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Fig. 3. The Inhibitory effects of zmc, lldocalne and com- 
plexes between them on rat mast cell histamine release 
Induced by compound 4X,80 (0.5 pg!ml). Mean value 
(I S.D.) from 4 5 experiments are expressed as per cent 
mhibrtion. For each experiment 2-3 rats were used. 
0 0 zinc-lidocainc ionic complex (ZnCl,:HLid/,): 
e -+ zinc-lidocalne coordination complex (ZnLidCI,): 
q Q zmc chloride: n ~-A lidocame hydrochloride. 

The potency of the complexes may arise lrom close bind- 
lng to the cell membrane; a slow continuous release of 
zinc Ions at this Ftrategic position could favour membrane 
stability [I I. 151. A possible interactron of compound 
4X:80 with zinc in the complexes should also be considered. 
However. earlier experiments with zinc [IO] in which inht- 
bition of histamine release was higher when mast cells were 
premcubated with zinc before compound 48.80 addition 
than when compound 4X:80 was premcubated with zinc 
before an addition of mast cells rather exclude the direct 
mactlvation of compound 48:X0 by zinc. Planned studies 
of the effect of zinc-lidocaine complexes on antigen- 
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Glycolytic metabolites and adenosine triphosphate in skeletal and 
cardiac muscle of rats after clofibrate feeding 

(Receicud 2X Frhruary 1977: ucccptrd 3 Muy lY77) 

An acute muscular syndrome was reported m patients 
treated with ethylchlorophenoxyisobutyrate [I]. including 
myalgia, cramps, weakness and stiffness. Thus seems to be 
an uncommon side effect of clofibrate therapy [Z]. possibly 
correlated to higher doses [I] and free serum levels of 
the drug [?]. Even mild muscular effort may accentuate 
these side effects [S]. Similar symptoms were seen in 
patients sufiering from a heriditary insufficiency of muscle 
phosphorylase. which causes an inadequate glucose supply 
from glycogen during muscle contraction [S]. Clofibrate 
reduces liver glycogen levels in animals [6,7] and modifies 
the content of glycolytic metabolites in rat liver [X,9]. In 
addition myotonia was induced in rats by clofibrate [IO]. 
This could suggest an interference of clofibrate with glu- 
cose metabolism of muscle. 

Female rats. Wistar strain, were used throughout. They 
were kept on a diet with 0.25”,b (w/w) clofibrate. (The diet 
was a gift of the ICI Industrial Company. Macclesfield. 
England). The mean weight of the animals was 210 + I5 g 
and 222 + 25 g (+ SE.) after 3 or 6 weeks of clofibrate 
feeding, The values of the control groups were 207 + I5 g 
and 238 + 25 g respectively. 

Muscle of the hmd leg and the whole cardrac muscle 
were freeze-clamped. The detailed analytical procedure is 
described elsewhere 191. The U-test of Wilcoxon. Man and 
Whitney was used for statistical analysis. 

A decreased glycogen content of rat skeletal muscle was 
reported also bq Miyazawa er al. [Xl. Lower glycogen 
values are also found m the cardiac muscle after clofibrate 
exposure Cl7.7 + I.3 pmoles glycosyl-units g wet wt-’ 
(mean i S.E.M.), n = IO m the experimental group, 
15.1 + I.9 pmoles. ,I = 9 in the control group). The 
decrease of 29.5 per cent was significant (P < 0.05). 
The weight of the hearts did not differ In control 
(0.654 i_ 0.14~. mean + S.E.) and the clofibrate group 
(0.645 f 0.07 g). The mechanism of glycogen decrease dur- 
ing clofibrate treatment m rats is not yet completely under- 
stood. Some data arc available to support a reduced gly- 
cogen synthesis [I I]. Incorporation of “‘C-labelled glucose 
into glycogen IS reduced in liver slices of clofibrate treated 
rats [I l] and dogs [7]. The enzyme glycogen synthetase 
(Glycogen-UDP glycosyl-transferase EC 2.4.1.1 I] is actr- 
vated by insulin via the modification of the protem kinase 
1121. Immunoreactive insulin was reported to be reduced 
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Table 1. Glycolytic metabolites in skeletal muscle (pmoles g wet wt-‘) after 3 weeks of feeding clofibrate (0.25”” w.‘w). 
Concentrations represent mean values + S.E.M. Glycogen in glycosql-units 

Glycogen G-6P F-6-P F,-,P PEP Pyr Lac 

Control 30.72 + 2.22 0.545 + 0.05 0.105 f 0.01 I 0.201 If- 0.018 0.023 f 0.005 0.064 + 0.008 1.42 + 0.13 
(n = 10) 

Clofibrate 22.01 &- 1.85 0.421 f 0.04 0.077 f 0.005 0.129 + 0.012 0.015 k 0.002 0.062 f 0.009 1.07 + 0.09 
(n = 11) 

Change in per - 28.4 -21.8 - 26.7 - 35.8 - 34.8 -3.1 - 24.6 
cent of control 

P-value < 0.01 < 0.025 < 0.05 < 0.005 n.s. n.s. co.05 

during clofibrate treatment in rats [I 31. On the other hand 
the reduced level of glucose h-phosphate (Table 1) could 
induce lower glycogen level in skeletal muscle via deinhibi- 
tion of phosphorylase b (z-Glucan phosphorylase EC 
2.4. II) [14]. In addition to glycogen many of the glycolytic 
metabolites in rat skeletal muscle are reduced by clofibrate 
(Table I). Similar alterations were described in rat liver 
[9, IO]. The 1actate:pyruvate ratio of 17.3 in the clofibrate 
group (control group 22.0) indicates a lower NADH:NAD 
quotient as found in rat liver [IS]. The lower substrate 
levels may indicate an enhanced flux of substrates through 
the glycolytic pathway [9]. Clofibrate induced a higher 
rate of [l-“‘C]glucose oxidation to CO, [7]. but not from 
[6-‘4C]g1ucose in liver slices [7, I I]. Data about the rate 
of glycolysis in skeletal muscle during clofibrate exposure 
are not available so far. However. the reduced levels 01 
glucose metabolites in muscle may possibly refer to insuffi- 
cient substrate supply for anaerobic ATP regeneration dur- 
ing muscle contraction. To study this assumption the ATP- 
level in muscle during clofibrate treatment was measured. 

No significant changes were found in both tissues after 
3 weeks of clofibrate exposure. However. a reduction of 
ATP from 5.94 f 0.13 pmoles g wet wt- ’ (mean f S.E.M.. 
)I = 9) to 4.84 + 0.14 was measured in skeletal muscle after 
6 weeks. The decrease of 18.5 per cent was significant 
(P = <O.OOl). Similar. but insignificant change of ATP 
was seen in cardiac muscle. The suggestion made above 
that an insufficient substrate supply may induce a lower 
ATP-level seems to be inconclusive, since the decrease 01 
glycogen and other glycb.jtic metabolites precedes the de- 
crease of ATP of weeks. 

Clofibrate inhibits state 3 phosphorylation in isolated 
rat liver mitochondria [16, 171 and palmitate utilisation 
in isolated heart mitochondria in vitro [IS]. An altered 
energy production of liver or muscle mitochondria isolated 
from clofibrate treated rats could not be demonstrated 
[19] and clofibrate in a concentration of 0.25”, in the 
diet do not penetrate into liver cells [6]. More data are 
requested about the influence of clofibrate on glucose 
metabolism and oxidative phosphorylation of muscle irl 
oioo. 

SUMMAR\ 

The influence of chronic clofibrate feedmg on glucose 
metabolites and ATP was investigated in skeletal and car- 
diac muscle of rats. After 3 weeks of clofibrate exposure 
glycogen and all hexose-phosphate intermediates were 
found to be decreased in skeletal muscle. Cardiac glycogen 
content was reduced after clofibrate feeding too. In con- 
trast, after 6 weeks only lower ATP-levels were induced 
by clofibrate feeding. Similar but insignlficant data were 
found in cardiac muscle. 
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