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ABSTRACT

We have studied the busul phan plasmalevel curves obtained in six groups
of rats when intravenously and orally administered. The most appropriate
pharmacokinetic model is the bicompartmental one for both intravenous
© 2010 Trade ScienceInc. - INDIA

and oral administration.

INTRODUCTION

This study is part of a research line amed at
predicting human pharmacokineticsfrom animal data,
and focuses on the study of the pharmacokinetics of
busulphan in Wistar rats after intravenous and oral
adminigiration. For theinterpretation of theresultsfrom
theandyssof theplasmaleve curves, itisnecessary to
have an appropriate pharmacokinetic modd.

The choice of that model istheam of thiswork.
Thedrug usedwas 1,4-butanediol dimetanosulfonate,
marketed as busulphan. It isasynthetic antineoplastic
agent belongingto thegroup of akylating agents, which
hasfour methylenegroups between two methyl-sulfonate
groups.

H,C-S0,-0-CH,-CH,-CH,-CH -O-SO -CH,

The shortage of avail able ana ytical methodsfor
quantificationinplasmaand other biologicd fluidshas
limited the pharmacokinetic studiesand hasled to the
start of the experimental work described in thisstudy.
A HPLC anaytical method, perfected by our research
group, for the quantification of busulphanin plasma
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sampleshasbeen used.

In the case of animals, only some studies on
distribution of busulphantotissuessuch asbrain, liver
and lungsusing radioactively labelled busul phan have
been found. Thedistribution of busulphaninrat brain
has been studied by several authorg*?, having
determined aconcentration ratio brain/ plasmaof 0.74
+0.05, and a ratio of values AUC,  / AUCpIasma of
0.75.

Similarly, astudy in monkeys¥ observed that after
intravenousinjection of |abelled busulphan therewasa

TABLE 1: Characteristicsof thedifferent groupsof animals
usedintrials

Administration of
busulphan

1 (age~30-35 days old)n=10 Intravenous (dose = 0.25 mg)

Trials Trial groups

Intravenous
Pharmacokinetic2 (age~50-55 days old)n=10 Intravenous (dose= 0.5 mg)
Parameters 3 (age~1.5 yearsold) n=10 Intravenous (dose = 1 mg)
Oral 4 (age~30-35daysold)n=9  Ora (dose = 2.5 mg)
Pharmacokinetic 5 (age~50-55 days old) n=9 Oral (dose=5mg)
Oral (dose=12.5 mg)

Letter “n” refers to the number of animals included in each group

Parameters 6 (age~1.5 yearsold) n=9
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Figurel: Plasmalevel curvesobtained after intravenous
administration of 0.25 (black circles), 5 (dark grey circles)
and 1 (grey circles) mg of busulphan totheanimalsin groups
1, 2and 3respectively. Thecor responding theor etical curves
obtained after theadjustment of theequation representinga
two-compartment disposition model have been r epr esented
(Equation 2)

TABLE 2 : Results of the adjustment of the equations
repr esenting the single compar tment, two-compartment and
tricompartmental modelstothemean plasmalevelsfor the
intravenous administration of a dose of 1.6 mg / kg of
busulphantotheratsin group 1 (age 30-35days). Thetable
shows the estimated value of the parameter, its standard
deviation (SD), coefficient of variation (CV,%), and dependency
between parameters. Theunitsof C_,A, B and Pareng/ml,
thoseof K, o, B and warein min™*
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Figure 2 : Plasma level curves obtained after oral
administration of 2.5 (black circles), 5 (dark grey circles)
and 12.5 (grey circles) mg of busulphan in a solution
containing methylcellulose 0.25% to animalsof groups4, 5
and 6, respectively. The curves drawn correspond to the
theor etical curvesobtained after adjusting a biexponential
equation (Equation 4)

TABLE 3 : Results of the adjustment of the equations
repr esenting the singlecompartment, two-compartment and
tricompartmental modelstothemean plasmalevelsfor the
intravenous administration of a dose of 1.6 mg / kg of
busulphan totheratsin group 2 (age50-55 days). Thetable
shows the estimated value of the parameter, its standard
deviation (SD), coefficient of variation (CV,%) and dependency
between parameters. Theunitsof C_,A, B and Pareng/ml,
thoseof K, a, B and aremin min*

M onocompartmental M onocompartmental
Parameter Value S.D. CV (%) Dependency Parameter Value SD. CV (%) Dependency
Co 2273 104,0 4,576 0,558 Co 2280 92,42 4,054 0,4412
Kq 0,00504 0,00024 4,736 0,558 Ky 0,00503 0,00022 4,397 0,4412
Bicompartmental Bicompartmental
Parameter Value SD. CV (%) Dependency Parameter Value S.D. CV (%) Dependency
A 646,7 173,2 26,78 0,773 A 1100 182,9 16,62 0,761
o 0,0283  0,0157 55,26 0,819 o 0,1950  0,0540 27,72 0,818
B 1911,0 172,9 9,05 0,965 B 2057 41,74 2,03 0,750
B 0,00442  0,00030 6,84 0,930 B 0,00467  0,00009 1,84 0,647
Tricompartmental Tricompartmental
Parameter Value S.D. CV (%) Dependency Parameter Value SD. CV (%) Dependency
A 10360  1,53-10° 1,47-107 1,0000 A 1161 1139 9,81 0,8090
o 1,799  7,36:10° 4,09-10° 1,0000 o 0,0277 00400 14,44 0,8730
B 829,3 472,5 56,98 0,9957 B 1554 1110 71,39 0,9999
B 0,0119  0,0063 53,30 0,9910 B 0,00645 0,00235 36,50 0,9994
P 1526 0,0532 34,86 0,9992 P 606,7 1131 186,4 0,9999
T 0,00387  0,00074 19,03 0,9964 n 0,00272  0,00206 75,78 0,9997
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TABLE 4 : Results of the adjustment of the equations
r epr esenting the single compar tment, two-compartment and
tricompartmental models to mean plasma levels for the
intravenous administration of a dose of 1.6 mg / kg of
busulphantotheratsin group 3 (age 1.5 years). Thetable
shows the estimated value of the parameter, its standard
deviation (SD), coefficient of variation (CV,%) and dependency
between parameters. Theunitsof C_,A, B and Pareng/ml,
thoseof K, o, B and warein min*

M onocompar tmental
Parameter Value SD. CV (%) Dependency
Co 2482 107,0 4,313 0,486
Ky 0,00485 0,00021 4,223 0,486
Bicompartmental
Par meter Value SD. CV (%) Dependency
A 1698 3224 18,99 0,773
o 0,0206 0,0519 25,23 0,818
B 2292 43,35 1,89 0,710
B 0,00460 0,00008 1,64 0,632
Tricompartmental
Parameter Value SD. CV (%) Dependency
A 2132 2935 13,77 0,830
a 0,418 0,0705 16,87 0,922
B 472,1 78,49 16,63 0,904
B 0,0339  0,0100 29,59 0,914
P 2153 44,33 2,06 0,955
T 0,00441  0,00006 1,38 0,903
rapid distribution of radioactivity both to theliver and
thelungs.

Moreover, astudy inratsinour laboratory reveaed
awidedigtribution of antineoplasticto most of thetissues
tested (heart, muscle, lung, testis, intestine, stomach,
kidney, skin, bonemarrow and CSF) and, asapoint of
interest because there is no comparable studiesin
humans, concentrationsof busulphaninrat milk of the
sameorder asthosedetermined in blood plasma® were
measured.

Inaddition to that, recent studies have shown that
busulphanisextensively metabolizedintheliver of rats,
and that the major metabolic pathway isthereaction
with glutathione catalyzed by glutathione S-
transferasd*s.

After intravenousadministration of 15mg/ kg of
[1,4-C] busulphan to rats, the urinary excretion
(unchanged drug and metabolites) globalized a70% of
thetotal radioactivity after 72 hours. The amount of
unchanged busulphanexcretedin urinewasminima (6%
of thetotd radioactivity). Threemgor metaboliteswere

TABLE 5: AIC valuesobtained after theadjustment of the
snglecompar tment, two-compartment and tricompar tmental
models to the aver age plasma concentration data for the
intravenousadministration of 1.6 mg/ kg of busulphan to
groupsof animals 1 (30-35days), 52 (50-55 days) and 63 (1.5
years)

Monocompartmental ~ Bicompartmental ~ Tricompartmental

Age AlC AlC AIC
30-35 days 5,612 -3,231 -16,122
50-55 days 31,476 22,629 -14,271

15 years 17,879 -8,445 -28,035

TABLE 6: Comparison of theresultsof thetest based onthe
Snedecor ’s F between one-compartment and two-compartment
mode sfor anintravenousadministration for each of thethree
agestested. I f theFcalculated islower than theFtabulated the
most smplemodel ischosen

M onocompartmental - bicompartmental

Age Fcalculated Ftabulated Selected modédl
30-35 days 7,90 19,16 [F(0,05, 3, 2)] Monocompartmental
50-55days 4599  19,37[F(0,05,8,2)] Bicompartmental

1.5 years 46,06 19,37 [F(0,05, 8,2)] Bicompartmental

isolated and quantified: 3-hidroxisulfolano (39%),
tetrahydrothiophene 1-oxide (20%) and sulfolano
(13%). Theresultsof thisstudy show that busulphanis
extensvely metabolized and that most of themetabolites
aredliminated viathekidney™.

MATERIALAND METHODS

Trials

Theintravenousadministrationsof busulphanwere
made from solutions thereof in dimethyl sulfoxide
(DM SO) of 5mg/ml.

Theora administrationsof busulphan were made
from suspens onsthereof in 0.25% methylcdlulose. The
suspensions for each of the doses were prepared as
follows
a. Suspensonl(2.5mg/ml): 25mgof busulphanand

10ml 0.25% methylcdlulose
b. Suspension2(0.25mg/ ml): 1 ml of Suspension 1
(2.5mg/ ml) and 9 ml of 0.25% methylcellulose.

TABLE 1 summarizesthe characteristics of the
different groupsof animalsusedintrids.

Thesd ection of themost appropriatemodd ineach
casewas madetakinginto account severd criteria First
of al, we evaluated the dependency or redundancy of
the constitutive parameters of the model, which was
used as a discriminating criterion between models.



RRBS, 4(4) 2010

M.A.Navarro Moreno et al.

185

TABLE 7: Comparison of theresultsof thetest based on the
Snedecor’s F between two-compartment and tricompartmental
modesfor anintravenousadministration for each of thethree
agestested. If theFcalculated islower than theFtabulated the
most smplemodel ischosen

Bicompartmental - tricompartmental

Age  Fcalculated Ftabulated Selected model
30-35 days 5,08 18,51 [F(0,05, 1, 2)] Bicompartmental
50-55days 18,16 19,33 [F(0,05, 6, 2)] Bicompartmental

1.5 years 20,09 19,33[F(0,05, 6, 2)] Tricompartmental

TABLE 8 : Results of the adjustment of the equations
r epr esenting one-compar tment and two-compartment models
tothemean plasmalevelsfor theoral administration of adose
of 16.6 mg/ kg of busulphantotheratsin group 4 (age 30-35
days) . Thetableshowstheestimated valueof the parameter,
itsstandar d deviation (SD), coefficient of variation (CV,%)
and dependency between parameter s Theunitsof C°,M and L
areng/ml, thoseof K ,K_, a.and  arein min

M onocompar tmental
Parameter Value SD. CV (%) Dependency
c° 18600  661,1 3,554 0,7117
Ky 0,00398 0,00021 5,310 0,6257
Ka 0,103 0,015 14,73 0,3884
Bicompartmental
Parameter Value SD. CV (%) Dependency
M -10130 284,0 2,804 0,9348
o 0,0415 0,00190 4,578 0,9712
L 20110 1241 0,617 0,9704
B 0,00427  0,00002 0,571 0,8933
Ka 0,606 0,661 109,0 0,8128

Secondly we used the Al C criterion; thethird and | ast
test was performed based on the Snedecor’s F for each
of the three age groups tested. In this last test
comparisons were made between one-compartment
and two-compartment model s on the one hand, and
between two-compartment models and
tricompartmental ones on the other, in the case of
intravenous administration. For oral administration
comparisons were made between one-compartment
and two-compartment models.
Equations
The equations representing the plasma
concentrationsversustimeare:
C=C,-e-Ket )
C=A-e-a''+B-e-B*(a>p) @)
C=P-e-n'+A-e-a'+B-e-B ' (n>a>p) 3
For singlecompartment model s, two-compartment
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onesand tricompartmental model's, respectively.

In the case of oral administration of the
antineoplastic, thefollowing expressions of plasma
concentration versustimeweretaken into account:

C:CO.(e_Kd~t_e_Ka~t) (4)
C=L-e-B*-(L+M)-e-K2t"+M-e-a'" (5)
Corresponding to one-compartment and two-
compartment models, respectively.
RESULTS

Intravenousadministration

Plasma levels obtained after intravenous
administration of thedrug at different timesare shown
infigure 1.

TABLE 2, 3and 4 show theresultsof adjustingthe
averagelevelsof plasmaconcentration totheequations
for snglecompartment models, two-compartment ones
and tricompartmental models obtained after fast
intravenousadministration of 1.6 mg/ kg of busulphan
toratsingroups4l, 52 and 63 respectively. Inthese
tables the estimated values of the parameters are
included, aswel| asthe coefficient of variation thereof
and the dependency between them.

On the other hand TABLE 5 summarizes the
resulting Al C va uesof the adjustment.

In addition to that, theresults of thetest based on
the Snedecor’s F made for each of the three age groups
tested areshownin TABLE6and 7.

Oral adminisration

Plasmalevelsobtained after oral administration of
thedrug at different timesareshowninfigure2.

TABLE 8, 9 and 10 show the results of the
adjustment of the averagelevelsto the equationsfor
single compartment and two-compartment models,
groups4, 5 and 6 respectively.

TheAlC valuesresulting from the adjustment of
the equati onsrepresenting the single compartment and
two-compartment model sto the plasmaconcentration
averagevaluesobtained after an ora doseof 16.6 mg/
kg of busul phanto three groupsof anima swith ages of
30-35 days (group 74), 50-55 days (group 15) and
1.5years(group 86), areshownin TABLE 11.

Moreover, thetest based on the Snedecor’s F done
for each of the three age groups tested are shown in
TABLE 12.
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TABLE 9 : Results of the adjustment of the equations
r epr esenting one-compar tment and two-compartment models
tothemean plasmalevelsfor theoral administration of adose
of 16.6 mg/ kg of busulphan to ratsin group 5 (age 50-55
days) Thetableshowstheestimated valueof the par ameter,
itsstandar d deviation (SD), coefficient of variation (CV,%)
and dependency between parameter s Theunitsof C°,M and L
areng/ml, thoseof K ,K_, a.and  arein min

TABLE 10 : Results of the adjustment of the equations
representing one-compar tment and two- compartment models
tothemean plasmalevesfor theoral administration of adose
of 16.6 mg/ kg of busulphantotheratsin group 6 (age1.5
years) Thetableshowsthe estimated valueof the par ameter,
itsstandard deviation (SD), coefficient of variation (CV,%)
and dependency between parameters. Theunitsof C°,M and L
areng/mlandthoseof K ,K , a.and  arein min*

M onocompartmental M onocompartmental
Parameter  Value SD. CV (%) Dependency Parameter  Value SD. CV (%) Dependency
c° 18470 469,4 2,541 0,7580 c® 19770 1010 5,11 0,7877
Ke 0,00395 0,00009 2,309 0,6927 Kq 0,00338  0,00023 6,71 0,7373
Ka 0,0887  0,0076 8,542 0,4306 Ka 0,0699  0,0106 15,17 0,4168
Bicompartmental Bicompartmental
Parameter  Value S.D. CV (%) Dependency Parameter  Value S.D. CV (%) Dependency
M -5978  1,81-10%*  3,03-10% 1,0000 M 13470 1,8310% 1,36:10° 1,0000
o 0,0890 191-10° 215108 1,0000 a 0,0710 2828  3,9810° 1,0000
L 18470 782,6 4,238 0,8782 L 19720 1666 8,449 0,8913
B 0,00395 0,00013 3,386 0,7998 B 0,00337 0,00033 9,703 0,8226
Ka 0,0890 78750  8,8510" 1,0000 Ka 0,0707 1199  1,70-10° 1,0000
DISCUSSION tested, compari sons between one-compartment models

I ntravenousadministration

The graphical representation in semilogarithmic
coordinates of the mean plasmalevelsof busulphan
versustime after intravenous administration showsan
initia curved layout (Figure 1) for thethree age groups
tested, which seems to be indicative of a two-
compartment disposition model of the antineopl astic.
However, three kinetic models were tested: single
compartment, two-compartment and tricompartmenta
model's, by adjusting the equations representing these
model sto the mean plasma concentrations.

Thesdectionof theoptimal kineticmode wasmade
by applyingthe MAICE test tothemean plasmaleves
obtained for each of thethreegroups(TABLEDS5). Based
onAlC vauesresulting from the adjustment, it was
observed that for the age group 50-55 daysthe MAICE
criterion favoursthetwo-compartment mode . For the
age groups 30-35 days and 1.5 years the two-
compartment model was also selected because, for
athough thetricompartmental model showed abetter
AlIC vaue, it was discarded because the adjustment
showed high coefficientsof variation and high values
for dependency between parameters.

Thetest based on the Snedecor’s F was also applied
for themode selection. For each of thethree agegroups

and two-compartment ones on one hand, and between
two-compartment model sand tricompartmenta ones
on the other were performed, resulting in most of the
casesthat thetwo-compartment model (TABLE 6 and
7) wasfavoured.

Thereforewe can concludethat atwo-compartment
pharmacokinetic model issuitablefor describing the
disposition of busulphan in therat according to the
criteriaused (MAICE and Snedecor’s F), at least at
thedose used inthisstudy. We proceeded then to adjust
the equation for the two-compartment model to the
individua vauesof theantineoplastic plasmaleves. Only
oneanimal of theage group 30-35 daysadjusted to the
one-compartment model, asit was the only casein
whichthecurveof plasmaleve sdid not show two clear
exponentids.

Oral adminisration

The graphical representation in semilogarithmic
coordinates of the mean plasmalevelsof busulphan
versustimeafter oral administration showsaninitial
curved layout (Figure 2) for thetwo age groupstested,
which seemsto beindicative of atwo-compartment
disposition model of the antineoplastic. However, two
Kinetic modd sweretested: one-compartment and two-
compartment models by adjusting the equations
representing these model sto themean plasma concent-
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TABLE 11: Al C valuesobtained after theadjustment of single
compartment and two-compartment modd stothemean plasma
concentration datafor theoral administration of 16.6 mg/ kg
of busulphan toanimalsin group 4 (30-35 days), 15 (50-55
days) and 86 (1.5years)

Age Monocompartmental AIC Bicompartmental AIC
30-35 days -1,249 -41,095
50-55 days -10,503 -6,503
1.5 years 5,455 9,455

TABLE 12: Comparison of theresultsof thetest based on the
Snedecor’s F between one-compartment and two-compartment
modelsfor an oral administration for each of thethreeage
groupstested. If Fcalculated islower than the Ftabulated the
most smplemodel ischosen

M onocompartmental- bicompartmental
Age Fcalculated Ftabulated Selected model
30-35days 524,15 19,00[F(0,05,2,2)] Bicompartmental
50-55 days 0 19,30 [F(0,05, 5, 2)] Monocompartmental
1.5 years 0 19,30 [F(0,05, 5, 2)] Monocompartmental

rations.

It should benoted that in the case of the extravasal
adminigtration of adrug, one can only speak of gpparent
modd s, becausethe disposition may bemasked by the
absorption process, by contrast with to what happens
with theintravenousadminigration.

Thesdlection of theoptima gpparent kinetic model
wasmadeinthesameway asin thecaseof intravenous
adminigtration. Based onAlC vauesresulting fromthe
adjustment (TABLE 11) it was observed that for age
groups50-55 daysand 1.5 years, the MAICE criterion
favoursabiexponentiad equation (monocompartmental
apparent model). For the age group 30-35 days a
biexponential equation was also selected (apparent
monocompartmental model), for although the two-
compartment model showed thebest AIC vaue, itwas
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discarded because the adjustment showed high
coefficientsof variation and high vauesfor dependency
between parameters. Thetest based onthe Snedecor’s
Fwasalso applied for the apparent model selection.
For each of the three age groupstested, comparisons
between biexponentia and triexponencial equations
wereperformed, resulting thet thebiexponentid equation
wasfavoured for the age groups 50-55 daysand 1.5
years, whereasthetriexponencid equationwasfavoured
for the age group 30-35 days. However, the
biexponential equation was selected for thislast test
group for the same reason as when the MAICE test
was applied (apparent monocompartmental model)
(TABLE 12).

Thuswe can concludethat the profile of plasma
levelsof busulphanintherat after ord adminigtrationis
biexponentid (Figure 2) accordingtothecriteriaused
(MAICE and Snedecor’s F), at least at the dose used
in this study. We proceeded then to adjust the
biexponentia equation (gpparent monocompartmental
modd) to theindividua valuesof plasmalevelsof the
antineopladtic.
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