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Abshwt-Parenteral administration of allytamine results in changes in activity of some important 
enzymes of basic metabolic cycles in the arterial walls of the rat. Administration of pyridinolcarbamate 
at a dose of 25 mg/kg per day for 3 weeks prevented the decrease in activity of aortic LDH and MDH 
which is characteristic of vascular wall damage. Anaerobic fractions of LDH, which are increased after 
allylamine intoxication, are unchanged when pyridinolcarbamate is also administered. 

It is suggested that endothelial damage of the vascular 
wall is the predominant factor in the development of 
atherosclerosis and its complications [l-4]. The 
damage to the vessel wall has an effect on metabolism, 
which is manifest mainly in a decrease in the activity 
of important enzymes of the Krebs cycle and glycolysis 
with an increase in the activity of some phospho- 
monoesterases [5-7 3. 

Processes involved in inhibiting acute oedematous 
changes in the arterial wall would appear to be an 
essential factor in the prevention of atherosclerosis [S]. 
Previous studies have shown that pyridinolcarbamate 
[2,6-pyridin-dimethanol-N-methylcarbamate (PDC), 
Pharmaceutical Bsnyu Co.] is a potent substance cap- 
able of preventing and abolishing oedema of the arter- 
ial wall [9,10]. As opposed to classical drugs, PDC 
does not have any hypolipaemic activity, and recent 
electron microscopic studies by Shimamoto et al. have 
shown that PDC significantly inhibits contraction and 
“blebbing” of endothelial cells, i.e. a process which 
could be one of the causal mechanisms producing ath- 
erosclerosis [l 11. Our own previous work has shown 
that PDC has a favourable effect on the metabolism of 
the vessel wall under conditions promoting lipid ac- 
cumulation and arterial lesions in experimental ani- 
mals [12,13]. 

An effective and selective agent producing inflam- 
mation and necrosis in the arteries of experimental ani- 
mals is allylamine [14,15]. Since parenteral 
administration of this substance results in marked 
changes in the activity of crucial enzymes of energy 
metabolism, we have attempted to investigate the effect 
of PDC on vessel wall metabolism under conditions of 
this model of vascular damage. 

METHODS 

Fifty-five female Wistar stain rats, average body wt 
2OOg, were used in these experiments. Allylamine 
(Schuchard), as a 1% solution neutralised with HCl, 
was injected into the tail vein of 40 rats at a dose of 
20 mg/kg twice-weekly for 3 weeks. Half of this group 
received, by gastric intubation, 25 mg/kg pyridinolcar- 
bamate, as a suspension in tap water, daily for 1 week 
before the first injection of allylamine. Administration 
of PDC then continued daily for the remaining 3 weeks 
of the experiment. The control group (15 animals) 
received tap water in the same manner and physiologi- 
cal saline was injected iv. twice weekly. The exper- 
iments were terminated by decapitating the animals 
and aortae were removed for biochemical, histological 
and histochemical analysis. For biochemical deter- 
minations, the vessels were cleared of periaortic tissue 
and adventitia and from each vessel segment, using an 
ultrahomogeniser (Ultraturax we prepared either a 1% 
homogenate in 0.9% NaCl, pH 7, for determining 
enzyme activities, or a loo/, homogenate in veronalace- 
tate buffer pH 8.6 for electrophoretic separation of 
LDH isoenzymes. The homogenate was kept at O-3” 
for one hour before being centrifuged at 1OOOg; the 
supernatant was used for analysis. Since an increased 
activity of some phosphomonesterases and a decreased 
activity of enzymes of the Krebs cycle or of glycolysis 
are characteristic features of arterial wall damage, we 
measured the activity of the following enzymes: acid 
phosphatase (ACP, EC 3.1.3.2), determined by a modi- 
fication of the method of Kaplan and Narahara, and 
malate dehydrogenase (MDH, EC 1.1.1.37) and lactate 
dehydrogenase (LDH, EC 1.1.1.27), determined by the 
neotetrazolium method using phenazinemetosulphate 

567 



Fig. I, The middle par1 of the xortic modin tvith negative 
activity of MDH after treatment \I ith alI! Iaminc and with- 

out PI-K’. MDH. ‘70 x 

as 2% direct electron acceptor (for &tails SW [I& 173. 
LDH isoenzymcs wcr~’ scpx;~ted b> elcctr~)~~horcsis on 
W, paper. in barbital buffer pH X.6 at :I voltage drop 
of 6 V,‘cm for 4 hr. The sepm~tcd fractions were eluted 
with acetone and the optical density determined on an 
Sf4 (Optica-Milnno) spcctrophotoliictcr at 490 nm. 
The relative values of the LDH Jktctions wcrc used to 
calculate the pcrccntagc distribution of separate frac- 

tions in the total en,ynic sampk [IS]. 

The activity of the cncymcs invcstigntcil wax 

expressed on a protcin basis. the protein content of 
the extract being detci.il~inc[j by the method of Lowry 
ef cri. [ t9J. The data ~2rc okahiatcd statistically using 
Student’s t-test. 

Fig. 2. The negative activity of MDH is smaller after trcat- 
mcnt with allylamme and PDC‘. M DH. 270 x 

Histological controls showed that aortic medial 
ocdema and the cellukrr reaction of the adventitia 
could be detected in the aortae of allylamine-treated 
rats. The more advanced lesions showed areas of 
medial necrosis and a more intensive ridvcntitiof cellu- 
lar reaction. In animals treated with ~~llyl~~rnine and 
PDC. necroses were also l'o~~nci. but thq were of sig- 
niliomtly lower cxicnt than in rats trcatcd with allyla- 
mine alone. The emymatic pattern of these necroses 
was the same in both experimental groups (Figs. I 
and 2). 

After parenteral administration of allylamine there 
\+as :I significant increase in acid phosphatasc activity 
WCII in the aortae of animals which also received PDC 
(Fig. 3). On the other hand. ~~~lministr~~tion of PDC 
prrvcntcd the dzcreasc in the activity of 3ortic MDH 
and LDH. which arc considered to be characteristic in- 
dicators of vessel wall damage [5 71 (Fig. 3). 

The zymogrnm of LDH shows (Fig. 4) that in the 
aortae of cxpcrimental animals there was an increase 
in the anaerobic fraction and a decrease in the aerobic 
fraction. both in the group treated with allylamine 
alone and in the group treated with ~tllylamine and 
PDC’. Qti~~tltit~tti~c cvalustion of tbc qmograms 
showed that in the group with ~illy~~lrninc intoxic~ition 
and simuitaneous ~dniinistr~tt~on of PDC. the separate 
LDH fractions. particularly the anaerobic fraction, had 
values similar to those in control animals (Fig. 5). This 
means that PDC prevcntcd the increase in anerobic 
fractions of LDH which occurred in animals treated 
only with allqlaminc. 
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Fig. 3. The cKect of PDC WI aortic xid phosphatase (ACP). 
lactate dehydr~Eeil~fse (LDH) and malate dehydrogenase 
tM DH) in rats jnto~~c~ted with ~~ll~l~rni~~e. Empty columns. 
control rats; biack columns, ~~llyl~rnine-tre~lted rats; 
hatched columns. allyiamine- and PDC-treated rats. (Aver- 
age xtivitj in the aortae of control rats: ACP, l-02 Jtmoles 
of phcno/lOO/Lg protein:hr: LDH. 182.3 jog diformazan/ 
1OO~lg protein!hr; MDH. 70/1g diformazan/lOO mg proteini 
hr). Results are expressed as percentage ditferences, taking 

the mtxn activity of controls as loo”,, (mean j, SD.). 
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Fig. 4. Representative picture of electrophoretic separation 
of LDH isoenzymes in the aortae of normal (A), allylamine- 

treated (B) and allylamine- and PDC-treated rats (C). 

DISCUSSION 

As reported previously [lZ, 131 the administration 
of pyridinolcarbamate does not influence the increase 
in activity of aortic acid phosphatase. Since the in- 
crease in activity of this enzyme is associated with an 
intensification of metabolism of connective tissue in 
the damaged vessel, it is apparent that PDC does not 
interfere with the metabolism of connective tissue. 
Allylamine disturbs the plasma membrane and its 
administration is related to an intensification of the 
metabolism of connective tissue in the damaged vessel, 
so that it is felt that PDC plays no role in the metabo- 
lism of connective tissue. Allylamine breaks down 
plasma membranes 1201 and its administration is 
accompanied by a decrease in the activity of Krebs 
cycle and glycolytic enzymes. Since energy metabolism 
of the vessel wall is relatively inefficient (51 per cent 
from glycolysis and 49 per cent from respiration) and 
total production of energy [Zl] requires a relatively 
high glucose utilisation. even small alterations in the 
efficiency of oxidative phasphorylation and Krebs 
cycle enzymes may be disadvantageous to the energy 
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Fig. 5. Individual LDH fractions in the normal (empty col- 
umns), allylamine-treated (black columns) and allylamine- 
and PDC-treated rats (hatched columns), as shown in Fig. 
4. The sum of all LDH fractions was taken as 100 per cent. 

balance in the vessel wall. The effect of pyridino~carba- 
mate, which prevents the decrease in MDH and LDH 
activities associated with vessel wall damage, can 
therefore be considered to be beneficial to the 
organism. 

Under conditions of hypoxia. which is involved in 
damage of the vessel wall. anaerobic glycolysis takes on 
a more important role as an energy supplier. In the 
damaged aorta the anaerobic fraction of LDH is in- 
creased, i.e. the fraction which is stimulated by a low 
oxygen tension [22] and the biological function of 
which is to maintain LDH activity even in the presence 
of an excess of lactate. Increased lactate production 
results in acidosis, which can be considered to be a 
pathogenetic factor in atherosclerosis [23]. Electron- 
microscopic studies have shown that under the effect 
of a decreased pH (to pH 4.2) there is an opening of en- 
dothelial junctions and a breakdown of cell mem- 
branes [ZOJ. This disadvantageous situation. from the 
point of view of energy, was inhibited in the case 
of allylamine intoxication by simultaneous ad- 
ministration of PDC. manifest mainly in the fact 
that aortae of animals treated with both allylamine 
and PDC did not show a marked shift between the 
separate fractions of LDH towards anaerobic frac- 
tions, as in the case with ~ldlninistration of allylamine 
alone. 

These results are a ~olltinuation of our previous 
work on the metabolic effects of various diets and cal- 
cipher01 intoxication [12,1X] and are in agreement 
with histoenzymatic studies which show the action of 
PDC on arterial metabolism [24]. The results 
obtained are not easy to interpret from the point of 
view of the mechanism involved. The relationship 
between the metabolism of the vessel wall and the con- 
traction of endothelial cells i.e. with that mechanism 
which appears to be of primary importance in the ori- 
gin of atherosclerosis is not yet apparent [I I]. 

In any case, PDC protects against “swelling” of en- 
dothelial cells which is accompanied by a dissociation 
and an influx of plasma into the vessel wall [X5]. This 
pernleabi~ity-inhibitit~g effect of PDC is probably 
related to its biologically advantageous effect upon the 
metabolism of damaged vessels. 
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