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MogenoBaHHS MapoOAOHTUTY Y LLYPIB
3a JONOMOIrOol0 anfikawii reto 3 NpoTaMiH-
cynbdaToM BUKIMKAE B SICHAxX PO3BUTOK
Ancbiosa, 3HUXYE BMICT rialypoOHOBOI KMUC-
noTn i nigBuwye ctyniHb atpodii anbBeo-
NgpHOro BigpocTka. Annikauii rens 3 cop-
OEHTOM, 9KUI MICTUTb HAHOYaCTKM 3050Ta
(5 HM, 500 MKr/r) 3HWXYIOTb CTyMiHb AUC-
6io3a, MiaBULLYIOTb BMICT rianypoHOBOI

Summary

THE THERAPEUTIC-PREVENTIVE EFFECT
OF THE GEL WITH NANOGOLD AT THE
EXPERIMENTAL PERIODONTITIS

Levitsky A.P., Borisenko A.V.,
Tkach O.B.

The simulation of periodontitis in rats
with the applications of gel with protamine
sulfate causes the development of dysbi-
osis in gum, reduces the contents of hy-
aluronic acid and increases the degree of
atrophy of alveolar appendage. The appli-
cations of gel with the sorbent, containing
nanoparticles of gold (5nm, 500 mg/kg)
reduce the degree of dysbiosis, increase
the contents of hyaluronic acid and nor-
malize the index of alveolar appendage

KNCNOTK Ta HOPMani3ylTb NOKA3HUK aTt-
podii anbBEONAPHOro BigPOCTKA.

atrophy.

Key words: nanogold, mucosal gels,
Knio4oBi cnoBa: HaH030/10TO, Myko3asibHi  gum, periodontitis, dysbiosis, hyaluronic
reni, sicHa, nNapoAoHTUT, AnCcOIo3, riasy- acid.
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THE EFFECTS OF ANTIOXIDANTS ON DIABETIC DAMAGEWITHA
TOBACCO SMOKE IN BOVINELENSES

Bormusov E.A., Reznick A.Z.
Rappaport Faculty of Medicine, Technion — Israel Institute of Technology, Haifa,
Israel bormusov@tx.technion.co.il; ebormusova@gmail.com

Investigated the mechanisms involved in the effects of preventing cataract and
cigarette smoking (CS) when exposed to the lens antioxidants. Bovine lenses were
removed in organ culture for 12 days, exposed to glucose 450 mg % for antioxidants
including-Desferioxamine (DFO) and cysteine N-acetyl-L-(NAC). Treated lenses were 4
days in culture medium saturated with cigarette smoke daily dose at 500 psi. The use
of laser-lens optical quality was assessed daily. At the end of the incubation period,
lenses were analyzed using an inverted microscopy as epithelial layer was used for
histochemical assessment method Einarson nucleic acids -RNA-DNA staining.

Reactive Oxygen Species (ROS) were evaluated C6827, to measure the level of
cellular oxidation in the epithelial cells of the lens relative to the control cultures by
fluorescence microscopy. High glucose with a smoke causes optical and morpholog-
ical changes in epithelial cells (hypertrophy, hyperplasia). Antioxidants reduce the
damage caused by high glucose and CS, to protect the lens from high glucose,
reduce cell damage, prevent the increased activity of ROS. NAC protected the lens
from damage high glucose better than DFO. We suggest that NAC can serve as an
effective advocate for the lens of the eye against damage from smoking diabetics.

Keywords: antioxidants, cigarette smoking, cataract diabetes, culture lens, Nucleic
acids, ROS.
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The purpose of this study was to
investigate the mechanisms involved in the
effects of antioxidants in preventing glu-
cose damage and cigarette smoking (CS)
exposure to the eye lens. Bovine lenses
were incubated in organ culture condi-
tions for 12 days. Lenses were exposed
to 450 mg % glucose including the an-
tioxidants: Desferioxamine (DFO) and N-
acetyl-L-cysteine (NAC). Control lenses
were incubated without glucose or anti-
oxidants and other groups were incubat-
ed with glucose, glucose and smoke,
glucose, CS with antioxidants. Treated
lenses were 4 day in the culturally envi-
ronment daily sated with a cigarette
smoke dose of pressure-500 psi. Using
our unique laser system lens optical qual-
ity of lens was assessed daily throughout
the culture period. At the end of the
incubation, lenses were analyzed by in-
verted microscopy and the lens epithelial
layer was used for histochemical analysis
of the nucleic acids was estimated using
the Einarson -DNA-RNA staining method.
Reactive Oxygen Species (ROS) were
estimated with 5-(and 6-)chloromethyl-
2',7'-dichlorodihydrofluorescein diacetate
(C6827) to measure the level of cellular
oxidation in the cells of lens epithelium.
The levels of ROS were measured by
monitoring the fluorescent intensity rela-
tive to that of control cultures under flu-
orescent microscopy. Elevated glucose in
the culture medium caused optical and
morphological damage to bovine lenses.
High glucose with smoke causes chang-
es in epithelial cells shape (hypertrophy,
hyperplasia). The antioxidants reduced the
damage caused by high glucose and CS
levels. High doses of glucose in combi-
nation with a smoke in the culture medi-
um caused damage to bovine lenses.
Antioxidants protect the lens from high
glucose (diabetic) damage. Antioxidants
reduced the damage to cells shape and
prevent the increased activity of ROS.
NAC protected the lenses from high glu-
cose damage better than DFO. We sug-
gested that NAC can serve as an effec-

tive protector for the eye lens against
diabetes damage in smokers.

Introduction

Lois N, Abdelkader E, Reglitz K,
Garden C, Ayres JG. [2008] were
searched on environmental tobacco
smoke (ETS) exposure and eye disease
using various combinations of the follow-
ing terms: passive smoking, environmen-
tal tobacco smoke, sidestream smoke,
involuntary smoking, secondhand smoke;
with eye, conjunctiva, sclera, episclera,
cornea, lens, iris, retina, choroid, uvea,
optic nerve, uveitis, iritis, blindness, visu-
al loss, cataract, thyroid eye disease,
conjunctivitis, age-related macular degen-
eration, dry eye, tears. A search was
further conducted specifically on eye dis-
eases where active smoking has been
proposed to be a risk factor, including
age-related macular degeneration, Graves
ophthalmology, glaucoma, uveitis, refrac-
tive errors, strabismus, tobacco-alcohol
amblyopia, non-arteritic ischaemic optic
neuropathy, Leber optic neuropathy and
diabetic retinopathy. Given the scarce
number of studies found through the
above search, all articles found on ETS
and eye disease were included in this
review. Very scarce data exist in the lit-
erature on the effect of ETS on diseases
of the eye. It seems appropriate that ETS
should be included in future studies ad-
dressing the effect of smoking on eye
disease.

In human diabetes, the deleterious
effects of chronic hyperglycemia are the
result of excessive nonenzymatic modifi-
cation of proteins and phospholipids by
glucose and its by-products leading to
the formation of irreversible oxidized, ar-
omatic, and fluorescent ligands known as
advanced glycation end products. This
glycation process has been associated
with deleterious health effects [Babizhayev
MA, Guiotto A, Kasus-Jacobi A, 2009].
Cigarette smoking has been implicated in
the pathogenesis of cataract, but the
pathogenic mechanism by which cigarette
smoke causes cataract is yet to be com-
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pletely understood. Avunduk AM, Yardimci
S, Avunduk MC, Kurnaz L, Koskar MC
[1997] have suggested that oxidative
damage caused by accumulation of Fen-
ton reagents (iron and copper) in the lens
can cause lens damage and possibly
cataract. To investigate the accuracy of
this assumption the study was planned
according. A number of twenty-four male
Wistar rats were divided randomly into
experimental and control groups. The
experimental group of rats were exposed
to cigarette smoke for two hours in each
day over sixty consecutive days and the
controls were treated in identical fashion
but only exposed to room air. At the end
of the study period, both eyes of all the
animals were enucleated and one eye
prepared for histopathological examination
and the other used for the measurement
of metal levels. The lenses of experimental
animals showed significantly decreased
zinc and increased iron, and calcium
concentration relative to those of sham
exposed controls. However, no significant
difference was found in the copper con-
tents of the lenses of both groups. Dis-
tinct histopathological changes such as
hyperplasia, hypertrophia, and multilayer-
ing of epithelial cells and elevations of
calcium concentration detected in the
lenses of experimental group animals
suggested that the lens damage was a
result of in vivo exposure to tobacco
smoke. We proposed that increased metal
contents in the lens can cause lens dam-
age by the mechanism of oxidative stress
through formation of oxygen radicals via
metal catalysed Fenton reaction. Distinct
histopathologic changes in the anterior
lens epithelium, such as hyperplasia, hy-
pertrophy, epithelial multilayering, and the
presence of epithelial cells over posterior
lens capsule, observed in group rats were
not present in other groups [Avunduk AM,
Yardimci S, Avunduk MC, Kurnaz L, Ay-
din A, Koskar MC, Delibaei T, Dayanir V.,
1999]. Cataractogenesis after cigarette
smoke exposure was associated with an
accumulation of iron and calcium in the

rat lens, and vitamin E supplementation
protected such accumulations and cata-
ractogenesis.

Oxidative stress plays an important
role in cataractogenesis. Karppi J, Lauk-
kanen JA, Kurl S. [2011] study was to
examine whether plasma concentrations
of lutein and zeaxanthin are related to
age-related nuclear cataract in the elder-
ly population. Subjects were participants
in the Kuopio Ischaemic Heart Disease
Risk Factor Study and they were classi-
fied into tertiles according to plasma
concentrations of lutein and zeaxanthin.
The association of plasma lutein and
zeaxanthin concentrations with age-relat-
ed nuclear cataract in 1689 elderly sub-
jects (aged 61-80 years) was investigat-
ed in the present cross-sectional study
by using the Cox proportional hazards
model. A total of 113 cases of incident
age-related cataracts were confirmed, of
which 108 cases were nuclear cataracts.
After adjustment for age, examination
year, sex, BMI, smoking, alcohol con-
sumption, serum LDL-cholesterol, serum
HDL-cholesterol, years of education, use
of oral corticosteroids, history of diabe-
tes and history of hypertension with cur-
rent use of antihypertensive medication,
subjects in the highest tertiles of plasma
concentrations of lutein and zeaxanthin
had 42 and 41 % lower risks of nuclear
cataract, respectively, compared with
those in the lowest tertiles (relative risk
(RR) = 0-58, 95 % CI 0-35, 0:98; P =
0-041 for lutein and RR = 0-59, 95 % CI
0-35, 0-99; P = 0-046 for zeaxanthin). In
conclusion, they suggest that high plas-
ma concentrations of lutein and zeaxan-
thin were associated with a decreased risk
of age-related nuclear cataract in the
elderly population.

To investigate whether a daily in-
take of a moderate dose of Objective:
antioxidants modifies the microcirculatory
response to smoking, assuming a major
influence on redning oxidative damage.
The microvascular response to stress on
microcirculation. Henriksson P, Diczfalusy
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U, Freyschuss A. [2012] users methods:
smoking was assessed in individual cap-
illaries by capillaroscopy before and after
two weeks of treatment with oral antiox-
idants, Smoking prolonged time to peak
(TtP) capillary blood flow velocity in all
subjects. When the subjects were pre-
treated with ascorbate, TtP was compa-
rable to baseline values of untreated
subjects. No significant effect of vitamin
E was observed, neither before nor after
smoking. Capillary blood flow velocity in-
creased after treatment with ascorbate as
well as after vitamin E. However signifi-
cant reductions in velocity were still ob-
served in response to smokingeven after
subjects consumed ascorbate and vita-
min E So study focus on individual cap-
illaries and confirms that smoking has a
very pronounced, direct and reproducible
microvascular effect possible to demon-
strate in vivo in human capillaries. Mod-
erate intake of the antioxidant ascorbate
clearly mitigated the effects induced by
smoking. TtP after smoking in subjects
treated with ascorbate was similar to that
observed in untreated subjects before
smoking a cigarette. Thus oxidative stress
could be assumed to play a role in the
effects of smoking on microcirculation.

Shalini VK, Luthra M, Srinivas L, Rao
SH, Basti S, Reddy M, Balasubramanian
D. [1994] is reported that sigarette smok-
ing increase the risk of cataract. Like-
wise, the use of smoky cooking fuel is
implicated in the etiologyd of cataract. In
an effort to understand the cellular and
molecular basis, the in vitro and in vivo
cataractogenetic effects of these smoke
condensates have been studied using
isolated rat lenses and pigmented rats.
Isolated capsulated rat lenses were incu-
bated with cigarette smoke condensate
(CSC) and firewood smoke condensate
(FSC) for varying periods, with and with-
out antioxidants, in the presence and
absence of light. CSC and FSC perme-
ate the lens capsule, imparted colour and
opacify the lens in a light-and dose-de-
pendent manner. Antioxidants offered

partial inhibition against the above damage.
The condensates contain polycyclic
aromatics which generate reactive oxy-
gen species such as O, photodynamical-
ly, and ppb levels of Fenton metal ions
which induce oxidative reactions through.
OH. Smoke induced damage possibly
occurs through systemic absorption and
transport of toxic components to several
tissues, and specially into the lens, where-
in the turnover is slow, leading to chron-
ic accumulation causing oxidative dam-
age to the constituent molecules and to
consequent lenticular opacity.

Rao CM, Qin C, Robison WG Jr,
Zigler JS Jr. [1995] have undertaken a
study to investigate the effect of wood
smoke condensate on the physiological
integrity and morphology of organ cul-
tured lenses. Lenses in organ culture are
metabolically active and have functional
defense systems, thus they provide an
appropriate model for studying effects of
smoke condensate. This present study
indicates that metabolites of wood smoke
condensate accumulate in the lens. The
ability of the lenses to accumulate rubid-
ium-86 (mimic of potassium) and choline
from the medium is compromised by
exposure to smoke condensate. Rubidi-
um efflux studies suggest that the dam-
age is primarily at the uptake level and
does not involve an overall increase in
membrane permeability. Protein leakage
experiments corroborate this suggestion.
Histological data show distinct morpho-
logical changes such as hyperplasia, hy-
pertrophy and multilayering of epithelial
cells.

The difficulties encountered in ex-
trapolating biological activity from ciga-
rette smoke composition provide gener-
ally applicable lessons as they are repre-
sentative of the problems encountered
with other complex mixtures [Rodgman
A, Smith CJ, Perfetti TA., 2000]. Re-
searchers attempting to assess risk are
faced with attempting to interpret data
from a number of areas including: tobac-
co science; smoke/aerosol chemistry spe-
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cific to tobacco; sophisticated analytical
chemistry applications and techniques for
trapping, collecting, separating, and quan-
tifying very specific compounds at nano-
gram to picogram levels; numerous bio-
logical testing methodologies; and animal
models of tumors and carcinogenesis.
Numerous hypotheses have been devel-
oped over the past five decades and
tested with the technology of the day in
attempts to interpret the biological activ-
ity of cigarette smoke in relation to the
chemistry of this complex mixture. These
hypotheses fall into several categories
discussed in this review: mechanisms of
pyrogenesis of polycyclic aromatic hydro-
carbons (PAHSs) in tobacco smoke; levels
of PAHs in cigarette mainstream smoke
(MS) and its tumorigenicity in mouse skin-
painting experiments; control of PAH lev-
els in MS; chemical indicators of ciga-
rette smoke condensate (CSC) tumorige-
nicity; control of levels of MS components
partitioned between the vapor phase and
particulate phase of MS; tumorigenic
threshold limits of CSC and many of its
components; tumorigenic aza-arenes in
tobacco smoke; MS components report-
ed to be ciliastatic to smokers’ respirato-
ry tract cilia; anticarcinogenic tobacco-
smoke components. Of 52 hypotheses
reviewed in this paper, 15 have excellent
data supporting the hypothesis based on
today’s technology. The remaining 37
hypotheses, although originally plausible,
have since become insupportable in light
of new and contradictory data generated
over the years. Such data were generat-
ed sometimes by the original authors of
the hypotheses and sometimes by other
investigators. The hypotheses presented
today are less likely to be supplanted
because they are well conceived and have
a strong mechanistic basis. The challenge
for the future is the generation and in-
terpretation of data relating the chemis-
try and biological activity associated with
the dynamic and complex mixture of to-
bacco smoke.

Materials and Methodology
Lenses and Organ Culture System

Lenses were excised from eyes
obtained from 1-year-old male calves from
an abattoir, 2-4 h after enucleation. Each
excised lens was placed in a culture
chamber consisting of two compartments
connected by a round hole. Lenses were
completely immersed in culture medium.
Culture medium consisted of M199 with
Earl’s balanced salt solution, 3 % fetal
calf serum, and antibiotics (penicillin 100
U/ml and streptomycin 0.1 mg/ml) and
was changed daily. The lenses were in-
cubated at 35 °C. Experimental treatments
started after pre-incubation of 24 h
(Dovrat A, Weinreb 0.,1995,1999). Oxi-
dative stress represents a mechanism
which could lead to diabetic cataract. We
exposed bovine lenses in culture condi-
tions for two weeks to high glucose con-
centration (450 mg %). Bovine lenses
were incubated in organ culture condi-
tions for 12 days. Treated lenses were
exposed to CS every day for 6 days at
dose for amount of smoke of pressure-
500 mmHg (equivalent to 5 cigarettes) in
a special device. To two of the experi-
mental exposed groups we have added
NAC(1mM) and DFO (2.5 mkg/ml) as
antioxidants. Exposure to CS was per-
formed by a system consisting of a cham-
ber attached to a vacuum pump and a
negative pressure gauge (up to 600 mm
Hg) at one end and a cigarette at the
other end (Fig. 1). Medium were placed
inside the chamber. Then, the vacuum
pump was activated, valve B was closed
and valve A was opened until a desired
level of negative pressure was created
inside the chamber. By using the vacu-
um pump the pressure inside the cham-
ber was reduced relatively to the atmo-
spheric pressure outside. Subsequently,
a TIME commercial cigarette containing
14 mg of tar and 0.9 mg of nicotine and
filter (Dubek Ltd., Tel Aviv, Israel) was lit,
valve A was closed and valve B between
the burning cigarette and chamber was
opened for 10 seconds allowing CS to
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enter the chamber. Creating reduced
pressure inside the chamber allowed the
drawing of CS from the burning cigarette
into the chamber. Thus, the dose of CS
entering the chamber equated the level
of negative pressure created inside the
chamber. Smoke passing through the
cigarette filter was considered as vapor
phase CS. After exposure to CS the
chamber with the medium was sealed and
transferred for different incubation times
at 35°C. (Rom O. et al., 2013).

Fig. 1. CS exposure apparatus.

Optical Monitoring System

The optical quality of the lenses was
analyzed each day of the culture using a
low power laser scanner. The scanner
consists of a 2 mW 670 nm helium-neon
diode laser mounted on a computer-con-
trolled X-Y table, and a television camera
with a video frame digitizer [Sivak et al
1990]. The laser beam was parallel to
the axis of the lens and was directed
towards the cultured lens along one
meridian in 0.5 mm increments. After
passing through the lens, the laser beam
is refracted and the system determines
the back vertex focal length for every
beam position. Each scan consists of
measurements of the same beam from
22 different points across the lens. A lens
of good optical quality is able to focus
the laser beam from the various loca-
tions. When the lens is damaged its abil-
ity to focus the laser beam at the vari-
ous locations is altered.

Lens Epithelium Microscopy and
Histochemistry

At the end of the culture period,
lenses were analyzed by inverted micros-

copy. Lenses were photographed using
an inverted microscope in order to as-
sess damage at different depths of the
lens. For the subsequent studies we have
used epithelium preparations of a mono-
layer of bull lenses from all experiments.
Faddeev’'s method (1962) was used. For
this purpose the used capsule was
opened were cleaned and transparent
fibers of a lens. On an object plate here
was only a capsule and monolayer cellu-
lar epithelium.This provided an evaluated
account of the different grade of its cap-
sule, i.e. topographical features of cen-
tral intermediate and equatorial zone
epithelium cells (Bormusova E., 1979).
Treated lenses were analyzed morpholog-
ically and by assessment of the nucleic
acid staining of the lens epithelium
(Pearse A.G., 1972), the method use
gallocyanin-chromalum by Einarsone with
enzyme for specificity. The procedure
includes fixation of the samples with
methanol for 30 min, incubation with the
gallocyanin-chromalum solution for 48
hours. The chromalum
(K,S0,-Cr,(S0,),-24H,0) with gallocyanin
at pH = 1.64 binds to nucleic acids and
give it dark blue color.

Reactive Oxygen Species (ROS) in
epithelial cells lens were detected with
5-(and 6)chloromethyl-2',7'-dichlorodihy-
drofluorescein diacetate, acetyl ester (CM-
H2DCFDA, C6827) measuring the level of
cellular oxidation in the cells of lens ep-
ithelium. When oxidising agent is added
to the cells this reagent is converted to
fluorescent isomer. The fluorescent sig-
nal was detected with a fluorescence
microscope, using sources of excitement
and filters, corresponding to fluorescein.
Levels of ROS were measured by mea-
suring fluorescent intensity of the cells in
culture. Nuclei were labled by Propidium
lodide.

The Quantitative intensities of the
histochemistry reactions in central and
equatorial zones was be done using the
program Image-Pro Plus, measuring In-
tegrated Optical Density in each cell us-
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ing 30-50 cells of each slide. A change is
defined as significant if the difference be-
tween control and treated groups reach-
ing value of P < 0.05.

Results
Optical Analysis

Our optical system can measure
minute changes in lens transparency as
demonstrated by changes in transmit-
tance. A 670 nm diode laser with the
beam parallel to the axis of the lens
was directed towards the cultured lens
along one meridian in 0.5 mm increments.
After passing through the lens, the laser
beam is refracted and the system deter-
mines the back vertex focal length and
transmittance for every beam position.
Each scan consists of measurements of
the same beam from 22 different points
across the lens. Each point on the graph
represents the average of the lenses of
that treatment. Control lenses (red) show
100 % transparency (Figure 2.). On the
other hand, lenses exposed to the differ-
ent treatments show variation in trans-
parency. High glucose levels reduce lens
transparency (violet). Lenses show higher
transparency as a result of the treatment
with the antioxidants NAC and DFO. Oth-
er studies also demonstrated changes in
lens optical quality in diabetes (Di Bene-
detto A, Aragona P, Romano G, et al.,
1999) measured lens opacity in diabetic
patients using a back-light scattering
quantification system. Lens opacity was
significantly higher in diabetic patients
than in the control group, and showed
correlation with glycated hemoglobin lev-
els. Freel CD, Gillland KO, Wesley Lane
C, Giblin FJ, Joseph Costello

M. (2002) compared cytoplasmic
textures from a variety of human and
animal lenses in electron microscope
images in order to relate the extent of
roughness with the extent of opacifica-
tion. Lens cytoplasms exhibiting the great-
est roughness correlated with the great-
est light scattering.

Tkachov et al. (2006) described his-
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tomorphological changes in the cataractous
lens of diabetic patients using Scheimpflug
densitometry and light microscopy. Their
study revealed smaller cell density of the
lens, larger cell area of lens epithelium, and
a lower nucleusplasma ratio in cataractous
lenses of diabetics compared to clear non-
diabetic lenses.

Inverted Microscopy micrographs

In our study at the end of the cul-
ture period, lenses were photographed by
inverted microscope. Figure 3A shows a
photograph of a control lens with clear
sutures and homogeneous epithelial cell
layer. Figure 3B demonstrates the severe
damage to the lens, when incubated in
the presence of high glucose, which is
indicated by the blisters under and be-
tween the epithelial cells.

Glucose with CS treated lenses show
swollen epithelial cells with blisters at the
cells borders (Fig. 4A). Each of the two
antioxidants used in the study reduces
the glucose-induced damage to the lens
(Figures 4B, 5).

Results show that high glucose and
a smoke of cigarettes does harm to an
epithelium of a lens and to fibers, and
treatment with antioxidants reduces the
damage caused by high levels of glucose
in combination with CS.

Histologically, there was a lens of
single-layered epithelium in the control
group (Fig. 6A). In the experimental
group-glucose (Fig. 6B), there was slight
pleomorphism in the superficial epithelial
cell contours and vacuolization was more
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Fig. 3.A. Inverted microscopy micrograph of control lens.
Fig. 3B. Inverted microscopy micrograph of lens incubated with 450
mg % glucose

B

Fig. 4.A. Inverted microscopy micrograph of lens incubated with 450

mg % glucose and CS-500 mmHg.

Fig. 4B. Inverted microscopy micrograph of lens incubated with 450

mg % glucose, CS-500 mm Hg and DFO.

Fig. 5. Inverted microscopy micrograph of lens incubated with 450
mg % glucose, CS-500 mm Hg and NAC

prominent in this group ; the experimental
group glucose with CS, had pronounced
pleomorphism and pyknosis of the nuclei
in the superficial epithelium (Fig. 8A). Some
of the epithelial cells had disappeared and
were histologically observed as acellular ar-
eas. There is larger space between the cells
and changes in organization after glucose
and CS influence. Cells organization shows
integrity is disrupted, such as hyperplasia
and hypertrophy of epithelial cells.

These graphics show (Fig. 7) that
under the influence of glucose with CS
the optical density of nucleic acids in
cages of an epithelium varies. As the area
of cages changes also (Fig. 10). However,

the DFO and NAC correct this shortcom-
ing.

Detection of Oxidative Stress

The antioxidants protective effect of
each of the two agents were compared
using the 5,6-chloromethyl-2\’,7\’-dichlo-
rodihydrofluorescein diacetate (DCF) as-
say. Formation of ROS in the epithelium
was monitored and detected, by fluo-

‘ rescence, in intact bovine epithelial cells

layers, from the different treatment

- groups. Figure 11A, shows a molecule

" of non (reduced and acetylated) DCF.
Note the low fluorescence of the epi-

! thelial cells.
: Note the high fluoresce in the ep-

ithelial cells with glucose(Fig. 11B) and
glucose+CS (Fig. 12A) which indicate
high oxidation. DFO reduced the oxida-
tion levels in the cells (Fig. 12B), while
NAC totally prevents the damage (Fig.
13).

The epithelium from lenses treated
with in the presence of NAC looks the
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Fig. 6A Day 12 Epithelium cels. Control (DNA/RNA Staining).
Fig. 6B. Day 12. Epithelium Cells. Glucose (450 %) (DNA/RNA
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ACTUAL PROBLEMS OF TRANSPORT

MEDICINE +#3 (37), 2014




AKTYAJIbHBIE MPOB/IEMbI TPAHCMNOPTHOW MEAULMHBI 4 Ne 3 (37), 2014 r.

H' "i:, i A K- onttey 4 F 4y
) ‘,“: ¥ number of cigarettes smoked daily was
‘ found for nuclear lens opacities, alone

i- by i \ “.hu '
b Ve | [
I R

5; " :ﬁ& BT K PN

A ‘ Belp N ls i \'-
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Fig. 8B. Day 12. Epithelium Cells Glucose + CS+DFO
(DNA/RNA Staining)

’. & ‘.-‘ L

t‘."“

A% u
s ‘u‘:‘ .‘ l‘:
*"{' V. L“" e
ol :6 -0 ’
\} 3 ,‘\l o‘ N

Fig. 9. Day 12. Epithelium Cells Glucose + CS+NAC (DNA/RNA
Staining). Antioxidants a reduced the damage caused by the high

maintenance of glucose with CS.
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same as the controls.

Hiller R. et al [1997] examine the
association between cigarette smoking
and the incidence of nuclear and non-
nuclear lens opacities in members of the
Framingham Eye Study Cohort. During the
approximately 12.5 years between eye ex-
aminations, lens opacities developed in a
total of 381 persons, with nuclear opac-
ities constituting the most frequent type.
In logistic regression analyses that con-
trolled for age, sex, education, and dia-
betes, a significant positive association with

é

increasing duration of smoking and

4 or in combination (test for trend, P < or
: = 0.002), but not for nonnuclear opac-
, | ities (test for trend, P = 0.62). Among

L .‘ = 'o“"\ 's; the heavier smokers (persons who

smoked > or = 20 cigarettes per day
according to 6 or more biennial Framing-
ham Heart Study examinations), 77 %
were still smoking at the time of the
first eye examination. Persons who
smoked 20 or more cigarettes per day
at the time of the first eye examination
were at substantially increased risk for
the development of nuclear opacities
than nonsmokers (odds ratio, 2.84; 95
% confidence interval, 1.46-5.51). There
was no apparent excess risk for per-
sons with nonnuclear lens opacities
(odds ratio, 1.42; 95 % confidence in-
terval, 0.65-3.07). The City Eye Study is
a nine year longitudinal prospective ep-
idemiological study [ Flaye DE et
al.,1983]. During the first three year
phase the study recruited 1029 volun-
teers, aged between 54 and 65 years,
primarily from companies and organisa-
tions working in or around the City of
London. The analysis of the first cohort
data shows a significant association be-
tween nuclear lens opacities and mod-
erate to heavy cigarette smoking. The
Relative Risk for nuclear lens opacity and
cigarette smoking ranges from 1.0 for
past light-smokers through 2.6 for past
heavy-smokers, to 2.9 for present heavy
smokers. There is also a strong association
between smoking and a number of
common eye diseases, which include
Graves’ ophthalmopathy, age-related mac-
ular degeneration, glaucoma, and cata-
ract [Cheng AC. et al., 2000]. Despite
the multifactorial aetiology of these ocu-
lar syndromes, smoking is an indepen-
dent risk factor that has dose-response
effects. It causes morphological and func-
tional changes to the lens and retina due
to its atherosclerotic and thrombotic ef-
fects on the ocular capillaries. Smoking also
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Fig. 11A. ROS. Control lens epithelium after 12 days in organ culture

conditions. Fig. 11B. Day 12. Epithelium Cells. Glucose. ROS.

Fig. 12A. Day 12.Epithelium Cells. Glucose+CS. ROS.
Fig. 12B. Day12. Epithelium Cells. Glucose+CS+DFO. ROS.

Fig. 13. Day 12. Epithelium Cells.Glucose+CS+NAC. ROS.

enhances the generation of free radicals
and decreases the levels of antioxidants in
the blood circulation, aqueous humour, and
ocular tissue. Thus, the eyes are more at
risk of having free-radical and oxidation at-
tacks in smokers. Cataract and age-relat-
ed macular degeneration (AMD) are the
major causes of vision impairment and
blindness worldwide [Fletcher AE., 2010].
Both conditions are strongly age related
with earlier signs (usually asymptomatic)
occurring in middle age and becoming
severer and more prevalent with increasing
age. The aetiology of these conditions is
thought to fit with the ‘free radical theory’
of ageing which postulates that ageing and
age-related diseases result from the accu-
mulation of cellular damage from reactive
oxygen species (ROS). Mitochondrial ener-
gy production is a major source of endog-
enous ROS. External sources of ROS in-

clude environmental sources especially
solar radiation, biomass fuels and tobac-
co smoking. There is strong evidence
from epidemiological studies that smok-
ing is a risk factor for both cataract and
AMD. There is moderate evidence for an
association with sunlight and cataract
but weak evidence for sunlight and
AMD. The few studies that have investi-
gated this suggest an adverse effect of
biomass fuels on cataract risk. The an-
tioxidant defence system of the lens and
retina include antioxidant vitamins C and
E and the carotenoids lutein and zinc,
and there is mixed evidence on their as-
sociations with cataract and AMD from
epidemiological studies.

The contribution of chronic tobac-
co exposure in determining post-myo-
cardial infarction (Ml) left ventricular (LV)
remodeling and possible therapeutic
strategies has not been investigated
systematically [Khanna AK, Xu J, Mehra
MR., 2012]. Authors small animal inves-
tigation, They demonstrate that chronic
tobacco smoke exposure leading up to
acute MI in rats is associated with
greater histological extent of myocardial
necrosis and consequent worse LV

function. These findings are associated with
increased transcriptomic expression of pro-
inflammatory cytokines, tissue repair
molecules and markers of oxidative stress
in the myocardium. The results demonstrate
that an N-acetyl cysteine (NAC) treatment
significantly reduced tobacco-exposed in-
duced infarct size and percent fractional
shortening. A significantly increased LV
end-systolic diameter was observed in to-
bacco-exposed sham compared to
tobacco-nanve sham (4.92 = 0.41 vs 3.45
+ 0.33; P < 0.05), and tobacco-exposed Ml
compared to tobacco-nanve Ml (8.24 + 0.3
vs 6.1 = 0.49; P < 0.01) rats. Decreased
intracardiac mRNA expression of the
markers of inflammation, tissue repair and
oxidative stress and circulating levels of
pro-inflammatory cytokines accompanied
these positive effects of NAC. The treat-
ment of tobacco-exposed Ml rats with NAC
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resulted in significantly increased levels of
intracardiac mMRNA expression of antioxi-
dants, including superoxide dismutase,
thioredoxin and nuclear factor-E2-related
factor 2, as well as circulating levels of
glutathione (7 + 0.12 vs 10 = 0.18; P <
0.001), where the levels were almost iden-
tical to the tobacco-nanve sham rats.
These findings identify a novel post-inf-
arction therapy for amelioration of the
adverse effects of tobacco exposure on
the infracted myocardium and advocate
the use of dietary supplement antioxidants
for habitual smokers to prevent and re-
verse cardiovascular adverse effects in the
absence of successful achievement of
cessation of smoking.

Nagler R et al. [2000] showed that
exposure of human plasma in vitro to gas-
phase cigarette smoke (CS) causes a
marked modification of plasma proteins
as measured by protein carbonyl assay.
Aldehydes present in CS may cause this
elevation of protein carbonyls by reacting
with sulfhydryl groups of proteins. Saliva
is the first body fluid to confront the in-
haled CS. Thus, in vitro exposure of sa-
liva to nine “puffs” of CS also showed a
distinct increase in protein carbonyls.
Ascorbate and desferrioxamine mesylate
had little effect on protein carbonyl for-
mation, while GSH and N-acetylcysteine
considerably inhibited the accumulation of
protein carbonyls due to CS exposure.
Following the exposure to CS, the activities

Equator

B Glucose
0 Gluc.+CS+DFO

of several salivary enzymes-
amylase, lactic dehydroge-
nase (LDH), and acid phos-
phatase-were found to be
significantly reduced (34, 57,
and 77 %, respectively).
However, CS had no effect
on the activities of aspartate
aminotransferase and alka-
line phosphatase. Addition of
1 mM of GSH and
N-acetylcysteine consider-
ably protected LDH and
amylase activities,
suggesting that sulfhydryl
groups are affected in LDH and amylase.
On the other hand, addition of 1 mM
ascorbate caused a further loss of LDH and
amylase activities, which could be partially
prevented by the addition of desferrioxam-
ine mesylate, implicating metal-catalyzed
oxidation processes. Finally, loss of acid
phosphatase activity was completely unaf-
fected by any of the above antioxidants. It
is concluded that the loss of salivary en-
zyme activities may be due to various
agents in the CS that affect the enzyme
activities via different mechanisms.

Conclusions

High glucose and CS in the culture
medium causes damage to bovine lens-
es. Antioxidants reduced the damage to
cells shape and prevent the increased
activity of ROS and Nucleic Acid. We have
demonstrated a role for oxidative dam-
age of CS and diabetes formation. It is
probable that NAC and DFO can provide
favorable result.

NAC protected the lenses from high
glucose damage better than DFO. The
antioxidant and anti-inflammatory agent N-
acetyl-L-cysteine protects the lens from
high glucose damage with CS.

Thus, the possible use of antioxi-
dant substances in prevention of a cata-
ract in smokers and treatment is a very
attractive possibility that shoved be ex-
plored more deeply in the Future.
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Pesiome
JNENCTBUE AHTUOKCUOAHTOB HA
COYETAHVE ONABETUNYECKOIO
MNOBPEXAOEHUA C AEMCTBUEM
TABAYHOIO AbIMA HA XPYCTAJINK
BbIKA

GopmycoBa 3.A., Pe3Huk A.3.

NccnepoBanmcb MexXaHU3Mbl Oen-
CTBUSI @HTUOKCUOAHTOB HA NpenoTBpalle-
HMe pa3BUTUSA KaTapakTbl Y KypsaLUX.
BblubM XpycTanukn ObiNN BbloepXaHbl B
KynbTypanbHOW cpepe, cogepxailen 450
Mr rnoko3bl Ha 100 r pacTBopa M C aH-
TUoKMUCAUTENAMN — AaechepokcaMmHOM
(DFO) n N-auetun-L-umctenHom (NAC) B
TedyeHme 12 gHeln. Tak Xxe 4 oHA xpycTa-
JINKN coaepXanucb B KyNbTypanbHON cpe-
0e, HacbllaeMon NannmpoCHbIM ObIMOM,
eXeaHeBHasa O03a KOTOpOro cocrtaenana
500 psi. OnTryeckoe Ka4ecTBO XpycTanu-
KOB €XeAHEBHO OLIEHMBAIOCh C MOMOLLbIO
nasepHon yctaHoBkK. B koHue mHkyba-
LMOHHOIO nepuoga xpycrtanuku 6binm
N3y4eHbl METOOOM MHBEPCMOHHON MUKPO-
CKOMWUM, a anuTenmasnbHblili CNON UCNOSb-
30Basicad ONs rMCTOXMMUYECKOro MeTtoaa
OLEHKMN HYKJIEMHOBLIX KUCAOT OKpalluBa-
HnemMm OHK-PHK no metoaoy 3nHapcoHa.
AkTnBHbIE popmbl kucnopoga (ROS) 6binn
OLLEHEHbI B 3NUTENMasnbHbIX KNeTkax Xpy-

cTanmka ¢ NoMoLublo GNyopecueHTHOM
MNUKPOCKOMNUN ONS U3MEPEHNSA YPOBHA
KNeTOYHOro OKWUCNEHUS OTHOCUTENBHO
KOHTPOJbHLIX KyNbTyp. Bbicokasa no3a rnio-
KO3bl C ObIMOM BbI3blBAET ONTUYECKNE U
MOPPONOrM4eckne M3MEHeHUsa B anuTe-
nuanbHbIX KneTkax (rmneptpodpwuda, rmnep-
nnasug) U ysennimsaeT payopecLeHLUIO.
AHTNOKCMAOAHTbI YMEHbLUAIOT 3TO BO3OEN-
CTBME, CHUXAIOT KONMYECTBO NMOBPEXAEH-
HbIX KJIETOK, NpeaoTBpallalnT yBESINYEH-
Hylo peatenbHocTb ROS. NAC sawmtunn
JINH3bI OT MNOBPEXOEHUS HECKONbKO NyY-
we, yem DFO. Mbl npeanonaraem, 4To
OaHHble aHTUOKUCANUTENMN MOTYT CNYXWUTb
3¢dpPeKTNBHBIM CPEOCTBOM 3aLUNTbI XPYC-
Tanuka rnasa nNpoTMB NOBPEXAEHUa y
Kypsawmx auabetukoB. Takmm obpasom,
NMPUMEHEHNE aHTUOKNCIIUTENbHbIX BELLIECTB
B npodunnakTmnke KaTapakThl y
KYPUNbLIMKOB U NEe4YeHne — O4YeHb Mnpu-
B/ieKaTenbHas BO3MOXHOCTb, KOTOpasa
MOXeT ObITb UCCneaoBaHHOM Oonee rny-
60ok0 B GyayLieMm.

KnioueBble cnoBa: aHTMOKCUAAHTbI, CU-
rapeTtHblii AbiM, AnabeTnyeckasi Kkara-
pakta, Ky/abTypa Xpyctaavka, HyK/I1enHO-
BbI€ KWCJIOTbI, YPOBEHb KJIE€TOYHOIO
OKNCIeHUS].

Pe3iome

AO1A AHTUOKCUMAOAHTIB HA
NOEAHAHHA OIABETUHHOI O
MOLWKOAXEHHA 3 TIOTIOHOBUM
ANMOM HA KPULUTAJIMK BUKA

Gopmycosa E.A., Pe3Hunk A.3.

JdocnipxyBannuca mexaHiamu gii aH-
TUOKCWOAHTIB Ha 3anobiraHHA PO3BUTKY
KaTtapakTu y Kypsawux. buyadi kpuwtanm-
Kn 6ynm BUTPUMAHi B KyJbTypaJlibHOMY
cepenoBuLLi, Wo Mictutb 450 Mr rnaoko-
31 Ha 100 r po34MHY i 3 aHTUOKNCIOBA-
yamun - gecdepokcamiHom (DFO) i N-aue-
Tun-L-umcteiHom (NAC) npotsarom 12 gHis.
Tak camMo 4 OHS NiH3M MICTUNUCS B KyJb-
TypanbHOI CepenoBuLLi, HAaCUYyE uurap-
KOBUM OMMOM, LLOAEHHA 403a SIKOoro cra-
HoBuna 500 psi. OnTrMyHa SKiCTb KpuULTa-
JIVKIB LWOOHSA OLiHIOBaNIOCAa 3a A0MOMOrolo
nasepHoi ycTtaHoBkM. HanpukiHui iHkyba-
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LLiiHOr O nepioay KpUWTanukm 6ynn BUBYEHI
METOL0M iHBEPCINHOI MiKpOCKOonii, a enite-
nianbHU LWap BUKOPUCTOBYBABCS A1 FNC-
TOXMMUYECKOro METOAY OLHKN HYKJTEIHOBUX
kncnot ¢papodbyaHHam JHK-PHK no meTto-
ny EnHapcoHa. AKTUBHI OpPMU KUCHIO
(ROS) 6ynun oujHeHi B eniTenianbHUX KNiTU-
Hax KpuwTanuka 3a [0noMOorot
bnyopecuUeHTHOM MiKpocKonii ans BUMipy
PIBHSA KJIITUHHOIO OKUC/IEHHS OO0 KYNBTYP

NAC 3axmcTtuB NiH3W Big, MOLWKOAXEHHS
Jeuwlo kpaue, Hixx DFO. Mu npunyckaemo,
O AaHi aHTUOKMCAOBAYi MOXYTb CAYXUTKU
ePeKTUBHMM 3aCOO0M 3aXUCTY KpuLLITaNu-
Ka oKa NpOTW NOLUKOMKEHHS Y KypsLUMX aja-
6eTukiB. TakuM YMHOM, 3aCTOCYBAHHS aH-
TUOKUCHUX PEYOBUWH B NMpodginakTuui kata-
pPakTu y KypLiB Ta JliKyBaHHA - OyXe npu-
Bab/IMBa MOXNMBICTb, ika MOXe OyTu Joc-
NigKeHoto 6inblw rmMMboKo B MaribyTHbLOMY.

KOHTpO0. Bucoka no3a rmwoko3u 3 AMom
BUKINKAE OMNTUYHI Ta MOPQOAOrivyHi 3MiHM
B enitenianbHMX KNiTMHax (rineprtpoadiq,
rinepnnasia) i 36inblIye (payopecLeHL;ito.
AHTMOKCUAAHTN 3MEHLUYIOTb LEN BrMB,
3HUXYIOTb KiNbKICTb MNOLLUKOAXEHUX KAITUH,
3anobiraoTb 36inbweHy aianbHicTb ROS.

Knio4yoBi cnoBa: aHTnokcuaaHTn, cura-
pPeTHWV anuMm, AiabeTnyHa karapakrta,
Ky/nbTypa KpuLitanauika, HyKJ1eiHOBI KuUC-
JI0TU, PIBEHb KJIITUHHOIO OKMCJIEHHS.
Bnepsbie noctynuna B pegakumio 19.05.2014 r.

PekomeHgoBaHa K ne4atun Ha 3acegaHum
PEenaKUMOHHON KOAEernn nocae peLeH3npoBaHus

Y/IK 636.2.084:577.118
BAJIAHC MEOU U LIMHKA'Y CYXOCTOMHbIX KOPOB NPU
AOMNOJIHUTEJIbHOM BBEAEHUU B PALLUOH XEJIATHbIX POPM
MUWKPOJJIEMEHTOB

Bboropogenko C.B., HoHoB U.A., LLIanoBanos C.0., Qonras M.H., Bap4yyk C.C.
UrcTutyT XxuBoTtHoBoacTBa HAAH YkpaunHbl, r. XapbkoB, dolgaiam®mail.ru

B HacTodulee BpemMa B XUBOTHOBOACTBE A/ BOCMOJIHEHMA Aeduumta MUKpoane-
MEHTOB B KOpPMax BCE 4alle UCMOJIb3YIOT XenaTHble KOMIMIEKCbl OMOMETanoB, Tak Kak
OHM UMeIoT OO0JiblLLEe NMPEeUMYLLECTB N0 CPaABHEHUIO C UX HEOPraHMYEeCKMMU UCTOYHMKA-
MU. OPPeKTMBHOE NCMOJIb30BaHNE XEeNaToB MO3BONAET CYLLECTBEHHO CHU3UTb 3arpsas-
HEeHMe OKpyXaloLlen cpedbl 3a CYET MOBblEeHUs 6UOAO0CTYNMHOCTM MUKPO3NEMEHTOB B
OpraHM3Me XUBOTHbIX U YMEHbLUEHUS UX KOHLLEHTpauumM B HaBO3E.

Llenbio nccnegoBaHms Gbi10 N3yYEeHME BAUSHUS XenaTHbIX GOPM MUKPOINEMEH-
TOB MeOM, UMHKA U X CEPHOKMUCbIX CONer Ha BanaHc 3Tux BGMOMETasNNoB Yy CyXOCTOMN-
HbIX KOPOB. a9 3TOro B OMNbITHOM X035MCTBE «[ OHTapoBka» MHCTUTYyTa XMBOTHOBOA-
ctBa HAAH (XapbkoBckas 06n.) 6bin npoBeaeH 6anaHcoBbIN onbiT. 10 NpuHUMNY aHa-
noros OblI0 NOJ06pPaHO 4 rpynnbl CYXOCTOMHbLIX KOPOB YKPAWHCKOW YepHO-MeCTPOW
MOJIOYHOW nopodpbl (MO 4 ronoBbl B Kaxaow), cooepxaHme KopoB — npueadHoe. Oc-
HOBHOW pauMOH BCEX rpynn Obll OAMHAKOBbLIM M OTAMYancs nnwb GOPMON N Konnye-
ctBoM Cu n Zn, ckapmMBaeMbIX OOMONHUTENIBHO COBMECTHO C KOHLEHTpataMmu ABaX-
Obl B CYTKW. NOTPeBbHOCTb KOPOB B 3TUX MMKPO3NEeMeHTax Obina yaoBNEeTBOPEHA, CO-
oTBeTCcTBEeHHO, Ha 100 %, 50 % n 25 % B I, Il u lll oNbITHLIX Fpynnax 3a cyeT
KOMneHcauun peduvumta Megm U UMHKa B OCHOBHOM pauMOHE OOMONHUTENbHbIM BBE-
OEHMEM XenaToB 9Tux OMOMETanNoB, a B KOHTponbHoOW rpynne (IV) — Ha 100 % 3a
CYET UX CEPHOKUCAbIX COonen. XenatHole koMnnekcbl Cu 1 Zn Oblnn NpeacTaBrieHbl
ravumHaTaMmm COeBOro NMpoTEMHa.
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