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F(ab"), fragments are sometimes preferred to whole 1gG for
therapeutic or diagnostic uses. Preclinical pharmaceutical devel-
opment studies are necessary before their use in humans. Here we
propose an allometric approach among three mammalian species
to predict F(ab’), pharmacokinetic parameters in humans. Plasma
disposition of horse antivenom F(ab’), fragments labeled with
iodine 125 was studied at a dose of 10 mg/kg iv in mice, rats, and
rabbits. Using the allometric method, we demonstrate that the
pharmacokinetic parameters that correlated with body weight
were distribution volume (Vd. (ml) = 0.125 W%, vd  (ml) =
0.251 W°®7; Vdg (ml) = 0.290 W°®7, r? = 1), total clearance (Cl,,;
(ml/n) = 0.049 W°=3, r? = 0.99), and terminal half-life (t%2p (h) =
4,35 W%33), The F(ab’), plasma concentration-time data plotted
as a complex Dedrick relationship were superimposable. Using
these allometric techniques, Vd,,, Vdg, Cl,, and t¥23 were calcu-
lated as 4.12 liter, 4.78 liter, 19.07 ml/h, and 7.2 days, respectively,
for a human subject of 70 kg body wt. Predicted human pharma-
cokinetic parameters were comparable for volume of distribution
with the value reported by Hnatowich et al. (Cancer Res. 47,
6111-6117, 1987): 3.5 liter. However, the clearance was six-fold
lower than values given by Hnatowich et al. (130 ml/h) and Ho et
al. (Am. J. Trop. Med. Hyg. 42, 260-266, 1990) (116.9 ml/h). © 1998
Academic Press
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lower molecular weights. Whal (1983) suggested that in clin:
ical practice, F(al), is the best compromise between the
rapidly cleared Fab and the slowly cleared IgG. For this reasot
selection of ideal antibody size has rarely been based o
pharmacokinetic criteria. However, knowledge of the volume
of distribution and clearance could facilitate optimization of
their administration in humans. Interscaling species could b
helpful to extrapolate pharmacokinetic data of different com-
pounds from animals to humans and especially for protein
(Mordenti et al., 1991). In a recent study, we showed that
primary Fab pharmacokinetic parameters could be reasonab
estimated in humans using pharmacokinetic data from th
mouse, rat, and rabbit (Grene-Lerougeal., 1996). In the
allometric approach, the plasma drug kinetics observed i
several animal species allow determination of species-specif
pharmacokinetic parameters (volume of distribution, total body
clearance), which can be scaled by the power equaticn
aWP, where Y is a pharmacokinetic parametéW is body
weight, a is the allometric coefficient, anb is the allometric
exponent (Boxenbaum, 1982). Moreover, by using the calcu
lated power equations, the similarity of pharmacokinetics
among species can be demonstrated by the collapse of ph:
macokinetic profiles from different animal species into a
unigue species-independent profile, which introduces the ter
equivalent time (or pharmacokinetic time) (Dedriek al.,
1970). In the present study, the feasibility of allometry was
tested using®A-radiolabeled horse antivenom F(3pin three
animal species: mouse, rat, and rabbit. Finally, results ar
compared with some previously published data in Fgab
treated patients (Het al., 1990; Hnatowichet al., 1987).

Antibodies may be administered in human therapy and for
diagnosis as antibody fragments such as the 100 kD& );(ab
and the 50 kDa Fab. This technique has been applied over th€hemicals and animals.Horse antivenom F(dh, was
last decade particularly for the treatment of poisoning due $applied by Pasteur-Mieux Connaught (Marcy ['Etoile,
toxins including small haptens such as digoxin or colchicine &rance). Male New Zealand rabbits weighing from 2.6 to 3 k¢
larger toxins such as viper or scorpion venoms (Butteal., were obtained from Charles River (Elbeuf, France). Male
1976; Scherrmanet al., 1989; Sabourauet al., 1992). For Swiss white mice weighing from 25 to 30 g and male Sprague
their in vivo use, antibody fragments that have lost the Fdawley rats weighing from 200 to 240 g were from Iffa Credo
region have less risk of adverse effects and a greater voluméglofon, France). All animals had free access to standard labc
distribution and clearance than whole IgG because of theatory chow and tap water.

MATERIALS AND METHODS
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Radioiodination of F(ah>. F(ab), fragments were labeled versus time (AUC) was calculated according to the equatio
with [*?3]Nal using the lodogen method (Fraker and Speck/« + B/B. Total body clearanced],,,), central compartment
1978). One hundred micrograms of protein was incubated withlume {/d,), volume of distribution at steady statéd.), and
0.5 mCi of [**31]Nal in Eppendorf tubes coated with 30y of volume of distribution Yd;) were obtained from standard
lodogent reagent for 5 min at room temperature. Free iodifigmulas (Gibaldi and Perrier, 1982).
was removed by chromatography on a PD-10 Sephadex G-29nterspecies scaling analysis Allometric equations de-
column (Pharmacia, Uppsala, Sweden) equilibrated in phegribing the relationship between body weigh)( total body
phate-buffered saline. Precipitation of the iodinated proteins B\sarance Cl,.,), and the volumes of distributiorVel,, Vdj,
trichloroacetic acid gave more than 95% of bound iodine. Thgj ) were determined by fitting the variable parametén the
specific activity was in the range of 1.54&i/ug. Purity of standard power equation:
antibody preparations was also analyzed by SDS—PAGE.

Animal experiments. [**7]-F(ab’), was injected at a dose Y = aWp
of 10 mg/kg in rabbits, rats, and mice. Rabbits«{ 5) received
a single intravenous (iv) bolus F(3b (0.33 ml/kg) via a _ i . ) _
marginal ear vein over 1 min. Blood (1 ml) was collected inty/Neréa is the allometric coefficient and is the allometric
heparinized tubes from the central artery of the contralatef&fPOnent. The pharmacokinetic paramet¥rsand W were
ear at the following times: 0, 0.25, 0.5, 1, 2, 4, 8, and 24 h afi@nsformed logarithmically and fitted to the equation: ¥og
daily for 10 days after injection. One day before experiments?92 + b LOGWby linear regression analysis for clearance anc
rats were anesthetized with pentobarbital sodium (60 mg/y Piecewise linear regression analysis for the volumes ¢
50 mg/kg ip). Rectal temperature was continuously monitor&'.lsmbu“on’ since the three volumes must scale to a simila

by a rectal probe (Ellab Thermometer Model TE 3, Copenhﬁ”ometric exponent (Mordenti, 1985). Regression analysis an

gen, Denmark), and the femoral vein was cannulated Wiﬁtlatlsncal characterization of the regression lines by the dete

PE-10 tubing (Biotrol, Paris, France) for F(abfragment mination coefficient? were carried out using Systat computer
administration. The following day, rats(= 6) received a software (Systat, Inc., Evanston, IL). The terminal half-life,

single bolus F(at), dose of 2.5 mi/kg. Blood samples (0.3 mi)t¥2# = 0.63 Vdg/Clyy, Was scaled by introducing the power
were collected at 0, 0.25, 0.5, 1, 2, 4, 8, and 24 h and daily fofuations for clearance anttl;. An open two-compartment
5 days after injection. Blood (0.3 ml) from a rat donor Wagnodelwnh elimination only from the central compartment was
infused via the femoral vein at the first seven blood samplin§§sumed to be ade_quate to Qescrlbe 1§§a1)sp93|t|_on, _Wh'Ch
only to compensate for blood collected. F(gh(0.1 ml/10 g) orresponds to a biexponential decay. Substituting in the pre
was injected into the tail vein of mice. Blood (0.5 ml) wadious allometric equations for clearance and volumes of dis
collected by cardiac puncture at each of the following timdgPution into the central compartment equation gave a gener
after injection: 0, 0.16, 0.33, 0.5, 1, 2, 4, 8, 24, 32, 48, and 7o§duation in terms of interspecies constants (Boxenbaum ar

Six mice were used at each sampling time. All blood sampl&2nfeld, 1983) whose graphical display is termed the comple
were centrifuged at 4°C immediately after collection. An aliP€drick plot. Allometrically scaled plasma concentrations ob-
ined in the three species were then plotted versus scaled tir

quot of plasma was counted for radioactivity before and aftid . . : .
precipitation with 10% trichloroacetic acid (TCA), and correct@Polysichron) to be superimposable with the predicted com

tion was made for decay of the radioisotope. All plasmil€X Dedrick plot. Finally, predicted F(8h plasma profiles for
measurements were run in duplicate each species and for humans were obtained from the equati

of the complex Dedrick plot by introducing the F(pdose

i Ph?rmaé:otkmetm datalanatljy3|§.PIa:f]ma F(abzt concentra- ) and the weight of each species. Predicted values of pha
lon—lime data were analyzed using (he computer program cokinetic parameters in humans were estimated using tt

MODEL (Biosoft, United Kingdom) based on compartment : : : : :
. : L ) etermined allometric relationships for a body weight of 70 kg.
analysis. After iv administration of F(8, the data were best ! ! 1onships ywelg g

described by a biexponential curve defined by the following

equation: RESULTS

e . F(ab), plasma concentration decreased biexponentially i

C=Ae“+Be mice, rats, and rabbits following a 10 mg/kg iv dose (Fig. 1).

Table 1 summarizes the pharmacokinetic parameters for tt

whereA andB are intercept coefficients; andg are first-order three animal species. Results show that the smaller the anin

distribution and elimination rate constants, respectivélyis species the higher the total body clearance, i.e., {am-

concentration; andlis time. A weighting of 1C? was applied ination was faster in mice than in rats and rabbits: 9.64, 4.63
to optimize the fitting. The distributiont{2a)) and elimination 0.46 and 1.16+ 0.08 ml/h/kg, respectively. Moreover, the

(t¥2B) half-lives were calculated as 0.683and 0.6938, re- higher the volume of distribution, the larger the animal species

spectively. The area under the curve of plasma concentrattout when divided by their respective body weight, volumes of
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FIG. 1. Semilogarithmic plasma concentration-time profiles following
administration of F(al), (10 mg/kg iv) in different animal species.

distribution were comparable (165.35, 116.6610.64, and
94.38+ 7.06 ml/kg forVd,cand 187.85, 144.9& 13.42, and
102.97= 7.95 ml/kg forVd, in mice, rats, and rabbits, respec-
tively). The logarithm of pharmacokinetic parameters fitted the
logarithm of the animal weights linearly (Fig. 2), according to
the following equations:

Clie (MI/h) = 0.043W°% (2 = 0.99)
Vd, (ml) = 0.125W°#" (12 = 1.00)
Vd (ml) = 0.251W°" (2 = 1.00)
Vd, (ml) = 0.290W°% (12 = 1.00)

t¥2 (h) = 4.35W°%

The allometric parameters for volumes of distribution and

clearance were substituted in the Boxenbaum equation and
gave a good fit for the allometrically scaled data across all

species to a biexponential equation (Fig. 3)

y= 12.3@70.1163( + 7.2m70.0163<
where
X =tW™%%7 and y= C/DW’#*

Using these equations, predicted Plalplasma kinetics for
each species and for a 70-kg human were plotted for the 10
mg/kg of F(ab), dose and the body weight of each species
(Fig. 4). The predicted values @fl,,, Vd,, Vdg, andtzg for a
70-kg human were, 19.07 ml/h, 2.07 liters, 4.78 liters, and 7.2
days, respectively.

TABLE 1
Pharmacokinetic Parameters of Total [*?°1]-F(ab’), Fragments in Different Animal Species Following iv Administration

CItOt

Vv, vd,
(ml)

(ml)

vd,

AUC (0—)
(mf)

tv23

(h)

tYoa

A

Weight

(mlrh)

(ng/ml - h)

(™ (h) (rg/ml) (h™)

(ng/mi)

(9)

Number

0.49 1.42 46.00 0.05 13.70 1053.00 2.42 4.63 5.26 0.27

5/per point 28 69.50

Mice

25.20+ 2.30 31.30+ 2.90 1.00+ 0.10

12.20+ 1.20

21.70= 0.60 2167.00+ 170.00

0.26+ 0.03  2.70+0.30  53.80+ 3.10 0.03+ 0.001

123.76 13.80

216

Rats

3.14+ 0.23

253.90+ 19.00 277.00+ 21.40

125.30+ 14.10

61.40+ 7.00 8611.00t 791.50

0.17£0.05 4.3= 1.20 88.90+ 6.90 0.01+ 0.001

5 2690 127.68 17.80

Rabbits

Note.Parameters are mearsSD.
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small compounds has been reported to be highly predictive. |
10.0 , contrast, when clearance is mainly via oxidative metabolism
/ interspecies scaling is less predictive (Boxenbaum, 1980). Tt
- o 1 guestion is whether interspecies scaling is also dependent
& - the clearance mechanisms of macromolecules. Successful
B 10 - . 1 lometric applications for renally eliminated macromolecules
3] have been shown for 50 kDa Fab (Grene-Leroeyal., 1996)
- e 4 and 20 kDa interferome (Lave et al., 1995). Moreover, Mor-
T c denti et al. (1991) reported successful interspecies scaling o
01 ; five therapeutic macromolecules whose molecular weight cov
001 olo 1.00 10.00 ered a 16-fold range (6—98 kDa), some of which were elimi-
Body weight (xg)
FIG. 2. Allometric relationship between (a) elimination half-life/43), 1000
(b) volume of distribution¥d,, Vd,s Vdg), (c) total body clearance,,,), and 1 '
species body weight for F(ab. --- Man
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= J Rat
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DISCUSSION ] |
= -
A new generation of horse F(gb directed against several .:;
toxins from viper and scorpion venoms was recently proposed £
for treatment of envenomation (pie-Covattaet al., 1996). g -
Their clinical application has until now been mainly based on 8 & 5 i
experience of their efficacy and little pharmacokinetic infor- ;é T
mation was available. Since clinical Phase | studies are impos- 2 | a ~0
sible for ethical reasons, it is important to know whether | e
allometric concepts can predict human Fjalpharmacokinet- | ‘\\ )
ics using data from several animal species. For this purpose, 1 =
. ; : ) . 0 100 200 300
F(ab), pharmacokinetics were investigated in three animal
species: mice, rats, and rabbits, and allometric methods were Time (h)

used tc_) investigate pogsible relaﬁonShip§ between phy5i0|09.iFlG. 4. Predicted F(af), plasma kinetics for mouse, rat, rabbit, and a
cal variables such as time and body weight and pharmacoki-kg human after a 10 mg/kg F(abiv bolus dose.
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nated only renally, e.g., the recombinant soluble CD4 (5&nts of 0.75 and 1.0 for the clearance and volume of distri
kDa), or only by the liver, e.g., the tissue plasminogen activatbution, respectively, predicted clearance rose from 19.1 to 47.
(63 kDa). Because of their molecular weight of 100 kDanl/h andVd, from 4.8 to 8.3 liters for a 70-kg human. This
F(ab), are cleared by extrarenal mechanisms, in contrastti@ofold increase in the predicted values of clearance an
Fab fragments, which are renally excreted, and the percentagiume of distribution do not markedly change our initial
of intact Fab excreted in urine is 8% in dog (Keyletr al., conclusion on the disagreement between our clearance valu
1991), 15% in rat (Arend and Silverblatt, 1975), and 57% iand those of Hnatowiclet al. (1987) and Hoet al. (1990).
humans (Schaumaret al., 1986). Factors contributing to the uncertainty of allometric scaling are
Our data demonstrate thé&l,.;,, Vd, andt¥z3 are well de- frequently evoked. For example, the effect of scaling interfer
scribed by an allometric relationship. Allometric exponents famn-«A with different sets of data abstracted from various
Cly,; (0.53),Vvd (0.87) andt¥z (0.33) approximated exponentpublications, including different analytical drug assays anc
values frequently cited and ranged from 0.6 to 0.8, 0.8 to 1xotocols, has already been discussed {Lehad., 1995). In the
and 0.2 to 0.4, respectively. Moreover, the use of transformptesent study, the same F(pipreparation was simultaneously
plasma concentration—time data showed the superimposabilityestigated in three animal species using the same assay, tt
of F(ald), plasma concentration—time data for the three speci@siting the influence of interassay variability. However, sev-
(Fig. 3). eral uncertainties remain. First, the use of three small speci
Extrapolation to human pharmacokinetics gave,, Vds;, could perhaps be considered insufficient for an accurate pr
Cl, andt¥2p of 2.07 liters, 4.78 liters, 19.07 ml/h, and 7.iction in humans, more especially for molecules that are nc
days, respectively, for a 70-kg body wt human. The estimatetiminated renally. However, the allometric concept has bee
Vd, approximated the mean human plasma volume (2.8 liter&2ported to be applicable using only three species if bod
This estimated/d, was comparable to the meafu, value of weights span more than the minimum 50-fold range required i
2.5 liters (2.4-2.6 liters) reported for mouse Flalby Hna- interspecies scaling (Morderdt al., 1991), which is the case
towich et al. (1987) but was lower than the me¥id, value of in our study. Second, our use df{l]-labeling for investigat-
horse F(ab, of 5.8 liters (2.7-6.7 liters) reported in en-ing F(ald), pharmacokinetics could lead to dissociation of
venomed patients by Het al. (1990). Similarly, estimatedfd, iodine from the protein over time, which would overestimate
(4.78 liters) was of the same order as Yk (3.5 1.5 liters) protein levels and result in lower clearance. To control for this
described by Hnatowicht al. (1987) whereas Het al. (1990) in our experiments, TCA precipitation was applied to eact
found a highervVd, of 16.3 liters (12.4-27 liters). Our esti-plasma sample to determine the free iodine content. This nev
mated total clearance (19.07 mi/h) was six-fold lower than tlexceeded 10% of the total radioactivity in any experiment ant
mean clearance reported by Hnatowéthal. (1987) (130= 50 validated our measurement of radioactivity bound to Fgab
mi/h) and by Hoet al. (1990) (range 63.7—177.8 ml/h). More-Moreover, in previous studies we also used an immunoradic
over, our estimated elimination half-life was longer, 7.2 daysetric assay to measure the F(glplasma concentration in
compared to about 4 days (3.3-5.5 days forédal. (1990) rabbits after iv administration of unlabeled F{gb(Pepin-
and 1.12+ 0.3 days for Hnatowiclet al. [1987]). However, Covattaet al., 1996). Pharmacokinetic parameters from the
these discrepancies can perhaps be explained by the fact tlmmhunoradiometric assay were comparable with those ok
the studies of Haet al. (1990) and Hnatowictet al. (1987) tained with [?3]-F(ab’), i.e., a biexponential decay of plasma
were conducted in envenomed and cancer patients, resge@ly),. The specificity of F(al), measurement following
tively. It is thus possible that the presence of specific antigeft$™]-F(ab’), infusion has also been confirmed by Bazin-Re-
would modify F(ab), clearance because of the formation oflureauet al. (1997) who reported that plasma analysis by
the antigen—antibody complex. Moreover, the experiment 8DS—PAGE and autoradiography did not reveal the present
Ho et al. used a short sampling protocol of 100 h, resulting iof lower- or higher-molecular-weight products following iv
higher total clearance and volume of distribution and shortadministration of murine F(d}, in rats. Third, interanimal
t¥2p values. Because of the high molecular weight of Ffab variability was not considered in mice because they wer
predictedvd, andVd, reflect the extremely low diffusibility of subjected to serial euthanasia whereas rats and rabbits recei\
this compound through the capillary wall. The volume oferial sampling of individuals. Finally, the application of allo-
distribution is quite similar to that of whole IgG antibody andnetric methods to proteins could be disturbed by anothe
far lower than that of Fab, which can attain the volume of thearameter not observed with drugs, i.e., the species origin «
extracellular water space (Bazin-Reduredual., 1997). De- the protein vs the host species relationship. For example, whe
spite our reservations concerning the clearance values repogdcinistered to humans, homologous human IgGs are chara
by Hnatowichet al. (1987) and Hoet al. (1990), several terized by a terminal half-life of about 20 days, whereas that o
guestions might be raised. The allometric clearance exponemirine monoclonal IgGs is only about 2 days (Callagaal.,
(0.53) and volume of distribution exponent (0.87) were belot93). Protein origin and recipient species-related factors mu
the generally reported range, i.e., 0.6—0.8 for clearance and tiply the risk of variability in the pharmacokinetic parameters,
for volume of distribution. By using “standard” scaling expo-especially for systemic clearance. The higher clearance ¢
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mouse F(a[)2 in man observed by Hnatowict al. compared Fraker, P.J., _and Speck, J. C. (197_8). Protein and cell membre_anes iodinatio
to our predicted clearance of horse F'O@hmight be due to this with a_spa_rlngly solu_ble chloramide 1,3,4,6-tetra-chlose&-diphenylg-
species difference in protein and host lycoluril. Biochem. Biophys. Res. Comm@g, 849—-857.

In conclusion, it appears that F(3pclearance and volume Gibaldi, M., and Perrier, D. (1982). IRharmacokinetic§M. Gibaldi and D.

e Rk ! . k . . Perrier, Eds.), pp. 199-219, 410. Dekker, New York.

of distribution follow a size- and time-related physiological ' ). pp . W
relationship. Moreover, the prediction of F(abpharmacoki- Grene-Lerouge, N., Bazin-Redureau, M., Debray, M., and Scherrmann, J. \
netics in humans Sh0W1S that these fragments distribute like Ig 1996). Interspecies scaling of clearance and volume of distribution fol

| f inall hvbothesis. th igoxin-specific FabToxicol. Appl. Pharmacol138, 84—89.
but are cleared at a faster rate. Finally, our hypothesis 8%towich, D., Gionet, M., Rusckowski, M., Siebecker, D., Roche, J., Shealy

F(aU)z speples_ orngin may play a major role in determlnlng. D., Mattis, J., Wilson, J., McGann, J., Hunter, R., Griffin, T., and Doherty,
pharmacokinetic parameters could mean that the allometrig. (1987). Pharmacokinetics 3t!in-labeled OC-125 antibody in cancer

method would need to be applied to all F(gbspecies to patients compared with the 19-9 antibo@ancer Res47,6111-6117.

predict the corresponding human pharmacokinetics. Ho, M., Silamut, K., White, N., Karbwang, J., Looareesuwan, S., Phillips, R.,
and Warrell, D. (1990). Pharmacokinetics of three commercial antivenom:
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