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INTRODUCTION

L-carnitine (B-hydroxi-y-trimethyl-aminobutirric acid) (LC) is an intrinsic carrier
of activated long-chain fatty acids across the mitochondrial membrane towards
the matrix where B-oxidation of fatty acid occurs (7).

An exhaustive review of carnitine metabolism and its implications in clinical
chemistry has been recently reported by Siliprandi er al. (25). As pointed out
by these authors, interorgan transport of carnitine intermediates and its quantitative
assessment might help to define carnitine deficiency syndromes.

Besides its mostly recognized role of long chain acyl carrier, carnitine acts likely
as an exporter of short-chain acyls from the inner mitochondrial space to the
outside and also it exerts its role by trapping and eliminating unphysiological
acyl groups.

Myocardial ischemia and the ensueing derangement of fatty acid oxidation has
suggested the possible role of carnitine in modulating the cytric acid cycle, prevent-
ing accumulation of fatty acid intermediates, and as a membrane stabilizing agent
(11, 12, 20).

In addition, L-carnitine has received attention because of its antiarrhythmic ef-
fects in dog (18-26) and human (10) heart.

One of the most potent analogues of carnitine, presumably because of rapid
transport entry, is L-propionylcarnitine (LPC) which has been identified in kidney
and in liver of various animal species (6). In isolated heart L-propionylcarnitine
has been shown to enhance mechanical and metabolic performance (24).

It has also been reported that LPC is most effective in protecting against mitochon-
drial dysfunction induced by elevated blood levels of long-chain acyl CoA (9).
According to Liedtke et al. (19) LPC has presumably positive inotropic properties.
Barbieri et al. (4) have recently observed in guinea pig that LPC exerts antiarrhyth-
mic effect versus reoxygenation-induced arrhythmias.

LPC has been extensively tested on cardiac physiopathology and metabolism.
Our research effort has been directed toward assessing whether LPC has a broader
action on the cardiovascular system.

It is well known that longitudinal smooth muscle of portal vein from various
species shows spontaneous contractile activity; therefore, it has been extensively
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studied as an example of spontaneous contracting vascular muscle. We have consi-
dered the portal vein as a convenient model to analyze the effect of pharmacologi-
cal substances on venous smooth muscle; the electrophysiological and mechanical
action of LPC on isolated portal vein of rat has been inquired.

METHODS

General procedures. — lsolated preparations of the portal vein from Wistar rats (350-400
g) were studied in 71 experiments. After ether anesthesia, the abdomen was opened with
a parasagittal incision and the portal vein, 12-15 mm «in situ» length, was carefully dissected
from surrounding tissue and cut at the level of the gastrosplenic vein and of the bifurcation
of the hepatic hilus. The vessel was then rapidly removed and immediately placed in a
10 ml organ bath containing Krebs solution with a millimolar composition of NaCl 118,
KCl 4.70, CaCl, 2.52, MgSO, 1.64, NaHCO; 24.88, glucose 5.55. This solution was bub-
bled with a mixture of 96% O, and 4% CO,, pH 7.40, and maintained at a constant
temperature of 37°C. Veins were either used as intact cylinders or slit along their longitudi-
nal axis to form a sheet.

For measuring mechanical and electrical events, three different experimental arrangements
were utilized.

Mechanical recordings. — One end of the portal vein was attached to a muscle holder
in a 10 ml organ bath. The spontaneous activity of the longitudinal smooth muscle of
the vessel was recorded under isometric conditions by attaching the other end to a force-
displacement transducer (Grass FT03). The muscle was stretched to its approximate «in
situ» length which gave a passive tension of about 600 mg.

Mechanical and electrical recordings. — To essay both mechanical and electrical activities,
the vascular segment was put horizontally in a 100 ml bath with the mesenteric end connect-
ed to a hook and the hepatic end to a Grass FT03 force-displacement transducer. The
extracellular electrical activity of the longitudinal muscle was recorded by a glass pressure
electrode (tip diameter 150-200 um) filled with 3 M KCI solution. The electrode was kept
in position by means of a spring able to follow displacements of the segment wall.

The electrical signal was processed in parallel with two different AC preamplifiers Grass
7P5: one with a lower cut-off frequency of the filter set to 0.35 Hz (time constant 0.45
s) for detecting both slow and fast activity; the other with a lower cut-off frequency
4 Hz (time constant 0.04 s) to enhance only the fast activity.

Experiments on synchronization of mechanical activity. — In these experiments a small
slide branch at the middle part of the portal vein (see scheme in Fig. 5), was anchored
to a muscle holder in a 20 ml organ bath. The two ends, refferred to as the hepatic
(h) and mesenteric (m) end, were connected to two transducers (Grass FT03) and a passive
stretch of 0.2-0.3 mg was applied. The angle at the central point of attachment was such
that each of the two ends could be stretched and could contract independently, without
influencing mechanically the opposite end.

Portal vein response to changes in extracellular osmolarity. — Osmolarity of Krebs
solution and of the various LPC doses was assessed by means of an osmometer (Ormostat
OM 6020). Measured osmolarity of the basic solution was 290-292 mOsm and the highest
increase, produced by 8x10* M of LPC, was 14 mOsm. In order to verify the effect
of altered osmolarity «per se» on the spontaneous contractile activity, 5 experiments were
performed by adding 14 mM sucrose to the Krebs medium.

For all the preparations an accomodation period of about one hour was allowed before
the experiment.

Mechanical and electrical activities were simultaneously recorded by a Grass D7 polygraph.
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Pharmacological trials. — LPC (Sigma-Tau S.p.A., Pomezia, Italy) was diluted in phys-
iological solution, just before each experiment, and introduced directly in small volumes
into the organ bath. In order to evaluate the effect of LPC on basal tone and on the
spontaneous mechanical activity, an amount of drug ranging from 10 to 102 M was
added to the physiological bath. The doses are expressed as the final concentration in the bath.

Each venous segment was utilized for a single dose of drug; each dose was tested on
five preparations. The results here reported were obtained in experiments on a total of
71 portal vein preparations, of which 63 were used for mechanical experiments and 8
for simultaneous recordings of electrical and mechanical activity.

Data analysis. — Besides the direct recordings of mechanical activity on Grass polygraph,
the signal was stored on a magnetic tape (Rachal, store 4 DS). This permitted the replay
of the signal on an electronic integrating device giving deflection proportional to the area
of the active tension.

The rhythmic mechanical activity was integrated over 2 min periods, 20 min before
and after LPC administration. The effect of the drug was calculated as a percentage of
the control activity. Changes of amplitude and frequency values were also evaluated using
analysis of variance with a probability of less than 0.05 regarded as significant.

RESULTS

1. Mechanical spontaneous activity recordings. — Typical mechanical spontaneous
activity of the rat portal vein recorded under isometric condition is illustrated
in the control period of Fig. 1. Regular contractions (20% of preparations) were
recorded from the longitudinal muscle of vessel (Fig. 1 A). However, in the majori-
ty of preparations (80%), waves of irregular phasic contraction were recorded.
A single contraction was usually oscillatory in shape containing two or more peaks,
more or less separated. The number of oscillations and the overall pattern of
these waveforms changed considerably in the course of some experiments (Fig.
1 B). Fig. 2 illustrates the summarized data of variation of both amplitude and
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Fig. 1 — Typical spontaneous mechanical activity of isolated rat portal vein recorded in Krebs solution
at 37°C.

The pattern of mechanical activity observed in our experiments was present in 20% (A), and in 80%
(B) of preparations. The baseline of the traces, which is the same also for the Figs. 3, 4 and 6, represents
a resting tension of about 600 mg applied to the muscle by passive stretch. The scheme depicts the experimen-
tal arrangement.
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Fig. 2 - Effect of increasing doses of LPC on amplitude and frequency of spontaneous contraction waves.

AA’ shows the effect of low concentrations (3.12x 10°-5x 104 M) and BB’ that of higher doses (10-3-
1.6 X102 M) observed in the first 10 min (A and B) and in the successive 10 min (A’ and B’) after
LPC administration. Each point represents the mean value percentage of control value of 5 different prepara-
tions to a single dose.

frequency parameters of the spontaneous contractile activity of 50 preparations
produced by all LPC tested concentrations (105 M—102 M).

Concentrations from 10° M to 10* M produced no significant changes in these
parameters, although 12.5x10° M and 2.5x10* M tended to augmenting the
force amplitude; no appreciable changes in frequency waves were observed (Fig.
2 AA’). LPC concentration from 2x 1023 M to 1.6 x 102 M produced, after an
initial period of total inhibition, a significant increase (P <0.01) of the force waves
and a reduction (P <0.01) of the contraction frequency (Fig. 2 BB’): the maximal
effects were reached at 8x10* M. These parameters reached a stable pattern,
depending on the concentration used after 7-10 min, in particular the frequency
value of the contraction waves were nearly constant (Fig. 3). No modification
of basal tone was observed at all concentrations of LPC used.

2. Mechanical and electrical activity recordings. — The spontaneous mechanical
and electrical activity of the isolated portal vein of the rat was recorded in 8
experiments. Fig. 4 A shows the typical traces of mechanical and electrical activity
during the control period. Mechanical activity shows force waves with variable
amplitude, duration, frequency and morphology. Electrical activity is characterized
both by slow and fast response; each contraction is accompanied by a burst of



L-PROPIONYLCARNITINE AND PORTAL VEIN 249

fLec 2103M |059

B s

tLpc a1073m

i oA

fLpe 81073M e
2min

Fig. 3 - Typical traces of mechanical response to increasing LPC doses.

spike potentials whereas, during the quiescent period, only a slow component may
be recorded.

Mechanical and electrical responses to LPC (8x10? M) is shown in Fig. 4
B. The drug provokes an increase in the amplitude of spontaneous contraction
together with a parallel significant decrease in frequency. It has also been osberved
a change in morphology of the force waves which become monophasic.

Electrical activity during LPC exposure shows a rhythmic regular slow wave
with the same frequency of the mechanical one. Furthermore, the fast component
exhibits an increment of number, frequency and amplitude of the spike potentials.

3. Experiments on synchronization of mechanical activity. — In 8 experiments
the mechanical activity was simultaneously recorded from the hepatic (h) and the
mesenteric (m) end of the vessel.

Fig. 5 shows a recording representative of the whole series of experiments. In
the control period (Fig. 5 A) the hepatic and the mesenteric sections of the vein
start to contract at different rhythms and show irregular and asynchronous contrac-
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Fig. 4 — Simultaneous recording of mechanical and electrical responses to 8x 103 LPC administration.

A: control period; B: after 10 min of drug exposure.

The tracings from top to bottom represent: isometric active force (F), electrical activity recorded with
a time constant of 0.45 s (E;) and of 0.04 s (E,). In E, both slow and fast components are observed,
while in E, only the fast component is detected. The scheme depicts the experimental arrangement.



250 R. MANCINELLI

e o

AhMMJ\A fﬁww/\fwmf

lCl5g

mWM_/LW

RN A N A4t
ml AN N

30s 58

Fig. 5 - Experiments on synchronization of spontaneous activity.

In the scheme; experimental design used for studying synchronization of mechanical activity in isolated
rat portal vein. Hepatic (h) and mesenteric (m) ends were anchored to a muscle holder and connected
to a force transducer. The two recordings are mechanically independent.

A: asynchronized and irregular contraction in the two muscle portions were recorded in the control period.

B: synchronized and rhythmic activity was recorded at the hepatic and mesenteric ends 10 min after
8x103 M of LPC administration.

tion. The mesenteric end of this thinner preparation developed less tension than
the hepatic counterpart.

Fig. 5 B illustrates the pattern of activity obtained 10 min after 8x 103 M
of LPC administration. The substance produced an increase of the amplitude and
a decrease of the frequency of spontaneous contraction waves.

It has also been observed that the hepatic and the mesenteric sections of the
portal vein seemed to contract in close synchrony. Furthermore, the contraction
of the two ends of the muscle started simultaneously and the waves became
monophasic.

4. Portal vein response to changes in extracellular osmolarity. — The portal
vein response to changes in extracellular osmolarity was studied in 5 experiments.
Fig. 6 shows the typical traces recorded after 14 mM sucrose and 8 mM LPC
from the same preparation. Sucrose causes a decrease (45%-60%) of frequency
of contraction waves. LPC provokes in the first 10 min a period of total inhibition
of activity and spontaneous contractile waves start after 4-6 min with an increase
of the wave force amplitude of 25-34%, as regards the control. Successively, in
the second 10 min the frequency decreases of 30-35% and the amplitude values
increases of 40-55%.
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Fig. 6 - Portal vein responses to changes in extracellular osmolarity.

A: response to increased osmolarity of 14 mOsm produced by adding sucrose to the normal solution
(292 mOsm).

B: response of the same preparation to 8x10?* M (14 mOsm) of LPC.

The arrows indicate the return to normal solution.

DISCUSSION

Under our experimental conditions, the rat isolated portal vein shows in 80%
of cases asynchronous spontaneous contractions.

Hermsmeyer (14) reports that in more than half of experiments on isolated
mesenteric-hepatic portal vein contractions are complex and postulates the existence
of more than one pacemaker site. Also our rhythmic compound contractions recorded
in the control period could be due to such an interaction between several pacemak-
ers; multiple pacemaker sites have also been reported in intestinal muscle (8).

The typical and substantial response of rat isolated portal vein to LPC was
obtained at doses ranging from 2x102% M to 8x 103 M. This drug produces,
after an initial period of total inhibition, a coordinated and rhythmic activity
with an increase of the amplitude of force waves and a parallel decrease of the
contraction frequency. The coordinated rhythmic activity implies that excitation
initiates in a cyclic manner in some part of the tissue and then spreads to an
extensive number of muscle fibers, so that a synchronized activation results.

Funaki and Bohr (13) and Axelsson ef al. (3) report that single muscle cells
in the rat portal vein preparation can exhibit a gradual depolarization which appar-
ently leads to firing a burst of action potentials. The areas where the cell shows
this behavior might serve as pacemakers, provided that their activity is conducted
to other parts of the muscle (17, 2I).

Biamino and Kruckenberg (5) suggest that the contraction frequency would then
be dependent on the number of active pacemaker areas and on the rate of burst
formation from each of them. Amplitude and duration of mechanical response,



252 R. MANCINELLI

in turn, are determined by the degree of synchronization of the smooth muscle
activity. Both initiation and propagation of the spontaneous activity are due to
myogenic events (16).

At the light of these events, we considered the trials in which hepatic and mesen-
teric end can contract independently. In these experiments in presence of LPC
the contraction of the two vein sections starts simultaneously, the waves become
monophasic and their amplitude increases. These results may suggest that LPC
synchronizes the spontaneous activity and that the amplitude increase of the con-
traction wave is the consequence of synchronization of contractile elements in
vasal muscle, the mechanism of which is presently unknown. Moreover, LPC could
interfere with the pacemaker activity or with the mechanism responsible for a
myogenic conduction in the longitudinal smooth muscle. In fact, regular rhythmic
activity of constant frequency similar to the electrical and mechanical signals recorded
in presence of 8x 103 M LPC could be driven by a single pace-maker in the
whole preparation, as described by Biamino and Kruckenberg (5).

The issue regarding the effect of osmolarity changes on spontaneous activity
of isolated portal vein is controversial. Johansson and Jonsson (15) and Arvill
et al. (2) report that an increase in osmolarity of 50-100 mOsm, produced by
sucrose, depresses both frequency and amplitude of spontaneous contractions.

McKinley et al. (22) report that osmolarity increment of 80 mOsm obtained
by NaCl or sucrose, causes a sustained decrease in frequency of spontaneous con-
traction, but only a transient depression of amplitude that, after 5 min, begins
to increase.

In our experiments, the only effect of a 14 mOsm increase produced by sucrose
was a frequency decrease. The effects reported by McKinley were obtained when
the increase in osmolarity was six times higher than the corresponding increase
induced by the highest dose of LPC.

Therefore, we may conclude that, even taking into consideration the influence
of osmolarity on the frequency, the joint effect in frequency synchronization and
amplitude on the spontaneous contractile activity should be ascribed to LPC.

Furthermore, effects of LPC at concentrations comparable to those used in
our experiments were observed by other authors, in isolated organs. Pasini ef
al. (23) report that, in isolated and perfused rabbit and rat hearts, LPC concentra-
tions ranging from 107 to 102 M induce a dose-dependent negative inotropic
effect accompanied (at concentrations from 102 M to 102 M) by an increase
of diastolic pressure, coronary perfusion pressure and of rate of CPK release.

Aomine ef al. (1) studied the effect of LPC on action potentials of canine
Purkinje fibers «in vitro» under acid condition. These authors report that the
concentrations from 10> M to 3 x 10-* M had no significant effect on action poten-
tial amplitude, maximal stroke velocity of phase 0 and resting potential, while
higher concentrations of LPC (10> M and 3x 102 M) decreased some of these
action potential parameters and such high concentration consistently prolonged
the action potential duration.
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SUMMARY

The effects of L-propionylcarnitine (LPC) on spontaneous mechanical and electri-
cal activity of rat portal vein have been studied «in vitro» by means of an isometric
technique. Mechanical activity in normal Krebs solution consisted, in the majority
of cases, in phasic contractions with variable amplitude, duration and frequency,
while electrical activity showed both slow and fast spike potential components.
By adding LPC to the medium at doses ranging from 10° M to 10 M, no
effect has been observed while at concentrations from 2x 103 M to 8x 103 M,
after an initial period of total inhibition, a dose-dependent increase in amplitude
associated with a parallel decrease in frequency of contraction waves have been
observed. The pattern of electrical activity was characterized by a regular slow
wave component with the same frequency of the mechanical waves, and by an
increase in number, amplitude and frequency of spike potentials. Experiments
on synchronization of contractile activity showed that, in presence of LPC, hepatic
and mesenteric regions of the vessel contract in close synchronism. These results
suggest that LPC synchronizes spontaneous activity of rat portal vein by means
of a mechanism which is at the present unknown.
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