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Abstract-[32P]orthophosphate and [U-‘4C]glycerol incorporation into Krebs ascites cell lipids was 
studied in vitro in the presence of chlorpromazine (CPZ)*. At concentrations not exceeding 0.1 mM, 
the drug produced no cell damage within 3 hr incubation. Under these conditions, CPZ inhibited the 
incorporation of [32P]orthophosphate into phosphatidylcholine and phosphatidylethanolamine and of 
[U-%]glycerol into phosphatidylcholine and triglycerides, in a dose-dependent manner. On the other 
hand, synthesis of phosphatidic acid and phosphatidylglycerol was greatly enhanced, whereas phos- 
phatidylinositol showed no major change. These results are compatible with an inhibition of phospha- 
tidate phosphohydrolase, redirecting phospholipid biosynthesis towards the anionic classes. In vitro 
treatment of cells for 3 hr induced profound changes of phospholipid composition, which displayed a 
relative increase of phosphatidylglycerol and phosphatidic acid at the expense of phosphatidylcholine 
and phosphatidylethanolamine. The use of amphipathic cationic drugs can thus offer an interesting 
model for studying the relationship between cell proliferation and membrane phospholipid biosynthesis. 

Amphiphilic cationic drugs have been used to modify 
phospholipid biosynthesis in different mammalian 
cells [l-8]. Preferential formation of anionic 
phospholipids induced by these drugs seems to 
depend on the inhibition of phosphatidate phos- 
phohydrolase, coupled to the stimulation of phos- 
phatidate cytidylyltransferase by direct interaction 
with membrane components [9, lo]. Phosphatidate 
phosphohydrolase is a key enzyme in the glycero- 
phospholipid biosynthesis, since it regulates the rela- 
tive amounts of phosphatidate and diacylglycerol 
which are precursors to anionic and zwitterionic gly- 
cerophospholipids plus triglycerides, respectively 
[W 

Membrane biogenesis accompanying cellular 
growth needs an adapted phospholipid biosynthesis 
[12] and a higher rate of phospholipid turnover has 
been described in potentially malignant cells [13]. 
The use of amphiphilic cationic drugs could thus 
represent a means for disturbing membrane for- 
mation in rapidly growing tumoral tissues. Further- 
more phospholipid modifications might be used to 
alter their membrane properties. 

The present study deals with the action of chlor- 
promazine (CPZ) on the in vitro incorporation of 
radioactive precursors [32P]orthophosphate and [U- 
14C]glycerol into phospholipids of Krebs II ascites 
cells [14]. Moreover, the subsequent modifications 
of phospholipid composition are analysed. 

MATERIALS AND METHODS 

Materials. [32P]Orthophosphate (sodium salt 2.4 
Ci/mmole) was purchased from C.E.A., Gif sur 

* Abbreviations: CPZ, chlorpromazine; HEPES, 2-(N- 
2-hydroxyethylpiperazine-N’-yl) ethane sulphonic acid. 

Yvette, France. [U-‘4C]glycerol (35 mCi/mmole) was 
a product of the Radiochemical Centre, Amersham, 
U.K.). The latter one was diluted with cold glycerol 
to a specific radioactivity of 2 mCi/mmole. 

Cell suspensions. The Krebs II ascitic tumors [ 141 
were maintained in female Swiss strain mice, aged 
between 9 and 12 weeks, by weekly intraperitoneal 
transfer of ascitic fluid. Cell counts were performed 
with a Nageotte counting cell. The viability of the 
ascites cells was estimated with the Trypan blue 
method. At the moment of the collect, 85 to 90 per 
cent of the cells exhibited a positive viability test. 
Cells were harvested by centrifugation at 250g for 
10 min and washed twice in Tyrode buffer (pH 7.35) 
containing 1 mM MgCl*, 20 mM glucose, 0.2 mM 
EGTA, 0.35% bovine serum albumin (w/v), but 
NaH2P04 was replaced by 5 mM HEPES. Final sus- 
pension was done in the same buffer with 2.5mM 
CaCl*, at a density of 4.2 x lo6 cells/ml. The whole 
procedure was carried out at room temperature in 
siliconized glassware. 

Incubations. Cell suspensions (12.5 ml) were 
added to tubes containing [32P]orthophosphate 
(50 &i) or [U-14C]glycerol (2.5 ,&i) and CPZ at the 
desired concentrations. No pH change was observed 
under the conditions used. Incubations were per- 
formed for different times at 37” under gentle stir- 
ring. Cells were then centrifuged at 250 g for 10 min, 
the supernatants were collected and cell lysis was 
determined as described elsewhere [ 151 by measuring 
lactate dehydrogenase activity [16]. The pellets were 
resuspended in 2 ml of ice-cold EDTA (15 mM, pH 
7.4). 

Phospholipid analysis. Lipids were immediately 
extracted according to Bligh and Dyer [ 171. Phospho- 
lipids were separated by bidimensional thin-layer 
chromatography as described by Rouser et al. [18]. 
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Fig. 1. Effect of increasing concentrations of chlorprom- 
azine on the incorporation of [Z’P]orthophosphatc into 
phospholipids of Krebs II cells. 5.2 x 10’ cells were incu- 
bated for 3 hr at 37”, in the presence of [Z’P]orthophosphatc 
(50 &i) and various concentrations of chlorpromazine. 
under a final volume of 12.5 ml. Ccl1 lysis (----) is 
expressed as percent of total lactate dehydrogenase activity. 
Radioactivity is given in relative units. taking the radio- 
activity of phosphatidic acid in the controls as a I value. 
the radioactivity corresponding to the reference value of 
phosphatidate being of 30101 -C 3766 dpm/lO’cells. Values 
are the mean + S.E.M. of 3 experiments except for 
0.15 mM CPZ. Abbreviations: PC. phosphatidylcholine: 
PE, phosphatidylethanolamine: PI. phosphatidylinositol: 

PA, phosphatidic acid: PG. phosphatidylglycerol. 

The different phospholipids were identified by com- 

parison with authentic pure standards in various 
chromatographic systems [19-211. Neutral lipids 
were separated by monodimensional thin-layer 
chromatography according to Derksen and Cohen 
[22]. The different spots were scraped off and ana- 
lysed for radioactivity. by counting in 1Oml Insta- 
fluor (Packard), or for phosphorus by the method 
of BGttcher et al. [23]. 

RESULTS 

Incorporation of [“Plorthophosphate into phospho- 
lipids of Krebs II ascites cells. Effect of increasing 
concentrations of CPZ 

Phosphatidylcholine and phosphatidylethanolam- 
ine radioactivity fell progressively upon increasing 
CPZ concentration (Fig. 1). Maximal incorporation 
was observed into phosphatidic acid and phospha- 
tidylglycerol. Phosphatidylinositol showed an inter- 
mediary pattern. with a slight increase at low CPZ 
concentrations, followed by a decrease with higher 
amounts of the drug. However. these differences 
were not significant, except at 0.2mM CPZ (P< 
0.05). An accumulation of “P was also observed 
into cardiolipin and CDP-diacylglycerol. but these 
compounds represented only 10% of phosphatidic 
acid radioactivity. Phosphatidylserine and sphingo- 
myelin did not show any significant change. Cell lysis 
occurred at the highest CPZ concentrations used 
(0.15 and 0.20 mM). as checked by lactate dehydro- 
genase determination. 

Time course of CPZ effects on phospholipid 
metabolism 

In the absence of CPZ, “P-incorporation occurred Incubations were performed at the highest CPZ 
essentially into phosphatidylcholine, phosphatidy- concentration (0.1 mM) giving a maximal effect on 
lethanolamine and phosphatidylinositol (34 * 1.7% phospholipid metabolism without inducing lysis. As 
34 t 0.8% and 16 i 1% of total lipid radioactivity shown in Fig. 2, the stimulation of phosphatidic acid 
respectively, mean ? S.E.M.. 9 experiments). Phos- labelling occurred very rapidly and levelling off was 
phatidic acid labelling was lower (9 + 1% of total), observed between 2 and 3 hr. while phosphatidyl- 
while only traces of radioactivity were detected in glycerol increase was the highest in the same time. 
cardiolipin, phosphatidylglycerol and phosphatidyl- On the other hand, incorporation of “P into phos- 
serine. No radioactivity was found in sphingomyelin. phatidylcholine, phosphatidylethanolamine and 
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Fig. 2. Time-course of [“Plorthophosphate incorporation 
into phospholipids of Krebs II ascites cells at a non lytic 
concentration of chlorpromazine (0.1 mM). S.2 x 10’ cells 
were incubated in the presence of [‘*P]orthophosphate 
(50&i) without (----) or with (-) 0.1 mM chlor- 
promazine. Radioactivity was measured in phosphatidic 
acid - n -, phosphatidylglycerol - 0 - , CDP-diglycerides 
- 0 -, phosphatidylethanolamine - 0 -, phosphatidyl- 
choline - n - and phosphatidylinositol - A -. Data rep- 

resent mean of two identical experiments. 
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Fig. 3. Incorporation of [U-‘JC]glycerol into phospholipids 
of Krebs II ascites cells. Effect of increasing concentrations 
of chlorpromazine. 5.2 x 10’ cells were incubated for 3 hr 
in the presence of [U-‘~~~glycerol (2.5 &la) and increasing 
concentrations of chlorpromazine. Abbreviations: PC, 
phosphatidylcholine; PE. phosphatidylethanolamine; PG. 
phosphatidylglycerol: PI, phosphatidylinositol; PA, phos- 
phatidic acid. Results are expressed as percentage of total 
phospholipid radioactivity (mean rt S.E.M., 4 experi- 
ments). Total radioactivity of phospholipids in the controls 
was: 4158 5 695 dpm!lO’ cells. This value was not signifi- 

cantly different in the assays. 

phosphatidylinositol remained very low over a 3-hr- 
incubation in the presence of CPZ, compared to the 
controls. 

These effects were then compared to those induced 
by lytic concentrations of CPZ. At 0.2mM CPZ, 
lysis started only at 60 min and no “‘P-incorporation 
occurred into phosphatidylglycerol (not shown). It 
was thus verified that the trace amounts of radio- 
activity found for phosphatidylglycerol at 0.2 mM 
CPZ (Fig. 1) corresponded to a lack of “P-incor- 
poration and not to hydrolysis of the phospholipid 
induced by cell lysis. Also, the stimulation of “P- 
incorporation into phosphatidic acid was less impor- 
tant than with 0.1 mM CPZ. These results indicate 
that ceil integrity is necessary for a maximal effect 
of CPZ on phospholipid metabolism. 

Incorporation of [U-‘“Cl glycerol into lipids of Krebs 
II ascites cells. Effects of increasing concentrations 
of CPZ 

In order to better follow CPZ effects on de nouo 
synthesis of phospholipids and neutral lipids, [U- 
i4C]glycerol was used as a radioactive precursor 
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Fig. 4. Effect of increasing concentrations of chlorprom- 
azine on the incorporation of (U-‘JC]glycerol into neutral 
lipids of Krebs II ascites cells. Cells were incubated for 3 hr 
in the presence of [U-‘~C]glycerol (2.5 ,uCi) and various 
concentrations of chlorpromazine. Radioactivity was meas- 
ured in diglycerides (DG) and triglycerides (TG). The data 

are the means 5 S.E.M. of 4 experiments. 

(Fig. 3). In the absence of CPZ, phosphatidylcholine 
displayed the highest labelling (67 * 2 per cent of 
total phospholipid radioactivity, mean + S.E.M., 4 
experiments), which dramatically decreased in a 
dose-dependent manner upon CPZ addition. How- 
ever, no significant change of phosphatidylethano- 
lamine radioactivity was observed. An accumulation 
of [‘4Cjg1ycerol into phosphatidylgly~erol occurred 
at low doses of CPZ, levelling off being obtained at 
O.OSmM of drug, whereas that observed for phos- 
phatidic acid started only at 0.05 mM and increased 
further linearly. A slight stimulation was measured 
for phosphatidylinositol. 

In Fig. 4 are given the variations of neutral lipid 
metabolism. Triacylglycerol displayed a biphasic 
response, with a small increase for low CPZ con- 
centrations, followed by a decrease at the highest 
drug concentrations. But differences were significant 
at 0.15 mM CPZ only. On the other hand, the radio- 
activity incorporated into diglycerides slightly 
increased in the presence of CPZ. 

Changes in phospho~ipid composition of CPZ-treated 
cells 

When considering the percentages of phospholipid 
composition, CPZ induced no significant changes of 
sphingomyelin + phosphatidylserine and cardioli- 
pin. On the other hand, phosphatidylcholine and 
phosphatidyIethanolamine were reduced (9 and 16% 
respectively, P < 0.001 according to Student’s t test), 
whereas phosphatidylglycerol and phosphatidic acid 
showed a counter-balancing increase. Phosphatidy- 
linositol content became somewhat higher. 

In order to obtain more quantitative data on these 
compositional changes, absolute amounts of 
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Table I. Amounts of phospholipids present in Krebs celts after a 3 hr-incubation with or without 
chlorpromazine (0.1 mM)* 

Phospholipids 

Sphingomyelin 
+ phosphatidylserine 

Phosphatidylinositol 
Phosphatidylcholine 
Phosphatidylethanolamine 
Phosphatidylglycerol 
Phosphatidic acid 
Cardiolipin 

Controls 

Mean S.D. 

Assays 

Mean S.D. Pt 

75.2 11.4 84 14 <O.Ol 
29.4 4.1 35 5.2 <O.Ol 
191 28.7 191 39.4 NS 
102.2 17.2 95.3 21.9 co.02 

5.8 2.4 19 3.4 <O.OOl 
6.25 1.9 19.6 3.x <0.001 
8.1 2.4 10.2 2 <0.02 

* Results are expressed in nmoles lipid phospho~s/lO’cells and are the means of 12 determinations. 
t Probability of significance according to Student’s paired r test. 

phospholipids were then measured. Total phospho- 
lipids were slightly increased: 422 -t 22 to 470 2 
25 nmoles/lO’cells (mean t: S.E.M). This difference 
was significant when using the paired t test. The data 
from Table 1 show that the concentrations of phos- 
phatidic acid and phosphatidylglycerol were three 
times higher in the assays. Moreover, phosphati- 
dylinositol, cardiolipin and sphingomyelin plus phos- 
phatidylse~ne also showed a slight increase. On the 
other hand, phosphatidylethanolamine slightly 
decreased whereas phosphatidylcholine displayed no 
variation. 

DISCUSSION 

The most important modifications of phospholipid 
metabolism observed in the present study are com- 
patible with an inhibition of phosphatidate phos- 
phohydrolase combined to a stimulation of phos- 
phatidate cytidylyltransferase reported by others and 
due to a direct complexation of the cationic amphi- 
philic drug CPZ with phosphatidate [9]. However, 
our results differ signi~cantly from those of Allan 
and Michell{4], who found an important stimulation 
of phosphatidylinositol biosynthesis in pig lympo- 
cytes under similar conditions. These discrepancies 
are observed by other authors [2,5] and might be 
due to differences existing between tissues or to 
variations in the incubation conditions. Freinkel et 
al. [5] suggested that free intracellular inositol could 
regulate the rate of phosphatidylinositol biosynthesis 
in rat pancreatic islets incubated with tetracaine. But 
under our conditions, we failed to find any specific 
stimulation by CPZ of phosphatidylinositol biosyn- 
thesis, in the presence of cold inositol. which also 
enhanced the labelling of the other anionic phospho- 
lipids. It should be noticed that tumoral transfor- 
mation could be accompanied by an increase of 
mitochondrial phosphatidylgiycerol synthesis, since 
Hostetler et al. [24] reported a 360 per cent increase 
of CTP: phosphatidic acid cytidylyltransferase 
activity in mitochondria from hepatoma 7777 com- 
pared to normal liver mitochondria. On the other 
hand, besides stimulating biosynthesis of anionic 
phospholipids, CPZ could also impair their turther 
transformation probably by complexation with them 
[25-291. 

This study also shows important differences 
between [32P]phosphate and [‘4C]glycerol incorpor- 
ations into phosphatidylethanolamine, with or with- 
out CPZ. As discussed by Waku et al. [30], a large 
part of phosphatidylethanolamine in Ehrlich cells 
are 1-alkenyl- or I-alkyl-species, whose synthesis 
could imply an exchange reaction of the phosphoryl- 
ated base, which might explain the higher labelling 
by “P compared to [“Cjglycerof. On the other hand, 
the Iack of inhibition of glycerol entry into phos- 
phatidylethanolamine by CPZ would suggest that 
phosphatidylethanolamine is synthesized through a 
phosphatidic acid pool (1-alkylated) which would 
have less affinity for CPZ. It is worthy of note that 
incorporation of [3H]glycerol into phosphatidyle- 
thanolamine of rat pineal gland was not depressed 
by 0.1 mM propranolol either [8]. The decrease of 
triglyceride biosynthesis induced by CPZ is also com- 
patible with an inhibition of phosphatidate phos- 
phohydrolase. It should also be noticed that digly- 
ceride labeiling was always found increased by CPZ. 
Similar results were reported by Brindley and Bow- 
ley [3] using derivatives of fenfluramine. As discussed 
by these authors, diglyceride utilization might be 
inhibited or a pool of diglycerides could originate 
from a metabolic pathway stimulated by amphi- 
phathic cationic drugs. 

Interestingly. these metabolic changes are fol- 
lowed by a rapid modification of the phospholipid 
composition of Krebs II ascites cells, the relative 
amounts of anionic phospholipids augmenting at the 
expense of zwitterionic phospholipids. However, as 
already mentioned, CPZ increases total phospho- 
lipids of Krebs cells, which is essentially due to the 
newly formed phosphatidylgIycero1 and phosphatidic 
acid. Consequently, when considering the absolute 
amounts of zwitterionic glycerophospholipids, no 
si~ificant changes are observed for phosphatidyl- 
choline and phosphatidylethanolamine, respectively. 
That would mean that the catabolism of phospha- 
tidylcholine and phosphatidylethanolamine is too 
low to obtain significant decrease of these phospho- 
lipids during the relatively short incubation times 
used in this study. Moreover, glycerophospholipid 
degradation could also be lowered under our con- 
ditions, since inhibition of phospholipases by cationic 
amphiphilic drugs has been reported [26-291. 
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An important question raised by the present study 
concerns the physiological consequences for tumor 
cells of the phospholipid changes induced by CPZ. 
The use of cationic amphipathic drugs could thus 
represent an interesting model for studying the coup- 
ling between phospholipid synthesis and cell growth. 
Further works are now in progress on cultured cells 
in this perspective. 
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