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Abstract

BACKGROUND: Evidence exists for reciprocal effects of inswdimd desacyl-ghrelifDAG) concentration, but the asso-
ciation between different fatty acid saturatiorhigh fat diet (HFD) and these hormones remain te$tablishedTo
evaluate the impact of different sources of diefatyand the level of fatty acid saturation on plasinsulin and DAG
levels and also the association of DAG with insalition this study was carried out.

METHODS: Male weaning Wistar rats were randomly dividea ifdur groups of HFDs, high fat butter (HF-B), hifgtt
soy (HF-S), high fat olive (HF-O), high fat fish [#F), and a group of standard diet (SD). Blood dampvere col-
lected after 8 weeks and after they were faste®4oh. Body weight, food intake, plasma glucossuiim, DAG and

insulin resistance (HOMA-IR) were measured.

RESULTS: Plasma insulin levels at fed and fasted statuse wignificantly higher in rats on HF-B comparedhose on
SD, HF-F and HF-O diets (P<0.05). Insulin conceidrain rats on HF-S was also higher than thos&bnHF-F and
HF-O diets (P<0.05), in the feeding status. Insuéigistance was significantly higher in rats on BiFeompared to
those on SD, HF-F and HF-O (P<0.05). Rats that vieatevith HF-B diet had lower fasting plasma DAGédés than
the SD, HF-F and HF-O groups (P<0.05); furthermtre,HF-F group had significantly higher DAG letiean the HF-

S groups (P<0.05).

CONCLUSIONS: Fish and olive oils may hence contribute to lowsulin level and HOMA-IR by increasing DAG con-
centration and may have more health benefits thiagr dat sources in diets.

KEYWORDS: Fish oil, olive oil, desacyl-ghrelin, insulin resance.

omposition of the diet, in terms of qual-
‘ ity and quantity of fat, plays an impor-
tant role in glucose homeostasis and
insulin sensitivity in both animals and hu-

mans.! Some previous studies have revealed
that high fat diets (HFDs) induce hyperglyce-
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mia and whole body insulin resistance 2 and
FFAs with different degrees of saturation
could also affect fat-induced insulin resis-
tance.3 It appears that variation in fatty acid
composition or types of fat may independently
affect insulin action and alter insulin sensitiv-
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ity.# For example, fat intake ranging from [J 40
to 75% of total ingested calories, usually in the
form of saturated fat (SFA) or [J-6 polyunsatu-
rated fatty acid (-6 PUFA) like safflower and
corn oil, have been reported to reduce whole
body insulin-stimulated glucose uptake.5 On
the other hand, the substitution of small per-
centage (6-7%) of -3 long chain fatty acids
from fish oil with other types of lipids in high
fat feeding prevents the development of insu-
lin resistance.*” However, previous studies
have shown contradictory effects of monoun-
saturated fatty acid (MUFA) on insulin resis-
tance.18

Meanwhile, it has become increasingly evi-
dent that the gastrointestinal tract plays a key
role in the association of fat contents of the
meal and the subsequent metabolic and hor-
monal responses.®10 Over the past several
years, the gastrointestinal tract has been found
to release important peptide hormones into the
systemic circulation in response to the contents
of the meal.%! These gastrointestinal peptides,
such as glucose-dependent insulinotropic po-
lypeptide (GIP), glucagon-like peptide-1 (GLP-
1), peptide YYs3s (PYY336) and ghrelin, have
several important metabolic actions, including
mediating pancreatic insulin secretion.101213
Among these peptides, ghrelin and insulin le-
vels, fluctuate reciprocally before and after fed
status.!4 Intravenous administration of ghrelin
stimulates insulin secretion in free-feeding rats
15 and in vitro studies have also shown that
ghrelin increases insulin secretion from iso-
lated rat pancreatic islets.1¢7 In contrast, pe-
ripheral ghrelin administration suppresses in-
sulin secretion in men 1819 and mice.20 Acylated
(or n-octanoylated) and unacylated (or des-
octanoylated or des-acylated) are 2 circulating
forms of ghrelin.2! Acyl-ghrelin plays impor-
tant roles in the negative regulation of insulin
secretion, insulin sensitivity, and glucose me-
tabolism. On the other hand, excess of endoge-
nous desacyl-ghrelin (DAG) improves insulin
sensitivity suggesting that DAG might be im-
plicated in the modulation of insulin re-
lease.17.2223 However, the metabolic roles of
DAG remain to be defined.?* In this study, the
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effect of different sources of dietary fat and the
level of fatty acid saturation on plasma insulin
and DAG levels and also, the association of
DAG with insulin action following 8 weeks of
HFD consumption have been investigated in
growing rats.

Methods

Animals and experimental protocol

In an experimental study, fifty male weaning
Wistar rats (Pasture Institute, Iran), 21 days of
age on arrival were housed individually in
wire bar-floor cages. Body weight (BW) in
grams was recorded on arrival and weekly
thereafter. Food intake was also monitored
twice a week. The animals (weight: 35.59 +
0.39) were allowed 1 week of acclimatization in
a standard environment at 22°C, 50% humidity
and 12-h light/dark cycles with free access to
food and water. During the first week, all ani-
mals were fed a standard laboratory chow
(Pasture Institute, Iran) and afterwards, they
were randomly assigned to five groups. Diet
composition and energy value are given in Ta-
ble 1. The composition of standard diet (SD)
was completely the same as the commercial
AIN-93G. Diet treatments included high fat
diets (HFD) with soy oil (HF-S), butter (HF-B),
fish oil (HF-F) or olive oil (HF-O). High fat di-
ets were prepared to provide equal vitamins
and minerals per calorie, and contained equal
percentages by weight of fiber. After an 8-
week feeding period, blood samples were col-
lected from the retro-orbital veins into poly-
propylene tubes containing sodium EDTA (1-
mg/mL blood) and aprotinin (500-unit/mL
blood, Bayer) in the non-fasted and 24 h-fasted
state for measurement of serum parameters
and were then centrifuged for 15 min at 3000x
g. Plasma samples were stored at -80°C. Ani-
mals were anesthesized with CO, to minimize
the potential impact of anesthesia on hormone
levels.

Experimental diets

The experimental HFDs were almost isocaloric
(Table 1), and composed of a fat-free basal diet
based on American Institute of Nutrition

863

WWW.mui.ac.ir


http://www.mui.ac.ir

Fish oil and olive oil, insulin resistance, desaghtelin

Saidpour et al

Table 1. Composition of Diets

Ingredients (g/kg diet)

Standard diet Experimental diets’

Corn starch

Casein hydrolysate (95%)
Dextrinized corn starch
Sucrose

Fat

Cellulose

Mineral mix?

Viatamin mix

L-cystine

Choline Bitartrate (41.1% choline)
Tert-butylhydroquinone
Kcallg

397.48 214.92
200 (20%) 145.87(14.58%)
132 71.37
100 50.07
70 216
50 247.24
35 35
10 10
3 3
2.5 2.5
0.01 0.01
3.89 3.89

'SD with soy oil based on The American InstitutéNatrition Rodent Diets (Growth purified diet)

2HFD (soy, fish, olive oils or butter)

3 AIN93-G mineral mix, AIN93-G vitamin mix (Dyets ¢n USA)

Rodent Diets -Growth purified diet-
(AIN93-G), containing carbohydrate (corn
starch, dextrinized corn starch, Dyets com-
pany, USA), protein (98.5% casein hydrolisate
and 1.5% L-cyctine, choline bitartrate, Dyets
companay, USA), fiber (cellulose, Dyets com-
pany, USA), vitamin-mineral mix, and tert-
butylhydroquinone (Dyets company, USA)
corn starch. Dietray fats were also added in
order to provide a balanced diet and included
fish oil and olive oil which were a generous
gift from Nooshdarooye Darya Institute, Iran,
soy oil (purchased from Ladan Institute, Iran)
and butter (obtained locally). The diets were
prepared weekly and stored as vacuum
packed (500 g) at —20- C. Packs taken for use
were thawed in the refrigerator at 4o C. The
food was offered daily at the beginning of the
dark phase, and the remains were weighed
and removed after an 48 hours.

All experiments were carried out in accor-
dance with standards approved by the local
ethics committee of the Research Institute for
Endocrine Science of Shahid Behesti University
of Medical Sciences. The ethics code was
291EC1388.12.11.

Laboratory measurements
Plasma glucose was determined by an enzy-
matic (Glucose Oxidase) colorimetric method

864

(Pars Azmoun Co, Tehran, Iran). The assay
sensitivity was 1 mg/dl, the intra- and interas-
say coefficients of variation were 1.2% and
1.8%, respectively. Plasma Insulin was deter-
mined by an ELISA method (Mercodia AB,
Uppsala, Sweden). The assay sensitivity was
0.07 Og/L, the intra- and interassay coefficients
of variations were 2.5% and 4.1%, respectively.

Blood samples were immediately trans-
ferred to chilled tubes containing Na2-EDTA (1
mg/ml) and aprotinin (500-unit/mL blood,
Bayer) centrifuged in 2000 rpm for 15 min at
4°C. Hydrogen chloride was added to the
samples at a final concentration of 0.1 N im-
mediately after separation of the plasma. Una-
cylated form of ghrelin was measured using
DAG ELISA kit according to the manufac-
turer’s protocol (Mitsubishi Kagaku Iatron,
Inc). The minimal detection limit of DAG in
this assay system was 12.5 fmol/ml. The assay
used to detect DAG has less than 0.1% of cross-
reaction with acylated ghrelin. The intra- and
interassay coefficients of variation were 3.7%
and 8.1%, respectively.

Insulin resistance was estimated by homeo-
stasis model assessment (HOMA), according to
the formula: insulin resistance index [ fasting
insulin (Og/L) X fasting  glucose
(mg/dl)/405.2
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Gas chromatography analyses were carried
out on gas chromatography (Younglin Instru-
ment, 6000 series, South Korea) equipped with
a split-injector and flame ionization detector.
Methyl-esters of fatty acids (FAME) were pre-
pared using methanolic KOH, according to the
standard method (ISO5509:2000). The fatty ac-
id profile was determined by gas chroma-
tographic separation of their methyl esters
(ISO 5508: 1990) on a capillary column (J&W
Scientific DB-23, 30 m x 0.25mm x 0.25 pm).
Chromatography software (Unicam 4880
chromatography data system) was used for
data collection and processing. Data are pre-
sented in Table 2.

Statistical analysis

Statistical analyses were performed using SPSS
16.0 software (Chicago, IL, USA). The Kolmo-
gorov-Smirnov test was applied to determine
the normality of the distribution of the data to
be used in the parametric test. One-way
ANOVA, paired t test and Tukey test were

Saidpour et al

used to compare the diet groups and p val-
ue<0.05 was considered statistically significant.
Nonparametric tests (Kruskal-Wallis, Wilcoxon
Signed-Rank and Mann-Whitney U) were also
employed for insulin level and HOMA-IR va-
riables and p value<0.05 was considered sig-
nificant. The Spearman's rank correlation coef-
ficient was also used to determine whether a
significant relationship existed between insulin
and DAG concentrations.

Results

Dietary intake, energy intake and body weight
Food, calorie intakes and body weights of the
groups are shown in Table 3. Food intake was
significantly different among the groups fed
with different dietary fats. High fat butter and
HE-S groups had significantly higher food and
calorie intake in comparison with SD, HF-F
and HF-O groups (F=6.38, p=0.00). Initial body
weights were not different among dietary

Table 2. Fatty acid composition (%) of the diets analyzed by gas-liquid chromatography.

Composition (%) spt HF-0? HF-F? HF-B*
Myristic acid 0.13 - 6.91 10.11
Palmitic acid - 14.11 15.54 31.07
Estearic acid 5.32 4.42 3.33 11.12
Palmitoleiccid 11.92 1.2 8.97 2.98
Oleic acid 0.03 66.31 11.35 22.17
Gadoleic acid 0.2 0.36 0.3 0.5
Linoleic acid 50.1 4.5 0.45 3.53
Arachidonic acid - - 1.15 -
Linolenic acid 7.56 0.85 1.81 0.49
Stearidonic acid - - 3.25 -
Ecosapentaenoic acid - - 15.33 -
Docosapentaenoic acid - - 2.05 -
Docosahexaenoic acid - - 10.51 -
Total saturated 5.45 18.53 25.78 52.3
Total monosaturated 12.15 67.87 20.62 25.65
Tota (n-6) polyunsaturated 50.1 4.5 1.6 3.53
Total (n-3) poly unsaturated 7.56 0.85 36.65 0.49
(n-6)/(n-3) 6.62 5.29 0.04 7.2

' SD with soy oil based on The American InstitutéNatrition Rodent Diets (Growth purified diet)

2HED with olive oil
3 HFD with fish oil
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*HFD with butter)

Table 3. Body weight, food and calorie intake of rats consuming high fat diets (HFDs) for 8 weeks!

Diets

SD HF-F HF-O HF-S HF-B
Body weight (g)
Initial 35.5+0.8 35.3+0.89 36.1+1 35.2+1 35.6+0.9
Final 112.1+2.2"  117.1+34"" 114.7+47" 128.2+3.1 138.8+2.8
Weight gain 76.6+2.1 82+371 81.5+3.6"" 94 +3.4 103.2+2.3
Food consumption (g/kg) 7.6+0.2 7.4+075 7.5+0.3"" 8.3+0.2 8.9+0.3
Calorie consumption (kcal/day) 30+0.9 29.5342 29.7+1.1" 32.9+0.7 35.5+1.1

'Data shown are the mean and Standard error. RReds, (n=10) were given isocaloric meals contairsiag oil (SD),

HFDs with butter (HF-B), soy oil (HF-S), olive qiHF-O) and fish oil (HF-F).

* p<0.05 vs. SD group
** p<0.05 vs. HF-B group
"' p<0.05 vs. HF-S group

groups but the weight gains in the HF-B and
HE-S were 26.6 and 17.74 g higher, respec-
tively, than the weight gain of SD group ani-
mals (p=0.01 and p=0.04, respectively). High fat
butter had also 21.2 and 21.7 g higher weight
gain compared with the HF-F and HF-O
groups, respectively (p=0.00 and p=0.00, re-
spectively). Weight gain of HF-F and HF-O
groups were 12.3 and 12.8 g higher than the
weight gain of HF-S group, respectively
(p=0.04 and p=0.01, respectively). Final body
weight in HF-S and HF-B groups was higher
than that of DS, HF-F and HF-O groups
(p=0.04).

Plasma desacyl-ghrelin, insulin and glucose
levels

The plasma DAG concentration was signifi-
cantly decreased in SD, HF-F, HF-O and HF-S
diets in the ad libitum fed status, compared
with fasting condition (p=0.00, Figure 1A).
Plasma DAG levels at fed state in HF-B and
HF-S diet were higher than those of SD, HF-F
and HF-O diets; however, these findings were
not significant.

High fat fish, SD and HF-O diet rats showed
47.3,42.7 and 38.6 p g/ml higher DAG concen-
trations than the HF-B diet rats at fasted state,
respectively (p=0.00); meanwhile, plasma DAG
level in the HF-S diet rats was 16.4 p g/ml low-
er than the HF-F diet rats (p=0.00).

866

Ad libitum fed plasma insulin concentration
in the HF-B diet was significantly higher than
that of the SD, HF-F and HF-O diets (p=0.00)
and the increase in the HF-S diet group was
0.35, 0.37 and 0.31 pg/1 higher than that of the
SD, HF-O and HF-F diets, respectively (p=0.01,
Figure 1B). Furthermore, plasma insulin levels
were decreased by fasting in all diet groups,
although the decreases were not significant.
Rats on the SD, HF-F and HF-O diets had sig-
nificantly lower fasting insulin plasma levels
than those on HF-B (p=0.04).

Plasma glucose levels were significantly de-
creased by fasting in all of diet groups, com-
pared with fed state (p=0.00, Figure 1C). How-
ever, plasma glucose levels were not signifi-
cantly different among dietary groups.

Insulin resistance levels (HOMA-IR)

After 24 h fasting, HF-B diet had significantly
higher HOMA-IR in comparison to the HF-F,
HEF-O and SD diets (p=0.05, Figure 1D).

There was no significant correlation be-
tween changes in insulin and changes in DAG
levels in the feeding (Spearman correla-
tion=0.16, p=0.3) and 24 hour fasting status
(Spearman correlation=-0.34, p=0.06).

Discussion

Our findings showed that insulin concentra-
tion at fed state was significantly lower in the
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HF-F and HF-O groups, in comparison to the
HEF-B and HF-S diets, although in fasting state,
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insulin level differences were similar. Insulin
resistance (HOMA-IR) was also higher in the
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Figure 1. Plasma Desacyl-ghrelin (1A), Glucose (1B) and Insulin (1C) levels and insulin resistance
(HOMA-IR) (1D) in rats consuming high dietary fats (HFDs) for 8 weeks (n=10 in each group).

HE-B diet, in comparison to the SD, HF-F and
HEF-O groups. On the other hand, food, energy
intake and the following weight gain in HF-F
and HF-O diets were lower than those of the
HEF-B and HF-S groups. Although, the effect of
different fat sources on appetite is controver-
sial and limited, but previous studies have re-
ported that each energy unit from fat had
weaker satiety effects compared to carbohy-
drate and protein; on the other hand, high fat
foods usually have higher energy density, so
these foods can lead to more food consump-
tion and weight gain and obesity.” Alfenas
and Mattes have been shown that saturated
fatty acid (SFA) absorption is less effective
than unsaturated fatty acids in rats and they
assumed that polyunsaturated fatty acid (PU-
FA) has more satiety effect than monosatu-
rated fatty acid (MUFA) and MUFA more than
SFA.28 Therefore, higher insulin levels or insu-

J Res Med Sci / July 2011; Vol 16, No 7.

lin resistance in rats receiving HF-B (contain-
ing SFA) or HF-S (containing [-6 PUFA)
groups, probably, is related to higher weight or
appetite.230 So, in this study the satiety effect
of PUFAs was not found in [J-6 PUFA. Body
weight and food intake were also the same as
those of SFA group. This finding probably was
related to the scientific fact that high propor-
tion of [1-6 PUFA to w-6 PUFA in the diet shifts
the physiological state in the tissues toward
the pathogenesis of many diseases like obe-
Sity.31'32

Latown and co-workers also reported that
food containing SFA, compared to PUFA, was
accompanied by higher food and energy intake
3 and may be, because of this, most previous
studies suggest that fish oil high in polyun-
saturated [1-3 fatty acids normalizes the insulin
action and prevents insulin resistance induced
by a HFD in rats 3343 or can lead to better glu-
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cose response and obesity parameters in
mice.3” Furthermore, animal and human stud-
ies have demonstrated that SFA increases insu-
lin resistance 3%3° and animal studies also
showed that [1-6 PUFA in comparison to w-3
PUFA could decrease insulin sensitivity.63
However, other investigators have suggested
that higher intakes of SFA and -6 PUFA do
not adversely affect insulin secretion 4-41 and
HOMA-IR3 In addition, some studies have
demonstrated that HFD with MUFA does not
improve insulin secretion and sensitivity in
rats.2342 It should be noticed that the majority
of these studies have used adult rats (125-300 g
body weight), fed more total calories than con-
trols,243 while the present study utilized wean-
ing, prepubertal rats fed an ad libitum diet.
Furthermore, duration of the study and com-
position of basal diet, especially fiber content,
could affect insulin sensitivity and basal glu-
cose metabolism.#4 These differences may
explain the apparent contradictions among dif-
ferent researches.

The present study has shown that the de-
crease in fasting plasma insulin and insulin
resistance in the fish oil and MUFA groups
was associated with an increase in fasting
plasma DAG, suggesting that the increased
DAG levels observed in these rats may be due
to decreased insulin secretion. Although, the
mechanisms responsible for the differential
effects of fatty acids on insulin action and glu-
cose homeostasis have not been fully eluci-
dated,* ghrelin levels were found to be recip-
rocal to those of glucose and insulin 447 and
previous data available suggested a negative
association between systemic ghrelin and insu-
lin levels, with ghrelin inhibiting insulin secre-
tion both in vitro and in vivo and in most
human or animal studies.*8

It should be pointed out that ghrelin and
DAG are two separate peptides but they can
modify the actions of each other on glucose
handling.1¢ In this study, it is reasonable to
postulate that the low fasting DAG levels in
HEF-B fed rats partially relieve its inhibition on
insulin production. The insulin level therefore,
is increased to compensate the peripheral insu-
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lin resistance caused by high SFA consumption
as previously reported.? Nevertheless, this
study could not show any significant correla-
tions between insulin and DAG concentrations.
On one hand, this may be related to different
metabolic status in growing rats and on the
other hand, previous studies have measured
insulin concentration in the portal circulation
following intravenous injection of DAG, which
may affect the findings.?4#4%-50 Gauna et al. have
hypothesized that assessment of insulin con-
centration in the portal vein might be more in-
formative than that in the systemic circula-
tion.2

As we said above, calorie intake, food in-
take and weight gain were higher in HF-B and
HE-S diets in comparison to SD, HF-F and HF-
O groups and on the other hand, HF-F and HF-
O had higher DAG and lower insulin and insu-
lin resistance in comparison to the HF-S and
HEF-B diets. As, documented, ghrelin and insu-
lin are two gut hormones playing an affective
role in body weight regulation;* DAG could
hence decrease food intake and gastric empty-
ing in mice and rats.5! Food intake modulator
actions in the central nervous system have
been suggested for insulin.525 According to
the findings of this study, food intake, calorie
intake and weight gain were lower in groups
with higher DAG, which is consistent with re-
cent report that DAG induces a negative en-
ergy balance by decreasing food intake and
delaying gastric emptying.5® On the other
hand, in groups with higher insulin concentra-
tion and insulin resistance, food intake, calorie
intake and weight gain also were higher. These
findings are comparable with the Buettner
(and coworkers’) study in which they have
shown that groups with higher weight gain,
had higher plasma glucose levels and less ef-
fective insulin-induced glucose disposal.2

Conclusion

Rats fed with HFDs containing MUFA and [J-
3 PUFA had significantly lower weight gain,
food and calorie intake and these changes
were associated with increased fasting plasma
DAG concentrations, concomitant with lower
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insulin concentration and insulin resistance.
Results of this study suggest that HFDs con-
taining fish oil and olive oil can increase the
DAG which may play a role in weight, appe-
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