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ISOLATION AND IDENTIFICATION OF PORCINE REPRODUCTIVE
AND RESPIRATORY SYNDROME VIRUS IN CELL CULTURES"

IZOLACE A IDENTIFIKACE REPRODUKCNIHO A RESPIRACNIHO
SYNDROMU PRASAT NA BUNECNYCH KULTURACH

L. Valicek, I. P$ikal, B. Smid, L. Rodak, R. Kubalikova, E Kosinova

Veterinary Research Institute, Brno, Czech Republic

ABSTRACT: Three strains of porcine reproductive and respiratory syndrome virus (PRRSV) were isolated in porcine lung
macrophage (PLM) cultures from three swine herds. This has been the first successful isolation of PRRSV in the Czech
Republic and the strains received the designations CAPM V-501, CAPM V-502 and CAPM V-503, respectively. All the three
isolates in PLM were identified by immunofluorescence and immunoperoxidase tests and the strain CAPM V-502 also by
electron microscopy using the ultrathin section technique. The strain CAPM V-502 has been adapted to the cell line MARC-145.
Viral RNA in PLM cultures infected with any of the isolated PRRSV strains was demonstrated by RT-PCR targeted to the
more conserved ORF 7 genomic region encoding the nucleocapsid protein. The assessment of PCR products in agarose gel
revealed a uniform size of 394 bp in all the three isolates and the European prototype strain Lelystad used as positive control,

swine; PRRS: virus isolation: lung macrophages: cell line MARC-145; RT-PCR; electron microscopy

ABSTRAKT: Ve tiech chovech prasat v Ceské republice byly poprvé izoloviny na buné&nych kulturdch prasecich plicnich
makrofagl (PLM) tii kmeny viru reprodukéniho a respiraéniho syndromu prasat (PRRSV), které byly oznaceny CAPM V-501,
CAPM V-502 a CAPM V-503. Izolaty byly v PLM identifikoviny nepfimym imunofluorescenénim a imunoperoxidazovym
testem a kmen CAPM V-502 navic jedté clektronové mikroskopicky v ultratenkych fezech. Kmen CAPM V-502 byl adapto-
van také na bunécnou linii MARC-145. Virovi RNA byla v kulturich PLM infikovanych izolovanymi kmeny PRRSV
prokizana také metodou RT-PCR, kterd byla zaméfena k amplifikaci konzervativniho useku genu (ORF 7) kodujiciho virovy
nukleoprotein. Posouzeni PCR produktl v agarozovém gelu ukdzala jednotnou velikost 394 bp u viech izolovanych kment
PRRSV a pozitivni kontroly (evropského prototypového kmene Lelystad).

prasata: PRRS: izolace viru: plicni makrofigy; bunéénd linic MARC-145; RT-PCR; elektronova mikroskopie

INTRODUCTION

Viral actiology of the porcine reproductive and respi-
ratory syndrome (PRRS) was demonstrated for the first
time in the Netherlands in 1991 by virus isolation in cul-
tures of porcine lung macrophages (Wensvoort etal.,

1991). This success was followed by further reports of

isolations not only in European countries, but also in the
United States, Canada, Mexico, Japan and other regions,
and instigated the development of serological and vi-
rological diagnostic methods for PRRS (Meredith,
1995). In the Czech Republic, PRRS was diagnosed in
swine herds by serological methods and reverse transcrip-
tion with polymerase chain reaction (RT-PCR) for the
first time in 1995 (Valicek etal, 1995a, b).
Antibodies to PRRSV were assayed by ELISA using
the IDEXX kit and RT-PCR was used to demonstrate
viral RNA in blood serum samples and lung macro-

phages collected from serologically positive sows and
a dying piglet, respectively. RT-PCR was further used
within the control of PRRS to demonstrate viral RNA
in blood serum and semen of serologically positive
boars (Valid¢ek et al,, 1997).

Although PRRS was diagnosed by serological meth-
ods and RT-PCR in a number of swine herds in the
Czech Republic, the isolation and identification of the
causative agent in PLM cultures, as described in this
paper, was successful as late as in 1996.

MATERIAL AND METHODS

Animals

The isolation attempts were made in pigs (Lan-
drace x White Improved crosses) coming from three

* Supported by the Grant Agency of the Czech Republic (Grant No. 508/95/0377) and Ministry of Agriculture of the Czech Republic (Grant

No. RE 5556)

Vet. Med. — Czech, 42, 1997 (10): 281-287

281



herds (N, B, and S) affected by reproductive disorders
in sows and showing an increased mortality rate in
pre-weaning piglets. Antibodies to PRRSV were dem-
onstrated in all the three herds.

Experimental groups in the herds B and S were the
progeny of the own parent stock, while in the herd N,
experimental pigs free of antibodies to PRRS were pur-
chased elsewhere and exposed to contact infection.
This group of five 4-week-old pigs was monitored se-
rologically and PLM were collected from one of them
after seroconversion for the isolation of PRRSV

(Tab. I).

Antibodies

ELISA (IDEXX kit) was used as a tool for serologi-
cal screening and for the demonstration of antibodies
to PRRSV.

Cell cultures

Porcine lung macrophages (PLM) flushed from the
lungs of pigs suspected of PRRSV infection were used.
After flushing and centrifugation, PLM were either fro-
zen to be used as inoculum later, or were incubated for
48 to 72 h in the medium RPMI-1640 with antibiotics
(400 U penicillin and 0.4 mg streptomycin per | ml)
supplemented with 10% bovine foetal serum. PLM col-
lected from conventional piglets free of antibodies to
PRRSV and younger than 6 weeks were used in further
passages of the virus. The collection by pulmonary lav-
age and preparation of PLM were described in detail

elsewhere (Smid et al, 1977). A 10% suspension of

lung and spleen tissues collected from dying piglets
was used as the inoculum for PLM in some experi-
ments. In addition to PLM, the established cell line
MARC-145 (Kim et al., 1993) was used for the cul-
ture of the reference strain Lelystad and for the propa-
gation of our PRRSV isolates (the strain was obtained
as the 5th passage in PLM by courtesy of Dr. Wens-
voort). The growth and maintainance medium for
MARC-145 was Eagle’s minimal essential medium
supplemented with 8% and 4% bovine foctal serum,
respectively, and penicillin + gentamycin (400 U and
0.4 mg per | ml, respectively). Infected PLM and

MARC- 145 cultures were examined daily for the de-
velopment of CPE and the presence of PRRSV was
confirmed by indirect fluorescent antibody (IFA) test,
immunoperoxidase monolayer assay (IPMA) and RT-
PCR. In the case of the strain CAPM V-502, the tests
were completed with electron microscopic examina-
ton.

Indirect fluorescent antibody test (IFA)

Infected PLM or MARC-145 cells were incubated
for 12 to 72 hours and fixed with cold acetone for
10 min. After the addition of PRRS-positive porcine
blood serum diluted | : 10, the cultures were incubated
at 37 °C for another 45 min. Unbound antibodies were
removed by washing with phosphate-buffered saline
(pH 7.2) and fluorescein-conjugated rabbit anti-porcine
IgG was added. After another 45 min of incubation, the
cells were washed as above and viewed with a fluores-
cent microscope. Positive controls (PLM or MARC-
145 cells infected with the Lelystad reference strain)
and non-infected cells were included into each test. IFA
was also used for the titration of the PRRSV isolates
and the strain Lelystad in PLM.

Indirect immunoperoxidase monolayer assay (IPMA)

Infected PLM or MARC-145 cells grown on slides
were incubated for 12 to 72 hours, rinsed, dried at
37 °C and fixed with cold acetone at 20 °C for 10 min.
After 20 min preincubation in PBS. containing 0.1%
sodium azide and 0.3% hydrogen peroxide to inhibit
the activity of endogenous peroxidase (L1 et al., 1987),
the cells were incubated at 20 °C for 30 min with
PRRS-positive porcine blood serum diluted 1 : 100
with PBS containing 0.05% Tween and 1% lactalbumin
hydrolysate (DIFCO) (PBST/LAH). Then conjugate
solution (rabbit antibodies to porcine IgG purified by
affinite chromatography and conjugated with horse-
radish peroxidase) diluted 1 : 100 with PBST/LAH was
added and the incubation was repeated under the same
conditions. Each incubation was followed by thorough
washing (4 times 5 min in PBS). Finally, the cells were
incubated for S to 10 min with a substrate solution using
DAB (3.3 -diaminobenzidine, Merck) as the chromogen

1. Formation of antibodies to and isolation of PRRSV after contact infection of sentinel pigs included into the herd “N*

Specific antibodies
g Ho: 26. 4. 9. 5: 15:5: 25 30. 5. 16. 6. 3L 18. 7. 25: 7
(90 days after contact)
11 - - - - - + '+ virus isolation
12 - - - - ~ + + 0
13 - - - B - - + 0
14 - - - - - + 0
15 - - - + + 0

- = absence of specific antibodies; + = presence of specific antibodies: * = viral RNA detected in blood serum by RT-PCR: 0 = virus

isolation not attempted
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and the reaction was stopped by the addition of 0.5%
sodium azide and assessed microscopically.

Plaque test (PT)

Plaque test was used for the titration of the PRRSV
strain CAPM V-502 that had been successfully adapted
to the cell line MARC-145. Confluent cell monolayers
grown in Petri dishes (50 x 15 mm) were used. PT and
visualization of plaques by permanent staining with 1%
crystal violet were done as described by Park et al.
(1996).

Antisera

Two different porcine hyperimmune anti-PRRSV
sera were used for the identification of the isolates by
IFA and IPMA. One of them was the reference serum
obtained by courtesy of Dr. Wensvoort and the other
was prepared in a conventional pig free of specific an-
tibodies by inoculation with the Lelystad strain propa-
gated in PLM. The pig received two doses of 5 ml (1()5
TCIDg(, per ml) intranasally at a three-week interval
and blood was collected 43 days after the first inocula-
tion. The presence of specific antibodies was confirmed
by ELISA.

Electron microscopy

PLLM and MARC-145 cell cultures infected with the
PRRSV strain CAPM V-502 or the reference strain Le-
lystad were incubated 48 to 72 hours, fixed in 1% OsOy
in phosphate buffer, dehydrated in acetone and embedded
into the EPON 812 Araldite C4212 mixture. Ultrathin
sections, prepared using the LKB Ultrotome III, were
double-stained with uranyl acetate and lead citrate and
examined with a Tesla BS 500 electron microscope.

RNA extraction

Total RNA was isolated from 50 ml aliquots of the
infected PLM or MARC-145 cells by the guanidinium
isocyanate-silica particles method (Boom et al.,
1990) and resuspended in 20 pl of DEPC-treated water.
Total RNA was isolated from non-infected PLM and
from primary calf kidney cells infected with bovine
viral diarrhoea virus (BVDV) to be used as negative
controls. Checks for cross contamination with PCR
products were done using negative controls free of
RNA and DNA templates (distilled water).

Primers

The design of primers was based on sequence align-
ment of nucleocapsid protein gene (N) of European and
Canadian strains of PRRSV (Lelystad and IAF-exp9l,
respectively;: Mardassi et al,, 1994a). Their se-
quences are as follows: Forward primer LV-607 5° -
CCAGCCAGTCAATCAACTGT- 3°, reverse primer

Vet. Med. - Czech, 42, 1997 (10): 281-287

LV-981 5'- TCGCCCTAATTGAATAGGTG-3". Oli-
gonucletides used in RT-PCR were synthesized by
Genset (France).

Reverse transcription (RT)

Viral RNA (8 ul) was reverse transcribed, using
50 pmol of reverse primer LV-981, 500 mM (each)
deoxynucleoside triphosphates (d NTP’, Pharmacia),
40 U of rRNasin ribonuclease inhibitor (Promega), and
200 U of M-MLYV reverse transcriptase (Gibco BRL)
in a final volume of 20 pl containing 67 mM Tris-HCI
(pH 8.8), 6.7 mM EDTA; 16.6 mM (NH,),SOy;
1.5 mM MgCl,; 0.17 mg/ml of bovine serum albumin
and 10 mM dithiothreitol. The mixture was incubated
at 37 °C for 60 min.

Polymerase chain reaction (PCR)

For the PCR step, the reverse transcription reaction
volume (20 pl) was brought to 100 pl with PCR buffer
containing 50 mM KCIl, 10 mM Tris-HCI (pH 9.0),
0.1% Triton X-100, 1.5 mM MgCl,, 100 mM of each
dNTP’, 2.5 U of Taq DNA polymerase (Promega) and
50 pmol of the corresponding primers.

The reaction mixtures were overlayered with 50 pl
of light mineral oil (Sigma). PCR was started with the
first cycle consisting of 3 min at 94 °C, 1.5 min at
49 °C and | min. at 72 °C and followed by 34 cycles:
45 sec at 94 °C, 30 sec at 59 °C, and 45 sec at 72 °C.
After the 35 cycles, the reaction was held at 72 °C for
7 min. in order to elongate any incomplete product. All
the PCRs were performed in an automated DNA ther-
mal cycler (Perkin Elmer). The analysis of PCR pro-
ducts was undertaken routinely by electrophoresis in
2% agarose gels followed by staining with ethidium
bromide (0.5 pg/ml).

RESULTS

Three strains of PRRSV were isolated in PLM cul-
tures in three serologically positive swine herds in the
Czech republic. The isolates were designated CAPM
V-501, CAPM V-502 and CAPM V-503 (CAMP =
Collection of Animal Pathogenic Microorganisms, Vet-
erinary Research Institute, Brno, Czech Republic).

The strain CAPM V-501 was isolated in the herd
“N* affected by a low pregnancy rate, premature births
and increased mortality in pre-weaning piglets reaching
up to 40%. Antibodies to PRRSV were detected spo-
radically for the first time in February 1995, but later
were found in a high percentage of animals of all age
groups. The virus was circulating in the herd for a pro-
longed period as demonstrated by seroconversion in
serologically negative gilts purchased elsewhere and
included into the herd. PRRSV was isolated 17 months
after the first detection of antibodies from lung wash-
ings of one of the five purchased experimental weaners
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included among weaners reared in the herd and moni
tored serologically (Tab. I). Pig No. 11, in which serum
antibodies to PRRSV and viral RNA (RT-PCR) were
demonstrated 90 days after the first contact with the
herd, was sacrificed. PLM obtained by lung lavage
were incubated for 72 h and frozen to be used for fur-
ther passages in cultures of PLM collected trom a s¢
rologically negative conventional animal. PRRSV was
demonstrated in cytoplasm of PLM by indircct im
munofluorescence (IFA) and
(IPMA) tests 24 h alter the inoculation. No virus propa

immunoperoxidase

gation was detectable throughout nine passages of the
strain CAPM V-501 in MARC-145 cells.

The strain CAPM V-502 was isolated from a
4-week-old piglet born in the herd =S affected by in
creased mortality rate in pre-weaning piglets. diarrhoca

and respiratory diseases. PLLM obtained from the sacri

284

| Specific fluorescence i cyto
plasm of a large number of PLM
24h after infection with virus
strain CAPM V=502 (Sth virus pas
sage i PLM)

2. Foci of IFA-positive (Fig. 2A)
and IPMA -positive (Fig. 2B) cells
Cell ine MARC-145 48 h after in-
fection with virus strain CAPM
V-502

ficed piglet by lung lavage were frozen to be used later
as an inoculum for PLM cultures collected from a con-
ventional piglet free of specific antibodies. PRRSV was
demonstrated in the inoculated cultures of PLM by IFA
(Fig. 1), IMPA and by electron microscopy in ultrathin
sections (Fig. 3). Spherical enveloped virus particles
were observed 48 h after the infection of PLM. Virions
with a diameter of approx. 55 nm. containing 30-
35 nm capsids, were observed in cytoplasmic vesicles
and also in cell fragments and outside the destroyed
cells. but not in nucler.

The strain propagated in PLM was also used as an
inoculum for the cell line MARC-145 co-cultivated
with PLM for 8 days. Thereafter the cells were frozen
and a cell suspension was prepared to be used as an
moculum for the cell ine MARC-145 alone. PRRSV
induced specific eytopathic effect (CPE) in this cell

Vet Med. - Czech, 42, 1997 (10): 281-287



lme. The CPE started as small, rounded clumps raised

[he number of rounded
cells inercased and cells became pyknotie and detached
from the monolayer within 3-5 days. The virus was
identified by TFA and IMPA (Fig. 2), as well as by

Infectivity titres in the MARC-145
cells reached 3 x 107 PEU per I ml on the twelfth

above the uninfected cells.

clectron microscopy

passage of the virus

The strain CAPM V-503 was isolated in the herd
“B* showing high losses ol pre-weaning piglets in
1995. Antibodies to PRRSV were demonstrated by
ELISA in all age groups and also in boars used for
natural breeding. The circulation of PRRSV in the herd
was indirectly confirmed by demonstration of serocon-
version in serologically negative gilts coming [rom
another herd. The strain was isolated from lungs of
a 33 days old weaned piglet. PLM obtained by pulmo-
nary lavage were frozen to be used later as an moculum
for PLM collected from a conventional piglet free of
antibodies to PRRSV. The virus was demonstrated in
PLM by IFA and IPMA. No propagation of the strain
in the cell line MARC-145 was demonstrable during

NINe passages

Vet Med. = Czech. 42, 1997 (10): 281-28

3. PRRSV particles 1n a culture of
PLM 48 h after infection with vi
rus strain CAPM V-502 (Ultrathin
section)

4. Comparison of PCR products of PRRSV isolates after

clectrophoresis in agarose gel

M = molecular standard pBR 322/Hinf I: | = reference

strain Lelystad: 2. 3, 4 = various passages of CAPM V-
S01; 5 = CAPM V-502: 6 = CAPM V-503; 7 = negative
control, noninfected PLM; arrow indicates a 396 bp frag-
ment

RT-PCR

Genomic RNA of each of the three tested strains
(CAPM V-501. CAPM V-502, and CAPM V-503) and
the strain Lelystad (LV) was amplified using the primer
pair of LV-607 and LV-981. The primers span a seg-
ment of 394 base pairs in a region coding for the nu-
cleoprotein (N gene) of the LV strain (Fig. 4, lane 1),
and the isolates CAPM V-501 (Fig. 4, lanes 2, 3, and 4),
CAMP V-502 (Fig. 4, lane S), and CAPM V-503
(Fig. 4, lane 6). No specific PCR products were detect-
able when total RNA of non-infected PLM, or hetero-
logous RNA (BVD virus) were tested by RT-PCR
(Fig. 4, lane 7).

DISCUSSION

Antibodies to PRRSV and viral RNA were demon-
strated for the first time in swine herds in the Czech
Republic by ELISA and RT-PCR, respectively, in 1995
(Valic¢ek etal, 1995a). Limited serological exami-
nations of 105 blood serum samples collected in
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11 herds revealed the presence of antibodies in three
sows of two herds and in a piglet born by one of them.
RNA of PRRSV was detected by RT-PCR in blood
serum samples collected from 2 serologically positive
sows and in PLM of a dying piglet.

The subsequent more extensive serological screen-
ing, carried out in collaboration with the State Veteri-
nary Institute, Jihlava, covered 1991 porcine blood sera
collected in 70 herds and 1490 blood sera collected
from adult boars. Specific antibodies were detected in
17% samples collected in 21 (30%) herds and in 1.25%
boar sera. Viral RNA was demonstrated by RT-PCR in
blood sera of ten out of the serologically positive boars.

RNA was also detected in semen of one of them
(Valicek et al., 1997). In addition to the standard
RT-PCR technique, amplicons of two positive samples,
of the strain Lelystad and of four American isolates
were analysed using non-radioactive hybridization
based on the immunoenzymatic reaction with digoxi-
genin-labelled ¢cDNA (PCR-ELISA). The results
(Valicek et al., 1996) support the earlier finding of
Meng et al. (1995) that the tested American and
European PRRSV isolates represent two distinct geno-
types. Although the infection by PRRSV was diag-
nosed in Czech swine herds by the above methods al-
ready in 1995, attempts to isolate the causative agent
in cell cultures were successful only one year later. All
the three strains of PRRSV (CAPM V-501, CAPM
V-502, and CAPM V-503) were isolated from PLM
obtained by pulmonary lavage from pigs coming from
three serologically positive herds. The earlier finding
that PLM obtained by pulmonary lavage were suitable
for the isolation of PRRSV (Mengeling et al,
1995) could be thus confirmed. The identity of the iso-
lated strains was confirmed by immunostaining (IFA.
IPMA) using specific porcine sera.While the strains
CAPM V-502 and CAPM V-503 were isolated from
pigs born and reared in the herds under study, the strain
CAPM V-501 was isolated from a sentinel pig pur-
chased at the age of four weeks and included, along
with another four serologically negative pigs, into the
serologically positive herd “N*. The first antibody re-
sponses were recorded as late as 83 days after their
arrival into the herd. As a matter of fact, the antibodies
became detectable only after the sentinel pigs had been
included among older finishing pigs housed in a sepa-
rate barn. The isolation of PRRSV 17 months after the
first seroconversion had been detected in the herd, has
confirmed not only the prolonged persistence of the
virus, but also the already known fact that PRRSV can
be isolated from serologically positive animals
(Weensvoort, 1994).

The strain CAPM V-502 has been identified not
only by IFA and IPMA, but also by electron micros-
copy. Morphological characteristics of virus particles,
including spherical shape, diameter of approx. 55 nm
and the presence of envelope, corresponded to the de-
scriptions published by Wensvoort (1993), Bot-
ner etal. (1994) and Mardassi etal. (1994b). The
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1solate did not differ from the European prototype
strain Lelystad. processed at the same time by the same
technique, as far as its size, structure and localization
in the cyoplasm were concerned. The presence of viral
RNA in PLM cultures infected with any of the three
isolates or the strain Lelystad was confirmed by RT-
PCR. Products of 394 bp size were resolved by elec-
trophoresis in agarose gel when target sequences pre-
pared from PLM infected with any of our isolates or
the strain Lelystad were used (Fig. 4). Products of the
same size of 394 bp had also been demonstrated in our
earlier attempts to detect PRRSV in clinical samples
(blood serum, semen, tissue suspensions) collected
from swine in the Czech Republic. On the other hand,
the same primers used for the amplification of the
American isolates tested in different studies yielded
a 429 bp product (Valicek etal., 1995a, 1996). The
results of RT-PCR and specific positive reactions of
polyclonal immune sera to the strain Lelystad with our
isolates justify the classification of the latter with the
subgroup A (Wensvoort, 1994) including the Euro-
pean strains of PRRSV.

The attempts to adapt our PRRSV isolates to the cell
line MARC-145 were successful only with the strain
CAPM V-502 and only if the MARC-145 cells were
co-cultivated with PLM in the first virus passage. How-
ever, the virus propagated well in subsequent passages
in MARC-145 without PLM. The attempts to adapt the
remaining two isolates (CAPM V-502 and CAPM
V-503) to the MARC- 145 cells failed after nine blind

passages. However co-cultivation experiments with the
cell line MARC-145 and PLM with the aim to addpt

these isolates are (Hl"()ln“
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EFFECT OF AN ADRENERGIC AGONIST AND 1} CHOLINERGIC
ANTAGONIST ON THE AIRWAY EPITHELIUM

UCINEK LEKU ZE SKUPINY SYMPATOMIMETIK
A PARASYMPATOLYTIK NA EPITEL DYCHACICH CEST

V. Konradova', J. Uhlik', L. Vajner', J. Zocova®

' Institute of Histology and Embryology, 2nd Faculty of Medicine, Charles University,
Praha, Czech Republic

2 Department of Applied Mathematics and Computer Science, Faculty of Science, Charles
University, Praha, Czech Republic

ABSTRACT: The ultrastructure of the rabbit tracheal epithelium was studied 30 minutes after intratracheal administration
of two puffs of salbutamol and ipratropium bromide, respectively. The injury to the tracheal epithelium due to the treatment
with both bronchospasmolytic drugs was considered moderate to severe. In both experimental groups, the degree of goblet
cells" stimulation did not differ significantly, the ciliated cells were less damaged compared with the goblet ones and the
morphological signs of the impaired self-cleaning ability were revealed.

airways; epithelium; bronchospasmolytics; ultrastructure

ABSTRAKT: Studovali jsme ultrastrukturu epitelu dychacich cest kralikd 30 minut po intratrachedlni aplikaci dvou diavek
aerosolu salbutamolu a ipratropium bromidu. PoSkozeni trachedlniho epitelu po aplikaci obou bronchospasmolytik jsme
hodnotili na hranici mezi stiedné zavaznym a t€Zkym. Stupen stimulace pohdarkovych bunék se po podani obou latek statisticky
vyznamné neli$il. Rasinkové buiiky byly ve srovnini s poharkovymi buiikami méné poskozeny. Nalezli jsme mortologické

znamky narudeni samocistici schopnosti epitelu.

dychaci cesty: epitel: bronchospasmolytika: ultrastruktura

INTRODUCTION

Using a light microscope, Spahr-Schopfer and Shorten
with their fellow workers (Spahr-Schopfer etal,
1994; Shorten etal., 1995) have recently described
the adverse effect of a B,-adrenergic agonist - salbuta-
mol — on the airway cpithelium. The authors employed
rather high doses of this substance (2 mg and 0.5 mg)
in their experiments. We therefore decided to study the
effect of a therapeutic dose of salbutamol (Ventolin)
and also to compare its effect with that of a cholinergic
antagonist — ipratropium bromide (Atrovent) — on the
ultrastructure of the tracheal epithelium.

MATERIAL AND METHODS

In our nexperiments, nine healthy rabbits (body weight
1 500-3 000 g) were used. Three of them served as un-
treated controls, the remaining ones were divided into
two groups of three animals each. The metered-dose

inhaler containing either salbutamol (Ventolin, Glaxo,
Aranda de Duero, Spain) or ipratropium bromide
(Atrovent, Boehringer, Ingelheim am Rhein, FRG) was
connected with a long thin catheter that was inserted
into the mouth of a rabbit under general anesthesia and
two puffs of aerosol were administered into its airways.
For general anaesthesia, we used a mixture of ketamine
(Narkamon 5% inj., Léciva Praha, 35 mg/kg), and xy-
lazine (Rometar 2% inj. ad usum vet., Spofa Praha,
S mg/kg), administered intramuscularly. Three rabbits were
thus treated with 0.2 mg of salbutamol and 0.04 mg of
ipratropium bromide, respectively. The material for the
electron microscopic examination was collected 30 minu-
tes post exposure. Tiny fragments of the tracheal mucous
membrane were processed using standard methods, and
the ciliary border and the functional state of the goblet
cells were evaluated quantitatively using our methods
described in a previous paper (Konradova and Sra-
jer, 1987). In controls and after administration of two
puffs of salbutamol and ipratropium bromide I 058 pm?,
2 145.25 pm? and 2 657.75 pm? of ciliary border with

* Supported by the IGA, Ministry of Health of the Czech Republic (Grant No. 2859).
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10 252, 11 092 and 13 628 kinocilia were evaluated,
respectively. In those experimental groups. also a total
of 186, 384 and 427 goblet cells were studied, respec-
tively. The goblet cells were classified into three groups:
mucus-filled, mucus-discharging and exhausted, degenera-
ted ones. Kinocilia were classified into four groups: intact
9 + 2 cilia, slightly damaged pathological cilia with
local swellings of the ciliary membrane or with tiny
vacuoles situated in their shafts, degenerating cilia, re-
presented by axonemes incorporated into the cytoplas-
mic blebs, and malformed cilia with either abnormal
arrangement or number of microtubules in their axone-
mes. The used statistical methods were described in
detail previously (Konradova etal, 1996b).

RESULTS

In control rabbits, the tracheaec were lined with the
ciliated pseudostratified columnar epithelium. The cili-
ated cells of standard ultrastructure were the most nu-
merous in the epithelium. Goblet cells, mostly filled
with mucus, were scattered among the ciliated ones.
Only 3 + 1% of them discharged their secretion by
means of gradual evacuation of the individual apical
mucous granules (Tab. I). In the regular ciliary border.
9.7 = 0.3 cilia per | umz were found. 98.8 £ 0.1% of
cilia were intact. The proportions of pathological, de-
generating and malformed cilia are given in Tab. L.

In isolated voluminous protrusions, a great number of
axonemes ol degenerating cilia was encountered. In the
deeper portions of ciliated cells” cytoplasm, a slight
increase in the number of small vacuoles and tiny
lysosomes, together with the dilatation of the cisternae of
granular endoplasmic reticulum and of the Golgi com-
plex were observed. Inhalation of 0.04 mg of ipra-
tropium bromide caused only very slight apical bleb-
bing and increase in the number of tiny vacuoles and
lysosomes (Fig. 2).

In both experimental groups. the goblet cells were
found as isolated elements among the ciliated ones.
Only 9 £ 1% and 7 + 3% of them were arranged in tiny
groups, respectively. More than 90% of goblet cells were
stimulated to discharge mucus (Tab. I). The stumulated
goblet cells communicated widely with the lumen of the
respiratory passages. Mucus was evacuated simultane-
ously from numerous apical mucous granules and packets
of mucous granules were also detached from the goblet
cells. In some stimulated goblet cells, chain fusion of
the adjacent mucous granules’ membranes was noticed.
After salbutamol and ipratropium bromide adminis-
tration, the completely exhausted degenerated secretory
cells amounted to 79 + 3% and 85 + 2%, respectively
(Fig. 3). The exhausted degenerated clements protruded
above the level of the surrounding cells and after sloughing
off, remnants of their electron-dense degenerated cyto-
plasm were observed in the area of the ciliary border.

1. Quantitative evaluation of the goblet cells (GC) and cihary border in the trachea of rabbits 30 minutes after halation of 2 puffs of two

bronchospasmolytics

Intact cilia

Controls Salbutamol Ipratropium bromide
Nonstimulated GC 97 £ 1% 9% 1% 'S 2
Mucus-discharging GC I+ 1% 124 3% 10 £ 2%
Degenerated GC 0 79 + 3% ‘85 £ 2%
Stimulated GC total I 1% 91 £ 1% 95 + 1%
GC arranged in groups 6% 3% 9% 1% 7% 3%
Number of cilia per | pm? of ciliary border 97403 52402 5.01+02

98.8 + 0.1%

914 +2.9%

974+ 1.1%

Pathological cilia
Degenerating cilia

Malformed cilia

Altered cilia total

0.5+ 0.2%
03 % 1%

04 +0.2%
1,24 0.1%

0.8+ 04%
7.4+ 2.1%
0.4 £ 0.5%

8.6+ 2.9%

1.6+ 1.0%
0.4+0.2%
0.6 + 0.3%

26+ 1.1%

N = 3, mean £ SD, * values differ significantly (p < 0.01) from controls, __ values differ significantly (p < 0.01) from each other

Thirty minutes post exposure of both bronchospas-
molytic drugs, rabbits’ tracheae were lined by an al-
tered pseudostratified ciliated epithelium with narrow
intercellular spaces and intact apical junctional com-
plexes.

Due to the salbutamol administration, rather numer-
ous, small to medium sized cytoplasmic protrusions were
developed on the apical portions of the ciliated cells. Inside
those cytoplasmic blebs, usually only a few intact or dis-
integrating axonemes of kinocilia were revealed (Fig. ).
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Isolated cells equipped with short irregular microvilli
containing a few small rather electron-dense secretory
granules in their undifferentiated cytoplasm, or secre-
tory elements filled with small mucous granules sepa-
rated by voluminous cytoplasmic sepla were encoun-
tered in the tracheal epithelium after administration of
both drugs.

As a result of both salbutamol and ipratropium bro-
mide administration, the regular arrangement of the ci-
liary border was slightly impaired. The mean numbers
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|. Cytoplasmic bleb on the apical portion of the ciliated cell contain 2. Small secondary lysosome and tiny vacuoles in the cytoplasm of
ing axonemes of degeneranng Kinociha. Rabbit wracheal epithelium the cihiated cell. Rabbit racheal epithelium 30 min after adminis-
30 min alter admuistration of Ventolin, 37 500x tration of Atrovent. 50 000x

3. Layer of spissated sceeretion above the exhausted. degenerated . Bactena n the area of the ciliary border. Rabbit tracheal epithe
goblet cell. Rabbit tracheal epitheliom 30 min after administration lium 30 min after administration of Ventolin. 50 000x

of Atrovent, 37 000x
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of cilia per 1 um? were 5.2 + 0.2 and 5.1 0.2, the
altered elements represented 8.6 £2.9% and 2.6 £ 1.1%.
respectively. The proportions of the individual types of
altered cilia are given in Tab. I. In the arca among the
kinocilia, not very numerous bacteria and clumps or
layers of inspissated mucus were observed (Figs. 3, 4).

DISCUSSION

The target cells for the function of both broncho-
spasmolytics were the goblet cells. The degree of gob-
let cells’ stimulation caused by salbutamol and ipratro-
pium bromide administration did not differ significantly.
Inhalation of aerosols of both bronchospasmolytics sig-
nificantly accelerated mucus release and influenced the
mechanism of secretion. As a sign of apocrine type of
secretion, the detachment of whole packets of mucous
granules was frequently encountered. The disappear-
ance of the adjacent mucous granules membranes,
which enabled almost instantaneous evacuation of the
whole mucus load, was also noticed in numerous cells.
This most rapid way of mucus discharge was described
in acetylcholine stimulated goblet cells not only in the
small intestine (Neutra and Schaeffer, 1977
Specian and Neutra, 1980; Kurosumi etal..
1981; Roumagnac and Laboisse, 1987), but
also in the airways (Konradova et al, 1996a).

Two puffs of both bronchospasmolytic drugs also
damaged the secretory elements. After a rapid release
of mucus, the goblet cells did not mostly take part in
further secretory cycles, but the exhausted cells degen-
erated. 30 minutes post exposure of both the adrenergic
agonist and the cholinergic antagonist, the degree of
secretory elements’ degeneration did not differ signifi-
cantly. The degenerated goblet cells represented about 80%
of all secretory elements in both experimental groups.

In our previous study (Konradova et al., 1990),
we demonstrated that degeneration of more than a half
of the goblet cells stimulated massive differentiation of
new secretory elements resulting in their hyperplasia
and changes in their distribution with the occurrence of
intraepithelial mucous glands. As the first sign of this
process, rather numerous differentiating secretory cells
were noticed in the epithelium 30 minutes after the con-
tact with aerosols of both bronchospasmolytic drugs, but
the goblet cells’ distribution in the epithelium was not yet
influenced. In both experimental groups, the proportion
of goblet cells arranged in groups did not differ signifi-
cantly from that in healthy control rabbits.

As a result of bronchospasmolytics administration, the
ciliated cells were less damaged compared with the
goblet ones. After salbutamol inhalation, alteration and
oedema of the cortical portions of the ciliated cells’
cytoplasm reflected by the apical blebbing was revealed.
The formation of voluminous apical cytoplasmic pro-
jections was associated with destruction of rather nu-
merous kinocilia. Signs of the pathological alteration
of the deeper portions of their cytoplasm were also
encountered. On the other hand, only a few tiny apical
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cytoplasmic blebs and a small increase in the number
of vacuoles resulted from the contact of the ciliated
cells with ipratropium bromide aerosol.

The alteration of the ciliated cells was reflected in the
impairment of the ciliary border. After salbutamol admi-
nistration, a significant decrease in the mean number of
kinocilia to 5.2 per pm2 accompanied by the increased
percentage of altered cilia was recorded. The alteration
of the ciliary border was significantly less pronounced
duc to the administration of ipratropium bromide. De-
crease of the average number of kinocilia was noticed,
but the proportion of altered kinocilia did not differ
significantly compared with healthy control rabbits.

In both experimental groups, the proportion of mal-
formed cilia, containing axonemes that differ in num-
ber or arrangement of microtubules from the typical
9 + 2 inner pattern, did not differ significantly from
that found in healthy control rabbits showing thus that
the process of ciliogenesis was not affected by bron-
chospasmolytic drug administration.

After both salbutamol and ipratropium bromide in-
halation, layers of condensed mucus and bacteria were
discovered in the arca of the ciliary border. In agree-
ment with our previous studies (Konradova, 1991:
Konradova et al, 1990, 1996a, b) and also with
other authors who studied the relation of the cilia to the
layer of mucus in the airways (Yoneda, 1976; Hul -
bert etal, 1982: Menco, 1989; Stratmann ct
al., 19915 Sturgess, 1977 Wanner et al., 1996),
we regarded the appearance of inspissated secretion with
numerous entrapped bacteria embedding free kinocilia
as morphological signs of impaired self-cleaning ability
of the tracheal epithelium. These changes were prob-
ably primarily due to the increased amount of mucus.
The altered ciliated cells were apparently not capable
of managing the large amount of secretion released all
at once by the overstimulated goblet cells.

On the basis of our previous experiments, a classi-
fication of the degree of injury to the airway epithelium
was proposed (Konradova, 1991) — Tab. II. To es-
timate the airway epithelium, percentage of the stimulated
goblet cells, degree of acceleration of mucus evacuation,
mean number of cilia per | um? of the ciliary border,
proportion of altered cilia and appearance of the mor-
phological signs of the impairment of the self-cleaning
ability of the epithelium were taken into the consider-
ation. According to this classification, the injury to the
tracheal epithelium caused by the treatment with two
puffs of both salbutamol and ipratropium bromide was
considered moderate to severe (Tab. II).

Our results are in accordance with those described at
the level of light microscopy by Spahr-Schopfer and
Shorten with their fellow workers after administration of
an adrenergic agonist — salbutamol (Spahr-Schopfer
etal.. 1994; Shorten etal, 1995). We demonstrated
that, from the morphological point of view, there were
only slight differences in the injury to the airway epi-
thelium due to the administration of the selective By-
-adrenergic agonists and the cholinergic antagonists.
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11 Evaluation of the degree of damage to the airway epithelium of rabbis 30 minutes after inhalation of 2 puffs of two bronchospasmolytics

GC = goblet cells
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