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Introduction

Aging of the eye lens involves
reduction in enzyme activities along with
accumulation of non-active partially
denatured enzyme molecules. These
observations were demonstrated in rat
lenses [1-5] and also in human lenses [6].
Reduction in enzyme activities is
accompanied with stiffness of the older
section of the lens (lens nucleus), which
leads to presbyopia and cataract
formation. Cataract, opacity of the eye
lens, is one of the major causes of loss of
vision in the world. Several risk factors
have been recognized as contributing to
lens aging and cataract formation,
including ultraviolet light, which reduces
enzyme activities in human lenses [7] and
also reduces enzyme activities in bovine
lenses in culture conditions [8-10].
Ultraviolet light increases the activity of the
cross-linking enzyme transglutaminase
(TGase). TGases are calcium-dependent
acyltransferases. These enzymes are
widely distributed in cells and body fluids
and are involved in coagulation of blood,
formation of hair follicles, wound healing,
cellular growth regulation, differentiation,
aging [11-12] and drug-induced post-
translational modification of proteins [13].
TGases are also connected to cross-
linking of lens crystallins [14-15]. TGase
activity in the lens was affected by UVA
radiation [16]. The activity of TGase in lens
epithelium cortex and nucleus increased
as a result of the UVA irradiation and then
declined towards control levels during the
culture period, as the lens recovered from
the UVA damage. Specific lens proteins,

B and B1 crystallins (the enzyme
substrates) were affected as shown by the
appearance of aggregation and
degradation products. It appears that
TGase is involved in the mechanism by
which UVA causes damage to the eye lens.
UVA also cause changes in lens
morphology [17-18] plasma membrane
and cytoskeletal lens proteins [19-20] and
alpha crystalline chaperon activity [21].
Another risk factor is diabetes. Diabetic
cataracts are one of the severe
complications appearing in diabetes.
Diabetics are prone to develop cataracts
at much younger ages than healthy people
in their age group. Many studies have
shown an association of lens opacities and
cataract with diabetes. Hiller and Kahn[22]
reported that diabetes substantially
increases the probability of cataract
extraction in the age group from 40 to 49,
and approximately doubles or triples this
probability for ages 50 to 69. Ederer et al.
[23] found that diabetic subjects between
the age of 55 and 64 years have a three-
fold greater risk of developing cataract
than non-diabetics. There are several
theories on the possible mechanisms
leading to diabetic cataract. Most of the
studies indicate that hyperglycemia is the
major cause for diabetic cataract
development. 1) Increase in glucose
concentrations in the eye lens increase the
activity of aldose reductase (AR) [24]. This
enzyme, which is induced by high glucose
concentrations, reduces glucose to
sorbitol by using the reduction power of
NADPH. Sorbitol cannot leave the lens,
causing an osmotic effect which causes a
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mass influx of water, swelling of the cells,
and to a series of deleterious effects in the
lens, leading to cataract formation. 2) High
glucose concentrations increase lens
metabolism and oxidative stress.
According to this theory, oxidative stress
is the major cause for cataract. 3)
Hyperglycemia causes an increase in
glycation of lens proteins [25]. Creation of
cross-linking between groups in the
proteins causes protein aggregates and
reduces light transfer through the lens
[26]. In addition, glycated compounds are
more sensitive to oxidation.
Epidemiological studies have indicated a
link between high environmental
temperature and cataract [27] It was found
that the prevalence of nuclear opacity is
extremely high in Singapore. The high
prevalence of nuclear opacity was
connected with high UV exposure and high
ambient temperature. In addition to high
ambient temperatures there are
workplaces with excessively high
temperatures such as bakeries and glass
factories. In order to simulate the
conditions of workers subjected to high
environmental temperatures in their
workplace, the temperatures and
exposure time were measured during 6
working days. In the bakery, as part of the
daily work, workers push their heads into
the electrical oven. The measurements
were taken by attaching a thermometer
probe to the temporal side of the eyeball
of the worker, and following the
temperature changes during a working
day. A finite element simulation of the bio-
heat transfer equation in the human eye
was first conducted by Scott in 1988 [28].
This method was used to determine the
temperature in the human eye induced by
infrared radiation. Later on it was used by
Okuno [29-30] to study the thermal
effects of visible light and infrared
radiation. In our previous study [31]
Galerkin finite element formulation and
conservative finite volume scheme were
used to solve the bio-heat transfer
equation predicting the conductive heat

transfer in steady-state and the history of
the temperature distribution in the lens as
a function of surface changes conditions
over time. We used this information to
simulate the heat conditions at two
workplaces using a bovine lens organ
culture system. Our culture system is a
unique and powerful tool which can help
in understanding the mechanisms of
cataract formation resulting from different
insult factors. Our system permits
exposure of intact cultured lenses to
controlled specific factors and
subsequently following the developing
stages of the damage. The system mimics
the lens conditions inside the eye and
makes it possible to keep lenses for long-
term studies in order to test the effects of
potentially damaging and protecting
agents. The high sensitivity of the system
permits analysis of changes in optical
quality, which already appear when the
lens is still transparent.

Methods
Lens organ culture system

Lenses were excised from eyes
obtained from 1-year-old male calves, 2-
4 hours after enucleation. Each lens was
placed in a culture container consisting of
two compartments connected by a round
hole. Lenses were completely immersed in
culture medium [32]. The culture medium
consisted of 24ml 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 incubated
at 35°C. Experimental treatments started
after pre-incubation of 24 hours. Damaged
lenses were excluded prior to
experimental treatment.

Optical quality monitoring

Lens optical quality was monitored
daily throughout the culture period. Lens
optical measurements were determined by
an automated scanning laser system that
recorded focal length across the lens. The
laser scanner consisted of a low-powered
helium-neon laser mounted on a
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computer-driven X-Y table s *
with two video cameras and
a video frame digitizer. The
laser was programmed to
scan across the lens in the
axial direction in steps of 0.5
mm, while the video cameras
transmitted the image of the
refracted beam to the video
digitizer. A custom software
program determined the
focal length of each refracted
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beam from the digitizer
image. The optical center
was first determined for each
lens by finding the position of
minimum refraction for both
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Fig. 1. Optical quality of lenses exposed to 37,8°C for 75 min
each day of the culture. Control lenses show almost no variation
in focal length during the 14 days of the culture period. Lenses
exposed to heat show damage starting on day 10 of the culture

the X and Y directions. After wjth small recovery steps along the culture period.

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 [33]. Back Vertex Distance
(BVD) represented the variation in the
focal lengths of the 22 points passed
through the lens during each scan and
was calculated as the standard error of the
mean (SEM) of the 22 focal lengths.

Experimental groups

Four experimental groups of lenses
were studied

1). Lenses exposed each day of the
culture to 37.8°C for 75 min and kept
in culture conditions for 14-15 days.

2). Control lenses from the contra-lateral
eye of group 1 kept in culture 14-15
days.

3). Lenses exposed to 39.5°C for 2 hours
3 times with 24 hours interval between
treatment starting on day 2 of the
culture and kept in culture 11 days.

4). Control lenses from the contralateral
eye of group 3 were keptin culture 11
days. 80 lenses were used in the
study, 20 lenses for each treatment
and 20 lenses for each control.

Lens epithelium histochemistry

After 2, 11 or 14-15 days in culture
the lens capsule was carefully removed,
and the epithelium was analyzed for
ATPase activity. Histochemical analysis of
magnesium-activated Na,K ATPase was
performed according to Padykula,
Herman[34]. Quantitative analysis was
performed using Image-Pro Plus 5.0
software and is presented as the area of
ATPase staining in um2 or as the
percentage of the total microscope field
of view.

Statistical Analysis

All results were analyzed using
Student’s paired t-test. A change was
defined as significant if the difference
between control and treated groups
reached a value of P < 0.05.

Results

Simulation experiments of the heat
reaching the eye lens Incubation of bovine
lenses in culture conditions and exposes
the lenses to heat of 37.8 °C each day of
the culture for 75min, result in optical
damage to the lenses starting on day 10
of the culture Fig. (1). On day 10 the
lenses lost their ability to focus light as
shown by increased variation in back
vertex distance - the distance between
the lens and the focal point. From day 10
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Fig. 2a. Anterior side (epithelium) of
control bovine lens after 14 days incu-
bation in organ culture conditions. Note
the lens sutures and the intact layer In-
crease in lens weight was accompa-
nied by an of epithelial cells with clear

Fig. 2b. Anterior side of bovine lens after 14
days in culture conditions. During culture the
lens was exposed to 37.8°C, 75 min each
day. Note the changes in the cell mem-
branes which are more diffuse and the ap-
pearance of small bubbles between the

Fig. 2c. Anterior side of bovine lens af-
ter 11 days in culture conditions. During
culture the lens was exposed to 39.5°C,
2 hours a day 3 times. Note the many
vacuoles between the cells.

borders between the cells. epithelial cells.
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Fig. 3 Exposure to heat during culture conditions causes
lens swellina which increased weiaht lens.

of the culture and later, the optical damage
increased in the heat treated lenses.
Control lenses show almost no variation in
back vertex distance during the 14 days
of the culture. Lenses exposed to 39.5°C
also show optical damage.

Fig. 2a demonstrates a control
unharmed lens incubated in culture
conditions at 35°C for 14 days. The
micrograph shows the anterior center of
the lens with the sutures and the lens
epithelium layer. The epithelial cells are
intact and clear membrane borders are
visualized between the cells. In contrast,
a lens which was exposed to 37.8°C each
day for 75min shows damage to epithelial
cell membranes (Fig. 2b) and small
bu5bbles appeared between the cells. The
damage increased in lenses that were
exposed to 39.5°C. Fig. 2c demonstrates
a lens on day 11 of the culture which was
exposed to 39.5°C for 2 hours on day 2, 3

and 4 of the culture period. In addition to
the melting like appearance of the
membrane between the cells, big vacuoles
appeared between the epithelial cells and
also between the lens fiber cells. This
damage can suggest interference with
water and ion balance in the lens.

Increased lens weight

The appearance of vacuoles in the
lenses as a result of exposure to heat,
indicate disruption of the cell membranes
and accumulation of water inside and
between the cells. Fig. 3 demonstrates the
average weight of 20 control lenses
incubated in culture for 14 days and 20
lenses exposed to 37.8°C each day of the
culture for 75 min. The average weight of
the lenses exposed to heat increased by
about 130mg which is about 8% of the
normal lens weight.

Fig. 4a demonstrates the increase in
lens epithelial cell area after exposure of
intact bovine lenses to 37.8°C 75min each
day of the culture. The older section of the
lens epithelium, the center of the epithelial
layer was affected more than the younger
section at the equators of the lens
epithelium. Exposing the intact lenses to
39.5°C for 2 hours 3 times during the
incubation in culture (Fig. 4b) also shows
an increase in cell area, but less than
exposing each day to 37.8°C. There is no
difference between the older section
(center) and the younger section
(equators) of the lens epithelium. The
exposure t039.5°C was only on 3 days of
the culture day 2, 3, 4, and after that the
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Fig. 4a. Analysis of the epithelial cell area after exposure of
the lenses in culture conditions to 37.8°C, 75min each day
of the culture. Increase in epithelium indicating enhanced
swelling in the older section of the epithelial cells.
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Fig. 4b. Analysis of the intact epithelial cells area after ex-
posure the lenses in culture conditions to 39.5°C, 3 times
during the culture period, each time 2 hours. The increase
in cell's area is less than for the 37.8°C. Also there is no
difference between the older section (center) and the
younger section (equator) of the epithelium.

vine lens epithelium after 14 days in-
cubation in organ culture conditions.

Fig. 5b. ATPase activity in bovine lens
epithelium after 14 days incubation in
organ culture conditions and exposure
75min each day to 37.8°C. Note the in-
crease of ATPase activity compared
with control lens (Fig. 5a)
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Fig. 5c. ATPase activity analysis after
exposure of the lenses in culture condi-
tions to 37.8°C, 75min each day of the
culture. ATPase activities increased 2
times at the center of the lens epithe-
lium and also increased at the equa-
tors of the lens epithelium.

lenses had time to recover from the heat
damage till the end of the culture period
on day 11.

Adenosine triphosphatase

The activities of adenosine
triphosphatase (ATPase) were followed in
order to understand the effects of heat on
the membrane of the cells. This enzyme
is responsible for the breakdown of ATP
to ADP (adenosine di-phosphate) with the
release of free energy. The enzyme also
is involved in the sodium pump, which
plays a key role in maintenance of ion
composition in the cells using the energy
derived from ATP hydrolysis to shift
sodium outward and potassium inward.
Exposure of lenses in culture conditions to
heat of 37.8°C for 75 min each day causes
an increase in ATPase activities in lens
epithelium (Fig 5a, 5b).

The increased activity is despite the
damage to lens epithelial membranes (Fig.
2b). Exposing the lenses to 39.5°C
reduced ATPase activity immediately after
the incubation at this high temperature
(Fig. 6a, 6b) but with time in culture the

activity is partially recovered (Fig. 6c¢).
Lenses were exposed to 39.5°C for 2 hours
on days 2, 3 and 4 of the culture and
retained in culture for 11 days. It took 7
days in culture for ATPase to recover from
69% activity to 83% activity at the center
(oldest section) of the lens epithelium and
from 55% activity to 78% at the equators
of the lens epithelium (Fig. 6d, 6e). The
recovery in ATPase activity did not protect
the lens from the heat damage seen in Fig.
2c.

Fig. 6e. Analysis of ATPase activity
on day 11 of the culture period, after
exposure of the lenses in culture
conditions to 39.5°C, 3 times during the
culture, each time 2 hours. ATPase
activities were reduced at the center of the
lens epithelium, also at the equators of the
lens epithelium compared with control
lenses, but there was some recovery of the
activity compared with the analysis done
immediately after exposure to heat Fig.
6d.

Discussion
Our study demonstrated damage to
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Fig. 6a. ATPase activity in control bo-
vine lens epithelium after 2 days incu-
bation in organ culture conditions.
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Fig. 6b. Activity of ATPase in bo-
vine lens epithelium on day 2 of the
culture immediately after exposure
to heat. The lens was exposed to
39.5°C 1 hour 1 time. Note the re-
duction of ATPase activity in most
of the cells and the presence of
very high activity in some epithelial
cells

Fig. 6¢. Activity of ATPase in bovine
lens epithelium after 11 days incubation
in organ culture conditions. The lens
was exposed to 39.5°C 3 times during
the culture period, each time for 2
hours. The last exposure to heat was
on day 4 of the culture. Note the recov-
ery of ATPase activity compared with
Fig. 6b.

Fig. 6e. Analysis of ATPase activity on day 11 of the cul-
ture period, after exposure of the lenses in culture condi-
tions to 39.5°C, 3 times during the culture, each time 2
hours. ATPase activities were reduced at the center of the
lens epithelium, also at the equators of the lens epithelium | lium.
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Fig. 6d. Analysis of ATPase activity inmediately after ex-
posure of the lenses in culture conditions to 39.5°C for 1
hour. ATPase activities were reduced at the center of the
lens epithelium and also at the equators of the lens epithe-

compared with control lenses, but there was some recov-
ery of the activity compared with the analysis done imme-
diately after exposure to heat Fig. 6d.

the eye lens as a response to heat similar
to that in neighborhood bakeries and glass
factories. The damage which can appear
in humans after 10 or 20 years appears in
culture within 10 to 14 days because of
limited repair mechanisms in culture
conditions. There is increasing evidence
that heat is one of the major insults which
leads to premature aging of the lens
leading to presbyopia and cataract
formation. Miranda [35] found a linear
correlation between ambient temperature
and the age of onset of presbyopia. With
age the human lens loses elasticity and
increases viscosity. This may account for
the loss of accommodation with the
development of presbyopia [36]. In our
study we demonstrated that lenses
exposed to heat lost their ability to focus
light. In addition, lens volume increased,

the membranes of the cells were modified
and vacuoles appeared between the cells.
Sodium-potassium-adenosine
triphosphatase (Na,K-ATPase) has been
recognized for its role in regulating
electrolyte concentrations in the lens. The
electrolyte balance is vital to keep lens
water balance and lens transparency.
Tseng and Tang [37] compared the
abundance of the alpha-subunit of Na,K-
ATPase in lens epithelia of patients with
senile cataracts. Immunoblotting revealed
that the amount of Na,K-ATPase alpha-
subunit tended to decrease with increased
cataract severity. The inverse correlation
was significant only in the cortical region
adjacent to the lens epithelium. It is
directly affected by the loss of function of
Na,K-ATPase in the epithelium. Such loss
could result in water accumulation and
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appearance of vesicles. Their description
of the results which appear for damage to
ATPase is identical to our results after
exposure of the lenses to heat. Our study
shows that when the stress is small
(37.8°C), the lenses respond by increasing
ATPase activity. Lenses in culture cannot
cope with exposure to heat of 39.5 °C
leading to a reduction in ATPase activity,
but even so after the insult stopped on day
4 of the culture the lenses start to repair
the damage and on day 11 of the culture
ATPase activity was partially recovered.
Delamere [38] showed the ability of lens
epithelium to synthesize new Na,K-ATPase
protein as a way to boost Na,K-ATPase in
response to cell damage. Methionine
incorporation studies indicated that Na,K-
ATPase synthesis may also play a role in
day to day preservation of high Na,K-
ATPase activity.

Na,K-ATPase protein in lens
epithelial cells appeared to be continually
synthesized and degraded. This
information may explain our results of
ATPase recovery with time in culture after
ending the exposure to heat of 39.5°C. In
our study the recovery of ATPase activity
7 days after heating the lenses did not
improve the structural damage to the
lenses. The recovery of ATPase activity in
culture conditions can be a result of the
chaperone protection of alpha crystallin.
Blpha crystallin is a member of the small
heat shock protein family. It is a molecular
chaperone [39], which bind to proteins in
the early stages of denaturation and
sequesters them [40]. Protein integrity,
which is essential for cellular homeostasis,
is maintained by a complex system of
refolding or degradation of damaged
proteins. The heat shock proteins are the
major contributors to the maintenance of
protein integrity. Cells must be able to
respond rapidly to changes in their
environment in order to maintain
homeostasis and survive. Induction of heat
shock proteins is a common cellular
defense mechanism in response to
various stress stimuli. Heat shock factors

(HSF) are transcriptional regulators which
function as molecular chaperones in
protecting cells against damage.
Mammals have three functionally distinct
HSFs: HSF1 is essential for the heat shock
response and is also required for
developmental processes, whereas HSF2
and HSF4 are important for differentiation
and development. Specifically, HSF2 is
involved in corticogenesis and
spermatogenesis, and HSF4 is needed for
maintenance of sensory organs, such as
the lens and the olfactory epithelium.
Akerfelt et al. [41] showed the different
roles of the mammalian HSFs as
regulators of cellular stress and
developmental processes. They
suggested a functional interplay between
HSF1 and HSF2 in the regulation of Hsp
expression under stress conditions. In lens
formation, HSF1 and HSF4 have been
shown to have opposite effects on gene
expression. Yao et al. [42] investigated the
dynamic expression of heat shock protein
(Hsp) 70 and Hsp 27 in lens epithelial cells
of contused eyes and the effects of heat
shock and quercetin. Preconditioning
hyperthermia (45°C, 8 min) resulted in a
significant increase of Hsp70 expression.
Increased expression of Hsp70 in lens
epithelial cells of contused eyes may play
a protective role against degeneration of
lens proteins. In addition to its chaperon
activity, alpha-crystallin is a major lens
structural protein, which protects soluble
enzymes against heat-induced
aggregation and inactivation. Derham et
al. [43] investigated the chaperone
function of alpha-crystallin and its ability
to protect the intrinsic membrane protein
Na/K-ATPase in red blood cell ghosts from
external stresses. They found that
intracellular alpha-crystallin protected
against inactivation induced by all external
modifiers, in a dose-dependent manner.
The lens is a closed system with a finite
supply of alpha crystallin. Once the
chaperone has been used in binding to
other polypeptides, there is no more
available. In human lenses above age 40
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no free alpha crystallin can be detected
[44]. There is a link between alpha
crystallin content in the lens and lens
flexibility as alpha crystallin decreases in
the human lens, there is increase in
stiffness of the lens nucleus as measured
using dynamic mechanical analysis [45].
In vitro studies support this observation.
Rao et al. [46] show that heating lens
crystallins in the presence of alpha
crystallin leads to the formation of high
molecular weight proteins. When alpha
crystallin is selectively removed the heated
proteins became insoluble. Heat can be
implicated in the damage that we see with
age in human lenses. Heat can cause
denaturation and unfolding of lens
enzymes and lens structural proteins
which increase lens stiffness and cataract
formation.
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Pe3iome

BO3MOXHOCTb YBEJIMHYEHUA PUCKA
CTAPEHUSA TTTABHOW JINH3bI NPU
BJIMAHUU BbICOKMNX TEMIEPATYP HA
PABOYNX MECTAX, TAKMX KAK
CTEKOJIbHbI/ 3ABOZ, NMEKAPHS.

OnbBupa bopmycosa, Haomu Amup-
LapoH, AyBa [loBpart

LUenb: KatapakTta (notepsa npo3pay-
HOCTW JINH3bI) ABNSAIOTCS MaBHOM NPUYUHOM
CnenoThbl B cTapeowem HaceneHnu. KnmHu-
yeckme HabnoaeHVsa ykasanum CBs3b Mexay
BbICOKOW TemMnepaTypon u KkaTtapakTomn.
MHoro pa6oynx noaBepXeHbl BbICOKUM
TemMrnepaTtypaM B MEKAPHAX U Ha CTEKOJIb-
HbIX pabpukax. Hala uenb coctosna B ToM,
4yTOObI MCCNenoBaTb MEXAHU3MbI, BOBJE-
YeHHble B MOBPexXAeHne BbICOKOM TemMnepa-
TYPOM Ha Takux paboynx MecTax B JINH3E
rnasa.

MeTopabl: Bbluby NMH3LI ObIIN NOMe-
LEeHbl B OCOOEHHO pa3paboTaHHbIe KOHTEN-
Hepbl KyNbTYpbl Ans nHkybaummn 2, 8, 11 u
14 pHelr. 160 NMH3 MCMONB3OBAINCL B UC-
cnepoaHun, 20 NMH3 AN Kaxaooro onbita
1 20 nNMH3 gnsa KoHTpoNs. JINH3bI OblNn Noa-
BeprHyTbl HarpesaHuto npun 39.5°C (nekap-
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HA) 1 37.8°C (cTekonbHbIV 3aBoA). icronb-
3ys YHUMKabHbIA NasepHbii Npnbdop, onTu-
yecKoe KayeCTBO JIMH3 eXeAHEBHO OLEeHU-
BaNlOCb BECb MHKYDOaLMOHHbLIN nNepuoa. B
KOHUE MHKYOauun fMH3bI BblNV NpoaHanm-
31pOBaHbI 1 choTorpadpmpoBaHbl C NOMO-
LWbI0 MHBEPTET MUKPOCKONA, 3nuUTenmnanb-
HbIA MOHOC/IO Obl1 CHAT Ha NpeaMeTHoe
CTEKJ10 NCMOJIb30BasICA AJ19 TMCTOXUMUYEC-
Koro aHannsa ATd-a3HoW akTUBHOCTU KJie-
TOK.

Pe3ynbraTtbl: VIHTakTHbIE IMH3bI NOL4-
BEPrHyTble eXeOHEBHO B YC/IOBUSAX KYNbTY-
pbl HarpeeaHuto 37.8 °C Ha 75 MuMH. noka-
3bIBAOT YBENYEHUNIO B 0ObeME anuTenn-
alNbHbIX KNETOK NINH3bI U yBenmnyeHne ATO-
a3HoM aKTUBHOCTU. XpyCTanunku, noaBepr-
HyTble 39.5 °C Ha 60 MuH., 120 MMH. B AEHb
B TeyeHue 2 aoHen, 120 MVH. B OEeHb B Teye-
HMe 3 OHEBHOro BO34ENCTBUS nokasano
noBpexXaeHne anmTenmnasbHbIX KIETOK 1
yMeHbliueHne ATM-a3Hon akTUBHOCTM.

BbiBoabl: Halun pesynbraThl ykasbl-
BalOT, YTO BbI3BAHHOE BbICOKOM TeMMepaTy-
POV NoBpeXaeHmne xpycTanmka 3aB1UCUT OT
TemMrnepaTtypbl 1 BPEMEHN BO3OENCTBUS.
JInH3el, noaeeprHyTbie 37.8 °C, kak Ha cTe-
KOJZIbHOM 3aBOJ€, CpearmpoBasn Ha Hanps-
XeHue nosbilleHem ATd-a3Hom geaTenb-
HOCTU. XpycTanuku, nogeepruytole 39.5 °C
- yMeHblueHnem ATdD-a3HON aKTUBHOCTMU.
Yuiep6 6b11 60/bLLIMM, KOFOa BPeMS 3KCMNo-
31umn OblIo 6onee OJSIMHHbIM.

KniouyeBble cnoBa: XxpycTanvk, kKatapakra,
300p0Bbe padoTatoLmx

Pe3iome

MOXJIMBICTb 3BUIbLLUEHHA PUCKY
CTAPIHHA OYHOI MIH3W MPW BNMBI
BNCOKWX TEMMEPATYP HA POBO4YUX
MICUAX, TAKMX 9K CKNAHMI 3ABOA,

MEKAPH4
EnbBipa GopmycoBa, Haomi Amip-LLlapoH,
Aysa [loBpart
MeTa: KaTtapakra (BTpata nposo-
POCTIi NiH31) € rOIOBHOIO NPUYMHOKO CNiNo-
TU B CTapito4OMy HacesneHHi. KniHi4Hi cno-
CTEpPEXEHHS BKasasn 3B’30K MiX BUCO-
KOO TemMnepaTypolo i katapakToto. bara-

TO POOOYMX CXUJIbHI 0O BUCOKNX TeMMnepa-
TYp B MeKapHaxX i Ha cknaHux dabpukax.
Hawa meTa nonarana B Tomy, Wwob oocn-
iXyBaTW MexaHi3Mu, 3ay4eHi B MNOLKOL, -
XXEHHS BUCOKOI TEMMEPaTYpPOIo Ha Takmx
pobo4nx Micusax B NiH3i oka.

MeTtoau: buyayi niH3m 6ynu no-
MiLLleHi B 0COBNMBO pO3pO6EHi KOHTEMHE-
pwv KynbTypu ans iHky6auii 2, 8, 11 i 14
OHiB. 160 niH3 BUKOPUCTOBYBANNCS B A0C-
nigxxeHHi, 20 niH3 ang KOXHOro gocnigy i
20 niH3 gna KoHTposto. JIiH3u 6ynn nignai
HarpiBaHHto npu 39.5 °C (nekapHs) i 37.8
°C (cknaHuim 3aBop). BukopucToByoun yH-
iKanbHNW NasepHUr npunag, onTu4Ha
SIKICTb J1IH3 LWOOHS OLjiHOBasiacs BECb iHKY-
OauinHnm nepiod. B kiHUi iHkyBaLii niH3K
Oynu npoaHanidoBaHi i cpoTorpadoBaHi
3a JONOMOro MHBEPTET-MiKpockona, en-
iTenianbHMn MOHOLWwap OyB 3HATUI Ha
npegMeTHe CKJI0 Ta BUKOPUCTOBYBABCH
Ons rictoximiyHoro aHanizy AT®-a30HOi
aKTUBHOCTI KJIITOK.

Pes3ynbraTn: IHTaKTHI NiH3KW nigaaHi
WOAHS B YMOBAX KyJbTypu HarpiBaHHIO
37.8 °C Ha 75 MunH. noka3yloTb 306iNbLUEH-
HA B 00’eMi eniTenianbHUX KNITOK JiH3W i
30inbweHHa AT®d-a3HOi aKTMBHOCTI.
Kpnwtanukun, nigoani 39.5°C Ha 60 MUH.,
120 MuH. y neHb npoTtarom 2 gHie, 120
MWH. B AeHb NpOTAromMm 3 AEHHOI Aii nmoka-
3anuM NOWKOAXEHHS eniTeniasbHUX KJiTOK
i 3MeHweHHa ATd-a3HOoi akTUBHOCTI.

BuBopgu: Hawi pesynbratn ykasy-
I0Tb, WO BUKJIMKAHE BMCOKOIO TeMnepary-
POIO MOLWKOOXKEHHS KpULLTANMKa 3anexunTb
Big TemMnepartypu i vacy aii. JIinan, nigaoaHi
37.8 °C, 9Kk Ha CKNHOMY 3aBO/i, 3peary-
BaNM Ha HaANpyry niaBueHHam AT -asHoi
nisnbHOCTI. Kpnwtanukn, nigoani 39.5 °C
- 3MeHLleHHaM ATd-a3HOoi akTUBHOCTI.
MolwkKoaXxeHHa 3pocTano 3 POCTOM 4acy
ekcnoaunuii.

KniouoBi cnoBa: xpycralik, katapakTa,
340pPOB’A MpaLo4mx

Briepsbie noctynuna B pegakumio 29.04.2010 r.
PekomeHoBaHa K rneyatu Ha 3acefaHuiv
penakLoHHONM KOJI1ernm rnocsie peLeH3upoBaHus
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