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Introduction

Myometrium is a smooth muscle tissue and its function
is controlled by numerous receptors responding to hor-
monal, chemical or mechanical stimuli [1]. Myometrial
contractions play a very important role during pregnancy.
In the cases of non terminal gestations, myometrial con-
tractions are undesirable and dangerous for the outcome
of pregnancy [2]. Oxytocin and cocaine are both known
as factors causing myometrium contraction [3-6].
Atosiban and ritodrine are well known tocolytic agents,
causing myometrial relaxation [7, 8].

Cocaine is an alkaloid ester with molecular formula
C17H21NO4 and MW = 303.4. It is extracted from the
leaves of the plant Coca (Coca novogranatense). For ther-
apeutic purposes, cocaine is used as local anesthetic in
ophthalmologic, ear, nose and throat surgeries [9].
Cocaine is also used as a drug of abuse with ampheta-
mine-like effects [10]. Cocaine consumption as a drug of
abuse is a continuously growing global social and eco-
nomical problem and highly related to health problems of
the users [11-13]. The action of cocaine on the myometri-
um has been shown to increase contractility both in vivo
and in vitro [6, 14]. The mechanism of action involves the
rise of norepinephrine levels, the rise of intracellular
Ca++ levels and the increase of production and concen-
tration of prostaglandin PGF and PGE on the myometri-

um. Cocaine consumption also causes decline of prosta-
cyclin production, decrease and alternation of β-recep-
tors as well as of dopaminergic receptors: D1 and D2 [15,
16]. During pregnancy cocaine consumption has been
shown to be associated with high risk of spontaneous
abortion during first trimester, premature labor and even
uterine collapse, premature collapse of embryonic mem-
branes, retarded endometrial development, high possibil-
ity of placenta detachments and underweight newborn
[14, 17]. 

Oxytocin is a peptide hormone with molecular formula
C45H66N12O12S2 and MW = 1007.19. Oxytocin is produced
by neurons of the anterior hypothalamus and is secreted
in the anterior pituitary gland. Oxytocin secretion follows
a circadian rhythm with the peak secretion during night
hours [18-20]. Labor, breastfeeding, situations of anxiety
and emotional pressure are all stimuli for the secretion of
oxytocin. On its target tissue, oxytocin acts as a muscle
contraction agent [19, 21-23]. Oxytocin is also used as a
therapeutic agent in cases when induction of myometrial
contractions is needed. The oxytocin-receptor coupling
initiates a G-protein mediated response, including phos-
pholipase C [2, 24-26]. The increase of inositol triphos-
phate (IP3) induces the rise of intracellular and extracellu-
lar Ca++, which in turn activates calmodulin. Calmodulin
phosphorilates the light-chain myocin kinase and results
in myometrium construction [27-29].

Ritodrine is a member of β-agonists with a well estab-
lished use as a tocolytic agent in preterm labor. Ritodrine
has MW: 323,820 and half-life of 6-9 min and total inac-
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tivation at 1.7-2.6 hours [30-32]. The mechanism of action
involves the blockage of Ca2+ channels on cell membranes
which prevents the entrance of Ca2+ in the cell and the
simultaneous increase of intracellular cAMP [33-35].
Ritodrine can be administered intravenously (0.3 ng/ml) or
per os (10 mg or 20 mg tablets). The wide use of ritodrine
is based on two decades of clinical experience, its immedi-
ate effectiveness and the low cost of the treatment [36-39]. 

Atosiban is a synthetic peptide with MW: 944,199. The
chemical structure of atosiban is similar to that of oxy-
tocin with differences on position 1, 2, 4 and 8. Atosiban
possesses a high affinity with oxytocin receptors on the
myometrium [40, 41]. Thus, atosiban acts as an oxytocin
antagonist and binds to the receptors of oxytocin and
vasopressin. This reduction on the number of available
receptors for oxytocin and vasopressin results in myome-
trial relaxation [42]. The binding of atosiban on oxytocin
receptors results in the inactivation of intracellular G pro-
tein system and in both the Gp/11 for V1 receptors of
vasopressin and oxytocin and the Gs for the V2 receptors
of vasopressin [43-46]. As a therapeutic agent, atosiban is
used to suppress myometrial contraction in cases of
preterm or endangered labor [46]. It can be administered
intravenously or intramuscularly. The half life depends of
the way of administration and ranges between 15 to 80
min [39, 45].

The use of ritodrine and atosiban as tocolytic agents is
well established [47, 48]. However their use in cases of
cocaine consumption during pregnancy has not been ade-
quately studied.

In cases of threatened preterm labor, including cases of
cocaine consumption, the therapeutic approach is to
remove the causing agent and to administer tocolytic agen-
ts. As threatened labor is an emergency medical case and
usually there is no time for thorough investigation, the use
of the most effective and safe tocolytic agent is mandatory. 

In this study we investigated the response of pregnant
and non pregnant rat (Rattus norvegicus) myometrium to
the administration of benzoylecgonine, a cocaine metabo-
lite, and oxytocin as uterine contraction agents.
Additionally, we also investigated the efficiency of rito-
drine and atosiban to overcome the effects of cocaine and
oxytocin on the myometrium.

Materials and Methods

Experimental Animals

We used female Rattus norvegicus (Wistar strain) (n = 84)
with body weight 200-250 g and age 8-20 weeks. The animals
were kept in stable conditions of temperature (20-22°C) and
light and were fed with Mixture 510 (ELVIZ, Xanthi, Greece).
Forty-two of them were non-pregnant. The rest became preg-
nant after placing them with male rats for 72 hours. Pregnancy
was confirmed with a pregnancy test.

Tissue preparation and recording of myometrial contractions

The animals were anesthetized with ether and the uterus was
extracted from each animal. The two horns were isolated and
kept in Kreb’s medium at 37°C. 

The isolated uterine horn of each animal was suspended in the
waterbath of the muscle transducer within 10 min of its extrac-
tion. The tissue was left on suspension in the waterbath for 20-
30 min in order to fully resume handling and to obtain uniform
mobility. The waterbath contained 100 ml of Kreb’s medium
and was continually supplied with O2. The agents to be tested
were suspended directly in the waterbath. We recorded the
changes in the tissue contraction over the first 10 min after the
administration of each agent.

To record the myometrial contractions we used an isotonic
muscle transducer (Harvard Medical Apparatus, Inc Holeston,
MA, USA) which transformed the mechanical movement of the
muscle into electric impulse signals and then into graphic charts.
The apparatus also included a transducer signal amplifier
(Harvard Medical Apparatus, Inc Holeston, MA, USA), a device
used to control the strength of electric potential (Attenuator, San-
Ei/M-1103, Harvard Medical Apparatus, Inc Holeston, MA,
USA) and a recording device (Pen Recorder, Kipp&Zonen, Delft,
Netherlands). The recording of graphic charts was made on con-
stant recording speed (5 mm/min) and sensitivity (Gain 1 mV).
The rate and intensity of myometrial contractions after adminis-
tration of each specific pharmaceutical agent were evaluated with
graphic charts on a procedure similar to electrocardiotocography
and the Montevideo recording system. 

The rate of contractions was estimated as the mean value of
the number of contractions recorded over a time period of 10
min. The intensity of contractions was evaluated by estimating
the mean value of the height of contractions that took place the
first 10 min after administration of each agent.

Experimental groups

We divided the animals in seven groups, each containing six
pregnant and six non-pregnant animals, as follows:

Group 1: to observe changes caused by benzoylecgonine, a
cocaine metabolite (Abbott Laboratories, IL, USA), after
administration of the first dose of 0.003 ng/ml and the second
dose (0.003 ng/ml) after 10 min.

Group 2: to observe changes caused by administration of the
first dose of atosiban (Tractocile, Ferring Pharmaceuticals)
(0.0038 ng/ml), followed by a second dose 10 min later. 

Group 3: to test after one dose of benzoylecgonine (0.003
ng/ml) followed by one dose of ritodrine (Yutopar, Solvay
Pharma) at a dose of 0.001 ng/ml, after 10 min.

Group 4: to test benzoylecgonine (0.003 ng/ml) followed by
the first dose of atosiban (0.0038 ng/ml) and a second dose of
atosiban (0.0038 ng/ml) 10 min after the first.

Group 5: to test oxytocin (Oxytocin, G.A. Pharmaceuticals
S.A., Greece) at a dose of 0.50 IU/ml, followed by one dose of
ritodrine (0.001 ng/ml), 10 min later.

Group 6: to test oxytocin (0.5 IU/ml) followed by the first
dose of atosiban (0.0038 ng/ml) after 10 min and the second
dose of atosiban (0.0038 ng/ml) 10 min after the first dose.

Group 7: to test benzoylecgonine (one dose of 0.003 ng/ml)
followed by oxytocin (one dose of 0.50 IU/ml) followed by atosi-
ban (first dose of 0.0038 ng/ml and 10 min later a second dose of
0.0038 ng/ml) followed by ritodrine (one dose of 0.001 ng/ml).

Statistical analysis 

The normality of studied parameters was evaluated with the
Shapiro-Wilks test. The comparisons of the rate and strength of
myometrial contractions between animals were made with the
Student’s t-test. Analysis of variance for repeated measurements
was used to evaluate myometrial contractions after successive
administration of agents. The two-tailed significant level was
set at p < 0.05. 
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Results 

Benzoylecgonine 

After the administration of the first dose of benzoylec-
gonine (0.0030 ng/ml) the rate of myometrial contrac-
tions increased significantly (compared to the initial
value) in both pregnant (p < 0.001) and non-pregnant (p
= 0.032) experimental groups (Table 1). After the second
dose of benzoylecgonine (0.0030 ng/ml) the rate of
myometrial contraction was slightly but not significantly
increased in the pregnant group (p = 0.098). In the non-
pregnant group the rate of contractions was similar before
and after the administration of the second dose of ben-
zoylegconine.

The intensity of myometrial contractions was increased
in both pregnant (p < 0.001) and non-pregnant (p < 0.001)
experimental groups after the administration of the first
dose of benzoylecgonine (0.0030 ng/ml) (Table 2). A fur-
ther increase in the intensity of contractions was observed
after the administration of the second dose of benzoylecgo-
nine (0.003 ng/ml) in both pregnant (p = 0.007) and non-
pregnant (p < 0.001) experimental groups. 

Atosiban

The administration of the first dose of atosiban induced
a decrease in the rate of myometrial contractions in both
the pregnant (p = 0.001) and non-pregnant (p = 0.002)
group. The second dose of atosiban induced a further
decrease in the rate of contractions (p = 0.009 for preg-
nant, p = 0.018 for non-pregnant) (Table 3). 

The intensity of contractions was significantly
decreased after the first dose of atosiban in both pregnant
(p = 0.001) and non-pregnant groups (p = 0.014), and
further decreased by the administration of the second
dose of atosiban (p = 0.039 for pregnant and p = 0.039
for non-pregnant). The intensity of contraction after the
second dose of atosiban was lower compared to the initial
values (p = 0.002 for pregnant, p < 0.001 for non-preg-
nant). The decrease of the intensity of contractions was
greater in the pregnant compared to the non-pregnant
group (Table 4).

Benzoylecgonine and ritodrine

The response of myometrium in terms of rate and inten-
sity of contractions, to the administration of benzoylecgo-
nine first and then to ritodrine is shown in Table 5. The
rate of contractions significantly increased after ben-
zoylecgonine administration in the pregnant (p < 0.001)
and non-pregnant (p = 0.038) group. Administration of
ritodrine significantly reduced the number of myometrial
contractions by 80% in pregnant (p < 0.001) and by
81,8% in non-pregnant (p < 0.001) rats. 

Table 1. — Pathologic findings.

Rate of contractions

Experimental Initial 1st dose of 2nd dose of
animals value benzoylecgonine benzoylecgonine

Non-pregnant 
(n = 6) 0.58 ± 0.08#,a 0.75 ± 0.10#,*,b 0.77 ± 0.08#,*,c

Pregnant 
(n = 6) 0.78 ± 0.08#,a 1.43 ± 0.18#,*,b 1.63 ± 0.05#,*,c

Total (n = 12) 0.68 ± 0.13a 1.09 ± 0.38*, b 1.20 ± 0.46*, c

Rate of myometrial contractions (mean number of contractions/10 min ± SD) before
and after administration of the 1st (0.0030 ng/ml) and 2nd (0.0030 ng/ml) dose of
benzoylecgonine with 10 min time intervals between the doses, in pregnant and
non-pregnant groups. *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant
versus pregnant. Significant differences (p < 0.05) within each group (non-pregnant
or pregnant) over time are shown by letters.

Table 2. — Pathologic findings.

Mean height of contractions in cm

Experimental Initial 1st dose of 2nd dose of
animals value benzoylecgonine benzoylecgonine

Non-pregnant  
(n = 6) 1.22 ± 0.19#,a 4.28 ±0.21#,*,b 4.79 ± 0.27#,*,c

Pregnant (n = 6) 1.84 ± 0.12#,a 5.25 ± 0.87#,*,b 5.73 ± 0.74#,*,c

Total (n = 12) 1.53 ± 0.36a 4.77 ± 0.79*,b 5.26 ± 0.73*,c

Intensity of myometrial contractions (mean height of contractions in cm ± SD)
before and after administration of the 1st (0.0003 ng/ml) and 2nd (0.0003 ng/ml) dose
of benzoylecgonine with 10 min time intervals, in pregnant and non-pregnant
groups. *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant versus pregnant.
Significant differences (p < 0.05) within each group (non-pregnant or pregnant) over
time are shown by letters.

Table 3. — Pathologic findings.

Mean number of contractions / 10 min

Experimental Initial 1st dose of 2nd dose of
animals value atosiban adosiban

Non-pregnant 
(n = 6) 0.60 ± 0.11#,a 0.23 ± 0.05#,*,b 0.05 ± 0.05#,*,c

Pregnant (n = 6) 1.00 ± 0.27#,a 0.38 ± 0.12#,*,b 0.17 ± 0.05#,*,c

Total (n = 12) 0.80 ± 0.29a 0.31 ± 0.12*,b 0.11 ± 0.008*,c

Rate of myometrial contractions (mean number of contractions/10 min ± SD) before
and after administration of the 1st (0.0038 ng/ml) and 2nd (0.0038 ng/ml) dose of
atosiban, with 10 min time interval between the doses. *: p < 0.05 versus initial
value, #: p < 0.05, non-pregnant versus pregnant. Significant differences (p < 0.05)
within each group (non-pregnant or pregnant) over time are shown by letters.

Table 4. — Pathologic findings.

Height of myometrial contractions

Experimental Initial 1st dose of 2nd dose of
animals value atosiban adosiban

Non-pregnant  
n = 6 3.56 ± 0.84#,a 1.39 ± 0.31#,*,b 0.25 ± 0.27#,*,c

Pregnant n = 6 8.08 ± 2.27#,a 3.25 ± 1.51#,*,b 1.88 ± 0.83#,*,c

Total n = 12 5.82 ± 3.03a 2.32 ± 1.42*,b 1.06 ± 1.03*,c

Intensity of myometrial contractions (mean height of contractions/10 min ± SD)
before and after administration of the 1st (0.0038 ng/ml) and 2nd (0.0038 ng/ml) dose
of atosiban, with 10 min time interval between the doses. *: p < 0.05 versus initial
value, #: p < 0.05, non-pregnant versus pregnant. Significant differences (p < 0.05)
within each group (non-pregnant or pregnant) over time are shown by letters.

Table 5. — Pathologic findings.

Mean height of contractions per min

Experimental animals Initial value Benzoylecgonine Ritodrine

Non-pregnant
n = 6 0.63 ± 0.08#,a 0.75 ± 0.08#,*,b 0.15 ± 0.05#,*,c

Pregnant n = 6 0.98 ± 0.08#,a 1.48 ± 0.12#,*,b 0.27 ± 0.08#,*,c

Total n = 12 0.81 ± 0.19a 1.12 ± 0.39*,b 0.21 ± 0.09*,c

Rate of myometrial contractions (mean number of contractions/10 min ± SD), after
administration of one dose of benzoylecgonine (0.003 ng/ml) followed by one dose
of ritodrine (0.001 ng.ml). *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant
versus pregnant. Significant differences (p < 0.05) within each group (non-pregnant
or pregnant) over time are shown by letters.
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The effects of benzoylecgonine and ritodrine on the
intensity of myometrial contractions are shown in Table
6. Similarly to the pattern of changes in the number of
contractions, the intensity of myometrial contractions was
significantly increased after administration of benzoylec-
gonine and reduced after the subsequent administration of
ritodrine. The effects of benzoylecgonine and ritodrine
was significantly higher in the pregnant compared to non-
pregnant group (p = 0.028 for benzoylecgonine and p <
0.001 for ritodrine).

Benzoylecgonine and atosiban

The effects of benzoylecgonine and atosiban adminis-
tration on the pregnant and non-pregnant animals are
shown in Table 7. Benzoylecgonine administration result-
ed in a significant increase on the rate of myometrial con-
tractions in both pregnant (p = 0.03) and non-pregnant (p
= 0.007) animals. The administration of the first and sec-
ond dose of atosiban did not affect the rate of contractions
at a significant level. The effect of benzoylecgonine was
significantly higher in the pregnant compared with non-
pregnant group (0.58 ± 0.30 vs 0.15 ± 0.05, p = 0.016).
On the contrary, the effect of atosiban did not differ in the
two groups.

The intensity of myometrial contractions after the
administration of benzoylecgonine and atosiban are
shown in Table 8. The administration of benzoylecgonine
caused an increase on the intensity of myometrial con-
tractions in the pregnant (p < 0.001) and non-pregnant (p
< 0.001) group while the administration of the first and
second dose of atosiban did not cause significant changes
on the intensity of contractions. The changes on the inten-
sity of myometrial contractions caused by benzoylecgo-
nine and atosiban did not differ between the pregnant and
non-pregnant group. 

Oxytocin and ritodrine

The response of myometrium of pregnant and non-
pregnant groups to the administration of oxytocin and
subsequently to ritodrine is presented in Table 9.

After oxytocin administration the rate of myometrial
contractions increased in both the pregnant (p = 0.004)
and non-pregnant (p = 0.001) group. After the adminis-
tration of ritodrine, the number of contractions was
reduced to levels lower than the initial (those before
administration of oxytocin) in both pregnant (p < 0.001)
and non-pregnant (p < 0.001) groups. Furthermore, the
effect of oxytocin and ritodrine on the rate of myometrial
contractions was greater in the pregnant compared to non-
pregnant group (-1.37 ± 0.30 vs -1.03 ± 0.14, p = 0.003).

The intensity of myometrial contractions increased
after administration of oxytocin in the pregnant (p =
0.008) and non-pregnant (p = 0.001) group (Table 10).
After administration of ritodrine the intensity of myome-
trial contractions was decreased in both pregnant (p =
0.002) and non-pregnant (p < 0.001) groups. There were
no significant differences in the strength of the effects of
oxytocin and ritodrine between the pregnant and non-
pregnant group.

Oxytocin and atosiban

The administration of oxytocin caused a significant
increase in the rate of myometrial contractions in preg-
nant (p < 0.001) and non-pregnant (p < 0.001) groups, as
shown in Table 11. The rate of myometrial contractions
decreased after the administration of the first dose of
atosiban in both pregnant (p < 0.001) and non-pregnant
(p < 0.001) experimental groups. The administration of

Table 9. — Pathologic findings.

Mean number of contractions per min

Experimental animals Initial value Oxytocin Ritodrine

Non-pregnant 
n = 6 0.63 ± 0.10# 1.27 ± 0.14#,*,a 0.23 ± 0.08#,*,b

Pregnant n = 6 1.13 ± 0.36# 1.65 ± 0.39#,*,a 0.28 ± 0.13#,*,b

Total n = 12 0.88 ± 0.36 1.46 ± 0.34#,*,a 0.26 ± 0.11#,*,b

Rate of myometrial contractions (mean number of contractions/10 min ± SD) after
the administration of one dose of oxytocin (0.50 IU/ml) followed by one dose of
ritodrine (0.0005 ng/ml). The time intervals between the administration of each
agent were 10 min. *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant versus
pregnant. Significant differences (p < 0.05) within each group (non-pregnant or
pregnant) over time are shown by letters.

Table 8. — Pathologic findings.

Mean height of contractions (cm / 10 min)

Experimental Initial Benzoylecgonine 1st dose of 2nd dose of
animals value atosiban adosiban

Non-pregnant 
n = 6 1.34 ± 0.06# 4.40 ± 0.28#,*,a 4.38 ± 0.38#,* 4.42 ± 0.25#,*

Pregnant n = 6 1.99 ± 0.20# 5.08 ± 0.35#,*,a 4.95 ± 0.24#,* 4.90 ± 0.38#,*

Total n = 12 1.67 ± 0.37 4.74 ± 0.46*,a 4.66 ± 0.43* 4.66 ± 0.40*

Changes of the intensity of myometrial contractions (mean height of contraction in cm) after the
administration of one dose of benzoylecgonine (0.0030 ng/ml) followed by the 1st dose of
atosiban (0.0038 ng/ml) and the 2nd dose of atosiban (0.0038 ng/ml), in pregnant and non-
pregnant groups. *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant versus pregnant.
Significant differences (p < 0.05) within each group (non-pregnant or pregnant) over time are
shown by letters.

Table 6. — Pathologic findings.

Mean height of contractions in cm

Experimental animals Initial value Benzoylecgonine Ritodrine

Non-pregnant 
n = 6 1.33 ± 0.06#,a 4.14 ± 0.04#,*,b 1.09 ± 0.11#,*,c

Pregnant n = 6 2.05 ± 0.16#,a 5.28 ± 0.49#,*,b 1.38 ± 0.38#,*,c

Total n = 12 1.69 ± 0.40a 4.71 ± 0.68*,b 1.24 ± 0.31*,c

Intensity of myometrial contractions (mean height of contractions/10 min ± SD)
after the administration of benzoylecgonine (0.003 ng/ml) followed by ritodrine
(0.001 ng/ml), with 10 min time interval between the doses. In pregnant and non-
pregnant groups. *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant versus
pregnant. Significant differences (p < 0.05) within each group (non-pregnant or
pregnant) over time are shown by letters.

Table 7. — Pathologic findings.

Mean number of contractions per min

Experimental Initial Benzoylecgonine 1st dose of 2nd dose of
animals value atosiban adosiban

Non-pregnant 
n = 6 0.63 ± 0.08# 0.78 ± 0.12#,*,a 0.75 ± 0.11# 0.73 ± 0.08#

Pregnant n = 6 0.80 ± 0.14# 1.38 ± 0.32#,*,a 1.32 ± 0.33# 1.35 ± 0.37#

Total n = 12 0.72 ± 0.14 1.08 ± 0.39*,a 1.03 ± 0.38 1.04 ± 0.41
Rate of myometrial contractions after the administration of one dose of benzoylecgonine (0.003
ng/ml), the 1st dose of atosiban (0.0038 ng/ml) and the 2nd dose of atosiban (0.0038 ng/ml). The
time intervals between the administrations of each agent were 10 min. *: p < 0.05 versus initial
value, #: p < 0.05, non-pregnant versus pregnant. Significant differences (p < 0.05) within each
group (non-pregnant or pregnant) over time are shown by letters.
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the second dose of atosiban caused a further decrease in
the rate of myometrial contraction to levels lower to the
original (before the administration of oxytocin). The two-
way mixed analysis of variance showed that the effect of
oxytocin and atosiban on the rate of myometrial contrac-
tions was significantly stronger in the pregnant group
compared to non-pregnant group (-2.52 ± 0.17 vs -1.17 ±
0.12, p < 0.001).

The intensity of the myometrial contractions was
increased after the administration of oxytocin in both
pregnant (p = 0.002) and non-pregnant (p = 0.002) exper-
imental animals. Administration of the first dose (0.0015
ng/ml) of atosiban induced a decrease in the intensity of
myometrium in the pregnant (p < 0.001) and non-preg-
nant (p = 0.004) group. The administration of the second
dose of atosiban (0.0015 ng/ml) induced further decrease
on the intensity of myometrial contractions on pregnant
(p = 0.039) and non-pregnant (0.012) groups. As
observed in the rate of myometrial contractions, the
effects of oxytocin and atosiban on the intensity of
myometrial contractions was significantly stronger in the
pregnant compared to non-pregnant group (p < 0.001).

Oxytocin, benzoylecgonine, atosiban and ritodrine

Administration of benzoylecgonine (0.003 ng/ml)
caused a significant rise in the rate of myometrial contrac-
tions in both pregnant (p < 0.001) and non-pregnant (p <
0.001) groups. The following oxytocin administration
(0.5 IU/dose) further increased the rate of myometrial
contractions (p = 0.012 for pregnant, p = 0.001 for non-
pregnant). When the first dose of atosiban (0.0038 ng/ml)
was administrated, the rate of contractions was signifi-
cantly decreased (p = 0.009 for pregnant and p = 0.01 for
non-pregnant). After the second dose of atosiban (0.0038
ng/ml) a decrease in the rate of contractions was observed
but not at a significant level. Noticeably, the rate of con-
tractions reached similar levels to those after administra-
tion of benzoylecgonine. After the following administra-
tion of ritodrine (0.001 ng/ml), the rate of contractions
was significantly decreased to levels lower than the ini-
tial, in both pregnant (p = 0.001) and non-pregnant (p <
0.001) groups. The effect of ritodrine was more intense in
the pregnant compared to non-pregnant group (-1.25 ±
0.14 vs -0.93 ± 0.14, p = 0.003) (Table 13).

The intensity of myometrial contraction was increased
after the administration of benzoylecgonine (p < 0.001
for pregnant and p < 0.001 for non-pregnant). The subse-
quent administration of oxytocin further increased the
intensity of contractions (p < 0.001 for pregnant and p <
0.001 for non-pregnant groups). After the administration

Table 10. — Pathologic findings.

Height of contractions (cm)

Experimental animals Initial value Oxytocin Ritodrine

Non-pregnant 
n = 6 2.33 ± 0.54 7.06 ± 0.90*,a 1.30 ± 0.36*,b

Pregnant  n = 6 2.85 ± 0.40 7.94 ± 1.98*,a 1.53 ± 0.26*,b

Total n = 12 2.59 ± 0.53 7.50 ± 1.54*,a 1.42 ± 0.32*,b

Intensity of myometrial contractions (mean height of contractions/10 min ± SD)
after the administration of one dose of oxytocin (0.50 IU/ml) followed by one dose
of ritodrine (0.0005 ng/ml), in pregnant and non-pregnant groups. *: p < 0.05 versus
initial value, #: p < 0.05, non-pregnant versus pregnant. Significant differences (p <
0.05) within each group (non-pregnant or pregnant) over time are shown by letters.

Table 11. — Pathologic findings.

Mean number of contractions per min

Experimental Initial Oxytocin 1st dose of 2nd dose of
animals value atosiban adosiban

Non-pregnant 
n = 6 0.62 ± 0.08# 1.22 ± 0.16#,*,a 0.22 ± 0.10#,*,b 0.05 ± 0,05#,*,c

Pregnant n = 6 0.88 ± 0.19# 2.74 ± 0.19#,*,a 0.33 ± 0.10#,*,b 0.22 ± 0.04#,*,c

Total n = 12 0.75 ± 0.20# 1.98 ± 0.17#,*,a 0.28 ± 0.11#,*,b 0.13 ± 0.10#,*,c

Rate of myometrial contractions (mean number of contractions/10 min ± SD) after the
administration of one dose of oxytocin (0.50 IU/ml), the 1st dose of atosiban (0.0015 ng/ml) and
the 2nd dose of atosiban (0.0015 ng/ml). *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant
versus pregnant. Significant differences (p < 0.05) within each group (non-pregnant or pregnant)
over time are shown by letters.

Table 12. — Pathologic findings.

Mean height of contractions

Experimental Initial Oxytocin 1st dose of 2nd dose of
animals value atosiban adosiban

Non-pregnant 
(n = 6) 1.89 ± 0.13# 4.51 ± 0.79#,*,a 2.23 ± 0.24#,b 0.50 ± 0.55#,*,c

Pregnant n = 6 2.36 ± 0.31# 8.80 ± 1.84#,*,a 3.52 ± 1.16#,b 1.67 ± 0.75#,*,c

Total n = 12 2.94 ± 0.30 6.65 ± 2.62*,a 2.87 ± 1.05b 1.08 ± 0.87*,c

Intensity of myometrial contractions (mean height of contractions/10 min ± SD) after the
administration of one dose of oxytocin (0.50 IU/ml), the 1st dose of atosiban (0.0015 ng/ml) and
the 2nd dose of atosiban (0.0015 ng/ml). *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant
versus pregnant. Significant differences (p < 0.05) within each group (non-pregnant or pregnant)
over time are shown by letters.

Table 13. — Pathologic findings.

Mean number of contractions per min

Experimental Initial Benzoylec- Oxytocin 1st dose of 2nd dose of Ritodrine
animals value gonine atosiban adosiban

Non-pregnant 
n = 6 0.80 ± 1.05 ± 1.33 ± 1.13 ± 1.07 ± 0.13 ± 

0.06# 0.05#,*,a 0.12#,b 0.12#,c 0.12# 0.05#,*,d

Pregnant n = 6 1.35 ± 1.67 ± 1.85 ± 1.58 ± 1.53 ± 0.28 ± 
0.10# 0.12#,*,a 0.29#,b 0.23#,c 0.14# 0.08#,*,d

Total n = 12 1.08 ± 1.36 ± 1.59 ± 1.36 ± 1.30 ± 0.21 ± 
0.30 0.33a 0.34b 0.30c 0.27 0.10*,d

Rate of myometrial contractions (mean number of contractions/10 min ± SD) after the
administration of one dose of benzoylecgonine (0.0030 ng/ml), one dose of oxytocin
(0.50 IU/ml), 1st dose of atosiban (0.0038 ng/ml), 2nd dose of atosiban (0.0038 ng/ml), one
dose of ritodrine (0.001 ng/ml) with 10 min interval between the administration of each
agent. *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant versus pregnant.
Significant differences (p < 0.05) within each group (non-pregnant or pregnant) over time
are shown by letters.

Table 14. — Pathologic findings.

Mean height of contractions

Experimental Initial Benzoylec- Oxytocin 1st dose of 2nd dose of Ritodrine
animals value gonine atosiban adosiban

Non-pregnant 
n = 6 1.91 ± 4.92 ± 9.45 ± 4.61 ± 4.54 ± 1.25 ± 

0.16# 0.26#,*,a 0.378#,b 0.297#,c 0.317# 0.27#,*,d

Pregnant n = 6 2.30 ± 5.62 ± 10.94± 5.83 ± 5.56 ± 1.81 ± 
0.27# 0.47#,*,a 0.457#,b 0.49#,c 0.40# 0.41#,*,d

Total n = 12 2.10 ± 5.27 ± 10.19 ± 5.22 ± 5.052 ± 1.527 ± 
0.295 0.51#,*,a 0.875b 0.75c 0.63 0.44*,d

Intensity of myometrial contractions (mean height of contractions/10 min ± SD) after the
administration of one dose of benzoylecgonine (0.0030 ng/ml), one dose of oxytocin
(0.50 IU/ml), 1st dose of atosiban (0.0038 ng/ml), 2nd dose of atosiban (0.0038 ng/ml), one
dose of ritodrine (0.001 ng/ml) with 10 min interval between the administration of each
agent. *: p < 0.05 versus initial value, #: p < 0.05, non-pregnant versus pregnant.
Significant differences (p < 0.05) within each group (non-pregnant or pregnant) over time
are shown by letters.
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of the first dose of atosiban the intensity of contractions
was reduced in both pregnant (p = 0.01) and non-preg-
nant rats (p < 0.001). After the second dose of atosiban
the reduction of the intensity of contractions was not sig-
nificant but it reached levels similar to those after the
administration of benzoylecgonine. The administration of
ritodrine induced a significant decrease in the intensity of
contractions, to levels lower that the initial (before the
administration of oxytocin) (p < 0.001 for pregnant, p <
0.001 for non-pregnant). The effect of ritodrine was
shown to be stronger in the pregnant compared to non-
pregnant animals (-3.76 ± 0.58 vs -3.29 ± 0.16, p = 0.096)
(Table 14). 

Discussion

As shown in our results, the administration of benzoylec-
gonine, a cocaine metabolite and oxytocin increases
myometrial contractility, while the administration of atosi-
ban and ritodrine induce myometrial relaxation. In particu-
lar, atosiban was shown to be able to revoke the action of
oxytocin but not the action of benzoylecgonine. Ritodrine
was shown to be able to induce muscle relaxation in both
oxytocin and benzoylecgonine administration.

The effects of oxytocin on myometrial contractility are
well known [40-50]. In our experiments the administra-
tion of oxytocin caused an increase of the rate and the
strength of myometrial contractions, whereas the subse-
quent administration of benzoylecgonine further
increased those parameters. This additional increase of
contractility is attributed to the different mechanisms of
actions of oxytocin and benzoylecgonine.

Previous studies have shown that cocaine augments
myometrium contractility by both adrenergic and non-
adregenergic mechanisms [51]. Regarding the adrenergic
receptors, it is possible that cocaine acts on a post-recep-
tor level [52]. On the other hand, ritodrine is a β-2 adren-
ergic receptor agonist. Our results showing that ritodrine
is a potent inhibitor of the action of cocaine metabolites
on myometrium confirm the opinion that the effects of
cocaine on adrenergic mechanisms are responsible to a
large part for cocaine actions on myometrium.

In conclusion, cocaine metabolites seem to act on the
myometrium through different pathways compared with
oxytocin. After comparing two widely used tocolytic
agents: atosiban and ritodrine, it is indicated that only
ritodrine, a β-2 adrenergic receptor agonist, can inhibit
the action of cocaine metabolites on myometrial tissue.
This finding indicates that the actions of cocaine on
adrenergic mechanisms are responsible to a large part for
its effects on myometrium contractility. The use of β-2
adrenergic receptor agonists seems to be preferable for
the treatment of myometrial contractions induced by
cocaine consumption in non-pregnant (p < 0.001) rats. 
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