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Summary. In addition to their usual diet, nine Type 1 (insu-
lin-dependent) diabetic men and ten male control subjects
took 20 g d,a-tocopheryl acetate enriched evening primrose
oil (14.45g 18:2¢c,w6, 1.73 g 18:3c,w6, 400 mg d,x-toco-
pheryl acetate) daily for one week. At start, diabetic patients
had more 14:0, 15:0 and 18:2c,w6, and less 16:0, 16:1¢c,w7,
18:1c,w7, 18:3c,w6, 20:3c,w9, 20:3c,w6, 20:4c,w6 and
22:6¢,w3 in plasma, erythrocytes and/or platelets. Further-
more, they had lower 16:1¢,07/16:0, 18:1¢,07/16:0, and
20:4c,w6/20:3¢,06 ratios and a higher 20:3¢,w6/18:3c,w6
ratio. In diabetic patients, a-tocopherol levels in erythrocytes
were lower, whereas those in plasma were normal. In both
groups, oil intake changed fatty acid profiles. Most marked-
ly, 20:3c,w6 increased, whereas the ratios 20:3c,06/
18:3¢,w6 and 20:4¢,w6/20:3¢c,w6 decreased. 20:4¢,w6 in-
creased in control subjects, but not in diabetic patients.
Erythrocytes and platelets responded differently in their fatty
acid profiles. a-tocopherol rose in plasma and, although less
for diabetic patients, in erythrocytes. In diabetic patients as

well as in control subjects, erythrocyte count, haemoglobin
level, mean corpuscular haemoglobin content and concentra-
tion increased and glycosylated haemoglobin percentage de-
creased without an apparent decline in blood glucose levels.
Plasma f-thromboglobulin and platelet factor 4 decreased,
especially in diabetic patients. In conclusion, diabetic pat-
ients had abnormal fatty acid patterns, suggesting an im-
paired A9, A6 and A 5 desaturation and an enhanced chain-
elongation, and had lower erythrocyte a-tocopherol levels;
and short-term high dose intake of evening primrose oil in-
creased 20:3c,06 in both groups, but 20:4c,w6 only in con-
trol subjects, gave fatty acid responses which were different
for erythrocytes and platelets, enhanced erythropoiesis, and
lowered indices of in vivo platelet activation.

Key words: Type 1 (insulin-dependent) diabetes mellitus,
evening primrose oil, fatty acids, a-tocopherol, erythropoie-
sis, platelet function.

Certain dietary fatty acids have a favourable influence
on the pathogenesis of the long-term complications of
diabetes mellitus. For example, intake of sardine oil
normalises lowered membrane fluidity of erythro-
cytes [1] and use of cod-liver oil [2] or linoleic acid
(18:2¢,6) enriched diet [3] corrects disturbed platelet
aggregation. Both oils are rich in eicosapentaenoic acid
(20:5¢,03) and docosahexaenoic acid (22:6¢,w3). Fur-
thermore, a 18:2¢,w6-rich diet was reported to inhibit
the progression of diabetic retinopathy [4, 5]; and
supplementation with evening primrose oil (EPO),
which especially contains gamma-linolenic acid
(18:3c,w6) in addition to a large amount of 18:2¢,w6,
has been suggested to improve diabetic neuropathy
[6].

Abnormal fatty acid compositions are found in
plasma lipids [7, 8], erythrocytes [7, 8], platelets [8, 91
and adipose tissue [10] of patients with Type 1 (insulin-
dependent) diabetes mellitus. An increased level of

18:2¢,w6 [8, 9] along with decreased levels of its me-
tabolites 18:3¢,w6 [7, 9] and dihomo-gamma-linolenic
acid (20:3c,w6) [8, 9] suggests an impaired activity of
the enzyme A 6 desaturase, as has been shown in in
vitro and in vivo experiments with insulin deficient rats
[11, 12}

The present study was designed to evaluate the ef-
fect of dietary 18:3c,w6 supplementation on the fatty
acid composition of plasma-, erythrocyte- and platelet
lipids from Type 1 diabetic patients by administration
of EPO. Additionally, plasma- and erythrocyte ¢-toco-
pherol levels were determined, as patients with Type 1
diabetes mellitus are reported to have abnormalities in
vitamin E metabolism [13] and the EPO containing
capsules were enriched with a-tocopheryl acetate. To
minimise potential influences due to, amongst others,
changes in diabetic control, dietary habits and life
style, we performed a short-term supplementation
study with a relatively high dose of the oil.
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Table 1. Individual characteristics of the Type 1 (insulin-dependent) diabetic men

Patient Age Diabetes BMI Initial Insulin dose (U)
i 2 Hb - : -
1o (years) 21;1::;)0 n (kg/m?) 5/3)3 morning evening total daily
N 1 S 1 dose
1 41 5 231 6.6 8 18 2 12 40
2 29 3 21.7 7.8 10 12 6 - 28
3 28 4 214 75 46°
4 22 3 219 9.5 14 16 14 - 44
5 21 8 242 83 18 42 5 1 76
[ 22 0.3 209 8.5 6 20 - - 26
7 21 3 2541 9.0 340
8 30 10 20.0 73 14 46 14 4 78
9 50 15 243 93 13 29 - - 42

BMI: body mass index (weight/height?); GsHb: glycosylated haemoglobin; S: short-acting insulin; I: intermediate-acting insulin
2 range in control subjects 5.8-6.6%; ® treated by continuous subcutaneous insulin infusion duting 13 months; ¢ treated by continuous subcu-

taneous insulin infusion during 20 months

Subjects and methods

Diabetic patients and control subjects

Nine Type 1 diabetic men of whom the individual characteristics are
shown in Table 1, and ten apparently healthy male members of the
hospital staff (aged 24-54 years, median 30 years) were studied. All
diabetic patients were ketosis-prone. None of them had nephropa-
thy, proliferative retinopathy or other relevant disease. The groups
did not differ for body weight (control subjects: 65.5-85.7 kg, medi-
an 76.2 kg) and body mass index (control subjects: 20.0-26.3 kg/m?,
median 22.8 kg/m?%). All participants in the study denied smoking,
excessive alcohol intake and the use of any medication.

Protocol

During one week, each participant took twice daily 10 g EPO, that
was enriched with 20 mg/g d,a-tocopheryl acetate (Efamol, Efamol
Itd., London, UK). The fatty acid composition of the oil by our own
analysis was: 14:0, 0.06; 16:0, 6.99; 18:0, 1.64; 20:0, 0.23; 22:0,
0.06; 16:1c,07, 0.07; 18:1c,w9, 8.94; 18:1c,w7, 0.72; 20:1c,w9,
0.14; 18:2¢c,w6, 72.40; 18:3c,wb6, 8.74 (mol/100 mol). The partici-
pants were asked not to change their dietary habits and usual alco-
hol intake during the period of EPO intake and the week thereafter.
At the end of the EPO use period, a small increase in body weight
was found in the group of control subjects (median increase 0.4 kg,
p<0.05).

The protocol was approved by the medical ethical committee of
the hospital. Written informed consent was obtained from every par-
ticipant.

Methods

At the start and at the end of the EPO intake period, and at one
week thereafter, venous blood samples with and without EDTA and
heparine as anticoagulant were collected without occlusion 1-3 h af-
ter breakfast. On the day before blood sampling, the diabetic pat-
ients collected fingerprick samples for blood glucose measurements
at 03.00 hours, 07.00 hours (fasting), 1.5h after breakfast,
11.00 hours, 1.5 h after lunch, 17.00 hours, 1.5 h after dinner, and at
23.00 hours.

EDTA-anticoagulated blood served for the isolation of platelet-
poor plasma, platelets and erythrocytes and for the preparation of
blood cell profiles that were made by a Coulter Counter Model S-
plus IV (Coulter Electronics Ltd., Luton, Bedfordshire, UK) at least
1 h after venipuncture [14]. Ten ml samples were centrifuged at 250 g
for 10 min. The platelet-rich plasma was collected and recentrifuged

for 10 min at 1500 g. The supernatant (platelet-poor plasma) was re-
moved and the platelet-pellet was washed three times with 2 ml of
0.9% sodium chloride solution. The erythrocytes were washed three
times with 5 ml 0.9% sodium chloride solution. After each centrifu-
gation at 800 g for 10 min, the buffy coat was removed as completely
as possible. The erythrocytes were finally resuspended to a haema--
tocrit of about 50%, and counted in a Coulter Counter Model S-
plus IV. Fatty acid profiles of plasma, the erythrocyte suspension
(approximately 50%) and the whole platelet-pellet were performed
by a previously described capillary gas chromatographic method
[15], using an apolar stationary phase. For technical reasons 23:0,
24:0, and 24:1¢,w9 could not reliably be analysed. a-tocopherol in
plasma and vitamin E in erythrocyte suspension were determined by
high performance liquid chromatography with fluorescence detec-
tion [16, 17]. As the qualitatively and quantitatively major part of vi-
tamin E in erythrocytes is ¢-tocopherol [18), vitamin E is referred to
in the text as a-tocopherol. S-thromboglobulin and platelet factor 4
were measured in platelet-poor plasma by radicimmunoassay
(Amersham, Buckinghamshire, UK, and Abbott Laboratories, North
Chicago, I1l, USA, respectively). Fructosamine concentrations were
determined in plasma [19] with a Muiltistat I1I (Instrumentation Lab-
oratory, Spokane, Wash, USA). The reagent was carbonate buffer
(0.1 mol/1, pH 10.35) containing 0.25 mmol/] nitroblue tetrazolium
chloride. Protein-based standards and control sera were obtained
from Instruchemie BV, Hilversum, The Netherlands.

Heparine-anticoagulated blood was used for the measurement of
glycosylated haemoglobin by a colorimetric method [20].

Serum was prepared from venous blood by centrifugation at
1500 g for 10 min. Serum parameters of renal and liver function, and
the concentrations of cholesterol and triglycerides were measured by
a Sequential Multiple Analyzer Plus Computer (SMA-C, Technicon,
Tarrytown, NY, USA). Serum levels of free T, and thyroid stimulat-
ing hormone were determined by radioimmunoassay tests (Amer-
sham International plc, Amersham, UK).

Statistical analysis

Statistical analyses were performed by Wilcoxon two sided rank sum
test for paired and unpaired data; pvalues<0.05 were considered
significant. Linear regression line parameters were calculated ac-
cording to Deming [21].

Results
Fatty acid compositions

The fatty acid profiles before, at the end of one week
EPO intake and at one week thereafter are given in



578 J.J.van Doormaal et al.: Evening primrose oil in Type 1 (insulin-dependent) diabetes mellitus

Table 2. Relative amounts (median values) of plasma fatty acids
from Type 1 diabetic men and healthy male control subjects at the
start (A), at the end of a one week period of evening primrose oil in-
take (B), and at one week thereafter (C)

Table 3. Relative amounts (median values) of erythrocyte fatty acids
from Type 1 diabetic men and healthy male control subjects at the
start (A), at the end of a one week period of evening primrose oil in-
take (B), and at one week thereafter (C)

Fa.tty Diabetic patients (rn=9) Control subjects (rn=10) Fatty Diabetic patients (#=9) Control subjects (n =10)
acids A B C A B c acids A B C A B c
(mol/100 mol) (mol/100 mol)

ZSFA 3288 3244 3417° 3214 3231 3285 JSFA 4638 4573 4650 4530 4562  46.735°
14:0 103 095  1.64° 103 109  1.28¢p 14:0 054 032 058 031 032 064
15:0 039 037 0449 034 033 036 15:0 038 026 035 027 027  033br
16:0 2253 2237 23647 2270 2223 2292 16:0 2457 2224 2484 23.64 2346 2535°
18:0 766 767 748 745 758 732 18:0 1819 1947° 1816 1846 1826 17.63%°
20:0 027 025 025 028 030 027 20:0 049 050  0.48 051 050 049
22:0 087 084 0.6 083 080 085 22:0 228 2448 230 246 238  2234r
IMUFA 2078 17.06° 2079° 2392 1975 2274 SMUFA 1406 1474 1461 1537 1476° 15.01°
16:1c,07 1298 117 144 186 137 2.00° 18:1c,09 1198  11.92° 11.81° 1243 1182 1239
18:1c,09 1723  14.16° 1734 1881 1577 17.86" 18:1c.07 1970 208  1.69 227 219 2.00
184,07 190 174 175 256 232 256 20:1c,09 028 030 030 028 027 028
20:1c09 018 016 018 023 015 015 ZPUFA 3884 4004 3848 3970 4006 39.18%
SPUFA 4645 4856 44.60° 4363 47570 43.49° 18:2c,06 13859 1322 1313 1165 1188  11.96
18:2c,06 37.50F 3929 36447 3275 3588 3245 18:3c,06  tr tr tr vt tr
18:3c,06 0267 0.80° 033" 048 1070 048 20:2c06 029 033 029 031 030 028
20:2c,06 023 021 021 029 0226 021 20:3c,09 031 034 025 036 029  026°
20:3c,09 009  007° 008 019  011°  0.13° 20:3c06 163 184 184 162 1720 168
20:3c,06 0945 145 1267 134 1679 1448 20:4c,06  13.54H 1451 1380 1466 1501 14,53
20:4c,06 496" 448 438 588 688 6.0 20:5c,03 038 037 034 047 048 049
20:5c,03 031 028 029 050 037 048 Vide,w6 293 305 2.96 316 317 3.01°P
2:4c06 015 017 0415 019 019 020 2:5c06 041 041 0.42 045 0445 042°
2:5c,06 008 008 008 010 009 0.0 Niscw3 245 243 238 249 242 2320
2:5c,03 048 042 044 052 051 053 N:6c,w3  301° 304 307 390 380  3.69
22:6c,03 119 108 102 124 117 124 SFAc,w6 3283 3355 3287 3263 3292 3177
IFAC,w6 4415 46500 4270° 4073 45660 41137 SFAc,03 568 594 598 696 657 647
SFAcw3 204 197 186 226 198 227

ZSFA, total saturated fatty acids; YMUFA, total monounsaturated
fatty acids; ZPUFA, total polyunsaturated fatty acids; XYFAc,6, to-
tal w6 fatty acids; XYFAc,w3, total 3 fatty acids.

p-value diabetic patients versus control subjects: £ p<0.02; Hp<
0.002

p-value B or C versus A: * p<0.05;° p<0.02; ° p<0.01; ¢ p <0.002
p-value C versus B: P p <0.05; 4 p<0.02; " p<0.01; 5 p <0.002

median values for plasma in Table 2, for erythrocytes
in Table 3 and for platelets in Table 4. In the erythro-
cyte fatty acid compositions, expressed in absolute
amounts, some significant (p < 0.05) changes were not-
ed, which were not accompanied by corresponding
changes in relative amounts. From the start to the end
of the EPO intake period, and subsequently until one
week thereafter, these alterations were in median val-
ues (nmol/ 108 cells) for the control group: in total fatty
acids: 58.97 to 56.33 to 56.86 (p <0.01 versus at the
start), in total saturated fatty acids: 26.95 t0 25.72 (p <
0.05) to 26.47 (p<0.02 versus at the start), in 18:0:
10.89 to 10.88 to 10.17 (p <0.02 versus at the start, and
versus at one week EPO use), and in total monounsat-
urated fatty acids: 8.44 to 8.43 to 8.24 (p <0.01 versus
at the start). For the diabetic group, the following
changes were found in 20:4c,w6: 8.29 to 8.46 to 8.18
(p <0.05 versus at one week EPO use). In the diabetic
group, inverse linear correlations were observed be-
tween glycosylated haemoglobin levels and erythrocyte

XSFA, total saturated fatty acids; XMUFA, total monounsaturated
fatty acids; JPUFA, total polyunsaturated fatty acids; YFAc,w6, to-
tal w6 fatty acids; ZFAc,w3, total 3 fatty acids; tr, trace amount.
p-value diabetic patients versus control subjects: P p<0.05; S p<
0.005; ¥ p<0.002; ! p<0.001

p-value B or Cversus A:? p<0.05;° p<0.02;° p<0.01; ¢ p<0.002
p-value C versus B: P p<0.05; 4 p<0.02; T p <0.01; 5 p <0.002

18:2c,w6 contents (for absolute amounts r= —0.72,
p<0.05; for relative amounts r=—0.59, 0.05<p<
0.10), as well as between glycosylated haemoglobin
levels and plasma 18:2¢c,w6 levels (r=—0.66, 0.05<
p <0.10). The median values of desaturase and chain-
elongation product/precursor ratios and the essential
fatty acid status ratio 20:3¢,09/20:4c,06 [22] in plas-
ma, erythrocytes and platelets are shown in Table 5.

c-tocopherol

The individual -tocopherol levels in erythrocytes be-
fore, at the end of one week EPO intake and at one
week thereafter are depicted in Figure 1 (median val-
ues for diabetic patients: 4.17 to 4.72 to 4.63 nmol/10'°
cells, and for control subjects: 547 to 6.86 to
5.95 nmol/10'® cells). The absolute and relative in-
creases at the end of one week EPO use were less in
the diabetic patients than in the control subjects (p <
0.01 and p <0.05, respectively). The a-tocopherol con-
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centration in plasma was increased at the end of one
week EPO intake and returned to base-line level at one
week thereafter (median values for diabetic patients:
23 to 47 (p <0.01) to 23 umol/1 (p <0.01), and for con-

Table 4. Relative amounts (median values) of platelet fatty acids
from Type 1 diabetic men and healthy male control subjects at the
start (A), at the end of a one week period of evening primrose oil in-
take (B), and at one week thereafter (C)

Fatty Diabetic patients (n=9) Control subjects (n=10)
acids A B C A B C
(mol/100 mol)

XSFA 4299 4099 4336 4391 40344 43.39%°
14:0 0.56 0.37 1.23 0.84 025¢ 122
16:0 17.48° 1692 1822 19.32  14.65¢ 18.52¢
18:0 1955 1961  19.09 119.09° 1913 19.06
20:0 1.72 1.63 1.66 153 1.69° 138
22:0 3.49 3.39 3.25 338 362 3.00
IMUFA 1728 1741 17.56 17.68 1739 1746
18:1c,09 1483 1497 14.88 1510 1457 1471
18:1c,07 1.53 1.61 1.60 1.81  1.88 1.86
20:1¢c,09 0.66 0.62 0.70 0.58 0.64 0.54
ZPUFA 3942 3979 3945 38.44 43179  40.25%°
18:2c,06  11.03F 13.64 9.901 9.16 1137° 9.51¢
18:3¢,06 0.10 032° 0.21 tr 0.34° 020
18:3c,@3 0.44 0.53 047 051 045 0.86*4
20:2¢,06 041° 044 0.46 031 035 0.33
20:3¢,09 0.18 0.15 0.18 019 015 0.4
20:3c,06 1.27 1.68*  1.68 123 1.539 1338
20:4c,06 2025 19.07 2068 21.74 2223  21.69
22:4c,06 191 1.98 2.01 198 2300 205
22:5¢,06 0.18 0.19 0.19 019 020 0.18
22:5¢,w3 1.52 1.49 1.46 154 174 1.56%
22:6¢,03 1.38 135 1.31 150 141 142
2FAc,06 3639 3587 3559 35.02 3945 36318
2FAc,w3 3.39 3.61 3.61 370 3.83 3.86

ZSFA, total saturated fatty acids; XMUFA, total monounsaturated
fatty acids; ZPUFA, total polyunsaturated fatty acids; SFAc,06, to-
tal w6 fatty acids; XFAc,w3, total @3 fatty acids; tr, trace amount.
p-value diabetic patients versus controls: P p<0.05; F p <0.01
p-value B or C versus A:* p<0.05;° p<0.02; ° p<0.01; ¢ p <0.002
p-value C versus B: 4 p<0.01; * p<0.002

trol subjects: 24 to 48 (p<0.01) to 29 pmol/1 (p<
0.01)).

Peripheral blood cell profiles

The median values in erythrocyte counts, its indices
and reticulocyte promillages are given in Table 6. Eryth-
rocyte a-tocopherol content is correlated with mean
corpuscular volume (r=0.56, 0.05<p<0.10), mean
corpuscular haemoglobin and mean corpuscular hae-
moglobin concentration in the control group (Fig.2),
but not in the diabetic group (r=-—0.04, r=—0.15,
r= —0.14, respectively).

«~-tocopherol in erythrocytes {nmol /1010cells)
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Fig.1. a-Tocopherol levels in erythrocytes for nine Type 1 (insulin-
dependent) diabetic men and ten healthy male control subjects be-
fore (A), after evening primrose oil intake during one week (B) and
one week thereafter (C). One sample from the group of the control
subjects at B is lacking

Fig.2. Correlation between mean
corpuscular haemoglobin contents
(MCH; a) and mean corpuscular
haemoglobin concentrations
(MCHC; b) and a-tocopherol levels
in erythrocytes from ten healthy
male control subjects at the start of
the study. Linear regression lines
and correlation coefficients are
y=0.4046x—6.32 and 0.78 (p <
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Table 5. Median values of desaturase and chain-elongation product/precursor ratios and essential fatty acid status parameters in plasma,
erythrocytes and platelets from Type 1 diabetic men and healthy male control subjects at the start (A), at the end of a one week period of even-
ing primrose oil intake (B), at one week thereafter (C)

Compartments Molar ratios Diabetic patients (n=9) Control subjects (n=10)
A B C A B C
Plasma 16:1c,07/16:0 ¢} 0.055% 0.052 0.060 0.082 0.063° 0.086"
18:1¢,09/18:0 1) 218 1.85° 227 2.66 2.144 2.52
18:1c,w7/16:0 2 0.081 0.078¢ 0.076 0.107 0.100 0.113
18:3c,w6/18:2¢c,06 (3) 0.006! 0.020° 0.009>" 0.015 0.0309 0.0157
20:3c,06/18:2c,w6 (4) 0.028¢ 0.037¢ 0.036" 0.038 0.044¢ 0.043F
20:4¢,06/20:3c,06 (5) 4.63 3.06° 4.3261 4.70 3.88¢ 451"
22:5¢,w6/22:4c,06 (6) 0.526 0.492 0.538° 0.520 0.456* 0.541"
22:6¢,03/22:5¢,m3 (6) 2.67 2.76 2.35 2.5 222 2.53
18:1c,w7/16:1c,07 (7) 1.48 1.51 1.64 1.18 1.40¢ 1.194
20:3¢c,06/18:3¢c,06 (7) 4.30H 1.72¢ 2.98" 2.74 1.55¢ 3.05%¢
22:4¢,06/20:4c,06 (7) 0.034 0.032 0.034 0.033 0.029 0.032
22:5¢,w3/20:5¢c,03 (7) 1.57 217 1.55 1.07 1.43 111
20:3¢,09/20:4c,w6 (8) 0.025P 0.015b 0.019 0.032 0.017¢ 0.021°
Erythrocytes 18:1¢c,w9/18:0 ] 0.654 0.647° 0.648P 0.692 0.666% 0.713
18:1c,w7/16:0 ?) 0.082E 0.091 0.070 0.099 0.091 0.079*
20:3c,w6/18:2¢c,06 (4) 0.124 0.139¢ 0.128° 0.137 0.148° 0.140°
20:4¢,06/20:3c,06 (5) 8.11P 7.22¢ 7.21 9.06 8.852 8.80
22:5¢,w6/22:4c,06 (6) 0.141 0.140 0.140 0.142 0.141° 0.144
22:6¢,w3/22:5¢,w3 (6) 1.35 1.32 1.35¢ 1.57 1.58 1.59"
22:4¢,w6/20:4c,06 (7) 0.213 0216 0.214° 0.205 0.209 0.204%4
22:5¢,w3/20:5¢,03 (7) 6.26 6.93b 6.41 5.10 5.41 5.04
20:3¢,09/20:4c,06 (8) 0.022 0.022 0.019 0.025 0.020 0.017°
Platelets 18:1c,09/18:0 Q) 0.759 0.758 0.758 0.793 0.794 0.782
18:1c,07/16:0 2) 0.093 0.103 0.091 0.094 0.124¢ 0.110%"
18:3¢c,w6/18:2c,w6 (3) 0.008 0.028¢ 0.019 tr 0.029¢ 0.022
20:3¢c,06/18:2¢c,06 (4) 0.102 0.164 0.180 0.129 0.134 0.136
20:4¢,w6/20:3c,06 (5) 15.87 11.83° 12.46>7 16.84 13.864 16.207
22:5¢,w6/22:4c,06 (6) 0.092 0.093 0.100 0.097 0.098 0.098
22:6¢,w3/22:5¢,03 (6) 0.973 0.947 0.964 0.921 0.987 1.000
20:3c,w6/18:3c,06 (7) 14.50 5.75¢ 8.36 >11.00 4.62° 773
22:4¢,w6/20:4¢c,06 (7) 0.093 0.097 0.101 0.091 0.102¢ 0.098°
20:3¢,09/20:4c,06 (8) 0.008 0.009 0.009 0.011 0.007¢ 0.007

tr, trace amount

ratios representing: 1, A9 desaturase; 2, A9 desaturase + chain-elongation; 3, A6 desaturase; 4, A6 desaturase + chain-elongation; 5, A5 desat-
urase; 6, A4 desaturase; 7, chain-elongation; 8, parameter for essential fatty acid status.

p-value diabetic patients versus controls: © p <0.05; £ p <0.02; ¢ p <0.005; # p <0.002; ' p<0.001

p-value B or C versus A: * p<0.05; b p<0.02; ¢ p<0.01; ¢ p<0.002

p-value C versus B: P p<0.05; 9 p<0.02; " p<0.01; * p <0.002

In the diabetic group, mean platelet volume in-
creased after one week EPO use and decreased there-
after (median values: 9.0 to 9.3 (p<0.05) t0 9.1 11 (p<
0.05). In the control group, polymorphonuclear leuko-
cyte count was increased at one week after EPO intake
(median values: 3.0 to 3.6 to 3.4 x 10°/1 (p <0.02 versus
at the start)). No other changes were found for platelet
counts, its indices, total leukocyte counts and differen-
tiations.

Platelet function

Platelet factor 4 level in plasma was decreased after
one week EPO use and returned to base-line level at
one week thereafter (median values for diabetic pat-
ients: 18.6 to 8.9 (p <0.02) to 16.5 ng/1 (p <0.01), and
for control subjects: 16.1 to 9.3 (0.05<p<0.10) to

13.7 ng/1). Plasma B-thromboglobulin demonstrated a
similar pattern. Its changes were only significant in the
diabetic group {median values for patients: 55.3 to 34.4
(p <0.05) to 51.6 ng/1 (p <0.01) and for control sub-
jects: 52.9 to 40.1 to 48.2 ng/1). At the start of the study,
no differences were found in these two platelet func-
tion parameters between the diabetic patients and the
control subjects.

Parameters of diabetic control

Parameters of diabetic control are given as median val-
ues in Table 6.

Other laboratory tests

At the start of the study, differences between the dia-
betic and the control group were demonstrated for the
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Table 6. Median values of some-haematological tests and parameters of diabetic control from Type 1 diabetic men and healthy male conirol
subjects at the start (A), at the end of a one week period of evening primrose oil intake (B) and at one week thereafter (C)

Diabetic patients (n =9)

Control subjects (n=10)

A B C A B C
ery count (102/1) 4.82 4.90° 4.97° 4.76 4.95° 4.86¢
Hb (g/1) 140 146° 14659 139 145° 1459
MCV 89.0 88.8 88.7 90.5 904 90.8
MCH (pg) 28.8 289 29457 297 2.6 30.0°
MCHC (g/) 324 322 331ar 326 325 333¢r
reticulocytes (%oo) 6 6 6 3 12 5
GsHb (%) 8.3 8.3 7.6° 6.1 6.0° 5.8%
fructosamine (mmol/1) 2.55' 242 247 210 2.05 2,022
glucose (mmol/1) (1) 10.3¢ 13.7 114 5.1 43 4.6
ghacose (mmol/1} 2) 8.89 8.42 8.27 ND ND ND

ery, erﬁhrocﬂe; Hb, haemoglobin; MCV, mean corpuscular volume; MCH, mean corpuscular haemoglobin; MCHC, mean corpuscular hae-
moglobin concentration; GsHb, glycosylated haemoglobin. 1, venous blood glucose; 2, mean capillary blood glucose calculated from 24 h pro-

files on the day before venous blood sampling; ND, not done.

p-value diabetic patients versus control subjects: © p <0.005; ! p <0.001

p-value B or C versus A: ® p<0.05;° p<0.02; ° p<0.01; ¢ p<0.002
p-value C versus B: 7 p<0.05, " p<0.01

serum concentrations of urea (patients: 4.9-7.8 mmol/1,
median 6.3 mmol/1; control subjects: 4.2-6.8 mmol/],
median 5.3 mmol/l, p<0.05), creatinine (patients:
63-89 umol/l, median: 78 umol/1; control subjects:
78-100 pmol/l, median: 89 pmol/l, p<0.005), total
protein (patients: 62-70 g/1, median: 64 g/1; control
subjects: 64-76 g/1, median: 69 g/1, p <0.05), albumin
(patients: 41-44 g/1, median 42 g/1; control subjects:
41-49 g/1, median 45 g/1, p <0.02), alkaline phospha-
tase (patients: 61-78 U/1, median 77 U/1; control sub-
jects: 40-73 U/1, median 56 U/, p<0.02) and free Ty
‘(patients: 10.1-16.4 pmol/1, median: 13.2 pmol/1; con-
trol subjects: 12.9-16.9 pmol/], median: 15.8 pmol/1,
p <0.02). The serum concentration of thyroid stimulat-
ing hormone did not differ between both groups. From
one week of EPO use to one week thereafter a slight
decrease in serum levels was observed for total protein
in both groups (median value in the group of the pat-
ients from 66 to 65 g/1, p <0.02, and in that of the con-
trol subjects from 71 to 69 g/1, p <0.05), and for albu-
min and alkaline phosphatase in the diabetic patients
(median from 43 to 42 g/1, p<0.05, and from 80 to
73 U/1, p <0.02, respectively).

Discussion

This study shows that Type 1 diabetic men differ from
healthy male control subjects for plasma and cellular
fatty acid patterns and erythrocyte a-tocopherol levels.
Furthermore, it describes the effects of short-term in-
take of a considerable amount of a@-tocopherol en-
riched EPO on a variety of biochemical tests and on
parameters for erythropoiesis, platelet function and
diabetic control in both groups.

Faity acids

Before EPO supplementation, the group of Type 1 dia-
betic patients had abnormal fatty acid patterns in plas-
ma, erythrocytes and platelets (Table 2), consistent
with those reported in the literature [7-9]. These abnor-
mal profiles as well as the abnormal desaturase and
chain-elongation product/precursor ratios (Table 5)
may reflect diminished activity of the A9, A6 and AS
desaturase enzymes due to insulin deficiency, as has
been shown in in vitro and in vivo studies in diabetic
rats [11, 12, 23, 24]. The elevated 18:2c,w6 content in
all three compartments might be due to the impaired
activity of A6 desaturase by hormonal derangement.
However, the lower plasma 20:3¢,09/20:4c,@w6 ratio,
that is considered to be a reliable parameter of the es:
sential fatty acid status under normal circumstances
[22], but not in certain pathological conditions [25-27],
points to a possibly higher dietary 18:2c,w6 intake in
the diabetic group. In contrast to others [8], we found a
negative correlation between erythrocyte 18:2c¢,06
contents and glycosylated haemoglobin levels, for
which we have no explanation.

Evening primrose oil contains a high amount of
18:2¢c,06 (72.40 mol/100 mol) and some 18:3c,w6
(8.74 mol/100 mol). The latter is normally a quantita-
tively minor dietary constituent. Roughly estimated,
the total dietary intake of 18:2c,w6 was doubled by
the guantity of the EPO supplementation, used in our
study. Conceivably, the intake of this oil led to an in-
crease of both fatty acids and total w6 fatty acids, and
to a fall in the 20:3¢,09/20:4¢,w6 ratios. The level of
20:3c,w6 increased in all compartmenis of both
groups, suggesting partial metabolisation of the sup-
plemented 18:3c,w6 by chain-elongation, as has also
been found in other studies in man [28-30]. However,
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an increase of 20:4c,w6 was only found in the plasma
compartment of the control group. This finding, along
with the decrease in the chain-elongation product/pre-
cursor ratio 20:3¢,w6/18:3¢c,w6 and the A5 desatu-
rasc product/precursor ratio 20:4c,w6/20:3c,m6,
found in all compartments in both diabetic patients
and control subjects, points to the probable existence
of regulatory mechanisms, that maintain tissue 20:4c,
@6 content constantly. This hypothesis is consistent
with data from studies in animals with essential fatty
acid deficiency [31], in man during different feeding
regimens [32-34] and in several human pathological
conditions [27, 35]. Apparently, the lowered 20:4c,w6
level in plasma and erythrocytes in diabetic patients
cannot be corrected by EPO administration. Likewise,
supplementation by 6 g EPO daily during 8 weeks in
Type 2 (non-insulin-dependent) diabetic patients, lead-
ing to an even larger increase of 20:3c,w6 in erythro-
cytes and platelets than was seen in our study, did not
augment the 20:4c,w6 level in these cells [29]. The re-
fractoriness of 20:4c,w6 to oral supplementation with
its w6 precursors in diabetes mellitus has also been
shown by an experiment in which daily intake of 1g
20:3c,w6 for 3 weeks enhanced 20:4c,w6 content in
erythrocytes from healthy volunteers, but not in those
from Type 1 diabetic patients [36]. However, 20:4c,w6
deficiency in tissue lipids of genetically diabetic mice
was shown to be corrected by dietary EPO supplemen-
tation [37). Therefore, it seems important to study the
effect of long-term supplementation with 18:3c,w6 in
high doses, for which administration either as a crude
oil with a complex fatty acid composition or in a high-
ly purified form, may theoretically differ [38]. As
20:4¢,w6 only increased in the plasma compartment
of the control group, it would also be interesting to de-
termine the fatty acid compositions of the individual
lipid fractions, such as phospholipids and cholesteryl-
esters. It is noteworthy that improvement of diabetic
control results in a 20:4c,6 increase in plasma [7, 39],
erythrocytes [7, 39] and platelets [40]. Therefore, an at-
tempt to correct low 20:4c,w6 levels by administration
of 18:3c¢,w6 might only be useful for those patients in
whom optimal diabetic control appears impossible.
EPO intake induced changes in fatty acid profiles
which differ between erythrocytes and platelets. At one
week after discontinuation of EPO use, most fatty ac-
ids in platelets were returning to their base-line values,
whereas those in erythrocytes continued to alter. This
difference is most probably explained by the higher
turnover rate of platelets compared with erythrocytes
(mean survival rate normally about 10days and
120 days, respectively), and the relatively slow equili-
bration of about 4-6 weeks [32] between dietary fatty
acids and erythrocytes fatty acids as effected by contin-
uous exchange of lipids between plasma and erythro-
cytes [41]. Furthermore, the cell species differ in their
fatty acid response, especially for 14:0, 16:0, total sat-
urated fatty acids, 22:4c,w6, 22:5¢,03, and total @3

fatty acids in the control group. Such a difference in
response was not noted in human studies with long-
term administration of cod-liver oil [42-44].

Except for 22:0 and 22:4c,06 in erythrocytes, the
fatty acid compositions of the diabetic and the control
group changed in the same direction, notwithstanding
the fact that insulin deficiency causes profound distur-
bances in fatty acid metabolism in animals, such as a
decline in de novo synthesis [23, 45] and desaturation of
fatty acids [11, 12, 23, 24], an acceleration of their
chain-elongation and the promotion of lipolysis and
fatty acid oxidation [46].

It should be noted that blood samples were taken
1-3 h after breakfast. The data on the plasma fatty acid
composition and serum lipids should therefore be in-
terpreted with caution.

a-tocopherol

In the diabetic group, the a-tocopherol level in eryth-
rocytes was found to be abnormally low (Fig.1),
whereas that in plasma appeared to be normal. A simi-
lar discrepancy has been shown between platelets and
plasma [13]. The reason for the decreased intracellular
a-tocopherol levels is unknown. Theoretically, two ex-
planations are possible. The delivery of a-tocopherol
from the plasma compartment to the cells might be dis-
turbed and/or intracellular a-tocopherol consumption
might be enhanced. It is notable that in plasma of dia-
betic patients free radical activity seems to be in-
creased [47], while plasma a-tocopherol is protected
against oxidation by protein binding [48].

It is tempting to speculate, that the lowered 22:6c,
®3 level in erythrocytes of the diabetic group, as also
found in a previous study [7], may be caused by in-
creased lipid peroxidation and/or hampered A4 desat-
uration due to an ¢-tocopherol deficit [49].

Erythropoiesis

The supplementation with EPO, which corresponded
with an approximately 40-fold higher a-tocopherol in-
take than the estimated Dutch consumption [50], in-
duced an increase in erythrocyte count, haemoglobin
level, mean corpuscular haemoglobin (MHC) and
mean corpuscular  haemoglobin  concentration
(MCHC) (Table 6), suggesting an augmentation of
erythrocyte production as well as haemoglobin synthe-
sis. The assumption of enhanced erythropoiesis con-
curs with the finding of a decline in glycosylated hae-
moglobin percentage in both groups [51], which took
place without apparent changes in other parameters of
diabetic control (blood glucose levels in patients and
control subjects, plasma fructosamine levels in pat-
ients; see Tabie 6).

It is a matter of speculation, which compound(s) in
the oil induced these changes. MCH and MCHC ap-
peared to be strongly correlated with erythrocyte a-
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tocopherol content in the normal group (Fig.2). One of
the possible reasons for this relation could be the sti-
mulatory function of vitamin E in the regulation of
haem biosynthesis, presumably by controlling the
mechanisms of induction and repression of d-aminole-
vulinic acid synthetase [52]. The existence of an eryth-
ropoietic effect of a-tocopherol is, however, disputed
[52, 531

Platelet function

B-Thromboglobutin and platelet factor 4 are constitu-
ents of the platelet a-granule contents. Their concen-
trations in plasma are regarded as useful indicators of
in vivo platelet activation and release reaction [54]. The
plasma levels are influenced by dietary fatty acids
[55-57]. EPO intake caused a decrease in the plasma
levels of both compounds, which was most pro-
nounced in the diabetic group. This result confirms the
finding of another study in which a daily intake of
4.8 g EPO during 6 weeks by Type 1 diabetic patients
also led to a decrease in f-thromboglobulin [56]. As
herein no effects were seen on either prostaglandin E,
or thromboxane B, generation by platelets, the ob-
served change in platelet function is rather believed to
result from alterations in membrane fatty acid compo-
sition, and therefore in membrane functioning, than
from modifications in prostaglandin biosynthesis [56].
Some effect from a-tocopherol cannot be ruled out as
vitamin E supplementation in Type 1 diabetic patients
diminishes platelet aggregation in vitro [58].

This study proposes that Type 1 diabetic patients
have abnormal fatty acid patterns, suggesting an im-
paired A9, A6 and A5 desaturation and an enhanced
chain-elongation. When compared with healthy con-
trol subjects, they have lower «-tocopherol levels in
erythrocytes, which warrants further investigation. A
short-term high dose EPO intake increased 20:3c,w6
in both diabetic patients and control subjects, but
20:4¢,w6 only in control subjects. This indicates a pos-
sible refractoriness of 20:4¢,w6 in diabetes mellitus to
dietary intervention. EPO use lowered plasma levels of
the platelet release parameters S-thromboglobulin and
platelet factor 4, especially in the diabetic group.
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