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Among children the most common types of cancer are leu-
kemias [1]. Acute leukemias constitute between 30 and 38%
of malignant neoplasms in children, corresponding in 80% to
Acute Lymphoblastic Leukemia (ALL) and in 20% to Acute
Myeloblastic Leukemia (AML), respectively [2].

ALL is a malignant disorder that originates in a single he-
matopoietic cell progenitor of B or T lymphocytes and is char-
acterized by a loss of differentiation of lymphoid progenitors
producing an increase in immature lymphoblastic cells [3]. It
has been reported that 60% of ALL cases occur to children under
20 years of age [4].

In Mexico, cancer in children and adolescents is consid-
ered a public health problem [5] urging the need that, through
the conjunction of knowledge of epidemiology, biochemistry
and genomics, new biomarkers can be identified for a more
timely diagnosis, more specific treatment or for monitoring
the quality of response to treatment (prognosis).

Glucocorticoids, such as prednisone and dexamethasone, play
an important role in the ALL treatment. However, high doses of
glucocorticoids may cause suppression of the hypothalamic-ad-
renal-pituitary axis (HPA) [6]. More specifically, steroids are a
fundamental drug in the initial phase of the ALL treatment, dur-
ing the induction, following the Berlin-Frankfurt-Munich pro-
tocol (BFM). They are used in a continuous scheme throughout
the induction phase that lasts 28 days, at doses between 40 and
60 mg/m*day of prednisolone or 10 mg/m?/day of dexametha-
sone with gradual decrements [7].

In recent years, the use of saliva samples to determine con-
centrations of a wide variety of antibodies, drugs, hormones and
tumor markers has spread over the world [8,9]. For example, it
is well known that the salivary concentrations of free soluble
steroids such as cortisol, reflect approximately 10% of plasma
concentrations [10]. The alternative to use the saliva as biologi-
cal fluid to process samples can be very useful for quantify the
level of cortisol as a parameter of evaluation of adrenal function
in cases of chemotherapy for ALL, a situation so far unpublished
in our country.

The appearance and duration of HPA axis suppression after
glucocorticoid therapy for childhood ALL is still not clear. In
one study it was presented in almost all children in the first
days after the glucocorticoid treatment suspension. Most of
the children recovered in a few weeks, but few children lasted
up to 34 weeks with adrenal insufficiency [11].

The adrenal insufficiency derived from the treatment
against ALL is subtle and manifests as deterioration of the
cortisol response to stress. The recuperation has marked in-
terindividual variation [12].

The objective of this project was to determine whether there
is an augmented risk for a bad evolution as estimated with the
basal and after 8 days of the induction treatment cortisol levels.

Material and methods. This was a clinical, prospective and
analytical study developed in the Service of Hematology of the
Maternal and Child Hospital of ISSEMYM, in Toluca, Mexico.

The protocol was explained to parents of patients with recent
ALL diagnosis and to the children themselves, with an age range
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between 3 and 18 years. Patients who previously were exposed
to steroids were excluded from the study.

The sample was not probabilistic, it was at the convenience
of the patients who agreed to enter the study in a period of
six months to process the samples before the expiration of
the kit.

Weight and height were measured to one decimal place
while wearing the child was wearing light clothing and
without shoes, using a calibrated digital scale with stadi-
ometer (Seca). Body Mass Index (BMI) was calculated as
weight in kilograms divided by height in meters squared
(kg/m?).

Blood samples were collected to measure glucose (mg/dL),
uric acid (mg/dL) (Siemens advia 1800) and hematometry
(Sysmex XL 2000). All measurements followed standardized
procedures according to International Federation of Clinical
Chemistry and Laboratory Medicine (IFCC).

After 8 hours of fasting, saliva samples were taken in a
sterile bottle or a tube of 20 cc, which were kept in refrigera-
tion at 4°C until analysis. The first measurement was made
at the diagnosis day of ALL and the second after the phase
of induction, following the St. Jude chemotherapy protocols.
The quantification was performed in the Research Laboratory
of Ciprés Grupo Médico S.C. (CGM) using the ELISA kit of
Salimetrics (USA).

A peripheral blood count of less than 1000 absolute blasts
after a week of prednisone was defined as a good response
to treatment; higher values or death were defined as bad re-
sponse.

The values were expressed as mean and standard deviation
(SD). The Mann-Whitney U test was used to compare the
variables values per gender or type of evolution. Spearman
correlation was performed among the variables age, BMI,
uric acid, glucose, leukocytes, platelets, cortisol at the time
of diagnosis and at 8 after the beginning of induction thera-
py. According to the patients’ evolution, Receiver Operating
Characteristic (ROC) curves were made for salivary cortisol
levels and uric acid. The SPSS ver. 22 statistical software
package (IBM Corp., Armonk, NY, USA) was used. A P value
of < 0.05 was considered statistically significant in all tests.

This study was approved by the ethics committee of the Ma-
ternal and Child Hospital of ISSEMYM (code: 1-19). All of the
procedures were conducted in accordance with the Declaration
of Helsinki and the General Health Law of Mexico. Informed
consent was obtained from the children’s parents and verbal in-
formed assent, from the students. The identity of the patient was
respected and kept in privacy.

Results and discussion. We included 20 patients who were
measured salivary cortisol at the time of their diagnosis and
8 days after starting steroid treatment. Between the studied
patients we found that 9 (45%) were girls and 11 (55%) were
boys; as shown in graph 1, the age range was between 4 and
14 years, with an average of 108.7 months (9 years). Table
1 shows the general characteristics of the population of this
study.
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Table 1. General characteristics of the patients

Variable Mean Standard Deviation
Age (years) 108,7 60,6
BMI (kg/m?) 17,0 44
Uric acid (mg) 5,5 2,3
Glucose (mg) 91,3 15,0
Leukocytes (x 10°/L) 24,526 50,551
Platelets (x 10°/L) 80,611 49,334
Basal cortisol (pg/dL) 0,1039 0,175
Cortisol after induction (pg/dL) 0,2424 0,562

Correlations were made of the response to treatment with the
following variables: age, BMI, uric acid, glucose, leukocytes,
platelets, cortisol at the time of diagnosis and at 8 days after hav-
ing started the induction therapy. Through the Spearman correla-
tion the only ones that showed statistical significance in a posi-
tive sense were age with BMI (2= 0,590, p = 0,013), uric acid
with leukocyte number (12 = 0,503, p = 0,028) and in a negative
sense BMI with the leukocytes’ count (1> = -0,551, p = 0,022).

When comparing the variables between genders, the only sig-

nificant difference was that for erythrocytes (Table 2); mean-
while, there were no any difference between the two types of
responses to the induction treatment (Table 3) of the variables
analyzed, even in this case the percentage of blasts was similar
in the two groups (8,56 in the Bad Response Group and 9,2 in
the Good Response Group). Notwithstanding, it was found that
salivary cortisol levels had a greater area under the curve (AUC)
than uric acid levels as predictors of a poor response to the in-
duction to remission (Fig.).

Table 2. Variables comparison between gender

s YRR
Age (months) 88,2 (52,9) 125,4 (63,6) 0,269

BMI (kg/m?) 16,1 (3,56) 18,03 (5,30) 0,5
Uric acid (mg/dL) 5,27 (1,88) 5,71 (2,70) 0,901
Erythrocytes (x 10°/L) 2,28 (0,75) 3,11 (0,89) 0,036
Glucose (mg/gL) 87 (10,72) 94,81 (17,49) 0,402
Hb (g/dL) 7,3(2,37) 9,68 (2,81) 0,087
Leukocytes (x 10°/L) 9,36 (5,63) 36,931 (66,73) 0,879
Neutrophils (x 10%/L) ,865 (1,080) 2,291 (2,091) 0,087
Platelets (x 10°/L) 91,555 (44,384) 69,666 (54,152) 0,309
Basal cortisol (ng/dL) 0,0624 (0,006) 0,137 (0,22) 0,518
Cortisol after induction (ng/dL) 0,150 (0,24) 0,334 (0,78) 0,229

Table 3. Variables comparison per response to the treatment

Variable Ba(: lse:[:;;nse GO(Z; 1'=es1[‘)1(;nse P
Age (months) 107,93 (62,75) 110,50 (60,92) 0,967
BMI (kg/m?) 17,28 (4,57) 1,36 (0,198) 0,571
Uric acid (mg/dL) 5,93 (2,36) 4,65 (2,23) 0,219
Erythrocytes (x 10°/L) 2,48 (0,85) 3,31 (0,83) 0,069
Glucose (mg/gL) 90,28 (11,06) 93,66 (22,98) 0,804
Hb (g/dL) 7,90 (2,76) 10,26 (2,44) 0,083
Leukocytes (x 10°/L) 20,400 (44,547) 34,151 (66,27) 0,804
Neutrophils (x 10%/L) 1,361 (1,523) 2,321 (2,411) 0,364
Platelets (x 10°/L) 79,461 (47,760) 83,600 (59,036) 0,921
Basal cortisol (ng/dL) 0,0756 (0,0766) 0,169 (0,30) 0,773
Cortisol after induction (ug/dL) 0,251 (0,633) 0,216 (0,36) 0,926

Blasts (%) 8,56 (15,57) 9,2 (9,89)
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Fig. ROC curve of basal salival cortisol and uric acid as pre-
dictors of a poor response to the induction to remission

Ahigher incidence of adverse effects, especially sepsis and septic
shock, had been expected, in relation to the use of dexamethasone
in chemotherapy schemes against ALL; and these events are prin-
cipally diagnosed during the maintenance phase [13]. The expla-
nation of these undesired and feared side effects could be by the
HPA suppression caused by dexamethasone; decreasing in a drastic
way the cortisol production, which in turn represents an insufficient
response to stress, which would generate an impact in the immune
system with an inadequate host response to infections. This situa-
tion constitutes and remains a cause of mortality and morbidity in
children treated with ALL [14]. However unexpectedly in our pilot
study, the level of cortisol after 8 days of the beginning of the induc-
tion phase was on average higher than the baseline.

In the studied population of this survey the basal cortisol was
reported higher than normal reference ranges for healthy chil-
dren [15,16] and this time of measure was related to a worse
response to the treatment of induction to remission. It has been
described that the use of dexamethasone is correlated in an im-
portant way to adverse events, being the main complications fe-
ver, neutropenia and infection. In fact, infections cause 68% of
the deaths in the period of induction to remission; in some stud-
ies it is reported that the most frequent site is in the colon, due
to colitis neutropenia; however, others report some cases due to
respiratory infections, infections associated with catheters, in-
fections in the nervous system and even nosocomial infections
without known initial focus [17,18].

Logically speaking the higher basal cortisol levels of the pa-
tients with ALL would be associated with a greater response to
stress [19,20], that is, with a greater attack to the patient’s gen-
eral condition at the time of starting chemotherapy. It calls the
attention that the few studies analyzing the salivary cortisol lev-
els in patients treated for ALL have focused the main issue after
the induction phase but the basal levels have not been studied
and probably they can reflect the degree of the stressful condi-
tion attacking the child’s organism.

Finally, it is mandatory to analyze the rates of infection and mor-
tality in every Hematology Service, to decide whether prophylac-
tic antibiotic therapy in thus patients with adverse risk factors or a
lower dose of steroids to reduce the risk of adrenal-immune sup-
pression that leads to severe infections could be plausible.

A limitation of this study is the small number of patients in-
cluded, for what we consider to keep on this research line in
a wider population parameters, adding more variables such as
cortisol in blood to perform a correlation with salivary cortisol,
and with a with closer and long-term follow-up.
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Conclusions. In this first approach, basal salivary cortisol had
a larger area under the curve in the ROC curve as predictor of
a bad response than uric acid, situation that still needs future
studies. The option to measure salivary cortisol offers great ad-
vantages that should be explored in terms of its clinical utility to
check the ACTH-cortisol axis in patients with ALL who receive
chemotherapy avoiding the stress of venipuncture.

Acknowledgments. This work was partially funded by Ciprés
Grupo Médico.
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SUMMARY

SALIVARY CORTISOL LEVELS AND RESPONSE TO THE
REMISSION INDUCTION TREATMENT IN CHILDREN
WITHACUTE LYMPHOBLASTIC LEUKEMIA

"Lombera-Mora S., 'Léopez-Facundo N.A.,
2Layton Tovar C.F., *Mendieta-Zeron H.

IISSEMYM Mother and Child Hospital, *High Specialty Hos-
pitals Coordination Entity (CHAE), Ministry of Health,. *Fac-
ulty of Medicine, Autonomous University of the State of Mexico
(UAEMex), Ciprés Grupo Médico CGM, Toluca, Mexico

Cancer in children, and mainly the acute lymphoblastic
leukemia (ALL), is considered as one of the leading public
health problems in Mexico. Glucocorticoids used to treat
ALL may cause suppression of the hypothalamic-pituitary-
adrenal axis. The aim of the present study was to determine
whether cortisol levels in saliva of the patients with ALL are
related to the response to the remission induction therapy.

The authors have conducted a clinical, prospective and
comparative study. The Mann-Whitney U test was used to
compare the variables values by gender or type of evolution.
According to the patients’ evolution, ROC curves were made
for salivary cortisol levels and uric acid. An absolute value
of 1000 blasts in peripheral blood count after a week of pred-
nisone regimen was defined as a satisfactory response to the
treatment.

Review of the data has shown that area under the salivary cor-
tisol levels’ curve (AUC) was greater than that under the uric
acid levels’, as a predictor of a poor response to the remission
induction. There were no statistically significant gender-associ-
ated differences in any variables except in erythrocytes.

High levels of cortisol in saliva at the time of diagnosis of
ALL seem to be of bad prognosis of the response to the remis-
sion induction therapy.

Keywords: acute lymphoblastic leukemia, prognosis, saliva
cortisol, steroid.
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PE3IOME

YPOBEHBb KOPTHM3O0JIA B CJIIOHE U OTBET HA TE-
PAIIMIO MHAYKLUUU PEMUCCHUM IIPHU OCTPOM
JIMM®OBJIACTHOM JIEMKO3E ¥V JETEN

1JlomGepa-Mopa C.,"JIone3-®akynno H.,
2Jlaiiton-ToBap K., *Mennuera-3epon X.

ISSEMYM Bonvnuya mamepu u pebenka; >Koopounayu-
onnoe azenmcmso cneyuanuzuposanmvix oonvuuy (CHAE),
Munucmepemeo  30pasooxpanenust; >Meouyunckuil - axyib-
mem, Aemonomnwiti  yHugepcumem Mexkcuxu (UAEMex),
CiprésGrupoMédico CGM, Tonyka, Mexcuka

PaxoBble 3a001eBaHusI Cpey JeTel, 1 B OCHOBHOM OCTPBIii
numdoobnactHelit neiiko3 (OJIJT), cuuraercst omHOM W3 Bemdy-
X NpoOaeM OOIIECTBEHHOTO 3/paBOOXpPAHEHHsI B MeKCHKe.
I'mroxoxopTukon s, ucnonb3yemele npu geuenus OJIJL, moryt
BBI3bIBATh  IIOJIABJICHUE  THIIOTAIAMO-THIIO(PH3aPHO-HAIIIO-
YEYHUKOBOM OCH. Llebro HACTOALIETO MCCIEI0BaHUs SBUIOCH
OIpe/ieNICeHHe CBSI3M yPOBHS KOPTH30Ja CIIOHBI TAIUEHTOB
¢ OJUJI ¢ orBeToM Ha MHAyKLUIO pemuccuu. [IpoBeneno xmu-
HHMYECKOE, MPOCHEKTHBHOE M CPABHHUTENILHOE HCCIIEOBAHUE.
U-kputepuii MaHHa-YUTHM MCIONIB30BaJICA ISl CPaBHEHUS
3HAYEHUH TEePEMEHHBIX I10 IMOJOBOMY HIIHM 3BOJIIOIMOHHOMY
npu3HaKaM. B cooTBeTcTBUM ¢ 3BOMOLMel 3a0osieBaHUs IO-
ctpoenbl kpuBble ROC 11 ypoBHEH CIIOHHOTO KOPTU30Ja U
Mo4eBOil Kkucnotbl. AGcomoTHoe 3Hauenue 1000 OGmactoB B
nojcuere nepuepuuecKkoil KPOBH MOCIE HEAENBHOTO PEXH-
Ma TPEAHU30Ha ONpPEAENeHO KaK yHOBIETBOPUTENbHBINH OTBET
Ha JeyeHre. O030p AaHHBIX MOKa3al, YTO IJIOMIAAb MOJ KpHU-
BOH mokazareneii cionHoro koprusona (AUC) Gbuta Gomnblie,
4yeM 0] KPUBOH MOKa3aTeslell MOYEBOM KHMCIIOThI, YTO SABJISAET-
Csl MPOTHOCTUUECKUM TI0Ka3aTesleM HEeOIaronpusaTHOIO OTBETA
Ha MHAYKIMIO pemuccur. He ObLIO cTaTHCTHYECKH 3HAYMMBIX
pa3aMyuui HU 1O OIHOM NEPEMEHHOM, KPOME SPUTPOLIUTOB NIPU
KOHTPAaCTUPOBAHMH MO MOJIOBOMY HMPH3HAKY.

[IpucyTcTBHE BBICOKHMX YpOBHEHM KOPTHM30/1a B CIIIOHE IIpU
mquarHoctupoanuu OJIJI, oueBHAHO, SBISETCS MPU3HAKOM He-
671arompuUsATHOIO OTBETA HA TEPANUIO HHIYKIMH PEMUCCHH.
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COBPEMEHHBIE ACIIEKTBI YYACTUSI BATAMWHA D 1 EI'O METABOJIMTOB
B PABBUTUU OIIOPHO-ABUT'ATEJIBHOI'O AIIITAPATA JETEW U TIOAPOCTKOB (OB30P)

YouokaBa H.H., Xauanypunze H.C., baxranze C.3., Kanananze H.b., [I:kauBan3e M.B., Xynnaaze M.C.

Tounucckuil 20cyoapcmeerHblll MEOUYUHCKUL YHUSEpCUument, 0enapmamerim 0emcKoll HegpOiLo2uu,
Odenapmamenm neouampuu, I py3us

HccnenoBannst 6Gnonorndecknx CBOHCTB M MeTabOoNM3Ma BH-
TamMuHa J{ CBSI3aHBI C €T0 KOJIOCCAIbHON POJIBIO B COMATO-HEBPO-
JIOTHYECKOM Pa3BUTHH TOJPACTAIONIETO ITOKOIEHHs. 3anHTepe-
COBaHOCTh NeNaTpoB [4,29,32] B U3y4EHUH POJIH €ro NepUInTa
BBI3BaHA IIMPOKHUM PACIPOCTPAHEHNUEM TMIOBHUTAMKHHO3a J] 1Mo
BCEMy MUY cpeau feTeil u moapocTkoB. ConacHO MOMyIISIHN-
OHHBIM HCCIER0BaHMAM, okoio 50% mpoxwuBaroniero B Espone
n CIHIA nerckoro HaceleHHUsI CTPaJaeT TMIOBHTAMHUHO30M /.
W3 aux y 61% yposens 25 (OH) 1 ue npessimaet 15-29ur/™MI1,2
y 9% emte HamHOTO HIDKe. B Bpazwmmu [I-nedumur 3apuxcupo-
BaH y 14% nereit no 10 net, a y monpoctkoB oH goctur 24%. B
OO0bennHeHHBIX Apabcknx DMuparax aedunuT ButamuHa [l y
Jerel ot 8 10 14 neT HaMHOTO BbIIIE B CPABHEHUHU C I€TbMU OT
2 o 7 ner [2,3,6,19].

Merabonmaeckre ImyTH 1 MEeXaHU3MBI AeiicTBHs [l-BuTammHa
YKa3bIBaIOT, YTO €ro POjib HEe OrPaHHUYMBACTCS TOJNBKO KIACCH-
yeckoil yHKumer (perymsmuus pocdopHO-KaIbIIHEBOTO 00Me-
Ha), SIBISISICH CTEPHOMIHBIM IPETOPMOHOM, OH ITPEBpAIaeTCs
B aKTHBHBIE METAa0OINTHI, KOTOPBIC MOIYIHPYIOT 3KCIIPECCHIO
TEHOB M AKTUBHOCTH BAXHEHIINX (DH3MOIOTHUECKHUX CHCTEM.
lopmonaneHoO-akTuBHAast ~ Qopma  Vitamin-D-receptor-VDR
(YHKIMOHHMPYET BO BCEX KJICTOYHBIX CHCTEMaX UEJIOBEYECKOTO
opranusma [8,14,23].

B Hacrosimee BpeMst Ioka3aHo, 9TO aKTUBHOCTH CHHTE3a XOJle-
kanprudepona [7,19] obparHo3aBHCHMa CTENEHH MHUTMEHTAIAH
xoxn1. Takum 06pa3om, IeTH ¢ TEMHBIM IIBETOM KOXKH Yallle OTHO-
csiTes K rpymme pucka Jl- aButamMmuHO3a. [eorpadudeckne u Kin-
MaTndeckre (paKTOpbI, 3arpsi3HEHHE BO3/TyXa, CE30HHOCTD TAKKe
CYIIECTBEHHO BIMSIIOT HAa CHHTE3 BUTaMUHA /| B opraHmu3me.

B xome ¢orocunresa (ymsrpadumoner 280-300 HMK) Tpo-
ButamuH Jl (7- mernapoxosiecTepol) MpeBpalaeTcs B IPEeBH-
tamuH J ¥ B panpHeimeM (Iporece CBA3aH C TeMIepaTypoil)
npeobpasyercs B ButaMuH /| (xonekansimgepoin). Ctporas cu-
CTEMHas! PEeTYIISIINS STOTO Tporiecca (IyTeM TpaHc(hopManuy B
OMOIOTHYECKN HHEPTHBIE H30MEPHI: JTIOMHICTEPOII, TAXHCTEPOI)
npenorspamniaer passurue 25(OH)/3 runepsuramuuosza. Ilpu
HYTPHUEHTHOM MOCTYIUIeHHH J] BUTaMIHA YKa3aHHBIE ITPOIIECCHI
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OTCYTCTBYIOT M M30BITOYHAS 1032 BUTaMHHA J| MOXXET BEI3BaTh
MHTOKCHKAIIHNIO.

B kym¢epoBbIX KIeTKax INEYeHH ITPOHMCXOIUT AajbHeHIee
THPOKCHINPOBaHNE U 00pa3oBaHHe Hanbojee akTUBHOH (op-
mbI- 1,25(0OH)2/13.

B macrasmee Bpemst BUTAaMHH J| NMpUHATO paccMaTpuBaTh
[24,30] xak rpynmy crnemyronmx coenuHenuit: (/1)-komriekce
sprokansimdepona ¢ sroMucteponoM; ([12)- sprokansundepor;
(J13)- xonexanbidepor, HOCUT Ha3BaHUE «HATYPAIHLHOTO0)» BH-
tamuHa; ([14)- TMTHApOTAXUCTEPON-TIPOBUTAMUH BUTaMUHA [13;
(15) - curokaneuudepor; (16) - curma- kanpuugepod.

JXupopactBopuMslii BuTamuH J B Ipolecce BCAacHIBAHHS B
TOHKOM KHIIIEYHHKE MIEPEHOCUTCS 110 TNM(ATHISCKIM cocyiaM
U TIOTAJaeT B BEHO3HYIO KPOBb. B TOHKOM KHIIEUHHKE BHTa-
MHH /], COeANHMBIINCE C COMSIMH XETIHBIX KHCIIOT, 00Opa3yer
MHIE/UTBl U B KaUeCTBE MUKPOHYTPUEHTa KyMMYIHPYET B JH-
teponuTax (maccuBHast quddysus). [Ipu 3aboneBaHUsIX TIEYCHU
1 JKETYHOTO My3BIps HapyIIeHHe JKEITIHON CEeKperun 3Hauu-
TENILHO MEHSET (CHIDKeHNe 00b&Ma, HO He CKOPOCTH) XapakKTep
MacCUBHON TUPPy3HUH.

Hapymenne BcackiBanns BUTaMuHA [ B JKeITy/IOYHO-KUIIIEYHOM
TpaKTe MOXKET OBITH TAKKE CBSI3AHO CO CIISTYIONMMHI 3a00JIeBaHH-
SIMM TOHKOTO KHIIIEYHNKA: IEJTHAKAEH 1 MyKOBHCIIHIO30M.

CorlacHO MHOTOYHCIICHHBIM HCCIIEHOBaHUAM [24,25], moka-
3aHO, 4TO HKCHpeccusl BUTaMHHa [ OCyIIecTBIIeTCs B KOCTIX,
MOYKaxX, ITOPKETYIOUHOH >Kele3e, MOIepedHO-NONI0CaTOn MU
TTaJKON MYCKyJaType, KJIeTKaX TOJOBHOTO MO3Ta, OpraHax pe-
npoxyknuu U Ap. OCHOBHEIM MeXaHU3MOM d(dekTa aeiicTBus
BuTamuHa /| SIBISIOTCS T€HOMHBIE mporecchl. [lokaszano, [26],
uro 7-10% aKTHBHpPYEMBIX T€HOB YJacTBYIOT B PETyJISAIHU TO-
MeocTtasa (ocdopa U KanbIys, TAKUM 00pa3oM, KalbIUTPUOI
BBITIOJTHSIET BAJKHYIO POJIb B IPO(QMIIAKTHKE U JICICHUU PAXUTA.

VYpoBeHb 00eCTeYeHHOCTH BUTAaMHHOM /[l accorumpoBaH C
pa3BUTHEM HH(EKIHOHHBIX, CEPETHO-COCYANUCTBIX, XPOHHUYIE-
CKHX BOCIAJUTEIBHBIX, AJNIEPTUUECKAX, Ay TONMMYHHBIX U pa3-
JIMYHBIX HEOIUTACTUYECKHX 3a00JIeBaHNUI.

B memmarpunm ButammH [l TmpH3HAH KIIOYEBEIM (DaKTOpOM
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