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Above usual values for active tension are measured on 10 uterine horns of rat
under electric stimulation through an original isovolumetric technique. At the maximum
lenght increase attained were 1.79±0.2 kg/cnr, with passive tension from 9-10 % total
tension. These values are within the range for other smooth and striated muscles. The
isometric techniques efficacy to record total uterine tension, as well as the application
of isometric activity to the analyse of uterine dynamics are discussed.

In the last years, the analysis of some
parcial aspects of the dynamics of differ
ent smooth muscles has been emphasized,
especially the evaluation of the length
tension relationship and the characteris
tics of the passive tension, which are the
base for one of the mechanisms regulating
the muscular activity, the Frank-Starling
mechanism.

Conceptually, there should be no im
portant qualitative differences between the
dynamics of the smooth and the striated
muscles, because both are programmed to
develop the same function: to contract.
With this conceptual base, we have dem
onstrated in previous works that the
fundamental mechanic property of the
uterine muscle is the inverse force-velocity 

relationship, and that the contractility is
one of its regulating mechanisms (14, 16,
17). As to the second mechanism, i.e.,
the length-tension relationship, its exis
tence has been proved in different smooth
muscles: taenia coli (1, 6, 10, 15), duode
num (11), tracheal muscle (20), vascular
smooth muscle (5, 9, 18), uterine muscle
(4), etc. The length-tension diagrams are
qualitatively similar in all these muscles,
but quantitatively the scarce maximum
active tension of the uterus strongly con
trasts (up to 18 times inferior to other
smooth muscles). This discordance can
only be explained admitting that the ute
rine muscle has less capacity to develop
tension than other smooth muscles, or
rather, that the usual techniques are una
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ble to record all developed active tension
or only register the activity of a limited
number of uterine fibres. A priori, there
seems to be no reasons justifying the first
mentioned possibility; as to the second
one, the length-tension relationship is
usually analyzed by isometric techniques,
which are valid for muscles where the
fibres run longitudinally with regard to
their main axis, but their usefulness is
doubtful in the uterus, where the muscu
lar wall consists of fibers arranged in spi
rals with different degrees of opening.
Consequently, the strict evaluation of the
contractile ability of the uterine muscle
requires a methodology which must take
into consideration its structure, physiol
ogical activity and function, which are all
of them premises not fulfilled in the iso
metric techniques.

Since these technical aspects are of
utmost importance for physiologists and
pharmacologists, in this work we propose
a new isovolumetric technique to analyse
the length-tension, relationship in the rat
uterus, the only techniques which, in our
opinion, agree with the before mentioned
structural and functional conditions.

Materials and Methods

The work was made on 10 uterine horns
from Wistar rats, weighing between 180
and 200 g. In order to avoid the changing
influence of the ovarian hormones on the
mechanic activity of the muscles, the ani
mals were ovariectomyzed, and 14 days
later an oily suspension of estradiol ben
zoate (250 /(g/kg) was intraperitoneally
administered; the rats were sacrificd 48
hours after the injection and both uterine
horns were removed. This method garan-
tizes that all muscles work exclusively
under the influence of the estrogens. The
muscular pieces were then sectioned so
that their length at rest was always 2.5 cm.
Then they were placed in an organ bath
at a temperature of 36° C. perfused with a
Ringer’s solution (154 mM NaCl; 5.6 mM

Fig. 1. Diagram of the isovolumetric system.
1. Uterine muscle; 2. Bath; 3. Electrodes; 4.
Transducer; 5. Record system, and 6. Injector

system.

KC1; 2.7 mM CaCl2; 5.95 mM NaCO3H;
5.5 mM glucose) and oxygenated by car
bogen.

The muscles were stimulated electrical
ly by means of trains of supraliminal
square waves of 2 ms duration and 3 ms
spaced; the duration of each train was
5 seconds.

The muscles worked under isovolumet
ric conditions, for which an original sys
tem designed, the diagram of which is
shown in figure 1: the lower end of the
muscle is fastened to a platform which
has two silver electrodes; the upper end
is connected to a catheter integrated in
a system which, by means of a triple con
nection key, easily allows the communi
cation of the uterine lumen with the out
side (and optionally modify the intraute
rine volume) or with a closed system
where the recording system is integrated
(pressure transducer Statham Model P23
Scr. and Beckman dynograph type Rs).

Experimental dynamics. Once the mus
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cles had been stabilized, after making
them contract for a minimum period of
60 minutes under above mentioned con
ditions, the smallest length of their fibres
(initial length or l0) was determined; for
this purpose the muscles were induced to
contract with the system open outside so
that the liquid kept in their lumen was
ejected until they were virtually empty.
After reaching this point, the muscles
were submitted to controlled length in
creases of their fibres, by the introduc
tion of known volumes of Ringer’s solu
tion (2-5-10-15-20-30-40-65-90 Ml) in the
uterine lumen, recording the muscular
activity in each one of the new lengths.

The measured parameters were: 1) Ac
tive pressure developed after the stimula
tion; 2) Passive pressure, secondary to
the length increases of the muscular fibres.

Calculation of the wall tension. Con
sidering the uterine horn as a cylinder,
the wall tension was calculated through
Laplace’s law, knowing the pressure and
the internal radius of the uterus (n). The
wall thickness after each increase of the rf
is the difference between the external ra
dius (re) and r(. The r0 can easily be de
duced from the cross-sectional area, cal
culated as follows:

where: A, is the cross-sectional area (cm2);
M (muscular mass), was determined after
having dried the muscles; its value was
0.077 ± 0.0033 g; d (density), its value
was 1.05 g/cm3; L Qength of the muscular
pieces), was kept constant during all the
experiences: 2.5 cm.

The value calculated for A was 0.029 ±
0.0016 cm2.

Results

The values calculated for the internal
radius and the wall thickness of the ute
rus are summarized in table I,

Table I. Values (Mean±Standard error) of
the internal radius and the wall thickness ac
cording to the increases of the intrauterine

volume.
Intrauterine
volume (mI)

Internal
radius (cm)

Wall thick
ness (cm)

1o 0 0 0.096±0.0030
1. 2 0.0159 0.081 ±0.0026
1, 5 0.0252 0.074 ±0.0026
13 10 0.0355 0.066±0.0026
1< 15 0.0437 0.061 ±0.0026
1s 20 0,0504 0.058±0.0023
14 30 0.0618 0.052 ±0.0023
1/ 40 0.0713 0.048±0.0023
1a 65 0.0909 0.041 ±0.0020
1? 90 0.107 0.037±0.0016

The recorded active pressure increases
sharply until the internal radius reaches
the value corresponding to 13, and then
it decreases without interruption. The
behaviour of the passive pressure is qual
itatively different, its value for each in
crease of the internal radius being always
superior to that of the proceeding length
(table II).

The average of the 10 experiences shows
that the wall active tension, calculated
from the data shown in the proceeding ta
bles, rises uninterruptedly during the suc
cessive increases of the internal radius:
its value was 0.153±0.014 kg/cm2 in 1],

Table II. Values (Mean±Standard error) of
the active and passive pressures for the con
secutive increases of the intrauterine volume.

Pressure (g)
Active Passive

1o
1.
L
13
L
Is
L
1,
1fl
1?

0
22.72 ±2.00
29.07 ±2.00
31.12±2.26
29.87±2.42
28.28±2.62
26.06±2.67
24.65±2.48
20.91 ±2.27
18.68±2.21

0
0.19±0.02
0.29 ±0.03
0.48 ±0.04
0.56±0.05
0.64 ±0.06
0.87±0.11
1.11 ±0.10
1.44 ±0.09
1.82±0.08
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Tension (kg/cm3)

Table III. Behaviour of the wall tension [Mean
±Standard error) according to the Intrauteri

ne volume.

Active Passive

1, 0 0
1. 0.153±0.014 0.0013±0.0002
1: 0.338±0.015 0.0036±0.0006
1» 0.565±0.017 0.0096±0.0015
L 0.714 ±0.025 0.0149±0.0024
15 0.827±0.032 0.0210±0.0035
1. 1.023 ±0.047 0.0387± 0.0072
1, 1.221 ±0.052 0.0610±0.0091
1s 1.537± 0.071 0.116 ±0.014
19 1.794 ±0.123 0.190 ±0.019

and reaches 1.794 ±0.123 kg/cm2 at great
est uterine distension (table III).

The wall passive tension shows a simi
lar behaviour; its value was 0.0013 ±0.0002
kg/cm2 in lIf rising up to 0.19±0.019 kg/
cm2 in l.j (table III) However, this pa
rameter increases proportionally more
than the active tension, since when the
latter in 1, grew 11.7 times with regard
to lj, at the same point the passive ten
sion was 13.8 times superior to the initial
one; also the increases of tension after
each increase of the internal radius were
higher at passive tension.

The pressure and tension values shown
in tables II and III, were submitted to
the analysis of the differences test, and
the increments have statistical sienificance
(p< 0.001),

Figure 2 shows the evolution of the
active and passive tension of one of the
10 uteri tabulated in table III.

Discussion

When analyzing the uterine length-ten
sion diagrams, the small active tension
contrasts strongly when comparing this
parameter uith that of other kinds of
muscles (table IV). These differences arc
even more emphazised when the active
tension is expressed exclusively referred

Fig. 2. Length-tension diagram corresponding
to one of the ten uterine horns included in

table III.
Legend: AT = active tension; PT = passive ten

sion; TT = total tension (AT + PT).

to the fraction of the cross-sectional area
corresponding to the muscular tissue:
83 % in the frog sartorius (2), from 55 %
to 69 % in the vascular wall (8, 21), and
76 % in the cardiac muscle (12), although
in the last muscle about 40% of the
muscular tissue consists of noncontractile
material, mainly mitochondria (19). If the
values of the table IV are corrected ac
cording to these data, it becomes evident
that the smooth muscular fibre developes
an active tension per surface unit, similar
to that of the skeletal muscular fibre, and
in both cases clearly higher than the car
diac muscle: the arterial smooth muscle
(used as prototype), 2.4-3.5 kg/cm2; the
frog sartorius, 2.4-2.9 kg/cm2; and the cat
papillary muscle, 1.4 kg/cm2. The differ
ences persisting after these corrections
may be explained by divergences in stim
ulation or temperature; because the car
diac muscle cannot be tetanized, etc.

However, the above considerations do
not explain the low maximum isome-
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Table IV. Values of the maximum isometric
tension in different kinds of muscles.

Maximum isometric
tension (kg/cm2) Reference

2.3 (15)
Guinea-pig taenia coli 1.5 (10)

1.82 (D
Rabbit taenia coli 0.89 (6)
Cat duodenum 0.42 (11)
Dog tracheal muscle 1.17 (20)
Bovine mesenteric artery 2.1 (9)
Rabbit iliac artery 1.6 (18)
Dog carotid artery 1.1 (5)
Rabbit uterus 0.13 (3, 4)
Rat uterus 0.15 (Santafe et al.,

unpublished)

Frog sartorius 2.1 (7)
2.4 (19)

Rat diaphragm 1.0 (13)

Cat papillary 0.64 (19)

trie uterine tension, between 3 and 18
times inferior to that of other smooth
muscles. With respect to its function
there is no support for this fact, which
can only be justified througth techni
cal reasons. Usually, the length-tension
relationship is analyzed by isometric tech
niques, which record the activity of the
longitudinally working muscular fibres.
Obviously, these techniques are valid for
muscles such as the frog sartorius, taenia
coli or papillar of cat, where it is possible
to admit that all their fibres adopt the
above mentioned arrangement; however,
the utility is more doubtful in organs like
the uterus, where the complex muscular
layer is formed by spiral fibres, more or
less open, but without strictly longitudinal
or transversal fibres. When an isolated
uterus is placed on an isometric device,
with both ends fastened, and is stretched,
all the fibres adopt a more vertical dis
position (figure 3, A), but while the more
longitudinal fibres are clearly stretched
fa-a'), the length of the more transversal
fibres increases to a much lower extent

c
Fig. 3. Changes of the length of the muscu
lar fibres under different experimental con

ditions.
(Explanation in the text). Legend: A = by usual
isometric techniques; B = in situ: C — by our
isovolumetric technique; a-a< = fibres in open
spiral (essentially longitudinal); b-b' = fibres in

closed spiral (essentially transversal).

(b-b'Y, i.e. not all fibres are stretched to
the same degree. Moreover, the system
can only record the activity of those fibres
that work longitudinally, and subsequently
most activity of the most transversal fi
bres is lost; this fact may explain the low
maximum isometric tension recorded in
the uterus.

On the other hand, physiologically the
isometric activity does not exist in the
uterus. The best model with which this
organ can be compared is the heart, where
it is universally accepted that the ventri
cles behave in diastole like a cylinder,
but during the systole they tend to become
spherical (figure 3, B): during the isovol
umetric period of ventricular activity the
most longitudinal fibres are shortened,
whereas the most transversal fibres are
stretched; i.e. the volume of the ventricu
lar cavity is not modified, but changes
the length of the fibres and subsequently
according to international agreement, the
term isometric activity has been replaced
by isovolumetric activity.

According to the proceeding considera
tions there is no reason for maintaining,
with reference to the isolated uterus, the
usual terminology and study techniques,
which should be replaced by the isovolu
metric ones.
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In the technique proposed in this study,
any increase of the intrauterine volume
will determine a proportional increase of
fibre lengths, regardless of the degree of
opening of the spirals (figure 3, C). Only
by increasing the intrauterine volume it
is possible to stretch all the fibres that
form the wall and only by recording the
intrauterine pressure it is possible to re
cord (he vector resulting from the activity
of all fibres. This conceptual reasoning is
supported by the results of the present
work: figure 2 shows a typical length
tension diagram and the values of the
active tension, as from 1.8 kg/cm2 for the
maximum distension reached (table III),
can be compared with those developed by
any of the previously analyzed muscles.

Only a part of the ascending limb of
(he length-tension diagram was recorded
since the distension is an adequate sti
mulus for the uterine activity, so that the
higher stretchings could determine a cer
tain degree of activation, which might
interfere with the results, especially those
of the passive tension. This limitation is
usually avoided by proceedings like caus
ing a muscular supply insuficience by
means of metabolic inhibitors (5); work
ing at low temperatures (6); lowering the
Ca++ concentrations, etc. In any case,
these conditions of muscular activity are
never the physiological ones, and the data
attained using such techniques, reflect the
muscular activity in a definite situation,
which is also a limitation and may justify
the disparity of data on the passive ten
sion developed w hen increasing the muscu
lar length. According to our results, the
passive tension of the uterus assumes an
important fraction of the total wall ten
sion (9.5 in 1.,).

In conclusion, the results of this work
show that (he isovolumetric technique
is the most adequate for studying the
activity of the uterine muscle, and must
be used in any study where the tension
developed by the uterus is the parameter
to be evaluated.

Resumen

En 10 cuernos uterinos de rata estimulados
electricamente, mediante una tecnica isovolu-
metrica original, se miden valores de tension
activa superiores a los habituales: 1,79+0,12
kg/cm2 para el maximo incremento de longitud
alcanzado; en este punto, la tensidn pasiva es
el 9-10 % de la tension total. Estos valores
estan dentro de la escala de los sehalados para
otros musculos lisos y estriados. Se discute la
eficacia de las tdcnicas isomdtricas para reco-
ger la tension uterina en su totalidad, asi como
el concepto de actividad isometrica aplicado al
an&lisis de la dindmica uterina.
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