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Abstract

Albendazole (ABZ) is a benzimidazole carbamate used as the drug of choice in
treatment of echinococcosis. After oral administration. it is quickly oxidized into
its pharmacologically active main metabolite; ABZ-SO. Further liver oxidative
and hydrolytic metabolism produces albendazole sulphone (ABZ-SO-) and
albendazole amino sulphone (ABZ-SO,-NH,) respectively, which are thought to
be anthelminitically inactive. Few studies exist on the disposition,
pharmacokinetics, and concentration-effect relationship of ABZ and its
metabolites in human. The parent compound is undetectable in the serum after
administration to man and other species. There are various controversial reports
on induction and inhibition of hepatic enzymes by the main drug or its active
metabolite in vivo and in vitro. There are also reports on erratic and incomplete
in vivo dissolution of ABZ, which can be indicative of non-linear
pharmacokinetics. Therefore we decided to study non-linearity of
pharmacokinetics of ABZ and its main metabolites in human.

For that a sensitive, simple assay for ABZ main metabolites - ABZ-SO. ABZ-
SO, and ABZ-SO,-NH,- in serum using high-performance liquid
chromatography was developed.

The method involves liquid-liquid extraction of the serum by ethyl acetate, clean
up with n-hexane and re-extraction with ethyl acetate, followed by separation on
RP-Cg column with a mixture of methanol: acetonitrile: acetic acid: water

(40:1:10:49) as the eluting solvent. ABZ-SO and mebendazole (MBZ) —used as



VB Ao 50

internal standard- were detected by UV (A=286 nm), and ABZ-SO, and ABZ-
SO,-NH, with flourescence spectrophotometer at (Ex.=286 nm, Em=333 nm)
and (Ex.=286 nm, Em=315 nm) respectively.

The assay was accurate and reproducible with a detection limit of 10 ng/mL for
ABZ-SO, 2 ng/mL for ABZ-SO, and 4 ng/mL for ABZ-SO,-NH,. Disregarding
ABZ determination, which is not of pharmacokinetic importance as it is not
found in human plasma after oral administration, the proposed method is
appropriate for further pharmacokinetic and metabolism study of this drug.

Time dependency in pharmacokinetics of albendazole main metabolites
(albendazole sulphoxide (ABZ-SO) & albendazole sulphone (ABZ-SO,)) was
studied in 13 healthy human volunteers in a double blind design before and
following oral administration of 800mg albendazole daily for 15 days. The serum
levels of ABZ-SO and AB7-SO, were analyzed by a modified high-pressure
liquid chromatography method (explained above).

No significant differences were observed in Tp. and Vy/F of ABZ-SO. whereas
Cmaxs AUC, AUMC and T~ of this metabolite were significantly reduced and
CUF was significantly increased in multiple dosing. There was also no significant
differences in Tyax Vo/F and T, of ABZ-SO,, whereas AUC and AUMC of this
metabolite were significantlv reduced and CI/F was significantly increased in
multiple dosing.

These observations sugeest time dependent pharmacokinetics of albendazole

(observed for ABZ-SO and ABZ-SO,), which was explained on the basis of



induction of enzymes involved in metabolism of of ABZ-SO (albendazole
sulphoxide) to metabolites other than albendazole sulphone in multiple dosing.
Dose dependency in pharmiucokinetics of albendazole in three different single
oral doses (400mg, 80"™a & 1200mg) was studied in 10 healthy human
volunteers in a double hin! three-way crossover design. The serum levels of
albendazole main mect~"n"tes  (albendazole sulphoxide and albendazole
sulphone) were analyze! bv a modified high-pressure liquid chromatography
method (explained above).

For both metabolites, th~~* v1s no significant difference in the biological half
life (t;2), normalized ser'm neak concentration (Cp,/Dose), time to reach peak
concentration (Ty,) and mean residence time (MRT), whereas apparent
clearance (CI,/F), apparc-t d*<fribution volume (V/F), normalized area under the
serum concentration-time ciirve (AUC/Dose) and normalized area under the first
moment curve (AUMC Maose) of albendazole metabolites were statistically
different at different doses. resulting in substantially lower serum concentration
and thereafter AUC/Dose nnd AUMC/Dose in higher doses. These observations
indicate dose dependcr! rharmacokinetics of albendazole (observed for
albendazole sulphoxide and n'hendazole sulphone), which were explained on the
basis of a change in fric'ion of dose absorbed (F) as a result of slow and
incomplete dissolution of 'e main drug in the GI tract.

It was proposed that the clinical efficacy of albendazole can be increased and

side effects reduced by ¢+ it in small divided doses instead of large doses.



B kS g 5 ST p5lo, 5 Sl Juad 50

S —————— s e—
et

b Jed

B b 9 (b ST 9 )b

dodo -1 -
pls 353 & 3 gyl &5 gl S ol O S 55 6 s gl oK s K28 Sl
S s o et oh (S 1533 Ol 9 Ol 4 Sl 0k el Do CRE Sla la o
4 3 g BTy o § T S 53 (LS gr o IS a3 ool oSS 518 o oSS S 6
Sl S a8 e S s sl ol AL e Ok L5 )l i) e s a8 gt
Sda Vb 3 als g by oS i by sl slalas pai 5l eSS Sl o
o SYgb Sl b asls i b Sas e ls Sl S e 2 TR GUUCIE S gL
das oo OUES 5 i S 4S sWaes iy sl S SIS Shyb s b 1Ol
,,\;&&g@;u,u@)@.»u@'#,;&;_-;;L.,m,)u,at.mfd
é\jaﬁc:a.dbbj—c.hlé Sla )\sr.l:}é_ia_): ;)b‘dii R g ;‘Tji;\.:g :‘.'9&);
i S gk e e o Sas g 50 b s Ol ey S 5ys Ol s 0L
b ae Olp o by s Sl Lgd e el Sa3 L Dl 4 ly a5 eSS ST

. BTAPCI I G L BN PRt SR NY
35 Sy aed t BT alB ol iR D

! Linear pharmacokinetics
2 Nonlinear Pharmacokinetics



YE b ek g s ST g5l U gl Juad 50

e —

B s 95 Loy Y-
Bl () ol Sl 0 S (sla 593 b 593 S5 o gt )13 g S ey e gane g
).;gdiiﬁ_js'j,:&l}l\gwbbbj)_p‘)b:ba a.lié: ;.:J_,ft‘),)bjl.xin):\)T‘_g”b
a\..u,;g,.é,h;.r.&,),,\,;u;,cw 33 (593 4 S 0 c_,..as) ode] Sy ppolie am
dh,-,)u&,:;;u,ugﬁfa,y@t,mgu.&.x{d.,ut‘@t,h;\‘;fmqub

(Vs g dal g 595 4 axly 22 L

&shixétwsflo)lé—r—\

(V)63 3 g el Ja 41 4mils 9 S35 & 2l S Sy s gy s S8 Sy
395 4 diulg S 95 Loy 6 1 -1

Oy 51 0T ol wb> lgnd prion 3 912 JlAe mped 5 O 2 35T gasts chle by ls S5, 40 50
Cans s gy 5l ls S8 S s Sl a0 a5 L el Ol 2 )3
s 5o tiny CLF VA K b bl ol 2 o 55 420 (2 593 @ wwly o g 0390
s gyls & 5 2,0 03 Aol oo ¥ 2 Sa slaes Do 4 ssls ma by a0l Sglae glajyo
33 Gl 5ap o as bl ple 035 Sob 2y L aols gt e b golo 53 Ol R
w s Ly gl SIS S b Dyt g3 338 e S b sl S S
oty b plpaiome b o3 n o 3Teps 5 o placa Sy cdr S a0 S0l Ay 8 s

g o Cu‘ O Oga.t h-\.;}) ";v_‘ _)‘ g;ii ‘5;‘.0).} C)h.u BE LB)J‘J j‘ &5".}: LS‘J“‘\“:'LJ‘ g}"\"

! Superimposition
2 Dose dependent pharmacokinetics



b ek 3 b KainS9Sloyl6 - Jol Juad 50

4
i

Tl e e s

Sl 5 5 e 52 S S end e s 8 o b $SS Sy 5y p e
555 T Jn Ol 1 035 o b &SKaS U sl o e Ll 7 a0
P JER KO R e B by lsg sdS é: S 53 9 03 ge Sl W S G E LNy o
AJJJ):I_:BWJJ‘jJSQM‘:J}AJ\)s‘_gjipdli-\}é.p&.:f&&_ix;ﬂ): S o
zaa il 55 ‘5"";5’.’.‘,%.}"". x)!:ﬁii&u\@f&h,)b.»; lag,yls sal o é;
P IRAEULY £os jle a bl ad S 0SS a3 e3le oSS S gls Dl
Al

Al g Rl e AL O el aas-

B a0l p g2 593 Oy b cmlie Sl -2 hle fovie ) cla_.-»-

b gt b 5T Olen 4 65 gLyl sl AU o Ll g 2 gdoms o8B oy, LA -
35 Ayl 5 bl dlasls

Al i a1 93 ek 13 Sl oK 551> Sl b Zople -

e Bl i bl e SV sl e b s pl e e S T
b o g5 52 9> ZBLE A5 Sl e sadkie 5ol gla)es i el gleesly bl )t
e gane sty Sy Jub i s ped s IS b 4 bl o RIS Ly fLE L
L3 L i S dms ol
s ary> By 3 SIS el 3k Gy e pLE Gy S b Gl GRS frnd 2
3 digy 5 KSR 53 gLE 590 b SV W55 53 S Gage 03 bl pland ¢ A

Al o S m s pB e



tE b b g b SS9l Jgl Juad 8O

L tin sC1F Vg k eSas SLs6 sla bt 5 S 53 4 el S8 s K b e
Cslis b gy SWh g1 3 S 35 gr il o ginies Dpline slajp3 5o pmiss WSl (5 5

&,8 5k
yodid S 5 go gl a9 55 9515 (j93 4 4l O B g e
L Jobe slaomin ot S G50 53338 (8 g i 533 A Sl Ol mglanDhy DBl e
Ay s (AUC)oUchle gl 5 ghe sl gies oy S 1S

ol st g5l oSS sl s Dgliasla o

'Olo 4 diuly e YT

Ll Sule, badl ) ja, al 5 il Slela Vew e abiinn Slgilas o3 91 o St o o
g e a1 SIS S UG o R b L Soslize 5)b S Sh b gl (LS
4 Cly SKS gyl S s o i sl ug‘* 3 slajes gla oty j))iA S e
B P A P O B L R oSaS Dlew adlas o)l Ol
b T3 6y g siey S Kl 0y 2N Al Sl et e eSS S b S
WS )l> @3y ) g e

(M) aas e O o & s Sz ) TG s ety a8 Sl gt Ll

1

s’_i.v. - CJN lﬁ_,a& PR JJ\J JT 5)5- Ja.w).? )J\b 0dS a}_JxL‘.o éh r..le e \;LEJ\J_,S

! Time dependent pharmacokinetics
2 Chronopharmacokinetics

3 Autoinduction



5B Sl ek g ol iS5 lald .yl Ja 90

et o 3 S AR Y R N PO

e — — —— Befrereimtrasiie i eeid wpihin,

) ot e s S1.00 )543 p 05 Dl RIP e A3 (o b 0
S G () Sl el SN 5 asl o B S bl s MRNA o culy & dl>

C1=Cl-ACl 1!
ACI=Cl,,,-Cl,

OL-;‘ 2 88 Cly

J‘,_J'JTJ\B\)'\ﬂ);‘adgiq):;}bcﬁsﬂgU:Kl

ot Wl it S S Clinax

(2w LW S al A5 Clg

S Sy 5 ey Sr s> Sy b Shs e 0 Gz ke JEE
sy90 g3, 25am &S SL 0L RS- PR PR i L J:Q_t;s?b_ Shss Fm) 2l
Blor Jlls s (A) al e g ok g Al AL 2 e S ol
A B 4 4y ot 3 53 4 il Sl iy Sl S K Sl

Chle & O Ob) p gWo e ...x}‘:...;>}f S5 gB s gl st Sl skl o
3 ol S i P 03 590 &K i S ol SNl 3,8 )l c‘u,a;rs;\';}\)&_
) $ s DS 5 e pln el s Ly tesden 2 psialy IS sl s

.J._:_L.Sslﬂ‘c-\b;do}:‘xbﬂ}TﬁQuj\:-U;;L;o;'}ra.a&"_le&b}.#&}:}

' Protein Stabilization
2 Steady State



