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Abstract

Obesity can be defined as a individual carrying too much body fat. For a person is
considered obese if his Body Mass Index (BMI) is over 27. Obesity usually leads to a
state of chronic inflammation that contributes to insulin resistance and T2DM, which
also causes brain insulin resistance and neuronal dysfunction. 4 weeks old mice fed
with high-fat diet (HFD) for 20 weeks can lead to obvious peripheral inflammation like
increased serum TNF-o and leptin. Moreover, the neuronal inflammation condition
would be enhanced by elevated TNF-a, microglia. More important, the insulin
receptor-dependent AMPK signaling pathway would be inactivated, which can cause
serious neuronal dysfunction and brain damages. Resveratrol, a nature polyphenol
compound enriched in red grapes. HFD-mice fed with resveratrol for 20 weeks have a
significant effect on anti-inflammation in both peripheral and neuronal systems. Then
medicine (metformin) and whole food (blueberry) which have been prove to restore
T2DM and decrease ROS level and oxidative stress. In metformin group, 5 weeks old
rats fed with HFD for 12 weeks lead to insulin resistance condition. HFD group treat
with metformin showed an obvious change in decreasing ROS level in brain
mitochondrial; and in Morris water maze test, the performance was greatly improved in
both acquisition and probe test. In blueberry (BB) diet, 9-month old mic were fed with
HFD for 5 months, then took the Novel Object Recognition test. Results showed that
the HFD mice treat with BB have better perform than the group without BB. In
conclusion, obesity related cognitive impairments by neuronal insulin resistance, brain
oxidative stress, and brain damages can be restored by treated with medicine, fruit

extractions, or foods. We can also claim that making changes in our daily dietary
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composition will be a good choice for health.
1. Introduction

s - AP AR S eI 0 4 KR KA SMTRE
(BMI) A2i 30 ¥ L2 » v %e L@ B R RITH TRl & AR ¢ FIReF 5 B A
Boodet R A SR A AR R R 8 Ao R b v R
J& & % (Muhammad et al., 2009) > % L7 F AT 0 B okt 941 Had o F %
%ﬂﬁ%é%%%mﬁﬂ’xgw%#g&m%%mﬁ’ﬁ%%a%£6g¢%
PR S AR R EL TR SRIE Y Yy

b il g R - TARR PR L SRR s Y o M E iR § 3

B L ’iﬁf_%‘« B L2 xR L& o8 % %3 40 TNF-a ~ IL-6 % %

(Moraes-Vieira et al., 2014) » & 2 A x ¥ kR & > leptin # g+ 2 >
adiponectin T "f > izl F]R 3N E F R LF B L > AU ERLL FXERER
THROFARGFES O w RV R FIRAE T H R A RN S g B
e B enrgip e ‘ﬁ‘« FIL G FIEERFE LR B4y o IDE FHET R D
APBP-Hd 30 ) kR P2 > R v 2MTE > L FHERF LR 0 TR
WEDAPT »Fe? > RGP VLG FERIOARAR AT AP rdIE G R4
PP R L FR B ERGPA LG FEdu o pRIRA § RGP 1 A-BA R E B
F A R R4y 0 A-B > p-Tau ~ GSK-3 activity ~ IL-6 ~ TNF-o % 4 & chg
ERaR RAFH A RGP B LF Brd VRS FERF > ERNPM A G o R
Hoem PEFRRACE Y 0 a8 @l RS aw B A RARE L& R T
P % A o e B0s B 2 B {UF SM B2 (Akomolafe A, et al
2006) -

SR K ARNP IR REAES S FALH AT Pk AR T

B a8 T T R R R e B R L g e R R
gk g AP ERIeE Y a4 AR FHAT F B pEE P TS

fort b d e £ S PR A0k 7 - R e e B 7 5 R
kgt -
2. Resveratrol attenuates obesity-associated peripheral and central

inflammation and improves memory deficit in mice fed a high-fat diet (Jeon et

al., 2012)



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29

v % L% (Resveratrol, RES)» # - &% Ah i e % > i § & i
"ﬁf"ﬁ’s‘mgz‘i’éﬁ?.‘ﬁﬁ"?ﬁ?\f'fwti* rﬁrn‘f‘}ﬁa’“’*i%‘—i? R
Aot R4 (Fremont, 2000) > A/ B 3ET R WILAEE T e B A
ok 0 BB R EAe? fRA S Kok k o BB N IF w # A s

C67BL/6J mice + 120 & 4 = w &> & W 5 MFq 4 & 0 (LFD)~ P4k & 4 v H 0
f3 e (LFD +RES) ~ & "a4c & %2 (HFD) ~ % "534 4 4c v ¥ jL it 22 (HFD + RES) >
FF20F ARG RS F AR B IEES AT o

20Fp e e X HAEERET U7 I kS G IS T e B E g e
Bru|p R RS VUM bt &G W pEchien] (HFD +RES) 27 it it
FHER ek > THIRT R AR L ek SR ENEL > L L hwme R

%mﬂdﬁ%\_ e 'ﬁ N 5 enLw(Fig. 1) RIZHFHT A 5% e Bfoigi 5 e
A 5 Fordie LR UG R FRRIOFwe A 45 0 (Fig. 2)5 # *
% A A 72 (ELISA) ¥ E AL fpE (GTTs) % 5% § % mf & fipzx (ITTs)
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F_L

adiponectin 77 *# ~ leptim ¢h} = & HFD e 3f§ o i e p kpeng &) > @
HFD+RES %]+ 355 BFart L% (Fig. 2A2B) > Ris» &+ & HFD &%) ¢
n RP L FEEAPEREE L e RAB S REFLE FIERR L 0 2
oAk &tk et se L ehi 4 (Fig. 2E) » GTTs (Fig. 2C) &% A pr g B ghp L f
B BF IR NS L e ERFEIBAR BFANA30 A 60 4 ~90

> 120 A BRI X AR L BEAKNSERERP LY F§
WEERRE T RELE FIER Y B G RIS HRF F g
F1* F iz g did s AR Y THRM S A i AL - 24 HFD
et X P RESOLRS AT EMERF A HFD +RES 2% P A en™ "2 485 o
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Gt A AP o A ARRPIFES P Z WL e Oil red-o B ES
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4 & RES et 2T 4 P A erjp > o] e o (Fig. 3B) 5 4-HNE %4 32 >
- fAAr B 4 S EReandE kRl R %5 ¢ £ 0 (Fig. 3C) Bl AR
Z a0t 5] HFD 2%y %s 2 E P A8 B2 # = % » HFD + RES 2 {8 3| 24§ 43 9
i o g X £ & F]F TNF-af HFD 24 P &g cht 23 % » HFD + RES 2 # 5] 2

e (Fig. 4A) > (Fig. 4B,4C) CD-68 AL % 4 2 » A& 47k m e i = 5 3
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5D) 4-HNE % ¢ 2 ¢ » 5 o fle G fpieni o (Fig. 6) % § 5 <X BAPM 1
AMPK 3t L3275 0 frrgp e Uk B2 TAU Bk it 5 (% ol o I+ gipe it o
FERFL Tt B R R % § X BELRL 1 2 adiponectin jk B £ & AMPK &
pe it ehd & ik BREL T 9% § & X B 2 adiponectin ik & 8 BF i F © AMPK
BT A HFD fe feig = 4 et GI404p 16060 & HFD + RES 2484 &4
X AAFL C 1 GSK3 € 1 H 3k TAUBREL - chat it > TR P p # 52 FF T o 97l
HFD 2+ 5 & Agipk v s GSK3 ez & 1% % *+ 2 i = ‘o o(Fig. 7) Golgi’s staining -
- R P EA G A fod e te chd & P 0 HFD fecn® = & dgikdp eha 4 i m
R REER GA AR FF R HFD e Klmre g P A MO T = e
< M Ak s RES ek Bl aA Ghwre b 5 P Ay o
WRERT F I R REERG Y S AMPK IV BRS s e A DR LR
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3. Effects of metformin on learning and memory behaviors and brain
mitochondrial functions in high fat diet induced insulin resistant rats (Pintana

etal., 2012)
Metformin A% & s 1% iof % = M Sop % & (FF BJ R o7 §§
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PEAE D RN ZRETAEY Blew X BEIR ML Y Feduafkn s &
M4 f F Ak 5 (He et al., 2009; Labuzek ef al., 2010) » I 50 % % * Pk i
AR Mo BT o $3T R g gt U e REA odp M iF ¥ (Labuzek er al., 2010) » ®
B2t 5 mie ¢ Metformin 3 F 0 ¥ U R 4 g A endm e k= eni® * (EL-Mir et al.,
2008)c 4t B B 5 %’gv} Metformin s 2 4% bk 8 1 Havs § F e B »
36T RGN R o B Y o Bz 4 o
P et WISTAR * & 32 &2 o 512 ¥ (ND)» B nbc 8 e
(HFD) » ' % 12 i¥2 {687 —- X avRkiF g% > £ % ND %22 4o & NDV &5 &
ki ~ NDM 4k & Metformin % > HFD 4 5 HFV 4 & 8 %-k % - HFM 4 &
Metformin 2 ; 4k & $& &5 £ P48 £ ~ £ F i ~ o #%{- Homeostatic Model Assessment
(HOMA)- & @ -k # & 2 ml/kg/BW/day > Metformin % % 15 mg/kg/BW twice daily >
A2l X ow BREE- ARF T FERK o AL EE > B oA 4T o
% = =4 2 w AP R endicie (Table. 1) 7 % 3 HFD ‘ecnd € - HOMA v
EEREEP B ND 2o 3 EF%E AR a gl g o T FRELE
ezt (Table.2) ¥ ¥R IF S P Aend B o & > io HFV 2l € ~ "2 Ff5
HOMA &2 MDA & % dp {512 chlicdp 208 ¥ % 50 NDV &0 B k23§ P A ook
L #rf A 21 % o Metformin £J2 » HFM "2 Ef ~ HOMA &% MDA & %
TG AR TR AARR o e MRS A 4T o (Fig. 8A) A HhiEAR G PF o R
F ROS B2 B > HiA4ckop 3 VR > RS X3P h % 0 d HFV 27 0t #c
EiRigBEHE B = 2 #HR 1 HFM & & Metformin @2 T > #gp ROS 3
kg e 5 (Fig. 8B) HFV fecip Mg e it s 2308 s = % » 3P & HFV
EAHR R T AT X OB R GREB o kE 3 A% Y > (Fig. 9A,90)
% Acquisition test (€ R Ak F ¢ H P S RF) ¢ HFD 2% £ v ND & %
= 20-30 fyenpE A A so 45 BI-k ¢ enT 5 i Metformin &Jd2 T HFM fe #71oeh
P Ap g3t HEV 23 PP &g i) 0 1 Probe test(=% B f#% “fl g EERT o B R
T 5ngUis T RFR) (Fig. 9BOD)HFD et i 3 L S en % 'U¥ i F enpr i s P
5535 ND ‘& 5 HFM ‘2t 4= HFV &4 § P agehie s - A7 & ¥ fossfbi 4 @5
ixd > 4 T IRND 2 A G Bk 2 Metformin T enfi R T L H ALY o

Metformin #c "% M F L # B g bk & 9751 g s | B Ie b Pop F VR4 S i34
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high-fat diet(N. Carey et al., 2014)
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Figure 1. Effects of RES on whole body and brain weight in HFD-fed mice. Male C57BL/6J mice were fed an LFD, HFD, HFD+RES, or
LFD+RES for 20 weeks (n = 20 per group). trans-RES was homogenously blended into the LFD or HFD, pelleted, and preserved in a

manner to ensure the stability of RES. Graphs show change in body weight.
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Figure 2. Effects of RES on metabolic parameters in HFD-fed mice. For ELISA
analysis, mice were anesthetized with zoletil (5 mg/kg) and then blood serum was
extracted transcardially through the apex of the left ventricle with a 1-mL syringe.
Serum adiponectin (A) and leptin (B) levels using ELISA (n=5-7 per group).
Hypoadiponectinemia and hyperleptinemia in HFD-fed mice were significantly
reversed by RES treatment. C: Blood glucose levels after D-glucose (2 g/kg) injection
in mice fed an LFD, HFD, HFD+RES, or LFD+RES. D: Blood glucose levels after
insulin treatment (0.75 units/kg). Blood glucose levels of mice fed an HFD+RES were
significantly decreased compared with HFD-fed mice. E: Serum insulin (n = 5-7 per
group) levels using ELISA. RES decreased HFD-induced hyperinsulinemia. Data are
mean 6 SEM. *P < 0.05 for HFD- compared with LFD-fed mice. TP < 0.05 for mice
fed an LFD or HFD+RES compared with HFD-fed mice.

(Jeon et al., 2012)
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Figure 3. Effects of RES on hepatic steatosis, oxidative stress, and macrophage
infiltration in HFD-fed mice. A: Representative microphotographs of hematoxylin and
eosin (H&E)- and Oil Red O-stained liver section from mice fed an LFD, HFD,
HFD+RES, or LFD+RES. B: Representative microphotographs of immune-stained
4-HNE in liver sections from each group. C: Quantitative expression of 4-HNE is
shown as relative density. Data are mean 6 SEM. *P < 0.05 for HFD- compared with
LFD-fed mice. P < 0.05 for mice fed an LFD or HFD+RES compared with HFD-fed
mice. Scale bar = 50 um.

(Jeon et al., 2012)
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Figure 4. Effects of RES on serum TNF-a and macrophage infiltration in adipose

tissue in HFD-fed mice. A: Concentration of TNF- a (n = 5-7 per group) from serum
of mice fed an LFD, HFD, HFD+RES, or LFD+RES using ELISA. RES significantly
inhibited the HFD-induced increase of TNF-a production. B: Representative

microphotographs of immune-stained CD68 in epidermal fat pads from each group.

CD68-expressing cells were deposited in HFD-treated adipose tissue. Arrow indicates

macrophage. Scale bar = 50 um. C: Quantitative expression of CD68 is shown as
relative density. Data are mean 6 SEM. *P < 0.05 for HFD- compared with LFD-fed
mice. TP <0.05 for mice fed an LFD or HFD+RES compared with HFD-fed mice.
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Figure 5. Effects of RES on neuronal inflammation in the hippocampus of HFD-fed

mice. A: Western blot showing hippocampal TNF- o in mice fed an LFD, HFD,
HFD+RES, or LFD+RES. Quantification of hippocampal TNF- a from Western blot
analysis. Densitometry values for TNF- oo were normalized to a-tubulin and are
represented as arbitrary units (AUs). B: Western blot showing hippocampal Iba-1 in
each group of mice. Quantification of hippocampal Iba-1 from Western blot analysis.
Densitometry values for Iba-1 were normalized to a-tubulin and are represented as
AUs. C: Representative microphotographs of immune-stained Iba-1 in CA1 region of
the hippocampus from each group. Ramified microglia are present in the
hippocampus of mice fed an LFD, HFD+RES, or LFD+RES, whereas activated
microglia are present in HFD-fed mice. Arrow or arrowheads indicate activated
microglia or ramified microglia, respectively. Scale bar = 20 um. D: Western blot
showing hippocampal 4-HNE in each group of mice. Quantification of hippocampal
4-HNE from Western blot analysis. Densitometry values for 4-HNE were normalized
to a-tubulin and are represented as AUs. Data are mean 6 SEM. *P < 0.05 for HFD-
compared with LFD-fed mice. P < 0.05 for mice fed an LFD or HFD+RES
compared with HFD-fed mice.
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Figure 6. Effects of RES on IR-mediated AMPK signaling pathway in the hippocampus of HFD-fed mice. A: Western blot showing p-IR
and IR in the hippocampus of mice fed an LFD, HFD, HFD+RES, or LFD+RES. Densitometry values of p-IR were normalized to IR and
represented as arbitrary units (AUs). B: Western blot showing adiponectin in the hippocampus. Densitometry values of adiponectin were
normalized to a-tubulin and represented as AUs. Western blot showing phosphorylation of AMPK (C), ACC (D), GSK-3b (E), and tau (F)

in the hippocampus from each group. Quantification of the phosphorylation of each protein from Western blot analysis. Densitometry

values for each p-protein were normalized to total protein and are represented as AUs. Data are mean 6 SEM. *P < 0.05 for HFD-
compared with LFD-fed mice. P < 0.05 for mice fed an LFD or HFD+RES compared with HFD-fed mice. G: Proposed model of the
phosphorylated regulation of IR-mediated AMPK signaling pathway in the hippocampus.
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Figure 7. Effects of RES on neuronal degeneration in the hippocampus of HFD-fed mice. Representative, higher resolution
microphotographs of Golgi-stained neurons in the hippocampus of mice fed an LFD, HFD, HFD+RES, or LFD+RES. Arrowhead and

arrow indicate neuronal soma and dendrite, respectively. Scale bar =50 um.
(Jeon et al., 2012)
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Figure 8. The effect of metformin treatment for 21 days on the brain mitochondrial
dysfunction of HFD-fed rats. Metformin administration reduced the brain ROS
production following H202 application caused by HFD consumption compared with

HFV (A). Metformin significantly decreased brain mitochondrial membrane potential
change following H202 application compared with HFV. p < 0.05; NDV vs. HFV,

#p < 0.05; HFV vs. HFM. NDV: normal diet-fed rats with vehicle treatment, NDM:
normal diet-fed rats with metformin treatment, HFV: high fat diet-fed rats with
vehicle treatment and HFM: high fat diet-fed rats with metformin treatment.

(Pintana et al., 2012)
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Figure 9. HFD consumption decreased learning and memory behaviors, indicated by
increased time to reach the platform in acquisition test (A) and decreased time spent
in target quadrant in the probe test (B). After 21 days of metformin administration,
metformin treatment in HFD-fed rats significantly improved learning and memory

deficit, indicated by the decreased time to reach the platform in acquisition test (C)
and increased time spent in target quadrant in the probe test (D), p < 0.05; ND vs.

HFD and NDV vs. HFV, #p < 0.05; HFV vs. HFM. ND: normal diet-fed rats, HFD:
high fat diet-fed rats, NDV: normal diet-fed rats with vehicle treatment, NDM: normal
diet-fed rats with metformin treatment, HFV: high fat diet-fed rats with vehicle
treatment and HFM: high fat diet-fed rats with metformin treatment.

(Pintana et al., 2012)
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Figure 10. Food (A) and caloric (B) intake. An average of two 24 h food intake
measurements indicated that overall the mice that ate HF diets consumed less than the
mice that ate LF diets. However, mice on HF diets consumed significantly more
calories than those on LF diets. (* p < 0.05, significant difference from LF diets,
two-way ANOVA.)

(N. Carey et al., 2014)
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Figure 11. Percent increase in weight after 5 months on diets. Mice on HF diets

gained significantly more weight than mice on LF diets. Blueberry had no effect on
weight. (* p <0.05, significant difference from LF diets, two-way ANOVA.
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Figure 12. Novel object recognition performance after 2 (B), 3 (C), and 4 (D) months on the diets. (A) The schematic represents testing
cages as they were arranged in each trial of testing. (B) After 2 months on the diets, mice on LF and LFBB diets showed a significant
increase in RI in the testing trial compared to the training trial, suggesting intact object recognition learning/memory. Mice on HF and
HFBB diets did not demonstrate an increase in Rl in the testing trial, suggesting impairment. (C) After 3 months on the diets, mice
consuming HFBB diet showed a trend toward an increase in RI in the testing trial (p[1= 0.056). (D) After 4 months on the diets, mice on
LF, LFBB, and HFBB diets showed a significant increase in RI in the testing trial compared to the training trial, whereas the mice on the
HF diet did not. (* p < 0.05, testing trial is different from training trial, Wilcoxon signed ranks test.)

(N. Carey et al., 2014)
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Figure 13. Testing trial performance in the novel object recognition task over three test sessions. The LF- and LFBB-fed mice, but not the
mice fed the HF diet, performed at levels greater than chance when tested after 2, 3, and 4 months on the diets (chance is 50% time on the
novel object and is indicated by the dotted line). The HFBB-fed mice demonstrated a trend (p[1= 0.15) after 3 months on the diet, and
after 4 months on the diet, the mice demonstrated performance that was significantly greater than chance. (* p < 0.05, one-sample t test
compared to a mean of 50%.)

(N. Carey et al., 2014)
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Table 1. Effects of 12-week high fat diet (HFD) consumption on body weight, cholesterol, glucose, insulin and HOMA index.

Parameters 12-week ND 12-week HFD
Body weight (g) 450+ 7.1 5504+9.42"
Plasma total cholesterol (mg/dl) 6§3.34+10 129.43+ 861"
Plasma glucose (mg/dl) 14038 +6.24 148,84+ 7.67
Plasma insulin (ng/ml) 226+0.3 324+048"
HOMA index 2013+2.23 35.454+ 4.44"

ND: normal diet group, HFD: high-fat diet group.

P <0.05 vs. ND.
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Table 2.Effects of metformin

high-fat diet.

administration on peripheral insulin sensitivity parameters

and MDA levels

in rats fed with normal or

Parameters NDV NDM HFV HFM

Body weight (g) 443334955 44511455 561.67+19.05" 55833 +20.56"
Visceral fat (g) 20,07 £3.74 23134340 4730+430" 4475+431"
Plasma total cholesterol (mg/dl) 90.80+4.33 8930+11.02 136.02+7.36" 108.57 +£5.84%
Plasma glucose (mg/dl) 143.89+4.94 13169+8.79 150.11+7.52 139.08 + 449
Plasma insulin (ng/ml) 2.19+0.33 220+£0.43 3.46+0.43" 2.11+£048*
HOMA index 21.94+3.74 1624+2.05 4341+661" 2196+ 4.02*
Plasma MDA (mmol/ml) 2.52+0.15 263+0.19 7.13+0.13" 643+020"*
Brain MDA (mmol/ml) 1.46+0.23 136+0.28 2.30+£0.32% 155+0.17*

p <0.05 vs. NDV (NDV: normal diet rats with vehicle treatment, NDM: normal diet rats with metformin treatment, HFV: high fat diet

rats with vehicle treatment and HFM: high-fat diet rats with metformin treatment).
# p <0.05 vs. HFV (NDV: normal diet rats with vehicle treatment, NDM: normal diet rats with metformin treatment, HFV: high fat diet

rats with vehicle treatment and HFM: high-fat diet rats with metformin treatment).
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