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Lipolysis is accomplished sequentially and simultaneously by lipase in saliva and gastric juice in the infant’s stomach as in-
ductors in autolytic digestion by bile-dependent lipase in breast milk and colipase-dependent pancreatic lipase in the ileum.
Lipase was determined in blood serum of women in labor, in umbilical cord blood, in water, and in infant gastric content.
According to the data obtained, the initial lipolysis potential of newborns is significantly lower than that of the mothers.
It is developed during the first half of pregnancy so gestation period does not have a significant effect on it. Over a year
of lactation period, the breast milk steatolytic activity decreases, with a lower rate compared with other breast hydrolytic
activities. If the steatolytic activity is low during the first month of lactation, it increases during the succeeding 4-5 months.
In cases when steatolytic activity is high initially, it decreased during the following months. This indicates that the lipase
content level has an effect on lipolysis at lactotrophy. Additional food and specifically bottle feeding strongly increased the
steatolytic activity of duodenal content because of lipase exosecretion stimulation in the pancreas. In contrast, the steato-
lytic activity is decreased when mixed feeding is introduced. Assessment of lipolysis potential is important in choosing the
feeding type for newborns and infants.
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Jiunuabl rpyAHOro MONOKa MMEKT B €CTECTBEHHOM NaKTOTpodun pebeHka 3HepreTMyeckoe n TpodporeHHoe 3HaveHue, KoTopoe
peanusyeTcsi nocne ux amnonusa. Jiunonms nocnenoBaTeslbHO U OJHOBPEMEHHO COBEPLUAETCS IMNa3aMu CIOHBI, XeNyA04YHOro
COKa B Xenyake rpyaHoro pebexka no Tmny cobCTBEHHOMO NULLEBAPEHUS U B POU MHAYKTOPOB B Ay TONIUTUYECKOM MULLEBAPEHWM
XKenue3aBMCUMOW MMA30oi rpyaHOro MOJIOKA M KOMMNAa303aBUMCMMOM NaHKpeaTMYeckol nnnasbl B TOHKOM Kuwwke. OnpeneneHsl
N1Nasbl CbIBOPOTKM KPOBU POAMIbHULL, KPOBU MYNOBUHbI, OKONOMIOLHbIX BOL U COLEPXKMMOTO KeNyika HOBOPOXAeEHHbIX. 1o pe-
3ynbTaTaM aHanM3a CTapTOBbIA JIMMONUTUYECKUI MOTEHLMAN HOBOPOXAEHHOrO MMafeHLUa CYLEeCTBEHHO HWMXEe MaTepUHCKOro,
dopmupyeTcsa y n1oaa B nepBov N0SI0OBMHE GepeMeHHOCTH, U MOTOMY CPOK recTaumm Ha Hero CyLLeCcTBEHHO He BAuseT. Jiunonu-
TUYeCKast aKTUBHOCTb FPYAHOr0 MOJIOKA Ha NPOTSXXEHUW FOA0BOM NaKTaLMKU CHUXKAETCS MeAJIeHHee ApYruX rMAPOAUTUYECKUX aK-
TUBHOCTEW MOJOKa. [py HU3KOM TMNONNTUYECKOM aKTUBHOCTU MOJIOKA B MePBbIA MeCsL, lakTaumm B nocnepywwme 4-5 mecaues
OHa HapacTaerT, a NPy HavanbHOM BbICOKOM aKTMBHOCTU B NMOC/AeyoLMe MecsiLbl TAaKTaLUM OHa CHUXAeTCs. DTO CBUAETeNbCTBYET
0 3HaYEeHUM YPOBHS COAEPKAHMS NMMNA3bl B MOIOKE B BAPbMPOBaHWUM NMNOAM3a Npu nakToTpodun. Mpukopm n ocobeHHo nepesop,
MNafeHLUa Ha UCKYCCTBEHHOE BCKApMJIMBaHWE MHOrOKPATHO MOBLIWAKT IMMONUTUYECKYH aKTUBHOCTb AYOAEHalbHOro Coaep-
YKMMOTO 33 CYET CTUMYNALMM IK30CEKPELMM NMNA3bl NOAXKENYA0UHOM XKeNe30i C 0AHOBPEMEHHBIM CHUXEHUEM IMNOUTUYECKOM
aKTUBHOCTM FPYLHOr0 MOJIOKA NpW CMELIaHHOM BCKapMAuBaHuu pebeHka. OnpeneneHune nMNoAMTUYECKOrO MOTEHLMANa HOBO-
POXAEHHOro U rpyaHoro pebeHka MeeT 3HayeHue B BbIODOpE TEXHONOMMM ero BCKapMIUBaHMS.

KntoueBble cnoBa: LOHOWEHHas 6epeMEHHOCTb; J'IaKTOTpOd)VIﬂ; ivnasa; NTMnosan3; MoJIo4YHOe BCKapMMBaHUe; HEAOHO-
WeHHasa GGPEMEHHOCTI:; HOBOPOXAEHHbIE; CbIBOPOTKa KPOBU.
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INTRODUCTION

Natural breastfeeding is an acknowledged “gold
standard” of infant nutrition since birth owing to
the high caloric value and unique trophic properties
of breast milk. Studies on the properties of breast
milk have been increasing because of the need to
create infant formulas with similar composition
and properties as those of breast milk. Attention
is drawn not only to its nutrients but also to minor
components with relevant and unique physiologi-
cal properties [2, 3, 8, 17, 19]. At the same time,
the digestion of most of these components requires
structural enzymatic degradation. Enzymatic deg-
radation, as is known, is performed by hydrolases
of digestive glands and small intestine of the baby
since the neonatal period during lactotrophy, mixed
feeding and finally lifelong definitive nutrition of
the macroorganism according to the type of its own
digestion [11]. During lactotrophy, hydrolases of
the breast milk itself are also involved in autolytic
digestion. An induced autolytic digestion was ob-
served in the laboratory of Ugolev A.M. [13], and
it was concluded that autolytic digestion is involved
in digestion in the early stage of human ontogenesis
during lactotrophy. We recently described the tech-
nology of its implementation in relation to lipolysis
and proteolysis [10]. In general, lipolysis occurs in
the digestive tract of an infant during natural feed-
ing by two types of digestion: intrinsic and autolytic.
It is essential that milk lipids, mainly triglycerides,
are contained in phospholipid granules. Their com-
plexly organized shell [5, 7] is inaccessible to the
lytic action of milk lipase, which is crucial for the
preservation of granular triglycerides in gastric and
duodenal cavities. The hydrophobic shell of granules
acts as an inducer of lipases of saliva and gastric
secretion; these lipases diffuse into granules through
their shells, thereby causing their partial disintegra-
tion and initiating lipolysis. Lipolysis is subsequent-
ly actualized in the duodenum by lipase of breast
milk itself with the aid of bile salts (bile-dependent
lipase) by induced autolytic digestion and also by
colipase-dependent lipase of pancreatic secretions
by intrinsic digestion. Thus, lactotrophy occurs
through a complex pathway of intrinsic and induced
autolytic digestions, for which lipases of salivary,
gastric, and pancreatic glands are required.

MATERIAL, SCOPE, METHODS

The morphofunctional initial state and conse-
quently the lipolytic potential of a newborn can be
assessed by determining the lipolytic activity of gas-
tric contents, cord blood serum, and amniotic fluid.
This concept is the basis of the study of the lipolytic

potential of newborns with normal and short gesta-
tion periods. According to our data, with a short ges-
tation period, the levels of amylase, alkaline phos-
phatase, and pepsinogens I and II are reduced in the
cord blood serum of a newborn as well as in the gas-
tric contents and amniotic fluid.

In this study, lipase levels in the umbilical cord
venous blood, stomach contents and amniotic flu-
id of newborns were measured. The samples were
obtained from the women in labor and from their
newborns at normal delivery (47) and at cesarean
section (29), and written consent of parents was ob-
tained in accordance with the current law' and the
decision of the ethics committee.

Among the examined women, 36 had full-term
and 40 had premature deliveries. Lipase levels in
biofluids were measured using standard branded
reagent kits (L1PC: CAN8731 Cobas Roche). Bio-
chemical analysis was performed on a modular plat-
form with Cobas-8000 (module 702) using a colori-
metric method.

Lipase levels in biofluids studied varied and did
not follow a normal distribution. Hence, lipid lev-
els are presented as median, maximum, and mini-
mum values; as upper and lower quartiles; and as
the mean. To analyze differences between two inde-
pendent data groups, the nonparametric Wald—Wol-
flowitz, Kolmogorov—Smirnov, and Mann—Whitney
tests were used. Statistical analysis of the data was
performed using the package Statistica 6 [15].

RESULTS AND THEIR DISCUSSION

It is generally recognized that concentrations of
enzymes in blood plasma and serum and of zymo-
gens in digestive glands characterize their enzymatic
potential; that is, the number and activity of glandu-
locytes that produce the corresponding enzymes and
zymogens [9].

As shown in Table 1, lipase level in umbilical
cord blood serum of a newborn is, on an average,
three times lower than that in the blood serum of
women in labor. This indicates the initial stage of the
formation of the enzyme potential for the synthesis
of lipase by glandular cells of salivary, gastric and
pancreatic glands, a certain initial maturity of the
morphofunctional potential of digestive glands of a
newborn. At that, it has different terms for different
glands and enzymes [4, 6].

Gastric contents in newborns had relatively high
lipase levels, which come from three sources: swal-
lowed saliva, gastric juice, and regurgitated duo-

! Federal Law on Protection of Health of Citizens of 11/21/2011 No.
323-FZ.
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Table 1

Lipase (U/l) of blood serum, gastric contents, and amniotic fluid of full-term (numerator) and premature (denominator) newborns

and of puerperal serum

Tabauua 1

Jlvnasa (E4/n) CbiIBOPOTKM KPOBMU, XKXENYAOYHOTO COAEPXKMMOrO U OKONOMIOAHBIX BOA LOHOLWEHHbIX (YUUCAUTENb) U HELAOHOLIEHHbIX

(3HaMeHaTeJ'Ib) HOBOPOXAEHHbIX, CbIBOPOTKM KPOBU pOANNBbHULLbI

Serum of women Umbilical cord blood Gastric contents of a L. .
Parameter . Amniotic fluid
in labor serum newborn
Mean 28.79 10.79 43.68 2.01
ca 30.30 10.49 40.47 4.64
Median 27.29 10.12 10.65 1.90
cdia 30.0 10.00 20.50 4.05
Maximum 7.10 570 0.30 0.90
u 8.40 5.40 0.10 0.90
Minimum 63.50 21.30 270.00 4.90
51.90 18.80 244.10 33.40
Lower auartile 22.35 8.30 2.50 1.45
q 23.35 8.30 4.45 2.10
Usber auartile 31.10 12.10 48.75 2.35
pperqu 35.20 12.60 41.94 4.64
p >0.10 >0.10 >0.10 1<0.01

denal contents, which we have not differentiated.
Amniotic fluid had much lower lipase contents than
gastric contents of the newborns, blood serum of
women in labor, and umbilical cord blood.

The low initial potential for lipolysis is one of the
reasons for the difficulty with natural breastfeeding
of newborns. During this period, the rate of hydroly-
sis of milk triglycerides is low because of low lipase
levels secreted by digestive glands of the infant [&].
Low lipolytic activity of gastric contents is sustained
for a fairly long time — from 25 to 34 weeks of gesta-
tion [4, 6, 12].

According to previous studies [3], a low and
qualitatively altered production of pepsinogens by
gastric glands is noted in premature newborns, but
the activity of salivary amylase may be increased.
Malabsorption of lipids in premature newborns has
been described previously [2, 17]. In 40 premature
newborns, we observed low lipase levels in the um-
bilical cord blood, which did not differ from those
in full-term newborns. A similar trend was noted in
gastric contents. Lipase level was also low in the
amniotic fluid, although it was higher than that in
full-term newborns, the reason for which remains
unclear. In general, these findings enable us to con-
clude that the early lipolytic potential of digestive
glands of newborns is almost equally low in full-
term and premature infants. This distinguishes the
state of the marked decrease in the concentration

of hydrolases (amylase, alkaline phosphatase, and
pepsinogenes I and II) in the umbilical cord blood
serum, gastric contents, and amniotic fluid in prema-
ture gestation, as noted above.

The low lipolytic potential of the digestive tract
of newborns explains the disorders in the hydroly-
sis of milk fat (triglycerides) and necessitates its re-
placement in nutritional formulas for mixed or bottle
feeding with other lipids (particularly plant lipids)
[8, 12, 17]. Several studies addressing this issue are
currently being conducted in several countries. This
was also the focus of long-standing research on the
lipolytic activity of milk, on its special shape in the
form of globules, on the secretion of fat by lacto-
cytes of mammary glands [5, 7], and on the postulate
of autolytic hydrolysis of milk nutrients as stated at
the beginning of this article.

We found that in the annual dynamics of lacta-
tion, lipase content of milk decreases from month to
month slower than other hydrolases, which, at the
end of the lactation year, is only 1.5 times lower than
that at the initial months when it was maximal (Ta-
ble 2). It can have compensatory and adaptive values
in optimizing autolytic lipolysis during lactotrophy
of a breastfed baby.

Finally, R.M. Kharkova [16] showed that mixed
feeding, and particularly bottle feeding, induces the
secretion of lipase (and other hydrolases) by pancre-
as of the nursing mother because in duodenal con-
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Table 2
Enzymatic activity of breast milk by months (1-12) of women lactation (M m, n=62)
Tabauya 2
(MepMeHTaTUBHAs aKTUBHOCTb FPYAHOro Monoka no Mecauam (1-12) naktaumm xxeHwmuH (M m, n = 62)
Pepsinogen Amylase Lipase
Months (U/ml) (U/ml) (U/ml)
1 21.0+ 1.2 98.1 £6.5 34+02
2 192+12 86.1+5.1 34+0.2
3 18.6 1.0 83.4+41 34402
4 243+ 1.5 709 +5.5 3.0+0.2
5 19.4+ 1.3 62.4+3.1 41+02
6 18.8+£0.9 62.3+3.1 41+0.2
7 207 +1.2 62.1+£2.9 33+0.2
8 18.0£ 0.8 548 +3.1 33+0.1
9 15.0+0.7 55.6+£3.6 3.3+£0.1
10 10.0£0.5 452 +2.6 3.2+0.1
11 10.7+ 0.6 39.8+2.6 3.0+£0.1
12 7.8+0.8 26.1£0.5 24+0.1
Ilpumeuanue. MeToqbl ONPENEICHHUS: TPUIICHHOTEH U HHTHOUTOP TPUIICHHA [0 METOAY DpiaHreHpa B moaudukanuu B.A. Illa-
TEpPHHKOBA, cyOcTpar-6en3on-D1-aprunnnnapanutpoanunny [18]; mencunoren — mMoaudunupoBanuelii meton B.J. Hirschowitz,
cybcTpar — cyxas ma3ma kposH [20]; aMua3a — aMHIIOKJIACTUYECKHH MeTox B Mogudukanuu A.M. Yronesa, cyocTpat — pac-
TBOPUMBIH Kpaxmail [14]; numa3a — TpubyTupasHeiii MetTon B Mogudukannu O.A. A6xymnaesa [1].
Note. Methods of determination: trypsinogen and trypsin inhibitor by the Erlangenr method in the modification of A.A. Shater-
nikov, substrate-benzene-D1-arginineparanitroanilide [18]; pepsinogen: modified method of B.J. Hirschowitz, substrate, dry plasma
of blood [20]; amylase: amyloclastic method in the modification of Ugolev A.M., substrate, soluble starch [14]; lipase: tributylase
method in the modification of Abdullaev F.A. [1]

tents, lipase level increases several times from the
preserved daily lactation volume (Fig. 1).

CONCLUSION

The hydrolysis of lipids in breast milk in the small
intestine with natural lactotrophy is performed by li-
pases of saliva, gastric juice, milk, and pancreatic
juice. The hydrolysis of lipids simultaneously pro-
ceeds by intrinsic and induced autolytic digestions.
This is because of differences in the properties of
lipases, substrates they hydrolyze, and environment
in which they are degraded. These processes depend
on their location within the digestive tract, into dif-
ferent series of postnatal morphofunctional develop-
ment of the digestive system of a nursing infant and
its enzymatic potential.

Determination of the enzymatic potential, primar-
ily the lipolytic potential of newborns, particularly
premature newborns, deserves not only scientific
and cognitive interests but also its introduction as a
method for the characterization of a newborn’s own
digestion during lactotrophy. Based on the results of
such study, a reasonable choice of nutritional for-
mulas and supplemental feeding techniques for new-
borns can be made. Further research of this problem
is promising.
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Fig. 1. Activity of lipase (U/ml) of duodenal contents in infants
during the first year of life with different types of feed-
ing (according to R.M. Kharkova [16]): 1) on an empty
stomach; 2) on stimulation of pancreatic secretion by
introducing 0.2% solution of HCl into the duodenum;
and 3) on stimulation of secretion by the introduc-
tion of sunflower oil into the bowel. Types of feeding:
1) breastfeeding; 11) mixed; Ill) bottle feeding

Puc. 1. AkKTuBHOCTb Mnasel (Ea/mn) ayopaeHanbHOro copepku-
MOrO Y AeTeil NepBoro roaa XXU3HU Npu pasaudHbIX BU-
Aax BckapMmausanus (no AaHHbIM P.M. XapbkoBoii [16]):
1 — HaTowWakK; 2 — NpU CTUMYNALMUU NAHKPEATUUECKOM
CceKpeuuu BBEAEHUEM B ABEHAALATUNEPCTHYID KMLUKY
0,2 % pacteopa HCl; 3 — npu ctumynauumn cekpeuuu
BBEAEHUEM B KMILUKY NOACONIHEYHOTO Macna; BuAbl
BcKapMnuBauusa: | — rpyaHoe; Il — cMewanHoe; Il — nc-
KYCCTBEHHOE
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