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The pharmacokinetics of the drugs antipyrine and isoniazid was studied in Wistar rats in
the course of their adaptation to cold (+5°C) over 35 days. The significant increases re-
corded in the clearance of these drugs were mainly due to their accelerated elimination
during the first week of cold and to their increased volume of distribution subsequently
(on days 15-22). By the end of the 35-day observation period, the pharmacokinetic pa-
rameters of both drugs were close to the pre-exposure levels except that the clearance of
isoniazid remained significantly elevated. For this animal model! of adaptation to cold,
no inhibition of the xenobiotic-metabolizing function of the liver was noted.
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Prolonged exposure of humans or animals to low
temperatures elicits a set of responses involving
many organs and systems. The adaptation to cold
is often due to a reduction in the specific func-
tion of an organ or tissue. For instance, an in-
crease in the energy cost of muscular contraction,
leading to diminished performance efficiency, has
been demonstrated for the myocardium and smooth
musculature of cold-adapted animals [1,10].

An important part in cold adaptation is played
by the liver [8]. In the few relevant (and contra-
dictory) studies which have been reported and
which used various methods and durations of ex-
posure to low temperature, rises as well as falls
were noted in the activity of the hepatic mono-
oxygenase system mediating the first phase of the
biotransformation undergone by xenobiotics [7,15].
However, the question of how adaptation to cold
affects conjugation processes (the second phase of
biotransformation) has not been addressed in the
literature.
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In this study on rats we examined, at various
times during their exposure to cold, the pharma-
cokinetics of antipyrine (AP), the metabolism of
which in the liver is catalyzed by cytochrome P-
450, and that of isoniazid (IN), whose metabolism
there is associated with N-acetyltransferase.

MATERIALS AND METHODS

The study was conducted on two groups of male
Wistar rats weighing about 200 g. They were each
kept in a separate cage (cold chamber) at a tem-
perature of +5°C under artificial illumination (us-
ing a 12 h light/12 h darkness schedule) for 35
days. The Hart model of adaptation to cold we
used is widely accepted in the physiology of ther-
moregulation, although it has recently been clai-
med that this model is excessively rigorous [5]. In
preliminary tests we had found that keeping rats
in individual cages for 6 weeks at 26°C had no
appreciable effect on the pharmacokinetics of ei-
ther AP or IN.

To obtain baseline data, pharmacokinetic pa-
rameters were first measured on day 7 before the
rats were exposed to cold. After they had been

0007-4888/94/0009-0978$12.50 ©1995 Plenum Publishing Corporation



A. R. Kolpakov, M. A. Kolpakov, and L. E. Panin 979
TABLE 1. Impact of Exposure to Cold on AP Pharmacokinetics in Rats (M=m, n=7)
; Days of measurement
Parameter Baslelme 4 men
values 1 8 16 2 35

K, liters/h 0.35=0.03 0.41=0.04 0.480.02" 0.37%0.03 0.390.03 0.35%0.05
T, h | 207=048 | 1.73%014 | 1472005 | 1.93%0.18 17901500 B 2:220.29
V, ml/kg | 987.3%88.6 | 941.8=950 | 10 2 | 1376.1=156.5" | 1196.3443.6° | 893.9%85.4
CIL mi/hXkg 3B1.7E175 | 37482196 | 4 | 5034%59.9% | 469.1%£250° | 298.8%235

placed in individual cold chambers, measurements
were repeated on days 1, §, 15, 22, and 35 of
exposure. These particular intervals were selected
on the basis of the results of our previous study
[4]. Rats of group 1 were injected intraperitoneally
with AP (18 mg/kg), and the plasma concentra-
tions of this drug were then determined by high-
performance liquid chromatography [6] on the in-
dicated days. Group 2 rats were injected by the
same route with IN (100 mg/kg) and its plasma
concentrations were determined spectrophotometri-
cally [3] on the same days.

The following four pharmacokinetic parameters
were calculated by commonly used formulas [9]:
elimination half-time (T, 1), elimination rate con-
stant (K ), volume of distribution (V)), and total
clearance (C/). The results were processed statisti-
cally using the nonparametric Kolmogoroff-
Smirnoff test.

RESULTS

The adaptation to cold substantially altered the
pharmacokinetic parameters of AP (Table 1). By
day 8 of adaptation, its K had increased by 37.1%
while its T), had decreased by 29%. On days 15
and 22, the V, of AP exceeded the baseline level
by 39.4% and 21.2%, respectively. Its Cl was sig-
nificantly increased on days 8, 15, and 22. Accel-
erated AP elimination has been reported to occur
at times when the total level of cytochrome P-450
and the activities of its individual isoenzymes are
elevated [13].

The exposure to cold also strongly affected the
pharmacokinetic parameters of IN (Table 2). After

8 days of exposure, its K, was 12.7% above the
baseline and its 7|, was 16.1% below it. On day
15, its ¥, was increased by 48.5%, but tended to
decrease later. Its C/ rose 15.9% above the base-
line as early as on day 1 and remained elevated
throughout the adaptation period, exceeding the
pre-exposure level by 29.9% on day 8, 50.3% on
day 15, and 21.4% on day 35.

Thus, in this study the use of AP and IN as
test drugs that reflect predominantly the activity of
systems metabolizing Xenobiotics in the liver [11,
12] revealed accelerated elimination of both drugs
(increases in K| and C/ and decreases in T, )
indicating enhanced activity of the reactions pro-
ceeding in the first as well as in the second
phases of biotransformation. By the end of the
observation period, the metabolic rates of both AP
and IN had returned to near-baseline values. Af-
ter approximately 3 to 4 weeks of adaptation to
cold, the distribution volumes of both drugs were
increased, and their clearance was at its peak dur-
ing that period. The increased distribution volu-
mes of xenobiotics noted at certain times of ad-
aptation to cold paralleled by their increased clear-
ances may be due to enhanced blood flow through
the liver [2]; indirect evidence supporting this
view is provided by the reported increase in liver
weight [14].

The accelerated elimination of both AP and
IN observed in the present study suggests that the
enzyme systems involved in the biotransformation
of these Xenobiotics were responding to cold in a
similar fashion, and that the metabolic function of
the liver was not inhibited in this animal model
of adaptation to cold.

TABLE 2. Impact of Exposure to Cold on IN Pharmacokinetics in Rats (M=m, n=7)

Parameter Baseline values Days of measurement
1 8 15 35
K, liters/h 0.77=0.09 0.80=0.08" 0.65=0.08 0.70=0.11
V, mi/kg 628.3+=105.3 624.4%49.3 932.9%=97.6" 768.9+151.6
€, mi/hxXkg 8301 | 5633%167 | 4s5ixs37
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