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ADENOSINE DEAMINASE AND GLUTAMINASE IN DUPUYTREN’S
CONTRACTURE COMBINED WITH DIABETES MELLITUS

G. K. HEKIMYAN *
H. Buniatian Institute of Biochemistry of NAS of RA, Armenia

The etiology of Dupuytren’s contracture (DC), a disease characterized by the
thickening of the palmar aponeurosis, remains relatively understudied. Diabetes
mellitus (DM) is identified as one of the risk factors for DC. The objective of the
present research is to find out the relation of DM to the DC in the level of some
essential enzymes. The object of the study was the hand’s aponeurosis.
The activities of adenosine deaminase (ADA) and glutaminase (GLS) enzymes
were studied in the aponeurosis tissue homogenate. 15 individuals participated in
the research and were divided into 3 groups per 5 persons: the group of individuals
with only DC, the group consisted of individuals with DC and DM together
(DC+DM), and the group of the relatively healthy subjects served as a control.
The activity of GLS in the control group was equal to 0.92 + 0.0180 /U/ug protein,
and in the DC and DC+DM groups decreased down to 0.60 + 0.03 /U/ug protein
and 0.12 + 0.012 [U/ug protein, relatively. On the contrary, the activity of ADA
was in the control group of 0.057 + 0.007 /U/ug protein and increased in the DC
and DC+DM groups up to 0.47 + 0.03 [U/ug protein and 0.94 + 0.062 IU/ug
protein, respectively. The results of the research indicated that these two enzymes
are associated with the ethology and pathogenesis of DC development.
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Introduction. Diabetes mellitus (DM) is an endocrine disease characterized
by an absolute or relative deficiency of insulin, leading to consistently elevated blood
glucose levels, known as hyperglycemia. Dupuytren’s contracture (DC) is a
condition impacting the palmar fascia, the fibrous tissue layer beneath the skin of the
palm [1]. The fascia lies above the tendons, nerves, blood vessels, and bones in the
palm and fingers. The DM and DC are related to each other, first being a risk factor
for the second [2—-4]. Alcoholic cirrhosis of the liver and DM are among the most
significant risk factors for developing DC. The liver is considered as the crossroads
where these diseases and the related enzymes intersect.

Alcohol use leads to increased intestinal permeability and the passage of
bacterial products such as lipopolysaccharides (LPS) into circulation. The LPS upon

* E-mail: gayanehegimyan98@bk.ru


https://doi.org/10.46991/PYSUB.2024.58.3.188
mailto:gayaneheqimyan98@bk.ru

HEKIMYAN G. K. 189

joining Kupffer cells, activate the MyD88 pathological pathway through Toll-like
receptor 4, resulting in the production of pro-inflammatory cytokines, among which
TNF-o induces hepatocellular damage [5]. Decreased glutaminase activity is likely
associated with hepatocellular damage. Acetaldehyde directly increases collagen
expression [6] in the hepatic stellate cells (HSC). Probably, this might be one of the
causes for the development of DC. People with alcohol hepatitis often suffer from
DC. HSC can be activated by inflammatory mediators and oxygen free radicals at
oxidative stress.

Adenosine deaminase (ADA, EC 3.5.4.4) is a key enzyme in purine
metabolism, catalyzing the conversion of adenosine to inosine with the release of
ammonia. ADA is present in all mammalian tissues, with higher concentrations
found in lymphoid systems. This enzyme plays a vital role in the development and
maintenance of the immune system [7]. At inflammations the ADA activity increases
due to inflamed tissue and cell injury, resulting in the decrease of anti-inflammatory
adenosine level and aggravating the inflammation.

Glutaminase (GLS, EC3.5.1.2) a key enzyme in regulating glutaminolysis,
which produces glutamate from glutamine, is abundant in the liver and pancreatic
B-cells [8]. It participates in various cellular processes, including energy production,
redox homeostasis and biosynthesis of biomolecules necessary for cell function and
growth. It has been reported that GLS inhibition removed senescent cells from
various organs and tissues in aged mice, thereby improving age-related tissue
dysfunction. However, GLS inhibition could lead to unintended consequences by
disrupting essential cellular processes [9]. The later prompted the study of the GLS
enzyme in DC.

In our previous researches of the DM and DC diseases we have registered
significant changes in the levels of ADA and GLS enzymes at DC and DM diseases,
respectively. The aim of the present study is to investigate these two enzymes in
individuals with DC, and to compare their levels with those in healthy subjects as
well as in DC patients who concurrently suffer from DM.

Materials and Methods. The research involved 15 participants. We divided
them into 3 groups per 5 individuals in each group: with both DC and DM
(DC+DM), individuals with only DC (DC), and practically healthy persons with
mechanical trauma to the hand (Control group). The DC+DM and DC groups
included only male participants consuming alcohol.

The research utilized tissue homogenate obtained from the hand’s aponeurosis
(fascia).

The used reagents Adenosine, BSA, Glutamine and Coomassie G-250 were
purchased from “Sigma” (USA), the other reagents were of highest purity available.

Preparation of Homogenate: aponeuroses from healthy and diseased
individuals were homogenised using Portr homogeniser in 10 mM phosphate buffer,
pH 7.4 (100 mg in 10 mL) for 8-10 min under cold conditions. The resulting
homogenate was centrifuged at 17 000 rpm for 20 min using an MPW-352
refrigerating table centrifuge. After centrifugation, the supernatant was subjected to
further analysis.
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By Bradford method was evaluated the protein quantity [10]. The standard
curve was constructed using BSA in phosphate buffer, pH 7.4. The Bradford’s
reagent was added to the test tubes containing various aliquots of BSA at precisely
defined time intervals. In 15 min, the absorbance of the samples was measured at
wavelength of 596 nm at the same precisely defined time intervals. The graphical
dependence of absorbance at 596 nm from the BSA concentration was used in
evaluation of unknown protein concentrations in the assayed homogenates.

Assay of Enzymes: ADA activity is evaluated by the phenol-hypochlorite
colorimetric method, measuring the amount of ammonia liberated in the
enzymatically catalysed deamination of adenosine (Ado). The assay mixture, in a
final volume of 0.5 mL, consisted of 100 xL of 0.2 M phosphate buffer, pH 7.4, and
tissue homogenate under study (20-100 ug protein). The reaction was initiated by
adding substrate (100 uL of 0.2 M Ado) to the test tubes. Following a 40-minute
incubation at 37°C, the reaction in the test tubes was stopped by sequential adding
per 1 mL of phenol-nitroprusside and hypochlorite reagents. After incubating for
15 min at 42°C, absorbance at 630 nm was recorded.

GLS activity is evaluated by the same phenol-hypochlorite colorimetric
method, measuring the amount of ammonia liberated in the catalysed deamination
of glutamine (GIn). The difference lies in the buffer (0.2 M phosphate buffer,
pH 8.4,) and the substrate (glutamine) [11].

The activities of both enzymes were evaluated using the standard curve obtained
with ammonium sulphate as a standard. They were expressed in 1U, as the amount
of liberated ammonia in umol/min, per ug (IU/ug) of protein in the assay mixture.

All data are analysed using the statistical GraphPad Prism 8.0.1 Software.
Specific differences are examined using Wilcoxon and Student’s t-test. The data
showing p values of <0.05 are considered as statistically significant. Results are
expressed as means = SEM.

Results. The study compared the levels of ADA and GLS enzymes in
homogenates of fascia tissues among three group individuals: patients suffering by
DC accompanied with DM (DM+DC group), patients suffering by DC without DM
(DC group) and practically healthy individuals (control group).

The results of performed comparisons for GLS and ADA are presented in
Figs. 1 and 2, respectively. From these Figure one can see that the patterns of changes
in the levels of two enzymes in the studied groups are opposite.

Fig. 1 evidences that among the studied groups, the level of GLS activity
is the lowest, 0.12 + 0.01 1U/ug protein in samples from patients with DC, who
also have diabetes mellitus (DC+DM, n = 5). The level of GLS is higher,
0.6 = 0.03 1U/ug protein in samples from patients with DC, who do not have
symptoms of diabetes mellitus (DC group, n = 5). Finally, the level of GLS is
significantly higher, 0.92 + 0.02 1U/ug protein in individuals without diabetes
mellitus and Dupuytren’s disease (control, n = 5).

According to Fig. 2, the pattern of changes in ADA activity in the samples
from the studied patient groups is opposite to that of GLS. The lowest ADA level,
0.057 + 0.007 1U/ug protein, was noted in samples from healthy individuals, both
without diabetes and without DM (control, n = 5). The level of ADA activity,
0.47 £ 0.03 I 1U/ug protein, was noted in samples from individuals with only
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DM, without diabetes mellitus (DM, n = 5). The highest level of ADA activity,
0.94 + 0.06 1U/ug protein, was noted in samples from individuals with DM in
combination with diabetes mellitus (DM + DM, n = 5).
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Fig. 1. Activity of GLS in three groups of Fig. 2. Activity of ADA, in three groups of
participants, 1U/ug protein: participants, 1U/ug protein:
*** p < 0.0001 DC to Control, *** p <0.0001 DC to Control;
**+*+*p <0.0001 DC + DM to Control; **+*p <0.0001 DC + DM to Control;
### p < 0.0001 DC+DM to DC. #### n < 0.0001 DC+DM to DC.

Discussion. The present studies have found significant changes in the
enzymes studied, ADA and GLS, when patients with DC are compared with patients
suffering from both DC and DM. The liver is considered as a crossroad where these
diseases and enzymes intersect. If confirmed by an extension of an identical study
with a larger number of participants, this observation may have important
implications in the etiology of Dupuytren’s disease and diabetes mellitus, especially
when they are present together.

The results of the research evidence that ADA enzyme activity increases
across the following groups: healthy individuals < patients with DC < patients who
have both the DC and DM. The ADA enzyme level of DC patients increased
approximately 8 times compared to healthy ones. People with both DC and DM
exhibit ADA enzyme levels that are approximately 16 times higher than those found
in healthy individuals. Finally, individuals with both DC and DM have ADA enzyme
levels that are 2 times higher compared to individuals with DC alone.

On the contrary, according to this research, the GLS enzyme activity in the
healthy individuals is highest compared with the other two groups. It decreases in
the following sequence: healthy individuals > patients with DC > patients, who have
DC+DM. In healthy people, enzyme activity is approximately 1.5 times higher than
in DC patients, and approximately 7.9 times higher than in patients with both
diseases. People with DC disease alone have enzyme levels that are approximately
5.4 times higher than those found in individuals who have both diseases.

The mentioned notable changes might be crucial in identifying the ethology
of Dupuytren’s disease and hold diagnostic.
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No doubt that this suggestion needs to be continued in the study, involving
more participants to enhance the statistical significance.

Conclusion. This work evidences, that adenosine deaminase and glutaminase
enzymes having critical role in vital processes in mammals, are likely also important
in the rare disease Dupuytren’s contracture. The present study underlines this
possibility, especially when DC is accompanied by diabetes mellitus, which is
considered a risk factor for DC. Continuation of this preliminary study will hopefully
be useful in determining the etiology of the rare disease Dupuytren’s contracture and
in finding pharmacological ways to treat it, avoiding the currently used surgical
intervention.
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Q. 4. <6LhU3UL

d6LN2hLYEUURLUDR B GL3NFSUUhLU2R A6r1
A3NFN3NFhSLEULD UNLSPUUSNAFLUSP B, GULUNMU3hL HhUAGESh
<UUudusuudv +6NLNru

Hniygnihwnptih Ynbunpulumnipmt jud whuwghtt $hppndwwmngp phs
htimwgnunywd hhywbnnipynih £, npp pnipugnymd £ wthuyht wmyntiinngh
huwunwigniiny: “Eniyynithnptith hhwimnipjul qupgqugdwit nhuljh gnpdnb-
titinhg £ wpwpuyht nhwpbnn: SYyju hbtmwgnunnipyub tgquumwyd L hpdhi-
mwuwnhy dwluppunid wunpgty pwupwpuyhtt nhwupbmh U nyniugnihunpkith
Unbumpuwumnipugh dholt Juuyp: Opytiu hmwgnunipjub opjkjn hwintu k
quihu Yyhpwhwnmwui Guwbwwwuwphnyg Yipguod, dwpnuyht hwunmwgud
wthuwht wynbipngp: Uwpnuyhtt wthught wyniiipnghg yjumpuunyuwd
hjntuduodpuyhtt hninghwwnnid npnpyty £ Unkinghtinbwdhiwg (WY)W
gymuuwihiwug (@LU) dupdbkbmbbph wlwmhynipgniip: <tmwgnunippubn
dwubygly G 15 pnidwunni, npntig pudwity thp 3 fudph, jnipupwbynipnig’
5 pnidunni: Unwohlt poipnid phngpyyud  pnidwnnibitint niittht dhuygt
Hnryygnihwnptih nbwmpulnnipu (DC): Gpypnpn fadph pnidwnniitin nLdkht
swpwpuyhtt nhwptin L yniyygnihwnptith §nbwmpulunnipu (DM+DC), huly
gnpdtmjubtinid wnnnetitipp  hipwnpywd thtt Gppnpn fudpnd L hwbtinbu tho
quihu nputiu unnighs (C): Umnighs fudpnid QLU tipdtitinh wiljnhynigyniiip
hwuuwp £ 0.92 £ 0.0180 1U/ug protein: “4niupgnihuptih Ynbwmpuljumnipu
(DC), htywtiu b, thudwdiwbhwl® wpwpuyghlt phwpbinm b ryniyynithwptkih
Untwpulunipu (DC+DM) niltignn pnidwnnibtph pudpnid QLU - $lip-
dtilnh wljunhynipyniip tfugnid E, hwdwwyunwuhawwpwp® 0.60 +0.03 /U/ug
protein W 0.12 + 0.012 [U/ug protein, h hwjunwupa QLU dtpdtlunh, WAY
dipititinh wymhynipynilip unnighy fudpnid hwjuuwn £ 0.057 + 0.007 [U/ug
protein L, hwdwwyuwwmwupiwbwpwp™ wytjubnid E nyniyynithnptbh yntumpuy-
unipu (DC) U ywpwpuyhtt nhwptin L yniygnihnptth Ynbmpuljonnipu
(DC+DM) niitignn pnidwnnibitph pudpnid 0.47 + 0.03 /U/ug protein . 0.94 +
0.062 IU/ug protein: dtpp tpdud htnwgnunnipyub wipnynibpbtipp hunwly Yuy
b gnyg wmwhu UMY nm QLU ptpdtbntiph L Yniugnihmptith Yntnpuy-
wnipwh Ephnnghuyh bt wwpenqtiibigh dhel:

I'. K. SKUMSH

POJIb AJEHO3UHAE3AMUMHA3BI U TJIYTAMMWHA3BI
B KOHTPAKTYPE AIOIMIOUTPEHA TP CAXAPHOM JMABETE

Kontpakrypa [liomonTpena win JIaJIoHHBIH (HUOpOMaTo3 Malio UccIelo-
BaHHas 00JIe3Hb, KOTOpAsi XapaKTepU3yeTcs YTOJIIEHHEM JIAJOHHOTO allOHEBPO3a.
OpnuM u3 dakropoM pucka Oone3HH JIOMOMTpeHa SIBISETCS CaxapHbI auader.
Ilenpro 1aHHOTO HCCIENOBAaHUS SIBJSETCS BBISICHEHUE CBSI3U MEXY KOHTPAKTYpOH
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HronrontpeHa u caxapHbeIM nuabeToM Ha (epMEHTATHMBHOM YpoBHe. B kauectse
00BbEeKTa MCCIEOBaHUS BBICTYNACT YEJIOBEUECKUH YTONIICHHBIA JIaZOHHBIHA
aTrlOHEeBPO3, B3ATHII XUPYPTUYECKUM CIOCOOOM. B TkaHeBOM romoreHate, B3sITOM
XUPYPrU4ECKUM ITyTEM U3 UYEJIOBEYECKOIro JIaJOHHOI'O allOHEBPO3a, ONpelelieHa
aKTUBHOCTH (pepMeHTOB azeHo3uH acamuHaz (AJIA) u rmoramunas (I'JIC). B
UCCIIETIOBAaHUH Y4aCTBOBAIH 15 4enoBeK, KOTOpbIe ObLIM pa3ieieHbl Ha TP TPYIIIIbI,
B K&KA0M IO IATH YeJIOBEK. B mepByro rpymiy BOLUIN MALMEHTHI C KOHTPAKTYPOH
Hronrontpena. Bo BTopyro rpynmy BOLUIM MAIMEHTHl OJHOBPEMEHHO C KOHTpakK-
Typoil JlfomroWTpeHa W caxapHbIM Oua0eToM. B TpeThell rpymiie HaxXxoIWINChH
MPaKTUYECKUE 3I0POBbIC NAllUEHTHl — KOHTposbHAs rpynmna. AktuBHOcTh [JIC B
KOHTpOJbHOM rpymme paBHa 0.92 £ 0.0180 /U/ug protein. B rpymme mamueHToB ¢
KOHTpakTypoil /[lfomoutpena u rpynme ¢ AByMs Oo0Jie3HSMH (KOHTpakTypa
Hronrontpena u caxapusiid quadet) aktuBHOCTh ['JIC camxaercs g0 0.60 + 0.03 u
0.12 = 0.012 [U/ug protein cooTBETCTBEHHO. B KOHTPOJIBHOM TpyIIie aKTHBHOCTD
depmenta AJIA pasma 0.057 = 0.007 [U/ug protein. B rpymre maiueHToB c
KOHTpakTypoi J[lfomoutpena u rpynme ¢ AByMs OO0Jie3HSMH (KOHTpakTypa
MiomonTtpeHa W caxapHblii ama0eT) akTHBHOCTh AJIA  COOTBETCTBEHHO
nogaumaetcs 1o 0.47 + 0.03 u 0.94 + 0.062 [U/ug protein. Beien3noxeHHoOe
UCCIICIOBAHNE TIOKA3bIBAE€T YETKYIO CBSI3b MEXAy JBYMs (GepMEHTaMU W
STHONATOTE€HE30M KOHTPAKTYphl romrouTpeHa.



