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A Purified Extract from Cotton 
Bracts Induces Airway Constriction 
in Humans* 

Marion G. Buck, Ph.D.,t and Arend Boohuys, M.D.t 

When exposed in the laboratory to aqueous ex-
tracts of cotton bracts human volunteers re-

spond with a reversible decrease of lung function 
similar to the acute Monday response of cotton textile 
workers to mill dust.1 Bracts (the friable leaf-like struc-
tures surrounding the stem of the cotton boll) have 
been reported by Morey et al2 to be a principal con-
taminant of mill dust. Other cotton plant parts, the 
pericarps or the cotton fiber itself, when tested, did 
not induce airway constriction in man.3 We have used 
this airway constrictor response to cotton bracts as a 
bioassay method for the isolation and characterization 
of the causative agent ( s) in byssinosis. 

METHODS AND MA'l"EBIAI3 

Preparation of Bract Extracts 

For all bioassay challenge studies, the concentration of 
the bract extract was equivalent to that of our standard 
crude extract prepared from 1 g bracts per 6 ml water or 
dilute phosphate buffer (0.01 M, pH 7.2). Bracts were 
from frost-killed plants picked just prior to harvest from 
Texas cotton fields. These were pulverized before mixing 
(2 hr at 23°C) with water. The extract was cleared of leaf 
debris by squeezing through clieesecloth, followed by cen-
trifugation at 16,000 X g for 10 min, and was sterilized 
by passage through a 0.45 micron filter. 

Factionation 

Sephadex G-10 factionation was performed with 75 X 
2.5 cm columns equilibrated with 0.01 M phosphate buffer 
(pH 7.2) and calibrated with blue dextran and NaCl. Four 
ml of 4 X concentrated standard crude extract were applied 
to the top of the column and eluted with equilibrating 
buffer at 23°C. 

QAE-Sephadex and SP-Sephadex lon-6%t:hange 
Chromatography 

QAE-Sephadex was equilibrated with 0.05 M phosphate 
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or tris-HCI buffer, pH 7.2; SP-sephadex with 0.05 M 
phosphate buffer, pH 7.2. The active fraction from the 
sephadex G-10 column, 4 X concentrated and adjusted to 
pH 7.2, was applied to the top of each column (24 X 1.5 
cm) and eluted with equilibrating buffer at 23°C. Five 
inilliliter fractions were collected and assayed for protein, 
carbohydrate, and conductivity. 

Successive pooled fractions of the eluates were freeze. 
dried and then reconstituted to the original volume for 
inhalation testing. This insured that components were not 
concentrated as purification progressed. 

Protein was determined by the method of Lowry et al• 
and carbohydrate by the phenol sulfuric acid method5 or 
the Anthrone assay.a 

Bio-assay qf AinDafl Constrictor Actit>ity 

Airway constrictor effects of the bracts extracts were 
assayed by comparing lung function values obtained from 
recordings of partial and maximum expiratory flow-volume 
(PEFV, MEFV) curvesT,s before and at 30 min intervals 
for a 21'-3 hr period following a 10 min inhalation of the 
aerosoli7.ed extract. The aerosol was generated into less 
than 1 micron diameter droplets with a Dautrebande D30 
nebuli7.er.9 The curves were recorded with a pneumotacho-
graph-integrator device10 and an XY recorder; ordinate: 
expiratory flow rates, abscissa: expired volume. The subject 
first inspired to about 65 percent of the vital capacity ( VC) 
(the exact level is not crucial and may vary from about 
60-75 percent of VC) and the subsequent forced expiration 
to residual volume yielded the PEFV curve. Without inter-
ruption, the subject next inspired maximally, and then 
again expired forcefully and maximally to residual volume, 
recording the MEFV curve. Forced vital capacity ( FVC), 
forced expiratory volume in 1 sec ( FEV 1 ), MEF50 percent 
and MEF40 percent were measured &om the MEFV curve. 
MEF50 percent and MEF40 percent are instantaneous 
flows at lung volumes corresponding to 50 percent and 
40 percent of FVC (maximum inspiration-100 percent 
FVC). MEF40 percent (P) is the instantaneous flow on the 
PEFV curve at 40 percent remaining VC. Forty percent 
VC values were used to avoid peak transients on the PEFV 
curves at larger lung volumes. To compare responses to 
bracts extract aerosol we used the MEF40 percent (P) 
value where the 40 percent VC volume for each subject 
day was computed as an average from five control (before 
aerosol inhalation) MEFV curves of that day. This 40 
percent volume was used throughout the test period. When 
airway constriction occurs, any changes in FVC are small 
relative to changes in MEF40 percent (P) and the 40 per-
cent volume is always measured from the point of maximum 
inspiration on the MEFV curve. 

To compare FVC, FEV 1 and MEF50 percent with pre-
dicted values for lung function, we used the average values 
from the two blows with the highest FEV 1 out of five 
technically acceptable MEFV curves, in accordance with 
the protocol used by Smoenberg et aJ.11 

Controls inhaling aerosolized normal saline solution re-
placing bract extract were performed as above. 
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To compare the responses elicited by the various bract 
extracts, only subjects responding to the standard crude 
extract with a 20 percent or greater decrease in MEF40 
percent ( P) were selected. The response (decrease in 
MEF40 percent (P)) of treated or purifted extracts relative 
to the standard crude extract was expressed as a percentage 
of constrictor activity. This was computed by taking the 
MEF40 percent (P) decrease in response to a puriBed 
extract as a percentage of that individual's MEF 40 percent 
( p) decrease to the standard crude extract. 

Subjects 

From area universities, we recruited 111 healthy volunteer 
subjects (no respiratory symptoms, no history of asthma), 
ages 18-36 yrs (72 men, 39 women; 101 whites, 8 blacb, 
2 Orientals; 72 nonsmokers, 39 smokers and ex-smokers). 
Their lung function (FVC, FEV1 , and MEF50 percent) 
was normal according to the prediction equations of 
Sclioenberg et al;ll none of the subjects had values outside 
2 standard errors of the estimated values predicted on the 
basis of sex, race, age, height and weight. In accord with 
the guidelines of the Yale University Human Investigations 
Committee, all volunteers were informed of the nature of 
the study, their role in it, and informed consent was ob-
tained. 

fu:suLTS 
Response to Standard Crude Bract Extract 

The response of one volunteer to the standard crude 
extract is shown in Figure 1. At the 90 min post ex-
posure reading, which was the time of maximum re-
sponse for this subject, the flow as measured by the 
MEF40 percent (P) value was decreased by 50 per-
cent. Other lung function values were also decreased; 
FVC by 7 percent, FEV 1 by 11 percent, and MEF40 
percent by 41 percent. The more sensitive MEF40 
percent (P) value does not require a maximum prior 
breath which could overcome small constrictor ef-
fects. 7•8 We are concerned with the safety of our sub-
jects and wish to eliminate the need to cause a large 
constriction of the airways and discomfort to our sub-
jects. We never exposed them to a higher concentration 
than the standard extract. Even our most sensitive sub-
jects experienced only slight symptoms of chest tight-
ness and shortness of breath with this concentration. 

In a group of 105 volunteers we found that their 
average change in MEF40 percent (P) following 
exposure to the standard crude extract was -20 per-
cent; their average change in FEV1 was -5 percent. 
Individual responses varied widely (&om a AMEF40 
percent (P) of+ 28 percent to -84 percent; a AFEV1 

of +6 percent to -24 percent). Figure 2 shows the 
MEF40 percent (P) distribution of the response for the 
105 subject population. Only 9/105 (8.6 percent) 
subjects did not respond; their MEF40 percent (P) 
increased slightly or decreased less than 5 percent over 
the test period simi1ar to the responses of controls. 
Controls were 12 subjects who responded to the stan-
dard crude extract with a 20 percent or greater de-
crease in MEF40 percent (P). None of these controls 
responded to inhalation of saline solution with a more 
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F'mlmE 1. Single response to standard crude bract extract. 
Partial expiratory flow-volume ( PEFV) curves before 
( aolid line) and 90 min after (dashed line) 10 min inhala-
tion of crude bract extract aerosol, by a healthy 26-yr-old 
woman. The lung volume level for measurement of MEF40 
percent and also for MEF40 percent ( P) is shown by the 
dashed vertical line. The point of maximum inspiration is 
indicated by the zero point on the volume axis. The entire 
expiration-inspiration-expiration maneuver was recorded 
without interruption; only expirations are shown. The one 
second marlc for measurement of FEV 1 is not shown. 

than 5 percent decrease in MEF40 percent (P) and 
their average change in MEF40 percent (P) was a 
slight increase. More than half of the 105 subject group 
(55/105; 53.3 percent) responded to the standard 
bract extract with a 25 percent or greater decrease in 
MEF40 percent (P), and a small number (11/105; 
10.5 percent) had flow rate decreases of 45 percent 
or more. 

Ten of the 105 subjects were exposed a second time 
to the standard crude extract one to eight weeks later. 
Their response was reproducible. Their average de-
crease of MEF40 percent (P) was 33.3 percent the 
6rst exposure vs 35.5 percent the second exposure. One 
subject gave similar responses on four occasions, at 
least one week apart, in an eight-week period. 

Volunteers experienced their maximum airway con-
strictor response about 90-120 min after start of in-
halation. This was observed over the entire response 
distribution; the 40 subjects with average decreases of 
MEF40 percent (P) from 5-25 percent as well as the 
11 subjects with decreases in excess of 45 percent. 
Previous experience has shown that the effect slowly 
disappears after 2-3 hours and that lung function re-
turns to control values within 24 hours after inhala-
tion. ts 

The response was influenced signilicantly by smok-
ing: current cigarette smokers responded less than life-
time nonsmokers (average decrease of MEF40 percent 
(P): 19.6 percent and 27.3 percent respectively; P < 
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0.005). Of the nonsmokers, 62 percent reacted with a 
25 percent or more decrease of MEF40 percent (P); 
only 38 percent of the smokers had a similar response 
(Fig 2) . This difference was not due to differences in 
initial lung function; average control values were close 
to predicted values in both smokers and nonsmokers 
as might be expected since we were using a young 
population. No difference was found between the re-
sponses of men and women nor between those of black, 
Oriental and white subjects, although there were too 
few black and Oriental subjects for statistical analysis. 

Gossypol Glands and Airway Constrictor Activity 

Four out of five subjects did not respond to bracts 
extracts from a glandless variety of cotton grown in 
the same geographic area in Texas as our active supply. 
However, a supply of bracts from Brazil, which had 
about ten times the number of gossypol glands per 
leaf, had no more constrictor activity than the Texas 
supply. In a single preliminary experiment, the gossy-
pol glands from one gram of cotton bracts were re-
moved with the aid of a needle punch apparatus. Each 
portion (the glands and the deglanded portion) was 
then subjected to our routine extraction procedure. The 

Table 1-E/fee& o/ Yarioaa Trea&menb on ..4inoay 
Corulrictor ..4elilli&T o/ Brae& E:araee. 

Treatment 
so•c, !!hr 

pH 3.0, Khr, 23°C 

pH 14.0, 1'hr, 23°C 

S (n) 
Activity remaining 

after treatment 

89 

89 

93 

(5) 
(5) 

(6) 
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FIGllRE 2. Distribution of response of 105 
subjects to crude bracts extract. The response 
is reported as the maximum percent decrease 
in MEF40 percent (P) over the test period. 
Bars outlined in solid lines: all 105 subjects; 
hatched bars inserted within: nonsmokers; 
stippled bars inserted within: smokers. The 
13 ex-smokers have been omitted from this 
subdivision. For analysis of MEF40 percent 
( P) values we averaged &ve technically ac-
ceptable PEFV curves at each 30 min post-
exposure interval. 

extract from the deglanded portion elicited only a 53 
percent response in one subject relative to the response 
set at 100 percent from the same supply of bracts be-
fore deglanding. The gland portion, which was only 
5 percent of the dry weight of whole bract, elicited a 
37 percent response in the same subject. 

Solubility Properties of the Constrictor Agent( s) 

The single aqueous extraction used for preparation 
of the standard crude extract removed more than 90 
percent of the airway constrictor activity from dried 
bracts. A second extraction, using the same procedure, 
yielded an extract with less than 10 percent the con-
strictor activity of the initial extraction. 

Replacing water in the initial extraction procedure 
with solvents, such as methanol, removed little con-
strictor activity from dried bracts. Compared with 
aqueous extraction, only 19 percent of the activity 
( n = 2) was recovered when methanol was used. How-
ever, using a mixture of 80 percent methanol: 20 per-
cent water ( v /v) yields an extract with constrictor 
activity of 100 percent (ie equal to the activity of the 
standard crude extract) (n = 9). Methanol, added to 
a solution of the standard bracts extract in the final 
ratio 80:20 (v/v) precipitated about ~ the material 
by volume, including undoubtedly the large proteins. 
All constrictor activity as tested by bioassay remained 
in the supernatant solution (n = 8). 

Stability Properties 

The resistance of the airway constricting agent ( s) 
to various treatments is listed in Table 1. Heating the 
bract extracts to 80°C for ~ hr diminished the COil" 

strictor activity by only 11 percent. Likewise, exposing 
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the extracts under relatively mild conditions, to ex-
tremes of pH (3.0 on the acid side, 14.0 on the al-
kaline side) had little effect. 

Size Characteristics 

Components of the standard crude bract extract were 
separated according to molecular size on a sephadex 
G-10 column. Three successive fractions were collected 
from the column; the eluate within the exclusion vol-
ume, a I volume of eluate after the exclusion volume 
and prior to salt (NaCl) elution, and a I volume col-
lected from start of the salt peak. These were adjusted 
to the original volume for bioassay. Constrictor ac-
tivities of the three fractions were 10 percent ( n = 3), 
69 percent (n = 21) and 21 percent (n = 3) respec-
tively. The fraction eluting immediately after the 
exclusion volume and containing 69 percent of the ac-
tivity would be expected to contain components with 
a molecular weight less than 1,000 daltons. 

Charge Characteristics 

The active fraction from the sephadex G-10 column 
was passed through an anion exchange column of 
QAE-sephadex. The elution pattern is shown in Figure 
3. All constrictor activity ( n = 4) eluted between 50 
and 100 ml of pH 7.2 phosphate buffer, demonstrating 
that at this pH the active constrictor agent(s) carries 
no net negative charge. This fraction, which has been 
adjusted to the original volume, is designated QAE-2. 
The constrictor activity did not bind to the cation ex-
changer, SP-sephadex, at pH 7.2 either (n = 2) and 
thus the agent ( s) is not a cation. 
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Chemical Characteristics 
The QAE-2 fraction contained 3.7 mg dry weight/ml. 

For this determination, buffer salts were largely re-
moved from the QAE-2 fraction by running the QAE-
sephadex column in 0.005M phosphate buffer, pH 7.2, 
desalting on a sephadex G-10 column, adjusting to 
original volume, and freeze-drying. The original stan-
dard crude extract (prepared with water) in compari-
son contained 63.0 mg/ml solids. 

The QAE-2 fraction gave a positive Lowry assay 
equivalent to 0.07 mg protein/ml when albumin was 
used as the assay standard. The standard crude extract 
contained 6.8 mg protein equivalents/ml. Carbohydrate 
was also present, amounting to 0.54 mg glucose equiv-
alents/ml (phenol-sulfuric acid assay} in the QAE-2 
fraction compared to 8.4 mg/ml in the standard crude 
extract. In the QAE-2 fraction, the presence of carbo-
hydrate was confirmed by the anthrone assay. 

The QAE-2 fraction contains two or more fluorescing 
compounds. There is a band at 365 on excitation at 275 
nm and a second broad band at 425 on excitation at 350 
nm. In three other extracts which were prepared by dif-
ferent procedures and which were also active in in-
ducing airway constriction, the 365 nm band was almost 
absent. The compound responsible for this band prob-
ably can be eliminated as contributing to constrictor 
activity. 

Mass spectral analysis shows that fraction QAE-2 
contains no compounds which volatilize up to 300°C 
under vacuum. The only compound given off by the 
dessicated fraction was water, the remainder of the 
fraction charred on the probe. 

As purified, QAE-2 extract contained a minimum of 
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Ficl1RE 3. Elution pattern of the sephadex G-10 active fraction from the anion exchanger 
QAE-sephade:x. Eluting solvent-0.05M phosphate buffer, pH 7.2. The dashed line is analysis 
for protein by the Lowry method, the dotted line carbohydrate by the phenol-sulfuric acid 
method and the solid line conductivity. 
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FIGURE 4. TLC tracing of 
purified fraction QAE-2 
from bracts on silica gel G 
developed with chloroform: 
methanol: water ( 60: 40: 
20). The dual dashed line 
solvent front results from 
the dual nature of the sol-
vent system. All spots are 
iodine positive; spots 5,6 
and 7, in addition, are nin-
hydrin positive; spot 8, in 
addition, exhibits UV fluo-
rescence. Spot 1 represents 
a considerable amount of 
iodine positive material 
which remains at the start. 

eight different compounds. Eight iodine-positive spots 
were readily detectable on the thin layer chromatogram 
of QAE-2 on silica Gel G developed in chloroform-
methanol-water (Fig 4). Spots 5, 6, and 7 gave posi-
tive ninhydrin reactions18 and spot 8 exhibited fluores-
cence under UV light. We were unable to obtain 
sufficient quantities of these spots for inhalation testing. 
Incomplete solubility of the QAE-2 extract at high 
concentrations, due possibly to the presence of buffer 
salts, prevented the use of preparative thin layer 
chromatography. 

In two preliminary experiments we prepared a buf-
fer-free purified extract. To our standard crude extract, 
prepared with water, methanol was added to a final 
ratio 80:20 (v/v). The supernatant solution was passed 
subsequently through a QAE-sephadex column and the 
active fraction collected was then chromatographed on 
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a (preparative scale) on Whatman grade 3MM paper 
in a propranol-ammonia-water (6:3:1) system. Three 
spots were visible on the chromatogram, only one of 
which was ninhydrin-positive and it is the one which 
contained constrictor activity ( n = 2). 

Airway Constrictor Activity uf QAE-2 Purified Extract 

The airway constrictor response to our QAE-2 ex-
tract, for one subject, is shown in Figure 5. The re-
sponse was similar to that elicited, for the same subject, 
(Fig 1) to the standard crude extract. The maximum 
decrease in lung function occurred at 90 min following 
exposure and, at that time, all lung function values were 
decreased: FVC, 4 percent; FEV 1, 3 percent; MEF40 
percent, 11 percent; MEF40 percent (P), 31 percent. 
The apparent lesser response to the QAE-2 extract re-
flects the loss of activity on the sephadex G-10 column 
used in preparing the QAE-2 fraction. The QAE-2 ex-
tract elicited similar responses in other subjects ( n = 
4). 

DISCUSSION 

These studies, as well as previous ones, show that 
the airway constrictor activity of cotton bracts is high-
ly water soluble. Given the aqueous environment of the 
lungs this property Inight help explain the high potency 
of cotton mill dust on human lung tissue. It is also a 
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FIGURE 5. Single response to purified fraction QAE-2 from 
bracts. Partial expiratory flow-volume ( PEFV) curves before 
(solid line) and 90 min after (dashed line) 10 min inha-
lation of purified extract aerosol, by a healthy 26-year-old 
woman. The lung volume level for measurement of MEF40 
percent ( P) is shown by the dashed vertical line. The point 
of maximum inspiration is indicated by the zero point on 
the volume axis. The entire partial expiration-maximum 
inspiration-maximum expiration maneuver was recorded 
without interruption; only partial expirations are shown. 
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property which supports the suggestion that washing 
cotton before it is processed in the mill might reduce 
the harmful effects of the dust, provided, of course, 
such treabnent becomes technically feasible. Other 
properties of the airway constrictor agent ( s) are its 
sparing solubility in methanol and other organic sol-
vents (unpublished observations), its stability to heat 
and extremes of pH, its small molecular weight 
( > 1,000 daltons) and its neutral charge. In addition, 
the presence of positive ninhydrin and anthrone assays 
with our most pure extracts suggests that the constrictor 
agent ( s) may contain amino-nitrogen and hexose resi-
dues. Knowledge of these properties may prove useful 
in the design of new ways to reduce the toxic effects of 
cotton dust in textile mills. 

Several compounds have been suggested as the 
causative agent in byssinosis. A lacinilene methyl ether 
compound with leukotactic properties has been isolated 
from cotton bracts.14• 18 However, its solubility proper-
ties ( eg, soluble in ether but not in water) are quite 
different from that of the airway constrictor agent ( s) 
in our bract extracts. Also, no volatile compounds such 
as lacinilene methyl ether were detected by mass spec-
tral analysis of our active QAE-2 fraction. Another 
compound, bacterial endotoxin, has been detected in 
cotton dust.11 Our extracts have been sterilized, remov-
ing bacteria, but we cannot, as yet, rule out the 
presence of endotoxins. Our experiments with gossypol 
glands are inconclusive. Endotoxin has several prop-
erties in common with components of our active purified 
extracts; however, its molecular weight is much greater 
than the 1,000 dalton limit of our airway constrictor 
agent ( s). Cotton bracts and cotton dust may contain 
many compounds, several of which may be biologically 
active, but only compounds which cause airway con-
striction in humans (whether or not they have other 
activities) can be implicated as causative agents in 
byssinosis. 

There is no animal model for byssinosis. Therefore, 
our bioassay by inhalation testing in humans, offers 
an appropriate method to reproduce, in the laboratory, 
some of the symptoms experienced by workers in the 
cotton dust mills. Our results show that an airway con-
strictor response on 6rst time exposure to bract extracts 
is widespread -91 percent among healthy human sub-
jects. These are naive individuals never before in con-
tact with cotton dust. This may be of significance for 
future studies which attempt to screen workers for their 
sensitivity to cotton dust by using this type of chal-
lenge with bract extracts. Highly sensitive individuals 
could then be moved out of the dustiest work areas. 

We have no explanation why smokers exhibited a 
lesser response to inhaled cotton bract extracts than 
nonsmokers. Our finding suggests, however, that at 
least smokers are not more sensitive to exposure than 
nonsmokers. Cigarette smoking has been cited as an 
important contributory factor in the production of bys-
sinosis.18 Other studies have shown that severe byssino-
sis occurs among nonsmokers as well as smokers1e and 
concluded that the effects of smoking and of cotton 
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dust exposure are roughly additive. 20 
The potency of the bract agent(s) compares favor-

ably with the well known airway constrictor agent 
histamine. With our most pure bract extract ( QAE-2), 
3.7 mg dry weight/ml, inhaled for 10 min, are sufli-
cient compared with histamine in which case 10-15 
mg/ml (pure base inhaled for 30 seconds} are re-
quired to elicit a detectable response in healthy per-
sons. 21 The 90-120 min delay to reach a maxiinum 
response to bract extracts is quite different from the 
response to histamine, which occurs within minutes 
and disappears in less than one hour. Further, in an-
other study, Schachter et al22 found no correlation 
between a subject's response to inhaled histamine and 
to bract extracts; those with the highest sensitivity to 
bracts were not necessarily the most sensitive to hista-
mine. Three of these subjects (all responders) were 
also used in the study described in this paper. 

Our present studies are concerned with an acute 
respiratory response in humans which is similar to the 
acute symptoms of cotton mill workers. It remains to 
be proved that elimination of the acute response in 
workers will prevent also the development of the 
chronic, debilitating, phase of the disease. 
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Comparative Prevalence and Severity 
of Emphysema and Bronchitis at 
Autopsy in Cotton Mill Workers vs 
Controls* 

Philip C. Pra#, M.D., F.C.C.P. 

B yssinosis is a c1inical syndrome occurring in several 
industries, the major one of which is cotton tex-

tile, best characterized objectively by reduction in 
FEV 1 during a first workday after a weekend off or a 
vacation.1-3 The reduction of FEV 1 is less pronounced 
on subsequent days of the work week. .As a worker with 
the syndrome continues in his job, the degree of re-
duction of FEV 1 increases and the effect occurs on 
more days of the workweek. Eventually in some work-
ers it can be observed every day, and the prework FEV 1 

also is reduced. Some workers finally have chronic res-
piratory failure and are disabled for any form of 
work.1• 8 

Frequencies of each of these levels of impairment 
vary in different locations of the textile operation, being 
greatest in areas where cotton bales are opened and 
"carding" is carried out, somewhat lower in "spinning," 
and lowest in "weaving."1 They also vary within loca-
tions according to atmospheric dust concentration. 4 

However, it is clear that cases do occur in each area of 
most cotton mills. It is also apparent that byssinotic 
symptoms, FEV 1 reduction, and progression to dis-
ability are more common in cigarette smokers than in 
nonsmokers. 5 

Little has been written regarding morphologic cor-
relates of the byssinosis syndrome. Most c1inical ob-
servers who have considered this point agree that 
chronic bronchitis and emphysema are present in the 
luqgs of persons with byssinosis, but it has not been 
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shown that any specific lesion separates these cases from 
the general population. 8 H exposure to cotton dust pro-
duces byssinosis by the mechanism of causing the struc-
tural changes of bronchitis or emphysema, one should 
be able to observe increased prevalence or severity of 
these lesions in textile workers. 

With colleagues I have recently reported11,1 the re-
sults of a study of an autopsy population consisting of 
659 inflation-fixed lungs, among which were 49 lungs 
from persons who had stated that they had been cotton 
mill workers. The present report describes the same 
data but is directed at different aspects of the inter-
pretations and applicability of the findings. 

MATERIALS AND METHODS 

Details of the origin and preparation of the lungs, quanti-
fication of lesions, and statistical analysis of the data were 
presented in the previous report7 and will not be repeated 
here. The 659 lungs represented 75 percent of all autopsies 
done at this hospital over the four-year duration of the 
project. All subjects were men. The clinical records con-
tained clear statements about smoking history for all but 
94 of the cases and about main occupation for all but 54 
cases. All quantitative measurements of pulmonary lesions 
were done without knowledge of the patient background, 
and clinical information was extracted from the records at 
a different time and without knowledge of the morphology. 
Statistical procedures included x' tests of the propmtional 
distn"bution of centrilobular emphysema (CLE) in the pop-
ulation groups and analysis of covariances for the mean 
percentages of the measured lesions. 

Many different classifications of emphysema exist. The 
one used in our laboratory includes only four types: centri-
lobular, panlobular, localized, and paracicatricial. Only 
centrilobular and panlobular emphysema are distributed 
diffusely in the lung so as to be compatible with an in-
halational origin. Panlobular emphysema is uncommon, 
often familial, and has been associated with an inherited 
enzyme defect. Therefore only cases of centrilobular em-
physema, by far the most common type, were counted as 
"emphysema" in this study. 

lb:sm.:rs 
The tables from the previous report7 are reproduced 

here (Tables 1 to 4) with permission of the editor of 
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