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Extract neurohumoral regulation of exocrine glands was suggested several 

Lung lavage samples obtained from patients with cystic fibrosis 
( C F )  had significantly higher levels of total protein per ml lavage 
fluid (0.49 vs. 0.30 mg/ml). A significant increase in the absolute 
and relative amounts of a low molecular weight glycoprotein 
(15,000 mol wt)  was noted in lavage specimens from CF patients. 
Reserpine-treated rats also showed a significant increase in the 
total protein recovered in the lung lavage fluid with a 233% increase 
in the absolute and relative amounts of a low molecular weight 
glycoprotein (15,000 mol wt). Thus, reserpine induces changes in 
the secretions of the lung of the rat which are similar to those ob- 
served in samples obtained from the lungs of C F  patients. 

Speculation 

The administration of reserpine to rats, which has been previ- 
ously shown to produce morphologic changes in various exocrine 
tissues and abnormaiities in the cvmposition of submaxiiiary saiiva 
similar to those reported for CF patients, should result in changes in 
the composition of other exocrine gland secretions. 

Cystic fibrosis is a hereditary disorder in which there is a 
postulated defect in regulation of exocrine gland secretion. Typi- 
cally there is a generalized accumulation of a highly viscous mucus 
in the ducts and surfaces of exocrine glands (4-6). Chronic 
bronchiolar obstruction as a result of mucous plugging and 
subsequent pulmonary infection are the most frequent cause of 
death among cystic fibrotics. The distended appearance of mucous 
glands of the tracheobronchial tree indicates a hypersecretory state 
(1). 

The exact mechanism by which the genetic error is expressed 
remains unknown. The possible role of disturbances in the 

years ago ( 2 )  and-later, it was shown that chronic administration of 
a P-adrenergic agent (isoproterenol) to rats induced suggestive 
changes in the salivary glands ( 1  1). More recently, morphologic 
and secretory changes in the rat submaxillary gland have been 
induced by chronic administration of reserpine (9. 12, 13). In this 
model, submaxillary saliva showed increased concentrations of 
protein. carbohydrate, and calcium (10. 12, 13). 

These abnormalities in the composition of submaxillary saliva 
from the reseroine-treated animals. toeether with evidence that the 

L 

drug treiitment also induces morphologic changes in other exocrit~r: 
tissues (9), directed our interest to the protein composition of 
pulmonary secretions. In this investigation we have compared, 
therefore, the protein composition of lung lavage samples from 
patients with cystic fibrosis and from reserpine-treated rats. We 
expected to find an abnormal protein specific for cystic fibrosis, 
but, after a few experiments, it became evident that cystic fibrotic 
lavage fluid contained the same proteins found in other nonsecre- 
tory pulmonary diseases, but that they were present in different 
proportions. Likewise, lavage fluid from reserpine-treated rats had 
qualitatively the same protein electrophoretic pattern as control 
animals, but the quantity of one low molecular weight glycoprotein 
was markedly increased. Significantly, we found that a similar 
glycoprotein was also increased in the lavage material from cystic 
fibrotic patients. 

M E T H O D S  

RESERPINE-TREATED R A T S  

This section of the study was performed on five groups of 4 adult 
sibling male rats for a total of 10 controls and 10 treated animals. 
The latter were treated daily for 7 days with intraperitoneal 
injections of 0.5 mg/kg reserpine (12, 13). On the 8th day, both 
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Table I .  Types o f  diseases o fpat ients  in srudjj' 
.- 

Volume of Type of Severity of 
Palient Ape, yr Wt. Ibs lavage, I~ t e r s  disease disease 

C F  Moderate 
C F Moderate 
C F Moderate 
P A P  Mild-moderate 

' CF: cystic fibros~s; PAP:  pulmonary alveolar proteinosis. Specimen ~ a m p l e s  prov~ded by Dr. A .  Spock. The other non-CF patients were 50. 61, 8, 
and 58 year5 old. 

control and reserpine-treated rats were anesthetized with 8 mg/ 100 
g body wt of sodium pentobarbital and the trachea exposed by a 
midline neck incision. The trachea was intubated with a small 
caliber plastic tube and twice lavaged with 0.06 ml/g body wt 
saline. The lavage samples were kept on ice until analyzed by the 
methods listed below. After lavaging the lungs were removed, 
blotted dry,  and weighed to determine whether the lung height to 
body weight ratio was similar for both groups. 

H U M A N  S U B J t C T S  

Four cystic fibrosis patients and four patients with alveolar 
filling diseases (lipoid pneumonia and pulmonary alveolar protei- 
nosis) were lavaged by the whole lung (Clarlen's tube) method of 
Ramirez (14) (Table I ) .  Samples were kept on ice until processed. 
The cystic fibrosis and pulmonary alveolar proteinosis lung lavage 
specimens were provided by Dr. Spock of Duke University. 

The samples obtained from Dr. Spock were initially centrifuged 
and then frozen. They were thawed, an aliquot prepared, refrozen, 
and shipped frozen in Dry Ice from Raleigh, North Carolina to 
Columbia. Missouri by air. The volume of lavage was not 
proportional to body weight because of variations in the severity of 
the disease, and lavaging was primarily for therapeutic purposes. 

The other non-CF patients were 50. 61, 8, and 58 years old. 

A N A L Y S I S  O F  1,AVAGE S A M P L E S  

The saline lavage fluid samples collected from rats and patients 
were centrifuged within an hour of collection at 3,000 rpm for 15 
min to separate cells, cellular debris, and insoluble material from 
the soluble compounds in the supernatant. A sample of the 
supernatant was assayed for total protein concentration by the 
Lowry protein assays, using the Folin-Ciocalteau reagent and 

RELATIVE MOBILITY 

Fig. I .  Relative mobility vs.  log of molecular weight curve for 
determination of molecular weight of unknown protein on sodium dodecyl 
sulfate disc gels. 

Table 2. Protein contetlr o f  lavage specinlens 

Total protein 
Total protein in lavage, 

in lavage, mg/ml  M / g  body wt 

Cystic fibrosis 0.49 (10.33) 67 (132)  
Alveolar filling dlseases 0.30 (+0.27) 15 ( 1 7 )  
Reserpine-treated rats 0.353 (10.034) 33.4 (12.36) 
Control rats 0.250 (10.041) 18.4 (+4.09) 

copper tartrate (10). The small volume of rat lavages prevented protein (7). The gels were stained with Coomassic blue and 
further measurements of lipids and carbohydrates. The remaining photoscanned on a Gilford 2400-S spectrophotometer equipped 
supernatant was extensively dialysed against several changes of with a linear transport attachment and recorder, 
distilled watcr at  4' (thc molccular weight cut-off of the dialysis 
tubing was 3,000). This dialysate was lyophilized to a dry powder R E S U L T S  
and twice extracted with n-butanol and acetone to remove protein 
bound lipids. The recovered lipid-free protein material was dis- T O T A L  PROTEIN ASSAY 
solved to-a concentration of 25 h g / m l  i n  a solution containing 1 % 
sodium dodecyl sulfate (SDS), 0.1% dithiothreitol, and a Tris-gly- 
cine buffer at  pH 9.0. Standard proteins of known nlolecular 
weight and normal rat and human serum were prepared in the 
same medium. 

The electrophoretic procedure of Fairbanks et al. (8) was used 
for separation, staining, and molecular weight estimation of 
protein and glycoprotein components of each lavage sample. The 
proteins and glycoproteins were separated on 1% SDS,  0.1% 
dithiothreitol, 7.5% polyacrylamide pH 9.0 disc gels. 

The number of protein monomers, their molecular weight, and 
relative concentration were calculated. Molecular weights were 
estimated by comparison of the relative mobilities of unknown 
proteins with a series of known protein standards (15) (see Fig. I) .  

The total protein concentration in lavage material from reser- 
pine-trcated rats avcragcd 80% grcatcr than in lavagc fluid from 
control animals. The mean protein level in the treated animals was 
33.4 pg/g  body wt and in the control animals. 18.4 pg/g body 
weight. The wet lung weightlbody weight ratio was constant for 
both groups, even though the sibling control rats (mean body wt of 
246 g)  outweighed the treated animals (mean body wt of 153 g)  (see 
Table 2). 

Total protein levels in lavage fluid from C F  patients were 
consistently elevated over those observed in the alveolar filling 
disease group. The cystic fibrotic protein level averaged 0.49 
mg/mi 0.33, and the noncystic fibrotic protein concentration 
was 0.30 mg/ml i 0.27 (see Table 2). 

The carbohydrate moiety of g ~ y c o ~ r o t e i n s  were detected with a E L E C T R O P H O R E T I C  P A T T E R N S  
periodic acid-Schiff staining technique applied to polyacrylamide 
gels. Relative concentrations of each protein monomer were Protein electrophoretic patterns of lavage fluid from reserpine- 
calculated from densitometric scans of gels as percent of total treated rats failed to show any consistent inclusion o r  exclusion of 
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Fig. 2. Densitometric scans of sodium dodecyl sulfate disc gels stained 
with Coomassie blue. RR,: reserpine-treated rat sample; CR,: control rat 
sample 
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Fig. 3. Densitometric scans of sodium dodecyl sulfate disc stained with 
Coomassie blue. Cystic fibrosis (CF) patient I is on the upper line; 
pulmonary alveolar proteinosis (PAP) patienr 6 on the lower line. 

protein monomers when compared to the control animal group 
(see Fig. 3). The patient group protein scans were more variable in 
content, with occasional peak splitting, but showed no statistically 
significant protein monomer specific for either group (see Fig. 3). 
All patient and rat lavages consistently contained protein mono- 
mers of 15,000, 31,000, and 69,000 molecular weights. The other 
proteins were to  some degree variable in their occurrence. 

It should be pointed out here that many of the protein 
monomers found in lavage fluid had molecular weights compara- 
ble to serum proteins (albumin, immunoglobulin G). Other 
proteins in lavage fluid had no counterpart in serum: most notable 
was a 15,000 mol wt glycoprotein. In both the CF patient and the 
reserpine-treated rat there was a significant increase in a 15,000 
mol wt glycoprotein (Figs. 2 and 3) which did not occur either in 
patients with other types of pulmonary disease or in the control 
rats. 

DISCUSSION 

The accumulation in the lung of a viscous, relatively insoluble 
secretory fluid in cystic fibrosis patients plays a dominant role in 
the progressive development of serious pulmonary dysfunction 
and disease. Palliative therapy with total lung lavage has been 
temporarily beneficial in some cases (14). We have previously ob- 
served the accumulation of a 15,000 mol wt glycoprotein in the 
lung of a 23-year-old female patient who may have a late onset 
type of cystic fibrosis (16). 

We have characterized the proteins that are present in lung 
lavage fluid of cystic fibrosis and other alveolar filling diseases on 
SDS disc gels. The lavage fluids from CF patients had a higher 
concentration of protein (0.49 mg/ml + 0.33) when compared with 
the non-cystic fibrosis patients (0.30 mg/ml + 0.27). The same was 
true of the lavage fluid from reserpine-treated rats when compared 

with that of control rats. The fornier had 80'6 more protein per g 
body wt. 

The protein electrophoretic pattern of the material from both 
the reserpine-treated rat and from cystic fibrosis patientsdid dem- 
onstrate a definite shift in the percentage of distribution of a 
protein monomer that was not seen in the control groups. This was 
an increase in the relative and absolute amount of a 15.000 mol wt 
glycoprotein. This 15,000 mol wt glycoprotein comprised a mean 
14% i 2.5% of the total protein in lavage fluid from treated rats. 
This is a 233% increase over the mean in control animals of 6%' * 
1.2% of total protein. A similar glycoprotein was found to be 
increased in lavage fluid of the cystic fibrosis group when 
compared with the lipoid pneumonia and alveolar proteinosis 
group. In the cystic fibrosis group this protein comprised 46% i 
14% of the total protein, whereas in the non-cystic group this 
protein represented only 5.75% 6.4% of total protein. 

An increase in the relative and absolute amount of a 15,000 mol 
wt glycoprotein in the lavage fluid of cystic fibrosis patients 
suggests that this protein may be accumulating in the airways 
because of a hypersecretion or decreased catabolism. The observa- 
tion that a similar banding pattern on the disc ge!s of lavage fluid 
from reserpine-treated rats shows a 233% increase of a 15,000 mol 
wt glycoprotein indicates that reserpine affects the lung of the rat 
and causes a shift in protein composition which is very similar to 
that observed in the cystic fibrosis patients. 

SUMMARY 

The accumulation in the lung of a viscous, relatively insoluble 
secretory fluid in cystic fibrosis patients plays a dominant role in 
the progressive development of serious pulmonary dysfunction and 
disease. Our results show that a 15.000 mol wt glycoprotein is one 
of the major components accumulating in the lungs of cystic 
fibrosis patients. 

A similar change in glycoprotein composition of lung lavage 
fluid was also observed in reserpine-treated rats. 
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