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Abstract: Psychological stress has become a common and important cause of premature ovarian failure (POF).
Therefore, it is very important to explore the mechanisms of POF resulting from psychological stress. Sixty SD rats
were randomly divided into control and model groups. Biomolecules associated with POF (B-EP, IL-1, NOS, NO, GnRH,
CRH, FSH, LH, E,, P, ACTH, and CORT) were measured in the control and psychologically stressed rats. The regulation
relationships of the biomolecules were explored in the psychologically stressed state using support vector regres-
sion (SVR). The values of B-EP, IL-1, NOS, and GnRH in the hypothalamus decreased significantly, and the value of
NO changed slightly, when the values of 3 biomolecules in the hypothalamic-pituitary-adrenal axis decreased. The
values of E,and P in the hypothalamic-pituitary-ovarian axis decreased significantly, while the values of FSH and LH
changed slightly, when the values of the biomolecules in the hypothalamus decreased. The values of FSH and LH in
the pituitary layer of the hypothalamic-pituitary-ovarian axis changed slightly when the values of E,and P in the tar-
get gland layer of the hypothalamic-pituitary-ovarian axis decreased. An Imbalance in the neuroendocrine-immune
bimolecular network, particularly the failure of the feedback action of the target gland layer to pituitary layer in the
pituitary-ovarian axis, is possibly one of the pathogenic mechanisms of POF.
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Introduction liminary conclusions about the mechanisms of
POF caused by psychological stress, based on
factor analysis. We found that psychological
stress decreased the values of biomolecules in
the pituitary-adrenal axis, which disrupted the
functioning of the hypothalamus-pituitary-ovari-
an axis through the action of the biomolecules
in the hypothalamus, which finally led to POF
[6]. The POF-related biomolecules [3-12] were
divided into 3 groups: (1) B-endorphin (B-EP),
interleukin-1 (IL-1), nitric oxide synthase (NOS),
nitric oxide (NO), gonadotropin-releasing hor-
mone (GnRH), and corticotropin-releasing hor-
mone (CRH) in the hypothalamus; (2) follicle-
stimulating hormone (FSH), luteinizing hormone

Premature ovarian failure (POF), a common
gynecological endocrine disease, is character-
ized by amenorrhea, dysgenesis, hypoestro-
genism, and increased levels of gonadotropins
resulting from the exhaustion of ovarian folli-
cles before the age of 40 [1]. The causes of POF
are complex. Studies have demonstrated that
psychological stress, such as chronic anxiety,
sadness, fear, and other negative emotions
can lead to POF by changing the functioning of
the hypothalamic-pituitary-target gland axis,
which causes the emergence of the hypotha-
lamic-pituitary-ovarian axis disorder [2].

Many studies on the changes of biomolecules (LH), estradiol (E,), and progesterone (P) in the
that are associated with POF have been con- pituitary-ovarian axis; and (3) adrenocortico-
ducted, but only a few studies have revealed tropic hormone (ACTH) and cortisol (CORT) in
some of the biological mechanisms of POF the pituitary-adrenal axis. Support vector

[3-5]. In our previous studies, we reached pre- machine (SVM) is a new machine learning
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method created by Vapnik et al [13], which
recently has become popular because of its
effective learning properties [14]. SVM was first
used for classification problems, and then
applied to regression problems, forming SVR
theory. SVR has a predictive function, so SVR
models can be created to forecast changes in
biological molecule outputs based on changes
in biological molecule inputs. The regulation
relationships of POF-related biomolecules in 3
positions were explored by creating bimolecu-
lar network models of POF based on SVR, so
that the biological mechanisms of POF caused
by psychological stress could be revealed
further.

Materials and methods
Animals

Female, specific pathogen-free (SPF)-grade,
Sprague-Dawley (SD) rats, weighing 200-220 g,
on a standard basal diet, were supplied by the
Guangdong Medical Laboratory Animal Center.
Our animal license number was SCXK 2008-
0002. The rats were acclimated to the facility
for 3 days, and their estrus cycle was observed
every day. Rats with 2 continuous estruses
were chosen for the experiment and randomly
divided into 2 groups (n = 30 each): the control
and model groups.

Reagents and equipment

The 0.9% sodium chloride injection was pur-
chased from Henan Tai-Long Pharmaceutical
Co., Ltd (Batch No. 11103015). The TP kit was
supplied by BioSino Bio-Technology and
Science Inc. The NOS kit was obtained from the
Nanjing Jian-Cheng Bioengineering Institute.
The CRH, GnRH, B-EP, IL-1, and NO kits were
provided by the Beijing Sino-UK Institute of
Biological Technology. The E, and P kits were
purchased from Sigma Corporation. AChemistry
Analyzer 7160 was provided by Hitachi (Japan),
and the TDL80-2B centrifuge was purchased
from Anting Scientific Instrumental Factory
(Shanghai, China). The R-911 RIA counter was
obtained from the University of Science and
Technology of China. The acousto-optical-elec-
tric stimulator was made in our laboratory.

Animal model preparation

Acousto-optical-electric stimulation (acousto-
optical stimulation for 10 s, acousto-optical-
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electric stimulation for 60 s, and electrical
stimulation for 5 s) was applied to prepare the
model for 20 days, 5 times per day, at random
intervals [15]. Each procedure was completed
within 1 h. The acousto, optical, and electrical
stimuli used the following constant parameters:
1) a sound intensity of 65 dB; 2) an illumination
intensity of 500 lux with shining and frequency
of 1/s, 500 lux with lights on, and 300 lux with
lights off; and 3) a voltage of 24~36 V.

Detection index

Blood was collected from the femoral artery
and centrifuged at 3,000 rpm for 20 min.
Supernatants were transferred to new tubes.
The hypothalami were separated, cleaned with
filter paper, and then homogenized by grinding
in 1 mL of sodium chloride solution (containing
20 pL of 0.05 mol/L acetic acid). The samples
were centrifuged at 3000 rpm for 10 min, and
the supernatants were transferred to separate
tubes. Precipitates were homogenized in 0.5
mL sodium chloride solution (containing 20 uL
of 0.05 mol/L acetic acid) and centrifuged at
3000 rpm for 10 min. The supernatant was col-
lected and combined with that obtained from
the first centrifuge. Then, 25 uL of 0.05 mol/L
NaOH was added to adjust the pH to about 7.4.
Ten microliters were used to determine the pro-
tein concentration. Radioimmunoassays were
performed to detect E, P, LH, FSH, CORT, ACTH,
and NO in serum, and CRF, IL-1, B-EP, and GnRH
in the hypothalamus. NOS in the hypothala-
mus was examined by immunohistochemical
methods.

Data normalization and elimination of extreme
values

Indices obtained from various experimental
biological molecules were normalized accord-
ing to their different units and ranges. During
an animal experiment and the detection of bio-
logical molecules, multiple external and subjec-
tive conditions can result in unexpected chang-
es, leading to the detection of extreme values.
In this study, outliers were excluded according
to the method described by Grubbs [16].

Student’s t-tests for independent samples

The difference of the values of the biomole-
cules in the hypothalamus-pituitary-adrenal
axis between the control and model groups
were analyzed by Student’s t-tests for indepen-
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Figure 1. The bimolecular
network of the POF.

Biomolecules in hypothalamus

Biomolecules in hypothalamus-pituitary-adrenal axis

Biomolecules in hypothalamus-pituitary-ovarian axis

dent samples using SPSS software (SPSS
Statistics 20, IBM, New York, USA).

Basic model of SVR forecasting

SVR is a new machine learning method with a
predictive function. We used the basic model of
SVR as previously described [17]. SVR seeks
the optimal functional relationship of a reactive
sample datum, y = f(x), according to the given
sample collection {(x,y) i = 1,2,...,k}, among
which, X is an input vector, and y, is an expected
output. A proper core function is adopted K
(x,.,xj) to determine nthe regression model:

f) =@ dX+b=D (@ a)Kx,x)*b. In
the regression modeﬁvhen  is not zero or a.
is not zero, the corresponding sample is the
support vector. Commonly used core functions
include the linear core, the polynomial core,
and the radial basis function (RBF) core.

Bimolecular network models of the POF based
on SVR

Our previous study found that the values of bio-
molecules in hypothalamus-pituitary-adrenal
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axis were decreased by psychological stress,
then the functioning of the hypothalamus-pitu-
itary-ovarian axis was disrupted by the biomol-
ecules in the hypothalamus [6]. The bimolecu-
lar network of the POF was created containing
the biomolecules in the hypothalamus, hypo-
thalamus-pituitary-adrenal axis and hypothala-
mus-pituitary-ovarian axis. This is shown in
Figure 1.

The bimolecular network models of POF based
on SVR were created as follows: the biomole-
cules in the hypothalamus-pituitary-adrenal
axis (CRH, ACTH and, CORT) were used as input
variables x,i = 1,2,3. The biomolecules in the
hypothalamus (B-EP, IL-1, NOS, NO, and GnRH)
were used as output variables f(x), to create
five SVR models, labeled models 1-5. Then
B-EP, IL-1, NOS, NO, CRH, and GnRH were used
as input variables x, i = 1,2,3,4,5,6, and FSH,
LH, E,,and P were used as output variables f(x),
to create four SVR models of the same type,
labeled 6-9. To further examine the feedback
action of the biomolecules of the target gland
layer on the biomolecules of the pituitary layer
in hypothalamus-pituitary-ovarian axis, E, and
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Table 1. Changes of the values of the biomolecules in the hypothal-

amus-pituitary-adrenal axis (X £ s)

nal glands of the rats with
POF caused by psychological

Number of

Group cases(n)

CRH (ng/mL) ACTH (pg/mL) CORT (ng/mL)

stress were significantly light-
er, and the ovarian tissue was

Control group 30
Model group 30

1.76 £+ 0.37 27.05+5.39 309.74 + 20.27
1.38 £ 0.15* 19.99 + 0.64** 294.39 + 9.14"

showed significant injury co-
mpared with the normal rats

Notes: Compared with the control group, “P < 0.05, 2P < 0.01.

Table 2. Relative change rates of the biomol-
ecules in the hypothalamus when the values
of the biomolecules in the hypothalamus-pitu-
itary-adrenal axis were multiplied by 0.9

Relative Multiple correlation

Biomolecules

change rates coefficient
B-EP -8.37% 0.8270
-1 -15.49% 0.9098
NOS -3.12% 0.9184
NO -0.20% 0.8165
GnRH -5.01% 0.8095

Note: Multiple correlation coefficients here refer to the
multiple correlation coefficient of the prediction model.

P, the biomolecules of target gland layer in
hypothalamus-pituitary-ovarian axis, were used
as input variables x,i = 1,2, while the biomole-
cules of the pituitary layer in hypothalamus-
pituitary-ovarian axis, FSH and LH, were used
as output variables f(x), to create two SVR mod-
els, labeled models 10-11 Core functions K
(xi,xj) were all selected as the RBF core:
K(xi,x;) = exp(- yH Xi ™ X 2),;/ > 0. Parameter y
and punishment coefficient C of each model
required optimization and determination. In
this study, the data collection was shortened
and coded as [0, 1], and the network method
was adopted for searching the parameters,
making the mean square errors (MSE) of the
jackknife test the minimum.

The programs were self-edited with Scilab soft-
ware (vers 5.4.1, INRIA, Paris, France), which
was used to create the eleven SVR models of
POF caused by psychological stress.

Results

Changes in the weights of the ovarian pituitary,
ovaries, and adrenals, and changes in the
ovarian morphology of rats with POF caused by
psychological stress

Our previous studies showed that the weights
of the ovarian pituitary, ovaries, and the adre-
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[15]. These findings showed
that our animal experimental
protocol was successful. Fur-
thermore, the regulation relationships of the
biomolecules network of POF caused by psy-
chological stress were explored with SVR mod-
els based on the success of the animal model.

Test of the SVR models of POF caused by psy-
chological stress

First, the eleven SVR models were tested with
the jackknife test. The SVR models were creat-
ed using 30 samples. The jackknife test was
applied to one sample as the predictive sam-
ple, and the other 29 samples were used as
training samples. Therefore, 30 predictive
errors and 30 predictive multiple correlation
coefficients were obtained for each model. The
30 predictive errors of each model were all less
than 10%, which indicated the feasibility of the
models. Moreover, the 30 multiple correlation
coefficients of each bimolecular network model
of POF based on SVR were all larger than 0.98,
showing that the predictive efficacy of these
eleven models were reliable.

Forecasting of the SVR models of POF caused
by psychological stress

According to the multiple correlation coeffi-
cients of the jackknife test of the SVR, the pre-
dictive efficacy of the eleven models were reli-
able. Hence, the changes in the biomolecules
in the hypothalamus could be forecasted
according to models 1-5, when the biomole-
cules in the hypothalamus-pituitary-adrenal
axis changed under psychological stress. Thus,
the feedback action of the hypothalamus-pitu-
itary-adrenal axis on the hypothalamus under
psychological stress could be explored. Based
on the same principle, the changes of the bio-
molecules in the hypothalamus-pituitary-ovari-
an axis could be forecasted according to mod-
els 6-9, when the biomolecules in the hypothal-
amus changed. Finally the changes in the bio-
molecules of the pituitary layer in the hypothal-
amus-pituitary-ovarian axis could be forecasted
according to models 10-11, when the biomole-
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Table 3. Relative change rates of the biomol-
ecules in the pituitary-ovarian axis when the
values of the biomolecules in the hypothala-
mus were multiplied by 0.9

) Relative Multiple correlation
Biomolecules

change rates coefficient
FSH -0.19% 0.9872
LH -0.70% 0.8971
E, -8.27% 0.9828
P -3.44% 0.9809

Note: Multiple correlation coefficients here refer to the
multiple correlation coefficient of the prediction model.

Table 4. Relative change rates of the biomol-
ecules of the pituitary layer in the hypothal-
amus-pituitary-ovarian axis when the values
of the biomolecules in the target gland layer
were multiplied by 0.9

. Relative Multiple correlation
Biomolecules

change rates coefficient
FSH 0.23% 0.9272
LH 0.25% 0.8187

Note: Multiple correlation coefficients here refer to the
multiple correlation coefficient of the prediction model.

cules of the target gland layer in the hypothala-
mus-pituitary-ovarian axis changed.

The values of the biomolecules in hypothala-
mus-pituitary-adrenal axis of the rats with POF
caused by psychological stress all decreased,
as shown in Table 1. This result fits with the
theory of “Fright Impairing Kidney-qi” in TCM
[18, 19].

Therefore, all 30 samples were used as training
samples. First, the values of the biomolecules
in the hypothalamus-pituitary-adrenal axis
(CRH, ACTH, and CORT) were multiplied by 0.9
as forecasting samples, and models 1-5 were
used, respectively, to forecast changes in B-EP,
IL-1, NOS, NO, and GnRH. Next, the values of
the biomolecules in the hypothalamus (B-EP,
IL-1, NOS, NO, and GnRH) were multiplied by
0.9 as forecasting samples, and models 6-9
were applied to forecast changes in FSH, LH,
E,, and P, respectively. Then, the values of the
biomolecules of the target gland layer in the
hypothalamus-pituitary-ovarian axis (E,and P)
were multiplied by 0.9 as forecasting samples,
and models 10 and 11 were used to forecast
volume changes in the biomolecules of the
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pituitary layer in the hypothalamus-pituitary-
ovarian axis, FSH and LH, respectively. The rel-
ative change rate of the biomolecules was
defined as: (predictive value-original experi-
mental value)/(original experimental value) x
100%. The average relative change rates of the
index values of the predictive biomolecules
were calculated. The values of the biomole-
cules in the hypothalamus-pituitary-adrenal
axis of the rats with POF decreased under psy-
chological stress, followed by decreases in the
biomolecules involved in the hypothalamus-
pituitary-adrenal axis feedback regulating the
hypothalamus, the hypothalamic regulation of
the pituitary-ovarian axis, and the target gland
layer feedback regulating the pituitary layer in
the hypothalamus-pituitary-ovarian axis. The
results are shown in this order in Tables 2-4.

Discussion

Tables 2-4 show that the multiple correlation
coefficients of the eleven predictive models
forecasting the predictive samples all were
larger than 0.80, indicating that the predictive
results are reliable. Decreased values of the
biomolecules in the hypothalamus-pituitary-
adrenal axis caused obvious decreases in the
values of the biomolecules (B-EP, IL-1, NOS,
and GnRH) in the hypothalamus (Table 2).
Decreased values of the biomolecules in the
hypothalamus caused obvious decreases in
the values of the biomolecules of the target
gland layer (E,and P) in the pituitary-ovarian
axis, whereas there was little change in the bio-
molecules of the pituitary layer (FSHand LH) in
the pituitary-ovarian axis (Table 3). Changes in
the biomolecules of the target gland layer (E,
and P) in pituitary-ovarian axis led to very few
changes of the biomolecules of the pituitary
layer (FSH and LH) in the pituitary-ovarian axis
(Table 4), which indicates that the feedback
regulation of the target gland layer to the pitu-
itary layer in the hypothalamus-pituitary-ovari-
an axis declined. This result is consistent with
previous research on POF [20].

As seen in Tables 1-4, the development of POF
caused by psychological stress is as follows:
First, the values of the biomolecules of the
hypothalamus-pituitary-adrenal axis of POF all
decreased due to psychological stress. Next,
the volume changes of the biomolecules in the
hypothalamus-pituitary-adrenal axis that feed-
back to the hypothalamus led to decreases of
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the biomolecules in the hypothalamus, and
decreases of the biomolecules in the hypothal-
amus caused decreases of the biomolecules in
the hypothalamus-pituitary-ovarian axis. The
decreases of the biomolecules associated with
POF, particularly the failure of the feedback
regulatory action of the target gland layer to the
pituitary layer in the hypothalamus-pituitary-
ovarian axis destroyed the balance of the neu-
roendocrine-immune biomolecular networks,
eventually led to POF.

In conclusion, psychological stress can cause
changes in reproductive endocrinology. The
reproductive endocrine system is not only
important because it is involved in the stress
response, but because it also is vulnerable to
harm from psychological stress, which can
impair the neuroendocrine-immune network.
Psychological stress has become a common
and important cause of reproductive endocrine
disorders [21, 22]. It is very important to study
the biological mechanisms of POF caused by
psychological stress for the development of
multi-target drugs for regulating POF. In this
study, SVR models were used to analyze non-
linear relationships among the neuroendocrine-
immune network in rats with POF caused by
psychological stress. These results enhance
our understanding of POF, and are significant in
revealing the biological mechanisms of POF.
The results also show that SVR modeling can
effectively predict non-linear relationships in
the neuroendocrine-immune network. If more
biomolecules are involved, POF can be compre-
hensively and clearly understood. This study
provides an example of a methodological
approach for the study of complex diseases
from the perspective of systems biology.
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