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Recent studies suggest that insulin sensitivity is related to the fatty acid composition of phospholipids in skeletal muscle (SM)
membranes. Since it is difficult to obtain muscle biopsies, it may be useful to have information on the fatty acid composition
using more accessible cells such as erythrocytes. This would be possible only if the composition of erythrocyte and muscle
membranes are very similar. Since no comparative data are available, we evaluated the phospholipid fatty acid composition of
erythrocyte and SM membranes in 16 individuals, 10 nondiabetics (male to female ratio, 4:6; age, 50 = 11 years; body mass
index, 27 + 5 kg/m?; mean + SD) and 6 type 2 diabetic patients (male to female ratio, 2:4; age, 64 + 5 years; body mass index,
27 + 4 kg/m?2). All patients underwent abdominal surgery, during which a biopsy of the abdominal rectus muscle (50 to 100
mg) was obtained. Erythrocyte and SM phospholipid fatty acids were extracted and then methylated; the methyl fatty acids
were separated and quantified by gas chromatography. Compared with erythrocyte membranes, muscle membranes showed
a significantly higher proportion of »-6 polyunsaturated fatty acid ([PUFA] 43.0% = 3.1% v 29.7% = 1.6%, P < .001) and lower
saturated fatty acid ([SFA] 41.1% =+ 1.5% v 43.4% * 1.2%, P < .001), monounsaturated fatty acid ((MUFA] 11.5% =+ 1.7% v
20.0% = 1.9%, P < .001), and ®-3 PUFA (3.8% * 0.6% v 7.4% * 1.0%, P < .001). The greatest increase involved linoleic acid
(26.9% = 2.8% v 10.3% * 1.6%, P < .001), whereas lignoceric acid (0.8% = 0.2% v 5.0% =% 0.6%, P < .001) and oleic acid
(10.4% = 1.6% v13.5% = 1.3%, P < .001) were significantly lower. These results show that erythrocyte and muscle membrane
phospholipid fatty acids are significantly different. Therefore, data on SM membranes cannot be extrapolated on the basis of
measures of erythrocyte phospholipid fatty acid composition.
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ECENT STUDIES indicate that peripheral insulin sensitiv- SUBJECTS AND METHODS
ity can be influenced by the dietary fatty acid composi- patients

tion and consequently by the phospholipid fatty acid composi-

tion of Skeleta! mqsclg (SM) membranes. StUdleS. in' e and 6 type 2 diabetic patients according to the World Health Organiza-

shown thata.dl.et rich in-3 pollyun.saturgted fatty acids (PU,FA) _tion classification) requiring abdominal surgery participated in the

has _a_ t_)en_Ef'C'al effect on insulin res'Stance and that 'nsu"rétudy. Patients with neoplasms, cachexia, severe infection, jaundice, or

sensitivity is strongly related to the proportion of SM phospho-severe cardiovascular disease were excluded from the study. Diabetic

lipid long-chainw-3 fatty acids. The few studies in humans have subjects were treated with diet alone #r2) or diet plus glucose-

shown, on one hand, a positive relationship between insulifowering medications (s 4) and were in good metabolic control. The

sensitivity and the percentage of phospholipid long-chain PUFAprotocol was approved by the Ethics Committee of Federico II

in SM membranés® and, on the other hand, an inverse University (Naples, Italy).

relationship with the percentage of saturated fatty acids (3FA). )

Since cellular membrane fatty acids are derived from theBiological Samples

plasma pool of fatty acids—which itself derives mainly from  The day before surgery, fasting blood samples were collected to

dietary fats—it may be hypothesized that all cellular mem-evaluate serum cholesterol, triglycerides, and high-density lipoprotein

branes have a similar fatty acid composition. Since it is difficult (HDL) cholesterol, plasma glucose and insulin, and erythrocyte fatty

to obtain SM specimens, it would be easier to study moreacid composition. During surgery, specimens (50 to 100 mg) of the

accessible cells such as red blood cells (RBCs). This hypothes%‘bdominal r_ectus muscle were also obtained from each subj_ect. P_acked

must be validated by comparative data, which are not currentl;}?BCS’ obtained from EDTA-Kvenous bIO.Od samples after isolating

. . . the plasma and buffy coat, were immediately frozen-80°C after

available. Therefore, the aim of this study was to compare the =~ = X
. . addition of 5 uL/mL butylated hydroxytoluene 2% (BHT) in methanol

membrane fgtty acid compc_)smon of S_M and RBCs. As a(wtlvol) + N6 Skeletal muscle samples were washed in a saline

secondary aim, we also tried to verify whether the SM g5ytion and immediately stored inylit —80°C until analysis.

membrane fatty acid composition is related to indices of insulin

sensitivity, as previously reportéd. Assays

After provision of informed consent, 16 subjects (10 nondiabetics

Serum total cholesterol and triglycerides were analyzed on a Cobas
Mira (Roche, Basel, Switzerland) analyzer with enzymatic colorimetric
From the Department of Clinical and Experimental Medicine, Fourth methods using commercially available kits (Boehringer, Mannheim,
Division of General Surgery, Emergency Unit, Seventh Division of Germany).8 HDL cholesterol was evaluated after precipitation of all
General Surgery, and Second Division of General Surgery, Federico llother lipoprotein classes with phosphotungstate sodium and magnesium
University Medical School, Naples, Italy. chloride?® Blood glucose was evaluated with the enzymatic glucose-
Submitted October 7, 1999; accepted March 10, 2000. hexokinase method (Roch¥)insulin was evaluated using a radioimmu-
Reprint requests to Lucrezia Di Marino, DSc, Department of Clinical nologic method (Technogenetics, Milan, Italy).
and Experimental Medicine, Federico Il University Medical School, Via Membrane phospholipid fatty acid.Specimens of muscle (30 to 50

Sergio Pansini 5-80131 Naples, Italy. mg) were homogenated in a chloroform:methanol (2:1 vol/vol) and
Copyright© 2000 by W.B. Saunders Company BHT 0.01% (wt/vol) ice-cold solution, and total lipids were extracted
0026-0495/00/4909-0016$10.00/0 by the Folch procedur®. Phospholipids were then isolated by thin-
doi:10.1053/meta.2000.8616 layer chromatographd Two hundred microliters of RBCs were
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hemolyzed with distilled water, and total lipids were extracted with the Table 2. Fatty Acid Composition of RBCs and SM Cells
same procedure as for muscle samples. Both muscle and erythrocyte (%, mean = SD)
phospholipids were transmethylated with 1 mL benzene and 5 mL 2% Fatty Acid RECs SM Cells
H,SO, in methanol at 65° to 70°C for 18 hodfs the fatty acid

Palmitic acid C16:0 225 +1.0 22714

methylesters (FAMEs) were then extracted withexane.

Both muscle and erythrocyte FAMEs were separated and measured Stearic acid C18:0 13408 163+ 1.6%
on a Hewlett-Packard (Palo Alto, CA) 5890 gas chromatograph Behenicacid C22:0 19=x02 0.7+0.1*
equipped with a 30-m Omegawax 320 capillary column (Supelco, Lignoceric acid C24:0 50+ 0.6 0.8+ 0.2%
Bellefonte, PA). Dried helium was used as a carrier gas (linear velocity, Total SFA 43.4x12 411 +£15*

24 cm/s; split ratio, RBCs 30:1 and SM 5:1). The initial column temperature  Palmitoleic acid C16:1 -7 07+02 10=+02*
was 200°C for 18 minutes and the increase rate was 1°C/min until 215°C for ©Oleic acid C18:1 w-9 135+13 104 = 1.6*
10 minutes. The temperature was 250°C at the injection port and 260°C at the Nervonic acid C24:1 »-9 55+ 1.0 NF*

hydrogen flame ionization detector. Fatty acids were identified by Total MUFA 200+19  115+17*
comparing their retention times against those of the Supelco standard Linoleic acid C18:2 »-6 103+16 269 =*2.8*

mixtures (PUFA, GLC 1100, and rapeseed oil). Arachidonic acid C20:4 w-6 141+ 1.0 12.7 = 2.0t
All RBC and SM samples were examined in triplicate. A coefficient ~ Docosatetraenoic acid C22:4 o-6 28x06 0.9 02"
of variation (CV) less than 3% was accepted for fatty acids at concentrations Pocosapentaenoic acid C225w-6  04=01 03 =01~
greater than 5%; for lower concentrations5% and<1%), a CV less Total PUFA o-6 297+16  430x3.1*
than 5% and less than 10%, respectively, was accepted. Eicosapentaenoic acid C20:5 -3 05x0.2 05+01
Docosapentaenoic acid C22:5 -3 1.6 +0.2 1.2 +0.2*
Statistical Ana_lysis Docosahexaenoic acid C22:6 »-3 52+ 0.9 1.9 = 0.6*
Total PUFA -3 74+10 3.8 = 0.6

Results for fatty acids are expressed as a percentage of total fatty
acids. Differences between SM and erythrocytes were evaluated using Abbreviation: NF, not found.
thet test for paired dat& Furthermore, linear regression analysis was ~*P < .001, 1P < .01, SM vRBCs.
used to evaluate the possible relationship between muscle fatty acids

and insulin resistance, evaluated as both fasting serum insulin an%oncentrations of linoleic acid (10.3%1.6% v 26.9%+ 2.8%
homeostasis model assessment (HONA). . e e
( ) P <.001). Also for this class of fatty acids, RBCs are characterized
RESULTS by higher concentrations of long-chain fatty acids (docosatetrae-
- - . . noic and docosapentaenoic acid) compared with SM cells.
The clinical characteristics of the subjects are shown in Table There were nc? significant corr)elatio%s between the percent-

1. There were no significant differences in the 2 groups, . . . . .
. . . " ~"age of fatty acids largely present in SM and insulin resistance
although diabetic patients tended to be older and to have higher LS - .
) . evaluated as fasting insulin and as HOMA, both in the study
serum cholesterol, triglycerides, and plasma glucose. All data

concerning SM and RBC fatty acid composition for diabetic bopulation as a whole (Table 3) and in the 2 groups (diabetic

and nondiabetic patients were completely superimpasable, an%nd nondiabetic patients) considered separately (data not shown).

they were therefore considered as 1 group. The content of total DISCUSSION
SFA was higher in RBCs versus SM cells (43.494.2% v
41.1%=+ 1.5%,P < .001; Table 2). This was mostly due to an
increase in long-chain SFA (behenic and lignoceric acid). Tota
monounsaturated fatty acids (MUFAs) were higher in RBCs
than in SM cells (20.0%: 1.9%vV 11.5%=* 1.7%,P < .001);

the increase involving mainly oleic and nervonic acid (Table 2).
Total w-3 PUFAs were significantly higher in RBCs versus SM

This study clearly demonstrates that the fatty acid composi-
Ition of RBC and SM membrane phospholipids is significantly
different. The former are characterized by significantly lower
concentrations ab-6 PUFAs, mainly due to a reduction of linoleic
acid by almost one third. On the other hand, compared with SM,

cells (7.4%=* 1.0%vV 3.8% = 0.6%, P < .001) due to signifi- Table 3. Simple Linear Correlations (r) Between SM Fatty Acids
cant enrichment in long-chain fatty acids (docosapentaenoic and Indices of Insulin Resistance

and docosahexaenoic acid). SM Fatty Acid Fasting Serum Insulin HOMA
A significant reduction ofw-6 PUFA was found in RBCs SFA o1 030
compared with SM cells (29.7% 1.6% v 43.0%=* 3.1%, C16:0 045 — 042
P < .001), which is mostly accounted for by significantly lower c18:0 —.004 124
MUFA —.065 .093
Table 1. Characteristics of the Participants (mean = SD) C16:1 -7 093 -150
C18:1 -9 -.077 .082
Characteristic Controls Type 2 Diabetics -6 PUFA 008 —.080
No. of subjects 10 6 C18:2 .108 —.064
Male/female ratio 4/6 2/4 C20:3 .384 .396
Age (yr) 50 = 11 64 =5 C20:4 —.236 —.153
BMI (kg/m?) 27+5 27+ 4 Cc22:4 167 .260
Fasting plasma glucose (mmol/L) 55+11 6.7+ 1.8 C22:5 .136 .168
Plasma insulin (nU/mL) 83 10+5 -3 PUFA —.054 —.104
Serum cholesterol (mmol/L) 53+1.6 6.4+ 1.0 C20:5 —.030 —-.031
Serum triglycerides (mmol/L) 15+0.7 19+11 C22:5 177 181

HDL cholesterol (mmol/L) 1.1+0.3 1.1 +0.2 C22:6 —-.106 —-.160
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RBC membranes have a higher concentration of long-chairsimilar in RBCs and SM. Therefore, RBC composition may be
fatty acids &18C) in SFA, MUFA, and»-3 or w-6, PUFA. considered a satisfactory index of SM composition only for
Since the fatty acids of different membranes of the body arehese 2 fatty acids.
derived from the same pool of fatty acids, ie, plasma—which Concerning the secondary aim of the study, we did not
itself derives mainly from dietary fats—the clear differences in gpserve any relation between SM fatty acids and indices of
the fatty acid composition of RBCs and SM cells found in this jnsylin resistance (both fasting plasma insulin and HOMA).
study were unexpected. These data imply that the uptake of fatty hjs result is in disagreement with the few data in the literature.
acids from the plasma pool is specific for different tissue typesas 5 matter of fact, other studies show an inverse relationship

and depends on their function. Recently, it has been shown thafeyyeen the percentage of palmitic acid in the SM and insulin
there are different families of fatty acid-binding proteins in qongjsivity in the elderly. Furthermore, they show a direct

huma_ns, with differing ability to bind fatty QC'd.S' More Spe?'f'f correlation between insulin sensitivity and the percentage of
cally, it has been shown that the fatty acid—binding protein NbyFAs in the muscle of both normal and insulin-resistant
muscles is able to bind a greater amount of some fatty acids

. . : . . . . Subjects (affected by coronary heart disedse).
including linoleic acid, compared with the same protein of . .

. I . . . Such differences could be due to the fact that the relation
hepatic origint”1® These differences could explain the in-

creased content of linoleic acid in SM in our study. between SFA and PUFA and insulin sensitivity may be evident
Moreover, the differences in fatty acid composition be'[weenonly in populations with a high dietary intake of these fatty

RBCs and SM cells may also be due, at least in part, to thé®Cids- In our population, the dietary intake of both SFA and
different phospholipid composition of these 2 types of cells. InPUFA is lower versus Australian and Scandinavian popula-
act, RBCs are richer in sphingomyelin, which preferentially esteri-tions? Therefore, at least at these low levels, SFA and PUFA
fies long-chain fatty acids, while SM cells are richer in cardiolipin, M@y not be important for the regulation of insulin action.
which instead preferentially esterifies linoleic a&id? However, it would be important to study a larger number of
Whatever the explanation for the variations between RBCP€Ople with a much more variable fatty acid intake.
and SM fatty acids, our results clearly demonstrate many In conclusion, our study clearly demonstrates that the RBC
differences in RBC and SM fatty acid composition, and thus,membrane fatty acid composition is not a valid index of the
SM membrane composition cannot be studied using the moréatty acid composition of SM membranes. Therefore, further
accessible RBCs. This conclusion may be less valid for 2 fattystudies to evaluate the possible relationship between membrane
acids, palmitic and eicosapentaenoic, whose content is vergomposition and insulin action should use SM cells directly.
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