EFFECTS OF CHEMICALS ASSOCIATED WITH COTTON DUST
ON ALVEOLAR MACROPHAGE FUNCTION
P.R. Miles, M.J. Reasor, C.A. Glance, and
V. Castranova
National Institute for Occupational Safety and
Health and West Virginia University,
Morgantown, West Virginia 26505

Abstract

Alveolar macrophages are lung cells which kill and
ingest bacteria and foreign particles. Thus, these
cells serve as the first line of defense against
airborne material. We studied the effects of three
natural products associated with cotton, i.e.,
gossypol, rutin, and catechin, on the function of rat
alveolar macrophages. These substances have no
effect on cellular volume; i.e., they do not cause
membrane leakiness. However, the products do have
some inhibitory effects on the following physiological
parameters: resting and particle-stimulated oxygen
consumption; release of antibacterial substances
(reactive forms of oxygen), ingestion of foreign
particles; and the activity of acid phosphatase, a
lysosomal enzyme which is responsible for digestion
of ingested bacteria and/or particles. In general,
gossypol is the most toxic of the chemicals tested
and catechin is the least toxic. These results
indicate that natural products assoclated with cotton
dust can compromise alveolar macrophage function.

Introduction

Byssinosis is an occupational respiratory disease
associated with the inhalation of dust by cotton mill
workers. This disease is characterized by chest
tightness, increased airway resistance, decreased
forced explratory volume (FEVy), and pulmonary
inflammation. However, to date neither the etilologic
agent(s) nor the mechanism for the pathogenesis of
byssinosis has been determined.

Alveolar macrophages are phagocytic cells found in
the alveoli and the small airways of the lungs. Their
main function is to engulf inhaled particulates and,
thus, cleanse the lungs of debris (l). It is possible
that any initial pulmonary response to inhaled cotton
dust would involve this cell type. Rylander and
Lundholm (2) have reported an increase in the number
of alveolar macrophages in the lung after exposure to
bacteria commonly associated with cotton. Macrophages
exposed to cotton dust have been shown to secrete
chemoattractants for leukocytes, resulting in
pulmonary inflammation (3). In addition, cotton
extracts stimulate the release of prostaglandin F2
(alpha) from alveolar macrophages (4). Since these
data demonstrate that alveolar macrophages are
affected by exposure to cotton, further investigation
concerning these interactions 1s warranted.

A large number of natural products have been
isolated from the cotton plant. These products act
in the plant as insecticides, bactericides,
fungicides, viricides, and nematicides (5). Included
among these products are: terpenoid aldehydes such as
gossypol, flavonol glycosides such as rutin, and
condensed tannins such as catechin. Bell and
Stipanovic (6) have reported that some of these
products are found in high concentrations in mill
dust; e.g., mill dust contains 600 ppm gossypol and
7% tannins by weight, while containing only trace
amounts of rutin. Therefore, it is possible that
these compounds may be involved in byssinosis.
However, the effects of these natural products
associated with cotton on pulmonary macrophages have
not yet been extensively studied.

The objective of this investigation was to determine
the effects of three natural products from cotton,
i.e., gossypol, rutin, and catechin, on functional
properties of alveolar macrophages. These properties
are cellular volume, oxygen consumption, secretion of
reactive oxygen species, lysosomal enzyme activity,
and phagocytosis. These data have been reported
previously in abstract form (7).

Materials and Methods

Source of Cotton Materials

The cotton dust samples used in this investigation
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were supplied by Cotton Incorporated. Dust samples
were collected through a rotating screen condenser
from the drawing and spinning areas of a textile mill
which used 1007 West Texas cotton. In this study, we
used the fraction of the dust containing particles
less than 38 ym in diameter.

An aqueous extract of the dust was obtained using
the standardized procedure outlined by Cotton
Incorporated. Cotton dust (1 gram) was incubated at
40C for 1 hour in 25 ml of pyrogen-free water.

Then this suspension was centrifuged at 10,000g for
10 minutes. The supernatant was collected and put
through a 0.45 ym filter. This filtrate was the
aqueous cotton extract used in this study.

We also evaluated the effects of three natural
products associated with the cotton plant on alveolar
macrophages. We tested the effects of gossypol,
rutin, and catechin on alveolar macrophage function.
Gossypol acetate was obtained from Calbiochem-Behring
(La Jolla, CA). Rutin (quercetin-3-8 -D-rutinoside)
and (+)-catechin were obtained from Sigma Chemical
Company (St. Louis, MO).

Preparation of Cells

Male Sprague-Dawley rats (200-250 gm) were
anesthetized with sodium pentobarbital (0.2 gm/kg
body weight) and exsanguinated by cutting the renal
artery. Alveolar macrophages were obtained by
pulmonary lavage using an ice-cold, Catt-free,
phosphate-buffered solution (145 mM NaCl, 5 mM KC1,
1.9 mM NaHyPO4, 9.35 mM NagHPO4, 5.5 mM
glucose (pH = 7.4)) (8). The cells were separated
from the lavage fluid by centrifugation at 500g for 5
minutes and washed once in phosphate- buffered medium
containing 1lmM CaClgp. The number of alveolar
macrophages in each sample was determined with an
electronic cell counter (Coulter Instrument Co.,
Hialeah, FL). Cells were preincubated for 15 minutes
at 37°C in the absence or presence of cotton dust,
aqueous extracts of cotton dust, or chemicals prior
to measurements.

Measurements of Functional Properties

Oxygen consumption was measured with an oxygraph
equipped with a Clark electrode. Alveolar macrophages
(4 x 10° cells) were preincubated at 379C for 15
minutes in phosphate-buffered medium (1.75 ml) in
either the absence or presence of cotton material.
The cell suspension was then transferred to a
temperature controlled chamber (37°C) and oxygen
consumption measured for ten minutes. In some cases,
cells were exposed to particles by adding zymosan (6
mg/ml) to the suspension in the oxygraph chamber at
zero time.

The mean cell volumes of alveolar macrophages were
determined from aliquots of the cell suspensions.
Cellular volume was measured using a Channelizer cell
sizing attachment to the Coulter electronic cell
counter.

Chemiluminescence (CL) was measured as counts per
minute in the tritium channel of a liquid scintilla-
tion counter operated in the out-of-coincidence mode
(9). Alveolar macrophages (4 x 10° cells) were
preincubated in 5 ml of phosphate-buffered medium at
370°C for 15 minutes in either the presence or
absence of cotton materials before CL was measured
and the maximum counts per minute determined. In
these experiments, zymosan (6 mg/ml) was added
immediately before the CL measurement (zero time).

Phagocytotic rate was quantified by using a
suspension of diisodecyl phthalate containing oil-red
0 and coated with opsonized E coli lipopolysaccharide
(10). Alveolar macrophages (2 x 10/ cells) were
added to 2 ml of phosphate-buffered medium containing
1.26 mM CaCly and 1 mM MgCla. This suspension
was preincubated at 379C for 15 minutes in either
the presence or absence of cotton chemicals. Uptake
was then initiated by the addition of 0.5 ml of oil
suspension. At 0 and 15 minutes, 0.5 ml samples were
taken and uptake terminated by dilution with 4.5 ml
of a saline solution (154 mM NaCl and 1 mM N-ethyl
maleimide). These samples were then centrifuged and
the cells washed three times with saline solution to
remove extracellular oil-red 0. The ingested oil-red



0 was then extracted from the cells with 1.2 ml of
dioxane and the optical density determined at 525 nm.

Alveolar macrophages (4 x 105 cells) were
suspended in 200 u 1 of Ca-free phosphate-buffered
medium and were ruptured by the addition of 50 ul
of 17 Triton X-100 to release the lysosomal enzymes.
These samples were then preincubated at 37°C in
either the presence or absence of cotton chemicals
for 15 minutes prior to the initiation of the enzyme
reaction by the substrate. Acid phosphatase was
measured at pH = 5.0 using p-nitrophenyl phosphate as
substrate (1l1), 8 -glucuronidase was measured at pH
= 5.0, using p-nitrophenyl-g -D-glucuronidate as
substrate (12), and B -N-acetyl-glucosaminidase was
measured at pH = 4.5 using p-nitrophenyl-N-acetyl-B-D-
glucosaminide as substrate (13).

Superoxide anion release was measured directly by
determining the reduction of cytochrome c¢ (14).
Alveolar macrophages (4 x 10% cells) were added to
5 ml of phosphate-buffered medium containing 0.12 mM
cytochrome c. This suspension was preincubated at
370C for 15 minutes in either the presence or
absence of cotton material. Then a zero-time sample
was taken, centrifuged at 5000g for 5 minutes at
20C, and the optical density of the supernatant
measured at 558 nm with a spectrophotometer. Later,
a 30 minute time sample was taken and the optical
density measured. The amount of superoxide-dependent
cytochrome ¢ reduction is proportional to the
difference In optical densities measured over this 30
minute period. Zymosan (6 mg/ml) was added to the
suspension at zero time to study the effects of
particle exposure. To be certain that reduction of
the cytochrome ¢ was due to superoxide, experiments
were done in the presence and in the absence of
superoxide dismutase.

Results and Discussion

We attempted to monitor the effects of cotton dust
or aqueous extracts of cotton dust on alveolar
macrophages. However, measurement of oxygen
consumption or superoxide anion release proved
impossible. We found that both cotton dust or the
extract consume large amounts of oxygen even in the
absence of alveolar macrophages. This apparent
oxygen consumption may be due to bacterial
contamination. However, autoclaving the samples does
not eliminate this artifact. An artifact was also
found in the superoxide anion assay. In this case,
both cotton dust and cotton extracts cause reduction
of cytochrome ¢ in the absence of alveolar
macrophages. Such an artifact invalidates this assay.

Since studies with cotton dust and extracts proved
impossible, we investigated the effects of natural
products associated with cotton dust 02 alveolar
macrophages. Exposure of cells to 10™*M catechin,
rutin, or gossypol for 15 minutes at 37°C has no
effect on cellular volume (Table 1). These data
suggest that short-term exposure to cotton chemicals
does not affect membrane integrity; i.e., the cells
do not become leaky and swell.

The effects of cotton chemicals on oxygen
consumption at rest and after exposure of cells to
zymosan particles are shown in Table 2. Short-term
exposure to catechin or rutin at concentrations as
high as 10-%4M does not affect oxygen consumption of
resting or particle-stimulated alveolar macrophages.
In contrast, gossypol does adversely affect cellular
viability. A%veolar macrophages exposed to
particulates seem more susceptable to gossypol
exposure than cells at rest. It is not known why
particle-stimulated cells are more sensitive to
gossypol.

A major function of alveolar macrophages is the
secretion of reactive compounds which act to kill
inhaled bacteria. Release of these reactive compounds
can be determined by monitoring chemiluminescence
generated by alveolar macrophages. Catechin, rutin,
and gossypol are potent inhibitors of chemilumine-
scence (Table 3). This inhibition increases with
increasing doses of cotton chemicals. The dose-
response curve for catechin is shown in Figure 1.
These data were analyzed to determine ED5g values,
i.e., the dose which causes 50% inhibition of
chemiluminescence. The potency of the products in
inhibiting the release of reactive forms
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of oxygen from alveolar macrophages is gossypol >
rutin > catechin.

Bacterial killing is also affected by the action of
lysosomal enzymes. We monitored the effects of the
natural products from cotton on the enzyme activity
of acid phosphatase, g8 -glucuronidase, and
8 -N-acetyl-glucosaminidase (Table 4). Of the
enzymes tested, only the activity of acid phosphatase
was inhibited. Gossypol was the most potent inhibitor
of the three products tested while catechin was
ineffective.

Since cotton mill workers may be exposed to
relatively high levels of dust, it is vital that
their alveolar macrophage are capable of engulfing
these particulates and, thus, clear it from the
lungs. The effects of exposure to cotton chemicals
on the phagocytotic activity of alveolar macrophages
are shown in Table 5. The data indicate that all
three products can inhibit phagocytosis. Their
potency is gossypol > rutin > catechin.

In summary, our data indicate that natural products
associated with cotton dust can adversely affect the
function of rat alveolar macrophages. However, these
compounds result in specific rather than generalized
toxicity to alveolar macrophages. For example, they
inhibit particle-stimulated respiratory burst
activity, i.e., chemuluminescence and particle-
stimulated oxygen consumption. Membrane integrity is
not affected. The sequence of toxicity for these
products 1s gossypol > rutin > catechin.

Other investigators have found that cotton bract
extracts affect alveolar macrophages in a specific
manner rather than simply killing the cells.
Greenblatt and Ziprin (15) have shown that aqueous
extracts of bract do not alter membrane integrity
monitored by trypan blue exclusion, yet they inhibit
chemiluminescence. These data agree with our results
for cotton chemicals shown in Table 1 and Table 3.
In addition, cotton extracts have also been shown to
stimulate the production of prostaglandins by
alveolar macrophages (16). Therefore, exposure to
cotton does not result in inhibition of all cellular
functions, but is rather specific in inhibiting the
respiratory burst of macrophages in response to
foreign substances and the phagocytosis of
particulates. These data from our investigation
suggest that exposure of cotton mill workers to
cotton dust may compromise the ability of alveolar
macrophages to kill bacteria. Bacterial endotoxin
has been implicated in the development of byssinosis
(17). Therefore, any decrease in the ability of
alveolar macrophages to engulf cotton dust and kill
its associated bacteria may increase the residence
time of these substances in the lung and exasperate
the problem. 1In addition, these workers may be prone
to pulmonary infections of all types.

Our results indicate that significant impairment of
macrophage function can occur after exposure to as
little as 10-6M gossypol or rutin. Maximal effects
were observed at 10"*M. Bell and Stipanovic (6)
have determined the levels of various chemicals
associated with cotton. Relatively high levels of
gossypol have been found in mill dust. Large quanti-
ties of tannins such as catechin have also been found
in mill dust. 1In contrast, rutin was found at only
trace levels. Our data indicate that catechin is
relatively inactive and rutin, while active, is not
found at high levels. However, gossypol is found at
600 ppm in mill dust (6) and dust levels in mills are
now regulated at 200 mg/m3 (18). Therefore, workers
may be exposed to ug quantities of gossypol during
the workday. These levels exceed the doses used in
our study. Therefore, exposure to gossypol may be a
major source of concern for cotton mill workers.
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Table 4.

Table 1. Effects of Catechin, Rutin and Gossypol on
the Mean Cell Volumes (MCV) of Alveolar Macrophages*

Treatment (conc) MCV (% Control)

Control 100

Catechin (10-%) 101(+5)
Rutin (10-%M) 102 (F4)
Gossypol (10~4M) 102(¥5)

*Rat alveolar macrophages were preincubated in the
presence of absence of each compound for 15 minutes
at 37°C before measurement of mean cell volumes

using an electronic cell sizer._ The mean cell volume
of control cells was 1105(t46)u3- Values are

means of five experiments + SEM.

Table 3. Effects of Catechin, Rutin, and Gossypol on
Zymosan-induced Chemiluminescence (CL) in Alveolar
Macrophages¥*

Treatment Maximal Inhibition(%) EDs5qo (#1)
Control 0 =

Catechin 75(+3) 5.5(+3.6)x10"3
Rutin 84 (¥1) 7.5(F4.2)x10"3
Gossypol 98 ($) 2.7(-_!—_0.2)x10'5

*The cells (4xI10Y cells in 5 ml of phosphate-
buffered medium) were incubated in the presence or
absence of each compound for 15 minutes at 37°C
before the measurements were made. Zymosan (6 mg/ml)
was added to the cell suspension just prior to
measurement of chemiluminescence with a liquid
scintillation counter set in the out-of-coincidence
mode. The ED5() is the concentration of compound
which produced 50% inhibition. The maximal inhibition
was produced at a final concentration of 10°%M for
each compound. The numbers shown are mean values for
five experiments + SEM.

Effects of Catechin, Rutin, and Gossypol on
Lysosomal Enzyme Activities in Alveolar Macrophages*

Lysosomal Enzyme Activity (% Control)

Treatment Acid g -N-Acetyl-
(Conc.) Phosphatase B -Glucuronidase Glucosaminidase
Control 100 100 100
Catechin
(107%*M) 100(+6) 92(+2) 93(+3)
Rutin 69(+5) 97 (+2) 96(+3)
(10-4M)
Gossypo% 72(+5) 94 (+5) 98(+4)
(2x1072M)

*The cells (4x10° cells in 200ul of phosphate-
buffered medium) were ruptured with 50u1 of 1% triton
X-100. Lysates were incubated in the presence or
absence of each compound for 15 minutes at 379C prior
to measurement of lysosomal enzyme activity. The
control rates of enzyme release were:
258(+13)nmoles/min.* 107 cells for acid phosphatase,
63(+I3)nmoles/min.c 10/ cells for 8 -glucuronidase,

and 152 (+18)nmoles/min.* 107 cells for 8 -N-
acetylglucosaminidase. The numbers shown are mean
values for three to five experiments + SEM.

Table 5. Effects of Catechin, Rutin, and Gossypol on
Phagocytotic Rate in Alveolar Macrophages*

Treatment Maximal Inhibition(7%) ED5o (M)

Control 0 -

Catechin 2(+1) -

Rutin 38(¥8) >10-4

Gossypol 63(+1) 2.3(+0.4)x1073

#The cells (2x107 cells in Z ml of phosphate-buffered

medium) were incubated in the presence or absence of

each compound for 15 minutes at 370C before the

measurement of uptake of diisodecyl phthalate particles

containing oil red 0. Determination of oil red 0

ingestion was monitored spectrophotometrically at 525

nm after extraction from the cells with 1.2 ml of

EPERP S oatasa 209 {AnfBEcEoRONIEE hERIRE“FRABR 1on

was produced at ahflnal co?cenfratkgg Sgtike gffgil red
. The contr value

8652 8?%%?3?83) mg oil/109 cells *15 min. The

numbers shown are mean values for five experiments +

SEM.



Table 2. Effects of Catechin, Rutin, and Gossypol on Oxygen Consumption in Alveolar Macrophages*

Cells at rest Cells exposed to zymosan
Max. Max.
Treatment Inhibition(%) EDs5p (M) Inhibition ED50(M)
Control 0 - 0 -
Catechin 0(+6) - 6(+2) -
Rutin 8(+5) - 1(+9) -
Gossypol 38(¥10) >10-4 56 (¥8) 6.6(+L.8)x10"5

*The cells (3x10° cells in I.65 ml of phosphate-buffered medium) were preincubated in the
presence or absence of each compound for 15 minutes at 37°C betfore the measurements were

made. Oxygen consumption was measured over a lO-minute period. Zymosan (6 mg/ml) was added to
the cell suspension just prior to measurement of oxygen consumption with a Clark electrode.

The ED5p is the concentration of compound which produced 50% inhibition. Maximal inhibition

for each compound was measured when the final concentration of cotton chemic
The control rates of oxygen consumption were 282(+58) and 476(+35) nmoles/10
The numbers shown are mean values for five

resting and zymosan-stimulated cells, respectively.

experiments + SEM.

160
120
-:’; ]
=
§
e B0
2
-
2
®
[
€ 4
E
3
=
3
40
Ly = = - - .
16° 167 0 0% 10t 063

Ecuuchin](u)

Figure 1. The effect of catechin on the maximal
generation of zymosan-induced chemiluminescence by
rat alveolar macrophages. Cells (4x106 cells in

5 ml of phosphate-buffered medium) were incubated
in the presence of various concentrations of
catechin for 15 minutes at 370C prior to the
addition of zymosan (6mg/ml) and the measurement of
chemiluminescence with a liquid scintillation
counter set in the out-of-coincidence mode. Points
are mean values of five experiments while bars
represent standard errors of the mean.
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