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Abstract

Introduction. Currently, great attention is paid to clinical use of biomarkers to diagnose
various diseases. Biomarkers are understood to be clinical laboratory tests, whose findings
are considered to be characteristic of a particular form of pathology. Their use in the
early stages of the disease significantly improves the effectiveness of both diagnosis and
treatment. One such biomarker is the test for glutamate dehydrogenase (GDH) activity
in blood serum. The interest in its study is determined by the fact that GDH is an enzyme
involved in regulating many vital metabolic processes. Therefore, numerous studies are
currently being conducted to determine not only levels of the enzyme itself in biological
fluids, but also those of its antibodies.

Purpose. To evaluate the prevalence of GAD concentration in patients with type 1 and
type 2 diabetes and interpret the results obtained.

Materials and methods. Blood samples were collected from males only, 30 people with
T1D diabetes,30 blood samples from people with T2D diabetes, and 24 people without
diabetes in Basra Governorate. Serum samples were examined for the presence of GAD
by sandwich ELISA.

Results. The results indicated a significant decrease in the concentrations of GAD in the
serum of male patients with T1D and T2D diabetes at a rate of (3.41£0.43 ng/ml (mcg/I)
and 3.43+0.34 ng/ml (mcg/l)), respectively. In the age groups of T1D diabetes patients, we
found a slight variation in the concentrations of GAD for people with the category (=15)
3.2940.51 ng/ml (mcg/l) compared to the age group (<15) 3.53+0.73 ng/ml (mcg/l), the
age groups of T2D patients (<45) reached 2.63+0.51 ng/ml (mcg/l), and the second age
group (>45) recorded a significant increase the first, which is as the concentrations of GAD
reached 4.06+0.41 ng/ml (mcg/I).

Conclusion. The decrease in serum GAD levels observed in patients with diabetes
mellitus, reflecting a deficiency of the enzyme required for vital metabolic processes, may
affect the production of gamma-aminobutyric acid, which is necessary for maintaining
the function of pancreatic beta cells.
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Pesiome

BBepgeHume. B HacToALLee BpemMA 60MbLIOE BHMAHWE YAENAETCA MCNOMb30BAHNIO B KIIVHU-
YecKol NPaKTUKe B1MOMapPKepPOB pas3nyHbIX 3aboneBaHuii. Mog 6Gromapkepamm NPUHSATO
MOHMMaTb KJIMHUKO-TabopaTopHble TECTbI, U3MEHEHVe NoKa3aTenel KOTOPbIX OKa3biBaeT-
CA BECbMa XapaKTePHbIM 1A TON U nHowm ¢popMbl natonornn. X nprMeHeHne Ha paHHUX
CTaguAx 3aboneBaHUA CyLWeCcTBEHHO NOBbIWAET 3GPEKTUBHOCTb AMArHOCTUKN U NNEYEHMA.
OpHVYM 13 GOMapKEPOB ABNAETCA TECT ONpPefeNeHns akKTMBHOCTU FyTaMaTaerngpore-
Ha3bl ([OK) cbiBOpOTKM KpoBu. HTEpeC K ero nccnegoBaHuio onpegensaetca Tem, uto MK
ABNAeTCA GePMEHTOM, PEFYINPYIOLUM MHOTUE XKIN3HEHHO BaXKHble METabonnyecKkme npo-
ueccol. [To3ToMy B HacTosALLee BpeEMA BeAYTCA MHOTOYMCIEHHbIE NCCNER0BAHMA HE TONbKO
cofepkaHnA B 6MONOrNYeCKMX XNAKOCTAX CAMOro GpepMeHTa, HO U aHTUTEN K HEMY.
Lennb. MNposectn aHanu3 cogepxaHua [[IK B cbiBOPOTKE KPOBM MaLMEHTOB C CaxapHbIM
AnabeTom 1-ro 1 2-ro Tuna u MHTEPNPETUPOBATb NOyYEHHbIE pe3ynbTaThbl.

Matepuanbi n metopgpl. iccnefosaHbl 06pa3Lbl KPOBU Y JIUL MY»CKOMO NoJia pasHoro
Bo3pacTa -y 30 MayMeHTOB C caxapHbiM AnabeTtom 1-ro TMna, y 30 NaLMeHTOB C CaXxapHbiM
AnabeToMm 2-ro TUna n'y 24 nuu, He CTpagaloLWwmx guabeTom, n3 npoBuHLmMmn bacpa. Obpas-
Libl CbIBOPOTKM KPOBW ObINK nccnefoBaHbl Ha Hannuue K «caHABMY»-METOA0M MMMYHO-
depmeHTHOro aHanm3a (MDA).

Pesynbratbl. [lonyyeHHble pe3ynbraTbhl CBUAETENLCTBYIOT O AOCTOBEPHOM CHUKEHUN
ypoBHsA K B cbiBopoTKe KpoBur MyxumnH ¢ C[1 1-ro n 2-ro Tuna. CogepxaHue 1K B cbiBo-
poTke Kposu 30 nauyuneHToB ¢ C[1 2-ro Tnna coctaBuno 3,43+0,34 Hr/mn (MKr/n) npuw ypos-
He ero B KOHTPOJIbHOW rpynmne (Mo pesynbraTam uccriefoBaHma 14 npob cTaHAapPTHbIX
06pa3uos) 3,9+0,52 Hr/mn (Mkr/n) (p<0,05). ¥ nauymeHToB ¢ C[J 1-ro Tuna BbIAABNEHO He-
3HauuTeNlbHOe u3meHeHune KoHueHTpauuun MK B Bo3pactHom rpynne nuy, 15 net u ctap-
we: 3,29+0,51 Hr/mn (mKr/n). Y nayneHTtoB ¢ CIl 2-ro TMna Bo3pacTHOM rpynnbl 45 net n
MeHee (<45 neT) yposeHb 1K coctaBun 2,63+0,51 Hr/mn (MKr/n). B Bo3pacTHom rpynne
nauuneHToB cTapue 45 net (>45 net) 66110 KOHCTaTMPOBaAHO €ro yBenYeHme No cpaBHe-
HUIO C TAKOBbIM B BO3pacTHOM rpynne 45 net n meHee: KoHueHTpauua [[IK B Hen gocturna
3HayeHusA 4,06+£0,41 Hr/mn (MKr/n).
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3aknioueHne. OTMeuyeHHOe Yy NaLMEeHTOB C CaxapHbIM AMabeToM CHMKEHMEe KOHLEeH-
Tpauun IOK B CbIBOPOTKE KPOBW, OTpakatollee HefocTaTok depmeHTa, Tpebyemoro ans
obecneyeHna }KN3HEHHO Ba)KHbIX METaboNNUYECKNX MPOLIECCOB, MOXET MOBNMATL Ha Bbl-
paboTKy raMma-aMMHOMAC/AHON KMCNOTbl, HeobxoanMon Ana nogaepxaHvua GyHKLmu
6eTa-KneToK NoaXenygo4HoON xenesbl.

KnioueBble cnoBa: caxapHblil gnabet 1-ro 1 2-ro tmna, ryTtaTMoHgerngporeHasa (F4K),
6uomapkepbl, UMMyHOdpepMeHTHbIN aHann3 (MOA)

B INTRODUCTION

According to the International Diabetes Federation (IDF), the global report estimates
that adults with diabetes are around 537 million. The death rate due to diabetes is 6.7
million, and the cost of care and treatment of the disease is estimated at 966 billion
US dollars [1]. It is worth noting that diabetes mellitus (DM) is one of the silent killer
diseases worldwide. Abnormally high blood sugar levels characterize this metabolic
disorder due to the loss of beta cells in the pancreatic islets. Consequently, it loses its
ability to produce and secrete insulin, causing serious dysfunction in the function of
target tissues [2-4].

Glutamic acid decarboxylase (GAD) is an important key enzyme that catalyzes
the irreversible alpha-decarboxylation of glutamate to produce the neurotransmitter
gamma-aminobutyric acid (GABA). This enzymatic reaction is a promising method
for the synthesis of GABA. It is a non-protein amino acid that reduces the amount of
communication to and from nerves [5]. Many studies and research have proven that
systemic treatment with GABA acid prevents or alleviates T1D diabetes by suppressing
the autoimmune response and stimulating pancreatic beta cells by increasing insulin
secretion. In addition, GABA acid prevents programmed cell death (apoptosis) and
stimulates their regeneration. It has an anti-inflammatory effect and suppresses
autoimmunity in pancreatic beta cells. However, it is not clear how GABA mediates these
effects [6].

Previous clinical trials of interventional therapies for TID were not able to
maintain insulin production in the long term. This led to the belief that combination
therapies that control autoimmunity are necessary for effective intervention in T1D
are needed [7, 8].

Diabetes mellitus (T1D) leads to serious complications despite intensive treatment.
In order for the disease to be more moderate, the remaining beta cell function must be
preserved. This prevents complications and increases the patient’s survival. It is worth
mentioning in the same context that immune interventions have limited effects and may
have negative risks. Therefore, one of the promising experiments is injecting the lymph
nodes with the GAD enzyme with oral vitamin D [9, 10].

B PURPOSE OF THE STUDY
To evaluate the prevalence of GAD concentration in patients with type 1 and type 2
diabetes and interpret the results obtained.
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B MATERIALS AND METHODS

Study Design and Setting

The study sample was carefully selected to ensure a diverse representation of the
current study community. It is worth noting that ethical insurances were taken according
to the contexts followed by the health institution in Basrah Governorate. This was during
the period from mid-December 2023 to late May 2024.

Sample Selection

Blood samples were collected from males only, 30 people with T1D diabetes who were
less than 30 years old. 30 blood samples were collected from people with T2D diabetes
who were more than 30 years old. Also, 24 people without diabetes were collected,
10 of whom were less than 30 years old and 14 of whom were more than 30 years old.
The patients attended Al-Shifa Teaching Hospital, the Endocrinology and Diabetes Center
at Al-Faihaa Hospital, and the Endocrinology Center at Al-Mawani Hospital in Basra
Governorate. Specialist doctors previously diagnosed diabetic patients. As for healthy
people, their lack of diabetes was determined through verbal questions directed to them,
their parents, or their companions. Regarding the age information of all study samples, it
was done through direct oral questioning as before. Thus, the representation of the study
samples is balanced to ensure a clear view of the central tendency of these samples.

Blood samples were collected at each collection during the above period. Then, serum
was separated from all samples (each 3 ml). Then, serum was isolated in Eppendorf tubes.
The samples were tested for the presence of GAD enzyme as a biomarker by Sandwich
ELISA from BT LAB, China, according to the instructions of the diagnostic kit manufacturer.

Statistical Analysis

Statistical Package of Social Sciences (SPSS) software was used for statistical analysis.
Measured parameter values were given as mean=SE. For group comparisons, Mann —
Whitney Test and T-Test were used to analyze the results, When the p-value was less than
0.05, the results were considered statistically significant.

B RESULTS

Estimation of GAD Enzyme Concentration in T1D Diabetic Patients

The current study showed a significant decrease in GAD enzyme concentrations in
the serum of 30 T1D diabetic male patients when compared to standard samples (non-
diabetic). The arithmetic mean (SD) and SE for T1D patients were 3.41+0.43 ng/ml, while
the concentrations in the serum of the standard sample were the highest, reaching
5.36+1.57 ng/ml. No statistically significant difference was observed in GAD concentration
between T1D diabetic patients and the standard sample at P<0.05 (Table 1).

We divide the age groups of T1D diabetes patients, the results showed a slight difference
in the concentrations of GAD enzyme for people with the age group less than or equal to
15 years (=15) and their number is 16 patients, which is 3.29+0.51 ng/ml. In comparison
with the concentrations of people with this disease in the age group greater than 15 years
(<15) and their number is 14 patients, their concentration was 3.53+0.73 ng/ml.
Note that the highest age group is 30 years, and the lowest age group is 3 years. The
results of the statistical analysis showed that there is no statistically significant difference
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Table 1
GAD enzyme concentration in sera of T1D diabetic patients and standard samples
Cl95% C195% Pathological
Standard sample sample
- . (10 samples) Mean . (30 samples) T1D
Probability P Highest Less  .giandarderror  Highest Less  prithmetic mean patients
value value ng/ml value value | . gandard error
ng/ml
P<0.05 1884 181 536157 1179 0 3414043 gr;\zgme
Table 2
GAD enzyme according to the distribution of T1D patient samples according to age groups
95% Cl ELIZA Test
- Results Age group
Probability P ) Mean+SE No. (30) (years)
Highest value | Less value
ng/ml
6.07 0 3.29+0.512 16 year 215
P<0.05
11.79 0 3.53+0.73 14 year <15

in the concentration of GAD between people with T1D diabetes in the two age groups at
P<0.05 (Table 2).

Measuring GAD Enzyme Concentration in T2D Diabetic Patients

The concentration of GAD enzyme was estimated in blood serum samples
of 30 T2D diabetic patients (males). A slight variation was observed in their GAD
enzyme concentration with its concentration in the standard sample (non-diabetic)
of 14 individuals. The arithmetic mean and standard error of GAD enzyme concentrations
in the serum of T2D patients was 3.43+0.34 ng/ml. In contrast, its concentration in the
standard samples was 3.9+0.52 ng/ml. The results of the statistical analysis showed that
there was no statistically significant difference in GAD concentration between individuals
with T2D diabetes and the standard sample at a probability level of P<0.05 (Table 3).

As for the age groups of T2D patients, who numbered 30 patients, they were divided
into two age groups. The first age group is less than or equal to 45 years (<45), and
their number is (12 patients). The arithmetic mean and standard error for this group
was 2.63+0.517387 ng/ml. In contrast, the second age group recorded a significant
increase over the first age group, which includes T2D diabetes patients who are over

Table 3
GAD enzyme concentration in sera of T2D diabetic patients and standard samples
95% ClI Standard 95% ClI
sample Pathological sample
Probability ) (14 samples) ) (30 samples) Arithmetic | T2D
P Highest Less | jaapn s Highest Less | aan+standarderror | patients
value value Standard value value ng/ml
error ng/ml
P<0.05 9.57 049  3.9:0.52 6.92 0 3.43£0.34 E’nge

154 "Laboratory Diagnostics Eastern Europe", 2026, volume 15, No. 1



KnuHunko-nabopaTtopHasa nHpopmatrka / HoBble npeactaBneHns 06 MHGOPMaTUBHOCTY TPAANLIMOHHO
UCMosb3yeMblX TECTOB TabopaToOpPHON ANArHOCTVKI renatonaTum

Clinical Laboratory Informatics / e

New Concepts on the Informativeness of Traditionally Used Laboratory Diagnostic Tests for Hepatopathy =3

Table 4
Shows the levels of GAD enzyme according to the distribution of T2D patient samples according to age
groups

95% Cl ELIZA Test Results
- Mean +Standard Age group
P probabilit No. (30
2 v High value Lessvalue | Error (30) (years)
ng/ml
6.69 0 2.63%£0.51 12 <45 year
P<0.05
6.92 0.91 0.41+4.06 18 >45 year
Table 5

Shows a comparison of the results of GAD enzyme concentration in the serum of T1D and T2D diabetic
patients

95% confidence limits

A Pathological sample (30 samples) Diabetic patients
P H::Ighe Less value Arithmetic mean * standard error ng/ml category
valu
1179 0 3.41+0.43 T1D
P<0.05
6.92 0 3.43+0.34 T2D

45 years (>45), and their number is (18 patients). Their arithmetic mean and standard error
was 4.06+0.41 ng/ml. The statistical analysis showed in its results that there is a statistically
significant difference in the concentration of the GAD enzyme between people with T2D
diabetes in the two age groups at a probability level of P<0.05 (Table 4).

Results of GAD Enzyme Concentration in the Serum of T1D and T2D Diabetic
Patients

Suppose the results of GAD enzyme concentration levels in the serum of T1D and T2D
diabetic patients are compared. In that case, we notice a slight difference in the arithmetic
mean and standard error for patients with the two types of diabetes. The arithmetic
mean and standard error for T1D diabetes were 3.41+0.43165 ng/ml, which is the highest
concentration. In contrast, the concentration of GAD enzyme in T2D diabetic patients was
3.431+0.348271 ng/ml, which is the lowest. The results of the statistical analysis showed
that there was no statistically significant difference in GAD concentration between people
with T1D and T2D diabetes at the probability level of P<0.05 (Table 5).

B DISCUSSION

The results of the current study showed a significant decrease in GAD enzyme in T1D
patients compared to its normal concentrations that we observed in the standard sample
group (non-diabetic). The GAD enzyme has been identified as an important autoantigen
in the function of pancreatic beta cells. However, it is targeted by autoantibodies that
work to weaken the pivotal function of this enzyme and inhibit its activity in insulin
secretion. Pancreatic beta cells manufacture this enzyme, which enters into the process
of synthesis of the amino acid GABA in beta cells. This acid is later stored in small vesicles
in the cytoplasm until it is secreted. It is also secreted by circulating immune cells. It has
been mentioned that it often has a suppressive effect on immune cells, preventing them
from producing inflammatory cytokines through the GABA-A receptor, which is expressed
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in T and B cells and some mononuclear cells [11]. It also has a role in regenerating the
islets, especially in cases of diabetes, by maintaining or renewing the mass of beta cells
[12,13].Ithas arole in secreting hormones and thus may increase the survival of beta cells.
Most importantly, autoantibodies to the GAD enzyme that produces GABA are linked to
the development of T1D diabetes. In it, the cell mass decreases or disappears, while in
T2D diabetes, the function of beta cells is at risk. All of these events lead to an abnormal
increase in blood sugar levels [14,15].

It is clear from the results of the current study that patients have something that
contributes to achieving this decrease in the concentration of the GAD enzyme, which is
the production of autoantibodies that, in turn, target the GAD enzyme. This is consistent
with what was stated by Fahd AL-Mulla, 2023 and a group of researchers in a study
conducted at the Dasman Diabetes Institute in Kuwait. The presence of autoantibodies
in the peripheral blood and high blood sugar are the main features of type 1 diabetes.
However, in contrast, approximately half of new cases of type 1 diabetes in adults are
incorrectly diagnosed as type 2 diabetes T2D. This indicates and confirms the importance
of testing for autoantibodies to distinguish T1D from other forms of diabetes [16, 17]. One
of the most prominent evidence that the immune system contributes to the occurrence
and development of the disease is the discovery of autoantibodies directed against
pancreatic islets of Langerhans antigens. Specifically, beta cell antigens and one of these
autoantibodies is the antibody directed at the enzyme glutamic acid decarboxylase
(GAD), known as (anti-GAD IgG). It is found in 50% to 80% of T1D patients [18]. The
enzyme GAD catalyzes the synthesis of gamma-aminobutyric acid (GABA), which is an
important neurotransmitter in the central nervous system. This enzyme has two forms,
GADG65 and GAD67, and they are known to be produced in the brain and pancreas in
humans. However, the most prevalent and widespread is GAD65 in pancreatic beta cells
[14]. It is worth noting here that antiGAD is likely the first autoantibody to be discovered
clinically in the blood [19, 20]. Glutamic acid decarboxylase (GAD) significantly influences
glucose metabolism and insulin secretion. It thus contributes to overall metabolic
homeostasis. Dysfunction of GAD has been associated with metabolic disorders such
as diabetes and obesity. Recent research has explored the complex pathways involved
in clinical and laboratory research of GAD, identifying potential therapeutic targets for
metabolic diseases. However, challenges and limitations still exist in current research on
GAD. Further investigation and ongoing research are warranted [21, 22].

We noticed through the results of the ELISA test for the concentration levels of the
GAD enzyme in the serum of T1D diabetic patients according to the ages of these patients
for the two age groups less than or equal to 15 years and the second group for patients
for ages greater than 15 years. Note that the least that addressed the value of benefiting
from the presence of the GAD enzyme naturally in the peripheral blood of the human
body as a self-antigen that triggers an autoimmune response of T cells and B cells that
produce autoantibodies to this enzyme. Thus, these studies benefited from this sign as a
diagnostic method, which is the presence of autoantibodies called GAD autoantibodies.
People carrying these antibodies were considered to have type 1 diabetes T1D or latent
diabetes mellitus LADA. Among these studies, they indicated the value of predictions of
autoantibodies to the GAD enzyme (antiGAD65), which were well validated and suggested
as biomarkers and early diagnostic indicators for the stages before the onset of clinical
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symptoms of the disease [23, 24]. The results of our study also showed a difference in the
concentration of the GAD enzyme in T2D patients with its concentration in the standard
sample. Despite that, they suffer from T2D diabetes. Hence, we find it very important to
assume that in these patients, the level of GAD is higher than its concentration in the
standard sample, which may have led to a clear defect and deficiency in the synthesis
of GABA, which is important for the health, reproduction and activity of beta cells, as we
mentioned previously. Our hypothesis can be supported theoretically through what was
mentioned in some recent studies. GABA is considered an anti-diabetic factor for T2D. It
was noted that the low concentration has an anti-diabetic effect through its action on the
reproduction of pancreatic beta cells [25]. Another study showed that GABA improves
high blood sugar in male mice with fat-induced diabetes by reducing gluconeogenesis.
However, this effect was not observed in their offspring [26].

B CONCLUSION

The current study concluded that there is a relationship between the development
of type 1 and type 2 diabetes and GAD enzyme levels. This has an impact in view of
many studies in addition to our current study, which confirmed the imbalance in the
normal levels required for the vital processes associated with it, especially its entry as an
important factor in the formation of gamma-aminobutyric acid to maintain pancreatic
beta cells. From this standpoint, it is worth noting the importance of taking it also from
the molecular, experimental and therapeutic point of view in an intensive manner.
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