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Introduction: Electroconvulsive therapy (ECT) is a non-pharmacological method for the
treatment of psychiatric disorders. The precise biochemical mechanism of the effects of ECT
is not clear, and since the two factors including matrix metalloproteinase-9 (MMP-9) and
stromal cell-derived factor-1 alpha (CXCL12) play an important role in improving nerve
damage, the effects of ECT and its relation with serum levels of MMP-9 and CXCL12 in
patients with mania were investigated in this study.

Methods: In this before and after intervention study, the patients with mania, referring to the
Qods Hospital in Sanandaj, were selected by the census method during the years 2015-2018.
Young’s test was performed 24 hrs before and after the first, third, and sixth sessions of ECT.
For biochemical analysis, 3 mL of peripheral blood were taken prior to any anesthesia and
6 hrs after the first, third, and sixth sessions. Data were analyzed by two-way ANOVA and
Pearson correlation coefficient by using the SPSS16 software.

Results: The results showed a significant decrease in Young’s test scores during the first to
the sixth session of ECT (P<0.05). Although the levels of CXCL12 were slightly increased
after the sixth course of ECT, they were not significant. Moreover, there were no significant
relationship between the Young’s test score and the serum levels of both MMP-9 and
CXCL12 (P=0.05).

Conclusion: ECT improved patients clinically, but this effect was independent of serum
levels of MMP-9 and CXCL12, and possibly other biochemical factors are involved in this
pathway.

Keywords: matrix metalloproteinase, stromal cell-derived factor-1 alpha, electroconvulsive
therapy

Introduction

Electroconvulsive therapy (ECT) is a non-pharmacological method for treating psy-
chiatric disorders such as depression, bipolar disorder, and schizophrenia. ECT is an
electrical stimulus in the brain, which causes cellular membrane depolarization and
convulsion. This treatment is much more reliable and, in terms of therapeutic, has
a shorter period of treatment than chemotherapy.'~ Although pharmacotherapy is the
first line for management of patients with major psychotic, ECT is the choice ther-
apeutic invention for treatment-resistance patients. ECT has also been used in life-
threatening illnesses, patients with severe suicidal symptoms and catatonia.**
Although the effectiveness of ECT to treat patients with psychiatric disorders has

been demonstrated, the underlying cerebral mechanism remains unclear. However,
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three mechanistic hypotheses, albeit in part, for ECT have
been proposed: (i) immune regulation; accumulating evi-
dence has shown that during neuroinflammation, the release
of inflammatory cytokines activates microglia and recruits
them to the site of lesion. Of note, microglia also take part in
the resolution of inflammation by secreting anti—inflamma-
tory cytokines.>® Moreover, it has been reported that a single
dose of ECT induces an acute and transient inflammation,
while repetitive ECT treatment leads to a long-term immune
suppression, at least in the brain.” (ii) Neuroplastic changes;
ECT treatment enhances neurogenesis, synaptogenesis, and
proliferation of glial cells.® In addition, increased levels of
some cytokines such as IL-6 and brain-derived neurotrophic
factor (BDNF) following ECT could result in hippocampal

neurogenesis and clinical responses.'®"!

(iii) Monoamine
pathway; ECT treatment has been shown to enhance neuro-
logical levels of serotonin, dopamine, norepinephrine, and
acetylcholine.? Inflammation increases activities of indolea-
mine 2,3-dioxygenase and degrades tryptophan to kynure-
nine. As tryptophan is the precursor of serotonin, the levels of
serotonin are decreased in neuroinflammation.'? In terms of
the neurophysiological mechanism, increased blood flow and
metabolic rate of the brain due to the permeability of the
blood-brain

introduced.'*'* Even though a recent study reported that

barrier during convulsion have been
ECTacts through increasing thyroid hormone,'” the precise
biochemical mechanisms of ECT actions are not yet fully
understood.

Matrix metalloproteinase-9 (MMP-9) is an enzyme
from the family of zinc-dependent metalloproteinases,
which is increased in peripheral blood in pathologic condi-
tions such as cardiovascular disease, cancers, and neurop-
sychiatric disorders.'®'® Currently, it has been shown that
MMP-9 plays a very important two-way role in the central
nervous system, and that can be either the intermediate
between pathological pathways or the central player in the
regeneration of the central nervous system.'>** MMP-9 can
open the blood-brain barrier and increase its permeability. It
has previously been proposed that ECT increases blood-
brain barriers permeability in cerebrovascular.”'
alpha (CXCLI12) is
a chemokine that causes the migration of lymphocytes and

Stromal cell-derived factor-1
the stem cells, and also plays an important role in the angio-
genesis and the development of the nervous system.>? This
chemokine is produced by hematopoietic stromal cells,
endothelial cells, osteoblasts, and its receptor CXCR4 is
expressed on the surface of various types of leukocytes and
stem cells.”

CXCLI12 and its receptor not only regulate the growth
and migration of the stem cells but may also play
a fundamental role in brain development.”> CXCLI12 also
increases the migration and proliferation of the granuloma
cells, activation of microglia and secretions of glutamate by
astrocyte, and also causes the migration of the cortical
neural progenitor cells.”* Migration to the damaged area is
the first important step of stem cells to contribute to recon-
struction, and it has been shown that CXCL12 and its
receptor are involved in the migration of neural stem cells
to the brain lesions.*’

Although the effectiveness of ECT to treat patients with
mania had been demonstrated, the underlying biochemical
and molecular mechanisms have not been yet elucidated. As
MMP-9 and CXCL12 play fundamental roles in the nervous
system, repair, and cell migration this study was designed to
investigate the clinical effects of ECT and its possible rela-
tionship with the above biochemical factors.

Materials and Methods
The Population Studied and Sampling
Method

This study was a before and after intervention study. The
patients with mania referring to Sanandaj Qods Hospital
during 2015-2018, who were candidates for receiving
ECT, comprised the statistical population.

Entry criteria include:

¢ Diagnosis of type 1 bipolar disorder (manic episode)
based on the endorsed criteria (DSM_IV_TR;
American Psychiatric Association, 2000)

e The age of 18 to 45 years

e The patient’s scoring a score of greater or equal to 20
on the Young scale

e Normal IQ score

e Anesthesia class 1 or 2

Exit criteria include:
e History of receiving ECT during the past six months

drugs
(valproate, carbamazepine, lamotrigine, and topiramate)

e Use of non-benzodiazepine anticonvulsant

e Use of lithium, lidocaine, or theophylline during the
last week

e Mixed episode, schizophrenia, or other psychotic
disorder that is not part of a mood disorder

¢ Neurological, cardiac, or severe systemic illness
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e Pregnancy

e History of stroke within three months before the start
of the study

e History of brain surgery

e History of severe skull injury, addiction to alcohol or
any drugs during the past two years

¢ History of tumors and any inflammatory disease.

The sampling method was census-based and all patients who
had the study conditions were sampled. The total number of
subjects enrolled were 31, two of which were excluded due to
exiting conditions (one due to lack of convulsion and the
other because of a positive drug test). Of the 29 specimens
obtained, one sample was removed from the study due to
lysing; therefore, we practically analyzed 28 samples.

Ethical Considerations

The present study was confirmed by the ethics committee of
the Kurdistan University of Medical Sciences with the num-
bered MUKS88622/14 and recorded in IRCT with
IRCT201410221556N6 code. All participants in the study
were given a full explanation of why and how to do the study,
and all participants provided written informed consent.

Detection of MMP-9 and CXCLI2 and

Determination of Young’s Test

Young’s test (Young Mania Rating Scale) was performed
24 hrs before and after the first, third and sixth sessions of
ECT. For biochemistry analysis, 3 mL of peripheral blood
were taken prior to any anesthesia, 10 mins and 6 hrs after the
first, third, and sixth sessions. Blood samples were placed in
a centrifuge device at a rate of 1500 rpm for 5 mins to
separate the plasma. The obtained serum was then transferred
to the microtubes and placed in a freezer at —70°C until the
tests were carried out. Serum levels of MMP-9 and CXCL12
were measured by the ELISA method according to the man-
ufacturer’s instructions (R & D systems, MN). The clinical
symptoms of the patient were also assessed by our resident
(BK) using Young’s test, which is a mania severity assess-
ment table, scored based on the patient reports and evaluation
during the interview.

Statistical Analysis

SPSS16 software was used for statistical analysis. Two-
Way ANOVA test (repeated measure) was used to analyze
ECT over time in terms of matrix MMP-9 and CXCL12.
One-Way ANOVA test was used to analyze changes in

Young’s test scores over time, and also for determining the
relationship between the above factors and the Young’s
test, the Pearson correlation coefficient was used. The
significant level was considered to be as P< 0.05.

Results
In this study, 28patients with mania were examined (14
male and 14 female). The mean age of participants was 32
years old. In Table 1, the mean and standard deviation of
the two measured biochemical parameters have been
shown. The findings of this study indicated that no
changes in MMP-9 have been observed following ECT,
but the amount of CXCL12 increased after the third course
of the treatment, although this increase was not significant
(P>0.05). Table 2 describes the mean of scores based on
the Young Mania Rating Scale (YMRS). As can be seen,
the scores, according to the Scale, have been declining,
indicating the effects of the ECT in patients with mania.
Table 3 shows that there was a significant relationship
between ECT and the scores obtained from YMRS at
different times. Statistical analysis showed no significant
relationship between the ECT and the levels of MMP-9
and CXCL12. This information is presented in Table 4.
Also, there was no significant relationship between YMRS
(clinical findings) and the levels of MMP-9 and CXCL12.

Table | The Levels of MMP-9 and CXCLI2 in Various Courses
of ECT

ECT SDFlo, pg/mL MMP9, ng/imL
(N=28) (N=28)
Before anesthesia for ECT| | 384.641508.61 3.9615.1
Ten minutes after ECTI 370.39+548.99 3.21+3.55
Six hours after ECTI 372.504£529.62 3.67+4.56
Before anesthesia for ECT3 | 486.621965.34 5.16£5.42
Ten minutes after ECT3 475.64+880.27 4.5+6.39
Six hours after ECT3 511.02£999.63 4.83+7.01
Before anesthesia for ECT6 | 344.09+360.94 3.82+4.37
Ten minutes after ECT6 466.80+732.28 3.0413.64
Six hours after ECT6 641.13+£1178.71 3.13+3.12

Note: Data shown as mean * SD.

Table 2 Description of the Mean Scores Based on the Young
Clinical Questionnaire in Mania Patients

Neuropsychiatric Disease and Treatment 2020:16

Young Test Mean = SD
Before anesthesia 34.07£2.15
First session 29+2.61
Third session 21.10+2.18
Six session 18.89+2.16
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Table 3 Comparison of the Mean Score of Young’s Questionnaires
in Patients with Mania

Time (ECT) Mean * SD P-value
Before anesthesia First session 5.07+1.74 0.023
Third session 12.96+1.8 0.0001
Sixth session 15.17£1.96 0.0001
First session Third session 7.89+1.49 0.0001
Sixth session 10.10£1.66 0.0001
Third session Sixth session 2.21+0.673 0.017

Table 4 Comparison of MMP-9 and CXCL2 at Different Times
of ECT in Patients with Mania (Multivariate Tests)

Effect Value | F P
ECT Pillai's Trace 0.090* | 1.286* | 0.293°
0.164° | 1.566°
Wilks Lambda 0.910* | 1.286* | 0.293*°
0.836° | 1.566°
Hotelling Trace 0.099* | 1.286* | 0.293*°
0.196° | 1.566°
Roys Largest Root | 0.099* | 1.286* | 0.293*°
0.196° | 1.566°
Pillai's Trace 0.080* | 1.130* | 0.338%
0.244° | 2.588° | 0.106°
Wilks Lambda 0.920* | 1.130* | 0.338%
0.756° | 2.588° | 0.106°
Time Hotelling Trace 0.087* | 1.130% | 0.338°
0.324° | 2.588° | 0.106°
Roys Largest Root | 0.087* | 1.130* | 0.338"
0.324° | 2.588° | 0.106°
Pillai's Trace 0.008* | 0.049* | 0.995%
0.286° | 1.405° | 0.283°
Wilks Lambda 0.992* | 0.049* | 0.995%
0.714° | 1.405° | 0.283°
Comparison Hotelling Trace 0.008% | 0.049° | 0.995*
between Time 0.401° | 1.405° | 0.283°
and ECT
Roys Largest Root | 0.008% | 0.049* | 0.995*
0.401° | 1.405° | 0.283°

Notes: *Data shown for matrix metallopeptidase-9. ®Data shown for stromal cell-
derived factor-lo.

Discussion

The main objective of this study was to evaluate the
clinical effect of ECT and its association with MMP-9
and CXCL12 in patients with bipolar disorder in manic
phases. The important results of this study were the

reduction of Young’s test score during the first to the
sixth session of ECT.

Although ECT was effective in improving the patients in
manic phases which was consistent with a recent study has
shown that early ECT reduces the length of hospitalization
and the cost of treatment,® but the levels of MMP-9 did not
show a significant difference during the ECT courses.
However, this effect is independent of MMP-9 levels during
the treatment process and other factors in the mechanism of
recovery by ECT may be involved. However, a recent study
had demonstrated that the levels of MMP-9, but not BDNF,
are significantly higher in the schizophrenic patients.?’
BDNF regulates the survival and growth of neurons and
affects effects on neurogenesis and neuroplasticity. BDNF
is initially sanitized as pro-BDNF and eventually converted
to mature BDNF by MMP-9. In contrast to pro-BDNF
which elicit apoptosis, mature BDNF preferentially binds
to TrkB and increases cell survival, outgrowth of neuritis,
and synaptic plasticity,”®° implying that MMP-9 could
play an important role in neuronal cells survival and devel-
opment by coveting of Pro-BDNF to mature BDNF.
However, Yamamori et al previously demonstrated that
neither mature BDNF nor MMP-9 plasma levels were asso-
ciated with clinical variables.”’ In the line of this later
observation, we found that the recovery of patients with
bipolar disorder in the manic phase was independent of
MMP-9; thus, implying that enzymes might be involved
in the recovery process of patients by ECT. On the other
hand, due to the fact that there are 23 types of metallopro-
teinases in the human body,”° and in many cases these
enzymes have overlapping effects, we envision that metal-
loproteinases other than MMP-9, could be involved in the
biochemical and molecular effects of ECT. Another study
showed that ECT may induce its treatment through the
effect on the hypothalamic-pituitary-thyroid axis in patients
with bipolar disorder. The results of this study showed that
the levels of thyroid hormones (T3 and T4) increased after
treatment compared with pre-treatment, while TSH
decreased.> On the other hand, the change in MMP-9 is
not tangible in the bloodstream because MMP-9 is not
produced by certain tissues, unlike thyroid hormones that
are produced by many cells, including brain cells,'® and its
increase may be localized.

A previous study on the people with schizophrenia and
depression showed that before ECT, MMP-9 level in people
with depression was more than those in the control group
and people with schizophrenia;, and after ECT, MMP-9

level significantly decreased in people with depression.*'
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Conversely, MMP-2 levels in mood disorder patients, but
not in schizophrenia patients were scientifically lower than
the healthy, and increased after ECT treatment,”' suggesting
that for each certain type of psychiatric disorder a specific
MMP might play a role. In the present study, after ECT,
MMPY level was also initially reduced during the first
sessions and then increased in subsequent sessions, but
these changes were not statistically significant. Also, there
was no significant relationship between the clinical signs
and the changes in MMP-9.

CXCLI12 and its cognitive receptor CXCR4 are
expressed by neural stem cells are involved in adult
neurogenesis.>> Enhanced environment induces neuronal
plasticity and hippocampal neurogenesis which is accom-
panied by was accompanied by the increased expressions of
SDF-1 and CXCR4 in the hippocampus,® indicating that
CXCL12 is a neurogenesis inducer factor. This notion was
supported by another observation which demonstrated that
CXCR4 antagonist, AMD3100 reversed the effect of EE on
neurogenesis.>* In the present study, the positive effect of
ECT on the recovery of people with bipolar disorder in the
manic phase was observed but there was no significant
correlation between this recovery and CXCLI2 levels.
However, in the third period of treatment, a relatively
small increase in serum CXCL12 levels was observed
after 10 mins and 6 hrs of treatment, but this difference
was not significant (P>0.05), and probably the low volume
of sample may be the reason for this result. Moreover, Deng
et al reported that the bone marrow stromal cells (in vitro)
receiving electric shock showed more angiogenesis and
neurogenesis compared to the control group; and CXCL12
receptor (CXCR4) were effective
phenomenon. In the present study, similar to the previous

and its in this
study, the positive effect of electric shock on the recovery of
patients with bipolar disorder in the maniac phase was
observed. However, the results of the current study showed
that this case is probably independent of CXCL12.

In the current study, we encountered several limitations.
Lacking enough budget for buying reagents and kits to mea-
sure other potential biomarkers was the main obstacle for us.
Of course, drawing blood sample at various time course of
ECT treatment was another limitation of this study.

Conclusion

In the present study, with respect to Young Mania Rating
Scale, the positive effect of ECT in people with bipolar
mania was found. The study on MMP-9 and CXCL12
showed that this effect is independent of changes in

these two factors, and possibly these effects are through
other factors. It is suggested that molecular factors along
with important hormones in psychoneuroimmunological
pathways should be investigated in a larger statistical
study.
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