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ABSTRACT Statistical analysis and Monte Carlo 
simulation were used to characterize uncertainty in 
the allometric exponent (b) of xenobiotic clearance 
(CL). CL values for 115 xenobiotics were from 
published studies in which at least 3 species were 
used for the purpose of interspecies comparison of 
pharmacokinetics. The b value for each xenobiotic 
was calculated along with its confidence interval 
(CI). For 24 xenobiotics (21%), there was no 
correlation between log CL and log body weight. For 
the other 91 cases, the mean ± standard deviation of 
the b values was 0.74 ± 0.16; range: 0.29 to 1.2. 
Most (81%) of these individual b values did not 
differ from either 0.67 or 0.75 at P = 0.05. When CL 
values for the subset of 91 substances were 
normalized to a common body weight coefficient (a), 
the b value for the 460 adjusted CL values was 0.74; 
the 99% CI was 0.71 to 0.76, which excluded 0.67. 
Monte Carlo simulation indicated that the wide range 
of observed b values could have resulted from 
random variability in CL values determined in a 
limited number of species, even though the 
underlying b value was 0.75. From the normalized 
CL values, 4 xenobiotic subgroups were examined: 
those that were (i) protein, and those that were (ii) 
eliminated mainly by rena l excretion, (iii) by 
metabolism, or (iv) by renal excretion and 
metabolism combined. All subgroups except (ii) 
showed a b value not different from 0.75. The b 
value for the renal excretion subgroup (21 
xenobiotics, 105 CL values) was 0.65, which 
differed from 0.75 but not from 0.67.  
KEYWORDS: allometric scaling, body-weight 
exponent, clearance, metabolism, metabolic rate, 
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INTRODUCTION 

Biological structures and processes ranging from 
cellular metabolism to population dynamics are 
affected by the size of the organism1,2 . Although 
the sizes of mammalian species span 7 orders of 
magnitude, interspecies similarities in structural, 
physiological, and biochemical attributes result in 
an empirical power law (the allometric equation) 
that characterizes the dependency of biological 
variables on body mass:  
Y = a BW b  
where Y is the dependent biological variable of 
interest, a is a normalization constant known as the 
allometric coefficient, BW is the body weight, and 
b is the allometric exponent. The exponential form 
can be transformed into a linear function:  
Log Y = Log a + b (Log BW),  
and a and b can be estimated from the intercept and 
slope of a linear regression analysis. The magnitude 
of b characterizes the rate of change of a biological 
variable subjected to a change of body mass and 
reflects the geometric and dynamic constraints of 
the body3,4 .  
Although allometric scaling of physiological 
parameters has been a century- long endeavor, no 
consensus has been reached as to whether a 
universal scaling exponent exists. In particular, 
discussion has centered on whether the basal 
metabolic rate scales as the 2/3 or 3/4 power of the 
body mass1,2,3-9 .  
Allometric scaling has been applied in 
pharmacokinetics for approximately 2 decades. The 
major interest has been prediction of 
pharmacokinetic parameters in man from parameter 
values determined in animals10-15 . Clearance has 
been the most studied parameter, as it determines 
the drug-dosing rate. In most cases, the 
pharmacokinetics of a new drug was studied in 
several animal species, and the allometric 
relationship between pharmacokinetic parameters 
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and body weight was determined using linear 
regression of the log-transformed data. One or more 
of the following observations apply to most such 
studies: (i) Little attention was given to uncertainty 
in the a and b values; although the correlation 
coefficient was frequently reported, the confidence 
intervals of the a and b values were infrequently 
addressed. (ii) The a and b values were used for 
interspecies extrapolation of pharmacokinetics 
without analysis of the uncertainty in the predicted 
parameter values. (iii) The b value of clearance was 
compared with either the value 2/3 from "surface 
law" or 3/4 from "Kleiber's law" and the allometric 
scaling of basal metabolic rate.  
This paper addresses the possible impact of the 
uncertainty in allometric scaling parameters on 
predicted pharmacokinetic parameter values. We 
combined a statistical analysis of the allometric 
exponent of clearance from 115 xenobiotics and a 
Monte Carlo simulation to characterize the 
uncertainty in the allometric exponent for clearance 
and to investigate whether a universal exponent 
may exist for the scaling of xenobiotic clearance.  
MATERIALS AND METHODS 

Data collection and statistical analysis 
Clearance (CL) and BW data for 115 substances 
were collected from published studies in which at 
least 3 animal species were used for the purpose of 
interspecies comparison of pharmacokinetics16-90 . 
A total of 18 species (16 mammals, 2 birds) with 
body weights spanning 104 were involved (Table 
1). Previously published studies generally did not 
control or standardize across species the (i) dosage, 
(ii) numbers of individuals studied per species, (iii) 
principal investigator, (iv) blood sampling regime, 
or (v) gender.  
Table 1. Allometric Scaling Parameters Obtained from Linear 
Regressions of the Log-Log-Transformed CL versus BW Data 
of 115 Xenobiotics (a: allometric coefficient; b: allometric 
exponent) (Table located at the end of article). 

Linear regression was performed on the log-
transformed data according to the equation, Log CL 
= log a + b * log BW. Values for a and b were 
obtained from the intercept and the slope of the 
regression, along with the coefficient of 
determination (r 2). Statistical inferences about b 
were performed in the following form:  

H0 : b = ßi 
H1 : b ≠ ßi, i = 0, 1, 2 
Where  ß = 0, ß1 = 2/3, and ß2 = 3/4, respectively. 
The 95% and 99% confidence intervals (CI) were 
also calculated for each b value. In addition, the CL 
values for each individual xenobiotic were normalized 
so that all compounds had the same a value. Linear 
regression analysis was applied to the pooled, 
normalized CL versus BW data for the 91 xenobiotics 
that showed statistically significant correlation between 
log CL and log BW in Table 1 .  

Monte Carlo simulation 
The power function CL = a BW b was used to 
generate a set of error-free CL versus BW data. The 
values for BW were 0.02, 0.25, 2.5, 5, 14, and 70 
kg, which represented the body weights of mouse, 
rat, rabbit, monkey, dog, and human, respectively. 
The values of a and b used in the simulation were 
100 and 0.75, respectively. Random error was 
added to the calculated CL values, assuming a 
normal distribution of error with either a 20% or a 
30% coefficient of variation (CV), using the 
function RANDOM in Mathematica 4.0. (Wolfram 
Research, Champaign, IL) The b and r values were 
obtained by applying linear regression analyses on 
the log- log-transformed error-containing CL versus 
BW data using the Mathematica function 
REGRESS. Ten scenarios with a variety of 
sampling regimens that covered different numbers 
of animal species (3-6) with various body weight 
ranges (varying 5.6- to 3500-fold) were simulated 
(n = 100 per scenario). The simulations mimicked 
the sampling patterns commonly adopted in the 
published interspecies pharmacokinetics studies.  
RESULTS 

The allometric scaling parameters and their 
statistics are listed in Table 1 . Of 115 compounds, 
24 (21%) showed no correlation between clearance 
and body weight; in other words, there was a lack 
of statistical significance for the regression (P > 
0.05). This generally occurred when only 3 species 
were used. Among the remaining 91 cases, the 
mean ± standard deviation of the b values was 0.74 
± 0.16 with a wide range from 0.29 to 1.2 (Figure 
1). The frequency distribution of the b values 
appeared to be Gaussian. The mean significantly 
differed from 0.67 (P < 0.001) but not from 0.75. 
When the b value of each substance was tested 
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statistically against both 0.67 and 0.75, the majority 
of the cases (81% and 98% at the level of 
significance equal to 0.05 and 0.01, respectively) 
failed to reject the null hypotheses raised against 
both values (Table 1); in other words, individual b 
values did not differ from 0.67 and 0.75. The wide 
range for b of 95% and 99% CI highlighted the 
uncertainty associated with the determination of b 
values in most studies.  
The 10 animal groups studied by Monte Carlo 
simulation had mean b values (n = 100 per 
simulation) close to the assigned true value, 0.75 
(Table 2). However, the 95% CI in the majority of 
the scenarios failed to distinguish the expected 
value 0.75 from 0.67. Only Scenario 3 at the level 
of 20% CV excluded the possibility that b was 0.67 
with 95% confidence. When the experimental error 
was set at 30% CV, none of the simulations 
distinguished between b values of 0.67 and 0.75 
with 95% confidence. The mean r values ranged 
from 0.925 to 0.996, suggesting that the simulated 
experiments with a 20% and a 30% CV in 
experimental bias were not particularly noisy. The 
frequency distributions of b values are shown in 
Figure 2 .  

 
 
Figure 1.The frequency distribution of the b values for the 91 
xenobiotics that showed statistically significant correlation 
between log clearance (CL) and log body weight (BW) in Table 
1 . The frequency of the b values from 0.2 to 1.2, at an interval 
of 0.1, was plotted against the midpoint of each interval of b 
values. The dotted line represents a fitted Gaussian 
distribution curve. SD = standard deviation. 
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Table 2. Simulated b Values in Different Scenarios with Varied Body Weight Ranges 
b† r ††  

Scenarios* 
 

ms 
 

rt 
 

rb 
 

mk 
 

dg 
 

hm 
 

Range** 
20% CV 30% CV 20% CV 30% CV 

1 ·  ·  ·     125 0.75 
(0.63−0.87) 

0.74 
(0.53−0.95) 

0.996 0.986 

2 ·  ·  ·  ·    250 0.74 
(0.64−0.84) 

0.74 
(0.58−0.91) 

0.994 0.988 

3 ·  ·  ·  ·  ·   700 0.75 
(0.67−0.83) 

0.75 
(0.62−0.88) 

0.996 0.990 

4 · · · · · ·  3500 0.75 
(0.69−0.81) 

0.75 
(0.62−0.88) 

0.996 0.989 

5  · · ·   20 0.76 
(0.57−0.94) 

0.72 
(0.29−1.2) 

0.992 0.954 

6  · · · ·  56 0.75 
(0.60−0.88) 

0.73 
(0.50−0.95) 

0.990 0.968 

7  · · · · · 280 0.75 
(0.65−0.85) 

0.76 
(0.58−0.93) 

0.992 0.980 

8   · · ·  5.6 0.80 
(0.50−1.1) 

0.74 
(0.23−1.3) 

0.974 0.925 

9   · · · · 28 0.74 
(0.58−0.90) 

0.75 
(0.47−1.0) 

0.987 0.971 

10    · · · 14 0.74 
(0.50−0.98) 

0.73 
(0.44−1.0) 

0.988 0.969 

* ms: mouse, 0.02 kg; rt: rat, 0.25 kg; rb: rabbit, 2.5 kg; mk: monkey, 5 kg; dg: dog, 14 kg; hm: human, 70 kg. ; ** Range = maximum body 
weight/minimum body weight in each scenario; † The mean b value with 95% confidence interval (boldface in parentheses) was obtained 
from 100 simulations where linear regression analyses were applied to the log-log-transformed CL versus BW data with either a 20% or a 
30% coefficient of variation (CV) in clearance;  †† The mean correlation coefficient (r) of linear regression from 100 simulated experiments 
per scenario. 
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Figure 2 (previous page). The frequency distribution of the 
simulated b values in the 10 scenarios where the number of 
animal species and the range of body weight were varied. The b 
values were obtained by applying linear regression analyses on 
the log-log-transformed, error-containing clearance (CL) versus 
body weight (BW) data with either a 20% (gray) or a 30% (black) 
coefficient of variation (CV) in CL.  

Figure 3. The relationship between normalized clearances 
(CLnormalized ) and body weights (BW) for the 91 xenobiotics (n = 
460) that showed statistically significant correlation between log 
CL and log BW in Table 1 . The relationship follows the 
equation: log CLnormalized = 0.74 log BW + 0.015, r 2 = 0.917. The 
99% confidence interval of the regression slope was 0.71 to 
0.76. The different colors represent different subgroups of 
xenobiotics: red, protein; blue, xenobiotics that were eliminated 
mainly (< 70%) by renal excretion; green, xenobiotics that were 
eliminated mainly (< 70%) by metabolism; black, xenobiotics 
that were eliminated by both renal excretion and metabolism. 
The result of each subgroup can be viewed in the Web version 
by moving the cursor to each symbol legend. 
 

Table 3. Summary of the Statistical Results in Figure 3. 
 

Group* No. of 
Xenobiotics 

No. of 
Data Points 

Slope, b 
 

(95% CI) (99% CI) 

1 9 41 0.78 0.73–0.83 0.72–0.84 
2 21 105 0.65 0.62–0.69 0.61–0.70 
3 39 203 0.75 0.72–0.78 0.70–0.79 
4 22 111 0.76 0.71–0.81 0.70–0.82 

Overall 91 460 0.74 0.72–0.76 0.71–0.76 
Note: CI = confidence interval 
* Group 1 = protein; group 2 = xenobiotics that were eliminated mainly 
by renal excretion; group 3 = xenobiotics that were eliminated mainly 
by extensive metabolism; group 4 = xenobiotics that were eliminated 
by both renal excretion and nonrenal metabolism 

 
 

Figure 3 shows the relationship between 
normalized clearances and body weights (n = 460) 
for the 91 xenobiotics that showed a statistically 
significant correlation in Table 1 . The regression 
slope was 0.74, and the 99% CI was 0.71 to 0.76. 
The normalized clearances were divided into four 
groups: 9 proteins (Group 1, n = 41), 21 
compounds eliminated mainly via renal excretion 
(Group 2, n = 105), 39 compounds eliminated 
mainly via extensive metabolism (Group 3, n = 
203), and 22 compounds eliminated by both renal 
excretion and metabolism (Group 4, n = 111) 
(Figure 3). The summary of the regression results 
appears in Table 3 . While Groups 1, 3, and 4 had 
b values close to 0.75 and significantly different 
from 0.67 (P < 0.001), Group 2 had a b value close 
to 0.67 and significantly different from 0.75 (P < 
0.001).  
DISCUSSION 
Successful prediction of human clearance values 
using allometric scaling and clearance values 
measured in animals depends heavily on the 
accuracy of the b value. Retrospective analysis of 
published results for 115 substances indicated that 
the commonly used experimental designs result in 
considerable uncertainty for this parameter (Table 
1).  
CL values for 24 of the substances listed in Table 1 
failed to follow the allometric equation at the 95% 
confidence level. The failures appeared to result 
from the following factors: (i) Only 3 species were 
studied in 16 cases, which severely limited the 
robustness of the statistics. In the remaining 8 failed 
cases, 1 or more of the following occurred: (ii) The 
species were studied in different labs in 3 cases, 
(iii) small (n = 2) or unequal (n = 2-10) numbers of 
animals per species were studied in 4 cases, (iv) 
different dosages among species were used in 2 
cases, and (v) high interspecies variability in UDP-
glucuronosyltransferase activity was proposed in 1 
case75 . The failure of these 24 cases to follow the 
allometric equation appeared for the most part, 
therefore, to result from deficiencies in 
experimental design-in other words, failure of 
detection rather than failure of the particular 
substance's CL to follow the allometric 
relationship.  
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How well did allometry applied to animal CL 
values predict the human CL value? One ind ication 
is how close the human CL value fell to the fitted 
line. Of the 91 substances that followed the 
allometric equation, 68 included human as 1 of the 
species. In 41 cases, the human CL value fell below 
the line, and in 27 cases it fell above (Figure 4). 
The mean deviation was only 0.62%, and the 
majority of deviations were less than 50%. It 
therefore appeared that for most of the 68 
substances studied with human as one of the 
species, the human CL value did not deviate 
systematically or extraordinarily from the fitted 
allometric equation. The tendency, noted by 
others10,12 , of the CL value for human to be lower 
than that predicted from animal CL values was 
therefore not apparent in this large data set.  
 

 
Figure 4.The deviation between the fitted and the observed 
human clearance (CL) for 68 xenobiotics. The fitted human CL 
of each xenobiotic was obtained by applying linear regression 
on the log-log-transformed CL versus BW data from different 
animal species including human. The deviation was calculated 
as 100*(CLobserved - CLfitted)/CLfitted . The mean deviation was 
0.62%.  

The b values for the 91 substances that followed 
the allometric equation appeared to be normally 
distributed around a mean value of 0.74, but the 
range of values was quite broad (Figure 1). 
Although impossible to answer definitively with 
these data, the question of whether there is a 
"universal" b value is of interest. Does the 
distribution shown in Figure 1 reflect a universal 

value with deviation from the mean due to 
measurement errors, or are there different b values 
for the various mechanisms involved in clearance? 
The Monte Carlo simulations indicated that 
introduction of modest amounts of random error in 
CL determinations (Figure 2) resulted in a 
distribution of b values not unlike that shown in 
Figure 1 . This result supported the possibility that 
a universal b value operates and that the range of 
values seen in Table 1 resulted from random error 
in CL determination coupled with the uncertainty 
that accrued from use of a limited number of 
species. However, examination of subsets of the 91 
substances segregated by elimination pathway 
showed a b value around 0.75, except for 
substances cleared primarily by the kidneys; the b 
value for this subgroup was 0.65 (see below), and 
the CI excluded a value larger than 0.70.  
The central tendency of the b values is of interest, 
particularly given the recent interest in the question 
of whether basal metabolic rate scales with a b 
value of 0.67 or 0.753,4,8,9 . When examined 
individually, the 95% CI of the b values for most of 
the 91 substances inc luded both values, although 
the mean for all the b values tended toward 0.75. 
So that all CL values could be viewed together, a 
normalization process was used that assumed a 
common a value for all 91 substances, and CL 
values were adjusted accordingly (Figure 3). Fit of 
the allometric equation to this data set gave a b 
value of 0.74, and its CI included 0.75 and 
excluded 0.67. Normalized CL values were 
randomly scattered about the line, with one 
exception: In the body weight range 20 to 50 kg 
(dog, minipig, sheep, and goat), the normalized CL 
values generally fell above the line.  
The 91 substances were segregated by molecular 
size (protein) and by major elimination pathway 
(renal excretion, metabolism, combination of both) 
(Figure 3). With the exception of the renal 
excretion subgroup, the normalized CL values for 
the subgroups showed b values similar to the 
combined group and their CIs included 0.75 and 
excluded 0.67 (Table 3). The renal excretion 
subgroup (21 substances and 105 CL values), 
however, showed a b value of 0.65 with a CI that 
excluded 0.75. This result was surprising as it 
appeared to contradict b values of 0.77 reported for 
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both mammalian glomerular filtration rate and 
effective renal plasma flow91-93 , although it was 
consistent with a b value of 0.66 reported for 
intraspecies scaling of inulin-based glomerular 
filtration rate in humans94 and with a b value of 
0.69 for scaling creatinine clearance95 .  
Whether the metabolic rate scales to the 2/3 or the 
3/4 power of body weight has been the subject of 
debate for many years. No consensus has been 
reached. The surface law that suggested a 
proportional relationship between the metabolic 
rate and the body surface area was first 
conceptualized in the 19th century. It has gained 
support from empirical data6, 96 as well as 
statistical6,9 and theoretical6, 97 results. In 1932, 
Kleiber's empirical analysis led to the 3/4-power 
law, which has recently been generalized as the 
quarter-power law by West et al.3,4 . Different 
theoretical analyses based on nutrient-supply 
networks3,8 and 4-dimensional biology4 all 
suggested that the quarter-power law is the 
universal scaling law in biology98 . However, the 
claim of universality was challenged by Dodds et 
al.9 , whose statistical and theoretical reanalyses 
cannot exclude 0.67 as the scaling exponent of the 
basal metabolic rate.  
The logic behind the pursuit of a universal law for 
the scaling of energy metabolism across animal 
species is mainly based on the assumption that an 
optimal design of structure and function operates 
across animal species3,4,8, 99-101 . Given the fact that 
all mammals use the same energy source (oxygen) 
and energy transport systems (cardiovascular, 
pulmonary) and given the possibility that 
evolutionary force may result in a design principle 
that optimizes energy metabolism systems across 
species, the existence of such a law might be 
possible. However, available data and analyses 
have not led to a conclusion.  
A large body of literature data has indicated that the 
allometric scaling relationship applies to the 
clearance of a variety of xenobiotics. It has been 
speculated that xenobiotic clearance is related to 
metabolic rate, and clearance b values have 
frequently been compared with either 0.67 or 0.75. 
The b values obtained from the scaling of clearance 
for a variety of xenobiotics tended to be scattered. 
Our analysis indicated that the b value generally 

fell within a broad range between 0 and 1 or even 
higher. The scatter of b values may have resulted 
from the uncertainty that accrued from the 
regression analysis of a limited number of data 
points as discussed above. In addition, the scatter 
may have involved the variability in 
pharmacokinetic properties among different 
xenobiotics. This variability rendered the prediction 
of the b value extremely difficult. Moreover, the 
discussion of "universality" of the b value was less 
possible in this regard. From the pharmacokinetics 
point of view, lack of a unique b value for all drugs 
may be considered as a norm. In this regard, the 
uncertainty and variability became a universal 
phenomenon. To determine whether a unique b 
value exists for the scaling of CL, a more rigorous 
experimental design has to be included to control 
the uncertainty that may obscure the conclusion. 
Although a study that includes the CL data for a 
variety of drugs covering the animal species with a 
scope similar to that of its counterpart in scaling 
basal metabolic rate might be sufficient, it would 
also be extremely unrealistic. Therefore, from the 
perspective of pharmacokinetics where the drug is 
the center of discussion, it is almost impossible to 
address whether the b value of CL tended to be 
dominated by 1 or 2 values. However, from the 
perspective of physiology where the function of a 
body is of interest, systematic analysis of currently 
available data in interspecies scaling of CL may 
provide some insight into the interspecies scaling of 
energy metabolism. The rationale behind this line 
of reasoning was that the elimination of a 
xenobiotic from a body is a manifestation of 
physiological processes such as blood flow and 
oxygen consumption. Interestingly, the two 
competitive exponent values, but not others, in 
theorizing the scaling of energy metabolism 
reappeared in our analysis. The value 0.75 appeared 
to be the central tendency of the b values for the CL 
of most compounds, except for that of drugs whose 
elimination was mainly via kidney.  
CONCLUSION 

Whether allometric scaling could be used for the 
prediction of the first-time-in-man dose has been 
debated102,103 . Figure 4 shows that a reasonable 
error range can be achieved when human CL is 
predicted by the animal data for some drugs. 
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However, the success shown in the retrospective 
analysis does not necessarily warrant success in 
prospective applications. As indicated by our 
analyses on the uncertainty of b values and as 
illustrated in Bonate and Howard's commentary102 , 
caution is needed when allometric scaling is 
applied in a prospective manner. In addition, the 
use of a deterministic equation in predicting 
individual CL data may be questionable because 
the intersubject variability cannot be accounted for. 
Nevertheless, allometric scaling could be an 
alternative tool, if the mean CL for a population is 
to be estimated and if the uncertainty is adequately 
addressed. When the uncertainty in the 
determination of a b value is relatively large, a 
fixed-exponent approach might be feasible. In this 
regard, 0.75 might be used for substances that are 
eliminated mainly by metabolism or by metabolism 
and excretion combined, whereas 0.67 might apply 
for drugs that are eliminated mainly by renal 
excretion.  
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Table 1. Allometric Scaling Parameters Obtained from Linear Regressions of the Log-Log-Transformed CL versus 
BW Data of 115 Xenobiotics (a: allometric coefficient; b: allometric exponent)  
 
 
 
Compounds  a  b  r 2 ( i ) P ( ii ) 95% CI of b  99% CI of b  Species (vii)  Ref 
Acivin  3.9  0.57 0.976  ***  0.45 - 0.70 (iii)  0.37 - 0.78  ms, rt, mk, dg, hm  16  
AL01567  0.41  0.93 0.834  *  0.17 - 1.7  n.d.  rt, mk, dg, cz, hm  17  
AL01576  0.36  1.1  0.955  **  0.75 - 1.4 (iv)  0.54 - 1.6  rt, mk, cz, hm  17  
AL01750  0.39  0.98 0.829  *  0.16 - 1.8  n.d.  rt, dg, mk, cz  17  
Alfentanil  47  0.75 0.975  ***  0.59 - 0.92  0.48 - 1.0  rt, rb, dg, sh  18  
1-Aminocyclopropanecarboxylate  2.6  0.72 0.902  *  0.28 - 1.2  n.d.  ms, rt, mk, hm  19  
Amphotericin B  0.94  0.84 0.988  ***  0.77 - 0.91 (v)  0.74 - 0.94 (iv)  ms, rt, rb, dg, hm  20  
Amsacrine  38  0.46 0.906  *  0.19 - 0.73  n.d.  ms, rt, rb, dg, hm  21  
Anti-digoxin Fab  1.0  0.67 0.992  0.06 n.d. (vi)  n.d.  ms, rt, rb  22  
Antipyrine  6.9  0.57 0.716  0.15 n.d.  n.d.  rt, rb, dg, hm  23  
Antivenom Fab2  0.033 0.53 0.990  0.06 n.d.  n.d.  ms, rt, rb  24  
Apramycin  2.8  0.80 0.924  **  0.38 - 1.2  0.028 - 1.6  sh, rb, ck, pn  25  
AZT       26 0.96 0.982  **  0.72 - 1.2 (iv)  0.52 - 1.4  ms, rt, mk, dg, hm  26  
Betamipron  16  0.69 0.975  ***  0.53 - 0.84  0.43 - 0.94  ms, gp, rt, rb, mk, dg  27  
Bosentan  25  0.56 0.663  *  0.006 - 1.1  n.d.  ms, mt, rt, rb, hm  23  
BSH  2.1  0.68 0.945  *  0.028 - 0.18  n.d.  ms, rt, rb, hm  28  
Caffeine  6.3  0.74 0.981  **  0.55 - 0.93  0.39 - 1.1  ms, rt, rb, mk, hm  29  
Candoxatrilat  9.6  0.66 0.986  ***  0.52 - 0.81  0.39 - 0.93  ms, rt, rb, dg, hm  30  
CD4-IgG  0.10  0.74 0.959  *  0.27 - 1.2  n.d.  rt, rb, mk, hm  31  
Cefazolin  4.5  0.68 0.975  ***  0.52 - 0.83  0.43 - 0.93  ms, rt, rb, dg, mk, hm  32  
Cefmetazole  12  0.59 0.917  **  0.35 - 0.84  0.18 - 1.0  ms, rt, rb, dg, mk, hm  32  
Cefodizime  1.5  1.0  0.926  **  0.48 - 1.5  0.047 - 1.9  ms, rt, rb, dg, mk  33  
Cefoperazone  6.7  0.57 0.823  *  0.20 - 0.94  n.d.  ms, rt, rb, dg, mk, hm  32  
Cefotetan  6.3  0.53 0.849  **  0.22 - 0.84  0.016 - 1.0  ms, rt, rb, dg, mk, hm  32  
Cefpiramide  4.1  0.40 0.589  0.07 n.d.  n.d.  ms, rt, rb, dg, mk, hm  32  
Ceftizoxime  11  0.57 0.986  **  0.37 - 0.78  0.10 - 1.1  ms, rt, mk, dg  34  
CI-1007  35  0.90 0.998  *  0.44 - 1.4  n.d.  rt, mk, dg  35  
CI-921  15  0.51 0.830  *  0.085 - 0.93  n.d.  ms, rt, rb, dg, hm  21  
Cicaprost  37  0.83 0.956  ***  0.59 - 1.1  0.42 - 1.2  ms, rt, rb, mk, pg, hm  36  
Clevidipine  288  0.84 0.985  0.07 n.d.  n.d.  rt, rb, dg  37  
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Table 1. (continued)  
 
 

Compounds  a  b  r 2 ( i )  P ( ii )  95% CI of b  99% CI of b Species (vii)  Ref.  
Cyclosporin  5.8  0.99  0.931  *  0.17 - 1.8  n.d.  rt, rb, dg, hm  38  
DA-1131  11  0.81  0.995  ***  0.71 - 0.93 (iv)  0.61 - 1.0  ms, rt, rb, dg, hm  39  
Diazepam  89  0.2  0.135  0.5  n.d.  n.d.  rt, gp, rb, dg, hm  40  
Didanosine  33  0.76  0.971  **  0.52 - 1.0  0.32 - 1.2  ms, rt, mk, dg, hm  41  
Dolasetron  74  0.73  0.950  *  0.22 - 1.2  n.d.  rt, mk, dg, hm  42  
Enoxacin  36  0.43  0.874  *  0.13 - 0.73 (iii)  n.d.  ms, rt, mk, dg, hm  43  
Enprofylline  6.0  0.72  0.852  **  0.30 - 1.1  0.028 - 1.4  ms, rt, gp, rb, dg, hm  44  
Enrofloxacin  23  0.77  0.972  **  0.53 - 1.0  0.33 - 1.2  ms, rt, rb, sh, cw  45  
Eptaloprost  115  0.83  0.985  0.08  n.d.  n.d.  rt, mk, hm  36  
Erythromycin  37  0.66  0.966  ***  0.49 - 0.83  0.37 - 0.94  ms, rt, rb, dg, hm, cw  46  
FCE22101  11  0.76  0.909  *  0.027 - 1.5  n.d.  rt, rb, mk, dg  47  
Fentanyl  60  0.88  0.990  0.06  n.d.  n.d.  rt, dg, pg  18  
Fluconazole  1.2  0.70  0.992  ***  0.63 - 0.77  0.58 - 0.82  ms, rt, gp, rb, ct, dg, hm  48  
Flunoxaprofen  0.98  1.0  0.925  0.2  n.d.  n.d.  rt, dg, mk  49  
5-Fluorouracil  7.6  0.74  0.991  **  0.52 - 0.95  0.24 - 1.2  ms, rt, dg, hm  50  
FPL-52757  0.91  0.62  0.973  **  0.43 - 0.81  0.28 - 0.97  rt, rb, mk, dg, hm  51  
Grepafloxacin  15  0.64  0.886  0.06  n.d.  n.d.  rt, rb, mk, dg  52  
HI-6  9.8  0.76  0.972  ***  0.61 - 0.91  0.53 - 0.99  ms, rt, rb, mk, dg, sh, hm 53  
Iloprost  48  0.85  0.970  ***  0.64 - 1.1  0.51 - 1.2  ms, rt, rb, dg, pg, hm  36  
Interferon α  3.7  0.71  0.980  **  0.52 - 0.90  0.36 - 1.1  ms, rt, rb, dg, mk  54  
Kanamycin  2.9  0.81  0.970  ***  0.61 - 1.0  0.48 - 1.1  sh, gt, rb, ck, pn  25  
Ketamine  119  0.56  0.632  0.1  n.d.  n.d.  rt, rb, pg  18  
KG-2413  610  1.1  0.741  0.3  n.d.  n.d.  rt, gp, dg  55  
Lamifiban  6.1  0.88  0.887  0.2  n.d.  n.d.  rt, dg, mk  56  
Lamivudine  15  0.75  0.991  **  0.53 - 0.97  0.24 - 1.3  rt, mk, dg, hm  41  
Lenercept  0.0079  1.1  0.998  **  0.90 - 1.2 (v)  0.71 - 1.4 (iv)  rt, rb, mk, dg  57  
Lomefloxacin  10  0.79  0.992  ***  0.66 - 0.92  0.56 - 1.0  ms, rt, mk, dg, hm  46  
Metazocin  11  0.29  0.973  *  0.15 - 0.44  n.d.  ms, rt, rb, hm  58  
Methohexitone  73  0.86  0.997  *  0.26 - 1.5  n.d.  rt, rb, dg  18  
Mibefradil  62  0.62  0.923  **  0.29 - 0.95  0.018 - 1.2  rt, mt, rb, dg, hm  23  
Midazolam  67  0.68  0.850  *  0.15 - 1.2  n.d.  rt, rb, dg, pg, hm  23  
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Table 1. (continued)  
 

Compounds  a  b  r 2 ( i  )  P ( ii ) 95% CI of b 99% CI of b Species (vii)  Ref. 
Miglitol  7.4  0.64  0.998  *  0.31 - 0.97  n.d.  rt, dg, hm  59  
Mofarotene  14  0.84  0.983  **  0.51 - 1.2  n.d.  ms, rt, dg, hm  23  
Moxalactam  5.0  0.66  0.992  ***  0.58 - 0.74 (iii) 0.53 - 0.79  ms, rt, rb, dg, mk, hm 32  
Moxifloxacin  20  0.56  0.949  ***  0.38 - 0.74 (iii) 0.26 - 0.86  ms, rt, mk, dg  60  
Napsagatran  50  0.74  0.842  0.08  n.d.  n.d.  rt, rb, dg, mk  61  
Nicardipine  69  0.55  0.962  ***  0.40 - 0.70 (iii) 0.30 - 0.80  rt, dg, mk, hm  62  
Nimustine  42  0.83  0.968  **  0.55 - 1.1  0.32 - 1.3  ms, rt, rb, dg, hm  63  
Nipradilol  59  0.66  0.796  *  0.047 - 1.3  n.d.  rt, rb, mk, dg  64  
N-Nitrosodimethylamine  59  0.93  0.972  ***  0.75 - 1.1 (iv)  0.65 - 1.2  ms, hr, rt, rb, mk, dg, pg  65  
Norfloxacin  81  0.77  0.893  *  0.28 - 1.3  n.d  ms, rt, mk, dg, hm  43  
NS-49  14  0.64  0.994  0.05  n.d.  n.d.  rt, rb, dg  66  
Ofloxacin  7.5  0.64  0.946  *  0.17 - 1.1  n.d.  rt, mk, dg, hm  43  
Oleandomycin  30  0.69  0.996  **  0.55 - 0.83  0.36 - 1.0  ms, rt, dg, hm  46  
Panipenem  12  0.61  0.977  ***  0.48 - 0.74 (iii) 0.39 - 0.82  ms, gp, rt, rb, mk, dg  27  
Pefloxacin  13  0.57  0.910  *  0.24 - 0.90  n.d.  ms, rt, mk, dg, hm  43  
Phencyclidine  52  0.64  0.891  **  0.33 - 0.95  0.12 - 1.1  ms, rt, pn, mk, dg, hm  67  
Procaterol  29  0.80  0.992  0.06  n.d.  n.d.  rt, rb, dg  68  
Propranolol  98  0.64  0.81  0.10  n.d.  n.d.  rt, rb, dg, hm  23  
P-selectin glycoprotein ligand-1  0.0060  0.93  0.939  **  0.49 - 1.4  0.13 - 1.7  ms, rt, mk, pg  69  
Recombinant CD4  3.4  0.65  0.995  **  0.50 - 0.79  0.31 - 0.98  rt, rb, mk, hm  31  
Recombinant growth hormone 6.8  0.71  0.995  **  0.55 - 0.87  0.34 - 1.1  ms, rt, mk, hm  31  
Recombinant human factor VIII  0.16  0.71  0.999  *  0.45 - 0.97  n.d.  ms, rt, hm  70  
Relaxin  6.0  0.80  0.992  ***  0.66 - 0.93  0.55 - 1.0  ms, rt, rb, mk, hm  31  
Remikiren  50  0.67  0.898  *  0.26 - 1.1  n.d.  rt, dg, mt, mk,  71  
Remoxipride  29  0.42  0.710  0.07  n.d.  n.d.  ms, rt, hs, dg, hm  72  
Ro 24-6173  69  0.64  0.976  *  0.33 - 0.95  n.d.  rt, rb, dg, hm  23  
Rolitetracycline  11  0.89  0.989  ***  0.72 - 1.1 (iv)  0.58 - 1.2  rb, pg, pn, ck  73  
Sanorg 32701  0.35  0.87  0.979  0.09  n.d.  n.d.  rt, rb, bb  74  
SB-265123  15  0.80  0.812  0.1  n.d.  n.d.  ms, rt, mk, dg  75  
Sch 27899  0.78  0.62  0.966  *  0.27 - 0.98  n.d.  ms, rt, rb, mk  76  
Sch 34343  13  0.77  0.924  ***  0.51 - 1.0  0.37 - 1.2  ms, rt, mk, rb, dg, hm 77  
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Table 1. (continued)  
 

Compounds  a  b  r 2 ( i  )  P ( ii )  95% CI of b  99% CI of b  Species (vii)  Ref.  
Sematilide  20  0.66 0.982  **  0.39 - 0.94  0.034 - 1.3  rt, rb, dg, hm  78  
Sildenafil  28  0.66 0.999  ***  0.59 - 0.73 (iii)  0.51 - 0.81  ms, rt, dg, hm  79  
SK&F107647  7.2  0.63 0.964  0.1  n.d.  n.d.  rt, dg, hm  80  
SR 80027  0.10  0.53 0.990  0.06  n.d.  n.d.  rt, rb, bb  74  
SR90107A  0.68  0.55 0.978  *  0.30 - 0.79  n.d.  rt, rb, bb, hm  74  
Stavudine  19  0.84 0.993  ***  0.71 - 0.97 (iv)  0.60 - 1.1  ms, rt, mk, rb, hm  41  
Sumatriptan  32  0.84 0.973  *  0.42 - 1.3  n.d.  rt, rb, dg, hm  81  
Talsaclidine  37  0.63 0.971  *  0.30 - 0.97  n.d.  ms, rt, mk, hm  82  
Tamsulosin  61  0.59 0.993  0.05  n.d.  n.d.  rt, rb, dg  83  
Tebufelone  31  0.79 0.963  *  0.32 - 1.3  n.d.  rt, mk, dg, hm  84  
Theophylline  1.9  0.81 0.950  ***  0.64 - 0.98  0.57 - 1.1  rt, gp, rb, ct, pg, hs, 

hm  
85  

Thiopentone  3.5  1.0  0.874  **  0.57 - 1.4  0.32 - 1.7  rt, rb, dg, sh  18  
Tiludronate  1.5  0.56 0.977  **  0.40 - 0.71  0.27 - 0.84  ms, rt, rb, dg, bb  86  
Tissue-plasminogen activator  17  0.84 0.986  ***  0.72 - 0.95 (iv)  0.66 - 1.0  ms, hs, rt, rb, mk, dg, 

hm  
23  

Tolcapone  12  0.65 0.927  *  0.095 - 1.2  n.d.  rt, rb, dg, hm  27  
Tolterodine  62  0.62 0.978  *  0.34 - 0.90  n.d.  ms, rt, dg, hm  87  
Tosufloxacin  64  0.80 0.919  *  0.36 - 1.24  n.d.  ms, rt, mk, dg, hm  43  
Trimethadione  4.1  0.70 0.942  ***  0.50 - 0.90  0.39 - 1.0  ms, hs, rt, rb, dg, mk, 

hm  
88  

Troglitazone  12  0.81 0.988  **  0.54 - 1.1  0.19 - 1.4  ms, rt, mk, dg  89  
Tylosin  54  0.69 0.993  0.053  n.d.  n.d.  rt, dg, cw  48  
Zalcitabine  15 0.82 0.983  ***  0.62 - 1.0  0.45 - 1.2  ms, rt, ct, mk, hm  41  
Zidovudine  26  0.95 0.981  **  0.71 - 1.2 (iv)  0.51 - 1.4  ms, rt, mk, dg, hm  41  
Zomepirac  1.6  1.2  0.902  **  0.63 - 1.7  0.28 - 2.0  ms, rt, rb, hs, mk, hm 90  

 
Note: CL = clearance, BW = body weight, CI = confidence interval.  
(i) Coefficient of determination.  
(ii) Statistical testing against b = 0: P < 0.05 (*); P < 0.01 (**); P < 0.001 (***).  
(iii) Excluding b = 0.75.  
(iv) Excluding b = 0.67.  
(v) Excluding both b = 0.75 and b = 0.67.  
(vi) n.d.: not determined because of a lack of correlation between CL and BW at the significance level = 0.05 (column 6) 
and = 0.01 (column 7).  
(vii) rt, rat; rb, rabbit; bb, baboon; mk, monkey; dg, dog; hm, human; ms, mouse; cz, chimpanzee; sh, sheep; ck, chicken; 
pn, pigeon; gp, guinea pig; pg, pig; ct, cat; cw, cow; gt, goat; mt, marmoset; hs, hamster.  
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