PROCEEDINGS OF THE SOCIETY FOR EXPERIMENTAL BIOLOGY AND MEDICINE 188, 35-39 (1988)

Role of Phospholipase C in Chlorphentermine-Induced Pulmonary
Phospholipidosis in Rat (42703)
SAM KACEW

Department of Pharmacology, Faculty of Health Sciences, School of Medicine, University of Ottawa,
Ottawa, Ontario, Canada K1H 8M5

Abstract. Daily, oral administration of chlorphentermine (60 mg/kg) for 5 days to rats
produced a significant increase in the concentration of whole lung total phospholipid as well as
sphingomyelin, phosphatidylserine, phosphatidylethanolamine, phosphatidylglycerol, phos-
phatidylinositol, and phosphatidylcholine. Similarly, a significant elevation in total and all
individual phospholipid components was found in the lysosomal fraction of chlorphenter-
mine-treated rat lung. In contrast, the activities of pulmonary Na*,K*-ATPase and alkaline
phosphatase, enzymatic markers of membrane function, were not markedly affected by chlor-
phentermine treatment. The observed lung phospholipidosis was accompanied by inhibition of
phospholipase C activity. Regardless of the phospholipid substrate, chlorphentermine signifi-
cantly decreased pulmonary phospholipase C to approximately the same extent. Qur data show
that accumulation of phospholipid in whole lung and lysosomes is associated with an inhibition
of phospholipase C activity. © 1988 Society for Experimental Biology and Medicine.

A disorder in phospholipid metabolism is
associated with the use of certain cationic
amphiphilic drugs (1). In particular, chlor-
phentermine is well known to display a high
affinity for pulmonary tissue and produces a
characteristic massive accumulation of hy-
pertrophic alveolar macrophages (2). The
observed chlorphentermine-induced mor-
phological alterations in pulmonary tissue
are associated with a marked increase in both
alveolar macrophage and whole lung phos-
pholipid content (3, 4). It has been suggested
that cationic amphiphilic drugs accumulate
within pulmonary lysosomes in conjunction
with elevated phospholipid content (1). Stud-
ies were thus undertaken to determine
whether chlorphentermine increased the
phospholipid content in rat pulmonary lyso-
somes.

Incubation of a purified rat liver lysosomal
preparation with chlorphentermine was
found to result in inhibition of phospholi-
pases A and C (5). Further, it was reported
that chlorphentermine decreased lung phos-
pholipid synthesis as evidenced by reduced
incorporation of choline into phospholipids
(6). Based on these observations it was sug-
gested that chlorphentermine-induced pul-
monary phospholipidosis may be related to
an impaired degradation of phospholipid (5,
6). Experiments were also undertaken to ex-

amine the influence of chlorphentermine in
vivo on the activity of rat lung phospholipase
C, one of the lysosomal enzymes responsible
for phospholipid catabolism.

Methods. Male rats of the Sprague-Daw-
ley strain weighing approximately 200 g pur-
chased from Canadian Breeding Farm and
Laboratories Ltd., St. Constant, Quebec,
were employed in this study. All animals
were maintained on Purina Laboratory
Chow and had free access to water through-
out the course of the experiment. The ani-
mals were housed in plastic cages (six per
cage) and maintained on a 12-hr light/dark
cycle. Animals were administered 60 mg/kg
of chlorphentermine daily by the oral route
for a period of 5 days. Corresponding pair-
fed controls received an equal volume (0.5
ml) of physiological saline daily for 5 days.
All rats were killed by decapitation and bled
24 hr after the last drug administration.
Lungs were removed and immediately fro-
zen in liquid nitrogen. Lung tissue was kept
at —60°C for subsequent biochemical assays.

Pulmonary tissue was subjected to differ-
ential centrifugation to obtain a lysosomal
fraction according to the method of Hos-
tetler et al. (7). Lung tissue was homogenized
in 10 vol of 0.25 M sucrose and this fraction
constitutes the homogenate utilized in this
study. In lysosomal experiments, the homog-
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enate was centrifuged at 750g for 5 min. The
pellet was discarded and the supernatant was
recentrifuged at 8800g for 10 min. This su-
pernatant was centrifuged for a further 10
min at 20,000g. The resultant supernatant
obtained was discarded and the pellet was
subsequently washed with 0.25 M sucrose.
The pellet thus obtained constituted the lyso-
somal fraction.

The total phospholipid content (TPL) of
pulmonary tissue was extracted from the ho-
mogenate and lysosomal fractions according
to the procedure described by Folch et al. (8).
The method of Rouser ef al. (9) was used for
the separation of individual phospholipid
classes by thin-layer chromatography. Both
total phospholipid phosphorous and individ-
ual phospholipid class phosphorous were de-
termined by the method of Chen et al. (10).
Tissue homogenates were assayed for
Na*,K*-adenosine triphosphatase (ATPase)
by the method of Schwartz et al. (11) and for
alkaline phosphatase according to Lansing et
al. (12). The activity of phosphatidylinositol
phospholipase C was determined in homoge-
nate according to the procedure of Lipsky
and Lietman (13). In addition, the activity of
phospholipase C was determined using
phosphatidylcholine, phosphatidylserine,
phosphatidylethanolamine and phosphati-
dylglycerol as substrates as described by
Lipsky and Lietman (13). All enzyme assays
were performed at 37°C and data were ex-
pressed as specific activity per milligram
protein. The phospholipid content in ho-
mogenate was expressed as milligram per
gram tissue (4) while in the lysosomal frac-
tion the data were expressed as microgram
per milligram protein (14). The method of
Lowry et al. (15) was used to determine pro-
tein in homogenate and lysosomal fractions
using bovine serum albumin as a standard.

Twenty-four hours after the last intuba-
tion all rats were killed by decapitation and
bled. For morphology, whole lungs from
each rat were fixed by immersion in Bouin’s
fixative and processed for light microscopy.
The left lung was divided into three blocks,
embedded in paraffin, and stained with he-
matoxylin and eosin. Three cross sections of
each block were examined. All alveoli in
each cross section were examined for the
presence of foam cells. Semiquantitation of

foam cells (FC) in pulmonary alveoli was by
an arbitrary scale as follows: +++, one to
four FC in many alveoli in all experimental
animals; ++, one to three FC in some alveoli
in most experimental animals; +, one to two
FC in very few isolated alveoli in most exper-
imental animals; —, no FC observed (18).

All reagents were of the purest grade avail-
able and dissolved in doubly glass-distilled
water. Chlorphentermine (Parke-Davis,
Brockville, Ontario) was dissolved in physio-
logical saline. Precoated chromatographic
plates with silica gel 80-A° Whatman type
K5 were purchased from Chromatographic
Specialties Ltd. (Brockville, Ontario). Lipid
standards were obtained from Serdary Re-
search Laboratories (London, Ontario). All
other biochemicals were obtained from
Sigma Chemical Co. (St. Louis, MO).

Data were analyzed statistically using a
Student’s ¢ test and significant differences be-
tween the mean values are indicated when
the P value was <0.05.

Results. As reported previously (18) oral,
daily chlorphentermine administration to
rats at a dose of 60 mg/kg for 5 days pro-
duced an accumulation of large macro-
phages in lung identified as foam cells. The
observed morphological alterations in pul-
monary tissue produced by chlorphenter-
mine were associated with an increase in the
levels of the individual phospholipid classes
in the homogenate as illustrated in Fig. 1.
Chlorphentermine significantly elevated the
concentration of pulmonary sphingomyelin
(SP), phosphatidylserine (PS), phosphatidyl-
ethanolamine (PE), phosphatidylglycerol
(PG), phosphatidylinositol (PI), and phos-
phatidylcholine (PC). The highest percentage
increase was in the level of pulmonary PC. A
similar quantitative increase was seen in la-
vaged and unlavaged lung (4) and thus the
unlavaged lung homogenate was used in this
study. Chlorphentermine was found to pro-
duce a significant rise in all individual phos-
pholipid classes in the lysosomes of rat pul-
monary tissue (Fig. 2). It is of interest that the
relative percentage increase in the individual
phospholipid classes was approximately
equal in the homogenate and lysosomal frac-
tions.

Data in Fig. 3 demonstrate the influence of
chlorphentermine on the total phospholipid
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F1G. 1. Influence of chlorphentermine on rat lung
phospholipid content. Each bar represents the mean
+ SEM of six animals in each group. Rats were admin-
istered orally chlorphentermine (60 mg/kg/day) for 5
days. Corresponding controls received the vehicle physi-
ological saline. *Statistically significant difference when
compared with the control values (P < 0.05).

(TPL) content in pulmonary homogenate
and lysosomal fractions. Chlorphentermine
significantly increased TPL content in both
the homogenate and lysosomal fraction. The
quantitative rise in TPL was approximately
1.5-fold higher than that of control in either
lung fraction.

The effects of chlorphentermine on the ac-
tivities of pulmonary alkaline phosphatase
and Na*,K* ATPase, enzymatic markers for
lung tissue toxicity (16, 17) were also deter-
mined in lung homogenate. Chlorphenter-
mine did not significantly alter the activities
of lung alkaline phosphatase and Na* K"
ATPase (Table I). In contrast, a significant
decrease was noted in phospholipase C activ-
ity, irrespective of the substrate utilized. In
the case of PI-, PC-, and PS-PLC the percent-
age fall in enzymatic activity was to approxi-
mately 78% of control, while PE-PLC and
PG-PLC were reduced to 85% of control,
taking control as 100%.

Discussion. It has been well documented
that treatment with chlorphentermine pro-

duces a marked increase in total as well as
individual phospholipid classes in rat lung
(18). In agreement with previous findings,
chlorphentermine administration signifi-
cantly elevated the levels of individual and
total pulmonary phospholipids. Quantita-
tively the highest rise noted was in the level
of pulmonary PC, the phospholipid found
previously to be increased to the greatest ex-
tent (18, 19). Reasor and Kacew (4) demon-
strated that even in lungs in which the alveo-
lar macrophages were removed by lavage,
chlorphentermine still produced a significant
elevation in total phospholipid and PC after
a l-week treatment. It was suggested that a
possible site for phospholipid accumulation
within the pulmonary cell was the lysosome
(1, 5). Indeed, this study is the first to clearly
demonstrate that in lung lysosomes obtained
from chlorphentermine-treated rats the total
and individual phospholipid content was in-
creased. It is of interest that netilmicin, a cat-
ionic amphiphilic antibiotic, elevated total
and individual phospholipid content in rat
renal cortex homogenate as well as in lyso-
somes (14). Our data support the view that
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FIG. 2. Effect of chlorphentermine on pulmonary ly-
sosomal phospholipid content. Each bar denotes the
mean * SEM of six rats in each group. For experimental
details, see the legend to Fig. 1. *Statistically significant
difference when compared with the control values (P
< 0.05).
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FI1G. 3. Influence of chlorphentermine on total phos-
pholipid content in whole lung and lysosomal fraction.
Each bar represents the mean £ SEM of six rats in each
group. For experimental details, see legend to Fig. 1.
*Statistically significant difference when compared with
the control values (P < 0.05).

chlorphentermine-induced pulmonary phos-
pholipidosis is associated with phospholipid
accumulation in lysosomes.

Morphologic and biochemical evidence of
chlorphentermine-induced phospholipidosis
led investigators to question the functional
relevance of this phenomenon. Although
Lullmann et al. (20) found that chlorphen-
termine increased pulmonary vascular pres-
sure, Smith et al. (21) demonstrated an ab-
sence of hypertensive pulmonary vascular
disease. In subsequent studies, chlorphenter-
mine treatment was shown to alter glycolysis
and mitochondrial function in lung (22, 23),
indicating that an alteration in energy me-
tabolism might be associated with a disrup-
tion in pulmonary transport mechanisms. It
is of interest that Mehendale ef al. (24) found
that chlorphentermine interfered with the
transport mechanisms associated with lung
S5-hydroxytryptamine clearance and metabo-
lism. In the present investigation chlorphen-
termine appeared not to markedly affect
ATPase, an enzyme involved in pulmonary
active transport mechanisms (17). Similarly,
chlorphentermine did not significantly alter
alkaline phosphatase, an enzyme associated
with pulmonary phospholipid and believed
to play a role in surfactant secretion (16). In
contrast, lung damage produced by asbestos
or cadmium was accompanied by an in-

crease in alkaline phosphatase (25, 26).
Thiourea-induced edema was associated
with a fall in the activity of pulmonary ATP-
ase (17). It would appear that chlorphenter-
mine may alter the energy pathways within
lung cells but this agent does not seem to
affect plasma membrane function.
Induction of phospholipidosis by cationic
amphiphilic drugs has been postulated to re-
sult from a decreased degradation of phos-
pholipid by phospholipases (1, 5). In vivo ad-
ministration of gentamicin was found to in-
hibit renal cortex phospholipase A (27). In
addition, incubation of rat renal cortex with
gentamicin was reported to produce inhibi-
tion of phospholipase A and C (13, 27). Hos-
tetler (5) found that incubation of a rat liver
lysosomal preparation with chlorphenter-
mine significantly inhibited phospholipases
A and C. Data in this study demonstrated
that chlorphentermine in vivo produced a
significant fall in phospholipase C. The find-
ings that activities of phospholipase C toward
different substrates were inhibited may ac-
count for the observed rise in the individual
phospholipid classes. The quantitative in-
crease in total phospholipid was greater than
the inhibition of phospholipase C activity.
Since chlorphentermine has been shown to

TABLE 1. EFFECTS OF CHLORPHENTERMINE ON THE
ACTIVITIES OF PULMONARY ATPase, ALKALINE
PHOSPHATASE, AND PHOSPHOLIPASE C*

Treatment
Enzyme Control Chlorphentermine
Na*,K* ATPase 093+ 0.08 0.86 + 0.08
Alkaline
phosphatase 6.52+ 0.64 581+ 0.67
PI-PLC 140.33 £ 11.72 109.97 + 10.73*
PC-PLC 132.29 + 6.01 104.26 = 3.89*
PS-PLC 134.57 + 391 10471 £ 4.19*
PE-PLC 121.60 + 6.95 104.35 £ 1.28*
PG-PLC 129.19 £ 7.35 109.67 + 2.25*

2 Each value is the mean = SEM of six animals per group.
Animals were administered chlorphentermine (60 mg/kg/day po
for 5 days) while corresponding controls received physiological
saline. The activities of Na, K ATPase and alkaline phosphatase
are expressed as pmole/hr/mg protein. PLC denotes phospholi-
pase C activity while the substrate utilized is given, e.g., PI-PLC
would be phosphoinositol phospholipase C. PLC activity is ex-
pressed as nmole/hr/mg protein.

* Statistically significant difference when compared with con-
trol values (P < 0.05).
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inhibit phospholipase A activity in vitro, it is
likely that inhibition of this enzyme is occur-
ring in vivo as well, and this may be contrib-
uting, in part, to the lack of correlation in
these responses.
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