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Femoral mechanical and histomorphometrical traits were investigated for growing
male Ross 308 broiler chickens fed on diets with copper (Cu) from organic or inorganic
sources at lowered level of 25 % of daily demand. The control group was fed with basal diet
supplemented with the premix which provided Cu as a sulphate in 100% of daily demand
(8 mg-kg?). The experimental diets were formulated by supplementing a corn-wheat-soyabean
meal mixture with lowered levels (25 % of the total daily recommended amount for Ross 308
broiler, 4 mg-kg™?) of Cu from Gly-Cu or Cu-S. Mechanical and geometric properties such as
the cross-section area (A), mean relative wall thickness (MRWT), and cortical index (CI)
were estimated. The relative bone volume (BV/TV), trabecular thickness (Th.Th), trabecular
separation (Th.Sp), and trabecular number (Th.N) were aslo measured. The intake of Cu in
the Cu-Gly or Cu-S form at the concentration of 25% of daily demand decreased the bone
weight and did not influence of the length. As the result, the chickens fed Cu-poor diet
irrespective of the form had decreased cross section area compared to the control chickens.
However, mean relative wall thickness decreased in the Cu-Gly group as well as cortical
index. While, mean relative wall thickness increased in the Cu-S group and cortical index
decreased compared to the control group. The addition of Cu-S in Cu-poor diet resulted in an
decrease in the yield strength. However, the values of ultimate strength was not changes.
Microscopic assessment of cancellous bone showed a significant decrease in the real bone
volume (BV/TV), mean (Th.Th mean) and maximal (Tb.Th max) trabecular thickness in both
experimental groups. An increase in mean (Th.Sp mean) and maximal (Tb.Sp max) trabecular
space in the Cu-Gly group compared to the control group and the Cu-S was observed.
Moreover, in the Cu-Gly group the decrease in the trabeculea number (Tb.N) was observed
when compared to other groups. The changes in femoral trabecular bone suggest that the diet
supplemented with Cu only in 25 % of the total requirement of the component recommended
for Ross 308 broiler chicks seems to be insufficient for femur development. This finding might
suggest a necessity of supplementation with higher levels of Cu when are added irrespective
of its form.
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Copper (Cu) as an essential trace element is needed for many physiologic functions in
animals and humans, including skeletal mineralization, erythropoiesis, leukopoiesis,
connective tissue synthesis, myelin formation, melanin pigment synthesis, catecholamine
metabolism, thermal regulation, cholesterol metabolism, immune function, cardiac function
and glucose metabolic regulation [1, 2]. In bone metabolism, Cu as an essential co-factor is
needed for the action of lysyl oxidase, which normalizes the deposition of calcium and
phosphorus in bones [3-5]. For this reason, Cu deficiency leads to bone loss (osteopenia or
osteoporosis) or demineralization [1, 2]. It could lead to decrease in bone mechanical strength
and following fractures [4, 6].

Trace minerals are essential in the diets of poultry because they participate in the
biochemical processes required for the maintenance of normal growth and development,
including bone and eggshell formation [7-9]. The Cu requirement has been established to be
8 mg-kg?* of diets for broiler chickens [10], but it is given to the commercial broiler diet in a
larger amount due to its different bioavailability in various feed ingredients [10]. Therefore,
several supplemental Cu sources such as inorganic sources (copper sulfate or carbonate), and
organic sources (chelated form with higher Cu bioavailability) have been added to livestock
diet, including broilers [6, 11-13]. Excessive mineral supplementation leads to environmental
pollution [11]. Therefore, it seems that the use of a mineral chelate allows maintaining
performance with decreased its amount in the commercial poultry diet [13, 14].

The objective of this study was to compare the effect of administration of the amino
acid Cu complex or sulphate in growing male Ross 308 chickens fed with Cu-poor diet (25 %
of recommended dose), on the basis of mechanical, geometric, and histomorphometric
parameters of femur.

Materials and methods. The experimental procedures used throughout this study
were approved by the Local Ethics Committee on Animal Experimentation of University of
Life Sciences of Lublin, Poland. The birds were maintained in an animal house according to
the guidelines of this committee. All efforts were made to minimize the number of animals
used as well as their suffering.

Animals and experimental design

A total of 120 1-day-old Ross 308 broiler chickens were obtained from a commercial
hatchery. Birds were weighed after hatching and randomly selected to one of 3 dietary
treatments, each in one group of 40 chicks. The chickens were assigned to a control group
(the Cont group; 40 birds divided into 10 pens with 4 birds per each pen); a group fed with
lowered level of organic Cu in the form of glycinate chelate (Cu-Gly) as an experimental
group | (the Cu-Gly group; 40 birds divided into 10 pens with 4 birds in each pen); and a
group fed with lowered level of inorganic Cu in the form of sulphate as an experimental group
[l (the Cu-S group; 40 birds divided into 10 pens with 4 birds in each pen). All birds were
raised in battery cages (76x97x45 cm, widthxlengthxheight) placed in an environmentally
controlled room and kept under standard rearing conditions and air temperature set at the
optimal level depending on age. During the first week, the chickens were kept at 33 °C, which
was reduced by 2 °C weekly, until the final temperature of 24 °C. The chickens had constant
access to fresh water and appropriate feed supplied ad libitum in accordance with this stage of
the production cycle (table 1). The birds were fed with a diet corresponding to periods of
rearing: starter (1-21 days), grower (22-35 days), and finisher (36-42 days). The chickens
received a starter diet in the form of crumble, and grower and finisher diets in the pellet form.
At the end of the experiment, 10 birds randomly selected from each group (1 bird from each
pen) were weighed and slaughtered by cutting the carotid arteries. Ten hours before the
slaughter, the selected birds were not given feed, but only provided with unlimited access to
water.



Immediately after slaughter the femora were dissected, cleaned from the remnants of
adherent tissues and their weight and length were measured. Directly after the measurements,
each bone was wrapped in gauze soaked in isotonic saline and frozen at —25 °C for further
analyses.

Table 1
Composition and nutritive value of the experimental diet
. Starter Grower Finisher
Ingredients (%) (1-21 day) (22-35 day) (36-42 day)
Corn 24.5 40.0 40,0
Wheat 42.9 27.9 28.8
Soybean meal* 25.0 24.9 22.9
Soybean oil 2.50 3.69 3.98
Monocalcium phosphate 0.90 0.90 0.81
Limestone 1.40 1.13 1.09
Sodium bicarbonate 0.08 0.08 0.08
NaCl 0.29 0.25 0.26
Vitamin—mineral premix (without Cu) 0.50? 0.50° 0.50°¢
Protein-fat concentrate ** 1.00 - 1.00
DL-methionine 99 % 0.30 0.23 0.23
L-lysine HCI 0.42 0.28 0.27
L-threonine 99 % 0.18 0.13 0.07
The nutritional value of diet:

e ME***, MJ-kg? 12.7 13.1 13.2
d Total protein, % 21.2 20.4 19.9
dCrude fibre, % 1.64 1.59 1.73
d Crude fat, % 4,57 5.42 5.53
d Lysine, total, % 1.28 1.14 1.08
dMet + Cys, % 0.92 0.81 0.82
dTotal Ca, % 0.87 0.79 0.76
dTotal P, % 0.65 0.66 0.64
¢ Bioavailable P, % 0.42 0.41 0.39
¢ Total Ca/ P bioavailable 2.07 1.93 1.95
d Cu from plants in basal diet, mg-kg™ 6.04 6.07 5.91
dCu, mg-kg*

4 mg Cu-Gly 10.28 10.34 10.21

& content of vitamins and minerals per 1 kg of starter: Mn 100 mg, | 1 mg, Fe 40 mg, Se 0.15 mg,
vitamin A 15 000 Ul, vitamin D3 5 000 Ul, vitamin E 75 mg, vitamin K3 4 mg, vitamin B; 3 mg, vitamin B;
8 mg, vitamin Bg 5 mg, vitamin B, 0,016 mg, biotin 0.2 mg, folic acid 2 mg, nicotinic acid 60 mg, pantothenic
acid 18 mg, choline 1 800 mg

® content of vitamins and minerals per 1 kg of grower: Mn 100 mg, |1 1 mg, Fe 40 mg, Se 0,15 mg,
vitamin A 12 000 Ul, vitamin D3 5 000 Ul, vitamin E 50 mg, vitamin K3 3 mg, vitamin B; 2 mg, vitamin B,
6 mg, vitamin Bg 4 mg, vitamin Bi, 0.016 pg, biotin 0.2 mg, folic acid 1.75 mg, nicotinic acid 60 mg,
pantothenic acid 18 mg, choline 1 600 mg

¢ content of vitamins and minerals per 1 kg of finisher: Mn 100 mg, | 1 mg, Fe 40 mg, Se 0.15 mg,
vitamin A 12 000 Ul, vitamin D3 5 000 Ul, vitamin E 50 mg, vitamin Kz 2 mg, vitamin B; 2 mg, vitamin B,
5mg, vitamin Bs 3 mg, vitamin Bi, 0.011 pg, biotin 0,05 mg, folic acid 1.5 mg, nicotinic acid 35 mg,
pantothenic acid 18 mg, choline 1 600 mg

danalyzed values;

¢ calculated values

* 46 % total protein in dry matter; ** 1 kg concentrate protein-faty contains: 2 % crude fat, 39 % crude
protein, 10,8 MJ ME; *** ME - Metabolizable energy

Supplementation of Cu amino acid chelate and phytase
The control group was fed with basal diet supplemented with the premix which
provided Cu as a sulphate in 100 % of daily demand (16 mg-kg™). The experimental diets



were formulated by supplementing a corn-wheat-soyabean meal mixture (table 1) with
lowered levels (25 % of the total daily recommended amount for Ross 308 broiler, 4 mg-kg™)
of Cu from Gly-Cu or Cu-S. The experiment involved the use of Glystar Forte chelate (Arkop
Sp. Z o.0., Bukowno, Poland) containing 16 % of Cu. An application of glycine chelate was
in accordance with the EU Directive 1334/2003 [15].

The amount of Cu in the premix was based on nutritional recommendations for Ross
308 broilers [10, 19], i.e. 16 mg-kg™ of Cu, irrespective of its content in the components of
the basal diet. According to these recommendations, the Cu content should be the same in all
periods of rearing, which was taken into account in the study [10, 16].

Mechanical properties

The mechanical properties of the bone were determined for all the groups after 3-hour
thawing at room temperature using the three-point bending test of bone mid-diaphysis. The
mechanical properties were examined on a Zwick Z010 universal testing machine (Zwick
GmbH & Company KG, Ulm, Germany), equipped with a measuring head of operation range
up to 10 kN, linked to a computer with TestXpert Il 3.1 software (Zwick GmbH & Company
KG, Ulm, Germany), registering the relationship between force perpendicular to the
longitudinal axis of the bone and the resulting displacement. The distance between the
supports was set at 40 % of the total bone length. The measuring head loaded bone samples
with a constant speed of 10 mm-mint until fracture [17]. The ultimate load was determined as
the force causing bone fracture and the yield load as maximal force under elastic (reversible)
deformation of bone [18].

Geometric parameters

Geometric properties such as the cross-section area (A), mean relative wall thickness
(MRWT), and cortical index (Cl; defined as the ratio of the thickness of cortical part to the
thickness of the midshaft measured in the middle part of the bone) were estimated on the basis
of horizontal and vertical diameter measurements of the mid-diaphyseal cross-section of bone
[19].

Histomorphometric analysis

The samples of proximal end of each bone were subjected to histology [2]. The
Goldner’s trichrome staining was used to assess histomorphometrical parameters of
trabeculae. The bone volume (BV), tissue volume (TV), the relative bone volume (BV/TV),
trabecular thickness (Tbh.Th), trabecular separation (Tb.Sp), and trabecular number (Th.N)
were measured [20].

Statistical analysis

All results are expressed as means = SD (standard deviation). Differences between the
means were tested with the One Way ANOVA and post hoc Tukey’s HSD test as the
correction for multiple comparisons. Normal distribution of data was examined using the
Shapiro-Wilk W-test and equality of variance was tested by the Brown-Forsythe test. A P-
value of less than 0.05 was considered statistically significant. All statistical analyses were
carried out by means of Statistica 12 software (StatSoft, Inc., Tulsa, OK, USA,;
http://www.statsoft.com).

Results and discussion.

Body weight

The initial and final body weights of the control and birds treated with Cu-Gly or Cu-S
were similar (data not shown).

Bone morphology, geometry, and mechanical properties

The intake of Cu in the Cu-Gly or Cu-S form at the concentration of 25 % of daily
demand decreased the bone weight and did not influence of the length (Table 2). As the result,
the chickens fed Cu-poor diet irrespective of the form had decreased cross section area
compared to the control chickens. However, mean relative wall thickness decreased in the Cu-
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Gly group as well as coetical index. While, mean relative wall thickness increased in the Cu-S
group and cortical index decreased compared to the control group (table 2).
The addition of Cu-S in Cu-poor diet resulted in an decrease in the yield strength.

However, the values of ultimate strength was not changes (table 2).
Table 2

Physical, mechanical and geometric properties of femur obtained from 42-day-old broilers

Group
Item Cont Cu-S Cu-Gly
(n=10) (n=10) (n=10)
Bone weight, g 15.1+42.12 13.8+1.6° 13.7+1.7°
Bone length, mm 80.1+2.5 79.9+2.5 81.5+0.9
Cross section area A, mm? 53.1+5.22 39.4+14.8° 39.649.1P
Mean relative wall thickness MRWT 0.78+0.122 0.91+0.19° 0.49+0.11°¢
Cortical index CI, % 42.5+6.92 47.1+45 .42 32.8+5.1°
Yield strength, N 170+102 125+8P 172+42
Ultimate strength, N 234+10 254425 24244

ab. ¢ _mean values in rows with different letters differ significantly at P<0.05; SEM — standard error of
the mean

Cont — the control group received 100 % of Cu-S in premix

Cu-S — the group received Cu in 25 % of daily demand from sulphate

Cu-Gly- the group received Cu in 25 % of daily demand from Cu-Gly

Bone histomorphometry

Microscopic assessment of cancellous bone in both experimental groups supplemented
with Cu at the concentration of 25 % of daily demand showed a significant decrease in the
real bone volume (BV/TV), mean (Tb.Th mean) and maximal (Tb.Th max) trabecular
thickness (table 3). However, an increase in mean (Th.Sp mean) and maximal (Th.Sp max)
trabecular space in the Cu-Gly group compared to the control group and the Cu-S was (table
3). Moreover, in the Cu-Gly group the decrease in the trabecula number (Th.N) was observed
when compared to other groups.

Table 3
Histomorphometrical parameters of trabecula of cancellous bone in femur obtained
from 42-dy-old broilers
Item | Group
Cont Cu-S Cu-Gly
(n=10) (n=10) (n=10)

BVITV, % 28.2+4.82 19.4+1.3° 17.6+1.2°
Tb.Th mean, um 63.4+11.32 38.3+11.1° 42.1+10.1°
Th.Th max, pm 180+31° 140+35P 139+22°
Th.Sp mean, um 178+292 165+55° 293+41°
Th.Sp max, um 470+282 4234582 750+53P
Th.N, mm? 4.69+0.262 4.68+0.252 4.43+0.18°

a.b ¢ _mean values in rows with different letters differ significantly at P<0.05; SEM — standard error of the mean.
Cont — the control group received 100% of Cu-S in premix.
Cu-S — the group received Cu in 25% of daily demand from sulphate.
Cu-Gly- the group received Cu in 25% of daily demand from Cu-Gly.
BV/TV - relative bone volume; Th.Th — trabecular thickness, Tb.Sp — trabecular separation, Fd — fractal
dimension of trabecular bone; Th.N — trabecular number.

Adequate Cu intake in poultry production is necessary to reach not only genetically
optimal growth but to maintain proper function of the skeletal system, which is an important
mineral source and provides structural support for well-muscled and fast-growing breeds [14,



21]. Weak bones result in dyschondroplasia, osteochondrosis or bone loss. Thus, chelates
supplementation of trace elements below recommended dosages is an attractive tactic,
because inorganic mineral salts in poultry breeding are often used at doses higher than the
recommended ones in order to avoid trace mineral deficit [20]. Nevertheless, studies
concerning how the skeletal system will adapt to Cu-poor diet are still limited and therefore
required.

The results of this study are new and, to our knowledge, the organic and inorganic
(sulphate) sources of Cu (glycine chelate) administered below the recommended level has not
been investigated so far in any other animals in relation to bone tissue histomorphometry,
geometry, and mechanics. Our study showed that Cu addition in reduced amount to broilers
irrespective of its chemical form did not influence final body weight. However, our broiler
chickens from both experimental groups had shorter femur. Similar results were obtained in
the other study with Cu-deficient chicken, showing no difference not only in body weight but
also in the basal morphology of tibia between the Cu-poor and chickens from un-
supplemented control group [22]. There is also other study conducted with Cu-Gly given to
growing chicken throughout 6-week period which shows that the reduction of dietary copper
to 25 % of recommended level results in an increase in bone weight but without changes in its
length [23].

The results of our study showed also that Cu lowered to 25 % of recommended
amount in Cu-glycine chelate or sulphate form did not affect weight of leg bone. In our study,
a significant alteration was noted in bone geometry, which was dependent on chemical form
of Cu. Our broilers from Cu-Gly group had more mature bone although its cross-sectional
area did not differ from chickens from the Cu-S group, but it resulted in unchanged yield
strength compared to the control group. Unchanged value yield strength revealed an
enlargement of region of elastic deformation after Cu-Gly supplementation.

Further, our observation showed that the low concentration of Cu in poultry diet had
adverse effects. Histomorphometric analysis showed rapid loss in real bone volume in the
trabecular bone of the leg in birds fed with the both sources of Cu in 25 % of the
recommended amount. This treatment also resulted in a decrease in the thickness of
trabeculae and an increase in the trabecular space. This result might suggest that there was
insufficient bone formation or bone loss, and the trabeculae looked like osteoporotic.
Investigation of bone development in relation to trace minerals from organic sources in
poultry is very important because bone weakness and lesions lead to decreased meat
production. Weak legs are associated with reduced feed intake and finally affect weight gain.
The bone leg quality is commonly used as an indicator of mineral adequacy in poultry diet.

In conclusion, it can be assumed that the supplementation of Cu-Gly even in a lowered
amount positively influences bone metabolism resulting in more mature bone and better
mechanical strength in growing broilers. It seems that the amount of Cu needed to maintain
the mechanical integrity of bone is substantially less than that required for growth. On the
other hand, the use of chelate or sulphate in the reduced amount resulted in worse
morphologic and geometric parameters of chicken femur compared to the recommended dose.
However, histomorphometry revealed a disproportionately large osteoporotic surface. The
changes in femoral trabecular bone suggest that the diet supplemented with Cu only in 25 %
of the total requirement of the component recommended for Ross 308 broiler chicks seems to
be insufficient for femur development. This finding might suggest a necessity of
supplementation with higher levels of Cu when are added irrespective of its form.
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IOPIBHAHHSA BIVIMBY OPTAHIYHUX TA HEOPI'AHIYMTHUX COJIEX MIJII B
CU-ZE®INUTHIU JIETI HA TEOMETPUYHI TA CTPYKTYPHI HIAPAMETPU
KICTOK, A TAKOXK XAPAKTEPUCTUKH MATEPIAJY B KYPUYAT-EPOUJIEPIB
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AHOTAIIA

Jocmipkeni MexaHigHi Ta TicToMOp()OMETPHYHI O3HAKH CTETHOBOI KICTKHA BUPOIIEHUX
Kypuat-Opoiiiepie R0ss 308, skux romyBanu pamionom 3 wmigi (Cu) 3 opraniyaux abo
HEOpTaHIYHUX JUKepeNnl npu 3HWKeHid Ha 25 % mnoOosiit motpedi. KoHTponmsHy Tpymy
rOAyBaJll OCHOBHOIO JI€TOI0, JOITIOBHEHOIO NMPEMIKCOM, sikuil O0yB mxepenoM Cu sk cynbdar y
100 % moGoiit moTpe6i (8 Mmr/krl). Pamionu ekcrepeMeHTANbHHX Tpyn (GOPMYBaTUCh
LIIIXOM JI0/1aBaHHS CyMillll 3 OOPOIIHOM KYKYPY/3H 3 MIIEHULEIO Ta COEI0 3 HU3bKUM PIBHEM
(25 % 3araneHOI 7060OBOI peKoMeHIoBaHOI KimbkocTi ms Gpoitnepy Ross 3084 mr/xrl)
BMicTy Cu Bix Gly-Cu a6o Cu-S. OuiHeHO MeXaHI4Hi Ta T€OMETPUYHI BJIACTUBOCTI, TakKi SIK
wionia mnomnepeyHoro mnepepizy (A), cepenHs BigHocHa ToBuMHA cTiHkH (MRWT) Ta
koprukanbHuii iHgekc (CI). Takoxx BumiproBanu BigHocHM 00'eM kictku (BV / TV),
Tpabekyisipry ToBuHy (Tb.Th), Tpabexymnsipue poszninenns (Tb.Sp) Ta TpabekymnsipHe yncio
(Tb.N). Cnoxusanns Cu y ¢opmi Cu-Gly a6o Cu-S npu konuentpauii 25 % no06oBoi
MoTpeOu 3HHM3WJIO Bary KICTKM 1 HE BIUIMHYJIO Ha JOBXHUHY. SK HacHigok, y Kypeu, o
OTPUMYBAJIM PALIIOH 3 HU3bKUM BMICTOM MiJi, HE3aJlI€XKHO BiJ popMH, Oyia 3MEHIIeHa IUI0Ia
MOTIEPEYHOr0 Mepepi3y B MOPIBHSAHHI 3 KypyaTaMu KOHTPOJIbHOI Tpynu. OnHak, cepenHs
BITHOCHA TOBIIMHA CTIHKU 3MeHImiacs B rpyni Cu-Gly, Tak camo sIK 1 KOpTUKaJIbHUH 1HIEKC.
Toni sik cepenHs BIJHOCHA TOBLIMHA CTIHKK 30UIblIyeThesi B rpymni Cu-S, KOpTHKaTbHUN
1H/IEeKC 3MEHIIYEThCS TIOPIBHAHO 3 KOHTPOJIBHOIO Ipynoto. MikpocKkomiuHa OliHKa TpyOo4acToi
KICTKM TIOKa3ajia 3HaYHe 3MEHIIeHHs peasibHOro 00'eMy kictku (BV / TV), cepennnoi (Tb.Th
cepennboi) Ta MakcuManbHOi (Tb.Th max) TpabekynsspHoi TOBIIMHM B 000X
eKCIiepuMeHTaIbHUX Tpymnax. Croctepiraerbes 30umbineHHs cepennuboro (Tb.Sp cepenne) ta
MakcumanbHoro (Tb.Sp max) TpaGekynspHoro mpoctropy B rpymi Cu-Gly mopiBHSHO 3
KOHTposibHOIO Tpymnoro Ta Cu-S. Kpim Toro, y rpymi Cu-Gly cmoctepiramocsi 3MEHIICHHS
yuciaa Tpadexyn (Tb.N) y mopiBHAHHI 3 IHIIUMHU IpyrnaMu. 3MiHU B CTETHOBIN TpaOeKyspHil
KICTIIl TTOKa3yIOTh, IO paiioH 3 goxaBaHHsM Cu, y mo3i gume 25 % Big 7000Bo1 moTpedu,
pPEKOMEHIOBaHUX Tl KypuaT-OpoinepiB Ross 308, € HegocTaTHIM AJi1 pO3BUTKY CTETHOBOI
kicTku. Lleff BUCHOBOK MO)Ke NMPHUIYCKAaTH HEOOXITHICTH JoAaBaHHS Ounbiioi kinekocti Cu,
HE3aJIeKHO B1J] TOTO, Y sIKiif popmi BIH HATXOUTD.

Kawuosi caosa: OPTAHIYHA MIJAb, HEOPTAHIYHA MIJb, KICTKOBA
T'ICTOMOP®OMETPIS, MEXAHIYHE BUITPOBYBAHHS, KYPUATA-EPOMJIEPU.
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AHOTALIUA

HccnenoBanbl MeXaHUYECKHE W TUCTOMOP(HOMETpPHYECKHE TPU3HAKK OeIpeHHOU
KOCTH BBIPALLCHHBIX LBILIAT-OpoiiiepoB Ross 308, KOTOPbIX KOPMHIIM pallMOHOM M3 MEAU
(Cu) u3 opraHMuecKMX WM HEOPraHUYECKUX UCTOUHUKOB ITPU CHUKEHHOU Ha 25 % cyTouHOI
notrpeOHocTH. KOHTPOIBHYIO IpyTily KOPMUIM OCHOBHOM JHETOM, JONOJHEHHOW IPEMUKCOM,
KoTopeiid ObuT McTouHuKOM Cu kak cynbdat B 100 % cyrouHoit motpedHOcTH (8 MI/Kr- 1).
Paryonsl ekcriepeMeHTalbHUX Iy (GOPpMUPOBAIU IyTeM 100aBICHHUS CMECH C MYKOH
KYKypy3bl C TIHIEHUIIEH U coell ¢ Hu3kuM ypoBHeM (25 % 001mero CyToO4HOTO
PEKOMEHI0BAaHHOTO KoJmuecTBa [yt opoitnepy Ross 308,4 mr/kr- 1) conepxkumoro Cu ot Gly
- Cu nnu Cu - S. OueHeHbl MEXaHUYECKHE U T€OMETPUUECKHE CBOMCTBA, TaKKWe KakK IJIOMAdb
nornepeyHoro rmepepeza (A), cpenHsis OTHocuTenbHas tommuHa cTeHkd (MRWT) wu
koptukanbHuid uHAeKc (CI). Taxke u3mepsiin OoTHOcUTENbHBIH 00beM Kkoctu (BV / TV),
Tpabekyssipayto tonumHy (Tb.Th), TpabekynspHoe pasnenenue (Tb.Sp) m TpabekysspHoe
yucio (Tb.N). ITorpebnenue Cu B dpopme Cu - Gly wim Cu - S npu koHneHtpauuu 25 %
CYTOYHOM NOTPeOHOCTH CHU3MJIO BEC KOCTH U HE MOBIMUIIO HA JuinHy. Kak cinenctsue, y Kyp,
KOTOpPBIE TONyYaId PAlMOH C HU3KUM COJEPKHMBIM MEJH, HE3aBUCUMO OT (hOpMBbI, ObLIa
YMEHBIIIEHHAas! IJIOIa/lb MOMEPEYHOro nepepesa Mo CPaBHEHUIO C IBIIUIATAMH KOHTPOJIBbHOM
rpymnmel. OHAKO, CpeAHss OTHOCHUTENIbHAS TOJIIMHA CTEHKH yMEHbImiach B rpymnmne Cu -
Gly, paBHO Kak M KOPTHUKalIbHUN HMHJEKC. Toraa Kak CpeaHssi OTHOCUTENIbHas TOJIIMHA
CTeHKH yBenuunBaercs B rpymnme Cu - S, KOpTUKaIbHUN WHIEKC YMEHBIIAETCS] CPAaBHUTEIHHO
C KOHTPOJBbHOM rpynmnoil. MuUKpOCKONHMYECKash OlleHKa TpyOuyaToil KOCTHM TMoKa3zaia
3HAYUTENIbHOE YMEHbIlIeHHEe peanbHoro oobema koctu (BV / TV), cpenneii (Tb.Th cpenneii)
n MmakcumanbHOU (Tb.Th max) TpaGekyasipHOH TONIIMHBI B 00EMX SKCHEPUMEHTATbHBIX
rpynmnax. Habmomaercs yBenmuuenue cpeanero (Tb.Sp cpemnee) m makcumansHOro (Tb.Sp
max) TpabekyisipHoro mpoctpaHctBa B rpynne Cu - Gly cpaBHUTENBHO € KOHTPOJIBHOM
rpynnoii u Cu - S. Kpome Toro, B rpynne Cu - Gly HaGmomanoch yMeHbIIEHHE YHCIIa
tpabekyn (Tb.N) B cpaBHeHMH C JApyrUMH rpynnamu. HM3meHeHuss B OelpeHHOM
TpaOEKyJSIPHON KOCTH TMOKAa3bIBAIOT, YTO paruoH ¢ gobasnennem Cu, B go3e jumb 25 % oT
CYTOYHOM MOTPEOHOCTH, PEKOMEHJIOBAHHBIX IS LBILIAT-OpoiiaepoB Ross 308, sBusercs
HE/JIOCTaTOYHBIM ISl pa3BUTHS O€APEHHON KOCTH. JTOT BBIBOA MOXKET JOIyCKaTh



HE00X0AUMOCTh 100aBIeHHs 00bIIero koauyecTsa Cu, HE3aBUCHUMO OT TOTO, B KaKoi dopme
OH IIOCTYIAaeT.

KawueBbie caoBa: OPTAHUYECKAA MEJIb, HEOPTAHUYECKAS ME]/b,
KOCTHAS TMCTOMOPO®OMETPUA, MEXAHUYECKOE HUCIIBITAHUE, BIIUIATA-
BPOVJIEPEL
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