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SUMMARY 

The objective of this study was to predict absolute bioavailability 
in humans from animal data using interspecies scaling as well as 
indirect approaches. Five different methods were used to predict 
absolute bioavailability in humans: (i) absolute bioavailability vs body 
weight (allometric approach); (ii) F = CL(IV)/CL(oral); (iii) F = 1-
[ C L ( I V ) / Q ] ; ( i v ) F = l - [CL(oral ) /Q]; a n d ( v ) F = Q/ [Q+CL(ora l ) ] . 
Methods II-V are indirect approaches, where predicted i.v. or oral 
clearance and hepatic blood flow (Q) (1500 ml/min) were used to 
predict absolute bioavailability in humans. Fifteen drugs were tested 
and the results of this study indicate that all five approaches predict 
absolute bioavailability with different degrees of accuracy, and are 
therefore unreliable for the accurate prediction of absolute bioavail-
ability in humans from animal data. In conclusion, although the above-
mentioned approaches do not accurately predict absolute bioavail-
ability, a rough estimate of absolute bioavailability is possible using 
these approaches. 
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INTRODUCTION 

Interspecies scaling has been successfully used to predict pharm-
acokinetic parameters (clearance, volume of distribution and half-life) 
from animals to humans and such extrapolations are invaluable during 
drug development. Utilizing the concept of allometry, the absolute 
oral bioavailability (F) in humans may be predicted from animal data. 
Due to differences in the anatomical and physiological features of the 
gastrointestinal tract, dietary habits, blood flow through the gut and 
the liver, and the enzymatic activity of metabolizing enzymes, the oral 
absorption of drugs varies among species. Therefore, the rate (Cmax) 
and the extent of a drug's absorption (absolute bioavailability) varies 
from species to species. Due to these complexities, prediction of 
absolute bioavailability in humans from animal data may not be as 
straightforward as it appears and, therefore, animal models can only 
provide a rough estimate of absolute bioavailability in humans. Even 
such rough estimates can be of significant importance to identify 
problems of absorption and intestinal and hepatic metabolism in man. 
Since in an allometric approach, one tries to relate body weight to the 
parameter of interest, conceptually it is difficult to justify that an 
allometric relationship may exist between body weight and absolute 
bioavailability. However, a systematic study in this direction is 
lacking. The objective of this study was to evaluate the predictive 
performance of allometry to predict absolute bioavailability from 
animals to humans. Furthermore, four indirect methods were also 
evaluated to predict absolute bioavailability in humans from animal 
data. 

METHODS 

A literature search was conducted to obtain absolute bioavailability 
values for drugs that have been studied in at least three animal species 
(mouse, rat, rabbit, guinea-pig, monkey or dog). Fifteen drugs were 
selected randomly and the scaling of absolute bioavailability was 
performed as follows: 
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Method I 

Absolute bioavailability of each drug was plotted against body 
weight on a log-log scale and the following allometric equation was 
used to predict bioavailability in humans. 

F = a (W)b (1) 

where W is body weight and a and b are the coefficient and exponent 
of the allometric equation, respectively. 

Methods II-V 

In these four indirect methods of absolute bioavailability pre-
diction, the systemic and/or oral clearance of drugs is required. These 
predicted plasma clearances were then used to predict absolute 
bioavailability using equations 6-9. The following three approaches 
were used to predict clearance in humans: 

(i) Simple allometry 

Clearance of each drug was plotted against body weight on a log-
log scale and the following allometric equation was used to predict 
clearance in humans: 

Clearance = a (W)b (2) 

where W is body weight and a and b are the coefficient and exponent 
of the allometric equation, respectively. 

(ii) Maximum life-span potential (MLP) 

The observed clearance values in the different animal species were 
multiplied by their respective maximum life-span potential (MLP) and 
were plotted as a function of body weight on a log-log scale. From this 
plot, clearance χ MLP was estimated in humans and the result was 
then divided by the MLP of humans (8.18 χ 105 h) to predict clearance 
in man. 

Predii ted CL in humans = MLP χ Clearance (3) 
8.18 χ 105 

MLP in years was calculated from the following equation as described 
by Sacher/ l / : 
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MLP (years) = 185.4 (BW)0 636 (W)"0225 (4) 

where both brain weight (BW) and body weight (W) are in kilograms. 

(Hi) Product of brain weight and clearance 

In this approach, clearance of animal species was multiplied by the 
brain weight of the species and the product was plotted as a function 
of body weight on a log-log scale. From this plot, clearance χ brain 
weight was estimated in humans and the result was then divided by the 
human brain weight (1.53 kg). 

Predicted CL in humans = brain wt χ Clearance (5) 
1.53 

Both systemic and oral clearance were predicted in humans using 
the approach as described by Mahmood and Balian 121. 

The following equations were used to predict bioavailability of 
studied drugs indirectly from the predicted clearance: 

Method II 

F = CL(1V) (6) 
CL(oral) 

Method III 

F = l - C L ( I V ) (7) 

Q 
where Q is hepatic blood flow (1500 ml/min). 

Method IV 

F = 1- CL(oral) (8) 

Q 
Method V 

F = Q (9) 
Q + CL(oral) 

A number of assumptions were made while using equations 7-9. 
Equations 7-9 only represent hepatic bioavailability. Absolute 
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bioavailability may depend on the fraction of the drug absorbed by the 
gastrointestinal tract, metabolism by the liver, or by both the liver and 
the gut. Since all this information may not be available during the 
early phase of drug development, equations 7-9 will merely provide a 
rough estimate of absolute bioavailability. Furthermore, for equations 
7-9, total clearance rather than hepatic clearance was used. 

Statistical analysis 

Mean absolute error (MAE) was used to compare the predictive 
performance of different methods. 

MAE = Σϊ - 1 I predicted - observed 1 
η 

MAE was expressed as the percent of the observed mean as follows: 

(MAE) * 100 
observed mean 

RESULTS 

Method I 

Table 1 summarizes the exponents of the allometry and the correl-
ation coefficients between body weight and absolute bioavailability. A 
correlation coefficient greater than 0.8 was observed for 8 out of 15 
drugs. The exponents of allometric equation widely varied and were 
found to be both negative and positive. Table 1 also summarizes the 
predicted and observed absolute bioavailability of 15 drugs. Irres-
pective of a weak or strong relationship between body weight and 
absolute bioavailability, unreliable prediction of absolute bioavail-
ability was obtained using the allometric approach. The error between 
predicted and observed bioavailability ranged from 0% to 265%. 

Methods II-V 

In order to predict absolute bioavailability indirectly, the predicted 
systemic and oral clearances were used. Table 2 provides the summary 
of the exponents of the allometry and the correlation coefficients 
between body weight and clearance following i.v. and oral administ-
ration. Table 2 also compares the predicted and observed clearance. 
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Based on the exponents, one of the three methods (as described 
earlier) was used for the prediction of clearance. Simple allometry, 
MLP and brain weight approach were used when the exponents of 
simple allometry were <0.7, 0.71-0.99, and >1.0, respectively 121. Both 
systemic and oral clearance were predicted with reasonable accuracy 
(prediction error less than 30%) for most of the drugs used in the 
study. The four indirect approaches predicted bioavailability with 
different degrees of accuracy (Table 3). The overall results of the 
study indicate that none of the methods used in this study to predict 
bioavailability is reliable. However, a rough estimate of bioavailability 
can be obtained by using all five approaches and taking the midpoint 
of the lowest and the highest predicted bioavailability. In this study the 
midpoint used was the average of the lowest and the highest values. 
Some unreasonable predictions (>100%), as seen with actisomide and 
recainam, were omitted from this analysis. Based on %MAE (Table 
3), it can be seen that the prediction of absolute bioavailability using 
the allometric approach is the worst, whereas the best estimate was 
obtained using the midpoint approach. 

DISCUSSION 

Pharmacokinetics plays an important role during drug develop-
ment. Characterization of absorption, distribution, metabolism and 
excretion (ADME) in animals is of fundamental importance. The 
pharmacokinetic parameters from animals are extrapolated to humans 
for the selection of a suitable dose for the first dosing trials in humans. 
This report emphasizes the role and limitations of animal models to 
extrapolate absolute bioavailability in humans. It should be noted that 
one of the major drawbacks of extrapolating absolute bioavailability 
from animals to humans is that the animals may receive a different 
dosage form than humans. Generally animals are given an oral dose in 
solution form, whereas humans receive an oral dose as a tablet or 
capsule. This study assumes that the relative bioavailability between 
solid and liquid dosage forms is similar. Furthermore, the objective of 
extrapolating absolute bioavailability from animals to humans may not 
be to predict absolute bioavailability precisely (mainly due to the 
inherent difficulties described earlier), but rather to obtain a rough 
estimate of absolute bioavailability in humans. 
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Though a lot of attention has been given to predicting pharmaco-
kinetic parameters such as clearance, volume of distribution and half-
life in humans from animals, not much attention has been paid to 
predicting absolute bioavailability in humans. This may be due to the 
fact that the anatomy and physiology of animals vary widely and hence 
the absorption of an oral dose varies across species. Furthermore, the 
concept that absolute bioavailability can be related to body weight is 
not convincing. The results of this study clearly demonstrate the 
above-mentioned concerns. The relationship between body weight and 
absolute bioavailability (as determined by R) was found to be highly 
variable. For some drugs a good correlation (>0.8) was obtained, but a 
good correlation itself is no guarantee of a good prediction of absolute 
bioavailability. For example, correlation of 0.95 and greater was 
obtained for actisomide, recainam and tacrolimus, and yet the 
predicted absolute bioavailability was in gross error. The exponents of 
the allometry also fluctuated between positive and negative values 
with no particular trend for a given drug. In short, reliable predictions 
of absolute bioavailability were not obtained using an allometric 
approach. 

Equations 6-9 have been suggested as indirect methods to estimate 
absolute bioavailability /3/. Obach et al. /4/ used equation 7 to obtain a 
rough estimate of absolute bioavailability and reported that this 
approach predicted absolute bioavailability with a fair degree of 
accuracy. Besides the approach of Obach et al., in this report 
equations 8 and 9 were also evaluated for an indirect estimate of 
absolute bioavailability in humans. Equations 6-9 assume that the drug 
is completely absorbed and is not metabolized by the gut. Overall, it 
can be seen that an indirect approach, like the allometric approach 
(body weight vs absolute bioavailability), also exhibits uncertainty 
about the prediction of absolute bioavailability. Equation 6 requires an 
accurate prediction (probably less than 10% error between observed 
and predicted values) of clearance following both i.v. and oral 
administration for a precise prediction of absolute bioavailability. 
Equations 7-8 have their limitations. When the clearance is more than 
hepatic blood flow, this approach cannot be used. It should be noted 
that the reported clearance of the studied drugs is plasma clearance 
rather than blood clearance. Q is the hepatic blood flow (1500 ml/min) 
and has been used for the calculation of absolute bioavailability using 
equations 7-9. Although not reported here, the use of hepatic plasma 
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flow (approximately 750 ml/min) in place of hepatic blood flow did 
not help in improving the prediction of absolute bioavailability. 

At this time, due to the lack of appropriate method(s), the only 
possibility is to obtain a rough estimate of absolute bioavailability 
from animal data. Since all five methods were found unreliable, a 
rough estimate of absolute bioavailability can be achieved by using all 
five methods and taking the midpoint of the lowest and the highest 
predicted absolute bioavailability. In practice, a precise prediction of 
absolute bioavailability may not be necessary, but rather a rough 
estimate may suffice for making decisions during drug development. 

Overall, this study indicates that the allometric as well as indirect 
approaches may not predict the absolute bioavailability in humans 
with any degree of accuracy. However, this conclusion has been drawn 
based on very limited data (n = 15). Furthermore, the purpose of this 
preliminary report is to incite investigators of allometric scaling to 
further work in this direction. 
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