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Summary 

Previous work in our laboratory showed that o,p'-DDT increases the frequency of rat uterine contrac- 
tions in vitro. The present study investigated whether this response was related to prostaglandin E 2 
(PGE2) release from the uterine strips or to the estrogenicity of o,p'-DDT. Contraction frequency was 
evaluated by recording isometric spontaneous contractions in longitudinal uterine strips from pregnant 
rats. Assessment of PGE 2 levels in the muscle bath showed no significant differences between control and 
DDT-treated strips, although significant amounts of PGE 2 were detected in both groups and increased 
contraction frequency was observed in o,p'-DDT-treated strips. Furthermore, a role for direct estrogenic 
action in the mediation of o,p'-DDT-stimulated uterine contraction was not supported by the contract- 
ility data, because: (i) unlike o,p'-DDT, 17-/3-estradiol had no stimulatory effect, but instead exerted a 
significant inhibitory effect on uterine contraction; (ii) the estrogen antagonist, tamoxifen, failed to block 
the stimulatory effect of o,p'-DDT; and (iii) p,p'-DDD, a non-estrogenic DDT analogue, significantly 
stimulated contraction frequency, similar to o,p'-DDT. These results suggest that the stimulatory effect 
of o,p'-DDT on contraction frequency is not dependent on PGE 2 release or direct estrogen receptor- 
related action. 
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Introduction 

E l e v a t e d  m a t e r n a l  s e rum levels  o f  D D T  and  o t h e r  o r g a n o c h l o r i n e  insect ic ides  

have  been  o b s e r v e d  in w o m e n  [1-3]  and  C a l i f o r n i a  sea l ions  [4] in a s soc i a t i on  wi th  

p r e t e r m  bi r th  a n d / o r  s p o n t a n e o u s  a b o r t i o n .  In  a s tudy  i n v o l v i n g  the  effect  o f  D D T  

on  p r egnancy ,  rabb i t s  t r ea t ed  o ra l ly  wi th  D D T  de l ive red  p r e m a t u r e l y  in a m a j o r i t y  

o f  cases  [5]. Whi l e  a m e c h a n i s t i c  basis  fo r  this a s soc i a t i on  is n o t  k n o w n ,  ou r  

l a b o r a t o r y  has  r ecen t ly  r e p o r t e d  the  first  de sc r ip t i on  o f  a d i rec t  s t i m u l a t o r y  effect  

o f  o , p ' - D D T  on  s p o n t a n e o u s  c o n t r a c t i o n s  in p r e g n a n t  ra t  u te r ine  str ips ex v ivo  [6]. 
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More recently we have shown that o,p'-DDT increases contraction frequency in a 
dose- and time-dependent manner [7]. These observations may be relevant to 
previous associations of preterm birth and organochlorine insecticide exposure, 
because independent clinical investigations have demonstrated that contraction fre- 
quency is significantly elevated in women who subsequently undergo preterm labor 
compared to women who deliver at term [8,9]. 

Prostaglandin E 2 (PGE2) and F2c ~ are potent stimulants of uterine activity in 
several species, including rats and humans and are likely to be involved in the regula- 
tion and onset of parturition. During the later stages of pregnancy in humans, the 
rise in estrogen levels may also play a role in parturition by influencing synthesis of 
myometrial contractile proteins and increasing uterine activity [10]. Because o,p'- 
DDT binds to the estrogen receptor [11,12], the present study examined if o,p'-DDT 
increases uterine contraction frequency through a direct estrogen receptor-mediated 
mechanism. We evaluated this hypothesis in contractility studies by: (i) assessing the 
effect of a physiologically active estrogen, 17-fl-estradiol; (ii) determining the effect 
of o,p'-DDT in the presence of tamoxifen, an estrogen receptor antagonist; and (iii) 
investigating whether a non-estrogenic DDT isomer, p,p'-DDD, is capable of 
stimulating contraction frequency similar to o,p'-DDT. Additional experiments 
examined whether o,p'-DDT was acting indirectly by increasing the uterine release 
of PGE 2. We found no evidence that DDT-enhanced contraction frequency in ex- 
planted rat uterine strips is related to either direct estrogenic stimulation or increased 
tissue release of PGE 2. 

Materials and methods 

Chemicals 
Tamoxifen citrate, prostaglandin E2 and 17-fl-estradiol were from Sigma 

Chemical (St. Louis, MO) and p,p'-DDD and o,p'-DDT were from Crescent 
Chemical (Hauppauge, NY). Tamoxifen citrate stock solution was 20 mM in 
methanol. Stock solutions of 40 mM 17-fl-estradiol, 56 mM o,p'-DDT and 62 mM 
p,p'-DDD were prepared in absolute ethanol and stored at 4°C. 

Tissue isolation 
Mid-gestation (day 10 of pregnancy) Sprague-Dawley rats were anesthetized with 

ether and sacrificed by exsanguination in accordance with procedures approved by 
the University of Michigan Committee on the Use and Care of Animals. The uteri 
were removed and small strips of longitudinal muscle (3 mm x 10 mm) cut from the 
fetal side of one of the uterine horns were placed in physiological saline solution 
(PSS) (116 mM NaC1, 21.9 mM NaHCO3, 11.1 mM dextrose, 4.6 mM KC1, 1.16 
mM MgSOa(7H20), 1.16 mM NaH2PO4(H20), 1.8 mM CaC12(2H20), pH 7.4). For 
each experiment, strips were randomly designated as control or test using a 
systematic coin-toss, to reduce biased selection of strips which may possess intrin- 
sically different contractility characteristics. 

Isometric contraction recording 
Uterine strips were mounted in 50-ml muscle baths (University of Michigan Glass 

Shop, Ann Arbor, MI) which contained PSS at 37°C (5% CO2/95% 02). There were 
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two strips per bath. One end of each strip was tied with silk thread to a fixed post 
and the other end to a force transducer (Grass FT-O3, Quincy, MA). Constant ten- 
sion of 0.5 g was placed on each strip and all strips were depolarized with 60 mM 
KCI to measure maximal contractile force and to insure that all preparations were 
viable. Strips were then maintained at 37°C (5% CO2/95% 02) until spontaneous, 
regular contractions developed (3-4 h). PSS was changed every 30 min during this 
acclimation period. Following development of phasic activity, contractions were 
measured in all strips for the same period of time (0.5-1.0 h), designated as the 
baseline period. A treatment period of 3 h, followed by a 3-h post-treatment period 
was used in all experiments except those with 17-fl-estradiol, in which both periods 
were shortened due to treatment effect. Contraction frequency was assessed by 
enumerating spontaneous contractions which exceeded 50% maximal force, for each 
experimental period (baseline, treatment, post-treatment). Following experimenta- 
tion, strips were again depolarized with KCI as a check of both tissue viability and 
maximal contractile force; in no case was degradation observed. Six animals were 
used for each experiment, except for the studies with 17-/3-estradiol in which five 
animals were employed. 

PGE2 contraction frequency experiment 
The testing protocol for these experiments incorporated the same time periods as 

previously described (1-h baseline, 3-h treatment, 3-h post-treatment). The PSS 
volume in the muscle baths was reduced to 25 ml to insure that measurable PGE2 
concentrations were available. After equilibration of 3-4 h, the baths were rinsed 
twice. Following the 1-h baseline period, 15 ml of the PSS from each bath was col- 
lected and frozen at -20°C for later analysis. The baths were changed to fresh PSS 
(25 ml) after each sampling. Test strips were treated with 100 #M o,p'-DDT for 3 
h, followed by a 3-h post-treatment period. Solvent controls were treated with 
equivalent levels of the solvent ethanol (0.17% v/v). After each of these periods, 15 
ml of PSS was sampled from each bath for analysis. All strips were blotted dry and 
weighed after experimentation. 

PGE2 analysis 
For PGE2 analysis, an ACE enzyme immunoassay kit (Cayman Chemical Co., 

Ann Arbor, MI) was used which utilized acetylcholinesterase-linked PGE2 as 
tracer, a rabbit anti-PGE2 antibody and a mouse anti-rabbit, monoclonal second 
antibody. From the samples obtained during experimentation, a 50-#1 aliquot of 
each was placed in a 96-well microtiter tray which was coated with mouse anti-rabbit 
monoclonal second antibody. A volume of 50/xl of tracer and 50 #1 of the rabbit 
anti-PGE2 antibody were added to each sample and these were incubated overnight 
at room temperature. All wells were washed with 0.05 M phosphate buffer and 
Tween 20 at pH 7.4. Ellman's reagent (200 /A) was added to each well and the 
samples were incubated in the dark on a shaker for 4-5 h at room temperature. This 
incubation allows the bound enzyme tracer to react with Ellman's reagent to yield 
a compound which may be measured photometrically (based on optical density) 
using a microplate reader at 405 nm. A standard curve was developed using stan- 
dards ranging from 2.6-250.0 pg PGE2/ml sample. All samples were run in 
duplicate. The assay detected quantifiable levels of PGE2 in all samples. The PGE2 
values are expressed as ng PGE2/g tissue/h. 
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Estrogen experiments: 17-13-estradiol 
Because of the inhibitory nature of estradiol on uterine contractility, the treatment 

and post-treatment periods were shortened considerably. After a 1-h baseline period, 
test strips were treated with 20/~M 17-~-estradiol for 30 min, while controls were 
exposed to equivalent concentrations of the solvent, 0.05% (v/v) ethanol. The baths 
were rinsed twice with PSS and a post-treatment period of 30 min ensued. A 20-/~M 
concentration of 17-/~-estradiol represented the optimal concentration based on an 
initial dose-response characterization of the compound (data not shown). 

Tamoxifen 
All strips were treated with 1 #M tamoxifen citrate beginning 1 h after placement 

in the muscle bath and continuing throughout the experiment. This concentration 
was selected based on tamoxifen's competitive inhibition of the estrogen receptor 
and its associated dissociation constant [13-15]. In order to ensure that sufficient 
tamoxifen was present in the muscle bath, we chose a concentration that was 100- 
fold higher than the predicted dissociation constant [13-15]. Following the 
equilibration and baseline periods (3-5 h), test strips were treated with 100 ~M o,p'- 
DDT while controls received equivalent amounts of the solvent, ethanol (0.17% v/v). 
We chose a concentration of 100/~M o,p'-DDT because this concentration was most 
effective in stimulating contraction frequency [7] and studies have shown that o,p'- 
DDT competitively inhibits estradiol binding in the 10 -4 to 10 -6 M range [16,17]. 
The baths were rinsed after 3 h and a post-treatment period of 3 h followed, during 
which only tamoxifen (1 #M) was present. The methanol concentration (tamoxifen 
vehicle) in the baths was negligible (0.005%, v/v). 

p,p '-DDD 
After a baseline period of 1 h, test strips were treated with 100/~M p,p'-DDD 

while controls received the equivalent concentration of solvent, 0.16% v/v ethanol. 
Because this experiment was designed to compare the effectiveness ofp,p'-DDD and 
o,p'-DDT in stimulating contraction frequency, 100 #M p,p'-DDD was the selected 
concentration. After a 3-h treatment period, the baths were rinsed and a 3-h post- 
treatment period followed. 

Dose-response to PGE2 and KCI 
In order to demonstrate that our uterine preparations were responsive to addition- 

al agents besides DDT, we conducted separate cumulative dose-response experi- 
ments with PGE 2 and depolarizing concentrations of potassium chloride (KCI). 
Following establishment of stable contractile activity, uterine strips were treated 
with increasing concentrations of PGE2 or KC1 for 15 min per dose. 

Statistical analyses 
For 17-~-estradiol, tamoxifen and p,p'-DDD experiments, statistical treatment of 

the data included two-way analysis of variance (ANOVA) with repeated measures 
to assess for time and treatment effects between control and test strips. Posthoc com- 
parison of contraction frequency means for each time period utilized the Student- 
Newman-Keuls method [18]. Differences in PGE 2 production for each time period 
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were analyzed using both Wilcoxon test for correlated samples and Mann-Whitney 
U for population differences [19]. Contraction frequency data associated with pros- 
taglandin experiments were analyzed using Student-Newman-Keuls for comparison 
of means. Contraction frequencies for all experiments are represented as mean per 
min ± SEM. An alpha level of 0.05 was assumed in all analyses. 

Results 

Similar to previous findings [7], there were no significant changes in contraction 
frequency among control uterine strips, while test strips exposed to o,p'-DDT show- 
ed significantly greater contraction frequency during the treatment and post- 
treatment periods, compared to baseline (Fig. la; P < 0.05). Unexpectedly, the 
baseline value for control strips was significantly greater than for test strips (Fig. la; 
P < 0.05), which may explain why significant differences between test strips and 
matched controls were not noted for the treatment or post-treatment periods. To 
assess whether prostaglandin production and/or release contributed to increased 
contraction frequency in o,p'-DDT treated strips, we sampled and quantified PGE2 
levels during the three time periods of the experiment shown in Fig. la. There were 
no significant differences in PGE2 concentrations released to the baths between 
control and test strips during any time period (Fig. lb), although PGE2 levels for 
both control and test strips were substantially higher during the post-treatment 
period than either baseline or treatment levels. 
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Fig. 1. a, Contraction frequency in 100/zM o,p'-DDT-treated rat uterine strips (hatched bars) from which 
prostaglandin E 2 (PGE-2) samples were analyzed. Each bar represents the mean contraction frequency 
per min ± SE of six replicate experiments. Asterisks (*) denote values significantly different from match- 
ed controls (open bars), while stars denote values significantly greater than the baseline value in o,p'- 
DDT-treated strips (P < 0.05). b, Prostaglandin E 2 release from rat uterine strips, treated in vitro with 
100 ~M o,p'-DDT (hatched bars) compared to matched controls (open bars). Each bar represents the 
mean concentration ± SE of PGE 2 in the bathing medium (PSS) during each experimental period, 
expressed as ng PGEz/g tissue/h. Each value is the mean of six replicate experiments. 
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Fig. 2. Contraction frequency in rat uterine strips treated with 20 #M 17-~-estradiol (hatched bars). Each 
bar represents the mean contraction frequency per min + SE of five replicate experiments. Asterisks (*) 
denote values significantly different from matched controls (open bars) at P < 0.05. Inset shows the acute 
inhibitory effect of 17-/3-estradiol in the bottom two tracings and the arrow denotes the addition of 17-~- 
estradiol; time shown is 20 min. 
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Fig. 3. Contraction frequency in rat uterine strips treated with 1 /~M tamoxifen (open bars) or 1 /~M 
tamoxifen + 100 #M o,p'-DDT (hatched bars). Each bar represents the mean contraction frequency per 
min ± SE of six replicate experiments. Asterisks (*) denote values significantly greater than matched con- 
trois, while the star denotes that the post-treatment value was significantly greater than either treatment 
or baseline in tamoxifen + o,p'-DDT-treated strips (P < 0.05). Inset shows representative tracings of con- 
tractions in strips treated with tamoxifen + o ,p' -DDT (top two tracings) or tamoxifen alone (bottom two 
tracings); time shown is 20 min. 
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To investigate the role of estrogenic action, initial experiments evaluated the acute 
effects of a physiologically relevant estrogen, 17-/3-estradiol (20/~M), on uterine con- 
traction frequency. This treatment produced a rapid (within 1 min) and sustained 
cessation of contractility, until the baths were rinsed free of 17-/3-estradiol (inset, Fig. 
2). This inhibitory effect was significant in comparison to matched controls (Fig. 2; 
P < 0.05). Following removal of 17-/~-estradiol from the muscle baths, spontaneous 
contractions resumed rapidly in all test strips (see post-treatment, Fig. 2). We 
observed a similar inhibitory effect at 30 /xM, but no acute effect on contraction 
frequency at 10/~M 17-B-estradiol (data not shown). 

In subsequent experiments, uterine strips were treated with the anti-estrogen, 
tamoxifen, followed by o,p'-DDT, to test the hypothesis that o,p'-DDT-induced in- 
creases in contraction frequency are mediated by the estrogen receptor. Addition of 
1 /~M tamoxifen failed to block or reduce the stimulatory effect of o,p'-DDT, as 
shown in Fig. 3. There were no remarkable differences in the degree of contraction 
frequency stimulation between those strips treated with o,p'-DDT/tamoxifen in this 
study and those treated with o,p'-DDT alone (Fig. la and as reported in our 
previous characterization [7]). For both treatment and post-treatment periods, strips 
exposed to 100/zM o,p'-DDT had significantly greater contraction frequencies than 
matched controls exposed to tamoxifen alone (Fig. 3; P < 0.05). In addition, the 
post-treatment value for o,p'-DDT-treated strips was significantly greater than 
either treatment or baseline values (Fig. 3; P < 0.05). 

To further examine whether o,p'-DDT is acting through an estrogenic 
mechanism, we conducted contractility studies using p,p'-DDD, whose binding affi- 
nity for the estrogen receptor is negligible compared to o,p'-DDT and which has no 
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Fig. 4. Contraction frequency in rat uterine strips treated with 100 ttM p ,p ' -DDD (hatched bars). Each 
bar represents the mean contraction frequency per min q- SE of  six replicate experiments. Asterisks (*) 
denote values significantly different from matched controls (open bars), while stars denote values 
significantly greater than the baseline value in p,p'-DDD-treated strips (P < 0.05). 
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Fig. 5. a, Dose-response curve to prostaglandin E 2 (PGE2) in longitudinal uterine strips from pregnant 
rats. Each point is the mean contraction frequency per min + SE of eight uterine strips. Values for each 
point were averaged over a 15-min period. The value associated with the first point (BL) represents 
baseline contraction frequency prior to addition of PGE 2. b, Dose-response curve to potassium chloride 
(KCI) in longitudinal uterine strips from pregnant rats. Each point is the mean contraction frequency per 
min ± SE of eight uterine strips. Values for each point were averaged over a 15-min period. The first 
point associated with 4.6 mM KCI represents the normal physiological KC1 concentration in the bathing 
medium. The highest concentration (35.6 mM KCI) induced a sustained, tonic contracture and thus no 
phasic contractile activity was associated with this dose. 

known effect in eliciting estrogenic responses such as increased uterine wet weight 
[11]. Treatment of uterine strips with p ,p ' -DDD significantly increased contraction 
frequency compared to both matched controls and to the baseline value associated 
with p,p'-DDD-treated strips, during both treatment and post-treatment periods 
(Fig. 4; P < 0.05). This response was similar to that seen in our former study with 
o,p '-DDT [7] and to the o,p '-DDT response observed in this study (Fig. la), except 
that the stimulatory effect o fp ,p ' -DDD was more rapid in its onset than o,p'-DDT. 

Additional experiments demonstrated that both PGE2 and KCl increased spon- 
taneous contraction frequency in a dose-dependent manner as shown in Fig. 5a,b. 
The maximal stimulatory effect on contraction frequency was observed at 10 -6 M 
for PGE2 and 26.6 mM KCI. The maximal stimulatory effects of PGE 2 on contrac- 
tion frequency were less than the increases normally observed in o,p'-DDT or p ~ ' -  
DDD-treated strips (Fig. l a and Fig. 4). Additionally, we observed a fused, tonic 
contracture in rat uterine strips treated with doses of KCI exceeding 26.6 mM KC1, 
such that enumeration of individual contractions was not possible (Fig. 5b). 

Discussion 

Both prostaglandins and estrogens are important stimulatory modulators of 
myometrial activity that may be fundamental to the regulation of parturition [10]. 
In previous studies, we showed that o,p'-DDT exerts a strong stimulatory effect on 
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the frequency of contractions in explanted rat uterine strips [6,7]. Because PGE: is 
known to stimulate uterine contractions in vitro [20,21] and is produced by uterine 
tissue [22], we examined whether o,p '-DDT may be acting indirectly by increasing 
release of PGE> Additionally, because o,p'-DDT competes with estradiol for the 
estrogen receptor [12] and exhibits estrogenic activity related to this binding [11], the 
present study was also designed to determine if the o,p'-DDT-effect on contraction 
frequency is mediated through a direct estrogenic mechanism. 

Vane and Williams [20] and Wainman et al. [21] have shown that various pro- 
stanoids, including PGE2, stimulate uterine contractility in isolated rat uterus. Fur- 
thermore, increased frequency of spontaneous contractions of rat uterus in vitro has 
been associated with increased prostaglandin release from uterine tissue [22-24], 
with two studies reporting a specific correlation with PGE release [23,24]. In our 
study, we found that PGE2 levels were not significantly altered by o,p'-DDT treat- 
ment compared to controls, independent of increased frequency of contraction in the 
o,p'-DDT-treated uterine strips during treatment and post-treatment periods. We 
did observe a pronounced increase in PGE2 levels during the post-treatment period 
in both control and o,p'-DDT-treated strips; however this response was clearly 
unrelated to o,p '-DDT exposure because PGE 2 levels increased irrespective of 
treatment. Elevated levels of PGE 2 during the post-treatment period may be related 
to the long incubation time in the muscle bath. Other investigators have reported a 
similar trend of increased prostaglandin release with time during prolonged incuba- 
tion in a muscle bath setting [20,25] and more specifically, Gimeno et al. [23] showed 
that rat uterine horns released significantly more PGE-like material after 6 h than 
after 1 h; these reports are in agreement with the results from our study. While it 
has been suggested that gradual tissue degradation or a mechanical stimulus such 
as stretching may contribute to increased prostaglandin release [26], we observed no 
changes in functional activity of the uterine strips. Because we observed no dif- 
ference in PGE 2 release between control and o,p'-DDT-treated strips during any 
time period, despite the increased contraction frequency among o,p'-DDT-treated 
strips, it seems unlikely that o,p '-DDT is exerting its stimulatory influence on con- 
traction frequency via this mechanism. 

Estrogenic responses in the rat uterus have been classified as involving genomic, 
non-genomic and other independent hormonal mechanisms [27]. While o,p'-DDT 
may be involved in uterine responses that are independent of estrogen receptor bind- 
ing and activation, most investigations have demonstrated that only those DDT 
isomers that interact with the uterine estrogen receptor are capable of eliciting 
estrogenic responses [11,28]. Moreover, Robison and Stancel [29] and Robison et 
al. [30] have shown that biological responses to o,p '-DDT are positively correlated 
with nuclear estrogen receptor translocation, which strongly suggests that o,p'-DDT 
is eliciting estrogenic responses through a genomic mechanism. Galand et al. [31] 
have concluded that o,p'-DDT, in accordance with the action of estradiol, is a pure- 
ly estrogenic agonist in the rat uterus both in vivo and in vitro as a result of its 
interaction with the estrogen receptor. 

Estrogens are typically regarded as stimulatory agents of uterine contraction in 
vivo, most likely resulting from a genomic response [10]. However, the acute effects 
we observed with 17-3-estradiol on uterine motility were inhibitory, suggesting that, 
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in vitro, this estrogen may exert its inhibitory effects on contractility through a non- 
genomic mechanism [32,33]. Furthermore, the rapid onset of inhibition observed in 
our studies (less than 1 min), coupled with rapid reversal, do not support an estrogen 
receptor-mediated mechanism. This effect of 17-~-estradiol is compatible with other 
studies demonstrating an inhibitory effect on uterine motility [32,34,35]. It has been 
suggested that such an inhibitory effect may be attributed to altered cytosolic 
calcium [32], decreased prostaglandin production [34], or histamine release [35]. 
Because 17-/3-estradiol's inhibitory effect was inconsistent with o,p'-DDT's stimu- 
latory effect, these results do not support an estrogenic mechanism for o,p'-DDT's 
stimulation of uterine contraction frequency. 

The role of estrogen receptor activity was further examined using a competitive 
inhibitor of the estrogen receptor, tamoxifen [36]. In these experiments, tamoxifen 
had no effect when administered alone, nor did it block o,p'-DDT stimulation of 
contraction frequency. Although it is possible that the selected concentration of 
tamoxifen may have failed to effectively inhibit the estrogen receptor, this is unlikely 
given the predicted dissociation constant for tamoxifen [13-15]. These data suggest 
that o,p'-DDT stimulation of uterine contractility is not related to estrogen receptor 
activation. Perhaps the strongest support that the observed increase in contraction 
frequency in DDT-treated rat uterine strips is not related to an estrogen receptor- 
mediated mechanism is provided by the studies with p,p'-DDD, which binds very 
poorly to the estrogen receptor yet exerts a stimulatory effect similar to o,p'-DDT. 
Welch et al. [11] have shown that estrogenic compounds such as o,p'-DDT, p,p'- 
DDT and technical-grade DDT, significantly reduce the uptake of 17-/3-estradiol in 
rat uterus, while p,p'-DDD is without effect, suggesting that certain estrogenic DDT 
isomers actively compete with 17-/~-estradiol for binding sites within the uterus. 
More relevant to our study is the observation that p,p'-DDD, while exhibiting little, 
if any, estrogen receptor-binding ability, significantly stimulated contraction fre- 
quency in rat uterine strips. This observation, coupled with the rapid time of onset 
of the stimulatory effect (10-20 min), suggests that p,p'-DDD is not acting through 
an estrogen receptor-mediated mechanism. Finally, it was interesting to note that the 
effect o fp ,p ' -DDD was more rapid in onset and stabilized faster than that of o,p'- 
DDT, which suggests that structure/activity and lipid solubility may be relevant with 
respect to increased contraction frequency. 

Since we did not observe a correlation between o,p '-DDT stimulation of uterine 
contraction and PGE2 release, it was of interest to determine whether the uterine 
strips in our study were responsive to exogenous PGE2. The dose-response experi- 
ments demonstrated that PGE2 stimulated contraction frequency in our rat uterine 
preparations. The fact that we observed a maximal effect at 10 -6 M PGE2 suggests 
that the stimulatory influence on uterine contraction frequency is saturable. 
Interestingly, increases in contraction frequency due to PGE2 stimulation were not 
as great as those due to o,p'-DDT or p,p'-DDD stimulation. The dose-response to 
KCI demonstrated that a non-uterotropic, membrane depolarizing agent was also 
capable of increasing contraction frequency. 

Collectively, these studies demonstrate that the stimulatory effect of o,p'-DDT on 
contraction frequency in explanted rat uterine strips does not appear to result from 
direct estrogen receptor-mediated action or from o,p'-DDT-induced PGE2 release 
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in vitro. On-going studies continue to investigate other possible mechanisms related 
to DDT-stimulation of uterine contraction. Because DDT has pronounced effects on 
ion channels in nerve tissue related to its insecticidal mode of action, recent studies 
in our laboratory have focused on the plasma membrane as an initial site of pertur- 
bation. These studies indicate that p,p'-DDD exerts effects on membrane-bound 
sodium and calcium channels, as well as on membrane depolarization in rat 
myometrial smooth muscle cells, actions that are consistent with increases in uterine 
contraction frequency (unpublished data). Since contraction frequency is an impor- 
tant parameter relative to onset of labor and parturition [8,9], we plan to continue 
the study of rat uterine strips as a model to investigate direct effects of environmental 
agents on uterine function. 
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