h (sa)line. Al Section of liver treated with saline and 0.02 mg/kg digoxin orally. A2 Section of liver treatt:;g:;:
LPS (800 pgm/kg, i.v.). A3 Section 9f liver from rabbits pretreated with 800 pg/kg (i.v) LPS then with 0.02

orally digoxin, showing focal necrosis and apoplotic bodies. B Section of kidney from control rabbits tr : t mg/\fg
saline. B1 scction of kidney treated with saline and 0.02 mg/kg digoxin orally. B2 Section of liver ¢ % ?d gt
(800 pgm/kg, i.v.). B3 Section of kidney from rabbit pre treated with 800 pe/kg (i.v) LPS th e i IR
orally digoxin, showing cloudy swelling and collecting tubule hyaline casts, H& E160 except F:r with 0.02 mg/ke

"EA00. Ad whichis H &

Scanned with CamScanner



Aref S J1-Gharbawy

l‘hm’mnmkilwlic‘s

whle D
Concentranons of \ serum (Table 2 and

digonin 1
cated rabbits were higher

Figure 2 of LPS sdiponin- U |
than the fevels measured for digoxin alone - treafed
rahbiis

Alenlated pharmacokinenic parameters  Are

The ¢
presented 1 T
under the cunve from tim
2434077 10 116 £ 109

able 3. A sigmificant increase in arcd
¢ 0 to time 't (AUC)) from
ng mi'h (Pe0.5), a

cignificant Increase in arca under the curve from timce
alfimty (AUC,) from 904+ 064102501589

1o
ng ml'h ( P<03%). and 2 significant increase of
) from

maximum concentration of drug in serum (C;
103 + 019 to 196 + 0.14 ng/ml (P<0.5). On the

other hand. there was no significant change in the

chimination half-hfe (t,2) .

Table 2. Serum concentrations of digoxin in control
and LPS-treated male conscious rabbits (ng/ml)

Time (hr) Control group | hL[’S-J'u‘{Ilgdﬂgrgm)M
025 | 0274004 | 034005 |
05 | 04200055 |  0.77:009%
10 | 07740156 1.57+0.25*
0S| 1on0s | 18940128

20 | 089 1015 1.5740.14%

S a0 | oS0l | 1230040
60 0411005 1.040.1%
s0 | 0295003 | 07H008"

120 | 0231001 | 0443005 |

*p< (05 Compared with control group, values arc
absolute mean = SEM (n=5)

Table 3. Pharmacokinctics parameters for digoxin in
control and LPS- treated rabbits. Data are presented as
mean # SEM (n=5).

Yaramel ore o Q. 1o
Paramelers T Control group LI irgf;md

___(Units)
AUCg/mI™hy_| 5434077 11.16+1.09*

oo (p/mil) N

1.0340.19

1.9640.14*

T (hr) 1.6+ 0.1 1.340.12
AUC, (ng/mi’h) | 9.0440.64 25,0145 89%

t, (hr) 10 3141.65 14.8743.24
AUC, = area under the curve from time 0 to time {;

AUC, = area under the curve from time 0 to infinity;
= halfl - life of the drug ; Ty = time required (0
reach maximum drug concentration ; C,,,,, = maximum
concentration of drug in serum.
* Significant difference from control group (p<0.05)

10

—&— control group

—@— |.PS-Treated
group

Digoxin Serum Concentration

\]

5 10

Time (hr)
\n serum concentration of digoxin in
control and LPS-treated rabbils

Fig. (2): Mai

PISCUSSION
y describes a substantial drug-
digoxin in endotoxemic patients.
Endotoxemia, was induced by LPS administration, has
performed cffects on the pharmacokinetic behavior of
intragastrically administered digoxin in rabbits. This
cffect was manifested by a significant change n
differcnt pharmacokinetic paramelcrs of digoxin as
shown by the increase in C max and AUC

Several mechanisms could contribute (o this
interaction. First, Digoxin is eliminatcd almost
entircly via the kidney, 60-80% as unchanged form by
glomerular filtration and {o some extent by active
ubular sccretion®™*. Moreover, Peters and his
colleagues®®, rteported that a there arc a close
relationship between digoxin and creatinine clearance.
So, any disturbance of kidney function can lead to a
marked change in digoxin- kidney handling. In the
present study, administration of LPS induced kidney
function disturbance. This cffect was manifested by a
marked increase in serum creatinine, and blood urea
nitrogen levels and was confirmed by (he
abnormalities observed during histopathological
examination. The present resulis are in agrecment with
gthcrs who reported that LPS induced a significant
increase in serum creatinine and blood urea nitrogen
levels™*®. In addition, it is reported that, LPS
induced 2 significant decrease in the glomerular
filtration rate (GFR) in rats®™*%* and both renal
volume and renal blood flow®*" | The present study
showcgj an increase in serum NO level in LPS or LPS
plus digoxin (reated rabbits, such increase in level of
NO nm,v.be the cause of Kidncey dysfunction . This
increase in serum No is in accordance with findings of
Zhang ct al.®*® and Hsu and Liv®® who found that
LPS induced a significant increase in serum NO i
rats. A role for NO production in renal
pathophysiology has been assumed from studics
measuring NO production in glomeruli from nephriti®

The present stud
discase interaction of
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" n e * ey <
kulna‘)\‘ 'Worcover, Kabore and his coworkers,”?

reported  that NO induced by LPS could induce
proximal tubulas cell damage. The renal dysfunction
cansed by endotoxin may be due to overproduction of
NO which contributes to the development of renal
inny and dysfunction by causing direct cytotoxic
flects™  Increased generation of NO is capable of
inducing intracellular oxidizing reactions and cell

death  occurred  duning renal hypoxia  and
. (3 . er

reony genation™. In addition.  histopathological

examunation of kidney from  lipopolysaccharide-

treated rabbits showed renal tubular casts and cloudy
swelling (Present study) '

Other interesting mechanisms could contribute to
this interaction. P-glycoprotein (P-gp) is membrane -
bound cfflux transporter. It is expressed not only in
cancer cells, but also in normal tissues, including the
intestine. liver, and  kidney®™",  where  P-gp
contributes to climination of drug substrates into the
gut, bile, and urine , respectively. P glycoprotein (P-
gp). acts as an ATP-dependent effflux pump for

various  drugs, such as Finca alkaloids and
anthiracycline  anticancer drugs, calcium blockers,
and macrolide

immunosuppressive  agents,

antibiotics” " Digoxin has been identified in vitro
42.43)
'

v

and in animal experiments as a substrate of ren:
and intestinal P-gp'**®. Inhibition of P-gp produccs
an increase in intestinal absorption and decrease in
hepatic and renal excretion of its substrates, resulting
in clevated plasma and organ drug Jevel“?. Several
studics describe the inhibition of renal P-glycoprotcin
by co-administration of drugs. resulting in higher
plasma concentrations of digoxin®““*™*. These studics
indicate that P-glycoprotcin playsa major role in renal
and intestinal excretion®*” and secretion of digoxin.
Such interactions arc explained by competitive
inhibition of P-glycoprotein, resulting in reduced net
transport into proximal tubules of kidney. Moreover.
Ando and his collcagues™ reported that cndotoxin
decreased biliary and renal excretion of rhodamine-
123 (p-gp substrate) through suppression of mu_lndrug
resistance protein la (Mdrla). Multidrug resistance
proteinla is a member of the p-glycoprotein in both
liver and kidney of rats.
Liver serves as a minor pathway of digoxin
climination, according to most reports, only 6.5% (o)f
digoxin dose participate in enterohepatic circulation®.
So. disruption of the enterohepatic circulation, which
plays, to some extent, a role in the behaviour pf
digoxin biotransformation, could be a further factor it
the climination of the drug. Morcover, chloestasis is
often observed in scptic and endotoxemic pa(iculs“ K
This observation is supported by Bolder and his
coworkers®”, who found that, LPS induced a
significant decrease of bile flow in rats. In the present
study, LPS induced liver dysfunction as manifested
b“ significant increase in ALT, AST and total
“"ﬁll‘l;llbin. These results are in agrcpmgm wiﬂ.x others
in Aicpongd that LPS induceq a significant increase
T, AST and total bilirubin®”. Such eflect could

11

be attributed to oxidative stress induced by LPS. This
is supported by others who mentioned that LPS
induced  significant increase in plasma lipid
peroxidaton® and fall of liver GSH content™. In the
present study, the histopathlogical changes of liver
support the previous finding, since, lipopolysaccharide
administration induced focal necrosis and detected
apoptotic bodies. This may be attributed to excessive
production of TNF-a and interferon gamma under the
effect of LPS treatment™”

Therefore, a brief word of caution should be
mentioned that in the acute period of Gram-ncgative
bacterial infection. it is necessary (o take in
consideration the  possibility of  significant
pharmacokinctic changes of some drugs, especially
those having narrow therapeutic range as digoxin.
Thercfore, digoxin serum level must be monitored
carcfully in endotoxemic patients, and the doscs of
digoxin may nced readjustment in thosc paticnts.
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