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Abstract: Sex differences were reported in Irritable Bowel Syndrome. We aimed to demonstrate the effect of gonadal
hormones on colonic contractile activity. In this study, we performed in vitro measurements of colonic contractile activity in
longitudinal smooth muscle strips of female and male Albino rats. After administration of a gonadal hormone (estrogen (EST),
progesterone (PROG) and testosterone (TEST)) or ethanol (ETH) solution as control, stimulation with acetylcholine (ACh) or
inhibition with norepinephrine (NE) was performed. We found that increasing doses of EST resulted in a stepwise inhibition of
SCCA in both sexes and inhibited the ACh effect in females. Similarly, high dose PROG inhibited SCCA in females. TEST
inhibited SCCA in males but not Ach induced contractions. TEST reduced the inhibitory effect of NE in female rats. In
conclusion, exposure of colonic smooth muscle strips to gonadal hormones led to sex-dependent changes in SCCA and
modified the response of smooth muscle strips to both pro-contractile and anti-contractile neurotransmitters.
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1. Introduction

Irritable bowel syndrome (IBS) is the most common
functional gastrointestinal disorder associated with altered
stool habits and chronic abdominal pain without evidence of
specific structural or biochemical abnormalities [1]. Females
represent up to two thirds of the IBS patients [2, 3]. The exact
etiology and pathophysiological mechanisms associated with
these bowel disorders remain incompletely understood [4].
Various pathophysiological mechanisms [5] have been
postulated including visceral afferent hypersensitivity [6, 7]
inflammation [8, 9] and alteration in gastrointestinal motility
[10, 11]. Chang and Heitkemper, reported that a gender ratio of
patients who seek health care for IBS and other functional
bowel disorders is calculated 2-2.5: 1 of women to men or
even 3—4: 1 [12]. The reasons for these gender differences are
still controversial involving differences in stress reactivity,
inflammatory responses and response to pain and sexual
hormones [13, 14]. Heitkemper described periodical changes
in ovarian hormones throughout the menstrual cycle
simultaneously accompanied by alterations in symptom
intensity [15]. In 2006, Cui et al. showed that peripheral blood

estrogen levels in women and testosterone levels in males
suffering from IBS were lower than in healthy individuals
[14]. In a study with rats, the colonic transit during the phases
of the estrous cycle with increased estrogen and progesterone
levels was reduced [16]. Gonenne et al. found a significant
acceleration of colonic transit by micronized progesterone in
postmenopausal women [17]. Hogan et al. showed that the
motility of human colonic smooth muscle decreased in
response to superfusion with estrogen [18]. These observations
support the hypothesis that IBS might be associated with a
sexual hormone disorder. For this Background, the aim of the
present study was to demonstrate the effect of gonadal
hormones on colonic contractile activity and thus to a better
understanding of the development of IBS and its gender
distribution. In our study, we aimed to compare the
spontaneous colonic contractile activity (SCCA) of female and
male Albino rats, Measure the effects of gonadal hormones
estradiol (EST), progesterone (PROG) and testosterone
(TEST) on SCCA. Finally, to determine the acute effect of
these gonadal hormones on the colonic contractile response
(CCR) to acetylcholine (ACh) and norepinephrine (NE).
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2. Materials and Methods

2.1. Animals and Tissue Collection

Female (n=6) and male (n=6) Albino rats (11-13 weeks
old, 180-220 g) were included in this study obtained from
the College of Agriculture and Veterinary medicine, Qassim
university, KSA. Rats were housed in a 12: 12-h light-dark
cycle at 25 + 2°C, and had free access to tap water and
commercial rat chow for 7 days for acclimatization before
entering the study. All experiments were performed in
accordance with the Institutional guidelines for the Care and
Use of Animals for Scientific Purposes.

2.2. Drugs and Chemicals

(1) Modified Krebs-Ringer’s bicarbonate solution: sodium
chloride: 118.3 mmol 1-1, potassium chloride: 4.7 mmol I-
1, calcium chloride: 2.5 mmol I-1, potassium phosphate:
1.2 mmol 1-1, sodium bicarbonate 2.5 mmol 1-1, calcium
disodium edetate: 0.26 mmol I-1, magnesium sulfate: 2.5
mmol I-1, glucose: 11.1 mmol I-1.

(2) Estradiol, progesterone, testosterone, acetylcholine and
norepinephrine were purchased from Sigma trade
company, Cairo, Egypt.

2.3. Equipment

(1) Organ bath: 63100 this apparatus for experimentation
to investigate the activity of colonic strips.

(2) Kymograph and Stimulator- 10550- Bioscience.

(3)The lever: Remote release fixit-811-50100-0
bioscience- Palmer Washington.

2.4. Methods

The rats were killed by decapitation and the colon was
excised. After wash with 0.9% NaCl, the colon was first
equilibrated in Modified Krebs-Ringer’s bicarbonate solution
and bubbled with 95% O, /5% CO, for 1 hour. The mesenteric
tissue was cut out. In a second step, segments of colon with a
length of 6 cm, were taken and mounted in small volume (50
ml) tissue bath in Modified Krebs-Ringer’s bicarbonate
solution. The temperature of the organ bath was kept at
36.5°C, whereas the pH of the solution was kept between 7.35-
7.45. 70-80% of the colon segments developed repetitive
peristaltic contractions and were used in our experiments.
Segments that did not show regular contractions were
discarded. After 20-min control period, the test drug was added
to the organ bath and a 10-min test period was recorded.

2.5. Measurement of Spontaneous Contractions

The muscle strips were suspended vertically in organ bath
filled with a modified Krebs- Ringer’s bicarbonate solution.
Muscle strip was tied with cotton threads, one end to a fixed
pin in the aerator of the bath and the other to an ink writing
lever. Isometric contractions of colonic strips were monitored
under constant passive force of 1.0 g., this tension was
maintained throughout the experimental protocol. This

resting tension has been shown to develop maximum active
tension in albino rat colon. The mechanical activity of the
longitudinal muscle strips was measured isometrically with a
calibrated force displacement transducer.

2.6. Experimental Protocol

The muscle strips were left for approximately 20 minutes
equilibration period with several washouts of the bath
solution. After equilibration with resting tension, SCCA was
measured for 10 minutes in each muscle strip.

All experiments are done in the following order (male and
female rats):

a). Each muscle strip will act as control in presence of

Ethanol.

b). Dose response curve for the effect of EST (Rising doses
of EST (100 nM/ 1 uM/ 10 uM) were administered to the
organ baths) on SCCA to determine the effect and to
take the maximal dose for further experiments

c). Effect of EST (10 uM) on SCCA then EST with Ach
induced contraction.

d). Effect of NE on SCCA then EST with NE

e). Effect of PROG (10 uM) on SCCA then PROG with ACH

f). Effect of NE on SCCA then PROG with NE.

g). Effect of TEST (10 uM) on SCCA then TEST with ACH

h). Effect of NE on SCCA then TEST with NE.

All hormones diluted in 70% ethanol.

2.7. Change in Basal Tone

The change in basal tone in the immediate 10-min period
after tissue incubation with the different agents was
expressed as the percentage of the mean amplitude of the
spontaneous contractions occurring in the 10-min period
preceding the addition of the agents. Basal tone is defined as
the lowest point (baseline) of the spontaneous contractions
before the application of the agents. The amplitude of the
spontaneous contractions was chosen because it expresses the
contractile potential of each colonic strip. The change in
basal tone was calculated using the formula: y=p/a x 100
[19], where y is the percentage change in the basal tone, a is
the mean amplitude of the spontaneous colonic contractions,
and B is the mean values of the distance of the lower parts of
the induced contractions from the curve initial baseline.

2.8. Frequency of Colonic Contractility

In a 10-min period after tissue incubation with the agent was
expressed as the change in the sum of spontaneous contractions
occurring in a period of 10-min before application of the agents.

2.9. The Amplitude of Colonic Contractility

Was defined as the value of the distance of the highest
point and the initial baseline of the evoked contractility in a
period of 10-min after the application of each agent.

2.10. Statistical Analysis

The computer was used in statistical analysis (SPSS
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version 14 for windows). All data were expressed as mean =+
Standard Error of mean (SEM). We used paired t. test to
detect significant differences between two means of the same
muscle strips before and after the drug. We used also one
way ANOVA test to detect significant differences between
different groups. Significance was detected when P <0.05

3. Results

Table 1, Figure 1 and 2: show that Estrogen caused a very
highly significant inhibitory effect on amplitude of SCCA in
all doses (p< 0.001). This inhibitory effect was found to be
dose dependent (r =-0.98).

Table 1. The effect of different doses of EST on amplitude of SCCA described
by centimeters (Dose response curve).

Control EST100nM EST 1uM EST 10uM _ EST 100uM

10 25 15 0.8 0
2 6 1.5 0.5 0.2 0
3008 2 1 0.5 0
4 6 1.5 0.5 0.2 0
5 8 2 1 0.5 0
6 10 2.5 1.5 0.8 0
5 8 2 1 0.5 0
+SE 073 0.8 0.18 0.10 0
tt 10.95%* 12.78***  12.08%**

*** Highly significant (p<0.01).

Table 2 and Figure 3: show that EST inhibited significantly
the contractile effect of ACH:

Table 2. The effect of ACH and ACH with EST on amplitude of SCCA
described by centimeters in Female rats.

Table 4. The Effect of NE and NE with TEST on amplitude of SCCA in
Female rats.

No SCCA NE NE+TEST
1 2.8 1 2.8

2 3 22 3

3 1.5 0.2 1.5

4 2.5 0.8 2.5

5 1.6 0.5 1.6

6 2 0.4 2

X 223 0.85 223

+SE 0.25 0.29 0.25

tt versus control 8.759**

tt versus NE 8.759**

** Highly significant

Table 5. The Effect of NE and NE with TEST on amplitude of SCCA in male
rats.

No SCCA NE NE+TEST
1 2.75 1.5 1.5

2 3.5 0.7 0.7

3 2 1 0.8

4 3.5 1.5 1.5

5 2 1 1

6 3 1 1

X 2.79 1.11 1.08
+SE 0.27 0.13 0.14
tt versus control SN 6.12%*
tt versus NE 1.00°

**: Highly significant (p< 0.01).
-: Non significant (p> 0.05)

Table 6. the Effect of NE and NE with PROG on amplitude of SCCA
described by centimeters: PROG augmented the inhibitory effect of NE on
colonic contractions.

No SCCA NE NE+PROG
SCCA ACH20uM EST100 uM +ACH20 uM 1 1.2 0.25 0.1
1 0.2 1.6 1 2 2.7 1.7 0.5
2 0.2 1.3 1.3 3 3 1 0.7
3 0.7 2 2 4 2.9 0.3 0.2
4 1.4 3 3 5 1.5 0.6 0.3
5 1.6 2.5 2.5 6 22 1.3 0.9
6 0.5 L5 1 = 225 0.85 0.45
X 0.76 1.98 1.80 +SE 0.3 0.23 0.12
+SE 0.24 0.26 0.34 tt versus control 4.67%* 6.47%*
tt versus control ~ 0.006** tt versus NE 2.48*
tt versus ACH 0.03*

* Significant (p< 0.05).
** Highly significant (p<0.01).
- Non significant (p> 0.05)

Table 3. The Effect of PROG on amplitude of SCCA described by
centimeters.

No SCCA PROG
1 25 0.4

2 1.7 1

3 15 03

4 17 0.5

5 3 1.5

6 2.8 1.6

% 22 0.88
+SE 0.26 0.23

tt versus control 6.97**

** Highly significant (p<0.01).

*: Significant (p< 0.05). ** Highly significant (p< 0.01).

Table 7. The Effect of different doses of EST on frequency of SCCA (in 10-
minutes period).

Control EST 100 EST1 EST EST

nM uM 10Um 100uM
1 12 8 4 3 0
2 10 6 3 2 0
3 7 5 2 1 0
4 9 6 3 2 0
5 10 7 4 3 0
6 6 4 2 1 0
% 9 6 3 2 0
+SE 0.89 0.57 0.36 0.36 0
tt versus control 8.21%** 10.39%%  12,12%%*

** Highly significant (p< 0.01).
** Very Highly significant (p<0.001)
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Table 8. Effect of TEST and TEST+ACH on frequency of SCCA.

Table 12. Effect of different doses of EST on% change of basal tone of

No SCCA TEST TEST+ACH
1 16 15 16

2 12 10 12

3 11 10 11

4 15 13 15

5 22 19 22

6 18 17 18

% 15.66 14 15.66

+SE 1.64 1.5 1.64

tt versus control ~ 5.00 ** SE of the difference = 0
tt versus TEST 5.00%*

** Highly significant (p< 0.01)

Table 9. Effect of NE and NE with TEST on frequency of SCCA (in female

SCCA.
EST100nM EST1uM  EST 10Um EST 100uM

1 -60 -100 -140 -140

2 -64 -95 -150 -150

3 -55 -75 -130 -130

4 -60 -60 -100 -100

5 -75 -85 -130 -130

6 -50 -70 -110 -110

X -60.66 -80.83 -126.66 -126.66
+SE 3.48 6.24 7.6 7.6
ANOVA  13.58%**

rats).
SCCA NE NE+TEST
1 14 13 14
2 12 11 12
3 4 3 4
4 7 5 6
5 15 10 15
6 10 7 10
X 10.33 8.16 10.16
+SE 1.72 1.55 1.79
tt versus control 3.31%* 1.00°
tt versus NE 2.9*

**%: Very highly significant.

Table 13. Effect of EST and EST with EST+ACH on basal tone of SCCA.

*: Significant (p< 0.05).

** Highly significant (p<0.01).

-: Non significant (p> 0.05)

Table 10. The Effect of PROG and ACH with PROG on frequency of SCCA

(in 10-minutes period).

EST EST+ACH
1 -140 -10
2 -150 -15
3 -130 5
4 -100 0
5 -130 -5
6 -110 0
< -126.66 -5.83
+SE 7.6 2.38
tt 13.39%*

*%*: Highly significant.

SCCA PROG PROGHACH Tuble 14. The Effect of NE and NE+EST on SCCA.

1 8 7 8

2 8 6 8 NE NE+EST
3 21 18 21 1 -40 -40

4 20 15 20 ) 50 50

5 15 12 15

6 10 8 10 . =l -30

% 13.66 11 13.66 4 -20 -20

+SE 2.4 1.96 2.4 5 -30 -30

tt versus control 4.78%* Standard error of difference=0 6 -10 -10

dk
tt versus PROG 4.78 < 30 30
** Highly significant (p<0.01). +SE 5.77 577 -
Table 11. The Effect of NE and NE with TEST on frequency of SCCA in male -: insignificant.
rats: (in 10-minutes period).
SCCA  NE NETTEST Table 15. The Effect of NE and PROG+NE.

1 14 11 11 NE PROG+NE
2 18 12 12 1 -140 -145

3 13 5 5 2 -150 -160

4 10 9 9 3 -130 -130

5 16 14 14 4 -100 -110

6 12 9 9 5 -130 -135

e 13.83 10 10 6 -110 -110

+SE 1.16 1.26 1.26 X -126.66 -131.66

tt versus control 3.55% 3.55% +SE 7.6 8.02

tt versus NE The standard error of the difference= zero. Tt 27

*: Significant (p< 0.05).

-: insignifigant.



American Journal of Internal Medicine 2017; 5(2): 26-36 30

Table 16. Effect of NE and NE with TEST on basal tone of SCCA.

NE NE+TEST

1 -110 -100

2 -140 -120

3 -120 -110

4 -110 -100

5 -140 -130

6 -150 -140

= -128.33 -116.66
+SE 7.03 6.66

Tt 7+%(P=0.0009)

**: Highly significant.

L
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** Highly significant (p< 0.01).

Figure 1. Show that Estrogen caused a very highly significant inhibitory effect on amplitude of SCCA in all doses (p< 0.001). This inhibitory effect was found
to be dose dependent (r =-0.98).

SCCA | EST

Figure 2. Effect of estrogen on SCCA (Spontaneous Colonic Contractile Activity) in male rats.
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Figure 3. The effect of ACH and ACH with EST on SCCA in Female rats.

Figure 4. Show the effect of prog on scca.

Figure 5. Show the effect of prog on ach induced contraction.
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Figure 9. The effect of NE and NE+EST on SCCA in male rats.
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Figure 10. The Effect of different doses of EST on frequency of SCCA (in 10-minutes period).
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Figure 11. Effect of NE and NE with TEST on frequency of SCCA (in female rats).

4. Discussion

Irritable bowel syndrome (IBS) is the most common
functional gastrointestinal disorder. A higher incidence of
functional bowel disorders in females suggested a
contributing effect of gonadal hormones. Therefore, the aim

of the present study was to demonstrate the effect of gonadal
hormones on colonic motility in rats.

In the present study, we found that EST has an inhibitory
effect on SCCA in both sexes, whereas PROG inhibits SCCA
only in females. EST also has a negative effect on Ach
stimulation, but only in females. We also found that TEST
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inhibited SCCA in male rats. In females, TEST decreases the
NE-induced inhibition on SCCA. Our findings are in
agreement with Heitkemper and Bond who found that
ovariectomized rats with chronic estrogen replacement showed
an increased gastric basal contraction frequency [20]. The
underlying mechanisms for these differences in gastrointestinal
contractility between the sexes could be explained by chronic
exposure to different gonadal hormones, but could also be
genetically determined via inheritance of certain gender
specific alleles. In our experiments on Albino rats, we found
that EST and PROG decreased SCCA in females in a dose-
dependent manner. In male rats, EST and PROG led to a
significant reduction of SCCA. A similar effect of EST was
observed regarding ACH-induced colonic smooth muscle
contractility in females. These findings indicate that acute
administration of EST and PROG has an inhibitory effect on
colonic contractility in rats in contrast to chronic exposure of
female gonadal hormones to colon smooth muscle leading to
hypercontractility. Different mechanisms are triggered by the
acute and chronic application of hormones via non-genomic
and genomic pathways [21]. EST has been shown to act on
colonic smooth muscle via different pathways. The genomic
effects involving the binding of EST to intracellular receptors
with consecutive gene transcription and de novo protein
synthesis have a latency of onset of 2-8 h. [21]. Several authors
have described non-genomic pathways of EST associated with
rapid effects via various second messengers and modulating
ion channels on different cell types [22, 23]. Similarly, PROG
also acts on intestinal smooth muscle cells via genomic and
non-genomic pathways [24, 25]. In our study, the non-genomic
effects of PROG can explain the rapid action of PROG on
colonic smooth muscle contractility. This rapid mechanism of
action that does not require gene transcription has been
confirmed in several studies [26, 27].

We also found that PROG inhibited significantly colonic
contractility. This finding was confirmed by other studies
[24, 27, and 28]. Some of these studies found that PROG
rapidly and reversibly decreased calcium entry through
voltage-sensitive calcium currents [24, 27]. Other studies like
Xiao et al. described the non-genomic effect of PROG by a
blockade of calcium release from intracellular stores without
any effect on calcium influx [28]. These rapid non-genomic
effects last for less than 60 minutes and are not seen in in
vivo experiments where the cells are continuously exposed to
PROG. This is due to a rapid desensitization of the cells as a
result of prolonged exposure to PROG [26]. These findings
could explain the controversy between the acute and chronic
effects of PROG under physiological conditions. An
explanation for the significant action of PROG on female
colonic smooth muscle cells, but not on male cells could be
attributed to the different distribution or number of PROG
receptors in the colon of females compared to males. We
confirmed in our study that EST has a significant inhibitory
effect on SCCA. This finding was supported by Hogan et al.,
who found that EST decreased human colonic smooth muscle
contractility [18]. Our results were also in agreement with
Tang et al., [29] who showed similar results in colonic

circular muscle of rats. Also, EST has been demonstrated to
inhibit smooth muscle contractility in other tissues such as
the gall bladder [30] esophagus [31] and detrusor [32, 33].
However, our results were in controversy with Bruce and
Beshudi who found that EST enhanced gastrointestinal
smooth muscle contractility but this controversy con be
explained by the different method of EST administration
where they used the chronic administration of EST in male
rats.[34].

We also found that PROG inhibited SCCA in the form of
significant reduction in Amplitude, frequency and basal tone.
This inhibitory effect of PROG was supported by other
studies on GIT [35-37]. In consistency with our findings, this
rapid inhibitory effect has only been seen with high
concentrations of PROG that do not occur in vivo [39].
However, our findings were in contrast with an in vivo study
by Gonenne et al. who did not find any significant change in
colonic transit by the withdrawal of PROG or EST [17]. This
controversy could be explained by the desensitization of the
non-genomic pathways by prolonged hormonal exposure
under physiological conditions.

In our study, EST reduced the contractile action of ACH in
females. This finding suggests that EST interferes with
cholinergic (muscarinic) receptors. Muscarinic M2 and M3
receptors have been identified in rat colonic smooth muscle
[40]. EST could influence the adenylyl cylclase activity
triggered by the M2 receptor or interfere with mechanisms
mediated by M3 such as the augmentation of
phosphoinositide hydrolysis [41]. In our study we did not
find any significant effect of EST on NE induced inhibition
of colonic smooth muscle contractility but we found that
PROG has a potentiating effect on NE induced inhibition of
colonic smooth muscle contractility. EST leads to a
suppression of beta-adrenoceptor mediated relaxation in the
vascular smooth muscle without modifying the beta
adrenoceptors binding characteristics [42]. We suggested that
estrogen has a modulatory effect on NE induced changes in
smooth muscle contractility. This suggestion is supported by
Riemer et al., [43] who found that estrogen increases alpha-
adrenergic sensitivity in the myometrium, also without
changes in the alpha-receptors. Thus, EST does not seem to
have a direct influence on NE receptors.

We also found that TEST has a significant reduction of
SCCA only in male Albino rats, but not in females. Our
results are in controversy with Gonzales-Montelongo et al.
who found that physiological concentrations (10nmol) of
testosterone had a stimulating effect on spontaneous
contractility in longitudinal colonic smooth muscle of male
Swiss CD1 mice [44]. The reason for the contradictory
results could be a dose dependent action of TEST: In our
study, we used supraphysiological concentrations. Similar to
EST, TEST also acts via genomic (requiring gene
transcription) and quick non-genomic pathways [45, 46]. Our
results showed no effect of TEST on ACh-induced
contractions in male rats. Furthermore, we found an
inhibitory effect of TEST on NE-induced relaxation in
female animals.
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5. Conclusion

Our study showed that acute administration of estradiol
decreased SCCA in both sexes whereas progesterone leads to
a decrease in SCCA only in females. The ACH-triggered
increase of colonic contractile activity is reduced by estradiol
only in females. We also found that Testosterone has a
significant inhibitory effect on SCCA only in males, no effect
on the ACH-induced CCA in males whereas the NE-induced
inhibition of SCCA is reduced in females. These findings
support our suggestion of a strong effect of gonadal
hormones on colonic contractile activity and may contribute
to the better understanding of the observation that women
seem to be more prone to develop Irritable Bowel Syndrome.
The results of our study also suggested that gonadal
hormones have an acute local effect on CCA, which could be
a step discovery of new therapeutic agents in IBS. Further
studies are recommended to demonstrate the exact
mechanisms and pathways underlying our present results.
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