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Introduction: It has been revealed that major depressive disorder (MDD)is a common
and debilitating psychiatric disorder. Dysfunctional enzymes involved in
neurotransmission glutamate dehydrogenase (GDH), Glutamine synthetase (GS) and
Asparagine synthetase (ASNS) may underlie the pathophysiology of MDD. The present
project aimed to explore the effects of Ketamine on GDH, GS and ASNS in MDD
patients. This study provides evidence of interactions between ketamine and GDH,
ASNS and GS levels in patients with MDD.

Materials and Methods: Patients with MDD are referred to the psychiatric ward of
Shaheed Yahyanejad Hospital for regular follow-up. Patients diagnosed with MDD
were based on the Diagnostic and Statistical Manual of Mental Disorders (DSM-5),
structured clinical interviews, as well as the severity of depression based on clinical
criteria determined by a specialist physician. Serum samples from MDD patients
before and after ketamine administration were taken to examine the changes in
GDH, ASNS and GS levels. In this project, 29 patients with MDD therapy were
evaluated with ketamine (0.75 mg/kg).

Results: Our study showed that after administrating ketamine, the level of ASNS and
Glutamate dehydrogenase GDH in patients with MDD was reduced compared to pre-
treatment. However, the level of GS was increased compared to before treatment. The
results show that ketamine occurs at the metabolism level in MDD patients. Also, our
results demonstrated that GDH, ASNS, and GS levels can be measured to evaluate the
effect of Ketamine on MDD patients.

Conclusions: Patient success has improved depression after two months of administrating
ketamine. Marginally, more than 80% of patients diagnosed with MDD treated with
ketamine showed complete remission. Current results may be helpful in understanding the
mechanisms responsible for ketamine’s clinical efficacy.
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Introduction

Major depressive disorder (MDD) is the most
common psychiatric illness worldwide [1].
Dysfunctional glutamatergic neurotransmission
may underlie the pathophysiology of MDD [2].
The effects of Ketamine in MDD patients
might be mediated through glutamatergic
neurotransmission [1, 2]. The glutamatergic
signaling pathway plays a key role in anti-
depressant response to ketamine in patients
with MDD [2]. A single intravenous infusion
of the glutamatergic modulator ketamine
elicits a fast-acting, robust, and relatively
sustained anti-depressant [3]. The N-methyl-d-
aspartate receptor antagonist, ketamine’s anti-
depressant effects are mediated by a glutamate
surge that leads to a cascade of events
resulting in synaptogenesis and reversal of the
adverse effects of chronic stress and
depression [4]. Subjects with MDD are
associated with a rise in the plasma of
glutamate and low levels of glycine. There is a
significant difference in the concentration of
glutamate in the control group and the
depressed subjects [5]. Serum glutamate levels
are significantly higher in patients with
depression than in healthy subjects [6].
Glutamine synthetase (GS) plays an important
role in the turnover of glutamine and
glutamate; a study of a depressed animal
model has shown that GS activity has
decreased. GS is an enzyme that plays an
essential role in the metabolism of nitrogen by
catalyzing the condensation of glutamate and
ammonia to form glutamine. By inhibiting GS

with  sulfoximine, methionine  reduces

glutamate and glutamine levels but increases
depression [7]. Glutamate dehydrogenase
(GDH) is an enzyme observed in eukaryotic
mitochondria.

Ketamine increases the level of factors
involved in the mTOR signaling pathway and
acts as a key regulator of the protein involved
in glutamate metabolism, such as glutamine
synthetase enzyme [8]. Ketamine normalizes
the interaction between the default mode
network and salience networks in subjects with
MDD [9]. Marginally, more than 50% of
patients diagnosed with MDD were treated
using available anti-depressants and have
shown complete remission [10]. Ketamine’s
rapid-acting anti-depressant properties are
related to its acute effects on prefrontal
connectivity [11]. GS is involved in glutamate-
related disturbances in major depression [12].
MDD patients were characterized by lower
levels of L-asparagine and L-glutamine[13].
Asparagine synthetase (ASNS) catalyzes the
synthesis of asparagine from aspartic acid
[14].

Materials and Methods

Participants

The present study is descriptive-analytical and
cross-sectional. Between March 2017 and
November 2018, patients from Shaheed
Yahyanezhad Hospital, affiliated with Babol
University of Medical Sciences, were invited
to take part in the current study. After
participants had signed the informed consent,

serum specimen samples of men (n=10) and
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women(n=19) enrolled in  experience
depression testing were obtained. The age
group was considered as 42.27 + 21.66 years
old, and the weight group was 76.17 +20.6 Kkg.
Each participant in the study scored with the
DSM-5 and Beck Scale at baseline and two
months after the start of the trial. Twenty-nine
un-medicated participants with MDD were
selected to use a single intravenous infusion of
ketamine hydrochloride (0.75 mg/kg over 20
minutes).

Inclusion criteria

Patients with MDD were considered to have
major depression after clinical examination by
a specialist physician. Based on DSM-5, there
was no history of nicotine, alcohol, or
substance use ever. Patients with MDD were
treated with ketamine for at least two months.
Exclusion Criteria

Patients with other types of depression such as
hyperactivity disorder, thyroid disorders such
as hypothyroidism, fibroma, chronic fatigue,
and bacterial and infectious diseases were
excluded.

Experiments

Blood samples were taken at 3-5 ml before
ketamine administration, and then 0.75 mg/kg
of ketamine hydrochloride was administrated
in these patients for 20 minutes by diffusion
method. After two months, depression was
tested again from the patients and samples
were collected again from them. We gathered
information on the participants’ age, weight,
body mass index, and clinical characteristics.
Serum levels of ASNS, GS and GDH
were measured using the enzyme-linked

immunosorbent assay method according to the

kit instructions. Kits are provided by Bioassay
Technology Laboratory, China (Kit Code,
E7394 HU, E4596HU and E1376HU,
respectively).

Statistical analysis

The results were analyzed using SPSS version
24 software. The mean serum levels of
biochemical variables in two groups were
compared with variance analysis. Tukey’s
two-to-two comparisons were performed; The
Krimograv-Smirnov test was used to check the
normal distribution of the variables studied. A
one-way ANOVA test was used to compare
the variables between the three groups. In
addition, by correlation analysis and Pearson
correlation coefficient, the association between
biochemical parameters in three groups was
separately evaluated. In all tests, the P value

was less than 0.05.
Results

The major finding of our results revealed that
after the administration of ketamine, the level
of ASNS and GDH in patients with MDD
reduced compared to pre-treatment status, and
the level of GS in patients with MDD
increased compared to pre-treatment status.
The average level of ASNS, GS and GDH in
the two groups before treatment and after with
ketamine were shown in Table 1. In Table 2,
the correlation between variables is shown
using the Pearson statistical test. The results of
Pearson correlation showed that there is a
positive and significant correlation between
the level of ASNS enzyme (R = 0.3, p = 0.03),
GS (R= 0.3, p= 0.01) and glutamate
dehydrogenase (R= 0.3, p= 0.03). The
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receiver operating characteristic (ROC) test
was performed to evaluate the sensitivity and
specificity of the measured factors in both the
control and patient groups (Table 3). The
correlation between ASNS and GDH is shown
in Figure 1. The ROC curve for the sensitivity
and specificity of ASNS, GS and GDH is
shown in Figure 2. The results of the ROC test
between the group of patients with MDD and
the control group showed that ASNS had a
sensitivity and specificity of 79% and 55%,
respectively. It is also possible to differentiate
between the patient group and the control
group, with the area under the curve level of
about 0.7, the cut-off point for which it is
intended to be 3.2. A higher value indicates a
healthy group, and a lower value than the
group of patients with MDD.

The results of the Roc test showed that GS,
with a sensitivity of 83% and a specificity of

64%, can distinguish between the healthy
group and those with major depression. The
area under the curve for the GS is 0.7, and the
cut-off point is about 107.8, meaning higher
values indicate that the healthy group and the
smaller values represent the patient group.

The results of the Roc test showed that GDH
with a sensitivity of 62% and a specificity of
75% can distinguish between the healthy
group and those with major depression. The
area under the curve for the GS is 0.6, and the
cut-off point is about 175, meaning higher
values indicate that the healthy group and the
smaller values represent the patient group.

Our results showed that after two months of
Ketamin administration, patients had good
improvement, and their DSM-5 and Beck tests
were normal. Additionally, we did not observe
any side effects of the administration of

ketamine.

Table 1. Comparison of serum levels of average, Asparagine synthetase, Glutamine synthetase, Glutamate
dehydrogenase, 2 groups before treatment and after treatment

Variables / Mean +SE Before treatment After treatment p-value
Asparagine synthetase 10.07+£2.70 8.39 +1.70 0.041
Glutamine synthetase 181.72+39.69 200.69+43.21 0.045
Glutamate dehydrogenase 10.44+3.33 8.9+2.02 0.65

Table 2. Pearson correlation to verify the existence of the relationship between the variables

Variables Asparagine synthetase
R P
Asparagine synthetase -
Glutamine synthetase 0.01 0.3
Glutamate
003 03
dehydrogenase

Glutamine synthetase Glutamate dehydrogenase

R P R P
0.3 0.01 0.03 0.3
- 0.5 0.05

0.5 0.05 -
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Table 3. ROC test for sensitivity and specificity of variables in patient and healthy control groups

Variables Theareaunder  gensjtivity ~ Specificity Cutoff  p-value
the ROC curve
Asparagine
0.7 79% 55% 3.2 0.01
synthetase
Glutamine
0.7 83% 64% 107.8 0.02
synthetase
Glutamate
0.6 62% 75% 175 0.1
dehydrogenase
8
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Fig. 1. Correlation between asparagine synthetase and glutamate dehydrogenase
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Fig. 2. ROC curve for sensitivity and specificity of asparagine synthetase,
glutamine synthetase and glutamate dehydrogenase

Discussion

The results of our study for the first time showed of these enzymes, which are involved in
that after the administration of ketamine, the glutamate, glutamine, o-ketoglutarate, asparagine
level of AS and GDH in patients with MDD and aspartate metabolism. GDH is an enzyme
reduced compared to pre-treatment status. These that converts glutamate to o-ketoglutarate, an
results show that ketamine may act as a regulator enzyme that generates asparagine from aspartate.
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Reducing the level of AS and GDH causes
changes in the metabolism of asparagine and
glutamate in the nervous system. Following the
decreased level of these enzymes, the asparagine
and a-Ketoglutarate levels decrease. Asparagine
is required for the function of the brain. a-
Ketoglutarate plays a role in the detoxification of
ammonia in the brain. However, after
administration of ketamine, the level of GS in
patients with MDD increased compared to pre-
treatment status. This finding is comparable with
the results of other investigators [5, 6]. Our
results fit into the broader context of the existing
literature on MDD and Ketamine so that changes
in plasma concentrations of excitatory amino
acids and serum glutamate are coordinated in
depressed patients. GS is an enzyme that plays
an essential role in producing glutamine.
Besides, GS in the brain participates in the
regulation of glutamate and termination of
neurotransmitter signals. Glutamine plays a role
as a precursor to the neurotransmitter glutamate.
These results provide the first indication that
ketamine’s acting may occur at the metabolism
level in MDD patients. The overall result of this
study shows that the amount of these enzymes
can be used to change the amount of asparagine,
glutamine and glutamate in the nervous system.
Reducing the amount of As and GDH increases
GS after the administration of ketamine,
decreasing asparagine and increasing glutamine
levels.

According to the results, the amount of AS and
GDH decreased after ketamine administration,
but GS content increased. GDH, As and GS
levels can be used to diagnose patients with

MDD. However, in view of the above mentioned

with regard to the mechanism of action of the
enzymes, there are many complications that must
be solved, for example, the relationship between
changes of these enzymes with the severity of
this disease or clinical manifestation of MDD.
Therefore, to explore the role of these enzymes,
further studies are necessary. In our laboratory,
new procedures will be conducted for
exploration in a further study of the underlying
mechanism. Our study has some limitations.
First, a major limitation of the study is that the
level of other enzymes involved in MDD was
not measured; this fact does not allow us to
derive conclusions about other enzyme changes
in relation to MDD. The second limitation of our

study was that the sample size was low.
Conclusion

Collectively, the current results highlight the
promising role of GDH, ASNS and GS as
enzymes due to their role in MDD. Ketamine
may normalize the interaction between these
enzymes and neurotransmitter levels in subjects
with MDD. Plus, our results demonstrated that
GDH, AS and GS levels can be measured to
evaluate the ketamine effect in MDD patients.
We suggest that ketamine’s rapid-acting anti-
depressant properties might be related to its
effects on GS, GDH and ASNS enzymes in
MDD patients. However, further basic and
clinical experimental investigations are needed to
confirm its role and benefits. Consequently, the
approach used in this study would be very
important for understanding the role of these
enzymes in MDD status and making another

slice of the puzzle into a picture of this disease.
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