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SUMMARY
The effects of radiation on defense function of
polymorphonuclear leukocytes (PMN) were

studied following irradiation with ®°Co y radiation
(30-3,000rad) using PMN separated from the
peripheral blood of healthy volunteers. The
migration distances for all three measures of
chemotaxis to fMet-Leu-Phe (107 M), chemo-
kinesis induced by fMet-Leu-Phe, and random
migration tended to decrease with increasing
dose, showing 0.0054 um/rad (p<0.001) for
chemotaxis, and 0.0018 um/rad (p=0.005) for
both chemokinesis and random migration. For
releases of (-glucuronidase (BGL) and lysozyme
(LYZ) from PMN stimulated by fMet-Leu-Phe
(107> M) in conjunction with cytochalasin B
(CB, 5 ug/ml) there was a significant dose trend,
showing the dose effects of decreasing 0.0022%
release/rad for BGL and 0.0030% release/rad
for LYZ with increasing dose. In superoxide
anion (O2) production, a slight and marginally
significant linear dose trend was found. These
results suggest that the defense function of
PMN i1s not so resistant to radiation as predicted
from the fact that PMN in the peripheral blood
are differentiated and mature. It is thought
that radiation inflicts substantially harmful

effects on the defense function of peripheral
PMN.

INTRODUCTION

Whole-body irradiation can cause an increase
in susceptibility to infection.®? The suscepti-
bility is thought to be due to a decline of defense
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mechanisms for which Ileukocytes such as
lymphocytes and neutrophils are responsible,
since there is a remarkable loss of them after
exposure to radiation.” Especially at the early
phase of infection PMN play an important role
in the defense function by killing invading micro-
nrganisms.‘*_ﬁ An early report concluded
that the increased susceptibility to infection is
probably a consequence of damage to the
leukocyte lysosomes in connection with
membrane-associated phenomena.’ However,
other reports suggest that irradiation to PMN in
vivo and in vitro had little effect on the capacity
of the cells to phagocytose bacteria.®® Thus
the effects of radiation on the defense function
of PMN are not clear.

In this study, effects of ®®Co vy radiation on
migration, lysosomal enzyme release, and O3
production of PMN in vitro were investigated.
This basic investigation is expected to provide
important information in evaluating the defense
function in A-bomb survivors.

MATERIALS AND METHODS

Materials. fMet-Leu-Phe (Protein Research
Foundation, Osaka), and CB and dried Micro-
coccus lysodeikticus (Sigma Chemicals, St. Louis,
Missouri) were purchased. Human placental
lysozyme (The Green Cross Corporation, Osaka)
was used as a standard.

Preparation of PMN. The blood samples were
collected from the authors and some laboratory
employees and not from subjects of RERF
studies. There was a total of seven volunteers
who were not A-bomb survivors. They ranged
from age 26 to 36 years and were healthy at
least to the best of their knowledge. The blood
was heparinized (20 U/ml of blood). A pellet
containing PMN and erythrocytes was separated
from whole blood on a Lymphoprep (Nyegaard
Co., Oslo) density gradient by the method of
Bnyum.m A fraction was obtained by sedimen-
tation of the pellet in a 1.5% (w/v) dextran

(MW 177,000)-phosphate-buffered saline solution.

Contaminating erythrocytes in the PMN fraction
were removed by lysis with a 0.75% ammonium
chloride solution containing 20mM Tris-HCI
buffer (final pH7.4) and 0.25% autologous
plasma for 10 minutes at 37°C with gentle
shaking. Viability of PMN tested by trypan
blue exclusion was greater than 96%.
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Irradiation to PMN. PMN suspended in a Hanks’
balanced salt solution (HBSS) at a concentration
of 2x10° cells/ml was divided into six tubes
for six exposure doses (0 to 3,000rad) of ®°Co
v radiation. The irradiation equipment [Shimazu
Isotron-21 (Co)(pellet type 111.0 TBq, 3,000 Ci)]
installed at the Research Institute for Nuclear
Medicine and Biology, Hiroshima University
was used. During irradiation the tubes were
mounted in the same fixed position, and kept
at constant room temperature. The mean
exposure times resulting from the doses employed
were as follows; 12 sec for 30 rad, 42 sec for
100 rad, 126 sec for 300 rad, 353 sec for
1,000 rad, and 1,191 sec for 3,000 rad. The mean
dose rate was 144.0rad/min absorbed dose.
Irradiation was performed for various times up
to 25 minutes from a source 50 cm away. The
quality control and the measurement of absorbed
dose were supervised by the technicians of
Hiroshima University.

Measurement of Migration. Migration was
performed as previously described!! using a
modification of the Boyden technique.!* The
migration distance (um/45 min) was measured
from the surface of a Millipore filter (3.0 um
pore size; Millipore, Bedford, Massachusetts)
to the leading front of the cells in the filter.!3
The resulting value was used to determine
chemotaxis to fMet-Leu-Phe (10”% M), chemo-
kinesis in response to fMet-Leu-Phe (107° M),
and random migration.

Lysosomal Enzyme Release from PMN. After
irradiation, the PMN suspension was put into a
200 ul plastic tube in ice, fMet-Leu-Phe (a
chemotactic peptide, 107> M) was added in
conjunction with CB (5ug/ml), and incubated
for 15 minutes at 37°C to induce extracellular
release of lysosomal enzyme. Then the PMN
suspension was centrifuged at 1,700xg f{for
two minutes at 4°C to separate supernatant
which contains lysosomal enzymes released
by the cells, and PMN which contained the
remaining ones.

Measurement of Enzyme Activity. The super-
natant and the cell homogenate to which 0.1%
(w/v) Triton X-100 was added, were used
to measure released enzymes and the ones
remaining in the cells,. BGL was measured
according to a microassay method.' One unit
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of the enzyme activity was expressed as 4-
methylumbelliferone formation in pmol/min/ml
of 2x10° PMN supernatant. Assay of LYZ
was carried out by the method previously
reported which is essentially the same as that of
Selsted and Martinez.’> One unit of the enzyme
activity was expressed as ug of human placental
LYZ/ml of 2% 10° PMN supernatant. Percent-
release of enzyme was calculated as percent-
released activity divided by the total which is
released activity plus remaining ones.

Measurement of O, Production. O3 was assayed
by the reduction of ferricytochrome c¢, using a
spectrophotometer at a wavelength of 550 nm.'®
After the addition of ferricytochrome ¢ (66 uM,
Sigma Chemicals, Type 1V), f{Met-Leu-Phe
(107® M) in conjunction with CB (5 ug/ml),
or fMet-Leu-Phe alone was added to PMN to
initiate the reaction.”! The molar extinction
coefficient for this change in absorption at
550 nm is 21,000.'7

Test of Cytotoxicity of °® Co y Radiation to PMN.
After irradiation, the PMN suspension was
centrifuged at 1,700 X g for two minutes at 4°C
to separate supernatant and cells, The activity
of a cytoplasmic enzyme lactate dehydrogenase
(LDH) was measured by the method of Wacker
al.'®  Enzyme activity leaked from the cells
to the supernatant was calculated as percent-
leaked activity divided by the total which 1is
leaked activity plus ones remaining in the cells.

Statistical Analysis. A simple linear regression
analysis was carried out to detect a dose-related
trend in PMN functions. Using a first-order
approximation to the true relationship, least-
square estimates of the slopes were obtained
and tested. Residual analysis verified the lack
of departure from normality justifying the use of
t-tests. The observations tended to be highly
correlated for a given subject, with the subjects
varying significantly. To reduce this variability,
all tests were blocked on subject. All p-values
are two sided unless otherwise stated. The
data were represented as the mean * standard
error (SE) of the combined experiments.

RESULTS

Effects on Migration. Figure 1 shows the effects
of ®°Co < radiation on migration responses
of PMN. The migration distances tended
to decrease with increasing dose for all three
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measures: chemotaxis to fMet-Leu-Phe showed
a significant dose trend decreasing 0.0054 um/rad
(p<0.001), for random migration and chemo-
kinesis induced by fMet-Leu-Phe the dose
trends were the same decreasing 0.0018 um/rad
(p=0.005). When chemotaxis was adjusted by
subtracting the corresponding random migration
distances, the adjusted chemotaxis also showed
a dose effect (p=0.01). In order to examine the
effect of doses which are generally sublethal for
humans, the analysis was done using only obser-
vations for doses of 300 rad or less. Although all
estimates showed a decrease in distance with
increasing dose, none were significant.
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FIGURE 1 EFFECTS OF ¢°Co vy RADIATION ON MIGRATION OF PMN
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PMN irradiated with various doses of 60Co ~ radiation were incubated in a Boyden chamber
for 45 minutes at 37°C under 5% CO,. The distance that PMN migrated from the surface into
a 3.0 um pore diameter Millipore filter was measured. The resulting value was used to determine
chemotaxis to fMet-Leu-Phe (1 0—8 M, ®/ chemokinesis in response to fMet-Leu-Phe (&),
and random migration (©). FEach point and vertical bar represents the mean and SE for six
experiiments.
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Effects on Lysosomal Enzyme Release. Figure 2
shows the effects of ®®Co v radiation on the
percent-release and total activity of lysosomal
enzymes in PMN. Release of BGL from PMN
stimulated by fMet-Leu-Phe in conjunction
with CB or unstimulated, tended to decrease
with increasing dose 0.0022% release/rad
(p=0.001) and 0.0014% release/rad (p<0.001),

FAVYV-LBEEMHEICHT 32ZE. X212 PMN
DI7A VS —LBEEFEOREERR U 2EGIEIINT S
5Co v it E %> 1531 . fMet-Leu-Phe & CB
THlEr a7z PMN, 5w I[Xflgl 24 -7/ PMN
A5 @O BGL it b1, & 4 0.0022% release /rad
(p=0.001) & 1¥ 0.0014% release /rad (p< 0.001) T

FIGURE 2 EFFECTS OF ®°Co vy RADIATION ON THE PERCENT-RELEASE AND TOTAL
ACTIVITIES OF LYSOSOMAL ENZYMES IN PMN
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After irradiation with various doses of °UCo ~ radiation, PMN were incubated for 15 minutes at 37°C with or
without stimulation, or reserved at 4°C. ®: stimulated by fMet-Leu-Phe (1 0> M) in conjunction with CB
(5 ug/ml). ©O: unstimulated (incubated only). A: reserved at 4°C. Percent-release of the longitudinal axes
represents the percent of released enzyme activity divided by total activity which includes the released plus
remaining ones in the cells. The unit of the longitudinal axes represents the enzyme activity expressed
as 4-methylumbelliferone formation in pmol/min/ml of 2 X1 0° PMN for BGL, and ug of human placental
LYZ/ml of 2 x 10° PMN for LYZ. Each point and vertical bar represents the mean and SE for five experiments.
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respectively. When the percent-release of BGL
was adjusted by subtracting the corresponding
unstimulated values, no significant dose effect
was observed. Total activity of BGL de-
creased significantly with increasing dose,
0.0186 wunits/rad for stimulated and 0.0167
units/rad for wunstimulated (p=0.01; each),
but the decrease was not significant when only
reserved at 4°C. For the stimulated and
unstimulated, the trend was still significant
after subtracting the corresponding only reserved
values (p=0.03, 0.01, respectively), and they did
not differ significantly from each other. The
analysis using doses of 300rad or less, found
no significant effects.

A marginally significant dose effect (p=0.02)
was observed for the percent-release of LYZ
from stimulated PMN, decreasing 0.003%
release/rad. The dose trend was not significant
when PMN was only incubated nor when the
stimulated percentages were adjusted as for
BGL percent-release. The analysis using doses of
300 rad or less showed no significant dose effect
for the percent-releases of LYZ. The total
activity of LYZ was not related to dose when
unstimulated (0.00008 units/rad) or reserved
(0.00002). When stimulated, the total activity
decreased significantly (0.00017, p<0.01); this
effect remained (p=0.02) after subtracting the
corresponding reserved values. The analysis
using doses of 300rad or less showed that the
total activity when stimulated was marginally
related to dose (p=0.04), with over five times
the effect, decreasing 0.00094 units/rad.

No statistical difference was found between the
dose effects on percent-releases of BGL and LYZ
when stimulated or when unstimulated. The
common estimates of decreasing 0.0011%
release/rad and decreasing 0.0026% release/rad
for stimulated and unstimulated were both

marginally significant (p=0.02, 0.02, respectively).

Effects on 05 Production. As demonstrated in
Table 1, a slight and marginally significant linear
dose trend was found for 0; production. The
increase was slightly larger for the stimulation
of fMet-Leu-Phe with CB (0.892x 10™* nmole/
min/1 x 10® cells/rad, p=0.02 one sided) than
that without CB (0.587x 10™%, p=0.03), although
the difference was not significant. The analysis
using only doses of 300rad or less showed that
the dose effect when stimulated by fMet-Leu-Phe
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gl L &2 o aDEzZ2L 5w T BGL @ it
HerBETLL, WEOEHREIIEETIEIE - 1.
BGL @ &iE M3, #l#is /285 0.0186unit /rad,
mlE L 2 h - 285 0.0167unit/rad( T4 E p=
0.01) T, MBOBIMIZE->THEIZHED L LD,
ACTHBFELEZZDOBEREETIEZ o,
Bl L 2B ERUEIML 22 EBI220T, D
TA4CHREOMa2zE LGV ARTLEHEERESR
fmAHN (&4 p=0.03, 0.01), fHEDOMTIZHZE
b L -7 300rad LLF D& & Bl 7 By
TREEGwE ez RwiEs gk,

gl s 7= PMN » 5 @ LYZ fe it #13, 0.003%
release /rad DDV A2/ L, hTAICHFEZHED
MEAAD SN (p=0.02). PMN 4 » Fa1—}
/21, 302 BGL OB A L FEICHlksh
%A ﬂi’ﬁ(ﬂ_n s AEEEO VT Y, dose
trend 2 HE T/, 300rad LI FOHELZ H W
FEFIELYZ o RICH T AHEELHEOEE
YR &hhor. LYZ 0GR, Bl a2
24 (0.00008unit/rad) ¥ 4°C #F0 345 (0.00002 )

“Er‘ﬁﬁc"ﬁ& D E RS ok B E /s PMN @
BA, SLEMIEEZICE DL (0.00017, p<0.01),

i;%,.f:% AT 5 4°CREFENHEEZZLIIVAERY
A5k (p=0.02). 300rad LI TOHER 2 H i
BAATIE, Bl Esh a0 2FEEYBEItEHT I
B L (p=0.04), 5%l EoiRd 0.00094unit /rad
e ooll O o

fligaen2BaX3ilEmL 22-72%55%, BGL
BB L LYZ BB iz 280 o @28 o W (2 HET
HIZEIrT o7, flMEshBea R0 EN 2 W
BAIZKT 2 Em o BGL & LYZ 3@ o HE7F i,
0.0011% release /rad & 1F 0.0026% release /rad [
b TP IEETHL- (&%, p=0.02, 0.02).

O, EHKEICHTAITE. H1UImTLIIL, 0,
EERIZIOWVWTHT A ICAELHBIEZARELE 4 5
n#. # ot fMet-Leu-Phe & CB O#IED
FHA(0.894 X 10 "* nmole /min /1 X10° cell /rad,p=
0.02, Fll#E)CB 2 W Z2uiHa k)b (0.987X
104, p=0.03) T Ll kEr s hH, FETE
-7, 300rad LI TO#HMEDH 2 W8I,
fMet-Leu-Phe ¢ CB CHli&E h/-& 2DFHERD
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in conjunction with CB was of an order of 2T T i kR, 0891 X103 THBZERERL

magnitude
p=0.02).

larger,

0.891x10"% (one sided,

7= (K {ltE, p=0.02).

TABLE 1 EFFECTS OF °°Co y RADIATION ON O; PRODUCTION OF PMN

%1 PMN @ O; BRI T 3 “Co ¥ REHMD HE

Radiation dose

— e

nmole/1 X 10° cells/min

e

¥eag fMet-Leu-Phe and CB fMet-Leu-Phe
0 3.68£1.06 147031
30 3.63£1.00 1.46 £0.34
100 399 +1.12 1.55£0.43
300 3.93+1.12 1.50 £0.38
1000 403 x1.12 1.58 £0.33
3000 4.03x1.03 1.66 £0.39

-

After irradiation at each dose, PMN at a concentration of 1 X 10° cells/ml in
HBSS were stimulated by fMet-Leu-Phe (lﬂ_ﬁ M) in conjunction with CB
(51 g/ml), or fMet-Leu-Phe alone. Each value represents the mean * SE for
siX experiments.

& # A O B R IR B 1R,

6 (10 K> P4+ AL & T

LDH Leakage from Irradiated PMN. Dose had BB PMN 250 LDH .

no effect (p=0.85) on the percent-leakage of
LDH from irradiated PMN (Table 2).

(2= 2).

TABLE 2 EFFECTS OF ¢°Co v RADIATION ON LDH LEAKAGE

FROM PMN
#:2 PMN #50 LDHEH I 5 *Co v BAT#O B
Radiation dose % leakage of LDH
in rad mean = SE
0 9.50%+1.32
30 10.85 £1.03
100 10.93£0.73
300 10.65 £0.94
1000 10.35 £0.94
3000 10.25 £1.59

After irradiation at each dose, PMN (2 X 10° cells/ml) in a 200 ul
were centrifuged at 1,700 Xg for 2 minutes at 4°C. Activities of
LDH in the supernatant and in the cells to which 0.1% (w/v) Triton
X-100 were added, were measured. Percent- leakage was calculated
as percent of activity of supernatant to total activity (supernatant
and remaining ones in the cells). Each value represents the mean
SE for six experiments.

2N, 4 CTELTEL . LHIZET2 LDH EE L 0.1%(w/v) Y
FX-100 2RI L AT A LDHEHABIEL 2. Rt B HEE
EME (Ll 0 E R CHIBROREERE) T 5 LRERO RS
LTHHELE. St 6FHoERBRO FHMEHWBELRT.

HBSS 121 X10% cells /ml® {E FE TiFEME & 7= PMN # fMet-

Leu-Phe(10 "8 M) & CB(5ug/ml) & S vvif fMet-Leu-Phe i3k THI# L 2. #iMiL

i+ PMN A 5 ¢ LDH

RUER-LHEROEBIESNE D -k (p=0.85)



DISCUSSION

In the present study, the effects of 0co v
radiation on migration, lysosomal enzyme
release, and 0, production, which participate in
the defense function of PMN, were studied in
vitro.

Regression analysis showed that the migration
distances tended to decrease with increasing
dose for all three measures. Holley et a11?
reported that there was impairment of chemotaxis
over 5,000 rad. Our result on chemotaxis implies
that this impairment can be detected even at
lower doses than their report,’® although none
was detected using doses of 300rad or less.
This might be partly due to a difference of
chemotactic factor used; their factor was human
serum and ours fMet-Leu-Phe. On the other
hand, the effect of radiation on random migration
and chemokinesis was one-third of the effect on
chemotaxis. It is possible that fMet-Leu-Phe
receptors on the PMN cell membrane were
affected by radiation since Fc receptors on the
rat mast cell can be damaged by irradiation.?°

There were significant dose trends for releases
of BGL and LYZ. These data suggest that the
releasing activity of lysosomal enzymes in PMN
may be damaged by irradiation. A singificant
reduction in total activity with increasing dose
was found for both BGL and LYZ. It is possible
that the activities of lysosomal enzymes might
be damaged by irradiation, since an activity of
alcohol dehydrogenase has been shown to be
inactivated by irradiation.®! It is also possible
that °°Co v irradiation destroys the mechanisms
which are involved in exocytosis of lysosomal
enzymes as reported for histamine release of
mast cells,’?> and for damage of leukocyte
lysosomes.” For the data at the top of Figure 2,
no significant difference was found in the dose
effect on corresponding percent-releases of
BGL and LYZ. These results may indicate that
the effects of radiation on the releasing processes
of BGL and LYZ are the same, although BGL is
contained in azurophil granules and LYZ in
both specific and azurophil granules.**®  The
pooled estimate of the dose effect of the stimu-
lated group (~0.0026% release/rad) was over
twice that of the unstimulated group (~0.0011).
This may reflect the stimulating effects of

fMet-Leu-Phe in conjunction with CB.
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z B

AFFZE Cid PMN O 4 (RBG s I 5 5 5 8 EE,
A4V TS—AEEE B ARE, RU O, EERIINT 5
SCo v MStE DO RE % in vitro THNL.

AR ERATIC L D BEEREIE SFOBIE TN TICHRD
iz ff-> CTIE T 2EmMAH S EHARSNL.
Holley 5 |4 5,000rad VL ETr €S F 2 R IZPEF
PEHNAZEEZHREL L. FMEOTFTEF X VAL
M+ 3R 12, 300rad LI TOHEREZ BlVBWAES
XED LN ESOHEE £ VAR
ThZOMEFrADLNIIENFREENZ. T
X, BuzBEERFOEVIILE2E 230328
Lhzw. Es5OAVWARFIEe PIMET, 4D
Z it fMet-Leu-Phe THh o7/ —Fh, BHIRDEE
BROrEX3 v AT 3HHBOMERETr£S X
S AT A EN1/3 TH-2. 7y bCHAZD
Fe 2R AAKRMHBHIIL->TEFITsNGAZ &
5,2 PMN #iflafi o fMet-Leu-Phe & % {f2*
MBI IV BEELIZTATHERESFrE2 5605,

BGL R (F LYZ ik th 12 F #& % dose trend #°& 5 11
. 2he0ERPSE, PMNDFA v/ —LEBEE
MHERER RSB CHELZTITSTEEEYSH S
ZEeARMaEhnA. BGL R UFLYZ (2t it o
MinizfE-Tte2FEE0EEZETIFRVES L.
TNV KEBEFZOEE AT HEHTIZED
Aigftahac e ARashTwaZ EH 5,2 74
U S—LABEEOEEBFICIDBEah AL LN
Zwalfettii s 3. £/, EBWdfilaoe 24 3~
B, RUCAMER 74 /= L4157 CAL THS
sNTwadL51z, “Coy BHFITFA //— LEEE
DFas i IcE T 2 B2 BIET 5 oD
b, M2 LEEBEOF—7Tlt, ¥ % BGL XU
LYZ BT 280 B IIEGEENALN
hhholt. ZOFREILZ, BGL 127 X — L EiHIZ,
LYZ 185 RBEMEBUTA-LENOBRAHIZEENT
W5 A, 42 BGL R LYZ @ KB BFR 1Zard A gt
BOWMEEIRKTHIZLZRTLALLAZ L. WHE
PEA LA BB 2B ROHETERE
(~0.0026% release /rad) |%, JE#]&H (~0.0011)
D21 ETH -7, Zhit fMet-Leu-Phe & CB
DElEEEZRMT 25048 L.
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03 production is related to the oxygen metabolism
concomitant with phagocytﬂsis.m Turcu and
Albu? reported a decrease in the respiratory
capacity of the rat PMN irradiated in vitro with
2,000rad. In the present study, both 03 pro-
ductions induced by fMet-Leu-Phe in conjunction
with CB and by fMet-Leu-Phe alone were found
to have significant dose trends; increased
production with increasing dose. Holley et al'’
reported the impairment of phagocytosis of
human neutrophils at doses over 10,000 rad.
A difference of stimulation between particle
phagocytosis and soluble synthetic chemotactic
peptide may explain the inconsistency.

The irradiation doses employed in the present
study were high and exceeded by far the lethal
doses for experimental animals and for man.?®
However, regression analysis found a significant
dose trend for all measurements of migrations,
lysosomal enzyme release, and O, production.
These data imply that effects of radiation on
PMN defense functions are possible, although
peripheral PMN are differentiated and mature,
and are thought to be resistant to radiation.

The kinetics of PMN in the peripheral blood
is rapid and the half-life period of PMN in the

blood wvessel is reported to be 6.7 hours.*’
Although PMN with injured functions can be
recovered from the peripheral blood and replaced
with normal ones within a day when the bone
marrow fulfills its function, PMN in the
peripheral blood may be functionally disordered
immediately after in vivo exposure to radiation,
with the possibility that the function of replacing
PMN has also been affected by irradiation while
they were pooled in the marrow granulocyte
reserve. However, the analysis using doses of
300rad or less indicated that radiation did not
affect the functions of PMN. Defense
mechanisms attributable to PMN are not clearly
understood in A-bomb survivors, and are now
undergoing examination. The data here are
expected to provide some information and
references for considering the conditions of the
PMN defense functions in A-bomb survivors.

10

0, FEEL, AERIZTHET
Turcu B UF Albu®® |4, in vitro T 2,000rad O it
HABHELA2F7y D PMNOIRIREANEKETT 22 &
e L. K TIE, fMet-Leu-Phe & CB T
R a0, FEYE & fMet-Leu-Phe B3 TR
SO, FEENEIZHFHE % dose trend 28 L 7=
PRt OBEIMICEVELEREEIM L. Holley 57 4
10,000rad L) Eo##at T MFsEko & 1E R ICpEE
ARZZZE2HRELA. RTEERLTEEGK
WEXTF FOMOBIMOEVIEZ DA — % 7
TahtlNgw

ZEFRNBICET S

AFECHOABHGERIEEL, ERHMPLE MO
HIEBRETE2XPIZEBISZ3LDTHL.® LAL,

FEERT IR MEAERE, A4 V- LBEEHRHRERT
0, J%ﬂiﬁé. TRTOREIZA L HFE % dose trend
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