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Dietary Supplementation Protects Cells from
Damage in Animal Models
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Dietary supplementation protects
cells from damage in animal models
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Which cells specifically & Why?

Neuronal Cells
Skin Cells
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To prevent Stroke, we should
know the risk factors

Risk factors reported from
Western Countries

® Smoking

® Hypercholesterolemia
® Hypertension

® Lack of exercise

® Diabetes Mellitus

® Obesity

® High sodium ?7?

-121-




Risk factors for stroke: Adjusted OR from multiple

logistic regression model (1)

Risk factors for stroke: Adjusted OR from multiple

logistic regression model (2)

Men Women
Men Women ] ICH (¢} ICH
al icH cl ICH OR(@5%C) P OR(@S%C) P  OR(®S%C) P  ORQOS%CH P
Vegetable 08 05 _ ~
OR(95%Cl) P OR(@5%Cl) P OR{(95%Cl) P OR(95%C) P consumption (071
HT 6.0 01 189 01 127 o1 200 01 ot B Py s :
(26-14.1) (39-91.0) (42317) (3.8-154) consumption {0.1-0.8)
DM 54 o - - - Abd. ST 11 05 1 05 12 )
(115 (1.61.9) (1013 1113
Heavy - 104 05 - - Triceps ST - _ 08 o1
drinker (09-115.9) (07-09)
Sodium 14 01 14 0 15 o0 15 Recent B B 02 o 0
intake  (1.2-16) (1117 (1347 (1247 exercise (0140.5) (04-1.0)
ICI, confidence interval, OR, odds ratio 4] ,H confidence interval; OR, odds ratio; ST, skinfold thickness
Risk factors for Stroke 0405 ALERQE LK 2 HLAY
. + -
Smoking . . B @040} CH LL BIDE: LIEXO QOIOIKE
Hypercholesterolemia
Hypertension + +
Lack of exercise + + @00 4 g: (¥} g %gl QIGO0 FHD
Diabetes Mellitus + +
OF31Ri OIKI OLO
Obesity . N % AR QE2.
High sodium?? 29 . ALy g;
[F 3 KtL OJOF HE ALERW DLO.
+ Previously Known Risk factors ) xlf E, q:nt ;E bR e
from Western Countries o HHO A5 5
+ Our study with Koreans (Choi-
Kwon & Kim, 1998)
Risk factors for stroke: Adjusted OR from multiple cas .
logistic regression model (2) Undernutrition as a possbile
cause of intracerebral
Men Women
o o g A hemorrhage
OR@S%C) P OR@S%C) P  OR@ES%C) P  OR(ES%C) P
Vegetable 08 05 R _ N ® Measurement of nutritional status
consumption  (0.7.1.0) 3 bioch ical t
Fat 03 025 i N - lochemical parameters
consumption (0.1-0.8) — 5 anthropometric parameters
Abd. ST 11 05 11 025 12 0 _
(1.0-1.1) (1.01.3) (1.41.3) .
Triceps ST " N Y 0 T ® (Choi et al, Acta Neuro Scan, 1998)
(0.7-08)
Recent — _ 02 01 0.2 .05
exercise {0.1-0.5) (0.1-1.0)

Cl, confidence interval; OR, odds ratio; ST, skinfold thickness
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Undernutrition as a possbile
cause of intracerebral
hemorrhage

# Measurement of nutritional status

— 3 biochemical parameters

— 5 anthropometric parameters

@ (Choi-Kwon et al, Acta Neuro Scan,

1998)

Nutritional status of stroke patients

ICH Ci Control
(n=21) (n=67) (n=122)
n % n % n % Xe
Obesity 2 9.6 16 239 20 166 154
Undernutrition 13 619 17 254 16 132 254
Normal 6 285 34 50.7 86 702

Demographic data, nutritional indicators(1)

ICH Cl Control

=21)  (n=67) (=127 T value
Agely) 54(10) 66(10) 66(8) 18
Education(y) 6.5(4.4) 76(4.7) 6.6(3.5) 0.48
HT(%) [T (i 25
DM(%) 5 285 10
Ischemic heart disease 0 4 2
Cigarette smoking 0 g™ 2
Alcohol drinking 5 0 1
P05, "P<025, P01

Demographic data, nutritional indicators(2)

ICH Cl Control

(n=21) (n=67)  (n=1zg) T value
WBC(mm3) 8510(4738p =  6961(2569)  ©6846(1389) 46
Lymphocyles(mm?) 1426 (617ko  2043(625)e  2589(s86) 312
Hemoglobin{g/d) 126(1.5) 125(16)  128(1.0) 13
Hematocrit() 6368  I@Ge 42231 338"
Albumin{g/d) 4.1(086) 40030 4303 180
Cholesterolimgid)y ~ 196(45) 2041 2742 106
*P<05, *P<025, *“P<01 ;o significant compared lo controlp significant compared to Cl

Demographic data, nutritional indicators(3)

ICH Cl Control

(n=21) (n=67) (=12 T value
TSF(mm) 6474 19602 22249  100™
SSF(mm) 15707 20287 209(7.2) 40"
ASF(mm) 289(11.20 343102 26865 173"
LBM(kg) ®IG9Y 0258 38148 20
Body fat(%) 31253  326(59) 33349 15
BMI(kg/m?) 28042 24130 2453.49) 57

‘P05, “P<025, "™'P<01 o significant compared toconfrol,o  significant compered to CI

TSF friceps skinfolds thickness; SSF subscapuler skinfolds thickness; ASF,abdominal skinfolds thickness;
LBM jJean body mass; BM!,body mass index
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Vit C2 EJt o3 RIZ =2 (Gillman, 1995):

Don’t know which one to believe

# Zufphen study: Flavonoidsd2 HE% ¥0Q
2 ¥A(Kkeli ef al., 199b)

@ %0 EAF Q1T Carotinoids, Vit C, Vit E™*
LEE HO QX QUQ (4scherio, 1999)

@ QEILFBFIOIAML A& AT LAY HEAY HOQD
2 49, (Choi-kwon, 1999)

Then, how about Fish ??

Zutphen study : 24 &

20g/day, HE5LM
I (Keli, 1994)
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What we really need is Evidence

Why animal models?

® Not too many variables

# Not that time consuming
@ Little variable interaction
@ Cost effective

-124-




Questions

@ Will the fish-oil supplementation prevent ne
uronal cell from the injury?

® What will be the mechanism of prevention

of cell damage?

Temporal changes in cerebral antioxidant
enzyme activities after ischemia and
reperfusion in a rat focal brain ischemia

Biotechnology
model: effect of dietary fish oil
(Choi-Kwon et al, Developmental brain

® Spectrophotometer for antioxidant enzyme
research, 2004)

measurement
® Gas chromatography for lipid measurement in

the membrane
® Image analysis for brain infarction volume

® H & E Staining for cellular changes
@ EM for cellular morphological changes

(Middle Cerabral Artery Occlusion
Model (Nagasawa, 1989)
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How do you know that DHA
contained in fish oil have reached
to the membrane of the brain?

Fatty acid composition of the right cerebral cortex
(percentages of totat fatty acids)

Fatly acid RD (7=5) FOD {r=5)
Myristic acid. C.,, 0.23% 0.13 0.041 0.09
Palmitic acid, C., 19.84+ 1.20 1788+ 044
Palmitaleic acid, . ... 817t 013 0.46% 0.05
Steasic acid. 2280+ 4.96 26.78% 0.70
Oleic acid, C.,,.. 13.45% 2.43 16.31 £ 0.22
Linoteic acid, Cuyyer 183t 0.37 2.00t 0.77
Arachigic aCit, Cyuy 156t 1.24 0201 0.02
AA. Coratnry 1282t 3.13 10334 0.34
Eicosapentaenoic acid, Cppgin.m 021t Q.17 0.71¢ 0.18
Erucic acid, Cpp, 154t 1.80 249t 0.21
OHA, Cppytn.gy 23474 233

DHAJAA, C.poy / ey 185+ 0.29

Oma are means & SDs, Asterisk indicales a significant differance {£<0.05) by Student's Mgt belween
the two graups. RD. regular diet; FOD. fish-oik~ jiet: ic Gl
arachigonic acid

Fish oil supplementation will
decrease infarction size?
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Total and cortical infarction volumes

in the RD and FODgroups

700 *_‘
oo | ( rj
e 400 t
€ 300

200

100 1

Total Cortex

Bars show means and SDs in the RD group {open bar. 7=B) and the FOD group {filed bar, =10},
Asterisk (+) indicates a significant difference (0<0.05) by Student's »test between the two grodps. RO,
regular diet: FOD, tish-qil-suppfemented diel.

What are the mechanisms?

Peri-nfarct
depolarization

4
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#The rise of ROS

Stressors
Ischemia/

Reperfusion
wv
Wounding
Heat & cold
Pathogens

Molecular damage
Lipid & fatty acids

Amino acids
Proteins
Nucleic acids
pigments

Cellular effects
Membrane damage

Loss of organelle
functions

Electrolyte leakage
Mutations

Cell
death

HEQA A& Z(reactive oxygen
species, ROS)0I&t?
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The answer is Yes, and the
Reasons are:

& ML EHE EXON MION KIHLEFLO QLOI OLQ,

4 SOD, CAT, GPx L OpAr0r 9401 UMLOH GSH 9B
2p0l KCHROE L9 (Mizuno & Ohta, 198b ;
Cohen, 1988 ; Chan, 199b).

& Lo mge Alté% AHIOROt AFOLR] £ AL THIOION EOI
&OESL (Agranoff, 1984 ; Hill & Swizer, 1984 ;
Cham, 194b).

# Antioxidant defense system

Antioxidants

/\ /\
Direct acting | | Supporting Direct acting Indirect acting
enzymes enzymes (scavengers) (chelating agents)
SOD, CAT, | | Granhine T~
( > ’ oxidase...)
GPx) Synthesized by Dietary sources

the cell
(GSH, NADH)

(tocopherol, vit.C,
polyphenols ...)

- Kohen R (1999). Biomed & Pharmacother 53

kst 4
(Antioxidant enzymes)

** Superoxide dismutase(SOD)
«» Catalase(CAT)
¢ Glutathione Peroxidase(GPx)

Detoxification of ROS by antioxidant enzymes

©@ g
CAT
reaction

. GPx % NADP*
G assi’ SR C NADPH
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TBARS in the CA, SP and ISO groups

03 ab
0.5

o
N

—~-FOD

0.15 be o

nmol/mg protein
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Pre Oh 24h 48h D
Time point after reperfusion

Lres and bars show means and SOs in the RD group (n=5. 5, 5, 3, and 5 at Bl Al, 24nR, 48hA, and 7dR,

respect vely. B.. Refore ischem.a. Al after 2 hours of ischemia; 24hR, after 24 h of reperlusion: 4BhR,

a'ter 48 h of repestusion. 7dR. after 7 days of reperfusion) and the FOD group (all /=5). Means labsied

with d.fferert letters are significanty ditferent (p<D 05) while those with the same letter are not. TBARS,
tor RD, regular diet. FOD, fish-ail-supplemented diet.

Fish oil 250! 3Ar+2 401 pAfLOR
DKL QLY

Cu/Zn-S0OD activities in the RD and FOD groups

%
S 40
S 3
2 ® ——
Bt ——FOD|
cDr —=-CD
= 15
310+
8§ 5¢
o . . . ,

Pre th 24h 48nh D
Time point after reperfusion

Lines and bars show means and $Os in the RD growp (/5. 5. 5. 3. and 5 at Bi. Al, 24nR, 48hA. and
7dR, respectively: Bl. before ischem:a. Al, after 2 hours of ischemia: 24hR, alter 24 h of repertusion:
48R, after 48 h ol repertusion: 7dR, after 7 days of reperfusion) and the FOO oroup {ajl m§). Means
1abeled wiih difterent letiers are sigrificantly d.ifesent (<0.C5) while those with the same latier are not.
Cu.Zn-S0D. CurZn superoxide dismutase. RO, regular diel: FOD, fish-ci--supplemented diet.

Mn—S0OD activities in the RD and FOD groups

= b

—_ a al a

£ a ab

220

Q
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Pre th 24h 48h 70
Time point after reperfusion

Lines and bars show means and SOs in the RD group (5, 5, 5, 3. and 5 st 81, Al, 24nR, 480R, ang
79R, respective!: B, before ischemia: Al, after 2 hours of ischemia: 24hA, sfier 24 h of reperfusion:
48RR. after 48 h of reperlusion: 7dA, after 7 days of reperfusion) and the FOD group (&t r=E). Means
labeled with d'fferent letiers are significantly difterent {p<Q 05) while thase with the seme fetier are not.
Mn-SOD, Mn-superoxide dismutase, AD, regular diet: FOD. fish-oil-supplemented diet
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CAT activities in the CA, SP and 1SO groups

7
=
z 8
o
a5
Ea ——FOD,
g3 —a—CD
22
>
51
©
0 . . . . ,

Pre Oh 24h 48h 70
Time point after reperfuion

Lines end bars show means and SDs in the RD graup (a=4. 5. 5. 3, and § at BI. Al, 244R. 4EhR. ang
7R, respectively: Bl. before ischemia: Al after 2 hours of ischemia: 24hR, after 24 b of reperfusion:
48hR, after 48 h of repertusion: 7dR, after 7 days of repertusion) and the FOD group {ali A=5}. Means
tabeled with ditferent letters are significantly different {£<0.05) while thase with the same letter are not.
CAT. catatase: AD, cegular diet: FOD, fish-oil-supplemented diet,

GPx activities in the RD and FOD groups

0.040

protein
o ©
88

0025 [ o ab
bc b —e—FOD

¢ —au—CD

§

0015
0.010

activity(unit/mg

g &

Pre Oh 24h 48h 7D
Time point after reperfusion

Lines and bars show means and SDs in the RD group (75, 5. 5, 3, and 5 at Bl, Al. 2448, 38hR. end
7dR. respectively: BI, before ischemig: Al after 2 hours of ischemia: 24hR. after 24 h of repertusion:
48R, after 48 h of repettusion: 7dR, after 7 days o reperlusion) and the FOD group (atf A=5). Means
labeled with ditferent tetters are signilicantly ditferent (0<0.05) while those with the same lettes are
not GPx, glutathione peroxidase: RD, regular diet: FOD, fish-oil-suppiemented diet.

When fish oil was supplemented ..

Superoxide | (?)
dismutase

N
C0 )]

{1 [ Glutathion g;

proxidase GSSH

Next Questions

@ 1. Will the Soy Bean supplementation
prevent neuronal cells from the injury?

@ 2. If yes, then what will be the
mechanism of prevention from cell
damage?

Why Soy Bean this time?

Soy bean salad
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(Riikka,2000)

!

S XIE WA 84 XEJEs TBARS EXXIS &
ZFO AMEIE AEY AT B2 (Sekizaki, et al.)

Isoflavone
SIS St Y A 218k 2 D (genistein and

diadzein}{(Hawrylewicz et al., 1995 : Kennedy,
1995 ; Herman, et al., 1995).

& CHEiA )} jsoflavone 4!0]
HFII LS8 Y £ HAF Al
HPEM 3|0 0i Xl g&e?

Cortex infarction volumes
in the CA, SP and ISO groups

mnt

SP (n=6) ISO (n=5)

Drets

CA (n=8)

Bars show means t SDs in the CA, SP and ISO groups. Means labeled with difteront letters ate
signilicantly difterent (p<0,05) by Duncan s multiple range test, while those with the same lettes afe hot,
CA. 20% casein-based diet: SOY. 20% soy protein-based diet: I1SO, 0.2% isoflavone-supplemented digt

O & CHedE D isoflavone 410]
HF I LG8 FY = HEE Al
o & e X&UAMSIE S0l

HH &3 0IXILE?

TBARS in the CA, SP and ISO groups

[}
02 cd
) E%g
0o | g I
CA {n=6) SP (n=7) IS0 (n=6)
Diets

nmol/mg protein

Bars show means £ SOs in the CA, $P and ISO groups. Means labeled with ditferent letisis &fe
significantly ditferent {5<0.05) by Duncan s muitiple range test, while those with the same iatter aré niot,
CA. 20% casein-based diet: SOY, 20% soy protein-based diet: 150, 0.2% isoflavone-suppiementsd iat:
TBARS, thi i i
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SOD activities in the CA, SP and ISO groups

]

(n=7)
lets

80

60

20 l
0
(n=6)

Bars show means t SOs i the CA, 5P and ISO gloups. Means iabeled with different letiers are
significantly different (0<0,05) by Duncan s multiple range test. while those with the same letler are not.
CA, 20% casein-based diet: SOY, 20% soy pr aiet: 1ISO, 0 2%

diet: SOD. superoxide dismutase

unit/ mg protein
e
o

1ISO (n=6)

CAT activities in the CA, SP and ISO groups

i

CA (n=6) 8P (n=7)
Diets

unit/mg protein
E-

1SO (n=5)

Bars show means + SDs in the CA. SP and ISO groups. Means labeled with ditferent letters are
sigr.hicantly ditferent [p<0.05) by Duncan s mult pie range test, while those with the same letter are not.
CA, 20% casen-based d.et. SOY, 20% soy pr det. 1ISO, 0.2%

deet: CAT, catatase,

GPx activities in the CA, SP and ISO groups

0.08
£
T 006
¢
a b
o 004
E
=
‘c o002
3

000

CA (n=6) SP (n=7) !SO (n=6)
Diets

Bars show means + SDs in the CA. SP and ISO groups. Means iabeled with difterent letters era
significantly difterent {<0.05) by Duncan s mult:ple range test, while thase with the same lotter ara
not. CA, 20% casein-based diet: SOY, 20% soy protein-based diet: !SO, 0 2% 150tlavone-

diet: GPx. .

When Soy protein/fisoflavone was supplemented ..

Superoxide
dismutase

. -)
== G0+ o)

Glutathion
proxidase g GSSH

—

-)
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Plasma lipid concentrations
in the CA, SP, and ISO groups

CA(n=14) SP (n=13) ISO (n=14)

TC (mmol/1) 76.14 £ 11.35 77.08 £ 13.74 71.57 £ 11.8
HOL-C (mmol/l) 29.86 + 5.32 29.23 + 6.22 28.36 + 4.38
LDL-C (mmol/l) 1029+ 252 946+252 686+t 293>
LDL-C/HDL-C 0.35+0.122 0.33+0.082 0.25%0.11°

TC/HBL-C 2.58 £ 0.33 2.68 £ 0.33 2.54 £ 0.3

Data are means + SDs in the CA. SP, and ISO groups. Means with diflerent superscript letters are significantly
d.fterent (<0 05) by Duncan s multiple range test, while those with the same letter are not. TG, totat
chotesterol: CA. 20% casein-based diet: SP. soy protein diet: 1SO, 0.2%

supplemented diel

S e A AlO|IDF LY OLAIE
288 20 2= 08 = YUU?

Acetylcholinesterase activities
in the CA, SP and ISO groups

N

2.0

nmole/mg protein/n
T

00
CA tn=3) SP {n=6) 1SO (n=3)

Diets

Bars show means + SDs in the CA. SP end ISO groups. Means labeled wiln different Jetiers are
significantly difterent {£<0.05) by Duncan s mutiiple range test, while those with the same letter are not
CA. 20% casein-based diet. SOY. 20% soy protein-based dietl: 150, 0.2% isoflavone-suppiemented diet

Catechin and Skin cells

S.E. Jeon, et al.
The Photomedicine Society, 2003.

Flavonoids
® D2A0E M2 2 0|6t= flavusH Al el
Al EM A
@ Flavon

® Isoflavon : genistein

® Favonol : quercetin

® Favanone

# Flavan-3-ol

® Catechin : (+)-catechin, SXI ZEClHi=s4&2
# Anthrocyanidin




® (+)-catechin

OH
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. cr
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30 SO0l FRE

» Functions
op|giclzt AHA
Fell Cull 22 20|29 2 0IE

« 0l2{8 =22 aromatic ringSl 242 oI &t
hydroxy group0l 28t oxidation-reduction0ff
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What is Ultra Violet light?

@ Ultra violet light
UVA (320-400nm)
: photoaging, pigmentation
UVB (290-320nm)
: erythema, inflammation,
hyperplasia, DNA damage & mutation,

UVA UvB

skin cancer
UVC (200-290nm)
: skin cancer

Experimental design

VB EA
v ' s en 2an s
| l | i J

AEZ |
=20 rz?é?‘} 2% (+)—catechin7]A ¢ -é) ¢ ﬁ) ( éﬂ ( éﬂ
n= n= n= n=
L R I
gxE= |1 | l | ]
@200 oz gtuaiol ga | A A A A
A (m=4) (n=4) (n=4) (n=4)
{n=4)

A Sampling point

Materials & Methods

® Animal : male BALB/c mice, 4-6weeks old

# Diets
Regular diet (AIN93G rodent diet base)
2% (+)-catechin supplemented diet

® UVB irradiation : BLE-1T158 lamp
200mJ/cm?

# UVB Irradiation

BALB/c mouse

——
UVB irradiation in the UV
chamber (200 my/on')

After shaved with electric
clipper
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UVB XAl & (+)-catechin 25 4/0| 4
FHIOLUVB ZA E T2 8ot S4
O 8450 0IXl= H&

SOD activity

~—&—2CSD

Actvity (% of control)

0 6 12 18 24 30 36 42 48
Hours

*, + p<.05 compared with non-irradiated group within the same treated gronp
* for RD, + for 2CSD

Catalase activity

120

€ 100
£
8
;o =
8 ——2CSD
2
Z 60
S
40

0 6 12 18 24 30 36 42 48
Hours

*, + p<.05 compared with non-irradiated group within the same treated group
* for RD, + for 2CSD

GPx activity

160
140
120

100 x ~4—2CSD

80

Activity {% of control)

60

40

0 6 12 18 24 30 36 42 48
Hours

*, + p<.05 compared with non-irradiated group within the same treated group
* for RD, + for 2CSD

UVB XA} & (+)-catechin 25 4]0 4
FHILUVB ZA & ZE 40 0IXl=
e
H & E staining
Electron microscopic examination

Pre-
UVB

Effects of
(+)—catechin
supplemented
diet on the
BALB/c mice
skin after UvVB
irradiation G
(H & E, 400x) ;

6h

48h




Ultrastructure
of epidermis
in RD and
2CSD groups
before and
after UvB
irradiation

(X5000)

Conclusions

& RDZ20IA SOD, CAT, GPx &4 %9 24

& RDTE 2 Catechinzill &2l esl&4 4
=t
=

2L B IHH B B

« catechin 8 # D} &atglg Ao &
Of &SR 2 a2 2AANIE A22

Evidence Searchers

Kyung-Ae Park,
Hee-Joo Lee,
Myung-Sook Park,
Joung-Hee Lee,
Sang-Eun Jeon,
Myoung-Ae Choe,
Kyoung-Chan Park
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