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Connective tissue is highly susceptible to imbalances induced by diabetes. Diabetes-related osteope-
nia, decreased bone strength etc. may be associated with altered metabolism of various collagens. Although
it is assumed that alterations in collagen amino acids (AA) may strongly affect protein properties and physio-
logical functions, however, very limited evidences are present at the moment regarding AA composition of
bone type | collagen and its relevance to abnormal availability of vitamins which are necessary for collagen
synthesis in diabetes. We have tested whether nicotinamide (NAm) can influence type I collagen formation and
AA composition as well as vitamins availability in diabetes. After 4 weeks of STZ-induced diabetes (60 mg/
kg) male Wistar rats were injected for 2 weeks with/without NAm (200 mg/kg b. w.). Acid extraction of type
I collagen from the bones was performed with following stepwise salting out. The content of type I collagen
after its acid extraction from the bones was estimated by the amounts of hydroxyproline. Amino acids were
assayed by cation exchange chromatography. Diabetes-associated changes in AA composition of type | col-
lagen mainly affect those amino acids which are known to be involved in helix formation and cross-linking of
the molecules. Diabetes was found to significantly reduce bone collagen contents of o-Pro, Gly, Ala, o-Lys and
Pro, whereas Lys, His, Arg, Glu, Thr, Leu, Phe contents were elevated (P < 0.05). NAm treatment was able to
partially normalise AA contents. In diabetes, blood serum and hepatic vitamin C and B, contents were shown
to be significantly lowered, whereas a-tocopherol was slightly increased compared with control (P < 0.05).
Restoration of circulatory and liver vitamin C and B, was observed. The data demonstrate the close relation-
ship between the diabetes-associated decrease in type | collagen deposition, altered amino acids metabolism
and impaired availability of vitamins, which are necessary for collagen synthesis. Thus, NAm might be a use-
ful agent for treatment of bone failures related to diabetes.

Key words: nicotinamide, STZ-diabetes in rats, bone collagen amino acids, vitamin C, vitamin B,
o-tocopherol.

ype 1 diabetes results from active immune-

I mediated destruction of insulin-producing
B-cells in the pancreas by T-cells and mac-
rophages infiltrating the islets [1]. It is likely that
many pathways may lead to autoimmune destruc-
tion of the islet B-cells and actual mechanism in each
individual depends on genetics and environment [2].
The results of numerous investigations clearly
demonstrate that modern diabetes pharmacological
treatment is unable to prevent completely diabetes
complications among which cardiovascular disease
and nephropathy have the highest levels of incidence
and the poorest prognosis [3, 4]. It is known that dur-
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ing this disease proteins are targets for numerous in-
juries and could have pathologically altered turnover
rates.

Connective tissue disturbances and especially
qualitative changes of collagen synthesis always ac-
company these pathological processes [5]. Diabetes
induces structural and functional changes of the
extracellular matrix proteins in many tissues [6].
It could not be excluded that alterations in levels of
bone collagen amino acids may contribute to diabe-
tes.

Processing and secretion of collagen was pre-
viously shown to be controlled by insulin at a post-
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transcriptional site [7]. Other authors demonstrated
that the a2(I) collagen gene contains two functional
promoters, and its expression in cells is regulated at
both transcriptional and post-transcriptional levels
[8]. On the other hand there were no evidences of
qualitative changes in connective tissue collagens
caused by lack of insulin. Diabetes-related connec-
tive tissue changes, as osteopenia and decreased
bone strength may be associated with altered me-
tabolism of type I collagen [9]. Moreover, the bone
mass and postmenopausal bone loss with gradual
destruction of trabecular bone architecture are the
major skeletal determinants of fracture risk and
development of osteoporosis [10]. Bone fractures,
especially of long bones or large joints are a major
diabetic disorders and often not followed by success-
ful recovery.

Type I collagen, as the bone major protein
component, makes up more than 90% of the dry
bone weight, and is subject to continuous synthesis
and degradation in response to mechanical stress
and signaling events. It is assumed that alterations
in type I collagen amino acids as a result of gene
polymorphism may strongly affect protein proper-
ties and physiological functions; however, very limi-
ted evidences are present at the moment regarding
amino acid composition of type I collagens from rat
bones and its relevance to abnormal availability of
vitamins which are necessary for collagen synthesis
under diabetes.

Available data indicate that the both vitamins C
and E are useful compounds for collagen turnover.
It is well known that L-ascorbic acid plays a key
role as a cofactor in the post-translational modifi-
cation of collagen molecules and in promoting col-
lagen, carnitine and neurotransmitters biosynthesis
[11]. Vitamin E can suppress bone resorption, while
stimulating bone formation and skeletal health in
vivo with advancing age [12]. Moreover vitamin E
(a-tocopherol) has positive characteristics to bone
regeneration [13]. However, contradictory data
regarding the role of vitamin E in collagen synthesis
exist, indicating both inhibitory and stimulatory ef-
fects.

An increasing amount of evidences has dem-
onstrated that vitamin B, (nicotinamide, nicotinic
acid) has important physiological and pharmaco-
logical action. It is still the most efficacious drug
in terms of its ability to influence many metabolic
processes. This water-soluble vitamin was found to
improve beta cell survival in various animal models,

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, \Vol. 86, N 4

including oxygen radical, streptozotocin and nitric
oxide toxicity, induces differentiation of embryonic
stem cells into insulin-secreting cells, etc. [14, 15].
We hypothesized that nicotinamide may influence
the biosynthesis of collagen in diabetes via pyridine
dinucleotides, firstly, by normalization of amino
acids metabolism and, secondly, due to NADPH-de-
pendent regeneration of vitamin C with consequent
restoration of tocopherols. Nevertheless, few stud-
ies have also reported that vitamin B, inhibits the
expression of type I and type 111 procollagen genes
at the level of gene transcription in the bleomycin
hamster model of lung fibrosis.

This study was designed to estimate putative
changes in the rat bone collagen amino acids com-
position in streptozotocin-induced diabetes and to
define the character of functional interplay between
vitamins availability and changes in formation of
type I collagen in bones. We also tested whether
nicotinamide, as a drug with the wide range of meta-
bolic effects, can influence collagen impairments as-
sociated with diabetes in a high therapeutic dose.

Materials and Methods

Unless otherwise stated, all chemicals were of
reagent-grade quality. Streptozotocin (STZ), NAm,
pepsin (3200 U/mg) and pepstatin were purchased
from Sigma Chemical Co., USA. Polyclonal anti-
body against cytochrome P450 2E1 (CYP 2El) was
obtained from Amersham (Piscataway, NJ). Rea-
gents for electrophoresis and Western blotting were
purchased from Bio-Rad (Richmond, CA).

The experiments were performed on male
Wistar rats with the body weight of approximately
250-270 g, fed with a standard rat laboratory diet
and with free access to food and water. Following
1 week of acclimation, animals were randomly as-
signed to treatment groups. Diabetes was induced by
a single intraperitoneal injection of freshly prepared
solution of streptozotocin (60 mg/kg of body weight)
dissolved in citrate buffer (pH 4.5), while the con-
trol group was injected with the buffer only. Body
weights of all the animals were recorded weakly,
prior to the treatments and sacrifice. Animals were
maintained on 12 h light/dark cycle and randomly
divided into the following groups: 1) control group;
2) diabetic group with 6-week duration of diabetes;
3) diabetic groups with 4-week duration of diabetes
treated with nicotinamide at a dose of 200 mg/kg/
day, intraperitoneally for 2 weeks. The rats with
blood glucose level over 18.5 mmol/l were taken
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into experiments. All procedures were carried out
in accordance with the national and international
guidelines and laws concerning animal welfare and
are ethically acceptable. After 6 weeks the rats of
experimental and control groups were sacrificed via
cervical dislocation under mild diethyl ether narco-
SIS.

The blood samples of each animal were taken
by puncturing retro-orbital plexus and allowed it to
clot for 1 hour at a room temperature. Then serum
was separated by centrifugation at 400 g for 15 min
at 25 °C and analyzed for biochemical parameters.
Plasma glucose levels were determined by Glukome-
ter Precision Xtra Plus (MediSense UK Ltd., Oxon,
UK). Vitamin C, a-tocopherol and vitamin B, lev-
els were respectively assessed according to methods
[16—18]. The serum alkaline phosphatase (ALP), [EC
3.1.3.1] activity was determined using 4-nitrophenyl
phosphate as substrate [19]. The expression of CYP
2E1 was assessed by electrophoresis and immunob-
lotting.

Several methods of bone type I collagen isola-
tion from both Tibia and Fibula and its purification
were used — the extraction with neutral salt, acid and
enzymatic solutions [20-22]. After demineraliza-
tions three times (all for 24 hours at 4 °C) with 0.5 M
disodium-EDTA (adjusted to pH 7.4 with ammonia)
bone pieces were extracted in 0.5 M acetic acid and
centrifuged at 6000 g for 20 min. The precipitates
were dissolved in 0.5 M acetic acid in the presen-
ce of 5 mM EDTA and pepsin (50 mg per 1 g of
tissue, pH 2.5 for 96 hour at 4 °C). The enzymatic
reaction was stopped by adding pepstatin to pH 7.5.
The precipitates were discarded by centrifugation at
3500 g for 40 min and supernatants were collected
and salted out with 4 M NaCl. The obtained precipi-
tates that contained pure collagen were dissolved in
1 M acetic acid. Then the solutions were dialyzed
against 0.02 M Na,HPO, for 24 hours at 4 °C and

centrifuged at 6500 g for 60 min. Collagen prepara-
tions purity was controlled electrophoretically.

Collagen fractions were hydrolyzed by 6 N HCI
during 24 hours, at 105 °C and their amino acids
composition was analyzed by cation exchange chro-
matography on the amino acid analyzer AAA-881
(Czech Republic).

All data are expressed as the Mean = SEM.
Differences in means between groups were tested
using the Mann-Whitney U test and considered to
be statistically significant at P < 0.05.

Results and Discussions

Initial body weights of control and diabetic rats
were similar (Table 1).

After six weeks of diabetes induction the body
weight was lowered by over 25% than those of the
age-matched diabetic rats at the beginning of experi-
ments. In our studies NAm treatment statistically did
not affect weight gain in diabetic rats. As expected,
hyperglycemia was maintained throughout the study
period and by the end of the sixth week blood glu-
cose was 3.68 times higher in diabetic rats compared
with its initial concentration. Treatment with NAm
had a slight lowering effect on blood glucose con-
centrations in diabetic rats (Table 1).

Because growing evidence indicates that hy-
perglycemia can produce abnormalities in collagen
cross-linking, the process which is thought to play
an important role in the biological and biomechani-
cal features of bones, it was important to determine
whether type I collagen from bones of diabetic rats
had alterations in AA residues involved in post-
translational modification of collagen.

The amino acids composition of the type I col-
lagen revealed significant differences between con-
trol and diabetic bones in respect of a possible de-
crease in lysine and proline hydroxylations. Type |
collagen contents from both Tibia and Fibula bones

Table 1. Initial and final body weights and blood glucose concentrations in control and diabetic rats with

and without NAm (200 mg/kg b.w.) treatment (n = 6)

. Initial body Final body Initial plasma Final plasma
Groups of animals . .
weight, g weight, g glucose, mmol/l glucose, mmol/l
Control 256.3+12.4 3377+ 15.3 53+04 58+0.6
Diabetes 2573 +12.7 194.2 £ 10.7* 6.3+07 23.2+1.9*
Diabetes+ NAm 200.3 £ 11.2 219.1 £ 11.5 18.5 £ 1.6** 16.9 £ 1.3%*

Each value represents Mean + SEM. * Significantly different compared with those in controls (P < 0.05). ** Significantly
different compared with those in untreated diabetes (P < 0.05).
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were lower in diabetes and in NAm-treated vs. con-
trol as it is evident from 3.67- and 1.96-fold decrease
in Hyp contents, respectively (Fig. 1). Diabetes-asso-
ciated changes in amino acids composition of type I
collagen mainly affected those AA which are known
to be involved in helix formation, cross-linking and
charging of the molecules. Alterations in the rat bone
type I collagen amino acids contents induced by
type 1 diabetes were profound in bones as compared
to control (Table 2). Statistically significant changes
were registered in bones collagen for 17 amino acids.

Bone type I collagen of diabetic rats contains
reliably 1.8-fold lower contents of hydroxylysine,
3.7-fold lower of hydroxyproline, 1.5-fold of proline,
1.9-fold of glycine and 1.3-fold of alanine, in oth-
er words lower contents of all amino acid residues
which caused principal effects on collagen helix
structure, rigidity and cross-linking [23]. A 1.8-fold
decrease in hydroxylysine residues along with 1.5-

Table 2. Rat bones type I collagen amino acids
content in control, diabetes and nicotinamide-
treated diabetes (n = 6)

Amino acid | Control | Diabetes Diabetes +
NAm
Hydroxylysine 7 4% 5
Lysine 39 58* 49*
Histidine 5 11* 8*
Arginine 48 70 56
Aspartic acid 39 116* 96"
Threonine 24 37* 30%
Serine 38 52% 43"
Glutamic acid 98 135% 134
Proline 102 70%* 92¢
Glycine 304 164* 181*
Alanine 109 81* 90*
Valine 23 28%* 22%
Methionine 6 14* 13
Isoleucine 14 23* 22
Leucine 28 63* 64
Tyrosine 5 10* 8*
Phenylalanine 12 37* 34

Each value represents Mean of residues per 1000 resi-
dues. * Significantly different compared with those in
controls (P < 0.05). * Significantly different compared
with those in untreated diabetes (P < 0.05).
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Fig. 1. Hydroxyproline content of type | collagen
from rat bones. Each value represents Mean of
residues per 1000 residues (n = 6). Here and in
Fig. 2-6: D — diabetes, NAm — nicotinamide; *sig-
nificantly different compared with those in controls
(P < 0.05); *significantly different compared with
those in untreated diabetes (P < 0.05)

fold increase of lysine and 2.2-fold of histidine also
participates in collagen cross-linking.

In our experiments contents of lysine, histidine,
arginine, aspartic acid, threonine, serine, glutamic
acid, methionine, isoleucine, leucine, tyrosine and
phenylalanine in bones were increased. The Fischer
ratio, the molar ratio of branched chain amino acids
to aromatic amino acids (Leu+lle+Val/Tyr+Phe),
was shown to be decreased 2.43 vs. 3.82 times in
control (Fig. 2). The present study provides evidence
that NAm supplementation results in partial restora-
tion of AA content in rat bones collagens. This nor-
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Fig. 2. Fischer ratio (Leu+lle+Val/Tyr+Phe) in rat
bones (n = 6)
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Fig. 3. Vitamin C, B, and a-tocopherol contents in rat blood serum, nmol/ml blood serum. Data are expressed

asM = SEM (n = 6)

malizing effect concerned for the most quantity of
amino acid residues which could take influence on
the collagen molecule surface charge: aspartic acid,
threonine and serine. Despite partial normalizing of
proline residues contents, its level remained lower
than in control.

Vitamins C and B, content was significant-
ly reduced both in blood serum (Fig. 3) and liver
(Fig. 4) in diabetes vs control, while the level of
a-tocopherol, the most abundant and active scaven-

2500 -+

ger of peroxyl radicals, was augmented (Fig. 3 and
4). Impaired availability of the vitamins may be as-
cribed to their increased consumption by elevated
oxidative stress identified in various tissues from di-
abetic rats and may also be due to reduced NADPH-
dependent regeneration of vitamin C, since its level
was reversed towards normalisation after NAm
treatment (Fig. 3 and 4). Restoration of circulatory
and liver vitamin B, contents and slight decrease in
vitamin E levels were seen as a result of treatment.
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Fig. 4. Vitamin C and B, contents in rat livers, nmol/g tissue. Data are expressed as M + SEM (n = 6)

142

ISSN 0201 — 8470. Ukr. Biochem. J., 2014, \Vol. 86, N 4



M. M. GUZYK, Iu. T. SERGIICHUK, K. O. DYAKUN et al.

Diabetes induced a significant elevation in the
level of serum alkaline phosphatase as compared to
the control value (Fig. 5). It is known that serum to-
tal alkaline phosphatase is an ubiquitous, membrane-
bound tetrameric enzyme attached to glycosyl-
phosphatidylinositol moieties located on the outer
cell surface [24]. The precise physiological role of
alkaline phosphatase is unknown, although evidence
suggests it is involved in bone mineralization and
resorption [25]. Its alterations in serum can be due
to changes of bone isoenzymes [26]. Chronic supple-
mentation of NAm could partially improve changes
of collagen structure by normalizing of vitamin C
content as shown in Fig. 2 and 3 and reducing ALP
serum activity.

Furthermore, CYP 2El-dependent oxidative
stress following the induction of CYP 2El by STZ
is believed to be one of the main causes of hepato-
toxicity. It was found more than 2.5-fold increase of
CYP 2EI expression in diabetic rats as compared to
controls, while the NAm slightly reduced it (Fig. 6).
It is possible that NAm may partially reduce the
level of oxidative stress-related cellular toxicity pro-
duced by CYP 2E1 induction in type 1 diabetes. It
is not excluded, that exacerbation in mean CYP 2E1
expression in the livers of diabetic rats and animals
treated with NAm may be associated directly or in-
directly with elevated plasma ketone levels.

Studies of putative changes in composition
of bone collagens amino acids in diabetic rats and
qualitative changes of collagen synthesis provide
new information which can be used to determine
the role of abnormal collagen metabolism in the
development of diabetic complications.

In our experiments the decreased levels of hy-
droxyproline, proline and glycine inevitably affected
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o
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[
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Fig. 5. Serum alkaline phosphatase (ALP) activity
in control and diabetic rats. Data are expressed as
M + SEM (n = 6)
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Fig. 6. Expression of CYP 2E1 protein in rat liver
tissues. Bar plot shows the levels of each protein,
expressed as M £ SEM (n = 6)

collagen helix properties, since in normal conditions
its structure is presumed to consist of triplets Gly-X-
Pro or Gly-X-Hyp. Our findings are in close agree-
ment with the data of other authors which demon-
strated disturbances of collagen ultrastructure with
streptozotocin-induced diabetes [27, 28]. Changes in
the ratio of hydroxylysine: lysine: histidine residues
could essentially influence the number and type of
cross-links in collagen fibrils. That is consistent with
the results of authors on changes of collagen cross-
links with diabetes [29]. Alterations in quantity of
arginine, aspartic acid, threonine, serine and glutam-
ic acid residues could cause great changes in surface
charge of collagen molecules, whereas changes in
quantity of methionine, isoleucine, leucine and phe-
nylalanine residues could influence the level of col-
lagen helix rigidity [23].

These changes in arginine, glycine and aspartic
acid residues could affect the number of domains
Arg-Gly-Asp which are responsible for processes of
cells adhesion on collagen structures [30]. Arginine
and glycine residues in collagen molecules are also
parts of special locuses responsible for interactions
with chaperons and for procollagen to collagen pro-
cessing [31]. Additional support for such alterations
in type I collagen amino acids is the fact that colla-
gen is susceptible to formation of advanced glycation
end-products (AGEs) which are accumulated as a re-
sult of hyperglycemia [32]. They are accumulated in
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bones and may exert a negative effect on bones by
interfering with osteoblasts differentiation and the
production of matrix proteins such as collagen [33].
Although not formally linked, it is possible that the
problems with fracture repair associated with type 1
diabetes [34] are directly or indirectly related to
the effects of AGEs on osteoblasts. It was recently
shown that diabetes causes enhanced apoptosis
of osteoblastic cells following a bacterial stimulus
[35]. When apoptosis is inhibited there is a signifi-
cant improvement in the capacity to form new bone
demonstrating that diabetes-enhanced apoptosis is
functionally important [36]. One of the mechanisms
how diabetes could induce apoptosis is through stim-
ulation by AGEs. The nature of these AGEs can be
categorized as cross-linking. Intermolecular cross-
linking may occur between two adjacent molecules
and involve lysine to lysine or lysine to arginine resi-
dues [37]. Modification of arginine within the sites
RGD and GFOGER recognized by the two specific
integrins (a1p2 and a2p1) for collagen reduced cell
interactions during turnover and platelet interac-
tions (a1p2). These changes can ultimately affect,
for example, repair of vascular damage and healing
of dermal wound in diabetes. Such modifications are
deleterious to the optimal properties of collagen as
a supporting framework structure and as a control-
ling factor in cell matrix interactions. Glycosylation
during diabetes is therefore responsible for malfunc-
tioning of the diverse collagen tissues throughout the
body [37].

We can suppose that above mentioned changes
could be caused by deficiency of insulin which is
involved into collagen synthesis regulation on dif-
ferent stages of this process [7]. Besides of direct
influence of insulin deficiency on collagen synthe-
sis, pathologic changes in amino acids metabolism
in the whole organism with diabetes could also affect
changes in collagen metabolism.

Among this, taking into account collagen genes
polymorphism not only in individuals with patholo-
gies, but also in normal ones [38], such changes
could be a result of disturbances in rates of tran-
scription of different genes from the same type I col-
lagen superfamily as it was previously demonstrated
for osteogenesis imperfecta [39].

Lowered levels of hydroxyproline in diabetic
rats compared with control in our experiments
could be caused by changes in vitamin C content.
It should be noted that this may have consequences
for the function of prolylhydroxylase which cofac-
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tor is ascorbic acid. Moreover, vitamin C deficiency
may influence the collagen structure and extracellu-
lar matrix via promotion of the osteoblasts differen-
tiation by modulating type I collagen-a2p1 integrin
interactions [40], triggering the aggregated collagen-
synthesizing cells to organize their extracellular ma-
trix [41], regulating proteoglycans biosynthesis and
turnover [42] and altering mRNA levels in collagen-
synthesizing cells by changing the transcription
rates [43]. Additionally, ascorbic acid also induced
alkaline phosphatase activity, the expression of mR-
NAs for proteins that are markers of osteoblastic dif-
ferentiation, the deposition of calcium [44] and in-
crease of the rate of procollagen secretion from cells
into extracellular matrix [45].

We observed, as anticipated, complete restora-
tion of vitamin B, content after its administration
to diabetic rats as shown in Fig. 2 and 3. Chosen
high dose of NAm could possibly partially improve
changes of collagen structures by normalizing vita-
min C content. Moreover, nicotinamide preserves
residual B-cells function and enhances beta-cells re-
generation in partially pancreatectomized rats [14],
[46]. Furthermore, it is also possible that such poten-
tial therapeutic benefits might be related to its effects
as a scavenger of free radicals, to its availability as
a structural component of the nicotinamide adenine
dinucleotide (NAD"), or to competitive inhibition of
poly(ADP-ribose)polymerase [14, 46]. Nicotinamide
and its biologically active derivative 1-methylnicoti-
namide also have significant neuroprotective action
[47].

Other supporting data confirm the ability of
administered nicotinamide to convert to NAD(P)?,
which are used as hydrogen/electron carriers in re-
dox reactions [48]. It is not excluded that an augmen-
tation in a-tocopherol levels (Fig. 3 and 4) in diabetic
rats is due to markedly decreased blood serum and
liver levels of vitamin C which is electron donor for
tocopheroxyl free radicals. This observation may
represent a temporal adaptation to development of
oxidative stress associated with diabetes. Our study
cannot provide an explanation for the observed slight
decrease in a-tocopherol levels after NAm treatment.

Thus the current study demonstrated presence
of qualitative changes in rat bone type I collagen un-
der diabetes. At this pathology could be formed bone
type I collagen molecules with changed helix struc-
ture, surface charge, rigidity, number and types of
cross-links and specific locuses responsible for cell
adhesion, interaction with chaperons and procolla-
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gen processing to collagen. Such changes of collagen
molecules could hence affect the properties and cor-
rect functioning of a number of tissues (for exam-
ple processes of mineralization could be disturbed).
Our supposition on collagen qualitative changes in
mineralization is in good accordance with obtained
data on serum alkaline phosphatase (Fig. 5). An
increased release of intracellular enzymes such as
ALP into the circulation induced by diabetes sug-
gests that it is the most sensitive and dramatic in-
dicator of hepatocytes damage [49]. So the elevated
activity of this enzyme may also indicate to cellular
leakage and loss of the functional integrity of the cell
membranes. NAm supplementation could partially
normalize these changes. Moreover, an increased
expression of cytochrome P450 2E1 (Fig. 6) may be
associated with elevated oxidative stress and reactive
oxygen species production in diabetes, because CYP
2E1 metabolizes such endogenous compounds as fat-
ty acids, lipid hydroperoxides and ketone bodies into
aldehyde and many xenobiotics into nucleophilic re-
active species [50]. These results showed that NAm
treatment of diabetic rats may partially cause the
protection against CYP 2El-related oxidative stress.

Altogether, these observations suggest that col-
lagen amino acids alterations may be both a cause
and a result of bone pathology in diabetes. The cur-
rent study confirms the relationship between the
diabetes-associated decreases in type I collagen
contents, alterations of their amino acids composi-
tion and impaired availability of vitamins. The posi-
tive effects of NAm treatment on collagen synthe-
sis and processing, additionally with other possible
contributing factors, may be attributed to preserva-
tion of vitamin C and E functions.

These findings provide evidence for using nico-
tinamide as a supplement to support existing thera-
peutic agents for prevention and treatment of type 1
diabetes as well as for the amelioration of diabetes-
related abnormalities in bone.
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TucturyT 6ioximii iM. O. B. [Tamnanina
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’KuiBCbKUH HAL[IOHATBHUN YHIBEPCHUTET
imeni Tapaca IlleBuenka, YkpaiHa;
*HarioHanpHU yHIBEPCHUTET
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CrnioslyyHa TKaHWHA € JIy’e 4yTIUBOIO JIO T0-
pYIIeHb, iIHAYKOBaHHUX JiabeToM. 3a maiabety 3MiHU
MeTabOoJi3My Pi3HUX THUITIB KOJAreHYy MOXYTh OyTH
acomiiioBaHi 3 PO3BUTKOM OCTEOIeHil, 3HIKEH-
HSAM MIIHOCTI KICTOK TOmo. Bigomo, 1o 3MiHU B
aAMIHOKHCJIOTHOMY CKJIaJli KOJareHy MOXYTh 3Had-
HO BIUJIMBATH Ha MOTO BIIACTUBOCTI Ta (i3iomoriaHi
(hyHKIIi1, OfHAK HA NAaHWW Yac iCHYE HEJOCTAaTHBO
JIOKa3iB 3aJIEKHOCTI aMiHOKUCIIOTHOTO CKJIATy KO-
nareHy | tumy Big GiogOCTymHOCTI BiTaMiHiB, SIKi
HeoOXimHi 1 #oro cuHTE3y. Y poOOTi mpoTecTo-
BaHa 37aTHICTH HikoTHHaMiay (NAm) BIIMBaTH Ha
aMIHOKHCJIOTHUHN CKJIa/] KOJIaTeHy 1 Ha IOCTYITHICTh
BiTaMiHiB 3a gia0bety. Uepes 4 THKHI michs 1IHAYKITI{
cTpenTo3oronuHoBoro miadery (CT3, 60 wmr/kr
MacH TiJia) mrypam-camipam JiHii Wistar mpotsrom
2 TwxkHIB BBoguan NAm (200 Mr/kr mMacu Tina).
KucnoTHy ekcTpakiiiro konareHy | Tumy mpoBo-
WA 33 JIOTIOMOTOI0 IIOETAITHOT'O0 BUCOJIOBAHHS.
AMIHOKUCIIOTHUN CKJIaJl aHAalli3yBalld METOJOM
KaTioHOOOMiHHOT Xpomarorpadii. Y mypiB 3a
niabeTy BUSBIIEHI 3MiHW aMiHOKHCIOTHOTO CKJIay
KonareHy I THIy, FOJIOBHUM YHHOM 3HAYHE 3HHIKCH-
HS BMICTY 3anuiikiB o-Pro, Gly, Ala, o-Lys Ta Pro
Ta 301bIIeHHs BMIiCTY 3anumikiB Lys, His, Arg, Glu,
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Thr, Leu, Phe (P < 0,05). Beenennst NAm 4acTkoBO
HOpMaITi3yBaJlo aMiHOKHCIOTHUH CKJaJ KOJarcHy.
Bwict Bitaminis C ta B, y kpoBi Ta meinui mypis
3 niabeToM OyB 3HAYHO 3HUIKCHHH, TOJI SIK PIBEHBb
a-Toko(eposry OyB MiJBUIICHUH y MOPIBHSHHI 3
koHTpojeM (P<0,05). Beenerns NAm qiabe THUHUM
urypaMm HoOpManizysano BmicT BitaminiB C Ta B,
y KpoBi Ta mnedinni. OxepaHi AaHi cBiq4aTh Mpo
(YHKIIOHANBHUN 3B’SI30K MIXK acolifoOBaHUMH 3
JniabeToM 3MiHAMH B aMiHOKHCJIOTHOMY CKJIAJi
KOoJIareHy Ta 3a0e3MEUeHICTI0 BiTaMiHAMH, SKi
HEOOXiJHI JUIsI HWOTO CHHTE3y. TaKUM YHHOM,
HIKOTMHAMIJI MOKE 3HAWTH 3acTOCyBaHHS IIpH
JIIKyBaHHI TMOPYIIEHh MeTaboMi3My B KiCTKax,
1HJyKOBaHUX I[yKPOBUM J11a0CTOM.

KnmodyoBi cimoBa: HIKOTHHAMII, CTpemn-
TO30TOIMHOBHH Jia0eT y IIypiB, aMiHOKUCIOTHUI
CKJIaJl KojareHy kictok, sitamin C, Bitamin B,
0-TOKO(EPOI.

SOPEKT HUKOTHUHAMMJIA HA
COJIEP)KAHUE AMUHOKHUCJIOT

B KOJUIATEHE KOCTEM

B 3ABUCUMOCTH OT
BUOJOCTYIHOCTHU BUTAMUHOB
TP CAXAPHOM JUABETE VY KPbIC

M. M. I'ysux®, IO. T. Cepeetiuyx*?,
K. O. [Iakyn*?, JI. B. Anuyxas®,
T. M. Kyumepoeckas*

Nucturyt 6moxumuu um. A. B. [Nannannua
HAH Vkpaunsl, Kues;
2KueBCK Ui HAIMOHATBHBIA YHUBEPCUTET
umenu Tapaca llleBuenko, YkpaunHa;
*HannoHambHBIH MEIUIINHCKUNA YHUBEPCUTET
uM. A. A. boromonsna, Kues, Ykpanna

CoenuHNTENbHAS TKAHB OYCHB YyBCTBUTEIIbHA
K HapyIIeHUSIM, HHIYIIMPOBaHHBIM nuaderom. [Ipu
nuabeTe M3MEHEHUS MEeTa0OoJM3Ma pa3HbIX THUIIOB
KOJIJIareHa MOTYT OBITh aCCOLIMUPOBAHBI C PA3BUTH-
€M OCTEOTICeHHH, CHUKEHHEM MPOYHOCTH KOCTEH U
T.11. I3BeCTHO, 4TO M3MEHEHHSI B aMHUHOKHCIOTHOM
COCTaBe KOJJIAareHa MOTYT 3HAYUTENbHO BIUATH Ha
€ro CBOWCTBA U pU3HONIOrHuecKre GyHKITUH, OTHAKO
B HACTOs1IEE BPEMsI UMEETCs HEZIOCTaTOUHO JJ0Ka3a-
TEJIHCTB 3aBUCHMOCTH aMHUHOKHCIOTHOTO COCTaBa
KoJiareHa | tuma ot OHOOCTYTHOCTH BUTAMHHOB,
KOTOpbIE HEOOXOIMMBI JUIsl ero cuHTe3a. B pabo-
T€ MPOTECTUPOBAHA CIIOCOOHOCTh HUKOTHHAMHUJIA
(NAm) BnusITh Ha aMUHOKHCIOTHBIA COCTaB KOJI-
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JareHa v Ha JIOCTYITHOCTb BUTAMHHOB TIpU quadeTe.
[ocne 4 Henenb MHAYKLIUU CTPENTO30TOIUMHOBOTO
nuabeta (CT3, 60 Mr / KT Macchl Tena) camIiiaM KpbIc
muHuKr Wistar Ha IPOTSHKEHUH ABYX HElleJIb BBOJU-
a1 NAm (200 mr / kr maccsl Tena). Kucinotayto ake-
TpaKUHIO KoJiareHa | Tima mpoBoxuiu ¢ HOMOIIBIO
MOATAITHOTO BBICAJIMBAHUS. AMUHOKHCIOTHBIN CO-
CTaB aHAJU3UPOBAIH METOAOM KaTHOHOOOMEHHOMU
xpomarorpaduu. Y KpbIC ¢ AHa0ETOM 00OHAPYKEHO
M3MEHEHHEe aMUHOKHCIIOTHOTO COCTaBa KoJularexa |
THUIIA, TIIABHBIM 00pa30M, 3HAYUTEIbHOE CHIYKEHUE
KOJIMUECTBa 0cTaTkoB 0-Pro, Gly, Ala, o-Lys u Pro
u yBenuuenue octatkoB Lys, His, Arg, Glu, Thr,
Leu, Phe (P <0,05). Beenenrie NAm 4acTUIHO HOP-
MaJIM30BaJi0 AaMUHOKHCIOTHBIA COCTaB KoJlJareHa.
Coneprxanne putamunos C u B, B KpoBu u neuenn
KpBIC C AMa0eTOM OBLIO 3HAYUTENIBHO CHUXKEHO, B
TO BpeMs KakK ypOBEHb 0-TOKO(deposia ObLI MOBBI-
IIeH M0 CpaBHEHUIO ¢ koHTposueM (P < 0,05). Bee-
nenrne NAm nuabeTHyecKuM KpbicaM HOpMallu-
30Bano coxepkanue ButamunoB C u B, B kpoBu u
neyend. [lonmydyeHHbIE TaHHBIE CBUIIETENBLCTBYIOT O
(YHKIIMOHAIBHOW CBSI3U MEXK]Y aCCOLMUPOBAHHBI-
MU C IHa0eTOM W3MEHEHUSMH B aMHHOKHCIOTHOM
cocraBe KoJulareHa U 00ecre4yeHHOCTH BUTaMHUHa-
MU, KOTOPbIe HEOOXOUMBI 1JIsI €r0 CHHTEe3a. Takum
00pa3oM, HUKOTHHAMUJ] MOXKET ObITh UCIIOJIb30BaH
JUTSL JICYSHHs] HapylIeHU MeTabosin3Ma B KOCTSIX
MHAYIHPOBAHHBIX CaXapHbIM JHa0ETOM.

KnwoueBnie CJIOBA:  HHUKOTHHAMM]I,
CTPENTO30TOIMHOBKIN JAMa0eT y KpbhIC, aMUHOKHC-
JIOTHBIM COCTaB KoJlIareHa Kocted, ButamuH C, BH-
TamuH B,, a-Tokopepou.
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