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Huskas nBurarensHast akTUBHOCTb, KaK Pe3yJibTarT Ha-
YYHO-TEXHUUECKOTO TPOrpecca, SIBIIach IPHYMHON BO3-
HUKHOBEHHS] MHOTOUYHCIICHHBIX HAPYIIEHUH B OpPraHH3Me
COBPEMEHHOTO YeJIOBEeKa. JTO HE TOJNBKO HapyIICHUS
oOMeHa BELIECTB U CEepAEYHO-COCYIUCTONH CHCTEMBI, HO
1 CHI)KCHHE MEXaHWYECKOH MPOYHOCTH KOCTHOHW TKaHU
B CBS3U C YMEHBIICHHEM €€ MHHEpaIbHOW IIOTHOCTH.
Hmetomuecs HaydHble JaHHBIE JIEMOHCTPHUPYIOT, UTO
a/ICKBAaTHBIE MBIIIICYHBIE HArPy3KH CIOCOOCTBYIOT yBENH-
4YeHHI0 MUHepanbHOU TioTHOCTH KocTH (Foong K. O, et.
al. 2014; Joo Y.-I. et. al 2003). B To *xe Bpems, H3MeHe-
HUSI B OIIOPHO-JIBUTATEIEHOM alIapare 9acTo PerucTpH-
PYIOTCS U Y CHOPTCMEHOB B IIEPUOJ MHTEHCH(DHKALUU
TPEHHPOBOUYHBIX HAarpy3ok. TakuM oOpa3oM, CHIKEHHE
MHHEPAIBHOH IUIOTHOCTH M MEXaHHYECKOH NPOYHOCTH
KOCTHOH TKaHH B HACTOALIEE BpeMs SBIISETCSA MPOOIeMOit
KaK JJs Jrofci ¢ HU3KOM CyMMapHOH JBUTaTEIbHON aK-
THUBHOCTBIO, TaK M JUIS JIUI BBIMOJHSIONIUX KOJOCCAb-
Hble (HU3UYECKHE HArpPy3KH B MpOIECcCe CIOPTUBHBIX
TPEHHPOBOK.

CHIXEHHe  MEXaHHYECKOM  TPOYHOCTH  KOCTH,
T10 Bceit BUIUMOCTH, CBSA3aHO C HAPYIICHUEM KaJIbI[HEBO-
ro oomeHa. Tak kaKk JaHHBI MUHEPANBHBIH KOMIIOHEHT
OpraHu3Ma B OCHOBHOM H 00€CIIEeUHBAET MEXaHMUECKYIO
MIPOYHOCTh KOCTHOHM TkaHu. Hapsimy c ycranoBieHmeMm
BO3MOXXHBIX MEXaHU3MOB HapylICHUSA NMPOYHOCTHU KOCTHU
B YCIIOBHSIX aJaNTalluy K MBIIIEYHOH AEATENbHOCTH BaX-
HBIM SIBJISIETCSl NOWCK CPEJCTB, MO3BOJSIIOIINX BHECTH
KOPPEKTHBBI B 0OMEHHBIE ITPOLIECChl KOCTHOM TKaHu. UTo
1 SIBUJIOCH LIEJIBIO HamIel paboThL.

Marepuaiibl 1 METOJBI UCCIEOBAaHUSA. DKCIICPUMEH-
TaJIbHBIM MaTepPHaJIOM B HCCIIEOBAHUSIX CIYKIIH J1a00-
paTopHbIe JKUBOTHBIE — KPBICHI JINHUH Brcrap, B Bo3pacte
12 mecsues. s MoaenupoBaHusi MBIILICYHON HArpy3Ku
HCTIONB30BaNIachk Oeropast fopoxka. Mcmons3yemast meTo-
JIMKa TPEHUPOBOK IpeyCcMaTprBaa CIeIyIoue STalbl:
MOATOTOBUTENIBHBIN 1 — 4 Hemenu TPEHUPOBOK, MEPEXOA-
HBIU 5 — 6 HeJemH, dTar HHTCHCUBHBIX HATPY30K 7 — 8 He-
JIeJIY U 3Tall aKTUBHOTO OT/IbIXa 9 HeJels SKCIepuMeHTa.

B mporecce sKkcrepuMeHTa y KHUBOTHBIX OCYIIECT-
BIIIOCH ONpEJeICHHe KOHIICHTPAluH OOIIEero KasbIus
METOJOM TUTpoBaHUs. O MEXaHHYECKOH NMPOYHOCTH KO-
CTH U €€ MHHEPAJIIbHOM COCTaBe CyAWIHU IO Pe3ylbraraM
KOMITBIOTEPHOII MHUKpPOTOMOrpaduu ¢ HCIIOIb30BaHHEM
tomorpaga Skyscan 1176. Mcnons3oBaHne KOMIBIOTEp-
HOU MHKPOTOMOTpa(uy IO3BOJSET OLECHUTH COCTOSHHE
OpraHOB M TKaHEH, a TAKXKe BU3yaJIM3UPOBATh CTPYKTYPBHI,
kak B 2D, tak u B 3D u300pakeHNH, B JaHHOM CIy4ae —
OespeHHON KOCTH KUBOTHOTO. MaKkcHMasbHasl IUIONIAIb
OJTHOKPATHOTO CKaHHPOBaHHs 6 cM X 6 cM X 20 cM (BbI-
coTa, IIUpUHa, AnuHa). Paspemenne 9, 18 u 35 Mxm/muk-
cenb. [lomy4eHHbIe pe3yabTaThl IOABEPTraIuch CTATHCTH-
yeckoit 00paboTke. B kauecTBe BO3SMOXXHOrO KOpPpEeKTOpa
MHHEPAIBHOH IIOTHOCTU KOCTU HCCIIENOBAJICS IKCTPAKT
KOPHSI COJIOZIKU U CBIBOPOTOUHBIH Oesok. B cooTBeTcTBUM
C 9THM HCCIIEIOBaHUS IPOBOJMINCH Ha 3-X IpyMnax Xu-

BOTHBIX. B 1-if rpyrmime >KUBOTHBIE HAXOAWIUCH HAa OOBIY-
HOM NHIIEBOM pAIMOHE, >KUBOTHBIE 2-H TPYIIIBI HOIY-
Yaau 3KCTPAKT COJIOAKH, 0OTafaroIel aganToreHHbIMU
cBoiictBamu (OGonennea I'B. u coast., 1999; bes-
e H.I', Batypun B.A., 2004) 3-if CBIBOPOTOYHBII OENOK.

Pesynbrarel cOOCTBEHHBIX HCCIEIOBAaHHN UM MX 00-
cyxzaenre. COnIacHO IMONYyYeHHBIM JJAHHBIM B JUHAMH-
K€ KaJbIHs PETHCTPHUPOBATUCH (Hha30BbIC H3MCHEHHUS.
V KUBOTHBIX 1-# Tpynmbl MOBBIIEHUE KAJIbLUS B KPOBU
PEeruCTpUpOBaIOCh Yke Ha 4-i Hezene JKCIEepUMEHTa.
Ho nauGornee BbIpaskeHHasi THIIEPKaIbLUEMHUs] OTMEUEHA
Ha 7-8 Henmemsx (MepHoj] MHTEHCUBHBIX MBIIIEYHBIX Ha-
rpy30k). Ha maHHOM 3Tamne TpeHHPOBOK CONEpIKaHUE 00-
IIero KaJabLust B KpoBH 1-if rpymme noBsicuiock Ha 32 %,
BO 2-i1 Ha 12% u B 3-i1 Ha 10 %. B nepuon akTuBHOTO OT-
JIBIX YPOBEHB OOIIET0 KaJbIHs JOCTOBEPHO HE OTINYAIICS
OT BEJIMYHH, OIpe/IeNIeMbIX B Hadajle SKcIepuMenTa. 13
MIOTyYEeHHBIX JAHHBIX CIIEYeT, YTO HAaMEHEee BBIPAKECH-
Hasl THIIepKaJbIeMHs OTMEUaIach B IPyMIe >KABOTHBIX,
B IUIIEBOH PalMoH KOTOPBIX OBUT BKIIIOYEH CHIBOPOTOY-
HBII GeNOoK.

I'mmepkanbuueMusi, perucTpupyemasl y >KHBOTHBIX
obecriedrBaach BBIXOJOM KaJlbIUS W3 KOCTHOH TKa-
HH, YTO HECOMHEHHO CKa3bIBAaeTCsl HA €€ MUHEPAIbHOM
IUIOTHOCTH. Tak B MepBOH TpyIIe XUBOTHBIX B MEPHOT
¢ 4-ii mo 7-10 Helelu TPEHUPOBOK PETHCTPUPOBANIOCH
CHIJKCHHE MMHEPAJILHOM IUIOTHOCTH KOCTH. B vacTHO-
CTH, KOPTHKaJbHAsi MHHEpajbHas IUIOTHOCTH ITOHH3H-
nacek ¢ 1,14+0,04 r/cm?, mo 1,07+0,03 r/em® (7%). Tpa-
GexymsipHas ¢ 0,27+0,05 r/em® 1o 0,22+0,04 r/em® (19 %).
Ho x MomeHTy OkoH4YaHUS 9 Helenu TPEHUPOBOK MUHE-
pasibHasl IUIOTHOCTh KOCTH BO3poOcia M ObLIa He3HAa4u-
TEJIFHO BBIIIE HCXOJHOTO YPOBHS.

B ToM ciydae, ecny B IIMIIEBOH PaIlMOH >KUBOTHBIX
BKJIFOYAJIM CBIBOPOTOYHBIN O€NIOK, CHIKEHHS MUHEPalb-
HOH IJIOTHOCTH KOCTHOM TKaHU HE OTMEUeHO. Tak B mepu-
oJibl ¢ 4-i 110 7-10 HEJeNIn SKCIIEPUMEHTA, KOPTUKAIbHAs
MUHEpaIbHAs IIOTHOCTh MOBBICKIACH 10 1,21+0,02 r/cm?
(6%), a TpabekynspHas no 0,34+0,06 r/cm®,00mee uem
Ha 25%. B nmaHHOI rpymnie XUBOTHBIX BBICOKas MHUHE-
pasbHas! INTIOTHOCTh KOCTH OCTaBaJlach BHICOKAs U HA I10-
CIIEHUX JTamlax JKCIEepPUMEHTa. B rpymme >XHBOTHBIX
MOy YaBIINX SKCTPAKT CONOAKY CHH)KEHUE MUHEPATBbHOM
IUTOTHOCTH KOCTH Ha HaYalbHBIX ATalax TPEHHPOBOK
OBbLJIO HE3HAYMTEIBHO. B TO e BpeMs MOJIOKUTENbHBIH
3¢ }eKT OT mpreMa COJIOAKH yCTynall IeHCTBUIO CHIBOPO-
TOYHBIX OEJIKOB.

[Iponecc aganTauuy K MBIILICYHBIM Harpy3KaM CBf-
3aH C aKTUBAIMEH BCEX BETETATHBHBIX CHCTEM, B pabore
KOTOPBIX aKTUBHO 3aJefiCTBOBAH KaJbLUH U C YCHICHH-
eM aHabonmuueckux mpoueccoB. COOTBETCTBEHHO BO3-
pacraer moTpeOHOCTh B KalblIUH U B Oenkax. B ciydae
HEJJOCTaTOYHOTO ITOCTYIUICHUS] UX B OPTaHU3M, UCTOUHH-
KOM MOXET SIBUTHCSI OPraHUUECKUH MaTpUKC KOCTU. Tak
B TPYIIE >KUBOTHBIX HAXOASAIIUXCS Ha OOBIYHOM IIHIIE-
BOM palfMOHE B IEPUO/I ITOBBIIIEHHOTO COACPIKAHUA KaJlb-
U B KPOBH PETUCTPUPOBANIOCH U TOBBIIICHUE YPOBHS
ansOymuHOB B kpoBu (bemsies H.I. u coasr., 20015).
B nanHOM ciyyae BO3MOXKHA M30BITOUHAs aKTHBALUS
OCTEOKIIacTOB. BBeileHNe B MUIIIEBOI! PAIMOH JIETKOYCBO-
SIEMBIX aMHHOKHCIIOT MOXET OKa3bIBaTh MHIHOMpYoLIee
JIeficTBME Ha JaHHbIN npouecc. Bo BeskoM ciywae, n1o-
CTOBEPHOTO IOBBIIICHNS! YPOBHS aTb0yMHHOB B JTaHHOM
IpynIie >XUBOTHBIX HE OTMEUCHO.
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Frederick Banting (1891-1941), a scientist, surgeon
and physiologist was born in Canada. He was educated
at the University of Toronto. He was the first to isolate
the hormone called insulin, and succeeded in preparing it
as a specific medicament for the treatment of diabetes. In
1923 he received the Nobel Prize.

He wanted to help suffering humanity in every way
he could — and he did so to the very tragic end of his life.

Frederick Banting was born on a farm. In his child-
hood the family was short of money. But Fred’s life was
a quiet one when he was a child.

One day there was an event that changed his whole
life completely. On his way home from school, he stopped
to look at two men who were repairing the roof of a house.
Suddenly the planks on which they were standing fell to
the ground. The two men fell with them. One of the men
did not move; the other had a broken arm. When a doctor
arrived, he examined the two men and set to work. Fred
stood by the doctor and watched. “From that day”, Fred
said later, “I thought that the greatest service in life is that
of the medical profession, and my greatest ambition was
to be a doctor”.

Towards the end of Fred’s schooldays, there was
a double tragedy which might have increased his interest
in medicine. Two schoolfellows of Fred’s had been taken
ill. This illness was called “infantile diabetes” or some-
times “sugar sickness”. Soon the boys died. The disease
itself was known in ancient times. Its symptoms were de-
scribed by Egyptian, Greek, and Roman doctors. But they
did not know what caused it. All they knew was that the
persons taken ill grew thinner and thinner and suffered
from a terrible thirst.

So, medicine became more and more attractive to
him. It was in 1910 that Fred was accepted as a first-year
student at Victoria College, Toronto. During the Easter
holidays he announced his decision to his father, who had
wanted him to become a minister. He knew that it would
be a shock for his father, but Mr. Banting allowed Fred to
study medicine.

Fred went back to Toronto a happy student. Work
was very different now. Gone with Latin and Greek! He
studied anatomy, physiology, as well as bacteriology and
chemistry.

In those early days of his medical training, Banting had
less and less time for anything but work. He was especially
interested in surgery, and most of all he wanted to study the
way in which the bones of the human body worked.

In 1915, Banting carried out his first surgical opera-
tion. All went well and the patient recovered completely.
In 1916, Banting passed his final examinations. He was
now a fully qualified doctor. The young Canadian wanted
to practice orthopedic surgery. This was the treatment of
people, especially children, who had deformities of the
bones. During twelve weeks he did not have a single pa-

tient. So Dr. Banting had to look for an extra job. One
day he heard that the university department of physiology
needed an instructor. It was Banting who got the job. In
this way Frederick entered the field of physiology.

One night, in October 1920, he began preparing materi-
al for the next week’s lectures. He was to lecture to his stu-
dents on an organ of the human body called the pancreas.
His text book was open to a picture of the digestive organs.

The pancreas is a soft organ lying behind the stomach.
It produces a digestive juice called the pancreatic juice.
The pancreas not only produces a digestive juice but also
a hormone called insulin. It is produced by a cluster of
cells in the pancreas called the Islets of Langerhans. The
blood as it flows through the pancreas picks up insulin.
The amount of sugar in the blood is regulated by the
amount of insulin from the pancreas. The pancreas thus
helps the body to use sugar. In diabetes something hap-
pens to the pancreas so that it no longer secretes insulin
or secretes too small an amount, and soon the patient dies.

The subject of diabetes did not belong to the physi-
ology class. But Banting could not forget the problem.
He began to think that possibly the Islets of Langerhans
had in them something which was valuable to the human
body, and maybe this something might have an influence
on treating diseases of diabetes which had killed two of
his school friends. Doctor had long been studying diabe-
tes. They knew that the pancreas had some influence on
the way which sugar was used in the human body. But
none of them thought that the Islets of Langerhans were
the really important part of the pancreas.

Diabetes does not come from outside. It comes be-
cause a delicate mechanism inside the body breaks down.

Banting first became interested in the treatment of di-
abetes — it was on that October night when he was prepar-
ing his lecture on an organ called the pancreas. He did not
go to bed until two o’clock in the morning. The last thing
he did that night was to take a little notebook and write:
“Tie off pancreas duct of dogs. Wait six or eight weeks.
Remove and extract.”

When he woke up next morning, he studied his note
carefully. He set out to read all the experiments concern-
ing the pancreas. As far as Banting could determine no
one had even tried this method.

Banting went to the head of the physiology depart-
ment and told him the story. The doctor was surprised to
find his assistant eager to do the most complicated kind of
physiological research.

“Go to the University of Toronto”, he told the young
man, “to Professor Macleod. His laboratory is the place
for your work, and he can give you information and help”.

Dr. Macleod told Banting that there had been a lot of
work done on this problem of the pancreas, and that he
did not think a new attempt would bring better results. But
Banting did not give up. He asked little: just ten animals,
a small laboratory — and all for only eight weeks.

Finally the professor said that, since he was going
away for the summer, part of the laboratory would be un-
used. If Banting wanted it, he could have it, and he would
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