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Summary 

The composition of phospholipids and phos- 
pholipid fatty acids in isolated rat serous fluid 
mast cells was analyzed by thin layer 
chromatography, gas-liquid chromatography 
and mass spectrometry. The phospholipids con- 
stituted about 50% of the mast cell lipids and 
phosphatidylethanolamine, phosphatidylserine, 
phosphatidylinositol, phosphatidylcholine, 
sphingomyelin and lysophosphatidylcholine were 
identified. The phosphatidylethanolamine frac- 
tion contained aldehydes and the highest prop- 
ortion of unsaturated fatty acids. Sphingomyelin 
contained predominantly saturated fatty acids 
whereas the ratio unsaturated fatty acids: satu- 
rated fatty acids for the other phospholipids was 
more close to 1. 

Introduction 

Biologically active acidic lipids, e.g. slow react- 
ing substance (SRS) ''2 and prostaglandins 3'4'~ 
appear on histamine release in a variety of 
animal tissues. The prostaglandins are biosyn- 
thetized from polyunsaturated C 20-acids 6'7 split 
off from the 2-position of phospholipids 8'9 by a 
hydrolytic enzyme, probably of phospholipase A 
nature l°. The chemical identity of SRS remains, 
however, to be disclosed. As the prostaglandins, 
SRS is an unsaturated hydroxy acid 1'. It has 
been suggested that the formation of SRS is a 
consequence of the activation of a mast cell 
phospholipase 2. If such an enzyme were in- 
volved in the histamine release process it might 

be possible to demonstrate the appearance of 
split products from the hydrolysis during the 
release. 

The present study was undertaken as part of 
the approach to test this hypothesis. In this 
paper we report  the composition of phos- 
pholipids and phospholipid fatty acids in iso- 
lated rat mast cells. 

Materials and Methods 

Preparation of mast cells 
Sprague-Dawley rats were fed on a diet of rat 
pellets nr 213 (Anticimex, Sollentuna, Sweden) 
and water. Mast cells from peritoneal and 
pleural cavities of male rats weighing 350-450 g 
were isolated by gradient centrifugation on 
Ficoll (AB Pharmacia, Uppsala, Sweden) 12. The 
cells were washed three times with an isotonic 
saline solution containing 10% (v/v) of 
S6rensens phosphate buffer (Na2HPO4 + 
KH2PO4, 67 mM), pH 7.0 and human serum 
albumin 1 mg/ml (AB Kabi, Stockholm, Swe- 
den). They were suspended in saline solution, 
counted in a B/irker chamber and then used 
immediately or stored frozen at - 2 0  ° . Before 
lipid extraction the mast cell suspension (1.5- 
3.0 x 106 mast cells/ml) was diluted with 0.5 vol 
of water and sonicated for 1 rain at 8 W using a 
MSE ultrasonicator. The number of mast cells 
isolated, as calculated per rat, was 1.9+0.3 x 
106 (Mean±SD,  n =  16). 

Lipid extraction 
The sonicated mast cells, suspended in 0.6% 
NaC1, were extracted with chloroform:methanol  
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(2 : 1), containing 2txg tocopherol/ml (Merck, 
Darmstadt, Germany) as an anti-oxidant 13. The 
filtered extract (20 ml/ml of mast cell suspen- 
sion) was washed with 0.2 vol of 0.6% NaC1 in 
a separatory funnel. The phases were allowed to 
separate at 4. °C overnight and for 1 hr at room 
temperature.  The lower phase was evaporated 
to dryness and dried to constant weight in a 
vacuum desiccator. 

Determination of cholesterol and lipid phosphorus 
Cholesterol was determined in duplicates (100- 
250/xg) of the lipid extract TM. Lipid phosphorus 
was determined by the method of BARTLETT 15. 

Column chromatography 
The lipid extract (0.5-1.0 mg) was dissolved in 
chloroform and applied on a 0.5 g silicic acid 
(100 mesh, Mallinckrodt, St Louis, USA) col- 
umn prepared in the same solvent. The non- 
polar lipids were eluted with 15 ml of 
chloroform and the polar lipids with 20 ml of 
methanol. 

Thin layer chromatography (TLC) 
Glass plates (0.4 x 20 x 20 cm) were coated with 
a 0.3 mm thick layer of Silica gel H (Merck, 
Darmstadt,  Germany) (20 g/45 ml of 1 mM 
Na2CO3), washed by development in 
methanol :e ther  (80:20) and activated at 115 °C 
for 1 hr before use. Aliquots ( - 5 0 0  txg) of the 
original lipid extract and reference phos- 
pholipids were app'ied as bands using mic- 
ropipettes. The chromato-plates were placed in 
glass jars and developed at room temperature 
until the solvent front had reached 16 cm. The 
solvent system used for phospholipid fractiona- 
tion was chloroform : methanol : glacial acetic 
acid :water (50 : 30 : 8 : 4) containing 20 txg 
tocopherol/m116. The spots were outlined by the 
use of iodine vapour. When the iodine had 
evaporated they were scraped off and trans- 
ferred to tubes. The phospholipids were eluted 
from the Silica gel as described by SK1PSKY 16. 

When phospholipids were fractionated to 
analyze the fatty acid composition, 1-3 mg of 
the lipid extract was applied on the chromato- 
plates. The spots were detected under UV-light 
after spraying the plates with 2,7- 
dichlorofluorescein (33.3 rag/100 ml 2 mM 
NaOH).  
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Preparation of fatty acid methylesters 

(a) Phospholipids from column chromatography 
The methanol fraction was evaporated to dry- 
ness. The residue was subjected to esterification 
in 1.0 ml of 1 M K O H  in methanol under nitrogen in 
stoppered test tubes kept at 37°C for 1 hr. One 
ml of 2 M HC1 was added and the fatty acid 
methylesters were extracted with 10 ml of n- 
heptane. After washing twice with 1 ml of 
water, the n-heptane was evaporated to dryness 
under nitrogen. The residue was dissolved in 
100 p.1 n-heptane before gas chromatographic 
analysis. 

(b) Phospholipids from TLC 
The phospholipid spots and corresponding con- 
trols of Silica gel were scraped off and trans- 
ferred to 10 ml ampoules. Two ml of 14% boron 
trifluoride in methanol complex (Merck, Darm- 
stadt, Germany) was added and the ampoules 
were flushed with nitrogen, sealed and heated in 
a boiling water bath for 30 or 90 min (sphing- 
omyelin fraction) 17. The ampoules were cooled, 
opened and 4 ml of n-heptane with 2 txg 
tocopherol/ml was added followed by 2 ml of 
water, or 5 M NaOH for the determinations of 
the dimethylacetals, added dropwise with stir- 
ring at 0 °C. After centrifugation the upper 
phase was collected and the extraction was 
repeated with 2 ml of n-heptane. The combined 
heptane phases were evaporated under nitrogen 
and redissolved in 100/xl n-heptane before gas 
chromatographic analysis. 

Gas-liquid chromatography ( GLC)- mass spec- 
trometry 
Gas-liquid chromatography was performed 
using a Hewlett Packard model 402 gas 
chromatograph equipped with a hydrogen flame 
ionization detector. Glass U-tube columns 
(4 ram× 1.8 m) with 8% EGSS-X on 100-120 
mesh Gaschrom Q (Applied Science Lab. Inc., 
USA) or 1% SE-30 on 100-120 mesh Gas- 
chrom Q were used. When using 8% EGSS-X, 
the column temperature was programmed from 
125-210°C at a rate of 5 °C/rain with a 5 rain 
isothermal delay. The 1% SE-30 column temp- 
erature was programmed from 160-235 ° at the 
same rate and delay. The temperature was kept 
at limit for about 10 min and the nitrogen flow 
rate was about 30 ml/min. The methylesters of 7 



saturated and 10 unsaturated fatty acids listed 
below were used as reference standards. The 
fatty acid methylesters of the mast cell phos- 
pholipids were identified either by comparing 
their retention times with those of the reference 
compounds on the two columns or by combined 
gas chromatographic and mass spectrometric 
analysis using a LKB 9000 mass spectrometer 
linked to a Pye gas chromatograph equipped 
with an 1% SE-30 column under the same 
conditions as given above. The relative reten- 
tion times related to heptodecanoic acid were 
also calculated. Quantitative measurements 
were made by calculating the peak areas ac- 
cording to the "peak height x width at half 
peak"  method or occasionally by triangulation. 

Phospholipid references 
Phosphatidylethanolamine (Brain extract type 
V), phosphatidylserine (Brain extract type III) 
and sphingomyelin from bovine brain were 
purchased from Sigma Chemical Company, St. 
Louis, USA. Phosphatidylinositol, Na-salt from 
bovine brain, was from Koch-Light Lab. Ltd., 
Colnbrook, England. Phosphatidylcholine and 
lysophosphatidylcholine from egg were obtained 
from Sigma Chemical Company, St. Louis, 
USA. 

Fatty acid standards 
Myristic (14:0),  palm±tic (16:0), heptadecanoic 
(17:0),  stearic (18:0),  arachidic (20:0), be- 
henic (22:0) and lignoceric (24:0) acid were 
obtained from Applied Science Lab. Inc., State 
College, P.A., USA and the methylesters were 
prepared with diazometan. The methylesters of 
palmitoleic (16:11), oleic (18:1),  linolenic 
(18 : 3), cis-5-eicosaenoic (20: 1), 11,14-eicosa- 
dienoic (20 : 2), arachidonic (20 : 4), erucic 
(22 : 1), 4,7,10,13,16,19-decosahexaenoic (22 : 6) 
and nervonic acid (24 : 1) were from the same 
source. Chloroform and methanol were of 
analytical grade, n-Heptane of analytical grade 
was red±stilled before use. 

Abbreviations: PE = phosphatidylethanolamine; 
PS = phosphatidylserine; 
PI = phosphatidylinositol; 

PC = phosphatidylcholine; 
SM = sphingomyelin; 

LPC = lysophosphatidylcholine; 

Results and Discussion 

Lipid composition of rat mast cells 
The content of total lipids, phospholipids and 
cholesterol in rat mast cells was determined in 8 
experiments. Total lipid content was 79.1+ 
13.7 txg/106 mast cells. This is in agreement 
with previous data where the lipid content of 
isolated rat peritoneal mast cells was calculated 
to be 85 picograms per cell corresponding to 
18% of the dry weight '8. The phospholipids 
constituted 41 .4± 5.3/xg/106 mast cells. Choles- 
terol and cholesterol esters amounted to 8.8 ± 
2.6/xg/10 6 mast cells (mean iS .D . ) .  

Composition of rat mast cell phospholipids 
The composition of the phospholipids was 
studied in 4 experiments. Table 1 shows the 
phospholipids of rat mast cells calculated as 
percentages of the total lipid phosphorus. The 
phospholipids separated and identified were PE 
(Rf = 0.83), PS (Rf = 0.68), PI (Rf = 0.62), PC 
(Rf = 0.43), SM (Rf = 0.25) and LPC (Rf = 
0.12). PS and PI were not distinctly separated 
except in one experiment so they have been 
determined together. 

Fatty acid composition of mast cell phospholipids 
The distribution of the fatty acids in the 
phospholipid fraction is presented in Table 2. The 
table is based on data from 6 experiments 
obtained by using the 8% EGSS-X column. 
This column gave the best resolution of the 
fatty acids. The phospholipids contained rela- 
tively more unsaturated fatty acids than satu- 
rate d fatty acids. Palm±tic and stearic acid were 
the predominant saturated fatty acids. 

Table 1 

Composition of rat mast cell phospholipids 

Percentage 
Phospholipid (Mean S.D.) 

Phosphatidylethanolamine 26.7 3.3 
Phosphatidylserine + 16.1 2.0 

phosphatidylinositol 
Phosphatidylcholine 29.6 1.3 
Sphingomyelin 19.8 2.2 
Lysophosphatidylcholine 2.1 0.3 
Front 4.7 1.3 
Origin 1.0 0.7 
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Table 2 

Fatty acid composit ion of mast  cell phospholipids and individual phospholipid fractions 

Fatty acid distribution (%) 

Total phospholipid 
bat ty  acid (Mean S.D.) PE PS + PI PC SM 

16:0  D M A *  2.2 0.6 
16 :0  16.1 1.4 9.8 3.7 27.3 
16:1  0.9 0.4 
18 :0  D M A *  2.7 0.3 
18 :0  24.0 3.8 25.1 42.3 23.0 
18 : 1 14.3 1.7 15.4 23.3 18.6 
18 :2  8.6 1.2 5.8 3.9 11.0 
20 : 0, 20 : 1 0.9 0.2 1.6 1.5 
20 :2  1.3 0.4 1.5 1.4 
20 :3  1.6 0.3 1.9 6.1"~ 2.0 
20 :4  18.2 2.5 23.2 11.5 13.6 
2 2 : 0  
2 2 : 4  4.8 0.6 8.8 5.4 1.8 
22 : 5, 22 : 6 1.7 014 2.2 4.0 
24 :0  
24 : 1 2.8 0.5 
Unidentified 4.7 

18.0 

27.1 
12.7 
2.2 
7.35 

5.4 

3.6 
23.8 

* D M A  = dimethyl acetal, tentatively identified. 
t Contains some C 20:2.  
:~ C 20:0  only. 
Abbreviat ions:  PE = phosphat idylethanolamine;  

PS = phosphatidylserine;  
PI = phosphatidylinositol;  

PC = phosphatidylcholine; 
SM = sphingomyelin;  

LPC = lysophosphatidylcholine; 

Arachidonic acid comprised nearly 20%, oleic 
acid about 15% and linoleic acid almost 10% of 
the total phospholipid fatty acids. 

Fatty acid composition of individual phospholipid 
fractions 
The distribution of fatty acids in the individual 
phospholipids from 4 experiments is given in 
Table 2. The amounts of LPC available did not 
permit accurate analysis. Notable are the differ- 
ences in the content of palmitic, stearic, linoleic, 
arachidonic and polyunsaturated C22-acids. PE 
contained the highest amount of polyunsatu- 
rated fatty acids and had alow content of mono-  
unsaturated fatty acids. In one experiment an 
at tempt was made to determine the dimethyl- 
acetals (DMA) of this fraction. The dimethyl- 
acetals were tentatively identified as 16:0 D M A  
and 18:0 D M A  and constituted about 15% of 
the PE fatty adds.  Stearic and arachidonic acid 

were the major fatty acids in this fraction. The 
PI + PS fraction contained three predominant 
fatty acids namely stearic, oleic and arachidonic 
acid. As PE, this combined fraction had a high 
content of C22-polyenoic acids. It also con- 
tained the highest amount  of eicosatrienoic acid. 
PC contained the highest amount of palmitic 
acid found. Except for the presence of 
arachidonic and linoleic acid the content of 
polyunsaturated fatty acids in this fraction was 
small. SM contained lignoceric and nervonic 
acid which were not detected in any of the 
other  fractions. 

The ratios between saturated and unsaturated 
fatty acids are presented in Table 3: It can be 
seen that the ratio approximates 1.0 for PC 
while PE contains unsaturated fatty acids to a 
higher extent thus giving a low ratio. The 
PI + PS fraction gives the same ratio as the total 
phospholipid fraction which was in between the 
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Table 3 

Ratios between saturated fatty acids and unsaturated fatty acids in mast cell phospholipids 

Saturated Unsaturated A 
Phospholipid fatty acids (A) fatty acids (B) B 

Phosphatidylethanolamine 35.7 59.6 0.60 
Phosphatidylserine + 46.0 54.2 0.85 

phosphatidylinositol 
Phosphatidylcboline 50.3 49.9 1.01 
Sphingomyelin 61.4 38.7 1.59 
Total phospholipid 45.9 54.2 0.85 

fraction 

former two. The  fatty acids of SM were essen- 
tially sa tura ted  or m o n o u n s a t u r a t e d  and  accord- 
ingly the rat io was high compared  to the o ther  
fractions.  

Da ta  are now available on  the phosphol ip id  
compos i t ion  of a variety of isolated cells e.g. 
h u m a n  blood cells, rat  erythrocytes,  mouse  
fibroblasts and  bov ine  m a m m a r y  cells 19-24. In  

compar i son  the presen t  data  on  the composi t ion  
of the mast  cell phosphol ipids  show similarit ies 

with that  of h u m a n  blood cells. 

Acknowledgements 

This work was suppor ted  by grants f rom the 
Swedish Medical  Research Counci l  (project No 
K 7 3 - 1 4 X - 3 7 7 4 )  and  Magnus  Bergvall 's  founda-  
tion. 

Reterences 

1. Brocklehurst, W. E., J. Physiol. (Lond.) 151,416-435, 
1960. 

2. Chakravarty, N., H6gberg, B. and Uvniis, B., 45, 
255=270, 1959. 

3. Piper, P. J. and Vane, J. R., Nature (Lond.) 223, 29-35, 
1969. 

4..~ngg~rd, E. and Strandberg, K., Acta physiol, scand. 
82, 333-344, 1971. 

5. Piper, P. J. and Walker, L. J., Br. J. Pharmacol. 47, 
291-304, 1973. 

6. Bergstr6m, S., Danielsson, H. and Samuelsson, B., 
Biochim. Biophys. Acta 90, 207-210, 1964. 

7. Van Dorp, D. A., Beerthius, R. K., Nugteren, D. H. 
and Vonkemann, H., Biochim. Biophys. Acta 90, 
204-207, 1964. 

8. Lands, W. E. M. and Samuelsson, B., Biochim. 
Biophys. Acta 164, 426-429, 1968. 

9. Vonkemann, H. and van Dorp, D. A., Bioehim. 
Biophys. Aeta 164, 430-432, 1968. 

10. Kunze, H. and Vogt, W., Ann. N.Y. Acad. Sci. 180, 
123-125, 1971. 

11. Strandberg, K. and Uvn~is, B., Acta physiol, scand. 82, 
358-374, 1971. 

12. Thon, I. L. and Uvniis, B., Acta physiol, stand. 71, 
303-315, 1967. 

13. Folch, J., Lees, M. and Sloane Stanley, G. H., J. Biol. 
Chem. 226,497-509, 1957. 

14. Knobil, E., Hagney, M. G., Wilder, E. J. and Briggs, F. 
N., Proc, Soc. Exp. Biol. Med. 87, 48-50, 1954. 

15. Bartlett, G. R., J. Biol. Chem. 234, 466-468, 1959. 
16. Skipsky, V. P., Peterson, R. F. and Barclay, M., 

Biochem. J. 90, 374-378, 1964. 
17. Morrison, W. R. and Smith, L. M., J. Lipid Res. 5, 

600-608, 1964. 
18. Diamant, B. and Lowry, O. H., J. Histochem. 

Cytochem. 14, 519-524, 1966. 
19. Nord6y, A. and Lund, S., Seand. J. Clin. Lab. Invest. 

22,328-338, 1968. 
20. Dodge, J. T. and Phillips, G. B., J. Lipid Res. 8, 

667-675, 1967. 
21. Gotffried, E. L., J. Lipid Res. 8,321-327, 1967. 
22. Nelson, G. J., Biochim, Biophys. Acta 144,221-232, 

1967. 
23. Weinstein, D. B., Marsh, J. B., Glick, M. C. and 

Warren, L., J. Biol. Chem. 244, 4103-4111, 1969. 
24. Kinsella, J. E. and McCarthy, R. D., Biochim. Biophys. 

Acta 164, 530-539, 1968. 

107 


