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The Therapeutic Effects of
Methylprednisolone and Surfactant

in Acute Respiratory Distress Syndrome
in a Rat Model

Metilprednizolon ve Siirfaktanin
Akut Solunum Sikintis1 Sendromunda
Terapotik Etkileri

ABSTRACT Objective: To compare the efficacy of methylprednisolone and surfactant in early stages of acute lung
injury in rats and to determine whether acute respiratory distress syndrome (ARDS) development and its respon-
siveness to medical treatment could be assessed by brain natriuretic peptide (BNP) and pro-N type BNP. Material
and Methods: Fourty rats were randomly allocated into one of five groups, with 8 replicates. Rats in the baseline
group (group B) were not subjected to either tracheotomy or ARDS induction, whereas rats in sham group (group
N) were subjected only to tracheotomy. After tracheotomy and induction of ARDS by acid aspiration, remaining
rats (n= 24) were treated with either a single dose of methylprednisolone (20 mg/kg, group M) or surfactant (100
mg/kg, group S) or left untreated (group A). Six hours later, arterial blood samples were collected for blood gases,
BNP, and Pro N-Type BNP measurements. Results: Sham tracheotomy did not affect PaO,/FiO, ratio, BNP and
pro-N type BNP levels, or the acute lung injury (ALI) score. ARDS induction decreased PaO,/FiO, ratio by 62%
and increased BNP and pro-N type BNP levels, as well as ALI score by 3.5, 2.3, and 2.4-folds, respectively. Pa-
O,/FiO, in group A was significantly lower than the controls (p< 0.001). We noted an increase in PaO,/FiO, with
methylprednisolone and surfactant treatment (p< 0.001). Both methylprednisolone and surfactant treatments in-
creased PaO,/FiO, ratio and decreased BNP and pro-N type BNP levels. There was an increase in BNP in the ARDS
group (p< 0.001). Compared to the ARDS group, significant reductions were observed in the methylprednisolone
and surfactant groups (p< 0.001, p< 0.05). BNP value in group M was lower than the group S (p< 0.05). Pro N-Type
BNP increased in rats of the ARDS group (p< 0.001). ALI score of the ARDS group increased significantly in com-
parison to the normal group (p< 0.001). However, both treatment modalities failed to reduce Pro N-Type BNP and
ALI score. Blood PaO,/FiO, ratio showed negative correlations with BNP (r=-0.78, p< 0.001) and pro-N type BNP
(r=-0.81, p< 0.001) levels. Conclusion: PaO2/FiO, ratio increased whereas BNP level decreased following intrape-
ritoneal methylprednisolone and intratracheal surfactant administration in ARDS-induced rats. PaO,/FiO, ratio and
BNP may be considered as markers during treatment and follow-up of patients with ARDS.

Key Words: Respiratory distress syndrome, adult; brain natriuretic peptide-45;
methylprednisolone; pulmonary surfactant.

OZET Amag: Sicanlarda akut akciger hasarinin erken asamalarinda metilprednizolon ve siirfaktanin etkinligini
kargilagtirmak ve akut solunum sikintis1 sendromu (ARDS) gelisimi ile tibbi tedaviye cevabinin beyin natriiire-
tik peptid (BNP) ve pro-N tipi BNP ile degerlendirilip degerlendirilemeyecegini belirlemek. Gereg ve Yéntem-
ler: Kirk sican rastgele bes gruba ayrildi. Bazal gruptaki (Grup B) siganlara ne trakeotomi ne de ARDS indiiksiyonu
uygulandi, oysa sham grubundaki (Grup N) sicanlara trakeotomi yapildi. Asit aspirasyonu ile ARDS indiiksiyo-
nunun ardindan geri kalan sicanlara (n= 24) ya tek doz metilprednizolon (20 mg/kg, Grup M) veya siirfaktan (100
mg/kg, Grup S) verildi veya hicbir tedavi verilmedi (Grup A). Alt1 saat sonra arteryel kan gazlari, BNP ve pro-N
tipi BNP él¢iimleri i¢in femoral arter kan 6rnekleri alindi. Bulgular: Sham trakeotomi operasyonu PaO,/FiO, ora-
nin1, BNP ve pro-N tipi BNP diizeylerini ve akut akciger hasar1 (ALI) skorunu etkilemedi. ARDS indiiksiyonu
PO,/FiO, oranini %62 oraninda azaltt1 ve BNP ve pro-N tipi BNP diizeylerini arttird1 ve ALI puanini sirasiyla 3.5,
2.3 ve 2.4 kat artird1. Grup A’da PaO,/FiO, kontrollere gére anlamli derecede daha diisiiktii (p< 0.001). Metilpred-
nizolon ve siirfaktan tedavisi ile PaO,/FiO, de de bir artig saptadik (p< 0.001). ARDS grubunda BNP’de artis var-
d1 (p< 0.001). ARDS grubu ile kargilastirildiginda, metilprednizolon ve siirfaktan gruplarinda anlaml diisiis
gozlendi (sirasiyla p< 0.001, p< 0.05). Grup M’de BNP degeri Grup S’den anlaml sekilde disiikti (p< 0.05). Pro-
N tipi BNP ARDS grubu si¢anlarda artt1 (p <0.001). ARDS grubunun ALI skoru normal gruba gére anlamh sekil-
de artt1 (p <0.001). Ancak, her iki tedavi pro-N tipi BNP ve ALI skorunu azaltmada basarisiz oldu. Kan PaO,/FiO,
orani, BNP (r=-0,78, p< 0.001) ve pro-N tipi BNP (r=-0,81, p< 0.001) diizeyleri ile negatif korelasyon gosterdi.
Sonug: ARDS indiiklenmis siganlarda intraperitoneal metilprednizolon ve intratrakeal siirfaktan uygulamasini
takiben BNP diizeyi azalirken PaO,/FiO, oran1 artmistir. PaO,/FiO, orani ve BNP ARDS’li hastalarin tedavisinin
izlenmesi igin marker olarak kullanilabilir.

Anahtar Kelimeler: Solunum sikintis1 sendromu, yetiskin; beyin natriiiretik peptid-45;
metilprednizolon; pulmoner siirfaktan
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cute respiratory distress syndrome (ARDS)
Ais a functional disorder of the pulmonary

capillary endothelia and alveolar epithelia
resulting from direct or indirect insult to the
lungs.!? Gastric acid aspiration can cause severe
acute lung injury (ALI) with characteristics similar
to that of ARDS.? Increased capillary permeability
resulting from decreased blood oxygen saturation
leads to a vascular leakage (exudative phase) during
the pathophysiological sequelae of the human
ARDS. This effluence becomes apparent as a gro-
wing perivascular and intraalveolar edema (E) with
infiltration of noncellular blood factors, like fibrin,
into the lung alveoli.*® These detrimental alterati-
ons lead to an increase in inhibition of surfactant
activity.*

The major causes of mortality in patients who
survive acute lung injury/ARDS (ALI/ARDS) de-
velop due to the extensive tissue remodelling and
fibrosis.>® Glucocorticoids inhibit both acute, and
particularly, chronic inflammatory processes.
Inflammation can be inhibited regardless of the
etiology. Methylprednisolone can prevent deve-
lopment of pulmonary injury when given before
or at the beginning of the inflammation.” Surfac-
tant is a substance that decreases alveolar surface
tension and protects pulmonary mechanics and
fluid balance. Surfactant plays a modulating role
in the immune system via inhibiting the cytokine
expression and suppressing the releases of pro-inf-
lammatory cytokines, tumor necrosis factor-alp-
ha (TNF«), and interleukin-6 (IL-6).® Brain
natriuretic peptide (BNP) and N-terminal frag-
ment brain natriuretic peptide (Pro N-type BNP)
are secreted from the heart.’ It may be elevated in
ARDS patients, which can be used to differentia-
te the pulmonary etiology from the cardiac etio-
].Ogy.lo’ll

In the present study, we examined changes in
histology and arterial blood gases in response to in-
traperitoneal methylprednisolone or intratracheal
surfactant administrations in early stages of acute
lung injury induced by acid aspiration in rats. We
also aimed to determine whether the development
of ARDS and response to treatment can be moni-
tored by BNP and pro-N type BNP.

680

I MATERIAL AND METHODS

RATS

Forty male Sprague Dawley rats weighing 270-280
g were obtained from the Medical Experiments
and Research Center of Atatiirk University. The
experimental procedures mentioned below were
approved by the Ethics Board on Experimental
Animal Use. Rats were disease-free and not used
in any experiment before or exposed to any drug
prior to our experiment. They were on a standard
diet.

EXPERIMENTAL GROUPS

Rats were allocated randomly into five groups with
eight replicates: Baseline group (Group B), not sub-
jected to tracheotomy and ARDS induction; sham
or normal group (Group N), subjected to tracheo-
tomy; and other 24 rats were subjected to tracheo-
tomy and ARDS induction. They were then further
divided into three subgroups to be not treated
(Group A) and treated with methylprednisolone
(Group M) or surfactant (Group S).

SURGICAL INTERVENTIONS, ARDS INDUCTION, AND
TREATMENTS

After eight hours of feed deprivation, all procedu-
res were performed under general anesthesia. Rats
in all groups were injected with 0.06 mg atropine
sulphate (0.25 mg/ml, Galen ilac San, Tiirkiye) and
50 mg/kg thiopental intraperitoneally for immobi-
lization for femoral artery catheterization while
breathing spontaneously. A 24G intravenous poly-
ethylene cannula was placed inside the femoral ve-
in after isolating it carefully from the saphenous
nerve and the cannula secured with a 3/0 non-tra-
umatic silk suture thread on proximal and distal
segments of the artery. Ringer lactate solution was
given as the maintenance fluid.

After anesthesia induction, injection of 50
mg/kg thiopental intraperitoneally, cervical regi-
ons of the rats in Group N were shaved. A vertical
incision was made at the midline, 1 cm above the
carina, and using a 14G i.v. cannula, a tracheotomy
cannula was placed. Anesthesia was maintained by
inhalation of 35% oxygen and 3% sevorane (Sevof-
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lurane, 250 ml, Abbott, U.S.A). Respiration was as-
sisted by volume-controlled mechanical ventilator
(Servo 900 D, Siemens, Sweden). The mechanical
ventilator was set at 7 ml/kg for the tidal volume
(Vt) and 60/min frequency of breathing (f). Peak
inspiratory pressure was 20 cm H,O while the in-
spiration/expiration ratio was set at 1:2.

After tracheotomy, ARDS induction was per-
formed via administration of 0.1 mol/l HCI (pH:
1.25) into the lungs at a dose of 0.4 ml/kg. The acid
was instilled drop-by-drop intratracheally; half of
the acid was given while the animal lied at left-la-
teral position and the remaining half when the an-
imal was at right-lateral position.?

Upon ARDS induction, rats in Group M were
injected with a single dose of intraperitoneal
methylprednisolone (20 mg/kg; Prednol-L, 20 mg
lyophilized methylprednisolone vial, 2 ml distilled
water, Mustafa Nevzat Ila¢ San, Tiirkiye) at the
early stage of lung injury. Rats in Group S were ad-
ministered 100 mg/kg surfactant through trachea
(Survanta, beractant, intratracheal suspension, 25
mg phospholipids and 9 mg sodium chloride/ml, 8
ml, Abbott, U.S.A). On the other hand, a group of
rats were not treated (Group A).

SAMPLE COLLECTION

Femoral artery catheterization was performed to
measure arterial blood gas levels and draw blood
samples in all groups. After a stabilization period
of 30 minutes in Group B and six hours in other
groups, blood samples for arterial blood gas, BNP
(Assay Pro, Assay Max Rat BNP-32 ELISA Kit, Lot#
0112824, USA) and Pro N-type BNP (Biomedica,
BNP Fragment EIA, Lot# L74BM, USA) were ob-
tained from the femoral arteries of the rats. Rats
were sacrificed at the end of the procedure with ti-
openthal.

Five rats died during femoral arterial cathete-
rization, while placing tracheotomy cannula, or
maintaining mechanic ventilation.

HISTOPATHOLOGY

Lungs were excised and fixed in 10% formaldehy-
de. Five-seven micron-thick sections were stained
with hematoxylin-eosin and examined under light
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microscope (Olympus EX50, X40-X400, Japan) un-
der X200 magnification. Acute lung injury (ALI)
was evaluated by the sum of presence of alveolar
congestion, hemorrhage, infiltration of neutrophils
to or their aggregation in the alveolus or vessel
walls, and thickening of the alveolar wall/formati-
on of hyaline membrane. Scores were given as 0, 1,
2, 3 or 4 for minimal (negligible), mild, moderate,
severe, or maximal damage, respectively.

STATISTICAL ANALYSIS

Kruskal-Wallis test was used to compare continu-
ous variables and the Chi-square for categorical va-
riables. Binary comparisons were performed using
Dunnett’s post hoc analysis. A p-value less than
0.05 was considered as statistically significant.

I RESULTS

Sham tracheotomy operation had no effect on Pa-
0,/FiO, ratio, BNP and pro-N type BNP levels, or
ALI score when compared with basal group (Table
1). ARDS induction dramatically decreased Pa-
0,/FiO, ratio (by 62%), which was elevated at a si-
milar magnitude by methylprednisolone (by 127%)
and surfactant (by 143%) treatments. PaO,/FiO, in
Group A was significantly lower than the controls
(p< 0.001). We noted an increase in PO,/FiO, with
methylprednisolone and surfactant treatment (p<
0.001). Both methylprednisolone and surfactant tre-
atments increased PaO,/FiO, ratio and decreased
BNP and pro-N type BNP levels. Both methylpred-
nisolone and surfactant treatments decreased BNP
level at 60 and 39%, respectively, compared with
Group A. There was an increase in BNP in ARDS
group (p< 0.001). Compared to the ARDS group, sig-
nificant reductions were observed in the methyl-
prednisolone and surfactant groups (p< 0.001, p<
0.05). BNP value in Group M was lower than Gro-
up S (p< 0.05). Pro N-Type BNP was higher in rats
of the ARDS group (p< 0.001). ALI score of the
ARDS group was higher significantly when compa-
red to the normal group (p< 0.001). However, both
treatments failed to reduce Pro N-Type BNP and
ALI score. Blood PaO,/FiO, ratio was negatively
correlated with BNP (r=-0.78, p< 0.001) and pro-N
type BNP (r=-0.81, p< 0.001) levels.
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TABLE 1: Brain natriuretic peptide (BNP) and pro-N type BNP levels, PO,/FiO, ratio, and acute lung injury (ALI) score
in acute respiratory distress syndrome (ARDS) and upon its treatment with a single dose of intraperitoneal
methylprednisolone (20 mg/kg) or intratracheal surfactant (100 mg/kg).

Group B Group N
Pa0,:FiO, 538 +45 520 + 41
{Min-max) (487-600) (460-587)
Median 528 518
BNP, ng/ml 0.09 + 0.01 0.17 £0.02
(Min-max) (0.08-0.14) (0.10-0.15)
Median 0.10 0.14
Pro-N BNP fmol/ml 292 +25 309 £ 35
{Min-max) (231-346) (255-367)
Median 292 302
ALl score 1.38 £ 0.1 1.50 + 0.1
(Min-max) (1-2) (1-2)
Median 1 1.5

Group A Group M Group S
202+23 459 £ 35 491 £ 37
{195-212) (432-487) (470-520)
202* 461 482
0.60 +0.07 0.25 +0.02 0.38 +0.03
(0.42-0.85) (0.23-0.30) (0.30-0.40)
0.63* 0.24+ 0.38*
714 £ 69 560 £ 39 552 39
(687-742) (475-600) (500-605)
719+ 518* 562+
363+06 3.13+04 33804
(3-4) (3-4) (3-4)
4+ 3t 3t

Group B= group of rats not subjected to tracheotomy surgery and ARDS induction; N= group of rats undergone tracheotomy surgery without ARDS induction; A= group of untreated
rats after ARDS induction; M= group of rats treated with methylprednisolone after ARDS induction; S= group of rats treated with surfactant after ARDS induction. Values are mean +
SD. *significant differences from other groups (p< 0.001). *significant differences from Group B and Group N. (P< 0.001). a significant differences from Group B, Group N and Group

M (P< 0.001). bsignificant differences from Group M (P< 0.05).

Histological appearances of the lungs of rats in
groups B, N, A, M, and S are shown in Figures 1-5,
respectively.

I DISCUSSION

In this study, an ARDS model was developed by
HCl aspiration in rats and then treatment efficacies
of methylprednisolone and surfactant were com-
pared with respect to arterial blood gas and lung
histology. Moreover, significance of alterations in
BNP and pro-N-type-BNP during induction and
treatment of ARDS was questioned. BNP and pro-
N-type-BNP are powerful prognostic markers in
patients with cardiac disease'' and BNP has been
demonstrated to predict outcome in acute respira-
tory distress syndrome. Patients with acute respi-
ratory distress syndrome (ARDS) suffer from other
illnesses such as cardiac and pulmonary derange-
ment associated with right ventricular strain and
noncardiogenic pulmonary edema. These can alter
concentrations of cardiac natriuretic peptides.'°

Corticosteroids are shown to act as immune-
modulators and anti-inflammatory agents in the
treatment of ARDS, but there is no consistent evi-
dence about their optimal dose, timing, and dura-
tion.'? Recently, Meduri et al.”® found that the early

682

FIGURE 1: Histopathological appearance of lung of a rat not subjected to
tracheotomy and ARDS induction (LM, H&E, x200).

use of low-dose prolonged methylprednisolone in
patients with severe ALI/ARDS significantly relie-
ved the systemic inflammatory response and im-
proved pulmonary and extrapulmonary organ
function. Wang et al.° reported that low-dose dex-
amethasone could reduce pulmonary inflammati-
on and fibrosis after LPS-induced ALI in rats.
Steinberg et al.'* reported that methylprednisolo-
ne could be harmful to the patient if started 2 we-
eks after ARDS had developed. Steroids enhance
pulmonary functions and improve survival via sup-
pressing the cellular and biochemical markers of

Turkiye Klinikleri ] Med Sci 2011;31(3)
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FIGURE 2: Histopathological appearance of lung of a rat undergone tra-
cheotomy (LM, H&E, x200).

(LM, H&E, x200).

inflammation.”® Meduri et al.!® reported reductions
in lung injury and multiple organ dysfunction sco-
res when methylprednisolone was given for 28
days. Similarly, Annane et al.'® showed that morta-
lity in ARDS reduced with steroid treatment in
early stage. Zhou et al.”” reported that low-dose hy-
drocortizone treatment had the most remarkable
effects of improving the biological indexes of lung
injury, inflammatory mediators and pathological
changes in rats. A meta-analysis showed that high
dose corticosteroids for a short time was not sug-
gested in the treatment of early-stage ARDS.'® In
fact, prolonged glucocorticoid treatment was
shown to result in significant improvement as well
as survival rate.'”” In the present experiment, a sin-

Turkiye Klinikleri ] Med Sci 2011;31(3)

gle dose of methylprednisolone administration in-
traperitoneally in early stage of ARDS resulted in
arterial blood gas oxygenation and reductions in al-
veolar congestion, hemorrhage, neutrophil infil-
tration and formation of hyaline membranes.
However, effects of repeated corticosteroid admin-
istration remain to be investigated.

Surfactant used in this study was extracted
from bovine lung and administered directly to the
lungs. Hafner et al. reported a dose-dependent in-
crease in reduced PaO, by protein-containing sur-
factants.”’ Playfor and Nootigattu showed that
exogenous surfactant treatment improved oxygena-
tion and decreased mortality.”! Halliday reported
that natural surfactants were beneficial when admi-

FIGURE 4: Histopathological appearance of lung of an ARDS-induced rat
treated with intraperitoneal methylprednisolone (LM, H&E, x200).

: e T T -
FIGURE 5: Histopathological appearance of lung of an ARDS-induced rat
treated with intratracheal surfactant. (LM, H&E, x200).

- S |
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nistered to the lungs by means of a rapid bolus, whe-
reas their delivery by nebulization was ineffective.?
Hafner and Germann showed that the variation of
lavage volume and repetition of lung lavage as well
as use of surfactants in their rat model demonstrated
good reproducibility of different severity grades and
states of the acute lung injury.”® We found in the
present study that surfactant given intratracheally
in early-stage primary ARDS improved PaO,/FiO,
ratio. Exogenous surfactant has been shown to im-
prove surfactant functions and survival in term in-
fants and children with ALI and ARDS, however
did not have a significant effect in adult ARDS pa-
tients.?* Taut et al. gave normal intensive care treat-
ment and 50 mg/kg intratracheal rsp-c surfactant to
266 ARDS patients and concluded that rsp-c surfac-
tant improved oxygenation and decreased mortality,
irrespective of the predisposing factor.”> We used a
different protein-containing surfactant intratrac-
heally and it was in the same group with rsp-c, and
blood gas analysis showed that oxygenation was im-
proved in rats. In our study, surfactant was as effec-
tive as methylprednisolone.

The present results raise the question whet-
her BNP and Pro N-Type BNP could be used as in-
dicators in primary ARDS, because we observed
that both were elevated in ARDS and reduced with
treatment, and negatively correlated with the Pa-
O,/FiO, ratio. In general, BNP is less than 25 pg/ml
and Pro-N-Type BNP is less than 70 pg/ml in 90%
of healthy people. In acute dyspneic patients, BNP

less than 100 pg/ml and Pro-N-Type BNP less than
300 pg/ml may be sufficient to exclude heart dise-
ase.?® Karmpaliotis et al. reported that BNP in
ALI/ARDS patients was 325 pg/ml, whereas it was
1260 pg/ml in patients with cardiogenic pulmonary
edema, suggesting that cardiogenic pulmonary ede-
ma and ARDS could be differentiated by BNP val-
ues.”® In this experiment, both BNP and Pro
N-Type BNP levels increased with ARDS inducti-
on and BNP level decreased with treatment. Their
increases were associated with reduction in Pa-
0,/FiO, ratio in ARDS, suggesting that BNP relea-
se was triggered by hypoxia and sympathetic
activation.” BNP and ProN-Type BNP were found
higher than normal in patients with a pulmonary
disease and dyspnea and the authors believed this
could be related to an increase in the release of na-
triuretic peptides in response to hypoxia and sym-
pathetic activation.®® Cut-off values for BNP and
Pro N-Type BNP in ARDS can be determined with
further studies.

I CONCLUSION

The results of the present study show that intrape-
ritoneal methylprednisolone and intratracheal sur-
factant administrations increased PaO,/FiO, ratio
and decreased BNP level. Both PaO,/FiO, and BNP
may be considered as markers during treatment
and follow-up of patients with ARDS. Cut-off val-
ues for BNP and Pro N-Type BNP in ARDS can be
determined with further studies.
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