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Abstract

It has been demonstrated that the type of dietary fat affects insulin receptors in various tissues in normal humans and animals by alter
membrane fluidity. This study compares the effects of n-3 fatty acids from fish oil and n-6 fatty acids from corn oil on red blood cell
membrane insulin receptors in normal and hypercholesterolemic minipigs. A group of minipigs were made hypercholesterolemic by feedir
cholesterol and lard for 2 months; the other group served as controls and was fed stock diet. Both groups were then fed experimental di
containing either corn oil or menhaden oil or a mixture of the two for 23 additional weeks. Blood was collected at 0, 2, 12 and 23 week:
after the start of the experimental diets and membranes were prepared from the red blood cells. Insulin binding to red blood cell membrar
was measured by radioreceptor assay. Plasma insulin was measured by radioimmunoassay. Insulin binding to red blood cell membrane
compared with the fluidity of the membrane measured and reported earlier. There was no significant effect of cholesterol feeding on plasi
insulin concentrations. After 23 weeks on experimental diet plasma insulin was significantly higher in minipigs fed menhaden oil compare
to those fed corn oil. No such effect was observed in hypercholesterolemic minipigs. No significant effect of either hypercholesterolemi
or fish oil was observed on red blood cell insulin binding. A significant negative relationship was observed between insulin binding an
anisotropy at 4°C for all probes but at 37°C significant negative relationship was observed only with polar probes. The data suggest tt
n-3 fatty acids from fish oil significantly increases plasma insulin in minipigs compared to n-6 fatty acids from corn oil. However, the
unsaturation has no significant effect on insulin receptors on erythrocytes. Similarly, prior hypercholesterolemic state also has no effect
plasma insulin levels or the insulin binding to red blood cell membranes. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction membranes in a variety of tissues in humans and animals.
Depending on the dietary availability, they replace each
The importance of n-3 fatty acids from fish oils espe- other in plasma [5], heart [6], liver [7], adipose tissues [8],
cially eicosapentaenoic and docosahexaenoic acids in hu-brain [9], erythrocytes [10] and in aortic plaque [5]. Thus,
man and animal nutrition is well recognized; especially in chemical composition and properties of the cell membrane
the prevention and treatment of heart disease, hypertensionare determined by the presence of specific fatty acids in the
cancer, skin disorders, immunological function, blood pres- structure. Similarly, dietary cholesterol also induces
sure regulation, decreasing insulin resistance and in thechanges in cell membrane composition and affects physical
development of the brain and central nervous system [1-4].and chemical properties such as fluidity [11] and insulin
Similar beneficial effects of n-6 polyunsaturated fatty acids receptors [12] thereby impacting on physiological pro-
have also been recognized [1,3] Polyunsaturated fatty acidscesses
of both series are readily incorporated into lipids of cell Engelhard et al. [13] and Ghosh et al. [14] have shown
that changes in membrane fluidity affect hormone receptor
*Corresponding author. Tel.+1-301-504-8422: fax:+1-301-504- binding, reIga;_e and uptake of neurotransmittters, transport
9456. of ions, activities of membrane bound enzymes and the
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0955-2863/01/$ — see front matter © 2001 Elsevier Science Inc. All rights reserved.
Pll: S0955-2863(01)00171-1



530 S.J. Bhathena et al. / Journal of Nutritional Biochemistry 12 (2001) 529-535

Table 1

Experimental Protocol

Diet Baseline: 0—2 months Experimental Diet: 1-23 weeks
c/icot 2 g C+ 13 g lard/100 g feed 15 g CO/100 g feed

C/MO 2 g C+ 13 g lard/100 g feed 15 g MO/100 g feed

S/CO Stock diet 15 g CO/100 g feed

S/MO + CO Stock diet 7.5 9 CG 7.5 g MO/100 g feed
S/IMO Stock diet 15 g MO/100 g feed

1, cholesterol; CO, corn oil; MO, menhaden oil; S, stock diet.

fatty acids of different chain length and of different satura- feed. The menhaden oil, containing 14% eicosapentaenoate
tions have quantitatively different effects on membrane flu- (EPA) and 8% docosahexaenoate (DHA), was provided
idity and on hormone receptor activity [7,11,15]. Insulin is through the National Institutes of Health Fish Oil Test
intimately involved in lipid metabolism and promotes lipo- Material Program. The menhaden oil as supplied was for-
genesis, and acts by binding to its receptors. Similarly, level tified with vitamin E and TBHQ as antioxidants to prevent
and type of dietary fat affects plasma insulin level in hu- deterioration. EPA and DHA contents of the oils were
mans [16—18] and animals [15,19,20] and also insulin re- verified as each drum was opened. Corn oil was provided by
ceptors [12,19-22]. Since hormones act via their receptors,Best Foods (Best Foods, Union, NJ), and appropriate quan-
in the present study we examined the effect of n-3 fatty tities of vitamin E and TBHQ were added to the corn oil to
acids (predominantly 20:5 and 22:6) from menhaden oil and correspond to the amount present in the menhaden oil. Feed
n-6 fatty acids (predominantly 18:2) from corn oil at two stability was verified by monitoring EPA and DHA levels
different dietary levels on the erythrocyte insulin receptor in and testing for peroxides during the course of the study.
normal and hypercholesterolemic miniature swine.

2.2. Blood sampling and erythrocyte membrane isolation

2. Materials and methods Morning blood samples were taken from food-deprived
pigs immediately before starting the CO and MO diets and
2.1. Animals and treatment subsequently at 2, 12, and 23 weeks. Blood was drawn into

vaccutainers with Potassium EDTA used as the anticoagu-
Thirty female miniature Hormel-Hanford swine, 4-11 lant. After removal from plasma and platelets by differential
years old and weighing 60—-110 kg, were assigned by age
and weight into five experimental groups. The entire exper-
imental protocol was approved by the FDA Institutional
Animal Care and Use Committee. Pigs were housed indi-

Table 2
Diet Composition

vidually (in heated pens in winter) with indoor and outdoor Ingredients Stock diet Experimental

runs with free access to water. Twelve pigs (two groups of USDA 1160 diets

six pigs each) were first made hypercholesterolemic by Corn meal 739 glkg 226

feeding them 13% lard, 2% cholesterol diet for two months Sucrose — 226

at 20 g feed/kg body weight, while the other animals (three Seybean meal 179 256
Alfalfa leaf meal 50 50

groups of six pigs each) were kept on a basal stock diet Dicalcium phosphate 21 21
(basal period). At the end of the 2 months period the pigs cellulose

— 60
were switched to experimental diet containing 15 g/100g CacCq, 35 35
corn oil (CO), menhaden oil (MO), or mixtures thereof for Swine mineral mix 1.0 1.0
23 additional weeks (experimental period). Group assign- NaC! 5.0 5.0

. . . . Selenium 0.5 0.5
ments and diets are described in Table 1. No litter mates g o vitamin mig 10 10

were assigned to the same group. During the experimentalagded faf _ 150
period, pigs were fed daily at 13 g feed/kg body weight, — — : "

. - . . Mineral mix composition: CaCgQ Ca(l0;),, CoCO,, CuO, FeCQ,
corresponding to 1.95 g fat/kg daily. Pigs were weighed FeSQ, MnO, and Zno0.
each week, and the total amount of feed for each animal was 2 vitamin mix composition (g/kg): retinyl acetate, 1.32; all-rac-a-toco
adjusted each week to maintain the same intake of 13 g/kg.pheryl acetate, 7.3; cholecalciferol, 22; vitamin B-12 44; riboflavin 8.81;
Diets were prepared by combining the ingredients of a basal D-pantothenic acid, 17.62; niacin, 38.84; choline chloride, 220; and cho-
stock diet (Table 2) with corn and/or menhaden oil to Img’cﬁjtsterol diet contained 130 g lard and 20 g cholesterol; test diets
prowde test diets containing either ]_'5% CO_’ 7.5% €0 contained corn oil, menhaden oil or a mixture. The menhaden oil contained
7.5% MO, or 15% MO. The total diet provided 15.34 g 149 eicosapentaenoic acid, 8% docosahexaenoic acid and 8% other (n-3)
protein, 49.94 g carbohydrate, and 17.01 g fat per 100 g fatty acids.
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Table 3
Plasma cholesterol concentration of minipigs fed corn oil (CO) or menhaden oil (MO) or a mixture of CO and MO at various timeintervals
Diet treatment Weeks on experimental diet

0 2 12 23

(mmol/L)

C/CO 8.96* 2.41** 1.99+ 0.33Y 1.61+ 0.29 1.52+ 0.18%Y
C/MO 9.02+ 1.98* 1.80* 0.42Y 1.13+ 0.14Y* 0.91+ 0.11°2
S/CO 2.25% 0.2~ 1.22+ 0.18Y 1.51+ 0.29 1.32+ 0.17
S/ICO+ MO 2.08+ 0.18> 1.06+ 0.13Y 1.82+ 0.29 1.41+ 0.2
S/IMO 2.24+ 0.1 1.04+ 0.09Y 1.46+ 0.11 1.02+ 0.14

1 Values are meart SEM, n= 6. a,b values in a column with different superscripts are significantly differeatQ05. x-z values in a row with different
superscripts are significantly different,<p 0.05.

centrifugation, the erythrocytes were dispersed in isotonic 6.03, Cary, NC, USA). The model tested included variation
phosphate buffer (310 mOsm, pH 7.4) and washed by re-in measurements due to changes in type of dietary fats and
peated centrifugation (20 min 1,00@x Erythrocyte ghosts  the duration of feeding. Duncan’s multiple range test was
were prepared by hypotonic lysis in 20 mOsm phosphate used to determine differences in model classified composi-
buffer (pH 7.4) according to the procedure of Dodge et al. tion data.

[23] Ghosts were washed repeatedly in the 20 mOsm phos-

phate buffer to remove hemoglobin and other cytoplasmic

components. Aliquots were removed for fluidity measure- 3 Results

ments and the remainder of the ghost preparations was

stored at -85°C for later assay of insulin binding. Plasma  Taple 3 shows the effect of feeding corn oil and menha-
insulin levels were measured by radioimmunoassay [18]. den oil for 23 weeks on plasma cholesterol of minipigs fed
Plasma cholesterol [24] and triacylglycerol [25] were mea- gjther an atherogenic diet containing 13% lard?% cho-

sured enzymatically. lesterol (C/CO and C/MO) or a basal stock diet (S/CO,
o S/CO+MO and S/MO) for 8 weeks. Plasma cholesterol
2.3. Insulin binding concentrations were significantly higher in minipigs that

were fed atherogenic diet for 8 weeks compared to those fed
Erythrocyte membrane insulin receptors were measuredstock diet. It fell significantly within 2 weeks of switching

as described by Gambhir et al.[26] Ghosts (1@Dprotein/  minipigs from stock and atherogenic diets to either corn oil,
tube) were incubated in 0.5 ml TRIS-HEPES buffer with 0.1 menhaden oil or the mixture of the two, but was still sig-
ng **A-insulin (specific activity 81.4 TBg/nmol) and 0-100 nificantly higher than those fed stock diet. The difference
ug native porcine insulin/mi**3-insulin was purchased  disappeared after 12 weeks and 23 weeks on experimental
from New England Nuclear (Boston, MA) and native por- diet. Plasma cholesterol levels were lower in minipigs fed
cine insulin was a gift from Eli Lilly & Co. (Indianapolis,  menhaden oil than those fed corn oil.
IN). After the incubation at 4°C for twenty-four hours, orat ~ Plasma triacylglycerol concentrations were less affected
37°C for 2 hr, 0.2 ml aliquots were layered over 0.2 ml py dietary lipids (Table 4). After 12 and 23 weeks on
chilled TRIS-HEPES buffer and centrifuged (60 s 750§) X experimental diets, the concentrations were significantly
The ghost pellet was washed once with 100g/L sucrose andiower in hypercholesterolemic minipigs fed menhaden oil
radioactivity was determined in a gamma counter (Model compared to those fed corn oil. Though basal levels of
Minaxi y 5000, Packard Instrument, Downers Grove, IL). plasma triacylglycerol (O week on experimental diet) are
Insulin binding measurements were made at 4°C and 37°Cdifferent between minipigs fed hypercholesterolemic and
to correlate with anisotropy measurements at the same tem-stock diets, none of the values are statistically significantly
peratures, and to assess the relation between insulin bindingiifferent. The apparent differences may be due to variation
and membrane fluidity. Binding data obtained at 4°C were petween individual animals (intragroup) as apparent from
analyzed by Scatchard plots to measure the number ofjarge standard errors of mean.
receptors and by competition-inhibition plots to assess the  Comparing the data at time zero, no significant differ-

affinity of the receptors [22]. ences in plasma insulin (Table 5) were observed between
minipigs fed the atherogenic diet and those fed the basal
2.4, Statistical analysis stock diet. There was a rise in plasma insulin with time and

at the end of 12 and 23 weeks the levels were higher
Data were subjected to ANOVA and linear regression compared to zero time in all groups except in pigs previ-
analysis for the various measurements using SAS programsously fed cholesterol and switched to MO (C/MO).
(Statistical Analysis System, 1988, SAS/STAT, Version Insulin binding to erythrocyte membrane is shown in
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Table 4

Plasma triacylglycerol concentration of minipigs fed corn oil (CO) or menhaden oil (MO) or a mixture of CO and MO at various time intervals
Diet treatment Weeks on Experimental Diet

0 2 12 23
(mmol/L)

C/CO 0.98*+ 0.12 0.64+ 0.09 1.04+ 0.10 0.76+ 0.08
C/IMO 0.70* 0.08 0.56+ 0.08 0.45= 0.07 0.47+0.02
S/ICO 0.96+ 0.15 0.52* 0.1¥ 0.62+ 0.08 0.74=* 0.09
S/CO+ MO 0.46+ 0.06 0.61+ 0.09 0.78+ 0.11 0.58+ 0.04
S/MO 0.54+ 0.11 0.47+ 0.06 0.53= 0.07 0.61+ 0.08

1 Values are meart SEM, n= 6. a,b values in a column with different superscripts are significantly differentD®5. x,y values in a row with different
superscripts are significantly different,<p 0.05.

Table 6. No significant differences were observed at zero
time between minipigs fed stock diet and the atherogenic
diet. Though all animals had higher insulin binding after
two weeks on experimental diets, the levels were not sta-
tistically significantly different from the base line. After 2

At 37°C significant negative relationships were observed
only when polar probes (DPH-PA and TMA-DPH) were
used but not when the non-polar probe (DPH) was used. The
following equations represent the relationships at 37°C:

weeks on experimental diets, insulin binding tended to de- IB =5.52— 12.12X (DPH) (NS)

crease and at the end of 23 weeks there were no significant

differences in insulin binding to erythrocytes between the IB = 18.25— 59.45X (TMA-DPH) (p < 0.0001)
minipigs fed either corn oil or menhaden oil with or without IB = 22.13— 70.86% (DPH-PA) (p< 0.0001)

cholesterol. No significant effect of length of feeding CO or

MO was observed in insulin binding. Similarly, no signifi-

cant changes were observed either in the number of recep4. Discussion
tors or in the affinity of the receptors (data not shown).

We have previously reported the data on the effects of In the present study feeding cholesterol with lard for 8
dietary fats on red blood cell fluidity in these pigs using both weeks significantly increased plasma cholesterol levels
non-polar probe, diphenylhexatriene (DPH) and its polar however the levels decreased significantly within 2 weeks
trimethylammonium (DPH-TMA) and propionic acid of feeding either corn oil or menhaden oil without choles-
(DPH-PA) derivatives [11]. The regression analyses were terol. Thus, in minipigs unlike in humans, hypercholester-
performed to examine the relationships between red bloodolemia does not persist once the cholesterol is removed
cell fluidity using different flourescent probes and the insu- from the diet. The results also indicate that n-6 and n-3 fatty
lin binding. At 4°C, significant negative relationships were acids are equally effective in lowering the plasma choles-
observed between insulin binding and anisotropy using all terol. Hypolipidemic effect of n-3 fatty acids from cod liver
three probes, according to the following equations: oil has been reported in normal rats [27]. There was a

decrease in plasma total cholesterol, HDL-cholesterol and

IB =11.38— 28.10X (DPH) (p< 0.008) liver triacylglycerol [27]. Similarly fish containing n-3 fatty

IB = 19.07— 53.42X (DPH-TMA) (p < 0.0001) acids and fatty acid esters of n-3 also decrease triacylglyc-
erol in normal as well as non-insulin-dependent diabetic

IB = 28.80— 81.93% (DPH-PA) (p< 0.0001) humans [28,29]. In addition to lipid metabolism, insulin
Table 5
Plasma insulin concentration of minipigs fed corn oil (CO) or menhaden oil (MO) or a mixture of CO and MO at various time intervals
Diet treatment Weeks on Experimental Diet

0 2 12 23
(mmol/L)

CICO 70.2+ 8.0 147.9+ 42.6 141.9+ 30.2 131.6+ 15.6
C/IMO 82.0x 247 85.9+ 21.1 89.9+ 21.0 99.6+ 23.3
S/CO 64.6x 10.° 719+ 11.6 118.2¢ 15.9 107.8+ 24.8
S/CO + MO 64.6= 9.1 105.6+ 14.8 129.3+ 36.5 183.7+ 49.5
S/MO 62.3* 6.9 102.5+ 11.4% 183.7+ 39.8* 214.2* 34.9*

1 Values are meart SEM, n= 6. a,b values in a column with different superscripts are significantly differeatQ05. x-z values in a row with different
superscripts are significantly different,<p 0.05.
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Table 6
Erythrocyte membrane insulin binding of minipigs fed corn oil (CO) or menhaden oil (MO) or a mixture of CO and MO at various time intervals
Diet treatment Weeks on Experimental Diet

0 2 12 23

Percent specific binding/100g erythrocyte ghost protein
C/CO 2.90* 0.23 3.52+ 0.45 2.25+ 0.13 240+ 0.32
C/MO 2.80*+ 0.21 3.90+ 0.56 3.83+0.67 3.51+ 0.43
S/ICO 3.43+ 0.17 3.75£ 0.16 3.59+ 0.33 3.68+ 0.30
S/MO + CO 3.09+ 0.54 3.72+ 0.72 3.00= 0.23 2.85+ 0.29
S/IMO 2.31+ 0.54 2.65+ 0.49 3.21+0.53 2.81* 0.55

1 Values are meart SEM, n= 6. Values in a column with different superscripts are significantly differert, .05.

also controls glucose homeostasis. Glucose metabolism inskeletal muscle sarcolema in rats [47] by increasing receptor
minipigs is similar to that observed in humans [30,31] and number and that increased insulin binding may be respon-
minipigs have been used as a model to study the aberratiorsible for improving insulin action.
in carbohydrate and lipid metabolism [32,33]. In the present study we observed increase in plasma
The nutritional status of humans and animals alters insulin with time on experimental diets. The increase was
plasma insulin levels and inversely alters insulin binding to significant in minipigs previously fed stock diet but not in
target and non target tissues. Level of dietary fat affects hypercholesterolemic minipigs. It is not clear why menha-
plasma insulin level [34,35] in that high fat diet decreases den oil increased plasma insulin more than corn oil in
plasma insulin and appears to be due to the effect on insulinminipigs fed stock diet. There was a concomitant decrease
secretion [34,36]. In humans fish oil feeding altered plasma in insulin binding in minipigs fed stock diet when switched
insulin concentrations [28] but dietary trans fatty acids had to menhaden oil compared to those fed corn oil, but the
no significant effect on plasma insulin concentration [37]. decrease was not significant. Similarly, receptor number and
However in normal rats, n-3 fatty acids from cod liver oil affinity were also not significantly altered.
significantly lowered plasma insulin without changing We have previously shown that dietary cholesterol also
plasma glucose level indicating increased peripheral insulin affect insulin binding in rabbits [22] but not in minipigs
sensitivity [27] and also improved insulin receptor tyrosine [12]. In humans, membrane cholesterol:phospholipid ratio
kinase activity [19]. Similarly in hypertensive rats [38], affects insulin receptors on erythrocyte membranes [49]. In
insulin-resistant rats [39] and spontaneously diabatic ratsthe present study, we did not observe any significant
[40] ethyl esters of EPA prevented the development of changes in insulin binding in minipigs fed either the stock
insulin resistance. In generically diabetic mice [41] DHA diet or those fed lard plus cholesterol. This is in line with
has been shown to increase insulin sensitivity. In the presentour previous observation [12].
study we observed significant increase in the level of insulin ~ Dietary changes alter cell membrane lipid composition
in fish oil fed minipigs previously fed stock diet but not in and thus modulate membrane fluidity and in turn affect
those fed hypercholesterolemic diet where the level was some membrane physiological processes. One of the factors
lower in minipigs fed fish oil than those fed corn oil. controlling insulin binding to membranes is the fluidity; but
However, the decrease was not significant. Behme [42] the matter of dietary control of membrane fluidity with
observed lower plasma insulin in minipigs fed MaxEPA resultant modulation of receptor activity is controversial.
after an overnight fast and during intravenous glucose tol- [15,19,22,25,50-52] We have studied insulin binding and
erance test indicating enhanced insulin sensitivity. erythrocyte membrane fluidity in several species fed differ-
Several studies have shown that type and amount of ent diets and observed different effects. In miniature swine
dietary fat have significant effect on insulin receptors on feeding lard in addition to a stock diet lowered intact red
tissues and cells in culture [12,15,19-22,43—47]. Lowering blood cell insulin binding [12] but fluidity was not measured
the amount of dietary fat lowers insulin binding in humans in that study. In rabbits feeding polyunsaturated fatty acids
and increases plasma insulin levels [43]. Feeding excessincreased insulin binding but the results were inconclusive
energy from fat increases insulin binding to monocytes but for the relationship between membrane fluidity and insulin
has no effect on plasma insulin [44]. In humans, fish oil had binding [22]. In humans, high levels of PUFA increased
no significant effect on insulin binding to erythrocytes but erythrocyte ghost membrane fluidity as measured by the
significantly increased receptor affinity compared to pla- non-polar fluorescence probe DPH [50]. Thus, insulin bind-
cebo fat [48]. In rats, feeding a high fat diet for 5-10 days ing to erythrocyte ghosts and fluidity show a direct linear
decreased insulin binding to soleus muscle [21] and adipo- correlation in humans [50]. In the present study in minipigs,
cytes [20]. However, there was no consistent change in we did not observe a significant relationship between mem-
plasma insulin levels shown in either study. Dietary n-3 brane fluidity at 37°C, measured as anisotropy using the
fatty acids have been reported to increase insulin binding to non-polar probe, DPH, and insulin binding. However, a
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significant relationship was observed in the present study [6] J.S. Charnock, M.Y. Abeywardena, P.L. McLennan, Dietary lipids,
between fluidity measured by cationic and anionic polar membrane composition and cardiac function, Colloque. Inserm. 195
. L (1989) 135-144.
probes and insulin binding. [7] F.J.G. Muriana, V. Ruiz-Guttierez, Effect of n-6 and n-3 polyunsat-
It is important to note that the relationship between urated fatty acids ingestion on rat liver membrane-associated en-
fluidity and insulin binding is dependent on the temperature zymes and fluidity, J. Nutr. Biochem. 3 (1992) 659-663.
at which they are measured. Insulin receptors exist in dif- [8] C. Leray, T. Raclot, R. Groscolas, Positional distribution of n-3 fatty

. acids in triacylglycerols from rat adipose tissue during fish oil feed-
ferent conformation state at low temperature than at phys- ing, Lipids 28 (1993) 279284,

iologic temperature [53]. Also at low temperature (below [9] E. Berlin, C.S. Kim, D. McClure, M.A. Banks, R.C. Peters, Brain and
15°C) lower membrane cholesterol concentration results in heart membrane fatty acid composition in miniature swine fed diets
less insulin binding than at higher temperature and this _ containing com and menhaden oils, Nutr. Res. 18 (1998) 751-765.
effect appears to be due changes in membrane quidity This[lo] S.E. Carlson, J.D. Carver, S.G. House, ngh fat dlgts varying in ratl_os

. L . . o of polyunsaturated to saturated fatty acid and linoleic to linolenic
partly explains significant correlation between insulin bind-

acid: A comparison of rat neural and red cell membrane phospholip-
ing and fluidity at 4°C but not at 37°C using non-polar ids, J. Nutr. 116 (1986) 718-725.
probe, DPH.

[11] E. Berlin, S.J. Bhathena, D. McClure, R.C. Peters, Dietary menhaden
. . . . . and corn oils and the red blood cell membrane lipid composition and
Effects of both in wvo_and n V|tr.o_alterat|on of mem- fluidity in hyper- and normocholesterolemic miniature swine, J. Nutr.
brane fatty acyl unsaturation and fluidity on receptor acces- 128 (1998) 1421-1428.
sibility and activity have been reviewed by Shinitzky [54, [12] S.J. Bhathena, E. Berlin, K. Revett, A.E.K. Ommaya, Modulation of
55]. Oleate and linoleate rich diets increase fluidity of Zgy;h(floggg ilngg“fefceptors by dietary lipids, Ann. N.Y. Acad. Sci.
human erythrocyte ghOStS [50] and rabbit plat.el_et. mem- [13] V.H. Engelhard, J.D. Esko, D.R. Storm, M. Glaser, Modification of
branes [56]. Thus, the erythrocyte ghosts of minipigs fed adenylate cyclase activity in LM cells by manipulation of the mem-
corn oil should be more fluid than those fed menhaden oil brane phospholipid compositidn vivo, Proc. Natl. Acad. Sci. USA
and hence should have higher insulin binding. However, in 73 (1976) 4482-4486. ' _ N _
the present study we did not observe any significant differ- [241 - Ghosh, R:M. Dick, S.F. Ali, Iron/ascorbate-induced lipid peroxi-
. . L L. dation changes membrane fluidity and muscarinic cholinergic recep-
ences in insulin binding to erythrocytes from minipigs fed tor binding in rat frontal cortex, Neurochem. Int. 23 (1993) 479—-484.
either corn oil or menhaden oil. It is possible that total [15] M. Fickova, P. Hubert, G. Cremel, C. Leray, Dietary (n-3) and (n-6)
unsaturation rather than the type of unsaturation of fatty polyunsaturated fatty acids rapidly modify fatty acid composition and
acids may be a more important modulator of insulin bind- insulin effects in rat adipocytes, J. Nutr. 28 (1998) 512-519.
. [16] C. Popp-Snijders, J.A. Schouten, R.J. Heine, J. Van der Meer, E.A.
Ing. Van der Meer, Dietary supplementation of omega-3 polyunsaturated
In the present study, though dietary fat had no significant fatty acids improves insulin sensitivity in non-insulin-dependent di-
effect on insulin receptors including number and affinity in abetes, Diabetes Res. 4 (1987) 141-147.
minipigs, significant correlation was observed between per- [17] L-H. Storlein, E.W. Kraegen, D.J. Chisolm, G.L. Ford, D.G. Bruce,

ti lin bindi d fluidit d . | W.S. Pasco, Fish oil prevents insulin resistance induced by high-fat
cent insulin binding and fluidity measured using poiar feeding in rats, Science 237 (1987) 885-888.

probes but not nonpolar probe. Thus, the use of polar probes1s] s.J. Bhathena, E. Berlin, J.T. Judd, Y.C. Kim, J.S. Law, H.N. Bha-

is desirable to study the relationship between fluidity and gavan, R. Ballard-Barbash, P.P. Nair, Effecta8 fatty acids and

hormone receptor function on the cell membrane. vitamin E on hormones involved in carbohydrate and lipid metabo-
lism in men, Am. J. Clin. Nutr. 54 (1991) 684 —688.

[19] M. Fickova, P. Hubert, I. Klimes, C. Staedel, G. Cremel, P. Bohov, L.
Macho, Dietary fish oil and olive oil improve the liver insulin receptor
tyrosine kinase activity in high sucrose fed rats, Endocr. Regul. 28
(1994) 187-197.

[20] C. Ip, H.M. Tepperman, P. Holohan, J. Tepperman, Insulin binding
and insulin responses of adipocytes from rats adapted to fat feeding,
J. Lipid Res. 17 (1976) 588-599.

[21] M.L. Grundleger, S.W. Thenen, Decreased insulin binding, glucose
transport, and glucose metabolism in soleus muscle of rats fed a high
fat diet, Diabetes 31 (1982) 232-237.

[22] E. Berlin, S.J. Bhathena, P.G. Kliman, K. Revett, Effect of saturation
of dietary lipids on insulin receptors and membrane fluidity in rabbit
erythrocytes, Nutr. Reports Int. 39 (1989) 367-381.
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