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SUMMARY

Introduction Periodontitis is a chronic inflammatory and osteolytic disease. Vitamin B complex is a class
of water-soluble vitamins that play important roles in cell metabolism.

Objective The aim of this study was to evaluate the effects of riboflavin (RBF), nicotinamide (NA), and
folic acid (FA) on alveolar bone loss in experimental periodontitis rat model.

Methods Sixty-four male Wistar rats were randomly divided into the following eight groups: Control,
Ligated, RBF50 (RBF, 50 mg/kg daily), NA50 (NA, 50 mg/kg daily), FA50 (FA, 50 mg/kg daily), RBF100 (RBF,
100 mg/kg daily), NA100 (NA, 100 mg/kg daily), and FA100 (FA, 100 mg/kg daily). Periodontitis was in-
duced using silk ligature around the right first mandibular molar. After 11 days the rats were sacrificed.
Mandible and serum samples were collected. Changes in alveolar bone levels were measured clinically,
and periodontal tissues were examined histopathologically. Serum IL-1( (pg/ml) levels were analyzed
by using ELISA.

Results Mean alveolar bone loss in the mandibular first molar tooth revealed to be significantly lower
in RBF100 group than in the Control group. In the Ligated group, alveolar bone loss was significantly
higher than in all other groups. The ratio of presence of inflammatory cell infiltration in the Ligated group
was significantly higher than in the Control group. The differences in the serum IL-1f levels between
the groups were not statistically significant. Osteoclasts that were observed in the Ligated group were
significantly higher than those of the Control and FA100 groups. The osteoblastic activity in the Ligated
group, RBF100, and NA100 groups were shown to be significantly higher than those in the Control group.
Conclusion This study has demonstrated that systemic administration of RBF, NA, and FA in different

dosages (50-100 mg/kg) reduced alveolar bone loss in periodontal disease in rats.
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INTRODUCTION

Periodontitis is a biofilm-induced chronic
inflammatory disease caused by bacterial
pathogens and leads to the destruction of
the alveolar bone. Although tooth-associated
biofilm or dental plaque is required to induce
the periodontitis, it is not sufficient to initi-
ate periodontal tissue destruction [1]. Host
inflammatory response which is modulated
through multiple factors including genetics,
smoking, general health, social variables and
diet can cause periodontal tissue destruction
[1]. Researchers have found strong evidence
that macro- and micronutrients could modu-
late pro- and anti-inflammatory mechanisms
effecting individual inflammatory conditions
[2]. Some studies have showed that tooth loss
is related to poorer nutritional status and poor-
er quality of life [3, 4]. The association between
nutrition intake and periodontal condition has
been investigated in many studies. Previously
published evidence of the foods and nutrients
with antioxidant and anti-inflammatory activ-
ity have consistently been linked to a reduced
risk of developing periodontal disease such as

vitamin C [5], b-carotene [6], vitamin E [7, 8],
folic acid [9], and more recently vitamin B ,
[10]. Therefore, research of micronutritional
approaches with many vitamins, antioxidants,
and therapeutic agents for periodontal treat-
ment has been going on in recent years. Despite
the oral symptoms accompanied by vitamin B
complex deficiency [11], it remains unknown
whether vitamin B complex is associated with
periodontitis.

Vitamin B complex is a class of water-sol-
uble vitamins that play important roles in cell
metabolism. The vitamin B complex includes
eight different vitamins which differ in their
chemical composition and pharmacological
properties [12].

Riboflavin (RBF), also known as vitamin B,
helps to provide good vision, releases energy
from the foods, promotes healthy skin. Sources
of riboflavin are milk, eggs, mushrooms, whole
grains, enriched grains, green leafy vegetables,
yeast, liver, and oily fish [13]. Clinical ribofla-
vin deficiency is known as ariboflavinosis, and
presents as angular stomatitis, cheilosis, and
glossitis. Moreover, it is common in develop-
ing country populations [14].
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Nicotinamide (NA), known as vitamin B, or niacin, has
influence on oxidative stress [15], cellular survival, in-
flammatory cell modulation [16], metabolic disease[17],
and energy management [18]. NA deficiency can lead to
fatigue, loss of appetite, pigmented rashes of the skin, and
oral ulcerations, while more severe types lead to pellagra,
characterized by coetaneous rashes, oral ulcerations, gas-
trointestinal difficulties, and cognitive loss [19].

Folic acid (FA), known as vitamin B, is essential for
numerous metabolic functions such as synthesizing, re-
pairing, and methylating DNA; it is also especially impor-
tant in preventing neural tube defects, for example spina
bifida [20]. FA is essential for maturation of oral mucosal
epithelium and it depresses the hematologic elements
which help prevent and fight against the infectious agents
in this section of the mouth. Folate deficiency can lead to
diarrhea, megaloblastic anemia, peripheral neuropathy,
increased oxidative stress, and periodontal disease [9].
Folate supplementation was hypothesized to prevent or
decrease fracture incidence by effecting homocysteine
metabolism, but some of these studies had inconsistent
data about fracture preventing [21].

Vitamin B complex plays an important role in wound
healing, gingival health. Effects of vitamin B complex
were mostly investigated in terms of soft tissue healing,
but some studies have indicated that vitamin B, [10],
vitamin B, [22], vitamins B, B, B,, B,, B, B, reduced
the periodontal destruction and tooth mobility [23]. The
effects have not been researched comprehensively. The
aim of this study was to evaluate these effects in experi-
mental periodontitis rat model, morphometrically and
histopathologically.

OBJECTIVE

Vitamin B complex plays an important role in wound heal-
ing and gingival health. Effects of vitamin B complex were
mostly investigated in terms of soft tissue healing. The aim
of this study was to evaluate the effects of RBE, NA, and
FA on alveolar bone loss in experimental periodontitis rat
model, morphometrically and histopathologically, as these
effects have not been researched comprehensively to date.

METHODS
Experimental design

Sixty-four male Wistar rats weighting 250 + 10 g were used
in the study. The animals were kept in temperature-con-
trolled cages (approximately 25°C), exposed to a 24-hour
light-dark cycle of equal time, and had access to water
and food ad libitum. The experimental procedure was ap-
proved by the Animal Ethics Committee of Cumhuriyet
University School of Medicine. Rats were randomly di-
vided into the following eight groups:

« Non-ligated control (Control) group (n = 8);

« Ligated group (n = 8);
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« Riboflavin 50 mg/kg daily (RBF50) group (n = 8);

« Nicotinamide 50 mg/kg daily (NA50) group (n = 8);

« Folic acid 50 mg/kg daily (FA50) group (n = 8);

« Riboflavin 100 mg/kg daily (RBF100) group (n = 8);

« Nicotinamide 100 mg/kg daily (NA100) group

(n=38),and

« Folic acid 100 mg/kg daily (FA100) group (n = 8).

General anesthesia was administered by using ketamine
(Eczacibasi Ilac Sanayi, Istanbul, Turkey) (40 mg/kg). In
order to induce experimental periodontitis in Ligated,
RBF50, NA50, FA50, RBF100, NA100, and FA100 groups,
a 4/0 silk suture (Dogsan Sanayi, Istanbul, Turkey) was
placed subgingivally, by the same operator (Karakan NC),
around the gingival margin of the right mandibular first
molars of the rats. In the Control group, ligature place-
ment was not performed. After application, sutures were
checked and loose sutures were tightened again. In the
RBF50, NA50, FA50, RBF100, NA100, and FA100 group
RBEF, NA, and FA (Sigma-Aldrich, Saint Louis, MO, USA)
were administered systemically with vehicle solution
(physiological saline) by using a gastric gavage, at a rate
of 50 mg/kg/d and 100 mg/kg/d [24]. Only physiological
saline solution by using gastric gavage was administered
in Ligated and Control groups to create sham effect to the
rats. Daily systemic treatment with vitamin B groups was
continued for 11 days; all rats were sacrificed on the 12th
day by using cardiac punction [25]; blood samples were
taken and immediately centrifuged at 3,000 rpm for 10
minutes to obtain serum samples, which were stored at
-20°C in microcentrifuge tubes (Eppendorf AG, Hamburg,
Germany) until used for enzyme-linked immunosorbent
assay (ELISA) analysis. The right mandibles of all rats were
dissected and fixed in 10% neutral-buffered solution and
stained for histomorphometric analysis.

Measurement of alveolar bone loss

Soft tissues of right mandibular region were defleshed
manually and cleaned. The jaws were washed, dried and
embedded into 1% aqueous methylene blue solution for
identifying cement-enamel junction (CEJ) level. Pho-
tographs were taken with a stereomicroscope (x25) and
transferred to a computer. The alveolar bone loss was
measured in three different sites in the right mandibu-
lar molar region by a single examiner (Akpinar A), who
marked them to identify the samples. The distance from
the CE]J to the top of the alveolar bone crest was measured
using Vision Image Analysis Software (Clemex, Longueuil,
Quebec, Canada). Mean values of measurements were cal-
culated for statistical analysis (Figure 1).

Laboratory assays

Serum samples were assessed by a commercial ELISA kit
(Invitrogen, Camarillo, CA, USA) to determine, IL-1p (de-
tection range: 31.3-2,000 pg/ml; sensibility or lower limit
of detection: 4 pg/ml of recombinant rat IL-1f) and IL-10
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Figure 1.Images of alveolar bone loss in the mandibular first molar in
the (A) Control, (B) Ligated, (C) RBF50, (D) RBF100, (E) FA50, (F) FA100,
(G) NA50, and (H) NA100 group.

(detection range: 15.6-1,000 pg/ml; sensibility or lower
limit of detection: <5 pg/ml of recombinant rat IL-10) in
serum samples (samples per group). ELISAs were carried
out according to the manufacturer’s recommendations;
96-well plates presoaked with appropriate antibodies were
used. Standard diluent buffer of 50 ul was added to 50 pl
samples; 50 pl of biotin conjugate was added to samples and
incubated for two hours at room temperature (37°C). After
further incubation at room temperature for two hours, the
plates were washed four times, and 100 pl of streptavidin
HRP (diluted 1:5,000) was added at room temperature for
30 minutes. The plates were aspirated and washed four
times; 100 ul of stabilized chromogen was added and
incubated for 30 minutes. The amount of 100 pl of stop
solution was added and absorbance of color at 450 nm
was measured. The resulting values were expressed in pg/
ml. Microwell strips were washed twice with wash buff-
er. In duplicate 100 pl sample diluents were added to all
standard wells, and 96-well plates presoaked with appro-
priate antibodies were used. After the plates were coated,
the samples and standards were added in various dilutions
in duplicate and incubated at 4°C for 24 hours. Antibodies
anti-IL-1P and anti-IL-10 were then added to the wells.
Tetramethylbenzidine substrate solution was added to the
wells for 15 minutes and activation of blue color develop-

ment in the sample was waited for. Color development
was stopped when the color of samples turned yellow. The
absorbance of the color at 450 nm was measured.

Histopathological and histomorphometric analysis

Histopathologic sample analyses were performed by a sin-
gle examiner (G6ze F), who masked the samples to identi-
fy them to each other. Mandible sections were fixed in 10%
formalin, and then in 10% formic acid to demineralize the
sample. Next, the specimens were dehydrated, embedded
in paraffin, and six-um thickness sections were obtained
along the molars in a mesio-distal plane for hematoxylin
and eosin described. Alveolar bone and interdental sep-
tum were analyzed under light microscopy (Eclipse E 600,
Nikon, Tokyo, Japan). Inflammatory cell infiltration (ICI)
of the periodontal tissues was scored as follows: not visible
ICI (score = 0), slightly visible ICI (score = 1), and dense
visible ICI (score = 2). A semi-quantitative scoring was
used for determining osteoblastic activity as follows: no
activity (0), mild/moderate activity (1), and high activ-
ity (2) [26]. Osteoclasts, which are large cells including
multiple nuclei near border of the resorption surface, were
counted morphologically in the histological assessment

Statistical Analysis

Statistical analyses were performed with SPSS 22.0 for
Windows (IBM Corp., Armonk, NY, USA). Kolmogorov—
Smirnov test was performed for determining data distri-
bution. Comparisons between the four groups were per-
formed using the Kruskal-Wallis test. Two independent
group comparisons were performed using Mann-Whitney
U-test. The data were presented as mean + standard devia-
tion and p < 0.05 was considered statistically significant.
The ratios of the presence of ICI and osteoblastic activity
were analyzed using a x? test.

RESULTS

The presence of silk ligature around the first right mo-
lars of the rats induced an inflammatory response and
periodontitis. The ratio of presence of ICI in the Ligated
group (p < 0.05) was significantly higher than in the other
groups. The ICI in the RBF50, FA50, and NA50 groups
and RBF100, FA100, NA100 groups were similar and
there was no significant difference between these groups
(p > 0.05) (Graph 1).

Mean alveolar bone loss measurement with stereomi-
croscope in the mandibular first molar tooth was revealed
to be significantly lower in the RBF100 group than in the
Control group (p < 0.05). In the Ligated group, alveolar
bone loss was significantly higher (p < 0.05) compared to
all the other groups (Graph 2). The differences in the se-
rum IL-1f levels between the groups were not statistically
significant (p > 0.05) (Graph 3). Serum IL-10 levels of all
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Graph 1. Frequencies (%) of inflammatory cell infiltration (ICl) in
groups: (a) Ligated group was revealed as statistically more significant
regarding ICl than the Control group (p < 0.05).

Graph 3. Mean serum IL-1p levels with standard deviation bars of
the groups; there was no statistical significance between the groups
(p>0.05).
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Graph 2. Mean alveolar bone loss and standard deviation bars in Con-
trol, Ligated, RBF 50, FA50, NA50, RBF100, FA100 and NA100 groups:
(a) significant bone loss in Ligated group compared to that of other
groups (p < 0.05); (b) in the RBF100 group, alveolar bone loss was
significantly lower than that in the Control group (p < 0.05).

the groups were under the detection range, hence they
were not represented in the data.

Graph 4 shows the osteoclast numbers of the groups.
The osteoclast numbers of all the groups were lower than
the Ligated group, but this difference was not statistically
significant (p > 0.05). Levels of osteoclasts that were ob-
served in the Ligated group were significantly higher than
those of the Control and FA100 groups (p < 0.05).

It was revealed that osteoblastic activity in the Ligated
group, RBF100, and NA100 groups was significantly higher
than that in the Control group (p < 0.05). There was no
significant difference in term of osteoblastic activity be-
tween RBF50, NA50, FA50, and FA100 groups (p > 0.05)
(Figure 2).

DISCUSSION

The understanding of the nature of periodontal disease
causation and pathogenesis has changed dramatically, and
as a result the approach of periodontal treatment started
evolving 30 years ago, from blocking inflammation to
moderating it [27]. There are many studies in literature
that refer to links between periodontal disease and dietary
intake. Nutrients derived from diet perform as antioxi-
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Graph 4. Mean osteoclast numbers in the groups; the osteoclast
numbers of all the groups were lower than that in the Ligated
group, but this difference was not statistically significant (p > 0.05);
osteoclasts that were observed in the Ligated group were significantly
higher than those of the Control and FA100 groups (p < 0.05).

dants, co-enzymes in energy production and metabolic
processes and components of tissue structures that keep
the body’s system functioning properly and maintain good
overall health, including oral health. Thus we investigated
the effects of different dosages of RBF, NA, and FA on
periodontal bone loss in rats and found that the vitamins
increased osteoblast activity, and reduced the osteoclast
numbers and alveolar bone loss.

In one study, authors researched vitamin B complex
supplementation on periodontal wound healing in humans
[11]. Patients were given 50 vitamin B complex tablets and
50 placebo tablets for 30 days after the surgery. At the end
of the study Vitamin B supplemented subjects demonstrat-
ed significantly superior clinical attachment level (CAL)
gains, but not in plaque index (PI), gingival index (GI),
bleeding on probing (BOP), and BANA test values.

Erdemir and Bergstrom [28] investigated relation-
ship between FA and vitamin B , serum levels on the one
hand, and smoking on the other, in patients with chronic
periodontitis. They concluded that mean PI, GI, and CAL
were significantly more increased in smokers than in non-
smokers, although FA levels of smokers were lowered by
26% in comparison with that of non-smokers. In another
study authors tried to evaluate the effects of folate mouth-
wash on periodontium in experimental gingivitis model
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Figure 2. Histopathological sections of mandibular first molar tooth in all the groups (hematoxylin and eosin staining; original magnification: A: x10;
B: x40; C: x20; D: x10; E: x20; F: x20; G: x40; H: x20): (A) normal mandible showing alveolar bone (b), pulp (p), and dentin (d); (B) in the Ligated
group after 11 days, dense inflammatory infiltration area (arrow); (C) RBF50 group showing osteoblastic activity border of alveolar bone (narrow
arrows) and ruffled osteoclast border with multiple nuclei (wide arrows); (D) RBF100 group revealed dense osteoblastic activity (arrows); (E) FA50
group, osteocytes in the lacunas (white arrows); (F) FA100 group showing osteoclastic activity (arrow); (G) NA50 and (H) NA100 groups, showing
increased osteoblastic activity (black arrows), osteocytes (white arrow), and reduction in osteoclast number, respectively.

[29]. At the end of the study they concluded that the folate
mouthwash did not affect plaque accumulation or clinical
signs of gingivitis. According to data from the national
health and nutrition examination survey 2001/02, se-
rum folate levels are important indicators for periodontal
health in older adults and may help maintain oral health
properly [9]. Mohammadi et al. [22] aimed to evaluate the
protective effect of FA on cyclosporine-induced bone loss
in rats. Consequently, they suggested that FA may have
a preventive role against cyclosporine adverse effects to
bone in rats. In a recent study performed with diabetic
rats, authors observed that alveolar bone loss, number
of inflammatory cells, and nuclear factor kappa-B ligand
positive cells were more decreased in streptozotocin in
the NA group than in the streptozotocin group [30]. In
our study the results showed that RBF, FA, and NA sig-
nificantly prevented alveolar bone loss which had been
initiated by using ligature on experimental periodontitis
model in rats.

There are many experimental periodontitis models
which have been applied on rats, such as using ligature
on molar teeth, dietary manipulation, or introduction of
pathogenic microorganisms. Placing a ligature is a highly
presumable model for determining effects of different
drugs or agents against periodontal tissues. According to
studies, placement of a ligature around the molar teeth of
rats leads to appearance an inflammation beneath the liga-
ture [31] and most intense bone loss was achieved by day
11 after ligature placement [32]. We used ligature-induced
periodontitis model in our study, rats were sacrificed on
day 12 and ligature placement on the first molar tooth
caused a significant amount of bone loss.

In this study the dosages were arranged according to
studies listed below. No evidence of RBF toxicity was based
on limited human and animal studies [33]. Bertollo et al.
[34] assessed antinociceptive and anti-inflammatory activ-

ities of RBF in different experimental models with differ-
ent dosages, i.e. 25, 50, and 100 mg/kg. In an experimental
rat model, the authors used 100 mg/kg dosage of RBF to
evaluate its antioxidant effect [35]. In another study RBF
was administered at 30 and 100 mg/kg by oral gavage to
test its protective effect on hepatic injury [36]. The risk of
toxicity from FA is low, because folate is a water-soluble
vitamin and is regularly removed from the body through
urine. Different dosages of FA have been used in many
animal studies. In an experimental study on mice, 400-
1,200 nmol/kg dosages of FA were used [37]. The dose of
FA could be chosen to evaluate its efficiency - a 100-fold
dose of its acceptable daily dose, which is considered to be
15 mg/day for a 70-kg healthy adult [38]. In general, NA
is given in doses ranging 40-250 mg/day orally when NA
deficiency occurs [13]. The median lethal dose for subcu-
taneous administration of NA in rats is 1.68 g/kg, hence
the therapeutic index of NA is wide, but at very high doses
it causes reversible hepatotoxicity in animals and humans
[39]. No clinical signs, abnormal behaviors, or infections
were observed in rats of any group. In our study, 50 mg/kg
and 100 mg/kg dosages of RBE FA, and NA were used on
rats. Both of the dosages were effective on alveolar bone
loss, although 100 mg/kg dosage of these vitamins revealed
more effective results compared to 50 mg/kg dosage; how-
ever, these findings are not statistically significant.

IL-1p plays a key role in periodontal pathogenesis and
induces the synthesis and secretion of different mediators
such as prostaglandins, chemokines, and other cytokines.
IL-1p exacerbates inflammation and alveolar bone resorp-
tion. A development of systemic infection in rats might
have increased the levels of IL-1p. Apart from the serum
cytokine analysis, gingival homogenates analysis would
be performed to eliminate systemic inflammation effect.
In our study, serum levels were the highest in the NA100
group, but the difference between the groups was not sig-
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nificant - although NA has an antioxidant effect that may
prevent alveolar bone loss in spite of increased IL-1f level.

CONCLUSION

Within its limitations, this study states that administra-
tion of systemic RBE, FA, and NA with different dosages
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YnopeaHu ytuuaj pubodnasmuHa, HUKOTMHaMMAA U GO/THE KUCE/IMHE Ha
anBeonapHu rybuTak KowraHe mace: MOpHOMETPHjCKA U XMCTONATONOLIKA

CTYAMja Ha NayoBMMa

AjcyH AknuHap', Hebu LlaHcun KapakaH', AjcaH Jlektemyp Anna', Cyat CepxaH AntuHtene [loran', ®axpeTuH [03€?,

Owmep [Mojpaz?

'YHuep3utet Kymxypujet, CromaTonolwuku dpakyntet, Kateapa 3a napogoHTonorujy, Cusac, Typcka;
2Ynnsepautet Kymxypujet, MegnunHcki dakyntet, Kategpa 3a natonorujy, Cusac, Typcka;
*YHneep3uTet Kymxypujet, MegnunHcki dakyntert, Kategpa 3a Mukpoburonorujy, Cusac, Typcka

KPATAK CALIP>KA)

YBopg MapogoHTonaTuja je XpoHWYHa MHdIamaTopHa 1 ocTe-
onuTtnyka bonect. Komnnekc ButammHa b je Knaca ButammnHa
PacTBOP/bUBYIX Y BOAU KOjU UTPajy BaxkHy ynory y henwvjckom
MeTabonumy.

v papa Livb oBor ncTpaxuBatba je 610 aa ce npoLeHn
yTnuaj pubodnasuHa (PED), HukotnHamuaa (HA) n donHe Ku-
cenvHe (OK) Ha anBeonapHu rybrTak KoluTaHe Mace y ekcrepu-
MeHTaNnHOM MoZesy NapoAoHTONaTHje Ko naLoBa.

MeTope papa LLlesgecet yetnpun My»kjaka naLoBa coja BUCTap
HacyMMYHO Cy nofesbeHa y cnefehrix ocam rpyna: KOHTPOJHa,
nuratypHa, PBO50 (PB®, 50 mg/kg pHeBHo), HA50 (HA, 50 mg/
kg pHeBHO), ®K50 (DK, 50 mg/kg pHesHo), PEO100 (PED, 100
mg/kg pHeBHO), HA100 (HA, 100 mg/kg nHeBHO) 1 ®K100 (DK,
100 mg/kg pHeBHO). MapoaoHTONaTwja je 13a3BaHa Be3ViBakeM
CBWJIEHE HWTW OKO MPBOT AECHOT MaHAMOYNapHOr KyTHaka.
Mocne 11 paHa nayoBu cy XXpTBoBaHU. CakynsbeHu Cy y30pLm
[oHbe BUAnLe 1 cepyma. KnnHnukm cy ytBpheHe npomeHe Hu-
BOa a/fiBeoslapHe KOLUTaHe Mace, 0K Cy NapofOHTaIHa TKMBa
ncnuTaHa xuctonatonowku. Hueow IL-16 (pg/ml) cepyma aHa-
NN3NpaHn cy Tectom ELISA.

PeBu3uja « Revision: 14/10/15

Pesyntatu Mokasano ce Aa je cpefrby rybuTak anBeosnapHe Ko-
LITaHe Mace y NPBOM MaHANOYNapHOM KyTHaKy 3HaTHO HIXKW Y
rpynv PBO 100 y ogHOCY Ha KOHTPOAHY rpyny. Y nnraTypHoj rpy-
Ny anBeonapHu rybutak KolutaHe Mace 6110 je 3HayajHO BULL
Hero y octanum rpynama. lMpoueHat npucycrsa nHdUnTpauuje
nHdnamatopHux henuja y nuratypHoj rpynu 61o je 3HaTHO
Behn y 0fHOCY Ha KOHTPOJHY rpyny. Pasnuke y HiuBouma IL-13
y cepymy u3mehy rpyna Hucy bune ctaTucTnyKky 3HavajHe. Oc-
TEOKNACTV YOUeHW Y IraTypHOj rpynu 6Unn cy 3HaTHO BULIN
0fl OHUX y KOHTPOHOj 1 rpynu ®K100. OcTteobnacTryHa ak-
TUBHOCT Y iuratypHoj, rpynu PBO100 v rpynn HA100 6una je
3HayajHo Beha Hero y KOHTPOJHOj rpynu.

3akmyyak OBa cTyauja je Nokasana Aa cucremcka nprvmeHa
PBO®, HA n OKy paznnuntum gosama (50-100 mg/kg) cmarbyje
rybutak anseosiapHe KoLUTaHe Mace KoA napofoHTonaTuje Kog
naLoBa.

KrbyuHe peumn: ry6uTtak anBeoapHe KOLLTaHe Mace; HAYKoBa-
HO JIMraTypOM; XYCTOMOPGOMETPIjCKI; MUKPOHY TPHLIMOHM3aM;
BUTaMuH b
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