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Changes of Platelet Phospholipids in Diabetes Mellitus 
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Summary .  In  the present  s tudy  the p h o s p h o l i p i d  and  
fat ty  acid concen t ra t ion  o f  platelets has  been  meas-  
ured  in pat ients  with poo r ly  and  well cont ro l led  dia- 
betes  melli tus and  in cont ro l  subjects.  A n  increased  
p h o s p h a t i d y l e t h a n o l a m i n e  (p < 0.01) and  phospha t i -  
dylser ine (p < 0.001) conten t  ofp la te le ts  was f o u n d  in 
p o o r l y  control led  diabetes  as well as an  increased  
phospha t idy l se r ine  (p < 0.00l)  concen t ra t ion  in well 
cont ro l led  diabetes.  The  mos t  no tab le  changes  o f  
platelet  fat ty acids were a decreased  concen t ra t ion  
o f p a l m i t i c  ( 16 :0 ;  p < 0.01) and  l inoleic acid ( 1 8 : 2 ;  
p <: 0.001) in the p o o r l y  cont ro l led  diabetes as well as 
(/9 < 0.001) and  (p < 0.025) in the well cont ro l led  dia- 
betes,  respectively. Also,  an  increased  concen t ra t ion  
o f  a r ach idon ic  acid ( 2 0 : 4 ;  p < 0.001) was  f o u n d  in 
bo th  groups  o f  diabetics.  N o  differences were  f o u n d  
in phospho l i p id  concen t ra t ion  be tween  pat ients  with 
and  wi thout  vascular  diseases. 
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It is wide ly  recognised  that  the m a j o r  p rob lems  in dia- 
betes melli tus arise f r o m  the ins idiously  deve lop ing  
vascular  compl ica t ions ;  in addi t ion  to a t he roma tous  
changes  in the large vessels, diabetics are p r o n e  to 
deve lop  typical  lesions involving the small vessels in 
such  diverse tissues as the retina, the renal  g lomeru-  
lus, the muscles  and  the sk in .  

i t  is possible tha t  platelets p lay  an  impor t an t  role 
in the deve lopmen t  o f  a therosclerot ic  disease and  that  
platelets adher ing  to the vessel wall  and  aggregat ing  
with each o ther  represent  the initial events in t h rom-  
bus  fo rma t ion  [1, 2]. Fur the rmore ,  it is well d o c u m e n t -  
ed that  in diabetes melli tus platelet  func t ion  is abnor -  

mal  [3, 4] and  the activity o f  platelet  factor-3 is in- 
creased [51. 

Since platelet phospho l ip ids  par t ic ipate  in the 
coagu la t ion  process,  we set out  to investigate the pos-  
sible changes  o f  platelet  phospho l ip ids  in pat ients  
with diabetes melli tus in the well and  poo r ly  con-  
t rol led state. 

Subjects and Methods 

Subjects 

Sixty-one patients with diabetes mellitus were examined in this 
study and the results were compared with those obtained from 24 
healthy individuals. The patients were divided into the following 
two groups: 

Group A :Twenty-eight patients with well controlled diabetes melli- 
tus (aged 47~52 years with a mean age of 53 years) who were treated 
with a diet, oral hypoglycaemic agents or insulin. Eight had no 
signs of vascular complications, while 20 had one of the following 
complications: (a) microangiopathy (e. g. retinopathy, nephropa- 
thy), (b) large-vessel disease (e. g. history of myocardial infarction 
or cerebrovascular accident) or (c) peripheral neuropathy. 

The duration of diabetes in these patients was 12 ___ 6 years and 
the body weight exceeded the ideal body weight by 10.2 _+ 2.4% (all 
expressed as mean __. SD). Two patients were suffering from gall 
bladder disease. Any subject taking drugs other than insulin or oral 
hypoglycaemic agents were excluded from the study. Criteria for 
adequate control were: (a) The majority of blood glucose levels 
should be no more than 7.22 mmol/1 before meals. (b) Urine 
should be free from ketone bodies and (c) Seventy-five percent of 
blood glucose levels 2 h after meals should be no more than 
9.99 mmol/1. 

Group B: Thirty-three patients with diabetes mellitus in a poorly 
controlled state who required a change in their previous therapy, if 
any, were also studied (aged 44-63 years with a mean age of 55 
years). Six had no obvious signs of vascular disease, while the re- 
maining 27 had at least one of the vascular complications men- 
tioned above. None of these patients was in diabetic ketoacidosis. 
The duration of diabetes in this group was 16 __+ 8 years and the 
body weight exceeded the ideal body weight by 15.5 + 3.2%. Three 
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Table 1. Serum lipids and blood glucose concentration in subjects studied 
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Control subjects Well controlled Poorly controlled 
(C) diabetics (A) diabetics (B) 
(n-24) (n-28) (n-33) 

Comparison between groups 

A/C  A/B C/B 

Age (years) 49 • 6 53 • 4 
(range) 42 - -  67 47 - -  62 

Duration of 
symptoms (years) 12 • 6 
Excess body weight (%) 9.5 +_ 2.1 10.2 • 2.4 
Glucose (mmol/1) 5.06 • 0.33 6.82 • 0.60 
Triglyceride (mmol/1) 1.27 • 0.24 1.63 • 0.29 
Cholesterol (mmol/1) 5.87 • 0.85 5.97 • 0.8 
Phospholipids 

(mmol/l) 75.9 • 8.05 78.5 • 10.9 

5 4 + 8  
44 - -  63 

1 6 •  
15.5 ___ 3.2 
11.6 • 1.1 
1.95 • 0.39 
6.05 • 0.95 

80.17 + 11.59 

p < 0.001 p < 0.001 p < 0.001 
p < 0.001 p < 0.001 p < 0.001 
NS NS NS 

NS NS NS 

Results are expressed as mean _+ SD; NS = not significant 

patients were suffering from gall bladder disease and two patients 
from chronic obstructive pulmonary disease. 

Group C: This group consisted of the 24 healthy subjects (aged 
42-62 years with a mean age of 52 years) with a body weight which 
exceeded the ideal body weight by 9.5 • 2.1%. 

Procedures 

Blood samples were drawn early in the morning (between 0700 and 
0800 h) after an overnight fast, from an antecubital vein and were 
mixed immediately in siliconised capillary tubes with EDTA 
40 mmol/l  (Ph 7.24) 4 : 1 v/v. Samples were centrifuged at 90 x g 
(MSE, Mistral 6L) for 10 min at 4 ~ C. The supernatant platelet-rich 
plasma (two-thirds of the whole plasma volume) was obtained by 
gentle circular motion with a Pasteur pipette and centrifuged at 
4340 x g (Sorvall-RC2B) for 15 rain. The pellet was washed twice 
with 0.15 tool/1 NaC1. The platelet pellet was then analysed for to- 
tal lipids according to the method of Folch et al. [6]. A glass column 
(length: 20 cm; diameter: 0.5 cm) was packed with silicic acid 
(500 rag, 325 mesh, special for lipid chromatography, Bio-rad, Lab- 
oratories, Richmond, California) and was used for the separation 
of total lipids into neutral lipids (12 ml chloroform), glycolipids 
(26 ml of a mixture 1 : 2 (v/v) of acetone/methanol) and phospho- 
lipids (14 ml of a mixture 1 : 2 (v/v) of chloroform/methanol). 

The phospholipid fraction obtained was evaporated in a nitro- 
gen atmosphere and re-extracted using the same solutions. The 
phosphorus content of the total phospholipid fractions was esti- 
mated by the method of Bartlett [7]. Approximately 150-180 g of 
phospholipid was used for the separation of various phospholipid 
classes using two-dimensional thin-layer chromatography (pre- 
coated 10 x 10 cm silica gel G plates) based on the method of 
Kwiterovich et al. [8]. Generally the recovery for this method was 
90%-94%. The individual phospholipid spots were visualised as 
follows: the major phospholipid components were identified by 
spraying the chromatogram with HzSO4/H20 (1 : 1, V/V), and heat- 
ing to 160 ~ for 15 min and the phospholipid components con- 
taining ninhydrin-reacting residues were identified by spraying 
with a ninhydrin solution (5.6 mmol/1 ninhydrin-pyridine 3:1, 
v/v) and heating to 80 ~ for 12 rain. Each phospholipid class was 
analysed in duplicate by co-chromatography using commercial 
phospholipids as standards (Sigma, St Louis). The scraped off 
spots were digested immediately for phosphorus determinations 
according to Bartlett's method [7]. 

The main fatty acids were determined by gas-chromatography 
in the single platelet phospholipid fraction. The methyl esters of the 

platelet phospholipid fraction were prepared by conversion of fatty 
acids to methyl esters employing the method of Dodge and Phillips 
[91. 

The methyl esters were analysed by flame ionisation chroma- 
tography (Perkin Elmer 900 gas chromatograph) on a column 3% 
ethylene glycol succinate on chromosorb W at 180 o C. Highly pure 
nitrogen was used as a carrier gas. Peak identifications were made 
with reference to methyl esters commercially available and the 
peak areas were measured by triangulation. 

Serum total phospholipid content was determined by using the 
method of Bartlett [7]. Serum total cholesterol was estimated using 
the method of Henly as modified by Chiamori and Henry [10] and 
serum triglycerides by the method of Jovers [11]. 

All solvents used were redistilled and experiments were made 
in duplicate. Statistical analysis was carried out by Student's 't' test. 
The results are expressed as the mean of a value • standard devia- 
tion. 

Results 

Table 1 shows the mean values of blood glucose and 
serum lipids; the increase of triglycerides content in 
diabetic groups was statistically significant (t9 < 0.001 
for both groups). 

Table 2 shows the variations of platelet total phos- 
pholipids as well as the percentage distribution of in- 
dividual phospholipids in patients and control sub- 
jects. Total phospholipids were increased in both the 
diabetic groups (p < 0.01 for group A andp  < 0.001 
for group B). An increase in phosphatidylserine was 
found in patients with well controlled diabetes (p < 
0.001), while in subjects with poorly controlled dia- 
betes fractional increases were found in both phos- 
phatidylserine (p < 0.001) and phosphatidylethanol- 
amine (p < 0.01). Within the well controlled diabetic 
group, we observed no significant differences with re- 
spect to different treatment modal• Also, no dif- 
ferences in total and individual platelet phospholip- 
ids were observed between patients with and without 
vascular changes. Moreover a significant increase of 
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Table 2. Platelet phospholipid concentrations in diabetic patients and control subjects 

Phospholipid class Control subjects Well controlled Poorly controlled A/C A/B C/B 
(C) diabetics (A) diabetics (B) 

Total phospholipids 0.41 + 0.4 0.52 • 0.16 0.60 + 0.17 p < 0.01 p < 0.05 p < 0.001 
(mg/109 cells) 

Lysophosphatidylcholine 1.7 ___ 0.4 1.7 • 0.3 1.6 • 0.4 NS NS NS 
Phosphatidylcholine 38.4 _ 3.2 37.5 __+ 3.3 37.1 -_+ 3.2 NS NS NS 
Sphingomyelin 17.0 + 2.1 16.5 + 2.5 16.2 • 2.4 NS NS NS 
Phosphatidylinositol 9.1 + 1.0 9.0 + 1.3 8.6 + 1.2 NS NS NS 
Phosphatidylethanolamine 27.2 • 2.7 28.3 • 3.0 29.2 ___ 3.0 NS NS p < 0.01 
Phosphatidylserine 5.5 ___ 0.7 6.3 + 0.5 6.5 __+ 0.6 p < 0.001 NS p < 0.001 
Diphosphatidylglycerol 0.9 • 0.3 0.8 • 0.4 0.8 • 0.3 NS NS NS 

Results expressed as percentage of total phospholipid concentration (mean + SD). NS = not significant 

Table 3. Percentage concentrations of predominant fatty acids in total phospholipid fractions of the diabetic patients and control subjects 

Fatty acids a Control subjects (C) Well controlled Poorly controlled A/C A/B C/B 
diabetics (A) diabetics (B) 

14:0 1.0 ___ 0.2 1.1 _+ 0.2 1.2+ 0.2 NS NS NS 
16:0 21.2 + 1.2 19.9 ___ 1.0 19.5 ___ 1.1 p < 0.001 NS p < 0.001 
16:1 1.2 ___ 0.2 1.3 + 0.2 1.2 ___ 0.3 NS NS NS 
18:0 21.1 • 1.3 20.5 + 1.4 20.4 __. 1.3 NS NS p < 0.025 
18 : 1 19.1 + 1.0 19.0 • 0.9 19.4 • 1.1 NS NS NS 
18:2 7.3 • 0.7 6.9 • 0.6 6.5 _+ 0.6 p < 0.025 NS p < 0.001 
20:4 26.0 • 2.0 28.0 + 2.1 28.8 • 2.3 p < 0.001 NS p < 0.001 
Others 3.0 ___ 0.5 3.3 _+ 0.5 2.9 • 0.5 NS NS NS 

a Fatty acids are designated by number of carbon atoms: number of double bonds. Results expressed as mean ___ SD. NS = not significant 

total phospholipids was found in the poorly con- 
trolled patients compared with the well controlled 
group (p < 0.05). 

Table 3 depicts the concentration of the predom- 
inant phospholipids fatty acids of the platelets. The 
most notable changes in group A (well controlled di- 
abetics) were a decreased concentration of 16:0 (p < 
0.001) and 18:2 (p < 0.025) as well as an increase in 
20:4 (p < 0.001). In group B (poorly controlled dia- 
betics) a decreased concentration in 16:0 (p < 0.001), 
18:0 (p < 0.025) and 18:2 (p < 0.001) was observed 
together with an increased concentration in 20 : 4 (p < 
0.001) compared with control subjects. 

Discussion 

Autopsy and clinical studies have established that 
atherosclerosis and arterial occlusions are more com- 
mon in patients with diabetes mellitus than in non-di- 
abetic subjects [12-14]. Abnormal platelet function 
has been implicated in the pathogenesis of the arterial 
lesions; these abnormalities include an increased sen- 
sitivity to aggregating agents, increased platelet fac- 
tor-3 activity and increased adhesiveness [5, 15-17]. 

The present study shows that patients with dia- 
betes mellitus, in addition to having abnormalities in 

total plasma lipids, have changes in platelet total 
phospholipid content as well as in individual phos- 
pholipid classes. The increased concentration of 
platelet total phospholipids observed in this study 
could account for the increased release of coagula- 
tion-active phospholipids (platelet factor-3) that has 
been described in diabetes [5]. Moreover the increase 
in platelet phospholipids is higher in the group of the 
patients with poorly controlled diabetes. This obser- 
vation may reflect an increased platelet malfunction 
in these patients compared with those with well con- 
trolled diabetes, a fact that could explain the higher 
risk which poorly controlled diabetics have of devel- 
oping atherosclerotic lesions. In relation to the indi- 
vidual phospholipid classes, an increase in phos- 
phatidylserine concentration was observed in both 
diabetic groups as well as an increase in phosphati- 
dylethanolamine in poorly controlled diabetics. It is 
well known that these two phospholipids have a great 
significance for the clotting mechanism [18]. More- 
over phosphatidylethanolamine is related to the regu- 
lation of blood viscosity [19]. The above mentioned 
observation of the increased platelets phospholipids 
content is in agreement with the previous findings of 
Nordoy and Rodset [5] who noticed a moderate ab- 
solute increase of total phospholipid in platelets of 
patients with juvenile diabetes and maturity onset 
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diabetes. In their study the absolute amounts of 
the various phospholipids revealed an increase of 
phosphatidylserine in both groups and an additional 
increase in other main phospholipid fractions in the 
maturity onset groups, but the percentage distribution 
of the various fractions showed only in significant 
variations. It must be noted that all these patients 
were well controlled with approximately normal 
blood glucose levels at the time of testing. 

Another finding of the present study is the inde- 
pendence of platelet phospholipid abnormalities 
from the existence or non-existence of vascular com- 
plications. This observation supports the findings of 
other investigators who reported that platelet dys- 
function is also observed in diabetics without obvious 
vascular disease [3, 17]. The changes referred to above 
could be related partly to the possibly different die- 
tary intake of fatty acids. Of course, ideally the results 
should be compared with a control group taking a 
known diabetic diet. 

Halushka et al. [20] reported that platelets from 
patients suffering from diabetes mellitus show an in- 
creased synthesis ofprostaglandin E-like material fol- 
lowing exposure to small doses of ADP, adrenaline or 
collagen. This finding could be related to the patho- 
genesis of the abnormal sensitivity of these platelets to 
aggregating agents. The increased concentration of 
arachidonic acid (20 : 4) in platelet phospholipids ob- 
served in the present study could contribute to the in- 
creased synthesis of prostaglandins in diabetes. How- 
ever, an increased activity of phospholipase A in di- 
abetics cannot be excluded and further investigation 
is required to elucidate this point. 

Another important observation of the present 
study is the reduced concentration of linoleic acid 
(18:2) in patient groups. Fleischman et al. [21] have 
reported that a diet rich in linoleic acid (18:2) can im- 
prove the abnormal platelet aggregation found in di- 
abetics. Thus our finding of a decreased concentra- 
tion oflinoleic acid (18:2) could be of significance. 

There is no doubt that further investigation is re- 
quired to clarify the exact role of linoleic acid in plate- 
let function and to explore its possible use as a thera- 
peutic agent for the prevention of atherosclerosis in 
diabetes mellitus. 
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