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The effect of whole body gamma irradiation (WBI) in single fraction was studied, as well as its influen-
ce on the secretion of various biochemical markers and cellular component that could be used as acute radia-
tion lung injury marker. Sprague dawley rats were treated with WBI (*°Co) of radiation dose from 1 Gy to 5 Gy
(dose rate - 0.95 Gy/min). Bronchoalveolar lavage fluid was retrieved from all animals in control and radia-
tion treated groups up to 72 h post radiation. Bronchoalveolar lavage fluid (BALF) was analyzed for lactate
dehydrogenase (LDH), acid phosphatase (AP), alkaline phosphatase (ALP), cell count and total protein. Intra-
group and intergroup comparison of BALF parameters at different radiation doses showed significant differ-
ence. LDH was significantly increased as the dose increased from 1Gy to 5Gy (P = 0.00) after 2 h with effect
size of difference (r > 0.3). ALP was significantly altered after 3Gy and 4Gy (P < 0.05). AP was significantly
altered at 2Gy-5Gy (P < 0.05). Total protein level changed significantly from 1Gy to 5Gy (P < 0.00). Cellular
content of BALF showed significant changes after radiation exposure. BALF parameters like LDH, AP, ALP,
neutrophils, lymphocytes, total leukocyte count and total protein were sensitive to radiation exposure and
their levels vary significantly up to 72 h after single whole body radiation exposure in Sprague dawley rats.
1t can be concluded that the biochemical indices in BALF have more wide application in evaluation of acute

radiation induced lung injury.
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adiological events are of infrequent inci-
R dence, but have the high potential of creat-

ing a disastrous situation, such as nuclear
accidents of Chernobyl and Fukushima. There is
increasing risk for the unplanned exposure of indi-
viduals to ionizing radiation from nuclear accidents,
malicious act of terrorism and occupational expo-
sures. For better prepared planning for the medi-
cal management of radiation exposed victims, it is
necessary to estimate the dose received by exposed
victims [1]. Determination of dose distribution from
physical nature of radiological event does not pro-
duce accurate dose for individuals [2]. There are so
many factors, which create difficulties in accurate
individual dose estimation. Therefore, there is a need
to develop dosimetry method which can rapidly es-
timate individual radiation exposure dose. A single
parameter based technique is not sufficient to assess
acute radiation exposure at the time of nuclear and
radiological event. Effective triage and treatment
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will require a multi parameter based approach for
radiation biodosimetry [3].

The lung is one of the most radiosensitive or-
gans of the body [4]. The radio-sensitivity of the lung
makes it vulnerable to radiation exposure. The lung
is able to tolerate high dose in a small volume, but is
less able to tolerate a low dose to the whole lung [5].
Biochemical, subcellular and cellular damage due to
absorption of ionizing radiation is well established
[6]. Radiation induced lung injury begins within
hours after radiation exposure but clinical feature
and other features start appearing within weeks to
months after exposure [7]. The radiation induced
lung injury can be assessed by analyzing bronchoal-
veolar lavage fluid (BALF). BALF is a sampling of
the lower respiratory tract by the instillation and sub-
sequent aspiration of fluid [8]. Biochemical changes
in BALF are useful to detect pulmonary injury [9].
The technique recover cells, proteins, lipids, and oth-
er chemical components from the epithelial surface
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of the lungs. As a research specimen, it is useful for
the examination of the cellular and humoral events
occurring in the lungs, and has supported in advanc-
ing hypothesis regarding disease pathogenesis. The
cells recovered from BALF are much more hetero-
geneous than the cells acquired from blood [10].
Increased activity of lactate dehydrogenase (LDH)
and alkaline phosphatase (ALP) reflects lung paren-
chymal cell damage/cell death. Lung parenchymal
cells and/or local inflammatory cells, including al-
veolar macrophages (AM) and polymorphonuclear
leukocytes (PMN) may be potential source of LDH
in BALF. The ALP activity in BALF has been as-
sociated with pneumocyte type 1l cell damage [11].

In the present study, BALF was taken as test
sample. Although many studies have reported the
effect of gamma radiation on BALF parameters,
there is no wide literature available which shows
the periodic study of the BALF parameters as early
screening biomarkers of acute radiation injury. The
aim of the present study was to observe the effect of
whole body radiation on BALF parameters.

Materials and Methods

Animals. The animal study protocol was ap-
proved by the institutional Animal Ethics commit-
tee, Delhi (INDIA) and the research adhered to the
“Principles of Laboratory Animal Care” [12]. Male
Sprague dawley rats (8-9 week old; approx 200-250 g
body weight) were obtained from animal house. Rats
were given free access to standard laboratory animal
feed (Hindustan Lever Ltd., Bombay, India) and wa-
ter ad libitum. The temperature of the animal room
was kept at 22 °C (£3 °C) and relative humidity at
30-70% throughout the experiment. The rats were
housed in polypropylene plastic cages. Rats were di-
vided randomly into 5 groups according to radiation
dose 1Gy to 5Gy. Four time points were selected for
the study: T2 (2 h post irradiation), T24 (24 h post
irradiation), T48 (48 h post irradiation) and T72 (72 h
post irradiation) (n = 6 at each time point). Six rats
were included as control (T0) for the study (n = 6).

Radiation exposure to animals. The animals
were anesthetized with intravenous (1.V.) injection of
0.1 ml diazepam (10 mg/ml) prior to radiation treat-
ment. The anaesthetized rats were placed in plastic
cages during exposure. Rats were then irradiated
with a single dose of 1Gy-5Gy whole body irradia-
tion (WBI) by 60Cobalt teletherapy unit (Bhabha-
tron I, Panacea Med. Tech. Pvt. Ltd., Bangalore,
India), at dose rate of 0.95 Gy/min with a focus to

skin distance of 120 cm. The total radiation field, in
which rats were irradiated, was 20 x 20 cm. Control
animals were treated with sham irradiation. All ex-
periments were carried out according to institutional
guidelines for the care and use of laboratory animals.

Lung lavage harvesting. Animals were hu-
manly sacrificed at 2, 24, 48, and 72 h post radiation
exposure and BALF was recovered from animals
after tracheostomy and intubation with a 20-gauge
luer stub adapter (Becton Dickinson, Sparks, MD).
The lungs were gently lavaged twice with sterile
50 mM PBS (pH 7.2) [13]. For the measurement of
cell count, BALF was filtered through sterile gauze
for the removal of mucous and debris. Cell count
in BALF was performed with a hemato-cytometer
chamber (Neubauer) [14]. The BALF samples were
immediately immersed in ice flakes and centrifuged
at 500 g for 5 min at 4 °C. The supernatant was kept
frozen at -80 °C until analysis. Within the acellu-
lar supernatant of BALF, the following biochemical
indices were assessed: alkaline phosphatase (ALP),
to assess the degree of pneumocyte type II activity;
activity of acid phosphatase (AP), to detect the re-
lease of enzyme from activated or lysed phagocytes;
activity of cytosolic enzyme, lactate dehydrogenase
(LDH), to detect general toxicity and total protein.

The alkaline phosphatase (EC 3.1.3.1) was de-
termined by colorimetric enzymatic method with
commercially available kit (Biovision, USA). P-ni-
trophenyl phosphate (pNPP) was used as a phos-
phatase substrate. Substrate produces yellow colour
when dephosphorylated by ALP and measured at
405 nm.

The acid phosphatase (EC 3.1.3.2) was de-
termined by fluorometric enzymatic method with
commercially available kit (Biovision, USA).
Non-fluorescent methylumbelliferyl phosphate
disodium (MUP) was used as substrate, which has
Ex/Em = 360/440 nm when dephosphorylated by
Acid phosphatase.

The lactate dehydrogenase (EC 1.1.1.27) was
determined by colorimetric enzymatic method with
commercially available kit (Sigma-aldrich, USA). In
this colorimetric assay, NAD was reduced to NADH
by LDH, which then interacted with specific probe
and produced colour (measured at 450 nm). The kit
can detect 1-100 mU/ml of LDH. One unit of LDH is
the amount of enzyme that catalyzes the conversion
of lactate to pyruvate to generate 1.0 umol to NADH
per min at 37 °C.
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Total protein level was determined with a
micro-bicinchoninic acid (BCA) protein assay kit
(Pierce, Rockford, IL).

The data was analyzed using SPSS for win-
dows (version 20.0; SPSS Inc., Chicago). As the data
was not normally distributed, median and range
were taken as means of central tendency and means
of dispersion respectively to describe the data. In-
tragroup temporal comparison of various parame-
ters was done using non-parametric Friedman test.
P value less than 0.05 was taken as significant. Post
hoc comparison of significant results was done using
Wilcoxon signed-rank test. Intergroup comparison
was done using Kruskal Wallis test followed by
Mann-Whitney test for post hoc comparison. Effect
size of the significant differences was calculated
using ‘r’ value. Effect size was calculated as follows;
r value < 0.3 was taken as small effect size, r value
between 0.3-0.5 was taken as medium effect size and
large effect was considered when r value > 0.5.

Results and Discussion

The amount of retrieved BALF was 2.0-2.5 ml
for each time point. The cellular profile, ALP, LDH
and AP activities in BALF samples of irradiated and
control samples were examined and summarized.

It was revealed that a statistically significant
change in LDH level was observed in the animals
at the radiation dose from 1Gy to 5Gy (P < 0.05).
Post hoc comparison showed a medium effect size
(r =0.3-0.5) in 1Gy-5Gy groups at 2, 24 and 48 h
post radiation exposure while small effect size at
72 h (r <0.3). LDH level was significantly increased
in the animals of 3Gy-5Gy group up to 2 h post ra-
diation exposure (P > 0.001), while afterwards it
started declining (P > 0.05). Same trend was also
monitored in radiation group 4Gy and 5Gy through-
out the experiment. It was observed that there was a
significant change in LDH concentration in BALF
at different radiation doses which was confirmed by
post hoc analysis.

A significant difference in ALP level in 1Gy-
5Gy radiation group with medium to high effect
size (P < 0.05, r = 0.3-0.6) was observed. Post hoc
test revealed statistically significant change at 24 h
(P =0.001, r = 0.373) in 1Gy-5Gy irradiated group.
The difference of median values was significant
(P < 0.05) at 48 h post radiation exposure in all ra-
diation groups which was confirmed by post hoc
analysis. The effect of different radiation dose at
particular time point is also shown in Fig. 1.
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We also found that AP level in 1Gy-5Gy ra-
diation group significantly altered (P > 0.05). It was
revealed that a significant change in 2Gy radiation
group was observed at 24 h post radiation exposure
(P =0.041, r = 0.349). Almost similar trend was ob-
served in 3Gy radiation group (P = 0.026, r = 0.375).
Significant differences were observed in 4Gy and
5Gy radiation groups. Post hoc test revealed signifi-
cant change at 24 and 48 h with P value 0.002, 0.004
respectively (r value = 0.481, 0.441). It is clear that
significant difference between 1Gy to 5Gy radiation
doses was observed after 24 to 72 h exposure. At
2 h radiation exposure difference was found non-
significant which was confirmed and analyzed by
post hoc test.

A significant change in total protein was obser-
ved in 1Gy-5Gy radiation group (P = 0.004-0.000).
Post hoc test revealed no significant difference at
1Gy radiation dose observed at 2 h (P > 0.05), while
at 24, 48 and 72 h significant difference observed
(P =0.002, r = 0.481). While in 2Gy and 3Gy ra-
diation groups significant differences were observed
at all time points (P = 0.002, r = 0.481). Significant
differences at all time points (P < 0.05, r = 0.3-0.5)
were observed after exposure of 4 Gy radiation dose.
In 5Gy radiation dose group, significant differences
were observed from 2 to 72 h post radiation expo-
sure (P = 0.002, r = 0.481). It was evident that me-
dian value difference of control and post radiation
BALF sample showed high significance. Post hoc
comparison revealed that the effect size of difference
increased with the time.

Lymphocyte and Neutrophils. Significant
change in lymphocyte level in all radiation groups
(P < 0.01) except at 3Gy exposure (P = 0.04) were
observed. Post hoc test revealed significant change
after 2 h (P = 0.002, r = 0.482) at 1Gy exposure.
Significant changes were observed at 24, 48 and 72 h
post radiation exposure of 2Gy (P < 0.02, r = 0.3-
0.5). Lymphocyte level was significantly altered at
24, 48 and 72 h post exposure of 5Gy (P < 0.009).
Similar trend was observed in BALF neutrophils
level in all groups except in 3Gy radiation expo-
sure, where less significant changes were observed
(P = 0.03). Post hoc test revealed that changes were
found significant at 48 and 72 h (P = 0.041, 0.02 and
r = 0.335, 0.483). It was observed that level of lym-
phocytes and neutrophils were significantly changed
at all time points in 1Gy-5Gy radiation exposure
which was confirmed by post hoc analysis.

Total leukocyte count (TLC). In addition,
significant changes of total leukocyte count were
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Fig. 1. Effect of IGy to 5Gy radiation dose on BALF parameter at different radiation dose: A — lactate de-
hydrogenase (LDH); B — alkaline phosphatase (ALP); C — acid phosphatase (AP); D — total leukocyte count
(TLC); E — neutrophils;, F — lymphocytes; G — total protein. Whereas, T0 (control BALF sample), T2 (post
radiation 2 h sample), T24 (post radiation 24 h sample), T48 (post radiation 48 h sample), T72 (post radiation

72 h sample)

observed in radiation group 2Gy-5Gy, except 1Gy
group. It was found significant in 3Gy-5Gy radiation
exposure groups (P < 0.05). Post hoc test revealed
significant change at 3Gy at 24 and 48 h post ex-
posure (P = 0.026, 0.004) with medium effect size
(r = 0.364, 0.450), while at 5Gy radiation exposure,
significant changes at 24 and 72 h post exposure
(P =0.041, 0.002, r = 0.337, 0.489). The differences
of median value of TLC were found highly signifi-
cant at each time point except 2 h in 1Gy to 5Gy ra-
diation dose which was later confirmed by post hoc
analysis.

BALF collection is a minimally invasive pro-
cedure that offers advantage in studying the lung
diseases due to heterogeneous cellular population
which makes it valuable tool for studying immune
and inflammatory mechanisms in pulmonary disor-
ders [15, 16]. There have been only a few studies to
measure the radiation induced lung injury in BALF.
The LDH activity in BALF was observed as high
in the animals of irradiated group compared to the
control group. No significant differences were ob-
served in ALP & AP activity in BALF at low radia-
tion doses. The protein concentration an indicator
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of vascular permeability, reached at maximum at
72 h after 1Gy-5Gy radiation exposure (Fig. 1). High
radiation dose resulted in damage to pneumocytes
and endothelial cells thus increasing vascular per-
meability.

Cellular profile of BAL fluid. The radiation ex-
posure results in the damage of pneumocytes and
endothelial cells. Inflammatory mediators released
from injured alveolar and interstitial cell cause in-
flammation and in return they increase vascular per-
meability [17-18]. Furthermore, the alveolar space is
filled with exudates due to direct radiation injury
and inflammatory process. In addition to their de-
fensive role, lymphocytes and neutrophils are asso-
ciated with pathophysiological process of radiation
induced injury [19-20]. Alveolar inflammation is
indicated by elevated levels of neutrophil. Hemato-
poietic stem cells (HSCs) initiate the production of
neutrophil in bone marrow. Generally the major por-
tion of mature neutrophils remains in bone marrow
and only 2% of them are released into blood stream
with circulation time of 10-24 h and after that they
migrate into surrounding tissues [21]. Due to ioni-
zing radiation induced inflammation, lung cells se-
crete potent inflammatory mediators and neutrophil
chemo-attractants [22]. This activation mediates the
release of neutrophils from the circulation by migra-
tion across the vascular endothelium to the site of in-
flammation. A marked difference of cellular profile
in radiation exposed BALF samples of patients with
lung cancer treated with radiotherapy showed acti-
vation of inflammatory cells, in which lymphocyte
level increased after radiotherapy. Yi et al. reported
the altered level of inflammatory cells in BALF from
irradiated lungs [23]. In the present study (Fig. 2), the
proportion of lymphocytes was increased at higher
dose (2Gy-5Gy), while the proportion of neutrophils
did not alter significantly in irradiated lung at lower
doses. The maximum amount of inflammatory cells
in BALF was seen at 48-72 h after 3Gy-5Gy of post
radiation exposure.

Lactate dehydrogenase activity in BALF. The
enzyme activity in BALF may provide a quantita-
tive assessment of cell damage and pulmonary de-
fence mechanisms. Inflammatory response is not
only reflected by the amount of cells involved in the
process, but it is also reflected by release of inflam-
matory mediators or enzymes indicating cell death
such as LDH and ALP [24]. In the present study,
the cellular profile as well as the LDH activity was
changed significantly in gamma irradiated animals
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in comparison to control. Salovaky reported the
gamma radiation induced changes in LDH level [25].
Radiation exposed animals showed high LDH levels
after 2 h post radiation exposure and then started de-
creasing till 72 h. Dose response between radiation
dose and time is shown in Fig. 1.

Alkaline phosphatase in BALF. Type Il pneu-
mocytes play an important role in the repair of
damaged alveolar epithelial cell due to injury and
oxidative stress. Normally, type II cells are not pre-
sent in BALF. The ALP activity, a marker of type Il
cell damage and/or proliferation was reported to be
changed in BALF after gamma radiation exposure.
In the present study, the BALF samples showed a
low ALP activity in radiation exposed groups at
higher dose in comparison to low radiation dose.
However, no significant difference in ALP activity
was recorded between BALF samples of radiation
treated and control group. As a result, ALP activity,
in contrast to LDH could not differentiate between
the animals of control and irradiated group.

Acid phosphatase in BALF. The acid phos-
phatase is secreted from activated or damaged
phagocytizing cells (polymorphonuclear and/or al-
veolar macrophages) and enters into Bronchoalveo-
lar spaces. No significant change was observed in
acid phosphatase level after single exposure of whole
body gamma radiation. The trend of altered level of
ALP and AP was found towards an achievement of
control values on the 3 day after 1Gy-5Gy dose ex-
posure. It can be accepted as an evidence for a func-
tional state recovery of the damaged lung cells in the
later. Gamma radiation exposure results in increase
in microvasculature permeability, which causes an
excessive leakage of plasma protein onto the alveolar
surfaces. However, in the present study the protein
concentration in BALF from the irradiated animal
peaked at 72 h after 5Gy of radiation exposure.

Advantage of enzyme activity measurement in
BALF. The quantification of enzymatic markers of
inflammation and cell damage, such as ALP, LDH
and AP appeared to be valuable to identify the role
of inflammatory cells involved in the pathologic pro-
cess. At the time of nuclear event, if it is not pos-
sible to assess the total cell count, monitoring of
biochemical changes may help to establish the in-
flammatory cell status of a radiation exposed victim.
It has been observed that the cell counting varies due
to inter-observant differences; while on the other
hand the measurement of enzymatic activity is well
established and standardized [26]. Measurements of



Sandeep Soni, Mitra Basu, Priyanka Agrawal et al.

€35 A 25, B E C
~ = :)

EEY A > E >

- . o b Y -

T 25 PN - Q 20| &

a AR < ;| "%a & < "D

- 20 RS E 5 \t ; P 2 S 15 "x!\\
‘S LA o . - . =, %

8 15 .’! :" \m“‘\\\: 3 10 - - _‘.;'e_’,/b’;‘ g 10 \:\ Voo
210 ¥ BVt B g NP 2 N~

> “m c 5 gl g 5 -

c 5° o =
s | 3 0 3

~ TO T2 T24 T48 T72 = TO T2 T24 T48 T72 = TO T2 T24 T48 T72
z 30 D 35 E 30 F
525. r-""‘;-"-ﬂr 0\030 ?‘ X 25 o
» () . Q 5 ;
- 20 1 - -4 Sy 25 = =R e e =8
92| xl AT, S Il L 55 Cal
P ~he B2 15 S
5 wEEe 5815 | A=y g2°] A
ol01 ¥ S5 10 | - S 210 L
=] gg % ; ?1 -
< = | >
i TO T2 T24 T48 T72 TO T2 T24 T48 T72 TO T2 T24 T48 T72
s
G

_ 30

© e

= b
S %20 : z'i =%

(] ”5 -
2 E1s - /{ L e ~-W--1Gy =4 =2Gy = A= 3Gy ——@=— 4Gy =i = 5Gy
> g 10 /1," s

9 . | 2"
5 a o f—

Q 0 - . . - E

s

TO T2 T24 T48 T72

Fig. 2. Effect of 1Gy to 5Gy radiation dose on BALF parameter at different time intervals: A — lactate de-
hydrogenase (LDH); B — alkaline phosphatase (ALP); C — acid phosphatase (AP); D — total leukocyte count
(TLC); E — neutrophils;, F — lymphocytes; G — total protein. Whereas, T0 (control BALF sample), T2 (post
radiation 2 h sample), T24 (post radiation 24 h sample), T48 (post radiation 48 h sample), T72 (post radiation

72 h sample)

LDH, ALP and AP levels can be done within 2 h
time period (Fig. 2. A, B and C). So, in the case of
nuclear accidents, their level can be measured with-
out delay at any hospital. The present study has some
limitations. BAL was performed in different rats at
different times. The individual variation between
rats might influence the power of statistical signifi-
cance.

In conclusion, the measurement of the cellu-
lar profile as well as the estimation of biochemical
changes in BALF has an additional value for the dif-
ferentiation of radiation exposed victims from unex-
posed persons. In particular, TLC, total protein and
the percentage of lymphocytes in BALF demonstra-
ted significant changes which helps in calculation of

radiation dose received by exposed animals. Further
studies are required to support the clinical relevance
of cellular profile and biochemical analysis for the
triage of radiation exposed individuals. Many of the
problems in emergency scenario might be overcome
by using multi-parameteric approach (for example,
using screening markers and confirmation markers).
BALF parameters combined with cytogenetic assays
can provide valuable information in dose estimation
for better triage.
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BuByanu edekT 0IHOPa30BOTO 3arajbHO-
ro y-ONpOMiHEHHS 1 HOTO BIJIMB Ha CEKPELilo
PI3HUX KJIITHHHUX KOMITOHEHTIB, SKi MOXKYTH OyTH
BHUKOPHCTaHI SIK 010XiMiYHI MapKepH TMOIIKOAKEH-
HS JIETEHIB 3 METOIO OIliHIOBAHHS TOCTPOTO TIPO-
MEHEBOT'0 ypakeHHs JiereHiB. JlocmikeHHs mpo-
BOAMJIM Ha LIypax, SIKUX ONPOMIHIOBaJId B /1031
Big 1 mo 5 I'p (31 mBuakictio — 0,95 I'p/xB). bpon-
xoanbBeossipuuil naBax (BAJI) orpumyBanu Bix
TBApUH KOHTPOJIBHOI Ta JOCTIIHUX T'Pyn (BIIpoO-
JOBX 72 o micist onpomiHeHHs). Y pinuHax BAJI
aHaJi3yBalll aKTHBHICTH JIAKTaTAETiApOreHa3u
(JId), xucnoi docdaraszu (KD), ayxuoi docda-
tazu (JID), Takox poOMIM MigpaxyHOK KIITHH
1 BUMIpIOBaNW 3arajJbHUN BMICT TPOTEiHY.
BHyTpilIHBOrpyNnOBe 1 MiXKI'PYIOBE MOPiBHSIHHS
mapameTpiB BAJI 3a pi3HUX 103 OmMpoOMiHEHHS
NPOJECMOHCTPYBaJI0 3HAYHY BiJMIHHICTh. Tak,
akTuBHicTH JIJ[ B iHTepBani onpomiHeHHs Bix 1
mo 5 I'p (P = 0,00) 3HauHO 30i7dbIOTyBaNIach MiCIIS
2 roji OPOMIHEHHS 3 pi3HUIICIO I > 0,3. AKTHUBHICTh
JI® 3HagHO 3MIHWIIACH TICISI OMPOMIHECHHS T03a-
mu 314 I'p (P <0,05), toni ssk KO — B iHTepBai
2-5 I'p (P < 0,05). 3aranbHuil BMicT npoTeiny
TaKOX ICTOTHO 3MIHHUBCS B JOCHIIKyBaHOMY
intepBani onpominenHs (P < 0,00). Takum uu-
HOM, nmociimkeHHs BAJI mrypiB micis ogHOpaso-
BOT'O Y-OMPOMIHEHHS Mokazajo, 1o JIJ[, Kb, JId,
HelTpodinu, miMPONUTH, 3arajibHa KiJIbKICTh
JICUKOIUTIB 1 3arajibHUI BMICT IPOTETHY Yy TJIMBI J10
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TMOIIKO/[XKYFOYOT0 OIPOMIHIOBAHHS 1 010XIMIi4HI 110-
Ka3HUKH 1X ICTOTHO 3MIHIOKOTHCS BIPOAOBK 72 T0J
JociigxkeHHs. Jifnu BUCHOBKY, 1m0 OloXiMivHI
noka3Huku BAJI MOXXyTh MaTh OiIbII MIUPOKE 3a-
CTOCYBaHHS Y pasl OLIHKH TOCTPOr0 yparKeHHs
JIETEHIB 32 1HIyKOBaHOT'O OTIPOMiHEHHSI.

KniouoBi cmoBa: roctpe paniamiiiHe
ypaKEeHHsI JIETEHIB, OPOHX0ATbBEOJISIPHUI JIaBaX
(BAJI), OioXiMivHI TTOKa3HHUKH.

PA3JIMYHBIE TAPAMETPUYECKHUE
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Wzyyanu 3P¢PexT 0oAHOKPAaTHOTO O0OIIETO
y-00JlydeHHUs U €ro BIHUSHHE HAa CEKPELHUI0 pas-
JIMYHBIX KJIETOYHBIX KOMIIOHEHTOB, KOTOPHIE MOTYT
OBITh UCTIOJIB30BAHBI KAK OMOXUMHUYECKHE MapPKEPhI
JUTSL OLIGHKH OCTPOT'O JIy4EBOT0 TIOPAKCHU S JICTKUX.
HccnenoBanus mpoBOAMIM HA KPBICAX, KOTOPBIX
o0nyuanu B no3e ot 1 10 5 I'p (co ckopocThio —
0,95 I'p/mun). BponxoansBeonsipubiit naBax (BAJI)
MOJTyYaji OT )KMBOTHBIX KOHTPOJIBHOM U OIMBITHBIX
rpynn (B TeueHun 72 4 nocne obxyuenus). B xun-
kocTsix BAJI ananu3upoBanu akTUBHOCTD JaKTaT-
nerugporenassl (JIN), kucnonr docdaraser (KD),
menoyHoi ¢ocdaraser (LLD), Takxke mpoBOAHITH
MOJICUET KJIETOK M M3MEpsin odliee copepkaHue
npoTerHa. BHYTpUTpyNIIOBbIE U MEKIPYINIIOBbIC
cpaBHeHUA napameTpoB bAJI npu pa3nuuHbIX J10-
3aX 00Jy4eHHs] TPOAEMOHCTPUPOBAJIO 3HAYNTEIb-
Hble paznuuus. Tak, aktuBHOCTh JIJ| B uHTEpBaje
103 ooyuenwus ot 1 10 5 I'p (P = 0,00) 3HaUnTETHHO
YBEJIMYMBAJIACH MOCTe 2 4 O0JIyUEeHHUsI C pa3HULECH
r > 0,3. AxtuBHOCTS JI® 3HAYNTEIBHO U3MEHMIACH
rociie 0onyuenus gozamu 3 u 4 I'p (P < 0,05), Torna
kak K@ — B unrtepsane 2-5 I'p (P < 0,05). OOmwmii
YPOBEHb MPOTEHNHA TAKKE CYLIECTBEHHO W3MEHHJICS
B HccuenyeMoM nHTepBasie obnyudeHus (P < 0,00).
Takum oOpaszom, nccnenoBanust BAJI mocne ogHO-
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KPaTHOTO OO0MIero y-o0Jy4eHHs! KPBIC 1MOKa3allo,
yT10 akTuBHOCTH JIJI, KO, LD, Helirpoduibl, mum-
(douuThl, 00IIEe KOJIUUYSCTBO JICUKOIMTOB U 00IIee
cofiep)KaHKe NMPOTEenHA YyBCTBUTEIBHBI K 00Tyde-
HUIO U UX OMOXMMHUYECKHUE TIOKA3aTeH CyIeCTBEH-
HO U3MEHSIOTCS B T€UeHHE 72 4acOB HCCIeI0BaHUS.
CaenaH BBIBOJ, YTO OMOXMMHUYECKHE MOKa3aTelnu
BAJI moryt umeTh OoJiee MIUPOKOE MPUMECHEHUE
JUISL OLIEHKHU OCTPOTO JIyUeBOTO TIOPAKEHU S JIETKUX
[IPH MHAYIHPOBAHHOM OOJIYYECHUU.

KniodyeBble CIOBAa: OCTpOE paguaimo-
HHOE MOpaKEHUE JIETKUX, OPOHX0ATbBEOISPHBIH
naBax (BAJI), OmoxmMudecKue moKa3aTeiu.
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