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Abstract. Introduction. The issues of enzyme increment of digestive glands have been studied since the sixties of the
last century to the present. Enzymes induce the functional activity of secretory glands and prepare the digestive tract of
an infant for definitive nutrition through a period of mixed nutrition. The purpose of the work — to study the sources
of enzyme supply of hematrophic, amniotrophic and lactotrophic nutrition of the fetus, the origin of enzymes of amniotic
fluid, colostrum and breast milk and their participation in the autolysis of fetal and newborn nutrients. 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 enzymes secreted in the
mother’s body in trophosystems during pregnancy and in the postnatal period has been shown. Conclusions. During
pregnancy, three systems are distinguished: hematrophic, amniotrophic and lactotrophic with autolytic digestion by
increted enzymes.
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Pestome. BeedeHue. Bonpochl MHKpeLmn hepMeHTOB NULLEBapUTENbHbIX Xene3 U3yyanuch ¢ LWecTUaecaTbIX rogoB
MPOLLIOro CTONETUS 1 NO HacTosiLee BpeMmsi. DepMeHTbl MHAYLMPYIOT (YHKLMOHANbHYI0 aKTUBHOCTb CEKPETOPHbIX
enes3 1 NoAroTaBnMBatOT NULLEBAPUTENbHbIN TPAKT rPyAHOro pebeHka K AeUHUTUBHOMY NUTAHMIO Yepes nepnos
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CMeLLaHHOro NuTaHus. Lesib uccnedoeaHust — N3y4nTb UCTOYHUKM (hepMEHTHOro obecneyeHuns reMaTpogHOro,
aMHUOTPOGHOTO U NaKTOTPOMHOTO NUTAHMS NNOAA, NPOUCXOXAEHNE PEPMEHTOB aMHUOTUYECKON XNAKOCTH, MONO-
311Ba M rPYAHOTO MOJIOKa U MX yYacTie B ayTONM3€e HYTPUEHTOB Noaa U HOBOPOXAeHHoro. Mamepuansi u MemodhbI.
Matepuan ans uccnefosaHus Gpancs y HebepeMeHHbIX U GepeMeHHbIX XEHLMH. M3yyanack AMHaMuUKa U3MEHEHMS
aKTUBHOCTM r1aponas B GUONOrNYECKUX XNAKOCTAX. Peaynbmamsl. [10ka3aHo yyacTie MHKPETUPYEMbIX B OpraHu3-
Me MaTepu hepMeHToB B TpodocucTeMax npu GEPEMEHHOCTM 1 B NOCTHATanbHbIN nepuoa. Beieodsl. Bo Bpems
BepeMEHHOCTY BbIAENAKTCS TPU CUCTEMBI: TeMaTpodHass, aMHUOTPOMHAs 1 NAKTOTPOMHAS C ayTONUTNYECKUM

nuiuiesapeHnem MHKpeTupyembiMmn 3H3INMaMN.

KnioueBble cnoBa: hepMeHTbl, MHKpeLWs, pekpeuns, 6epeMeHHOCTb, Tpodocuctema

INTRODUCTION

The incretion of digestive glands’ enzymes has been
studying in the laboratory of Professor G.F. Korotko since
the sixties of the last century [6-8]. A biological significance
of homeostasis of hydrolases (zymogens and enzymes) in
blood was resolved. The diverse role of hydrolases was re-
vealed, including anabolic, regulatory, informational, trans-
port and other functions of pepsinogen, amylase, lipase,
alkaline phosphatase in the human body [6, 11, 15].

Experiments on animals have established the nature of
the distribution of parenterally administered radiolabeled
(J125) enzymes in a mother’s body and fetus. Uteroplacental
permeability to pepsinogen and amylase, as well as the hyd-
rolytic activity of amniotic fluid, were also studied [3, 13, 14].

In researches on biological fluids, activity of digestive
enzymes was studied in blood plasma, urine, and amniotic
fluid in women during different stages of pregnancy [1, 6, 7].
After birth, such activity was studied in colostrum and breast
milk until the end of breastfeeding [1, 8, 12, 15].

AIM

To study the sources of enzyme support for amniotrophic
and lactotrophic nutrition of a fetus. To prove that enzymes
are re-secreted in colostrum and breast milk, and that en-
zymes are used for autolysis of nutrients and induced to
their own digestion in gastrointestinal tract of the fetus and
newborn.

MATERIALS AND METHODS

Materials for the study were taken from non-pregnant
(n=45) and pregnant (n=151) women — women gave birth
at different weeks of pregnancy (full-term birth — 86, prema-
ture birth — 34, post-term birth — 31).

The dynamics of changes in enzyme activity (pepsino-
gen, amylase and lipase) in biological fluids (blood, saliva,
urine and coprofiltrate, umbilical cord blood and amniotic

fluid) were studied at the end of pregnancy, and colostrum
and breast milk were studied in the postpartum period.

Determination of proteolytic, amylolytic and lipolytic ac-
tivities was carried out in blood plasma, saliva, urine and
coprofiltrate both in non-pregnant women and pregnant
women at the end of pregnancy.

Determination of total proteolytic activity was carried out
at pH values of 1.5-2.0 using the spectrophotometric (tyro-
sine) method of Kunitz—Northrop in modification. Amylolytic
activity was determined using Caraway’s amyloclastic me-
thod. Lipolytic activity was determined using a unified me-
thod with olive oil as a substrate [12].

Statistical processing of the obtained data was carried
out in Microsoft Excel 2003, Primer of biostatistics 4.03 and
SPSS 11.0 programs.

RESULTS

The process of enzyme incretion by digestive glands
is reflected in indicators of enzymes’ activity in blood and
urine, as well as ratios between them [14, 15].

Amylolytic activity in blood plasma of pregnant women is
naturally higher than in non-pregnant women, regardless of
the timing of delivery (Table 1).

In case of full-term birth, the activity of amylase in urine
is almost the same as the control values. In case of pre-
term and post-term birth, it is reduced, which indicates the
retention of the enzyme in the body of pregnant women.

The activity of pepsinogen in blood plasma is more stab-
le than activity of amylase, but excretion of pepsinogen in
urine of pregnant women is 2.1 times (p <0.001) higher than
in urine of non-pregnant women, indicating the degree of
proteolytic enzyme incretion.

Lipolytic activity of blood and urine during pregnancy is
increased compared to controls, especially in women with
full-term birth.

An example of the re-secreted origin of proteolytic en-
zymes in saliva is the detection of pepsinogen activity there
(Table 2).
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Table 1

Indicators of the activity of digestive enzymes in the blood and urine of control group individuals and women
at the end of pregnancy with different delivery dates)

Tabnuuya 1

MokasaTenu akTMBHOCTM NULEBapUTENbHLIX (DePMEHTOB B KPOBM M MOYE Y L, KOHTPOJILHOM FpynnbI

¥ JKEHIUMH B KOHLie 6epeMeHHOCTM C PasfMyHbIMU CPOKaMU PoAopaspeLleHms

Mokasatenu /

KoHTponbHas rpynna /

CpouHble poabl /

MpexaeBpemMeHHble poabl /

3anosgansle poapl /

Lipase (units/ml)

Indicators Control group (n=45) Urgent delivery (n=86) Premature birth (n=34) Delayed delivery (n=31)
Kpoes / Blood
1. Amunasa (eg/mn) / 13,5+0,8 25,0+1,3* 22,4+1 3% 20,1+1 4*
Amylase (units/ml)
2. MencuHoreH (Tup. ea/mn) / 58,1+1,1 48,2+2,6%* 62,3+4,2 60,3144
Pepsinogen (tyr. units/ml)
3. Nvnasa (en/mn) / 18,1£0,7 32,1+1,8* 37,1£1,8* 24114
Lipase (units/ml)
Movya / Urine
1. Amunasa (ea/mn) / 64,1+1,6 67,2421 36,2+1,1* 44 3+2 1**
Amylase (units/ml)
2. MencwHoreH (Tvp. ea/mn) / 4520,3+212,0 9650,1+211,5% 10422,1£231,5* 9309,3+211,5*
Pepsinogen (tyr. units/ml)
3. Jlunasa (ea/mn) / 20,6+0,8 41,2+1 9% 30,8+1,9** 31,1+1,7*

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p<0,05.

MpumeyaHue: [OCTOBEPHOCTb Pa3Nnynin ¢ NokasaTensamu KoHTponbHo| rpynnbl: * — p <0,001; ** — p <0,05.

Table 2

Indicators of the activity of digestive enzymes in saliva and coprofiltrate of control group individuals and women
at the end of pregnancy with different delivery dates

Tabnuua 2

lMoka3aTenu akTUBHOCTM NULLEBAPUTENBHBLIX PEPMEHTOB B CNHOHE W KONPOUNbTpaTe y NUL KOHTPONLHOW FpynnbI

M XEHLUMH B KOHLe 6epeMeH|-|ocw| C pa3fnyHbIMU CPOKaMK poaopaspeLleHns

Mokasatenu /
Indicators

KoHTponbHas rpynna /
Control group (n=45)

CpouHble poabl /
Urgent delivery (n=86)

MpexaeBpemMeHHble poabl /
Premature birth (n=34)

3anosgansle poasl /
Delayed delivery (n=31)

CnioHa / Saliva

Lipase (units/ml)

1. Amunasa (eg/mn) / 2385,3+264,7 4781,6+423,8* 3717,3+223,8** 4702,9+323,8*
Amylase (units/ml)
2. MencwHoreH (Tvp. ea/mn) / 1520,9+247,6 2612,9+218,1* 2443 5+218,1** 2253,7+118,1**
Pepsinogen (tyr. units/ml)
3. Jlunasa (eg/mn) / 64,8+7,0 124,1+11,6* 176,5+11,6* 74,5+3,4**
Lipase (units/ml)
KonpochunbTpar / Coprofiltrate
1. Amunasa (eg/mn) / 19,540,8 44,4+3,9 35,2+2,1* 36,2+1,8*
Amylase (units/ml)
2. NMencuHoreH (Tup. eg/mn) / 442,2+20,5 153,8+10,9* 174,7+16,2* 122,4+8,2*
Pepsinogen (tyr. units/ml)
3. Jlunasa (eg/mn) / 320,8+12,6 34444172 475,3+21,8** 375,3£20,8**

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p <0,05.

lMpumeyaHue: [OCTOBEPHOCTb Pa3NNYNiA C MOKa3aTeNsMn KOHTPONbHON rpynnbl: * — p <0,001; ** — p <0,05.
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Pepsinogen secreted in stomach is released into saliva
from blood, and in pregnant women it is 1.5 times (p<0.001)
higher than in non-pregnant women, thereby ensuring the
participation of salivary glands in secretion of the enzyme.

The excretory-re-secretory origin of the hydrolytic ac-
tivity of coprofiltrates is explained by the fact of amylase,
pepsinogen and lipase detection in feces [3, 6, 11].

During pregnancy, amylolytic and lipolytic activities in-
crease, and pepsinogen activity decreases almost 3 times
(p <0.001). These relationships are inversely dependent on
the level of pepsinogen excretion in urine, which generally
affects the pepsinogen content in blood of pregnant women.

Another trophic system is associated with fetal am-
niotrophic nutrition and autolytic digestion due to the ab-
sorption of amniotic fluid, which contains both nutrients and
enzymes corresponding to substrates — hydrolases of ma-
ternal origin [2-4].

This is proven by the presence of amylase, pepsinogen
and lipase in amniotic fluid, which has the property of accu-
mulating enzymes used by a fetus for hydrolytic processes in
gastrointestinal tract when digestion is still imperfect (Table 3).

Of particular interest are data on the activity of enzymes
secreted into colostrum and breast milk of women depen-
ding on the delivery time (Table 4).

Colostrum is more active in enzymes than breast
milk. General proteolytic (4 times; p <0.001) and lipolytic
(3 times; p <0.001) activities differ especially from mature

breast milk, while the amylolytic activity of these biological
fluids differs by less than 2 times (p <0.05) with a decrease
during the transition to mature breast milk. This proves the
role of colostrum and breast milk enzymes in colostrum-lac-
totrophic nutrition.

DISCUSSION

Maternal blood plasma, being the nutrient medium of a fe-
tus, ensures hydrolytic processes and plays a role in anabolic
processes [3, 6, 12, 14, 15].

The conducted studies revealed an increase in the acti-
vity of amylase and lipase in blood serum of all women at the
end of pregnancy, regardless of the time of delivery. Multidi-
rectional changes in this fluid were observed in pepsinogen: a
decrease in enzyme activity in women with full-term birth and
an increase in post-term and premature birth.

The amylase excretion in urine of pregnant women with
full-term birth corresponded to indicators of the control group,
and in premature and post-term birth the enzyme activity de-
creased, which indicates the retention of amylase in the body
of pregnant women [1, 3, 6]. The activity of pepsinogen and
lipase in urine is increased in port-term pregnancy compared
to controls, especially in full-term labour.

Amylolytic activity of saliva is caused not only by the se-
cretion of a-amylase synthesized by the salivary glands, but
also by the secreted pancreatic a-amylase. In this regard, the

Table 3

Indicators of the activity of digestive enzymes in amniotic fluid and umbilical cord blood in pregnant women,
depending on the timing of delivery

Tabnuua 3

MokazaTenu akTMBHOCTU NULLEBAPUTENbHBIX (DEPMEHTOB B aMHUOTUYECKOM XUAKOCTH U NYNOBUHHON KPOBM
y GepeMeHHbIX B 3aBUCMMOCTM OT CPOKOB POAOpaspeLLeHus

Buonoruyeckas xugkocTs / ®epmeHTb! / CpouHble poabl / MpexaeBpemMeHHble poabl / 3anoagansle poapl /
Biological fluid Enzymes Urgent delivery (n=86) Premature birth (n=34) Delayed delivery (n=31)
AMHKOTHYeCKas XNAKOCTb / Awvwunasa (eg/mn) / 16,3+0,7 27,7+0,9* 25,8+0,9*
Amniotic fluid Amylase (units/ml)
MencuHoreH (Tup. ea/mn) / 5664,5+225,1 5840,8+204,3 6387,0+249,4*
Pepsinogen (tyr. units/ml)
Nvna3a (eg/mn) / 228,7+18,4 201,4+15,3 234,2+16,2
Lipase (units/ml)
[TynoBuHHas KpoBb / Awmuna3a (eg/mn) / 35,3+1,2 10,9+0,8* 15,1+1,1*
Umbilical cord blood Amylase (units/ml)
MencuHoreH (Tup. ea/mn) / 1041,6+88,5 1214,4+97,3* 873,0+65,4
Pepsinogen (tyr. units/ml)
Nunasa (eg/mn) / 164,9+11,2 190,4+13,4 61,2+4,5*
Lipase (units/ml)

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** —

p <0,05.

lMpumeyaHue: [OCTOBEPHOCTb Pa3NNynil C NokasaTenamn y 6epemMeHHbIX XEHLLMH, poanBLLKX B cpok: * — p <0,001; ** — p <0,05.
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Table 4

Indicators of the activity of digestive enzymes in colostrum and breast milk in lactating women, depending
on the timing of their delivery

Tabnuya 4

Moka3aTenu akTMBHOCTH nuuieBapuTeNbHbIX CbepMeHTOB B MOJ1O31MBE U rPyAHOM MOJIOKe Y KOPMALIUX XXEeHLIUH
B 3aBUCUMOCTU OT CPOKOB UX poaopaspeLueHus

Buonoruyeckas xuakocTb / ®epmeHTb! / CpouHble poabl / MpexaeBpemeHHble poabl / 3anosgansie poap! /
Biological fluid Enzymes Urgent delivery (n=86) Premature birth (n=34) Delayed delivery (n=31)
Mono3auso / Colostrum Amunasa (ea/mn) / 401,3+£21,7 511,9+£32,5** 440,9+20,3
Amylase (units/ml)
MencwHoreH (Tvp. eg/mn) / 609,5+26,3 532,4+18,1 581,1+29,4*
Pepsinogen (tyr. units/ml)
Nvnasa (ea/mn) / 634,1+28,5 523,2+25,3** 562,9+23,6*
Lipase (units/ml)
I'pypHoe mMonoko / Amunasa (eg/mn) / 215,3+19,6 267,8+14,5** 233,4+156
Breast milk Amylase (units/ml)
lMencuHoreH (Tup. ea/mn) / 152,9+12,1 124,2+10,2 179,1+11,6**
Pepsinogen (tyr. units/ml)
Nvnasa (ea/mn) / 222,2+17,2 285,4+14, 7 230,2+12,7
Lipase (units/ml)

Note: the reliability of differences with the indicators of the control group: * — p <0,001; ** — p <0,05.
MpumeyaHue: [OCTOBEPHOCTb Pa3nnynil ¢ NokasaTensmi y 6epeMeHHbIX XEHLLMH, pPoAMBLLMX B cpok: * — p <0,001; ** — p <0,05.

increased amylolytic activity in pregnant women may be due
to both amylases [4, 5, 7-10, 13, 14].

All pregnant women showed an increase in the amylase,
pepsinogen and lipase activity in saliva, which indicates the
released (secreted in saliva) origin of these enzymes.

If the salivary glands do not experience hydrostatic resis-
tance, then in the pancreatic ducts of pregnant women this is
greater than in non-pregnant women [1, 3, 6]. Accordingly, the
lipolytic activity of saliva also changes, especially in premature
birth, which is associated with an increased lipase activity in
blood.

By the end of pregnancy, amylolytic and lipolytic activi-
ties of the coprofiltrate increased with the greatest changes
in women with full-term and premature births. At the same
time, there was a decrease in the pepsinogen activity in all
studied groups of pregnant women compared with controls.

The amnio-placental barrier is involved in the selective
accumulation of digestive enzymes in amniotic fluid, in
which enzymes’ content is quite significant [2, 3, 12, 15].
Umbilical cord blood is rich in proteolytic and lipolytic enzy-
mes, especially in women with premature birth.

In the postnatal period, a child switches to a colos-
trum-lactotrophic type of nutrition [1, 3, 12]. In this regard,
we found the highest levels of hydrolase activity in colos-
trum, with a subsequent decrease in its activity in breast
milk on the fifth day of life. Incretion, releasing and excretion
of enzymes are interrelated, maintaining the constancy of

their blood content for the implementation of anabolic and
regulatory processes in a fetus [13, 14, 16].

Thus, the data obtained on enzyme homeostasis in the
“mother-fetus-newborn” system serve as additional material
on trophic systems with their autolytic type of digestion. In
the antenatal period, histotrophic, hematotrophic (transpla-
cental) and amniotrophic nutritions are organized, and in the
postnatal period, there is a lactotrophic nutrition. Enzymes
induce the functional activity of the secretory glands and
prepare the infant’s digestive system for definitive nutrition
through a period of mixed feeding.

CONCLUSION

1. Amylolytic activity of blood serum, urine and saliva
in pregnant women is naturally higher than in non-pregnant
women, regardless of the time of delivery.

2. The activity of pepsinogen and lipase in blood, urine
and saliva during pregnancy is increased compared to the
controls, especially in women with full-term delivery.

3. In coprofiltrate, an increase in amylase and lipase
activity was observed, but a decrease in pepsinogen was
observed in all pregnant women studied by the end of preg-
nancy.

4. Amniotic fluid and umbilical cord blood are rich in
proteolytic and lipolytic enzymes with the greatest changes
in women with premature and post-term birththe the.
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5. Hydrolytic activity of colostrum is significantly higher
than that of breast milk on the fifth day of life

6. Enzymes participate in autolytic digestion and induce
the infant’s own digestion in the body.
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AONONMHUTENBHAA UHOOPMALINA

Bknap aBTopoB. Bce aBTOpbI BHECIN CYLUECTBEHHbIN
BKNapg B pa3paboTky KOHLENuuW, NpoBeAeHue uccneosa-
HWS 1 MOArOTOBKY CTaTbM, NPOYI M 0f0BpUNN hUHaNbHYHO
Bepcuto nepen nybnvkayuen.

KoHdnukT uHTepecoB. ABTOpbI [LeknapupyT OTCyT-
CTBME SBHbIX W MOTEHUWANbHbLIX KOH(IIMKTOB WHTEPECOB,
CBS3aHHbIX C NybrmKaumen HacTosILEN CTaTbi.

WUcTouHuk chmHaHcMpoBaHMA. ABTOpbI 3asBRsOT 00
OTCYTCTBUM BHELUHEr0 (PUHAHCMPOBAHUSA NPU NPOBELEHUM
uccnenoBaHms.

WHdopmupoBaHHoe cornacue Ha nybnukauumio. As-
TOPbI MOMYYUNN NMUCbMEHHOE COornacKe NauueHToB Ha My-
Brmkaumo MeANLIMHCKNX AaHHbIX.
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