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Abstract: Objective: To compare induced surgical menopause in rat models following hysterectomy with ovarian
preservation, unilateral or bilateral oophorectomy, versus control. Secondary objective was evaluation of certain
physiological changes in the animal following the induced menopause. Design: A prospective case control study.
Setting: University Research Centre. Methodology: 80 female rats were divided into four groups (n=20). HG: hyster-
ectomy with ovarian preservation, UOG: unilateral oophorectomy, BOG: bilateral oophorectomy and CG: control rats.
Blood tests were done at day O, one week and one month post-procedure for hormonal profile including FSH and E2,
and lipid profile including cholesterol, LDL and HDL. Behavioral tests (Learning and memory tests) were also done.
Results: Menopause was successfully induced by the three used surgical methods. After one week, no significant
difference in FSH level between CG and HG. But its level was significantly increased in BOG and UOG. E2 level was
significantly decreased in HG, UOG and BOG in comparison to CG. Its level in BOG was significantly lower than that
of UOG and HG. Cholesterol level was significantly higher in HG, UOG and BOG in comparison to CG, also its level
was significantly increased in UOG and BOG in comparison to HG (P<0.001). Long term memory was affected in BOG
and UOG, one week and one month post-menopausal induction in comparison to the control. Conclusion: surgical
menopause, induced by hysterectomy alone, unilateral, or bilateral oophorectomy has a negative impact on repro-
ductive hormonal function, as well as cognitive & cardiovascular integrity. We suggest a possibility of early ovarian
failure after hysterectomy alone or with unilateral oophorectomy.
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Introduction

The females’ reproductive system experience
phases of aging, which may present at a point
of time as menopause. This presents variably,
with various systems’ involvement. The endo-
crinological changes are prominent with meno-
pause, namely with increased serum follicle
stimulating hormone (FSH) and decreased
serum estradiol [1]. Typically, natural meno-
pause sets in at a median age between 48 and
52 years, usually with a slow onset of meno-
pausal symptoms of account of gradual decline
in ovarian function after this age [2]. However,
Surgically-induced menopause would follow
bilateral oophorectomy, or sometimes unilater-
al oophorectomy. Unlike the bilateral proce-
dure, unilateral oophorectomy is usually under-

taken for a medical indication and less com-
monly in conjunction with hysterectomy. This
indication might include prophylaxis in carriers
of a high-risk gene mutation for ovarian cancer.
Prophylactic oophorectomy without a clear and
solid indication would have a negative impact
on long term survival rates [3].

Hysterectomy procedures with ovarian preser-
vation were also reported to induce meno-
pause, possibly by disturbing the ovarian blood
flow [4-6].

Because of human studies are being poorly fea-
sible, experimental animal model can be used
in medical testing to resemble events occurring
among the human being as their genetic, bio-
logical and behavior characteristics mimic
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those of human [7]. Rodents pass through hor-
monal fluctuations occurring in middle age,
similar to those in women. However, rodents
enter an estropause rather than a true meno-
pause. Rodents show irregular acyclicity at mid-
dle age (nine months to one year), after which,
they enter a state of persistent estrus, with
complete stoppage of reproductive cycles [8,
9l.

Our aim in this study was to compare induced
surgical menopause in rat models following
hysterectomy with ovarian preservation, unilat-
eral or bilateral oophorectomy, versus control.
Secondary objective was evaluation of certain
physiological changes in the animal following
the induced menopause.

Materials and methods

Prospective study was carried out on 80 adult
female Sprague_Dawley rats, which were
housed in an animal facility at Faculty of
Medicine, Alexandria University. A minimum
temperature of 10°C in winter and maximum of
35°C in the summer were maintained. A period
of 12-14 hours of daylight was provided. All
experimental procedures were carried out
based on the ethical guidelines for care and
use of laboratory animals of Alexandria
University. Rats were divided into four groups
(n=20). HG: rats undergone hysterectomy with
ovarian preservation, UOG: rats undergone uni-
lateral oophorectomy, BOG: rats undergone
bilateral oophorectomy and CG: control sham
operated female rats.

Anesthesia and surgery: On the day of the
experiment, rats were anesthetized with ket-
amine hydrochloride (60 mg/kg IP) and xylazine
hydrochloride (10 mg/kg IP). The abdominal
skin was shaved, and antisepsis was per-
formed, with a 10% povidone-iodine solution
before the surgery. Using a sterile technique, a
3 cm pfenstien incision was performed and the
procedures were carried out accordingly in
each group. The incision was closed in two lay-
ers by 2/0 polyglactic sutures.

Blood samples: Whole-blood samples (about 2
ml) were collected from either the tail vein at
day O and after one week or from inferior vena
cava after one month (about 5 ml). Throughout
our study 11, rats died. They were dissected
immediately to discover the cause of death,
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most of which showed internal hemorrhage and
pus collection on exploration.

Blood tests at day O, one week and one month
post- procedure: Serum hormonal profile includ-
ing FSH and E2 using ELISA technique [10],
Lipid profile including cholesterol, low density
lipoprotein (LDL) and high density lipoprotein
(HD) L using colorimetric method [11].

Behavioral tests (Learning and memory tests)
one week and one month post-procedure:
Novel object recognition test (NOR) is used to
evaluate short term recognition memory. The
test is based on the tendency of rodents to
spend more time exploring a novel object than
a familiar one spontaneously [12]. The time
spent exploring each object was recorded and
the results were analyzed by calculating the
Recognition Index (RI), the time spent investi-
gating the novel object (TN) relative to time
spent investigating both familiar and novel
object collectively (TN+TF). [RI= TN/ (TN+TF)], it
is the main index of retention [12].

Passive Avoidance task (PAT) is a fear-aggravat-
ed test used to evaluate learning and long term
memory. Rats learn to avoid an environment in
which an aversive stimulus (a foot-shock) was
previously delivered. Initial latency and reten-
tion latency (24 hours later) to pass the gate in
order to avoid the stimulus is used as an indica-
tor of learning and memory [13].

Statistical analysis

Data were fed to the computer and analyzed
using IBM SPSS software package version
20.0. (14) The distributions of quantitative vari-
ables were tested for normality using
Kolmogorov-Smirnov test, Shapiro-Wilk test
and D’Agstino test. Also Histogram and QQ plot
were used for vision test. For normally distrib-
uted data, comparison between the studied
groups were analyzed using F-test (ANOVA) and
Post Hoc test (Scheffe), comparison between
different periods using ANOVA with repeated
measures and Post Hoc test was assessed
using Bonferroni adjusted. For abnormally dis-
tributed data, Kruskal Wallis test was used to
compare between different groups and pair
wise comparison was assessed using Mann-
Whitney test. To compare between the different
periods Friedman test was applied and
Wilcoxon signed ranks test. Significance test
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Figure 1. FSH and E2 levels across time shown as Mean + SD; Day O, same day of surgical procedure, 1 week and
1 month past-operative. A. CG control sham operated group; Day O, FSH (4.0+0.8) E2 (62.0+1.3) after 1 week, FSH
(4.6+1.7) E2 (62.0+2) after 1 month, FSH (3.5+1.6) E2 (62.4+3.2). B. HG hysterectomy group; Day O, FSH (4.2+3.4)
E2 (61.4+2.3) after 1 week, FSH (5.3+£1.2) E2 (58.2+2.3) after 1 month, FSH (7.3+2.0) E2 (51.0+3.4). C. UOG uni-
lateral oophorectomy group; Day O, FSH (4.7+2.2) E2 (62.0+1.3) after 1 week, FSH (6.8+ 1.8) E2 (57.5+1.8) after
1 month, FSH (8.5+0.6) E2 (43.9+1.6). D. BOG bilateral oophorectomy group; Day O, FSH (4.5+2.4) E2 (62.0+1.3)
after 1 week, FSH (8.6+2.6) E2 (48.7+4) after 1 month, FSH (14.5+2.9) E2 (24.3+3.9).

results are quoted as two-tailed probabilities.
Significance of the obtained results was judged
at the 5% level.

Results
FSH and E2

Menopause was successfully induced by the
three used surgical methods as shown by FSH
and E2 hormonal levels measured at day zero,
one week and one month following the surgical
procedure in all experimental groups.

Results of BOG, UOG and HG revealed an
increase in the FSH and a decrease in the E2
levels with progression of time, in a way that
the levels varied significantly after one week in
comparison to day zero and after one month in
comparison to after one week in the above
mentioned pattern. On contrary, the levels of
such hormones showed no significant differ-
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ence across time in the sham operated control
group (Figure 1).

Comparison between different groups was
done to evaluate the effectiveness of the differ-
ent surgical methods of premature menopaus-
al induction, and the results revealed that; after
one week, no significant difference in FSH level
between CG and HG. But its level was signifi-
cantly increased in BOG and UOG in compari-
son to the two former groups, in a way that its
level in BOG was significantly higher than that
of UOG. Regarding E2 level, it was significantly
decreased in HG, UOG and BOG in comparison
to CG. Its level in BOG was significantly lower
than that of UOG and HG (P<0.001) (Table 1).

After one month, FSH level was significantly
increased while the E2 level was significantly
decreased in the three groups in comparison to
CG. In comparing different experimental
groups, FSH level was significantly higher and
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Table 1. Comparison between the studied groups according to FSH and E2 levels

FSH CG HG uoG BOG P
Day O N=20 N=20 N=20 N=20 0.310
Mean + SD 4.0+£0.8 4.2+3.4 4.7+£2.2 4.5+2.4

Median (min, max) 3.9(2.9,5.5) 2.5(0.7,14.2) 4.69 (1.1, 10.0) 3.3(2.5,11.4)

After 1 week N=20 N=19 N=19 N=18 <0.001"
Mean + SD 4.6£1.7 5.3+1.2 6.8+1.8 8.6+2.6

Median (min, max) 5.0 5.2 6.7 7.9

Sig. bet. Groups CG-UOG™, CG-BOG™, HG-UOG™", HG-BOG"", UOG-BOG™"

After 1 month N=20 N=18 N=18 N=17 <0.001"
Mean + SD 3.5+1.6 7.312.0 8.5+0.6 14.54£2.9

Median (min, max) 3.5 8.2 8.5 14.6

Sig. bet. Groups CG-HG™, CG-UOG™", CG-BOG™", HG-UOG™, HG-BOG"", UOG-BOG"™"

E, CG HG uoG BOG P
Day O N=20 N=20 N=20 N=20 0.580
Mean + SD 62.0+1.3 61.4+2.3 62.0+1.3 62.0+1.3

Median (min, max) 62.4 (59, 63.3) 61.5 62.4 62.4

After 1 week N=20 N=19 N=19 N=18 <0.001"
Mean + SD 62.0£2.0 58.21+2.3 57.5+1.8 48.7+4.0

Median (min, max) 62.0 (58, 65) 58.2 (53, 62) 58.0 (54, 60) 49.7 (39, 55)

Sig. bet. Groups CG-HG™, CG-UOG™™", CG-BOG™", HG-BOG™™*, UOG-BOG™™"

After 1 month N=20 N=18 N=18 N=17 <0.001"
Mean + SD 62.4+3.2 51.0+3.4 43.9+1.6 24.3+3.9

Median (min, max)  62.3 (57.9,67.7) 50.0 (45,58) 43.7 (41.5, 46.4) 24.5 (17.6, 30)
Sig. bet. Groups CG-HG***, CG-UOG***, CG-BOG***, HG-UOG***, HG-BOG"**, UOG-BOG"**

F test (ANOVA) was used, Sig. bet. grps was done using Post Hoc Test (Scheffe). *: Statistically significant at P<0.05,* *: Statisti-
cally significant at P<0.01, ***: Statistically significant at P<0.001, significant at P<0.05, **: Statistically significant at P<0.01,
*%%: Statistically significant at P<0.001.

such its level in BOG was significantly lower
than UOG (P<0.001). On the other hand, cho-
lesterol level remained significantly higher in
the three groups in comparison to CG, as well
as, in UOG and BOG in comparison to HG
(P<0.001). In addition, its level in BOG was sig-
nificantly higher than UOG (Table 2).

E2 level was significantly lower in BOG and UOG
in comparison to HG, similar to results after
one week. The increase in FSH and decrease in
E2 levels were significantly more in BOG than in
UOG (P<0.001) (Table 1).

Cholesterol, HDL and LDL

After one week, there was significant increase
in the cholesterol level in HG, UOG and BOG in
comparison to CG, also its level was significant-
ly increased in UOG and BOG in comparison to
HG (P<0.001). While, the HDL level showed a
significant decrease only in BOG in comparison
to CG but not among other groups (P<0.05). In
accordance the LDL level showed no significant
difference among the studied groups (Table 2).

Cognitive functions

Passive avoidance test (PAT): Long term memo-
ry was affected in BOG and UOG, one week and
one month post-menopausal induction in com-
parison to the control group. Such affection
was more announced in BOG after one month
so that its retention latency was significantly
decreased in comparison to UOG and HG as
well (P<0.001) (Table 3). Retention latency in

After one month, results were changed regard-
ing LDL and HDL levels. As LDL level was signifi-
cantly increased in BOG in comparison to CG
(P<0.05). While, HDL level in BOG and UOG was
significantly decreased in comparison to CG; as
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BOG after onemonth showed a positive correla-
tion to the E2 level, denoting that the decrease
in estradiol level coincided with long term mem-
ory affection (Figure 2). No significant differ-
ence was shown in HG in comparison to CG

Int J Clin Exp Med 2015;8(6):9403-9411
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Table 2. Comparison between the studied periods according to cholesterol, LDL and HDL

CG uoG BOG P
Cholesterol Day O N=20 N=20 N=20 0.941
Mean + SD 106.5+13.9 104.6+8.5 105.4+7.9 105.7+8.6
After 1 week N=20 N=19 N=18 <0.001"
Mean + SD 106.5+6.3 112.2+6.5 119.1+3.0 121.8+5.0
Sig. bet. Groups CG-HG", CG-UOG"™*, CG-BOG***, HG-UOG"*, HG-BOG***
After 1 month N=20 N=18 N=17 <0.001"
Mean + SD 106.3+ 5.9 120.8+ 4.1 129.4+ 4.1 140.3+ 6.7
Sig. bet. Groups CG-HG™™, CG-UOG™**, CG-BOG™*, HG-UOG™"*, HG-BOG"**, UOG-BOG"**
LDL Day O N=20 N=20 N=20 0.997
Mean + SD 51.1+13.3 51.8+4.2 51.8+2.8 51.4+18.5
After 1 week N=20 N=19 N=18 0.055
Mean + SD 51.6+13.1 56.616.5 57.2+5.7 60.8+12.6
After 1 month N=20 N=18 N=17 0.020"
Mean + SD 51.5+12.8 61.3+6.1 67.62+28.2 71.7+28.7
Sig. bet. Groups CG-BOG”
Day O N=20 N=20 N=20 0.996
HDL Mean 64.4+5.7 64.5+6.5 64.8+1.2 64.3+10.1
After 1 week N=20 N=19 N=18 0.022°
Mean 64.4+5.9 62.6+6.3 62.5+2.2 59.1+5.4
Sig. bet. Groups CG-BOG”
After 1 month N=20 N=18 N=17 <0.001"
Mean 64.4+5.4 59.5+4.5 57.3+5.2 53.6+9.5

Sig. bet. Groups

CG-UOG", CG-BOG™"

F test (ANOVA) was used, Sig. bet. grps was done using Post Hoc Test (Scheffe). *: Statistically significant at P<0.05, **: Statis-

tically significant at P<0.01, ***: Statistically significant at P<0.001.

35
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p = 0.001
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Retention latency afterl month

25 30 a5
E, after 1 month

Figure 2. Correlation between E2 after 1 month with
retention latency after 1 month in BOG. r: Pearson
coefficient, *: Statistically significant at P<0.05.

neither after one week nor after one month of
menopausal induction.

Memory affection was not progressive with
time in UOG as there was no significant differ-
ence between the RL after one week and after
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one month. On contrary, in BOG, the latency
was significantly decreased after one month in
comparison to one week post-menopausal
induction (P<0.001) (Table 3).

Novel object recognition test (NOR): Same
results were shown one week and one month
post-menopausal induction. Rl was significant-
ly decreased in HG, UOG and BOG in compari-
son to CG (P<0.001). It was significantly lower
in BOG in comparison to HG and UOG. Similarly,
in UOG in comparison to HG (P<0.001) (Table
4),

Short term memory affection wasn’t progres-
sive after hysterectomy (HG) induced meno-
pause, as results showed no significant change
between the RI, one week and one month post-
surgical induction. On contrary, the short term
memory affection increased by time post bilat-
eral and unilateral oophorectomy induced
menopause. As, Rl was significantly decreased
one month in comparison to one week after
either surgical induction (P<0.001) (Table 4).

Int J Clin Exp Med 2015;8(6):9403-9411
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Table 3. Comparison between the studied groups according to retention laten

Retention latency CG HG UoG BOG P
After 1 week N=10 N=9 N=9 N=9 0.019"
Mean + SD 300.0+0.0 232.11+105.71 183.44+138.61 144.67+95.21

Median (min, max) 300 (43,300) 300 (19, 300)
Sig. bet. Groups CG-UOG", CG-BOG™

After 1 month N=10 N=9 N=9 N=8 <0.001"
Mean + SD 300.0+0.0 206.89+140.06 165.33+133.49 15.63+8.47

Median (min, max) 300 (300, 300) 300 (8, 300) 148 (10, 300) 14.00 (4, 30)

Sig. bet. Groups CG-UOG™, CG-BOG™™*, HG-BOG", UOG-BOG™

p, 1.000 0.713 0.741 0.001~

x2: Chi square for Kruskal Wallis test. Sig. between groups was done using Mann Whitney test. p1: p value for Mann Whitney

test for comparing between 1 week and 1 month in each group.*: Statistically significant at P<0.0, **: Statistically significant
at P<0.01, ***: Statistically significant at P<0.001.

300 (300, 300) 100 (67, 300)

Table 4. Comparison between the studied groups according to recognition index %

Recognition index % CG HG UOG BOG P
After 1 week <0.001"
Mean + SD 85.6+5.9 65.7+7.4 53.615.4 34.0+5.1

Sig. bet. Groups HG-UOG™, HG-BOG™*, HG-CG***, UOG-BOG™*, UOG-CG***, BOG-CG"™*

After 1 month <0.001"
Mean + SD 85.8+5.7 65.6+6.5 47.7+4.1 16.3+4.5

Sig. bet. Groups HG-UOG™", HG-BOG™", CG-HG™"", UOG-BOG™", CG-UOG™", CG-BOG™™~

P, 0.929 0.960 0.042" <0.001"

F test (ANOVA) was used, Sig. bet. grps was done using Post Hoc Test (Scheffe). *: Statistically significant at P<0.05, **: Statis-
tically significant at P<0.01, ***: Statistically significant at P<0.001.

Discussion

In terms of studies on human physiological
functions, it is mandatory to find a model with
similar physiological functions and/or patterns
to conduct the research on, thus overcoming
the lack of feasibility sometimes met within
human subjects. This is essentially needed for
research on the ovarian function. Having an
ideal model is difficult; however, a rat model
has been used to add knowledge on hormonal
function, ovarian aging and changes related to
the menopausal transition in women. It has
been demonstrated that rats have multiple fea-
tures and endocrine changes common with
human, such as decline in follicles, irregular
cycling, steroid hormone fluctuations and irreg-
ular fertility [15].

We compared surgical menopause induction in
rat models following hysterectomy with or with-
out ovarian preservation, versus control. We
also followed up the animal for physiological
and behavioral changes after menopause.
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We confirmed FSH levels to be significantly
higher after one week & one month in the bilat-
eral oophorectomy group (BOG) followed by the
unilateral oophorectomy group (UOG), then the
hysterectomy group (HG), meanwhile E, levels-
were significantly lower following the same
order.

The effect of hysterectomy & oophorectomy
upon the hormonal profile was also reported by,
Moorman PG. et al. who, in agreement with our
results, concluded that women undergoing hys-
terectomy were at significantly increased risk
for ovarian failure notably those having a unilat-
eral oophorectomy along with hysterectomy
[16]. Farquhar et al. reported similar conclu-
sions to those of this study [17]. A recent study
by Hasan Toygandzu et al. reported changes in
the ovarian environment after excision of the
rudimentary horn in female Wistar albino rats.
They suggested that the excision of rudimenta-
ry horn could have negative effects on ipsilat-
eral ovarian functions [18]. Derksen et al.
reported that hysterectomy and endometrial
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ablation were associated with elevated FSH
levels one year after surgery [19].

Compromised blood supply to the ovaries dur-
ing hysterectomy procedures, an effect that
might occur after uterine artery embolization
procedures, could explain the change in ovari-
an function following the surgery. It could also
be explained by the pathology that indicated
the hysterectomy, rather that the surgery itself,
as suggested by Moorman PG [16].

In our study, both cholesterol & LDL serum lev-
els were significantly higher in BOG, UOG and to
a lesser extent in HG after one week and one
month. Meanwhile, HDL serum levels were sig-
nificantly lower in BOG, and to a lesser extent
UOG and HG respectively.

Estrogen-related impact on lipids and lipopro-
teins’ metabolism would include a decrease in
total cholesterol and LDL cholesterol levels in
serum by about 5-15%, due to an increase in
the liver LDL-receptors, and enhancement of
LDL-catabolism and clearance [20]. A potential
cardio-protective role of estrogen was suggest-
ed by William H. et al. in a large scale prospec-
tive study onwomen undergoing hysterectomy
for benign disease. They concluded that bilat-
eral oophorectomy is associated with increased
mortality in women younger than 50 years who
never used estrogen therapy, and that oopho-
rectomy did not lead to a better outcome at any
age group [21]. It was also suggested by
Swarnalatha PK et al that most cardiac related
disorders associated with menopause might be
affected by the hormonal changes on the
serum lipid levels, which lead them to the con-
clusion that estrogen may be aprotective factor
[22].

Ovarian hormones affect cognition especially
learning and memory functions, in both rodents
and humans. The decrease of estrogen follow-
ing ovariectomy or menopause could have a
role in the development of cognitive impair-
ment. Actually, estrogen enhances the encod-
ing of information into shortterm memory.
Estrogen receptors were detected in the cortex
of rodents [23, 24]. In our study, we tested for
cognition changes in rats. Learning and long
term memory were tested by the passive avoid-
ance test, results showed a significant impact
in terms of retention latency after one week in
BOG and UOG respectively compared to con-
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trols. HG group showed no change after one
week, but significantly changed after one
month, and came third in order of impact after
BOG and UOG respectively. Novel object recog-
nition showed also a short memory affection in
BOG and UOG both after one week and one
month. Walter A. Rocca et al. suggested an
increased risk of cognitive decline and demen-
tia in women who underwent bilateral oopho-
rectomy before menopause. They concluded
that estrogenmay have a neuroprotective effect
[25]. Riley Bove et al concluded - from 2 longitu-
dinal studies of cognitive decline- that early age
at surgical menopause was associated with
cognitive decline and Alzheimer disease neuro-
pathology [26]. The effect of estrogen depriva-
tion on cognition was probed by Kiss A et al.,
who examined the effects of estrogen treat-
ment over cognition and depressive-like behav-
iors in female Wistar rats. They confirmed
estrogen’s beneficial effect [27]. Moreover,
Sarkaki A et al. reported that ovariectomy
impaired spatial reference memory in Wistar
rats [28].

Interestingly, a recent survey on elective bilat-
eral oophorectomy at the time of hysterectomy
in the United States, revealed that approxi-
mately one third of surgeons prefer elective
oophorectomy before menopause despite the
American college for Obstetricians and
Gynecologists (ACOG)'s statement against it.
However, most gynecologists comply with
ACOG’s position recommending ovarian con-
servation in postmenopausal women [29].

In our study, comparison between the effects
of the three procedures; namely hysterectomy,
unilateral, and bilateral oophorectomy, would
represent-up to our knowledge- an unprece-
dented report, describing different physiologi-
cal effects of surgical menopause following the
three procedures compared to control. The
studied sample size was calculated so that,
more credibility of our results would be
achieved.

Conclusion

This study is among a few reports comparing
the effects of surgical menopause, induced by
hysterectomy alone, unilateral, or bilateral
oophorectomy in female rats, on reproductive
hormonal function, as well as cognitive & car-
diovascular integrity. We reported the negative
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impact of the three procedures and warned
from the possibility of early ovarian failure after
hysterectomy alone or with unilateral
oophorectomy.
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