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Abstract.Introduction. The characteristics of enzymes and transaminases in saliva and coprofiltrate in the “Mother—
placenta—fetus” system in women were studied by trimester of pregnancy and in the postpartum period. The purpose
of the work — to study the enzyme profile of biological fluids during pregnancy, to establish a relationship between
the content of enzymes in the blood, their excretion in the composition of excretes and recretes with the activity of
transaminases in the corresponding substrates. Materials and methods. The material for the study was taken from
non-pregnant and pregnant women. The dynamics of changes in the activity of hydrolases in biological fluids was studied.
Results. The participation of secretory and excretory pathways of enzyme excretion from the blood and body during
pregnancy has been shown, the participation of salivary glands in the recreation of hydrolases in enzyme homeostasis
has been isolated. Conclusions. The participation of transaminases and alkaline phosphatase in the homeostasis of
hydrolases is not excluded, which is proved by the enzyme profile of biofluids during pregnancy.
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Pestlome. BeedeHue. M3yyanuch 0cobeHHOCTI hePMEHTOB M TpaHCAMMHA3 B CIOHE U KOMPOGUNbTpaTe B cUCTEME
«MaTb-nnaLeHTa—nnoA» y XeHLUMH no TpumecTpam GepeMeHHOCTM 1 B NocnepoaoBblit nepuos. eas uccnedo-
8aHUA—M3Y4nTb HEPMEHTHbIA NPOdUIb GUONOrMYECKNX KULKOCTEN NPK GEPEMEHHOCTH, YCTAHOBUTL CBS3b MEX/Y
COfiepXaHueM hepMeHTOB B KPOBU, BbieNEHUEM UX B COCTaBe 3KCKPETOB W PEKPETOB C aKTUBHOCTbIO TpAHCaMUHa3
B COOTBETCTBYIOWMX CyGcTpaTax. Mamepuanbl u Memodsl. MaTepuan Ans uccrnegoBanus 6pancs y HebepemMeHHbIX
N 6epeMeHHbIX KeHLWMH. M3yyanack AMHaMUKa U3MEHEHUs akTUBHOCTY r1aponas B GUONOrMYecknx XuaKkocTsx.
Pe3ynbmamsl. [okasaHo yyacTie pekpeToOPHOro 1 SKCKPETOPHOTO NyTeil BblAENEeHNs (hepMEHTOB 13 KPOBU U opra-
HM3ma npu 6epeMeHHoCTI, 060COBNIEHO yYacThe CIIIOHHBIX XeNe3 B pekpeLun ruaponas B hepMeHTHOM roMeocTase.
Bbigodbl. B romeocTasupoBaHuy rngposias He UCKIIOYEHO yyacTue TpaHCaMnHas U WenovHon docdaTasbl, YTo
[0Ka3bIBaeTCs hepMEHTHbIM Npodunem BUoxmakocTeit npn GepemMeHHoCT!.

KnioueBbie cnoBa: hepMeHTbI, MHKPELWs, pekpeuus, akckpeuus, 6epeMeHHOCTb, canuBaguarHocTuka

INTRODUCTION

Enzymes increted by digestive glands are irretrievably
excreted from the body as part of urine, sweat, and feces,
as well as excreted from the blood by recreation with their
subsequent participation in the polyenzyme supply of
secretions entering the gastrointestinal (Gl) tract [2-4, 8,
9, 11]. A special role is assigned to the incretin enzymes,
whose homeostasis is dynamically maintained under various
functional states of the body, one of which is pregnancy
[19]. Metabolic relations between the maternal organism
and the growing fetus are established during pregnancy,
which actively absorbs amino acids for protein synthesis.
The fetus absorbs nutrients with amniotic fluid, which are
hydrolyzed to monomers in the Gl tract of the developing
organism by enzymes that are recreted into the aquafetal
environment (an autolytic digestion) [1, 15, 16].

The processes of excretion and recreation of such
enzymes as pepsinogen, amylase, lipase, and alkaline
phosphatase were previously studied by measuring their
concentration/activity in urine and feces (coprofiltrate), as
well as their excretion by salivary glands [5, 6, 10].

In parallel with hydrolases, transaminases were studied
in the same biological fluids.

The excretion of hydrolases (pepsinogen, amylase,
lipase) with excreta or as part of recretes is associated
with transaminase and alkaline phosphatase activities that
supply energy for translocation processes and pinocytosis
(transcytosis) [14].

Cholestasis, destructive processes in hepatocytes or
tension of biliary function specifically change the activity of
transaminases and alkaline phosphatase [14].

De Ritis ratio (aspartate aminotransferase/alanine
aminotransferase (AST/ALT)) reflects central or peripheral
types of metabolic shifts, and alkaline phosphatase serves
as an indicator of metabolic processes, in particular,
changes in glucose levels [12].

Enzymological changes in blood reflect both diagnostic
and especially metabolic sense, and in general characterize
the biochemical status of the organism. Alkaline phosphatase
is responsible for glucose output from cells and for the
formation of phosphate pool. It is a marker of ontogenetic
maturity and a regulator of transmembrane fluxes [14, 20].

AST and ALT are stable indicators. They are in a tight
metabolic relationship, forming the de Ritis ratio, which
integratively relates protein metabolism and characterizes
total blood protein [12-14].

AIM

The aim of the study is to investigate the enzyme profile
of biological fluids in pregnancy, to establish the relationship
between the content of enzymes in the blood, their excreta
and recreta with the activity of transaminases in the
corresponding substrates.

MATERIALS AND METHODS

The material for the study was taken from non-pregnant
(n=45) — control and pregnant (n=86) women — women in
labor at full term.

The content and activity of pepsinogen, amylase, lipase,
alkaline phosphatase and transaminases (AST, ALT) in
fluids (blood, saliva, urine and coprofiltrate) in non-pregnant
and pregnant women in trimesters of pregnancy and in the
postpartum period were studied. The de Ritis ratio (AST/
ALT) was calculated.

Total proteolytic activity was determined at low pH
values of 1.5-2.0 by spectrophotometric (tyrosine) Kunitz—
Northrop method in modification. Amylolytic activity
was determined by amyloclastic method according to
Karavey. Alkaline phosphatase activity was determined by
standard constant time method using biotests by Lahema
diagnosticum (Czech Republic). Lipolytic activity was
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determined by unified method using olive oil as a substrate
[13]. Transaminase activity (AST, ALT) was determined by
colorimetric dinitrophenylhydrazine method according to
Reitman and Frenkel [21].

Statistical processing of the results was performed using
Microsoft Excel 2003 spreadsheets, SPSS 11.0 and Primer
of biostatistics 4.03 programs.

RESULTS

Serum amylolytic activity was 13.5£0.8 units/mL in non-
pregnant women. It remained almost the same in pregnant
women in the | trimester, whereas in the Il and especially in
the Il trimester it significantly increased — 2-fold (p <0.001)

compared with the control group and the | trimester of
pregnancy. In the postpartum period, the enzyme activity
decreased, not reaching the indicators of non-pregnant
women (Table 1).

Urinary amylase excretion in the control group was
higher (64.1£1.6 units/mL) than in pregnant women
during the | trimester of pregnancy. After the labor, there
was a decrease in urinary amylase activity (1.5-fold;
p <0.001).

Amylase synthesis by salivary glands tended to increase
from control values and from the beginning to the end of
pregnancy (Table 2).

Amylase activity decreased in the postpartum period,
not reaching the values in non-pregnant women.

Table 1

Indicators of the activity of digestive enzymes and transaminases in blood and urine in the control group
and pregnant women who gave birth on time, during trimesters of pregnancy and after childbirth)

Tabnuya 1

Moka3aTenu akTUBHOCTH nuieBapuTenbHbIX d)epMEHTOB M TPpaHCaMKHa3 B KPOBU U MoY4e y nuu KOHTpOHbHOVI rpynnbl
n GepeMEHHbIX XEHLMWH, poauBLLUKX B CPOK, N0 TPUMecTpam 6epeM9HHocm unnocne pogos

BepemeHHble CO CpoYHbIMK popamm /
Mokasatenn / KoHTponibHas rpynna / Pregnant women with an urgent delivery (n=86)
Indicators Control group (n=45) | TpumecTp / Il pumectp /| Il TpumecTp Mocrie poaos /
| trimester Il trimester [l trimester After giving birth
Kposb / Blood
Amunasa (eg/mn) / Amylase) (units/ml) 13,5+0,8 11,3+ 1,1 18,2+1,7** 25,0+1,3* 17,8+0,8**
MencuHoreH (Tvp. ea/mn) / 58,1+1,1 44,2433 53,8+4,1* 48,2+2,6** 44,4+1,8*
Pepsinogen (tyr. units/ml)

Nwna3a (eg/mn) / Lipase (units/ml) 18,1£0,7 15,8+1,5** 21,4+1,6* 32,1+1,8* 21,317
LenoyHas poccatasa (ea/mn) / 722,1+50,6 1015,6+102,2** | 1200,1£114,2* | 1287,8+102,3** 855,6167,4
Alkaline phosphatase (units/ml)

ACT (eg/mn)  AST (units/ml) 11,1¢1,2 12,1£1,2 14,3+£1,2** 18,5+1,3* 14,0+1,2
ANT (ea/mn) / ALT) (units/ml) 8,8+0,7 13,7811 15,9£1,3** 20,5+1,7* 14,5+1,2**
ACT/ANT [ AST/IALT 1,26+0,04 0,88+0,01* 0,89+0,01* 0,90+0,01** 0,96+0,02**
Mova / Urine
Awmwunasa (ea/mn) / Amylase (units/ml) 64,1+1,6 42 2+0,8* 50,6+1,4* 67,2+2.1 41,2+0,9*
MencuHoreH (Tvp. ea/mn) / 4520,3+212,0 5200,8+186,1** | 7800,1+204,1* | 9650,1£211,5* | 3698,5+146,7**
Pepsinogen (tyr. units/ml)

Nunasa (ea/mn) / Lipase (units/ml) 20,6+0,8 24.4+0,4* 35,2+1,6* 41,2+1,9* 27,5%£0,5
LLenounas ocdarasa (ea/mn) / 428,6+18,1 320,1+£16,7** 480,7+20,6 410,9£19,1 240,4£16,2**
Alkaline phosphatase (units/ml)

ACT (eg/mn) / AST (units/ml) 5,7+0,7 4,3+0,3* 4,5+0,3* 51+0,4 4,7+0,3*
ANT (ep/mn) / (ALT) (units/ml) 51%0,6 4,8+0,3** 5,240,4 5,3£0,4 4,8+0,3*
ACT/ANT | AST/IALT 1,1£0,03 0,89+0,01* 0,86+0,01** 0,96+0,02 0,98+0,02

MpumeyaHue: [OCTOBEPHOCTb Pa3Niynil C NokasaTensamu KOHTponbHo! rpynnbl: * — p <0,001; ** — p <0,05.

Note: significance of differences with the indicators of the control group: * — p <0.001; ** — p <0.05.
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Table 2

Indicators of the activity of digestive enzymes and transaminases in saliva and coprofiltrate in the control group

and pregnant women who gave birth on time, during trimesters of pregnancy and after childbirth

Tabnuya 2

MokasaTenu akTMBHOCTYW NULWEBapUTENbHbLIX ()ePMEHTOB U TPaHCAMUHA3 B CIIOHE W KONPOUNbTPaTe y NNL, KOHTPOMNBHOM
rpynnbl 1 6epeMeHHbIX XXeHLUH, POAUBLLMX B CPOK, N0 TPMMecTpam 6epeMeHHOCTH 1 Nocrie poaoB

Mokasatenn /

KoHTponbHas rpynna /

Pregnant women with an urgent delivery (n=86)

BepemeHHble CO CPOYHbIMU pogamm /

Indicators Control group (n=45) | | rpumectp / Il tpumectp/ | Il Tpumectp/ | Mocne poaos /
| trimester [l trimester Il trimester | After giving birth
CnioHa / Saliva
Awvwnasa (ea/mn) / Amylase (units/ml) 2385,3+264,7 2506,2+285,1 | 3515,1+440,8** | 4781,64423,8* | 3109,0+294,2*
MencuHoreH (Tvp. eg/mn) / 1520,9+247,6 1208,6+296,2* | 1807,0£215,6 | 2612,9+218,1* | 1463,3+221,6
Pepsinogen (tyr. units/ml)

Jvnasa (eq/mn) / Lipase (units/ml) 64,8+7,0 78,1+£15,2** 90,3+8,4* 121,1£11,6* 70,9454
LLlenoyHas coccatasa (eg/mn) / 215,6+22,3 722,0+38,3* 518,2+454* 361,8+30,2 475,3+£31,6**
Alkaline phosphatase (units/ml)

ACT (eg/mn) / AST (units/ml) 8,111 7,240,6% 8,6+0,6 14,041,2* 12,541,0*
ANT (ea/mn) / (ALT) (units/ml) 6,4+0,8 6,6+0,5 10,440,8* 13,141,1% 11,2+0,9*
ACT/ANT / AST/IALT 1,26+0,04 1,09+ 0,03 0,83+0,01* 1,0740,03** 1,1240,03
Konpodmnbtpar / Coprofiltrate
Amunasa (ea/mn) / Amylase (units/ml) 19,5+0,8 21,615 30,2+2,2** 44 4+3 9* 18,3+0,9
MencuHoreH (Tup. ea/mn) / 442 2+20,5 410,2+16,1 270,8+20,4** 153,8+10,9* 315,3+16,8**
Pepsinogen (tyr. units/ml)

Ivnasa (en/mn) / Lipase (units/ml) 320,8+12,6 420,3+16,0** 390,4+15,5 344 4+17 2 324,3+13,6
LLlenoyHas cocparasa (eg/mn) / 6220,4+248,0 5740,2+218,7 | 3483,1+113,2** | 2236,6+158,6* | 3229,2+122,1**
Alkaline phosphatase (units/ml)

ACT (ea/mn) / AST (units/ml) 4,2+0,3 9,6+0,8* 9,8+0,8* 10,7+0,8* 8,6+0,6*
ANT (ea/mn) / (ALT) (units/ml) 4,2+0,3 9,440,7* 9,4+0,6* 10,7+0,8* 8,5+0,6*
ACT/ANT / AST/ALT 1,0+0,02 1,02+0,02 1,04+0,02 1,0£0,02 1,01£0,02

lMpumeyaHue: [OCTOBEPHOCTb PA3NMUNiA C NOKa3aTENs MU KOHTPONbHOW rpynnbl: * — p <0,001; ** — p <0,05.
Note: significance of differences with the indicators of the control group: * — p <0.001; ** — p <0.05.

Coprofiltrate (fecal dilution 1:4) had a slightly higher
activity than serum amylase, which acquired greater
amylolytic activity during pregnancy, amounting at the end
of pregnancy to values 2 times higher than the control.
After delivery the values were comparable to those of non-
pregnant women (Table 2).

As for the lipolytic activity of serum, except for the
| trimester of pregnancy, there is an increase in its growth
in the 1l and Ill trimesters, and after labor it decreases
almost to the values of the control group. From trimester
to trimester the excretion of lipase with urine and saliva
increases, remaining above the control and after delivery.
Lipolytic activity in coprofiltrate increases in the | trimester
and remains elevated in the subsequent periods of
pregnancy.

With regard to alkaline phosphatase, there is a high level
of the enzyme in the blood in the I, lIl trimester of pregnancy
and in the postpartum period. There is an increase in the
excretion of the enzyme in the urine in the | and Il trimesters,
and subsequently its concentration decreases, remaining after
delivery below the control values. Having increased in the
| trimester, the alkaline phosphatase activity of saliva remains
high compared to the data in non-pregnant women. Being
high in the control group, the enzyme activity in coprofiltrate
decreases during pregnancy almost 3 times (p <0.001), holding
the energy reserve for the development of pregnancy.

There is an increase in both AST and ALT in serum
during pregnancy compared to the control group. However,
the de Ritis ratio (an indicator of adaptation of metabolic
fluxes), equal to 1.26£0.04 in the control, becomes less
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than 1 due to a greater increase in ALT, which is included
in glucose-alanine shunt and catabolism. AST acts as an
integrator of metabolism, an indicator of lipid peroxidation in
the mechanism of cytolysis.

In urine, transaminase activity is not so great and
decreases in pregnancy by AST in all trimesters and ALT in
the I trimester. The de Ritis ratio changes accordingly to the
indicator in the blood.

In the saliva of the control group, the content of AST
and ALT is almost equal to that in blood, i.e. transaminase
activity in these fluids is the highest. In pregnancy in the
| trimester in saliva it decreases, in the Il and Il trimesters
AST activity increases, and ALT remains decreased in the I
and increases in the Ill trimester. Accordingly, the AST/ALT
ratio, which is greater than one, changes.

While in coprofiltrate in non-pregnant women the
activity of transaminases is minimal (4.2+0.3 units/mL), in
pregnancy it increases more than 2-fold for AST (p <0.001)
and 1.8-1.9-fold for ALT (p <0.05). The de Ritis ratio of
coprofiltrate in pregnancy is higher than one.

DISCUSSION

The obtained results indicate an increase in amylolytic
activity of blood serum, saliva and coprofiltrate during
pregnancy. Moreover, the amylolytic activity of the biological
fluids studied remained higher than that of the control group
in the postpartum period. According to the secretion of
amylase with saliva, it is possible to refer to the dynamics of
pregnancy, which is currently used in salivadiagnostics [7,
9,10, 13, 17-19, 21].

A different dynamics was observed in relation to amylase
in urine: the control group had a higher index than pregnant
women in the | trimester. The activity of amylase in urine
decreased after the labor.

The proteolytic activity of serum and coprofiltrate
decreased during pregnancy and remained at a low level
in the postpartum period. Blood plasma pepsinogen reflects
the metabolism of amino acids and their anabolism [5]. Its
value in the control group corresponded to the average
values of literature data in the control group [8].

The fate of plasma pepsinogen depends on urinary excre-
tion of pepsinogen, which increases from trimester to trimester
and sharply decreases after delivery. In addition, saliva in the
Il 'and II trimesters of pregnancy had greater proteolytic activity
than the control group. Its indices decrease in the postpartum
period, which corresponds to the dynamics of protein-producing
function in the “mother—fetus” system [8, 10].

The data on alkaline phosphatase parameters had
differently directed changes throughout pregnancy in the
women studied. In serum and urine there was an increase

in the level of alkaline phosphatase by the end of pregnancy
compared to the values in non-pregnant women. At the
same time, in saliva, the highest values of the enzyme
were detected in the | trimester of pregnancy with a
subsequent decrease in the postpartum period. The alkaline
phosphatase activity of coprofiltrate throughout pregnancy
remained lower than that of non-pregnant women.

Alkaline phosphatase occupies an intermediate position
in the classification of enzymes between hydrolases and
transaminases [13]. Its hydrolytic activity in blood has
multiple sources (gut, pancreas, liver, bone tissue, fallopian
tubes). This also dictates its polyfunctionality, namely
its participation in transport, regulatory, and integrative
systems [5]. Alkaline phosphatase reflects its inclusion in
the process of pregnancy, especially in the | trimester, in
connection with the transport of substances-metabolites
during the formation of the “mother—fetus” system.

In all the biological fluids studied, we found the presence
of transaminases in women in all trimesters of pregnancy
with the greatest changes in serum and coprofiltrate. The
data on the ratios of enzyme content in blood, saliva, urine
and coprofiltrate in pregnancy are presented to illustrate this
phenomenon.

CONCLUSION

1. In pregnancy, there is an increase in the activity of
serum amylase, saliva and coprofilirate with preservation
of the level of indicators above the control group in the
postpartum period.

2. A different dynamics is observed with respect to
proteolytic activity of serum and coprofiltrate with the lowest
values at the end of pregnancy.

3. Alkaline phosphatase activity has multidirectional
changes from | to Il trimester of pregnancy with the greatest
changes in enzyme values in saliva.

4. Transaminase activity of blood serum, saliva, urine
and coprofiltrate with predominant enzyme levels in serum
and coprofiltrate was detected in pregnant women.

5. The obtained results indicate the presence of
homeostasis pathways of hydrolases due to recretory and
excretory excretion of them from blood by salivary glands,
intestine and kidneys.

6. The data on the secretion of enzymes in saliva may be
the basis for the use of salivadiagnostics as a noninvasive
method of diagnosis.

ADDITIONAL INFORMATION

Author contribution. Thereby, all authors made a
substantial contribution to the conception of the study,

& POCCHIICKIE BUOMETMIIMHCKIE HCCTEIOBAHIAL  TOM 9 No3 2024

eISSN 2658-6576




40

ORIGINAL PAPERS

acquisition, analysis, interpretation of data for the work,
drafting and revising the article, final approval of the version
to be published and agree to be accountable for all aspects
of the study.

Competing interests. The authors declare that they
have no competing interests.

Funding source. This study was not supported by any
external sources of funding.

Consent for publication. Written consent was
obtained from the patient for publication of relevant medical
information within the manuscript.

AONONMHUTENBHAA UHOOPMALINA

Bknag aBTOpOB. BCce aBTOPbI BHECIN CYLLECTBEHHbIN
BKNag B pa3paboTKy KOHLEeNnuuu, npoBeAeHne uccnenosa-
HWS 1 MOArOTOBKY CTaTbM, MPOYY M 0f06pUNIN UHANBHYIO
Bepcuto nepep nybnukauuen.

KoHnuKT MHTepecoB. ABTOpPbI AEKApUPYOT OTCYTCT-
BUE SABHbIX M MOTEHLMArbHbIX KOH(IIMKTOB UHTEPECoB, CBS-
3aHHbIX C NybnuKaLmeil HacTosILen cTaTby.

WUcTouHuk puHaHcmpoBanus. ABTOpbI 3asBnsOT 06
OTCYTCTBUM BHELUHErO (DMHAHCUPOBAHUS NPU NPOBEAEHUM
nccneaoBaHus.

WUHdopmupoBaHHoe cornacue Ha nybnukauumio. As-
TOPbI MONYYUNN NUCbMEHHOE COrfacue nauueHToB Ha nyb-
NKaLUMIo MeaULMHCKMX AaHHbIX.
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