
1998-05-08收稿。
* Supported in part by a gran t No. 96053 f rom the Education Com-

mission of Guangxi Zh uang Autonomous Region, P. R. C. , and in

part by a res earch gran t No. 9532012 f rom Science and Technolog y

Commission of Guangxi Zhuang Autonomous Region.

广西科学 Guangxi Sciences 1999, 6 ( 1): 47～ 52

Effect of Inhaled Interleukin-5 on Activity and
Number of Eosinophil s in Circulation from Asthmatics

*

吸入白细胞介素-5对支气管哮喘患者
外周血嗜酸性粒细胞数及其活化状态的影响

Xie Zheng fu　 Liu Guangnan　 Qin Shouming　 Den Jiazhen　 Shi Huanzhong　 Xu Hui

谢正福　　　柳广南　　　 覃寿明　　　邓家珍　　　 施焕中　　许　辉

( Department of Internal M edicine, Fi rst Af filiated
Hospi tal, Guangxi Medical Univ ersi ty, 6 Binhulu, Nanning , Guangxi, 530021)

(广西医科大学第一附属医院内科　南宁市滨湖路 6号　 530021)

Abstract　 For examining the ef fects of recombinant human( rh) IL-5 inhala tion on changes of activ-

ity and number of ci rculating eosinophils in allergic asthmatics, as w ell as concentra tions of serum
Ig E, a randomized double-blind, placebo-controlled study design w as employed, in w hich each sub-

ject acted as his or her ow n control. Eigh t nonsmoking patients wi th allergic asthma w ere adminis-
tered rh IL-5 by nebulization, to tal blood nuclear cell counts and differentials, as w ell as concentra-

tions of ECP and IgE in serum were determined before, and at 2 h, 24 h, 48 h after inhalation, re-
spectiv ely. Eosinophi l numbers and ECP levels wi thin the control g roup did no t appear to change

f rom baseline at any time throughout the study , eosinophil numbers f rom baseline( 3. 6± 1. 1× 105 /

mL) to 6. 3± 1. 2× 10
5
/mL ( P < 0. 01 ) at 24 h, and to 5. 7± 0. 9× 10

5
/mL ( P < 0. 01 ) at 48h

af ter IL-5 inhalation. Accompanying this significant blood eosinophilia was a signi ficant elev ation of
serum ECP levels. Compared wi th baseline value ( 6. 3± 1. 1 pg /mL) , inhalation of IL-5 lead to

ECP levels increase with time, reaching 17. 6± 2. 8 pg /mL at 24 h (P < 0. 01) ; and this eleva ted
ECP levels lasted at least 48 h ( 18. 1± 2. 9 pg /mL, P < 0. 01) . IL-5 inhalation had no signi ficant

ef fect of lev els of serum to tal IgE. our finding s prov ided direct evidence tha t IL-5 no t only induced
a significant blood eosinophilia, but also resulted in the activation of circulating eosinophils.
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摘要　随机选择 8例哮喘患者雾化吸入人重组 IL-5, 分别吸入前、 吸入后 2 h、 24 h和 48 h进行外周血有核细胞

计数和分类 , 以放射免疫法测定血清中嗜酸性阳离子蛋白 ( ECP)及总 IgE水平。结果 , 吸入 IL-5后嗜酸性粒细

胞 ( EOS) 占细胞总数的百分比、 EOS绝对细胞数以及 ECP水平均随时间而明显升高 , 至 24 h达最高值 , 48 h

后仍维持在较高水平 ; IL-5在整个实验过程中对血清总 IgE水平无明显影响。表明 ,吸入 IL-5不仅可以促使循环

中 EOS数明显增多 , 且还能招致其活化从而参与哮喘的发病过程。

关键词　支气管哮喘　嗜酸性阳离子蛋白　嗜酸性粒细胞　白细胞介素 -5
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　　 Bronchial asthma, even mild asthma, is associat-
ed wi th persistent inflammation of the bronchial mu-

cosa characterized by infilt ration of eosinophils
[ 1～ 4]

.
This inflammation has been suggested to be responsi-

ble fo r airway hyperreactivity
[5 ]

. One of these
eosinophilic proteins, eosinophil cationic pro tein

( ECP) , has been documented to be increased in the

ai rw ay and circulation in asthma
[ 6～ 7 ] . Furthermore,

bo th circulating eosinophil numbers and serum ECP
levels and their interrelationship may be of value in as-

sessing the severi ty of asthma
[8 ]

.

A number of cytokines wi th selectiv e actions on
eosinophils have been identified, including interleukin
( IL ) -3, IL-5, and g ranulocyte-macrophage colony-

stimulating facto r. One of the most important is IL-5

which promo tes terminal dif ferentiation of the commit-

ted eosinophil precurso r
[9 ]

as well as enhancing the ef-
fector capaci ty of mature eosinophi l[10 ] . IL-5 also pro-

longs the survial of eosinophil in vit ro
[11 ]

, and selec-

tively enhances eosinophil deg ranulation, antibody-de-
pendent cy totoxici ty[12 ] . It has been demonst rated that

IL-5 gene expression in circulating CD4
+

cell and
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serum ECP concentrations w ere both significantly in-

creased in asthma, particularly in acute severe asthma,

moreover, significant correlations w ere observ ed be-

tw een IL-5 expression and ECP levels
[13 ] . By topical

insti llation of recombinant human ( rh ) IL-5 into the

low er ai rw ays, w e recently indicated that IL-5 is capa-
ble of increasing ECP levels in bronchoalveolar lav age
( BAL) f luid in allergic asthmatics

[14 ] . The present
study was conducted to investigate the ef fects of in-

haled rhIL-5 on changes of numbers of eosinophils in
ci rculation, as w ell as concentrations of ECP and total

IgE in serum in patients with allergic bronchial asth-
ma.

2　Methods

2. 1　 Subjects
Eight nonsmoking asthmatics w ere enrolled in

this study ( Table 1) . Asthma was defined as a clinical
history of intermit tent chest tightness, w heeze,

cough, or shortness of breath , and documented re-
versible airflow limitation either spontaneously o r with

treatment in the preceding year ( 20% change in FEV1

o r peak expiratory flow PEF) . All patients had mild

atopic asthma, w ith baseline forced expiratory v olume
in 1 s ( FEV 1 ) g reater than 70% of predicted value,
requiring only intermit tent use of inhaled β2 -agonists.

All patients had a provocativ e concentration of metha-
choline producing a 20% fall in FEV 1 ( PC20-Mch ) <

8 mg /mL. Each patient had one or mo re documented
positive skin prick test responses to aeroallergens.

None had receiv ed inhaled o r oral corticosteroids in the
previous 3 months. Any subjects wi th a histo ry sug-

gestiv e of a vi ral upper respiratory t ract infection with-
in the 4 w eeks preceding or during the study were ex-

cluded.
The study protocol w as approved by the Ethics

Commit tee of Guangxi Medical Univ ersity , P. R.
China, and all subjects provided w rit ten consent.
Tabl e 1　 Characteristics of the asthmatic subjects

Subject
No.

Age
( a)

Sex Atopy IgE
( IU /mL)

FEV 1%
predicted

PC20-Mch
( mg /mL)

1 58 M + 199 97 1. 27

2 38 M + 520 108 0. 09

3 43 M + 178 89 0. 17

4 39 F + 442 96 2. 53

5 27 F + 248 110 5. 12

6 19 M + 968 82 0. 62

7 42 M + 113 103 2. 58

8 35 F + 104 99 1. 26

M ean± SEM 38± 4 347± 103 98± 3 0. 92± 1. 64*

* Geom et ric mean± geometric SEM.

2. 2　 Study design
A randomized double-blind, placebo-controlled

study design w as employed, in w hich each subject act-
ed as his or her ow n control.

At a preliminary visit , a full history and examina-
tion was performed and skin prick tests to a panel of

common aeroallerg ens w ere carried out. At the same
time, blood w as taken for measuring to tal nuclear
blood cells and cell dif ferentials, and concentrations of
ECP and to tal IgE; methacholine challenge test was
also done. The following af ternoon ( 24h af ter baseline
measurements ) 10 μg of rh IL-5 ( Genzyme Co. ,
Boston, M A) in vehicle ( 0. 1% bov ine serum albumin
in 0. 9% saline) or vehicle only was inhaled as a 0. 5
mL nebulized solution, the chamber was refilled twice
wi th 0. 5 mL vehicle, and the nebuliza tion w as kept

running to scavenge any remaining rh IL-5. The dose
of rh IL-5 w as based upon a preliminary study involv-
ing tw o asthmatic patients.

Blood cytology, concentrations of ECP and total
IgE w ere measured at 2 h, 24 h, and 48 h af ter the in-
halation of rhIL-5 o r v ehicle. At least 4 w eeks were
allow ed to elapse betw een the tw o inhalation, and the
order of inhalation of rh IL-5 or v ehicle was random-
ized.
2. 3　Blood samples

Venous blood samples were obtained from each
subject. Samples were collected in either ethylenedi-
aminetet raacedtic acid ( EDTA) -trea ted tubes for total
and dif ferential blood cell counts o r untreated tubes to
obtain sera fo r determining ECP and total IgE levels,
and sera w ere stored a t- 70℃ for later determina tion.
To tal cells w ere counted w ith a hemocy tometer and
dif ferent cell counts w ere made from blood smears
stained wi th Dif f-Quik Staining ( Sigma Chemical Com-
pany , St. Luois, Mo ) . Blood smears w ere counted
blind in coded random o rder by tw o independent ob-
servers, using a light microscope. A total of 300 cells
w ere enumerated for differential cell counts in identify-
ing monocytes, neutrophils, lymphocytes, eosinophils
and basophils, and absolute numbers of each cell type
w ere calculated. The interobserv er v aried < 8% .
2. 4　ECP assay

Serum samples stored at - 70℃ were thaw ed.
Levels of ECP in serum were determined with ECP
Fluo roimmunoassay ki ts ( Pha rmacia AB, Uppsala,
Sw eden) on the procedures recommended by the man-

ufactures, with result expressing in pg /mL. Assay
sensi tivi ty for ECP was 2 pg /mL.
2. 5　 Total IgE assay

Concentrations of total IgE in serum were deter-
mined wi th total Ig E enzyme immunoassay test ki ts
( Golden Bridge International Inc. , WA) on the pro-
cedures recommended by the manufactures, with re-
sulte expressing in IU /mL. The minimum detectable
concentration of IgE by this assay w as established to
be 5 IU /mL.
2. 6　 Statistical analysis

All data w ere presented as mean± standard er-
ror of mean ( SEM ). Measures v ariance( ANOVA) for
data were confo rmed to be in a no rmal dist ribution, to
be a nonparametric distribution by Friedman 's test
( confirmed by the Shapiro-Wilk W test ) . Paired t test
w as used to compare data obtained a t the same time
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points betw een the tw o inhalations.

3　Results

3. 1　 Eff ect of inhaled IL-5 on blood cytology
All subjects tolerated the procedures wi thout

complication. The effects of rh IL-5 inhalation on
changes of blood cell population and cell differential
counts w ere show n in Table 2 and Figure 1. In this
study, v ehicle challenge w as not able to cause any
changes in total cell numbers, percentages of each cell

type, or absolute numbers of each cell type including
eosinophils in peripheral blood ( all P < 0. 05) . Blood
total cell numbers, as well as percentag es of mono-
cytes, neutrophils and lymphocy tes were also non-
significantly increased at three occasions af ter IL-5 in-
halation compared w ith baseline ( allP > 0. 05) . How-
ever , there was an increase in percentag es of circulat-
ing eosinophils after IL-5 inhalation, w hich increased
w ith time w as significantly comparing to baseline value
o r v ehicle controls, respectiv ely, reaching a maximum
at 24 h, and lasted less than 48 h ( all P < 0. 01) .

Moreover, a similar increase in absolute numbers of
eosinophils in blood af ter IL-5 inhalation w as ob-
serv ed.
Tabl e 2　 Comparison of total cell counts and diff erentials in

peripheral blood from all ergic asthmatics chal lenged with in-
terleukin-5 and vehicle control*

Group
Total cells

(× 105 /mL)

Cell diff erentials (% )

M onocytes N eutrophils Lymphocyt es Eosinophils

Inter leukin-5

Baseline 66. 3± 5. 7 1. 9± 0. 6 65. 7± 2. 1 27. 0± 2. 3 5. 4± 1. 5

2 h 69. 3± 5. 4 1. 5± 0. 5 65. 3± 2. 2 28. 1± 1. 9 5. 1± 1. 2

24 h 68. 9± 5. 8 1. 8± 0. 7 64. 5± 3. 6 24. 8± 2. 4 9. 0± 1. 51†

48 h 68. 1± 4. 6 2. 0± 0. 7 61. 3± 3. 6 28. 0± 2. 5 8. 6± 1. 51†

V ehicle　

Baseline　 66. 3± 4. 9 2. 0± 0. 2 64. 3± 2. 0 28. 8± 1. 7 5. 0± 1. 2

2 h 66. 9± 5. 3 1. 8± 0. 8 64. 6± 1. 9 28. 4± 1. 4 5. 2± 1. 3

24 h 67. 3± 4. 1 0. 8± 0. 5 65. 4± 2. 2 27. 8± 1. 7 5. 1± 1. 3

48 h 66. 5± 4. 5 1. 6± 0. 5 63. 3± 2. 8 29. 9± 2. 7 5. 4± 1. 2

* Dat a were presented as mean± SEM ( n = 8 for each g roup) .

† Compared with baseline or v ehicle controls, P < 0. 01 .

3. 2　 Eff ects of inhaled IL-5 on ECP levels in serum
Baseline measurements of ECP before both chal-

lenge show ed no significant dif ference in serum from
allergic asthma tics ( 6. 3± 1. 1 pg /mL with IL-5 and
6. 8± 1. 2 pg /mL with vehicle, respectively , P >
0. 05 ) ( Figure 2) . Concentrations of serum ECP
w ithin the vehicle group had no change baseline
throughout the study ( all P> 0. 05) . It meant vehicle
inhalation of asthmatics did no t lead to elev ations of
ECP levels in circulation. Serum ECP levels( 6. 8± 1. 3
pg /mL) at 2 h af ter IL-5 inhalation w ere still not dif-
ferent in baseline value ( P > 0. 05) . ECP levels in-
creased from baseline to a higher extent at 24 h ( 17. 8
± 2. 8 pg /mL, P < 0. 01) and at 48 h( 18. 1± 2. 9 pg /
mL, P < 0. 01 ) af ter IL-5 inhalation.
　　 No significant dif ference in concentrations of ECP
between IL-5 and vehicle inhalation w as observed at 2
h. However, ECP concentrations at 24 h and 48 h af-

ter IL-5 inhalation were significant ly higher as com-
pared wi th their v ehicle controls, respectiv ely.

　　 Fig . 1　 Compa rison of number s of each type cell in blood

from eight allergic asthma tics challenged w ith r ecombinant hu-

man IL-5 ( ) or v ehicle (□ ) . BL= ba seline. * Compared

with baseline measurement o r v ehicle controls, P < 0. 01 . Pan-

el A: monocy tes; Panel B: neutrophils; Panel C: lymphocy tes;

Panel D: eo sinophils.

3. 3　 Effects of inhaled IL-5 on total IgE levels in
serum

As shown in Figure 3, baseline total IgE in serum
befo re bo th challenges show ed no significant differ-

ence. Neither rh IL-5 nor vehicle inhalation made
serum IgE levels change th roughout the study ( allP>
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0. 05 ) .

4　 Discussion

Prev ious studies have demonstrated inverse rela-
tionships betw een blood eosinophil numbers and FEV1

　　 Fig. 2　 Comparison of ECP levels in serum from eigh t al-

lergic a sthmatics cha llenged w ith recombinant human IL-5 o r

vehicle. * Compa red with baseline mea surement or v ehicle con-

tro ls, P < 0. 01 ○ Vehicle; ● IL-5.

　　 Fig. 3　 Comparison of total IgE levels in serum from eight

allergic asthma tics challenged with recombinant human IL-5 o r

vehicle. ○ Vehicle; ● IL-5.

and airway responsiveness
[ 15, 16]

in asthma tics. Serum
ECP levels have been demonst rated to be mo re closely
related to the lung function during the late asthmatic
reaction than the number of circulating eosinophils,
suggesting that the activity of the eosinophils might be

more important for the development of the late asth-
matic reaction than the number

[17～ 19 ]
. Grif fin and

coworkers ' study indicated that in pa tients ' with asth-
ma and pronounced eosinophilia, the lung function of

the patients w as principally related to the number of
ci rculating eosinophi ls, whereas, when thei r
eosinophilia was reduced to moderate levels, the
pa tients ' lung function w as closer related to the activi-

ty of the eosinophils
[20 ] . Serum from asthmatics, in

comparison w ith the serum of healthy subjects, has a
higher lev el of IL-5

[21, 22 ]
. And serum concentrations

of IL-5 have been reported to be related wi th circulat-

ing eosinophil numbers
[23, 24 ] . Lai and colleagues have

demonst rated that IL-5 gene expression in ci rculating
CD4+ cells and serum ECP concentrations w ere both

significantly increased in asthma, particularly in acute
severe asthma, moreover, significant correlations w ere

observ ed between IL-5 expression and ECP levels
[13 ]

.

Actually , IL-5 is of particular interest in the patho-
physiology of asthma as it is associated w ith
eosinophilic inflammation.

The abi lity of IL-5 to induce an increase in num-
ber of ci rculating eosinophils has been previously
demonstrated in various animal models by several

g roups
[25, 26 ]

.
We have found that the total eosinophils ( BMK-

13
+

cells) and the activated eosinophils ( EG2
+

cells) in

bronchial mucosa, as w ell as the eosinophil numbers in
BAL fluid f rom IL-5-challenged segments w ere signi f-
icantly higher than those in vehicle-challenged seg-

ments[14 ] . Eosinophil activation assessed by secretion

of ECP w as also increased significantly in bronchial
mucosa and BAL fluid. The results strong ly suggested
that IL-5 w as capable of inducing eosinophil infilt ra-

tion into the asthmatic airways, as well as the activa-
tion of infiltrating eosinophils. In the present study ,
our data ex tend these finding s by observing the effects

of rh IL-5 challenge on the number of ci rculating
eosinophils and concentrations of serum ECP in allergic
asthmatics.

In this study, w e observ ed that allergic asthmatics
had a proportion of blood eosinophils and serum ECP
concentrations even befo re rh IL-5 challenge. rh IL-5
inhalation had no ef fect on the changes of blood total

cells and percentages of monocytes, neutrophils, and
lymphocy tes. In addition, a few basophi ls could be
seen in all blood smears studied, no increase in ci rcu-

lating basophils w as observ ed even af ter rh IL-5 inhala-
tion. Of particular interest was the eosinophils increas-
es in ci rculation of asthmatic patients challenged w ith

rhIL-5. The changes w ere time-course-related, with a
most response at 24 h and last less than 48 h. Both
the percentag e and the absolute number of ci rculating

eosinophils w ere significantly higher at 24 h and 48 h
af ter rh IL-5 challenge than baseline measurement be-
fo re challenge. We also found that serum ECP levels
w ere elevated in asthmatics by rh IL-5 inhalation in a

similar manner. Our results demonst rated that inhala-
tion of 10μg rh IL-5 in patients with allergic asthma
w as able to not only increase eosinophils in ci rcula tion,

but also result in activa tion of increased ci rculating
eosinophils. In addition, in the same study design, w e
have also found that rhIL-5 challenge could increase

ai rw ay responsiveness in patients w ith allergic
bronchial asthma, accompanying a significant
eosinophilia and elev ated concentrations of ECP in in-

duced sputum ( these findings w ould be repo rted sepa-
rately ) .

The exact mechanism by which inhaled IL-5 con-
tribute to blood eosinophilia is still unknown. It seems

likely that af ter i t i s administered topically into the air-
w ay s, IL-5 penetrates into circulation through
bronchial mucosa as w ell as blood microvessel w all,

and then exerts i ts possible systemic ho rmone-like ac-
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tions. Collins and cow orkers have reported
[27 ]

that in-

travenous injection of IL-5 of guinea pigs stimulated a
significant increase in the numbers of ci rculating
eosinophils, and this increase in circulating eosinophils

corresponded wi th a reduction in the number of dis-
placeable eosinophils recovered af ter flushing out the
femur bone marrow cavity , suggesting that IL-5 acts
as a hormone to stimulate the release into the ci rcula-

tion of a rapidly mobili zable pool of bone marrow
eosinophils. Now that our present study provided im-
po rtant evidence tha t IL-5 produced in the airways

may have systemic ho rmone-like actions, w e speculat-
ed that IL-5 w as capable of stimulating the release of a
pool of mature eosinophils f rom the bone marrow into

the circulation in a similar manner. On the other
hand, IL-5 might be able to increase eosinophil dif fer-
entiation f rom bone marrow precursor cells, since IL-5

possesses this abili ty
[9 ] .

Immunog lobin isotype switching to Ig E synthesis
is mainly mediated by IL-4 and costimulatory signals

provided by CD4+ T cells
[28 ] . IL-5 has been reported to

enhance IL-4-dependent IgE lproduction[29 ] . When

C57BL /6 mice w ere challenged w ith antig en t rice a
w eek for 2 w eeks, Chu et al[30 ] found that lung tissue

IL-5 and IL-4 expressing cells increased in number,

w hich w as similar to the profile of serum total IgE
production. And both IL-5 and IL-4 expressing cells

correlated with serum total IgE levels. This suggests
that IL-5, along with IL-4, could be a major modula-
tor of Ig E production in this sensitized mouse model.

In another animal experiment
[31 ] , Coffman and col-

leagues have demonstrated that w hen BALB /c w ere

infected wi th the nematode N ippostrongyllus
brasiliensis , large numbers of eosinophils appeared in
thei r blood and lungs and thei r serum IgE w as in-
creased; injection of an anti-IL-5 monoclonal antibody

completely suppressed the blood eosinophi lia and the
infilt ra tion of eosinophils in the lungs of parasi ti zed
mice but had no ef fect on serum IgE; in contrast, an

antibody to IL-4 inhibi ted parasite-induced IgE but
not the eosinophilia. These results indicate that IL-5 is
impo rtant in eosinophi l production in viv o and that IgE

production is regulated by IL-4, no t by IL-5. This in-
ability of anti-IL-5 to inhibi t the IgE response is con-
sistent wi th the finding s in our present study, w hich

show ed that rhIL-5 inhalation of atopic asthmatics was
not able to cause any changes in serum IgE levels in
the study , although a significant blood eosinophi lia
and a marked elev ation of serum ECP concentrations

w ere observ ed.

Eosinophils are known to secrete a number of ba-
sic proteins, including majo r basic pro tein ( M BP) ,

ECP, Eosinophil-deriv ed neuroxin, and eosinophi l
peroxidase that have profound effects on airway

cells
[1, 32 ] . Release of these products is associated with

increases in vascular permeability, bronchocon-

striction, and dest ruction of ai rway epi thelial cells
[ 1] .

In particular, M BP has been shown to cause ai rw ay
const riction and airw ay hyperresponsiv eness[33, 34 ] . In

addition, eosinophil activ ation also results in the re-
lease of a number of important lipid mediators, includ-
ing leukot riene C4 , which can contract ai rway smooth
muscle, and platelet-activating facto r, w hich can con-

tract ai rw ay smoo th muscle as w ell as increase
bronchial responsiveness

[ 35 ] . Thus, eosinophils possess
properties that can directly or indirectly cause ai rw ay
obstruction and promote bronchial hyperreactivity.

Since IL-5 is capable of increasing ci rculating
eosinophils, as w ell as the activ ation of eosinophils, i t
is possible that IL-5 exerts i ts biological ef fects in the
pathogenesis of asthma by means of a role for

eosinophils. Therefore, drugs that interfere with IL-5

synthesis o r IL-5 receptor antagonists could be benefi-
cial in the t reatment of asthma.
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1998年度国家自然科学基金概况

　　国家自然科学基金委员会 1998年度批准面上项目 3 552项 ,资助总经费 43 530万元 ,重点项目 175项 , 资助

总经费 15 733万元 ; 高技术新概念新构思探索项目 140项 , 资助总经费 1 763万元 ; 高技术新概念新构思探索重

点项目 17项 ,资助总经费 1 430万元。1998年度批准的面上项目比 1997年增加 98项 ,资助经费增加 4 028万元 ,平

均资助强度从去年的 11. 4万元 /项增加至 12. 3万元 /项: 项目数的批准率为 19. 0% ,比 1997年的 17. 7%略高。获

得批准的面上项目按类型划分为: 自由申请为 2 775项 ,青年基金 631项 , 地区基金 146项。按学部划分为: 数理

科学部 475项 , 化学科学部 390顶 , 生命科学部 1 240项 , 地球科学部 403项 , 工程与材料科学部 551项 , 信息科

学部 359项 , 管理科学部 143项。

(摘自中国科学院 1999年 《科学发展报告》 P224)
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