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Abstract

Obijectives: The aim of present study was to investigate the effect of 10-weeks of 4
energy restriction methods on histologic changes of adipose tissue and macrophage
infiltration as well as glycemic indices in unsaturated-high-fat-fed obese male rats.
Methods & Materials: Blood and tissue samples were collected from 72 wistar male
rats (weight 195+5g, age 8 weeks) at 1%, 18" and 28™ weeks after overnight fasting.
After first sampling, remaining 64 rats were randomly divided into two groups of control
(n=16) and high-fat-diet (UHFD)(n=48). UHFD group was randomly divided into food
content change (SD), exercise training (EX), combination (CR+EX) and unsaturated-
high-fat-diet (UHFD) subgroups after 18 weeks. Ex group ran for 10 weeks (5d/wks.)
with intensity equivalent to 70-75% of Vo,max. CR was implemented reducing 25% of
energy intake and SD group used a change from UHFD to a standard diet. Histologic
changes of retroperitoneal and mesenteric regions as well as macrophage infiltration
were assessed after tissue passage, H&E staining and high-resolution microscopic
picturing.

Results: The results of this study indicated that in comparison to UHFD, all
experimental groups showed a significant difference in all glycemic indices and lipid
profile variables (but HDL) as well as adipocyte size of studied adipocyte tissues (P <
0/05).

Conclusions: Therefore, it seems that regardless of the intervention type, energy intake
manipulation methods possibly due to the reduction of adipocyte size had not change in
macrophage infiltration to cause improvement in metabolic profiles.
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Extended Abstract

Background and Purpose

Obesity is an increasing health problem that has reached epidemic proportions
globally (1, 2). Long-term consumption of a high-fat diet (HFD) and a sedentary
life style are significant contributors to fat deposition and associated weight gain
complications. The obese state is accompanied by changes in both morphology
and function of white adipose tissue (WAT)(3, 4). Therefore, the aim of present
study was to investigate the effect of 10-weeks of 4 different energy restriction
methods on histologic changes of white adipose tissue of retroperitoneal and
mesenteric fat depots as well as macrophage infiltration to aforementioned fat
depots in UHFD obese male wistar rats. Also, glycemic indices and lipid
profiles were analyzed to evaluate any possible correlation between fat content
morphology with studied variables.

Materials and Methods

72 wistar male rats (weight 195+5g, age 8 weeks) were studied in the current
study. All rats was housed in polycarbonate cages (4 per cage) in controlled
environment (temperature 2242 centigrade and humidity 60+5 %). All rats had
access to ad libitum food and water before the experiment for two weeks in
order to get used to the lab environment. Blood and tissue samples were
collected at the 1st, 18th and 28th weeks after overnight fasting (12—15 h) under
terminally anesthetized conditions. To minimize the effect of acute exercise, all
sample collections were carried out 24 h after the last training session. After first
sampling, the remaining 64 rats were randomly divided into control (n=16) and
unsaturated high-fat diet (UHFD)(n=48). UHFD contained more calories and fat
percent compared to control diet (Cal 4.84 vs 3.86, fat percent 39% vs 3.2%).
After 18 weeks UHFD was group randomly divided into standard food content
(SD), exercise training (EX), combination (CR+EX) and UHFD subgroups. Ex
group ran for 10 weeks (5d/wks.). With intensity equivalent to 70-75% of
Vo,max which was running at 28 m/min. Training time progressively increased
from first to fourth week to reach 90 min/session. CR was implemented reducing
25% of energy intake and SD group used a change from UHFD to a standard
diet. Histologic changes of retroperitoneal and mesenteric regions as well as
macrophage infiltration were assessed after tissue passage, H&E staining and
high-resolution microscopic (Olympus microscope with 400X) picturing. All
pictures were captured in 5-8 microscopic fields with at least 50 adipocytes. The
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photos were analyzed using a computer-assisting image analyzer (Liposoft,
V.1.2.1) with sensitivity of 1 um® Serum samples were obtained after 20min
clotting at 22 Celsius and centrifuging at 4000 RPM for 15min. Samples were
then transferred to a -70 Celsius fridge for further analysis. Statistics were
calculated using the IBM SPSS Statistics software package version 25.0 (SPSS,
Inc., Chicago, IL). Normality of statistical distribution was confirmed with
Kolmogorov-Smirnov test. One-way ANOVA with posthoc Tukey adjustment
was applied to examine differences among groups. The t-student test was used to
assess differences between obese and leans group. The association between
variables was calculated with a Pearson correlation coefficient test. Data are
presented as mean + standard error and the 95% confidence interval is used for
determination of significance in statistical analyses.

Findings

Weight Changes

To validate the effect of UHFD on weight gain and energy homeostasis, REAT
and MEAT cell size, values of serum biochemical measurements and body
weight were determined in lean and UHFD sedentary rats, 18 weeks after the
beginning of the treatment. Compared to lean group, UHFD rats showed
significant increase in body weight ~ 7.6% (248.2+16.5 vs. 267.2+13.4) at 8th
week (P < 0.05). UHFD rats showed significant increase in body weight (19%),
RPAT and MEAT adipocyte size (45.6% and 63%, respectively), RPAT, serum
concentrations of Insulin, triglyceride, glucose and HOMA-IR (47.4, 32.9, 28.7
and 71.5%, respectively), when compared with lean. Despite considerably
decreased body weight after 10 weeks of energy intervention including change
of diet (UHFD to SD) (5%), aerobic exercise (5.9%) and combination (4.4), the
differences were not significant compared to UHFD. However, calorie
restriction group weight significantly decreased (8.2%) (P <0.05).

Serologic Changes

Significant decrease in all glycolytic indices of energy intervention groups
compared to UHFD were observed in 28" week (P <0.05) as well as TG, Cho
and LDL-c. While only aerobic training and combination groups -c showed a
significant decrease of HDL compared to UHFD (P <0.05).

Histomorphologic Changes

Mesenteric adipocyte size of UHFD group were significantly higher than
experimental groups at 28" week (P <0.05), and aerobic training group showed
the highest mesenteric adipocyte size reduction (58.8%) compared to UHFD,
which also showed significant differences compared to other energy intervention
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groups (P <0.05). EX, CR, combination and SD groups respectively showed
highest to lowest decrease in adipocyte size of mesenteric fat depot.

Besides, retroperitoneal adipocyte size of UHFD group was also significantly
higher than all energy intervention groups at 28" week (P <0.05). Combination,
CR, EX and SD groups respectively showed the highest to the lowest decrease
in adipocyte size of mesenteric fat depot.

Macrophage Infiltration

Tukey post-hoc test showed that EX compared to UHFD had significantly
higher macrophage infiltration (p <0.01). According to table 1, all glycolytic
variables as well as all lipid profile variables except LDL-c, significantly
correlated with adipocyte size of studied depots (P <0.05).

In retroperitoneal depot, no significant correlation were observed between
adipocyte size and macrophage infiltration in studied groups, while in
mesenteric depot, the correlation was significant in only Ex group (P <0.05).

Table 1- Correlation of biochemical variables with adipocyte size of
studied depots

Variable Retroperitor_leal adipocyte Mesenteri_c adipocyte
size size

Glucose **0.40 **0.55
Insulin **0.46 ** (.59
HOMA-IR **0.52 ** (.68
Cholesterol *0.27 **0.44
Tri-glyceride **0.49 **0.50
HDL-c **.0.31 *-0.29
LDL-c 0.15 *0.31

*: P<0.05, **: P<0.01

Conclusion

The results of this study indicated that despite using unsaturated fat (32.4% of
UHFD energy content), long-term consumption of UHFD (18 and 28 Wks.).
Possibly due to more energy content compared to the standard diet (4.84 Vs.
3.86 Cal/gr) and significant weight gain, all experimental groups showed a
significant difference in all glycemic indices and lipid profile variables (but
HDL) (P < 0/05). The complications in glycemic indices in UHFD were
accompanied with increase of adipocyte size of studied adipocyte tissues (p
<0.05). These WAT depots were chosen because of their location in the central
cavity and also because most of the studies in literature point out the importance
of these adipose depots in the etiology of insulin linked complications and other
health problems (5-7). These findings were aligned with other studies which
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used saturated fat diets. However, our results were in contrast with studies that
used an unsaturated fat diet which is possibly due to their short-term HFD
consumption while current study rats were under a 7-month UHFD (8). This
finding is important considering that 90% of world population are using canola
oil (canola oil was used as an unsaturated portion of fat in current study). Results
of this study can be approved considering the recent report of Nguyen (9) that
neither fat percent nor the ratio of unsaturated vs. saturated in four used diets
had a significant effect on the diet induced obesity. It seems that regardless of
the intervention type, energy intake intervention methods (EX, CR, SD,
combination) possibly due to the reduction of adipocyte size had not the change
in macrophage infiltration cause improvement in most metabolic profile
variables.

Article Message

The results of the present study showed that calorie restriction and exercise,
even accompanied by consuming high-fat foods, lead to a reduction in the
adipocyte size and improvement in metabolic disorders. In this regard, we
speculate that the number of consumed calories affects more profoundly than the
consumed fat type metabolic disorders.
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Figure 1- Research plan
CO: Control, HFD: Unsaturated fatty diet, SD: Standard diet, CR: Calorie
restriction, EX: Aerobic training, EX + CR: Combined
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Figure 2 — Weight changes in rats
*: Significant difference compared to paired weeks (P<0.05)
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Table 1- The effect of 18 weeks of unsaturated high fat diet on serum variables in

rats
phazs dide NEEEY
18" week First week
Oz glad Js Js
High-fat food Control Control
Y
22.26+1.6 +18.98+1.6 10.99+0.4 Glocuse
(mmol/L)
ol
88.94+13.97 +60.33+£9.22 29.646.55 Isulin
(Pmol/L)
2.35+0.51 +1.37£0.21 0.61+0.13 HOMA-IR
& oS 6 5
27.3+4 +29.242.2 30.2+0.9 Triglyceride
(mg/dL)
b Jo sl
111.2+4.7 83.16+8.7 52.11+0.3 Total Cholesterol
(mg/dL)
31.4749.82 28.47£9.9 33.65.9 (mg/dL) LDL
81.11+1.9 74.615.1 74.7£0.8 (mg/dLy HDL

N J&> b g pond HDL «id cws 0,5 o MO/AL d 5 Jges%o PMOIL 2 5 Jse Lo mmol/L
(P <0.05) ¢y 513 09,5 b dunlio 4o jloline glés F el S b o0ty ged LDL
mmol / L: Mmol per liter, Pmol / L: Picomol per liter, mg / dL: Milligrams per deciliter, HDL:

High-density lipoprotein, LDL: Low density lipoprotein, }: Significant difference compared to
high fat diet (P <0.05)
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Table 2- The effect of energy balance interventions on serum variables in rats

JEET SRR CHY
28" Week
Iy Mg 2,0 Sadpir 2 lid
I |5*"'rJ' L3] L,...J-“- ol .JI-JJ'cS Jpus
AT . Aerobic High fat
L Combined exercise Calorie diet Control
Change of restriction
food content
S5l
79.15+0.9 19.71£12 T14.82+1.7 T15.76+£1.9 23.09=23 20.76+1.3 Glocuse
(mmolTL)
el
774.8+6.8 F75.5+6.8 16 lgiﬁ 2 T404+53 102.13=879 87.21+84 Isulin
o Pmoll)
P 0.75x0.24 T - o s
71.96=0.27 1.47=0.14 + 0.8520.11 2.93=0.66 2.11=0.57 HOMA-IR
S 805
70.137.4 . e . i
3 7731511 T71.1323.7 737162352 101.20=6.6 72.19+9.1 Triglyceride
mg/dL)
b Ja =S
- - a4 = - - Total
78.11£2.3 76.9=1.1 68.13x1.3 74 8268 88822 80.6=38.1
Cholesteral
mg/dL)
27=42 28=36 28.3=4.1 27.2=24 23.7£33 28.25+4.9 LDL
27=4. 28=3. =4 7.2=2, NEXH 28. . (g/dLy
35.9=85 33.52009 2547487 358779 42 17£89 37.55+9.3 HDL
33598 =5 A7x5.! N Li=s! 313 3 (mg-"d]'..)

N J& b e psed HDL il gs 5 oS leo MO/AL 2 2 JgesSy PMOIL 20 5 Jse Lo -mmol/L

P < 0.05) [y Gls 05,5 L anslie o jloline glas F ‘U""L 6]&; L u,..i.usj.»jﬁJ LDL
mmol / L: Mmol per liter, Pmol / L: Picomol per liter, mg / dL: Milligrams per deciliter, HDL:
High-density lipoprotein, LDL: Low density lipoprotein, {: Significant difference compared to
high fat diet (P <0.05)
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Figure 3 - Adipocyte area of the mesenteric and retroperitoneal areas
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um2: Micrometers square, RPATa: Retroperitoneal adipocyte tissue area, MEATa:

Mesenteric adipocyte tissue area, T: Significant difference compared to high-fat diet in
groups (P <0.05)
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Figure 4- macrophage infiltration to the mesenteric and retroperitoneal areas
RPATa: Retroperitoneal adipose tissue area, MEATa: Mesenteric adipose tissue area, f:
Significant difference compared to high-fat diet in groups (P <0.05)
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Table 3- Correlation of biochemical variables with adipocyte size of mesenteric and
retroperitoneal adipose tissues in rats

237 <8l Comgm ol 8511 7 S8l Comga ol 851l
SC 60 JBgh y95) f’"‘"“
Adipocyte size of mesenteric  Adipocyte size of retroperitoneal Variable
adipose tissue adipose tissue
S
0.55 ** 0.40 ** Glocuse
(mmol/L)
Ol
0.59 ** 0.46 ** Isulin
(Pmol/L)
0.68 ** 0.52 ** HOMA-IR
& yeelS 6 5
0.44 ** 0.27* Triglyceride
(mg/dL)
pb Joyils
0.50 ** 0.49 ** Uiz,
cholesterol
(mg/dL)
-0.29 * -0.31 ** (mg/dL) LDL
0.31* 0.15 (mg/dL) HDL

P<0.01 gl 5o & lobae P <0.05 daw o (5 lolixe -
*: Significance at the level of P <0.05, **: Significance at the level of P <0.01

Gouwd By Sdglin slo psiin slad pioren (P < 0.05) aizils lobne bls,l oudiaslllas
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Table 4- Relationship between adipocyte size and macrophage infiltration in adipocytes
in peer area

gy 1 831031

JBg 3195 5 Cammga o 831l <
o Sy 30 24

Retroperitoneal .
Variable adipocyte size Mesenteric Group
adipocyte size

Sig: 015 r:0.29 Sig:0.95  r:0.01 JAs
Control
Sig: 0.15 r:-0.38 Sig: 0.13  r:-0.40 IR S
s ‘ : High fat diet
g Sl o ped
g} = Sig: 0.5 r. -0.28 Sig: 0.02* r:0.79 Aerobic
o a
C; é ei<er0|se
_q)'\ _CCG ‘_g)JlS u{osm
El= Sig: 0.36 r: 0.38 Sig: 0.59 r: 0.22 Calorie
g restriction
= S
Sig: 0.36 r:0.37 Sig0.24  r:0.47 =2
g g Combined
e slgime s
Sig: 0.44 r:0.31 Sig: 0.09 r:0.5 Change of food
content

P <0.05 alhw ;o s, lobine:”
*: Significance at the level of P <0.05
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