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ABSTRACT
Purpose: To investigate the function of the bronchial mucociliary system in transplanted rat lungs with and without 
the infl uence of immunosuppression. Methods: Thirty-six rats underwent single-lung transplantation and were divided 
into two groups, one of which received cyclosporine treatment, and the control group which did not. Cyclosporine was 
administered subcutaneously in doses of 10 mg/kg daily. The rats were sacrifi ced 2, 15 or 30 days after transplantation. In 
situ bronchial mucociliary transport (MCT) and ciliary beat frequency (CBF) were determined proximal and distal to the 
bronchial anastomosis. Results: Signifi cant progressive improvement on MCT, proximal and distal to the anastomotic site, 
was also found in the cyclosporine-treated group at 15 and 30 days (p<0.01). No signifi cant change in MCT was found in 
the control group. CBF behavior in the two groups. Histological analysis showed that rejection was signifi cantly higher in 
the control group (p<0.05).Conclusion: Cyclosporine has a positive infl uence on bronchial mucociliary transport but not 
on CBF due to the effect of the rejection mechanism.
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RESUMO
Objetivo: Investigar a função do sistema mucociliar em ratos transplantados sob a infl uência de imunossupressores. 
Métodos: Trinta e seis ratos foram submetidos ao transplante pulmonar unilateral e divididos em dois grupos, onde um 
grupo foi tratado com ciclosporina e outro foi controle. Administrada ciclosporina por via subcutânea na dose de 10 mg/kg 
diariamente. Os ratos foram sacrifi cados 2, 15 e 30 dias após o transplante pulmonar. O transporte mucociliar brônquico 
(TMC) in situ e a freqüência de batimento ciliar (FBC) foram analisados na porção proximal e distal à anastomose 
brônquica. Realizada correlação dos achados com parâmetros gasométricos e histologia. Resultados: Foi encontrada 
melhora progressiva e signifi cante no TMC na região proximal e distal a anastomose no grupo que recebeu ciclosporina 
em 15 e 30 dias (p<0,01). Não houve diferença na FBC nos dois grupos estudados. A análise histológica mostrou que a 
rejeição foi signifi cantemente maior no grupo controle (p<0,05). A oxigenação foi melhor nos animais que receberam a 
ciclosporina. Conclusão: A ciclosporina exerceu infl uência positiva no transporte mucociliar brônquico, provavelmente 
por sua ação imunossupressora.
Descritores: Transplante de Pulmão. Ciclosporina. Imunossupressão. Depuração Mucociliar. Ratos.
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Introduction

As of the mid 1980’s, lung transplantation became an 
established and accepted treatment for patients with advanced 
pulmonary disease1-4. As a consequence of the advances in 
the transplantation fi eld, we have increasingly been faced 
with a population of patients who present complications 
related to the surgical procedure 5, 6, opportunistic infections, 
7, 8 and immunosuppression 9, thus generating a greater need 
to understand the post-transplantation immunological and 
clinical aspects. Alterations in the mucociliary clearance 
can be a predisposing factor for bacterial colonization and, 
consequently, for the development of pulmonary infection 
10. The decrease of post-pulmonary transplantation 
bronchial clearance may be due to ciliary dysfunction 
11, and to the quantity and/or qualitative alteration of 
the mucus. These factors can be related to non-specifi c 
bronchial alterations, due to bronchial denervation and 
devascularization, or to infection and rejection episodes. 
Another cause could be the use of immunosuppressive 
medication used on transplanted patients. However, only 
the drug-induced immunosuppression effect does not 
explain the signifi cant prevalence of pulmonary infections, 
when compared with the transplantation of other organs 
which suffer comparable 12 immunosuppression. To the 
present, there has been no report in the literature on the 
effect of cyclosporine or azathioprine on the mucociliary 
system. The better understanding of the alterations in the 
mucociliary clearance can lead to solutions which aim at 
reducing the high levels of pulmonary infections in lung 
transplant recipients. As of this conclusion, the decision 
was made to investigate the immunosuppression effect on 
the mucociliary system in an experimental model of rat 
lung transplantation.

Methods

An experimental study was carried out in a model of 
orthotopic left lung transplantations in rats, with vascular 
anastomosis by utilizing a cuff technique, according to 
Mizuta 13. Fischer rats were used in 36 single orthotopic 
left lung transplantations. The transplantations were 
divided into 2 groups; one of which was administered 
cyclosporine, which was called the treated group and one 
of which cyclosporine was not administered, the control 
group. Each group had 18 rats, divided into three subgroups 
with 6 rats each. This subdivision was according to the date 
of sacrifi ce, which was established at 2, 15, and 30 days. 
The animals of the control group received daily placebo 
doses of 100 μl of saline solution subcutaneously. The 
animals of the treated group received doses of 10 mg/kg/
day of Cyclosporin A (Sandimmun, 50 mg/ml, Novartis), 
until the date of sacrifi ce.

Determining in situ mucociliary transport velocity

Mucociliary transport velocity was measured with 
the help of an Olympus BX50 microscope, equipped with 
reticulated eyepiece, magnifi cation x10. A homogenized 
solution was formed with the use of talc particles mixed 
with India ink. This solution was inserted in the internal 
wall of the bronchus for direct observation 14, 15,16. The 
reticle in the x100 magnifi cation measures a distance of 
1mm. The progression of this solution on the bronchial 
epithelium was timed and reported as velocity, that is, the 
distance the solution traveled in the reticle, in millimeters, 
by the time space, in minutes (mm/min). The analysis of 
the sites of preanastomotic and post-anastomotic bronchial 
segments was carried out (Figure 1).

FIGURE 1 - Stroboscope lamp coupled to the microscope equipped with an image-
capturing system
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Determining ciliary beat frequency

By using a video camera (Sony, mod. 3CCD 
Iris), coupled to the microscope, the image of the 
bronchial ciliary epithelial was captured and sent to 
a monitor (Sony Trinitron). A stroboscope (Machine 
Vision Strobe, mod.5000, U.S.A.) was placed in 
front of the ciliary epithelial, and started to emit 
“fl ashes” at a specifi c frequency which was expressed 
numerically by a computer coupled to the stroboscope. 
Thus, it was possible to determine the ciliary 
beat frequency by observing the ciliary epithelial 
beating at the same frequency as the stroboscope 
lamp (Figure 1). The ciliary beat was studied before 
bronchial anastomosis, named preanastomosis and 
after bronchial anastomosis, or post-anastomosis. 
The preanastomotic segment evaluates the native 
bronchus, that is, that of the recipient animal, and the 
post-anastomotic segment evaluates the transplanted 
bronchus, or that of the donor.

Histology

The lungs were preserved in 10% formaldehyde 
and submitted to sagittal section. The slides were 
stained in hematoxylin and eosin for optical 
microscopy analysis to detect the presence of rejection 
and infection. The material was labeled in such a way 
that the pathologist didn’t know the identifi cation 
of the studied groups. The classifi cation of rejection 
described in 1996 by the Lung Rejection Study Group 
was used17.

Results

Thirty-three samples were analyzed obtained 
with the model of single left lung transplantation of 
a total of 36 transplants, 17 of which of the control 
group and 16 of the treated group. Three animals 
were excluded due to the technical impossibility 
of carrying out beat frequency and/or mucociliary 
transport analyses, two of which were from the 
treated group (2 and 15 days) and one rat from the 
control group (2 days). The macroscopic examination 
of all the bronchial anastomoses at the moment 
of sacrifi ce revealed there was no obstruction or 
dehiscence. In addition, no alteration on the mucus 
or bronchial secretion was observed. There was no 
statistical difference in the comparisons carried out 
between the two groups when the weight of the 
animals and the total time of ischemia of the lung 
transplantation were analyzed. In Situ ciliary beat 
frequency showed at moments, a clear difference 
in the comparisons carried out between the pre and 
post-bronchial anastomotic sites (Figure 2), however, 
with no correlation with the use of cyclosporine (p > 

0.05). In the mucociliary velocity measurements, the 
velocity was less when comparing the pre and post-
anastomotic sites in two days (p < 0.01) and 15 days (p 
< 0.001); however, with no statistical difference when 
comparing with the use of cyclosporine. There was 
signifi cant statistical difference in the 30-day group 
when comparing the treated group with the control 
group (p < 0.01) in the post-anastomotic site (Figure 
3). The histological analysis of the stained slides by 
using the hematoxylin and eosin technique certifi ed 
there was no statistical difference between the animals 
in the control and treated groups in a 2-day period, 
in relation to the classifi cation of rejection (Table 1). 
In the 15-day group, there was a greater degree of 
rejection in the animals of the control group, where 
p = 0.048 (83% of the animals obtained grades 3 or 
4 rejection), similar to what was found in the 30-day 
group where p = 0.015 (83% of the animals of the 
control group, presented grade 3 rejection). Evidence 
of infection was found in two animals, one of which 
from the 15-day (control) group and the other from 
the 30-day (treated) group.

TABLE 1 - Classifi cation of perivascular lung rejection (A)

 Grade 0  Grade 1  Grade 2  Grade 3  Grade 4

2 Days  10  0  0  0  0
15 Days    3  2  0  4  1
30 Days    2  2  1  6  0
All groups were included in this table.
Grade 0 = absence, Grade 1 = Minimum rejection, Grade 2 = Slight rejection,
Grade 3 = Moderate rejection, Grade 4 = Acute rejection.

FIGURE 2 - Representation of the averages of in situ 
ciliary beat frequency (Hertz) in the treated 
and control groups, according to the pre 
and post-anastomotic site, in 2, 15 and 
30 days after transplantation (p > 0.05). 
Without = without the administration of 
cyclosporine; With = with the administration 
of cyclosporine
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Discussion

Cyclosporine has been used in several studies related 
to organ transplantation since its introduction in clinical 
practice. Pinsker et al. 18 studied bronchial anastomoses in 
dogs which were transplanted and treated with cyclosporine. 
The authors concluded that cyclosporine does not interfere 
in bronchial anastomosis and suggested that the use of 
cyclosporine reduced the number and the seriousness of the 
anastomotic complications of the transplanted animals. This 
occurred due to the prevention or the reduction of rejection 
present, especially during the initial phase of the transplant. 
Several studies were carried out to analyze mucociliary 
clearance with quite varied methodologies and different 
results. In this study, by means of an experimental model 
of rat lung transplantation, we sought to create conditions 
which were most similar to clinical situations and decided 
to analyze the infl uence of two factors described in the 
literature as co-responsible for pulmonary infection after 
lung transplantation, as of post-operative complications. 
The fi rst factor studied was bronchial denervation, in the 
study carried out by Rivero et al.14 signifi cantly different 
values were found when comparing the post-anastomotic 
bronchial site with the control bronchial site (not operated), 
in that there was decrease in post-anastomotic mucociliary 
transport velocity. The main factor in this study was 
bronchial denervation since neither the infl uence of drugs 
nor the presence of rejection was analyzed, because it 
was not a transplantation model. Many papers ascribe to 
immunosuppression an important cause of predisposition 
to lung infection 11, 19, 20, however, no study, until today, has 
analyzed this aspect. We have observed that in the model of 
lung transplantation, there is clear evidence that bronchial 
denervation is, in itself, a factor responsible for the 
decrease of mucociliary transport velocity, thus confi rming 
what was described by Rivero et al 14. This observation 
is well described in Figure 3, where on the second post-

transplantation day, only the denervation effect is found 
since both rejection and infection are not manifested at that 
point. Even when we compare the use of cyclosporine, this 
group presents similar results, that is, the drug causes no 
infl uence at that specifi c moment. On analyzing mucociliary 
transport velocity after 15 days, a slight recovery tendency 
was observed in the treated group; however, it did not 
reach statistical signifi cance. The animals sacrifi ced after 
30 days showed the most effective mucociliary transport 
velocity in the post-anastomotic site in the treated group 
(p < 0.01). Upon analyzing the preanastomotic site of 
the two groups, a better performance in the animals in 
the treated group (p < 0.01) when compared with the 
control group was reported. This fi nding has shown that 
cyclosporine did not exert infl uence solely on the donor 
region, but also on the preanastomotic site of the recipient 
animal. The histological analysis of the transplanted lung 
described in this study, has shown that in both animals 
sacrifi ced after 15 days and those sacrifi ced after 30 days, 
there was greater rejection in the group which did not 
receive cyclosporine (p < 0.05), thus suggesting that the 
drug improved mucociliary clearance, probably due to its 
immunosuppressive action and not due to direct action on 
the bronchial epithelium. Therefore, probably, due to this 
reason, there was improvement even in the mucociliary 
transport velocity in the preanastomotic site. This fi nding 
leads us to believe that immunosuppression contributes in 
a broader way and not only in the donor area, thus reducing 
the predisposition to lung infections because it improves 
mucociliary clearance through the control of rejection. 
Only two animals presented histological characteristics of 
infection, one of which was a rat from the control group 
after 15 days, and the other from the treated group after 
30 days.

Conclusion

There was positive infl uence from cyclosporine, 
improving in situ mucociliary transport velocity after 30 
days and less evidence of rejection in the animals which 
received cyclosporine, after 15 and 30 days.
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