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Abstract-The aim of this study was to investigate the possible 
influence of the time of administration on mepivacaine acute toxicity 
and kinetics in mice. Four different groups ofadult male NMRI mice 
maintained under controlled environmental conditions (lights on: 
=0600~ 1800 h) were injected at one of the following times: 1000, 
1600, 1900. 2200, 0100 and 0400 h with one of four doses of 
mepivacaine at each time point to establish the acute toxicity 
(LD50). To assess chronokinetics, a single 60 mg kg-I i.p. dose of 
mepivacaine was given to adult male NMRI mice at four fixed times: 
1000, 1600, 2200 and 0400 h. Mepivacaine plasma concentrations 
were determined by GLC. Our data showed significant 24 h 
variations in the following parameters: Highest tmax 
value=0,366f0.073 h at lo00 h ( P < 0 4 0 5 ,  amplitude, maximum- 
minimumhean x 100, = 184%). highest Cmar/tmar ratio= 
177.17k9.49 at 2200 h (P<0,005, amplitude= 192"/,), highest 
Vd=0.842+0.23 L kg-' at 2200 h (P<0.005, amplitude= 158%) 
and highest fl  phase elimination half-life = 5.408 k I .36 h at 2200 h 
(P<0.025, amplitude= 145%). C,,, (amplitude= 15%). AUCd 
(amplitude= 24%) and clearance (amplitude= 23%) were not sig- 
nificantly time-dependent. These data demonstrate a temporal 
pattern of mepivacaine kinetics similar to those reported previously 
for bupivacaine. The temporal changes in mepivacaine-induced 
acute toxicity may result in part from its chronokinetic changes. 

Temporal changes of drug kinetics (chronokinetics) have been 
reported in animals and man for more than a hundred drugs 
(Lemmer 1981; Reinberg & Smolensky 1982; Bruguerolle 1983, 
1987). We have reported data on chronokinetics of two local 
anaesthetic agents, lignocaine (Bruguerolle et al 1982) and 
bupivacaine (Bruguerolle & Prat 1987) in rodents. To document 
a possible relationship between chemical structure and temporal 
pattern of kinetics of local anaesthetics, the present report 
examines the pharmacokinetic changes of mepivacaine, another 
amide type anaesthetic agent, related to the hour of its 
administration by assessing temporal changes in its pharmacoki- 
netic parameters after a single i.p. dose in the mouse. The present 
work also documents possible temporal changes in chronotoxi- 
city of mepivacaine and its relationship with its chronokinetics. 

Materials and methods 

Adult male NMRI mice (n=640) (30 g) were housed, ten to a 
cage, for a minimum of three weeks before use, with free access 
to food and water. Environmental conditions were controlled at 
a relative humidity of 50-55%, and temperature of 25 I 'C 
during October. Animals were synchronized in standard condi- 
tions to a light/dark regimen (l/d: 12: 12, with 1 = 0600 to 1800 h). 

Acute toxicity study. Injections of mepivacaine chlorhydrate in 
0.9% saline NaCl were made i.p. over 24 h at  six different times: 
thus four groups of 20 animals each (four different doses a t  each 
time point) were injected at one of the following times: 1000, 
1600, 1900, 2200,0100 and 0400 h. After the injection, animals 
were returned to their cages and regularly observed during the 
24 h following the administration: dead animals were removed 
a t  each observation. Acute toxicity was evaluated by calculating 
LDSO by the method of Miller & Tainter (1944). Single cosinor 
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analysis (Nelson et al 1979) of LD50 was used to detect a 
circadian rhythm and to estimate the rhythm characteristics. 

Kinetic studs. At 1000. 1600. 2200 and 0400 h a total of 160 
animals, 40 per chosen time, were given mepivacaine chlorhyd- 
rate solution (10 mg mL I )  intraperitonealy as a single 60 mg 
kg- ' dose; blood samples were collected after decapitation 5, 10, 
30, 45, 60. 120, 180 and 360 mins after drug administration. 
Total mepivacaine serum concentrations were determined by 
GLC with a flame ionization detector according to Desch et al 
( 198 1 ) modified by Prat & Bruguerolle (1 986). Mepivacaine 
serum concentrations were plotted against time and pharmaco- 
kinetic parameters were determined assuming a two compart- 
ment open model: maximum concentration (C,,,), time to reach 
it (tmdx), the ratio Cmar/tmdXr a and p phase elimination half-lives 
(&a, &/I). apparent volume of distribution (Vd), plasmatic 
clearance (CI) and area under the serum concentration curve 
extrapolated to infinity (AUCd) were assessed according to 
conventional methods (Wagner 1975) by a computer program. 
The curve fitting of the data was done by the method of residuals 
according to Wagner (1975); for instance the a and p phases were 
assessed by linear regression (3 to 4 points for a and 4 to 5 for p 
phase). All data were quantified (mean s.e.m.) and compared 
by statistical analysis (analysis of variance, ANOVA). For each 
kinetic parameter, the amplitude of the temporal change was 
calculated as maximum-minimum/mean x 100 giving percent- 
age of the 24 h mean. 

Results 

Acute toxicity. The results are presented 
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FIG. I .  Temporal variations of mepivacaine acute toxicity (LD 50) 
(A-A) of apparent volume of distribution of mepivacaine 
(0-0) and of its f l  elimination half-life (m-m). 
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Table 1. Circadian variations of the pharmacokinetic parameters of mepivacaine after a single 60 
mg kg- ' i.p. dose at four different times. 

Hour Cmax t m a x  Cmailfmar Vd t tz  t tp CI AUCb 
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12.63 0.37 49.74 0.27 0.49 1.79 0.096 10.99 

1.49 037  645  0.01 0.06 029  0.610 1 . 1  
1000 h + + t f + + + - + 

14.13 0.08 170.27 0.54 0.54 4.23 0.084 12.16 
I600 h + f -t + + + f L 

IT93 0.0 2523 0-14 033 1.00 0,006 0.92 
14.70 0.08 177.17 0.84 0.42 5.41 0.106 9.57 

OT79 0.0 9.49 023 0.03 136 0.606 OT57 
2200 h + + f + * + + + 

14.44 0.08 173.92 0.14 0.40 0.93 0.103 10.05 
0400 h f - + + + + + + + 

0.24 0.0 590 0.01 0.01 0.02 0.508 OT89 
ANOVA F=0,41 F= 11.99 F=13.51 F=4.24 F=2.31 F=5.20 F=1.04 F=0.40 

ns P<0.005 P<0.005 P<0,025 ns P<0,025 ns ns 
Amplitude 
1% 14.8 184.0 192.2 158.0 31.0 145.0 23.0 24.0 

C,,, ( p g  mL-')=maximum concentration. I,,, (h)=time to reach it. vd (Lkg-')=apparent 
volume of distribution, ti* (h) and ttp (h) = a or p phase elimination half-life. CI(Lkg-' 
h -  ')=total plasma clearance. AUCg (pg mL- h- ')=area under the serum concentration curve. 

indicate a circadian variation in the acute toxicity of mepiva- 
caine: the maximum LD50 value occurred a t  1000 h and the 
minimum value (i.e. maximal toxicity) occurred at  1900, i.e. at  
the beginning of the dark phase of the photoperiod. Single 
cosinor data validated a statistically significant circadian rhythm 
(Pc0.01, %R=95.2) with estimates for rhythm parameters 
f s.e.m. as follows: 

mesor (24 h-mean)= 117.08k 1.39 mg kg-' 
Amplitude (half the peak-through difference) = 14.69 f 1.86 

Acrophase (peak time of the variation) = 06.57 k0 .30  (hjmin) 

Kinetics. Table I shows the different pharmacokinetic para- 
meters (mean * s.e.m.) of mepivacaine after a single 60 mg kg- ' 
i.p. dose at  1000, 1600, 2200 and 0400 h and statistical analysis 
(ANOVA) of the comparison. This table also shows, for each 
parameter, the amplitude of the temporal changes. Thus, our 
results indicate a significant change in absorption processes, 
Cmax/tmax being highest at  2200 h, a significant change in 
elimination half-life, t;B being highest a t  2200 and lowest at  
0400 h. Volume of distribution varied with a maximum value 
observed when the drug was given at 2200. C,,,, t ta .  CI and 
AUCG were not found to be significantly different according to 
the hour of administration. 

mg kg- '  

Discussion 

Chronokinetics (i.e. temporal variations of kinetics) of some 
local anaesthetics have been previously reported by our labora- 
tory (Bruguerolle et al 1982, 1987): lignocaine and bupivacaine 
kinctics were found to depend on the time of administration. The 
present study aimed to document chronokinetics of another 
amide type local anaesthetic agent, mepivacaine, which is 
structurally related to bupivacaine and lignocaine, to demon- 
strate a relation between chemical structure and circadian 
chronokinetic pattern; this work also aims to try to correlate 
chronokinetics with chronotoxicity of mepivacaine; indeed 
numerous studies have assessed chronotoxicity of drugs, par- 
ticularly anaesthetic agents, but very few studies have tried to 
correlate chronotoxicity with chronokinetics. Our data demon- 
strate that the acute toxicity and kinetics of mepivacaine depend 
on the hour of its administration. 

Concerning chronotoxicity, our results clearly show (Fig. 1) 
that the temporal variations of mortality (LDSO) mirror the 
temporal changes of some kinetic parameters such as Vd or t ip:  
thus, the lowest mortality (highest LD50 values) correspond to 
the highest values of v d  or ti/? (i.e. 1000 and 0400 h); at  the 
opposite, the highest mortality occurred a t  1900 h, the longest 
trB and the highest v d  occurring a t  2200 h. Thus chronotoxicity 
of mepivacaine may be, in part at least, explained by chronoki- 
netics. 

Concerning chronokinetic data, these temporal changes may 
result from several mechanisms: 
(i) Absorption. It could be supposed that temporal variations in 
drug absorption are not of great importance when the i.p. route 
is used. Our data reveal a temporal variation of mepivacaine 
resorption since t,,, and Cmal/tm,, changes indicate a highest 
resorption in the dark period and a lowest resorption of 1000 h. 
These results totally agree with previous data on bupivacaine 
(Bruguerolle & Prat 1987) and lignocaine (Bruguerolle et al 
1982) and may be explained as previously supposed by temporal 
variations of membrane permeability or temporal changes of 
peritoneal blood flow. As reported by Dore et al (1984), 
peripheral blood flow is highest in rodents during the dark 
period, maximal values of hepatic, intestinal and muscular blood 
flow being observed between 2100 and 0300 h. When the present 
data are compared with bupivacaine chronokinetic values it 
appears that the faster rate of absorption of mepivacaine agree 
with its well-known shorter duration of action. If the amplitude 
of the temporal changes of mepivacaine resorption are twice as 
high than those observed for bupivacaine, nevertheless the two 
local anaesthetic agents seem to undergo the same temporal 
pattern. 
(ii) Disrribution. Since blood flow and blood volume are known 
to be greater in rodents during the dark period (Lew 1976) it is 
not surprising that mepivacaine volume of distribution varies 
with time and is highest when the drug is administered at 2200 h. 
Since mepivacaine has been reported to be only 77% bound to 
plasma proteins (Tucker & Mather 1975), temporal changes in 
the apparent volume of distribution of the drug may result from 
blood volume, tissue perfusion or protein binding temporal 
variations. Eating habits during the dark activity period are 
known to enhance the peritoneal blood flow (Vatner et al 1970) 
and thus may participate in the observed changes. 
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(iii) Mefaholism. Mepivacaine, is mainly metabolized in the liver 
where it undergoes N-demethylation and aromatic hydroxyla- 
tion (Tucker & Mather 1975; Reynolds 1984). Circadian 
variations of liver enzyme activity have been reported by many 
authors (reviewed in Bruguerolle 1983); for instance, more 
recently Belanger et al(1987) demonstrated circadian changes in 
nitroanisole demethylase and aniline hydroxylase with a maxi- 
mum occurring in the dark period. We also demonstrated a 
circadian variation in the N-acetylation of procainamide in rats 
with a peak at 0400 h (Bruguerolle Bi Jadot 1985). Since 
elimination half-life of mepivacaine is shortest when the drug is 
given at 0400 h, our findings indicate a greater metabolism of the 
drug in the last hours of the dark period. Bupivacaine elimina- 
tion half-life was previously reported to be longest at 2200 h and 
shortest at  1000 h with an amplitude of 35.5% (Bruguerolle & 
Prat 1987). Mepivacaine elimination half-life temporal varia- 
tions have a very similar pattern but the amplitude of the 
variation is more than four times higher. 

These differences may also be explained by different metabolic 
patterns of the two drugs (oxidation by N-dealkylation for 
bupivacaine and N-demethylation or hydroxylation for mepiva- 
caine). 
(iv) Elimination. Mepivacaine is excreted in the urine as its 
metabolites resulting from aromatic hydroxylation and small 
amounts (5-  10%) of unchanged drug. Mepivacaine chronokine- 
tics may proceed partially from temporal changes in urinary 
excretion of the drug: for instance, variations of the urinary pH 
may lead to an acidification and thus enhance urinary excretion 
of mepivacaine. 

In conclusion, chronokinetics of mepivacaine may be 
explained by several mechanisms involving temporal variations 
of absorption, distribution, metabolism and elimination: The 
present work assess temporal changes in mepivacaine induced- 
acute toxicity so that temporal variations in chronokinetics of 
this drug: chronotoxicity may be at  least in part explained by 
chronokinetic data. 
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