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Effects of Dietary Fat Level on the Aging Process of the Fibroblast Cells
and Immune Function in Rats of Different Ages

Cho, Mi Sook * Kim, Wha Young

Department of Foods & Nutrition, Ewha Womans University

ABSTRACT

To investigate the influence of age and dietary fat level on the immune function and
the growing potential of the fibroblast cells, male rats of 2 month, 6 month and 30 month
of age were fed either 6% or 30% fat diet for 16 weeks. The weight of thymus decreased
linearly with increasing age. And this age-dependent degeneration of thymus was delayed
in rats fed low fat diets.

The blastogenesis of spleen lymphocytes to PHA, ConA, and PWM was decreased with
increasing age, however, no effect of dietary fat level was observed. The age-related decline
in ratios of PHA/ConA response may suggest that T suppressor cell activity increases with
age. In cell culture system, lung fibroblast cells from 30M rats showed lower plating efficie-
ncy. longer doubling time. and shorter cumulative doubling potential than those from 2M
or 6M animals. Also, the morphology of fibroblasts from 30M rats was tended to be rouned
rather than flattened and more variable in size and being generally larger, wherease those
from 2M and 6M rats were uniform in size and adhered tightly to the culture vessel in
ordered arrays. Therefore fibroblast cell culture system tried in this study reflects the changes
of cellular aging.

KEY WORDS : dietary fat - thymus degeneration - lymphocytes blastogenesis *
cellular aging * doubling potential.
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245 A& vaA e g, 19613 Hayflicks}
Moorhead= Bjo}9] Ho) A 2] 3 A Gol A E(fi-
broblast cell) o] 7 %4 42(doubling number) 7}
5091 &), HAdA Eeld dFotAEE 20
gtoll g A gotA wrolel it Fa7t EAS
wEEd A, ol A E FawdHe zole
AEZ 35 Jehlle Aolgtn Rusdg?.
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EXES

9 6719 E A&5eH(6M), 2 30MLE F
2.Z(30M) 7} 247} 2004+ 2.7g, 291.7+ 4.0g, 541.4
+10.3g o]t AFFEL ASe wet A
(randomized complete block design)ol] ¢]3} 2t
volof Al 30% ] A S T nA o) (H
" high fa) 3 6% ¢ AW F&FT A Aol
(L: low fa) .2 Y5 en, & 67 (H-2M, H-6
M, H-30M, L-2M, L-6M, L-30M) o2 BF3lo
Agqolz 1653 AHSstg T ARFde #A
(Seoul Hinz) 8} 4=F71& ()& 2!
2 4o]A A3t tH(Table 1).

Agzee gy RIste AL 23
Aol Agglel FHAUTH

MEut 1659 ASIILF AES @Rl o
o AN FEASE Ash v
T FARY AGAFN AHEHR
Be) 2AE 2YHYh

kI ood

F4d3% nl

Moiy)ls Al uF(spleen) e FFHOZ A
23] ZA] RPMI 1640(gibco co., Grand Island
N.Y. : 200mM glutamine, 10mM Hepes, 100
units/ml Penicilline, 100mcg/ml Streptomycin, 0.25
meg/ml fungizone &) AN AgxH & A
Asti AHstdh scapel & o3t FAHE ]
AAEE 44EYE 58 FAHAG £
HEE 10% fetal bovine serum (Hyclone Co.)&
88 RPMIv o] A ¥ F w7t 25X 10t
/ml7} 5 =& 3} 96 well round bottom microtiter
plate(Falcon) o]zt wellell 100ul% 534t
Mitogen ©. 2 PHA(phytohaemagglutinin, Gibco),
PWM (Pokeweed mitogen), ConA(Concanavalin
A)E 10ug/10ul¥ Z+ wello]l #7259 control
welloll &= mitogeng H7}8FA] %t} Microtiter
platex 37C humidified CO, incubator(Flow Lab,
McLean : 5% COg) o4l 347t vl ¥E 2 well B
0.5uCi methyl-*H-thymidine(specific activity 20
uCi/nmole, New England Nuclear)2 Z7}%¥
oA 9A1t B¢t Ml FE Ak ol FA M A

= multiple automated cell harvester(Titertek,
Flow Lab)2 o438} glass filter paperel <z}

238

Table 1. Composition of experimental diets

Ingredients High fat Low fat
Corn Starch 478 718
Casein 160 160
Beef Tallow 200 40
Corn Oil 100 20
Cellulose 10 10
Salt Mixture!? 40 40
Vitamin Mixture?’ 10 10
Choline Chloride 2 2

1), 2) AIN(American Institute of Nutrition) formu-
lar'®) vitamin mix.(mg/kg mixture) ; Thiamin. HCI
600, Riboflabin 600, Pvridoxine. HCI 700, Nicotinic
acid 3,000, D-calcium Pantothenate 1,600, Folic acid
9200, D-Biotin 20, Cvano cobalamin 1, Retinyl pal-
mitate 400,000 IU vitamin A activity, o-Tocophervl
Acetate 5,000 1U vitamin E activity, Cholecalciferol
2.5, Menaquinone 5.0, Sucrose, finely powdered to
make 1,000g.

salt mix.(g/kg mixture) : Calcium Phosphate, Di-
basic 500.0, Sodium Chloride 74.0, Pliassium citrate,
Monohydrate 220.0, Potassium Sulfate 52.0, Magne-
sium Oxide 24.0, Manganous Carbonate 3.5, Ferric
Citrate 6.0, Zinc Carbonate 1.6, Cupric Carbonate
0.3, Potassium lodate 0.01, Sodium Selenite 0.01,
Chromium Potassium Sulfate 0.55, Sucrose, finelv
powdered to make 1,000g

Az3 Az H discE counting vialo] ¥ 3L scintil-
lation cocktail(LKB scientific ; Optiphase Hisafe
11)S A 7}3}4] Liquid scintillation counter(LKB :
1214 Lackbeta) 2 M E W) A] 3H-thymidine up-
take 2 ZR3}9ch RE sample 33 WHEEHA
B A3 o1 HhALS uptake X = cpm(count per
minute) .8 }EFW I, mitogend] 9§ A E9
Z2) v = stdmulation index@ T3+ th
Stmulation index=

mitogeng ¥ sampleg] cpm

mitogeng 2 A & sample?] cpm

MY A3 A Xu]F w22} bufferd-f o=
= DMEM(Dulbecco’s modified Eagles Medium)
7} HBSS(Hank’s balanced salt solution) & AH§
3t 2, A9 buffer powders Water- 22 A
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2] o} z]uh,].

T8 = ¢33 5% NaHCO;& H7iehs,
0.22um poresize?] membrane filter2 o 7} &}
A3t o). vl Ao & 10% 9 fetal bovine serum}
antibiotics(penicillin 100 units/ml, streptomvcin
100mcg/ml. fungizone 0.25 mcg/ml) < A 7}3F 1L

pHE 7.42 2R3t}

‘|°| M S OlM Z(lung fibroblast cells)2| 22|
2 A8 o] & Freshnev®} Mollenhaurs 9] 93-S
HYP st HxH oA AfotAEE —u:alﬁ}‘ﬁ‘:]"ﬁ)
M, ge 2axozn AW £4], 37C2 HBSSU
oM AT BEe AARE 1~28 A" 1~
omm’d] o) 2 £ & A A ZzZh o] 1000go) A 587t
A4 FAG stgere AEE gaXgRy
S %3} single cell2 £ 2] 39 t}. Collagenase(10

_‘aL

mg/ml : 200units/ml) E 2] AT 37C £
WolA EEHA] 30~402 Ho g stalgre A

X5 EYI olAL YAl 0.25% uvpsin-EDTA
E9E ra] 2R WX T AR 31 single

21973
fibroblast cell & A ¢ict.

QUXIHY2H(Primary culture) M I E2AHL F
& %29 fibroblast cell collageno] 43 F 250
HAA gL ¢t
CO, incubator(Flow lab ; 5% COy, 95% air, hu-
midified) ol A et 24Albo] AGE
A& Polil HBSSE A AHEFS A2 vk
Ag qaFdch ¥ 2-32s] T WS
RASFF R, culture flaske] AE7} R3] Z
A3t ©Z9) sheet(monolaver)E & 4§ conf
luenceX} el o] o] 2 3 &) subcultures} ¥ t}. Conf
luenced)] o] & 7]+ 2l g @ FHe} 67Ld A=
1~10Y, 3070 ¥ e 14~20d oA

cm? cell culture flasko])

AHlcHuyk(Subculture) 73] AxE7} ek
flaskes WixE Bohhi, Ca™ -Mg™  free
HBSSE2 A& 33 0.25% trvpsin-EDTAE NS A
7vake] M E7} vpetel] Ve y] Az 48
A AL 37T CO, incubatorol 4] Al Z 7} v tol] A
s Fajde 74 HAEHT Do Axe

4 frob Al X9 el

ik o g AEFIl] MESLE SHSIH o,
1142 F2 Ast (A 1 Adhul g : first pas-
sage).

A 1 Ahug ko) 78 o v kA Aol confluence =
AT ARE 7Hed ¥ uvpsin-EDTA £
o2 AMedtd Al 2 AvuidS st Ald YA
el A9 =8 (life span) & BEREYD, VA=
Aot EZe F4sd g Zgsted AHEgon,

RE AFE 53 HE e,

A FO}M| E(fibroblast cell)2] S48 4 £
Ho| X A 1 Aviuite] 78l v FHAIE uvp-
sin-EDTA &d oz #2]3le] hemocviometerE
ol &3t AMEFE AT AEE 3X10Y
mlE MEFE ZAE FHo 3789 60mm v kA
Aol ul ¥Rt

MEel 2253 49 0o MEFA Be
A g d)st 24A12te] HA upetol] ¥2tE AR
9] v &g Lot 7|98 MiloFe WS ol &
A,

AP 24T Fo) RAYES
A

dF 0doll W& MEF

X100

sffeloll mME MES ¥ HETCH siSAZ
(population doubling time) v & 3 3} 5 A}o]of
233 MEFE PD timed TS F2o) 93
A sbakd o)
PD time=48*] 7}/ (logNy-logN)/log2
Nyl 399 Alx
Hiek 599 AEF
A A 9] *1]5’:94 %274 | Hayflick¥} Moo-
rhead®] iiol wet X E EAdG & &
3Fdo] AvtE &5 o sheerE FAeHA B& tE:
phase outo. 2 FFE3IE L, 2wj7X ) M XL
F4E o T 93 ?0}93‘:}70)
Cumulatwe population doubling(CPD)
= (logN,-logN;)/log2
N, . confluence® A Al o] A E

N HE BEF8 xS
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Table 2. Weight of Spleen and Thymus!?

A G vold mpE Xolzh VERAl ok
L, g4 FAE dol7t 27 48 SIS
AT RAMRYE oJdF, 6N EE, A3,
307 HE HFEF Y Foz WolXHA foFQl
AT 2 ol A AR WA o] R

=) k! SHe A%E Bk ol
e AFel ud FAFA velA ¥ 2
WA VA, Aol & A # S 2% (H-
30M)7F 7HE W gg B, AANHelE
HHE AHA(L2M)7F 7HF 52 #E Bo &
9HQ Aol7k 99tk & A@o)4 PHASH Con
A, PWME o|&3lo] BIZAEY FEFTHAAE
&7 3t M E7} mitogend] 93 25 EAFLS
HEZ mitogenol] ¥ HEFAHUE £33}
stimulation index& #4+3} 2 #}(Table 3), PHA Q)
stimulation indext 1}o)o] W& x}o)7} LELLA
hEE qdFAA 7HF Edow, volr} S}
g Aadte A4S EAd =%, 4949
Aol ofyont, AR o] FolA T2 A
o]l Con Ad] 23t stimulation index:T
PHAO A gt & 3oz 271Y F ofadF oA
P Ea, delrt FgeE A

PHA, Con A9}+= & 2] PWM 9] stimulation index+

Spleen Thvmus
Group? '
g mg/g body wt. g mg/g bodv wt.
N.S. N.S. N.S.

H— 2M 1.11+£ 0.31 24.00% 6.57 0.2451 0.045 4.65+% 0.58%

H— 6M 0.70x 0.17 14.01%+ 3.19 0.129% 0.051 2,64+ 0.95%

H—30M 1.24+0.23 22.00% 2.71 0.061% 0.002 0.99%0.10"

L- 2M 0.72£ 0.05 17.65+ 1.30 0.271% 0.045 6.391 0.942

L— 6M 1.25% 0.42 28.36% 8.06 0.215+0.015 4.78+0.492b

L —30M 1.10+ 0.28 19.29+ 4.16 0.086+ 0.026 1.47+0.40"
Age effect® NS p<0.05 p<0.05
Dietary effect NS NS p<<0.05

1),2) Values are mean = SE for 6 —8 rats. Means within a row not sharing a common superscript letter
are significantly different based on Schéffe test(a=0.05).
3) Statistical significance is calculated from group means based on 2-way ANOVA

4) H— 2M; 30% fat diet-2 months old,
H— 6M; 30% fat diet-6 months old,
H—80M : 30% fat diet-30 months old,

L— 2M; 6% fat diet-6 months old,
L— 6M; 6% fat diet-6 months old,
L—30M: 6% fat diet-30 months old,
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Table 3. Mitogen stimulation index & ratio of PHA/Con A"

Stimulation Index
PHA/ConA

Group

PHA/control Con A/control PWM/control
N.S. N.S. N.S. N.S.
H—- 2M 23.40+ 4.21 73.96% 19.01 13.16+ 6.36 0.047%0.13
H-— 6M 9.23+ 2,95 57.23+ 27.66 6.90%+ 1.92 0.047+£0.32
H-30M 5.55%+ 275 32.961 18.23 2.40% 0.64 0.219%+0.05
L— 2M 41.32+13.76 89.05% 24.37 480+ 1.25 0.570+0.18
L~ 6M 13.22+ 4.71 46.941 15.57 5.081+1.04 0.6381+0.39
L —-30M 6.61 3.11 38.77+ 21.17 2.61%0.74 0.3491+0.05
Age effect® NS NS NS NS
Dietary effect p<0.05 p<0.05 NS NS

1) Values are mean * SE for 6—8 rats. One way analysis of variance was applied to compare values
in each column. No significant differences were found among the mean values at P>>0.05 by Schéffe
test.

2) Two way ANOVA was applied to test age and dietary effects.

olsh o) AwsEel mE Fo4A Felst
GenbA @ad e, 2AR AAgAe) R
oA sodE FeFHv #e ¢ HAo
J#]2 2, PHA, Con A, PWM$] stimulation in-
dexz Aol Aol Aglol 0 UH H3
(H-30M, L-30M)el A %& e HGTh THAE

subpopulation®] W3IE LolE 7|9 AtE
PHA/Con A9 tﬂ] go mA Aol HjE AA
Ao Fol A Ee AP0, 307HEE FF
A e AOIRoL F142 Aol HATH

Al -0} 4 E(fibroblast cells)2] £ 2 £
°ﬂ uze 4

7} Y FE FV1Ele AEE oA 2idE o
AN 7 F %tk Confluenced o] F AL
of NESE 27HEE ojddg e/gd A=
Aol w3l 30/MLE FLFHNA 7 2obA, 30
ALY HLHABME 44719 H(2M, 6M)9)
v} A EF7F 15~49% FEo)Act. et 2
oj AW F 2 HFolH X KAFYHolu HES
of QgL wx|A) E3Hc}. 4847 T2t "445‘
AE$E o) &3te] Aforxe F4&

A% Ax, A SALGE aAgA ol ] 1
Yol7t 718 425 PD timeo] AAAE 7
Aoy, ARG olFAME o] Aol %’121
on 27l " oldF e} 6/YE HETHFAANAME
DA A o] o] Bl3] A Z]uFAlo]Foll A PD time

r va

_2

243 A9 o AfotiEe FHEE

Table 40 A ¥ ¥ uls} o] vioF 24A7¢
= o] Ao Aol

Table 4. Growing potential and life span of lung fibroblast cells in vitro”

% cell Number at Population in vitro

Group attached Confluence doubling Life Span
(X 10* Cell) time (hr) (cpd)
H- 2M 102.10 125.50 66.7 3.52
H— 6M 91.67 98.50 86.6 6.40
H-—-30M 71.99 48.29 128.0 1.39
L - 2M 114.62 107.80 124.5 5.62
L — 6M 85.00 156.50 104.8 6.92
L —30M 83.30 23.64 122.5 2.32

1) Values are means for four pooled samples.
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3X10Ymle] NEE YeF 19, 39, 5UF 0
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3074 E HF-L23(30M)ol w3 2/fYE o} A (2
M)A & Ao Ur(Fig. 1). 671 L8 <8
HAe ARGl (L-6M)o] B8} mA]HHAlo) 2
(H-6M)o| X A E57} we 7ol glch Al Eu)
FA A ME7F Holid AekA] @& phase ouro)
2 7hA19] CPDE Z3 37 A folMEo A9
T3 (in vitro life span)2 2/) 9 H ojal s} 67)
98 AsaF 0 sl 3019 F27 (30M) o] A
7hE ko Aol Ao} olo mE
S Aol vER A gksit.

8. Batdn AL 3 ad

Fig. 20 Y} 31X 8 a9 J<dxs 2
A7 BUS FA%2 e e, 4 AEA
Aot el 549 Fepd 9] A (satellite) 3}

< FEE Boln ME9 =77t YA uiy
BN EE FeFE FANHI 21 e I 5
At 2y, Aol Atz W ZA4y
HMEZE O ol QUATH A-FE B, 27199
ARAS AR 45D HRoAEE AE
o WYk w2 e 079 HeAs
MEE 3t cytosol, ME Atole} BATL BE T
At B, F2F ARoAEE MES 227}
Wi, G BEY flon, A I AXE
e B}

_x

InE -G

LoEersd nlAE g

Fernandes®} Good2 Al&7) o]|% A &HE F
He) Ha&E} wangol Hgndol 9o
F49 750l 9L FE Aol vz £ 4

B3he adoleha ST, ¥ APANE 1}
oo g FHol Ha@Fol YEkon, o3
FU9 HRE Ao gl oF FBL wobA
ARG o] Fel Ha) ;LA o] o) A

A

)
o

121
1
10
H—6M
91 “H—2M
81 L-2M
7.
6-1 ’H—3OM
3 Tl
r/ -
N =" L—6M
34
24
1+
0 .

—
o
w
=

5 (Days)

Fig. 1. Cell number on day 1,3,5 after seeding 3 X 10¢
/ml cells at 16 weeks.

FAZE | A=A olald Aze mAw4
o7t A5 olF AxHe F49 Hys 23
AReg2HA wgto] BE AA75A 89} o)
VIFE AT AT AT E Aog Belth
¢, F43 A AArl15E 2dse B
HIZE voleh ol At wE Walrt gl

w

A FATE g2 wes B9
Lolo] mE FAo Bl THE w4 vy
58-& YEM = mitogen stimulaton indexol] A &
velytch =, PHAS ConAdl Wt stimulation in-
dex7} Lpol7} £45 Astsglen], 22 1ol
ANe A AolEoM e AFS BN, U

AR% e e,

THIE2] 7152 T helper & T suppressorA]
X2 o 7}A] subpopulation®] 435 ZH 29
o3 o]Fo) A=, do] WE THEY 7%
A8tz o] 3k THE 9 subpopulationo) wa} T}
2A Jeve Aoz Bugy ol wela
olg] & TAHIX subpopulatione] ©]x]& 32}
ol9] 9T PHA/ConA9 H)&Z ZAlS YL}
A& mitogene WM Eto] EFE ) )3}
o) 4 (specificity) & 219 = BA2 MANEE
A5 ste] DNAZA S S8y Z2uge go
e Aoz dAY. AEA mitogen7}-$-H]
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Aol Aikat A foEe] w5}

Fig. 2. Morphology of primarv lung fibroblasts from 3, 6 and 30 month old rats.

(2 days after seeding: X 180)
A:H—2M, B:H—6M, C: H—30M, D.L—2M, E: L—6M, F. L—30M
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PHA (phytohaemagglutinin) $ ConA (concanacalin
A)E AR FHo THAXEE A3k, PHASH
ConA7} 2453k THIE ] subpopulationdl] & =}
o]7} glo]A], PHAE helper THEE $Ho =z
=3k, 1L29 22 lymphokine?} A A3 inter-
feron¥H] & fx8l9, ¥ ConAtT suppressor
THAXE 94 AF3e Aoz HAUD. 2
AgAM 30/MLE F25= 27l 4 E ofdF Y 6
HEE A=g FHo| H3) PHA/ConAgl v]7} 7+
aste AYE B, oA wdlo wat v
A&EE THE 52 helper THX 9 Hgo] Z7}
Hojx TAHE9] subpopulation?] 7} Hsl=4
A& Al FEoh o] 21 T suppressor Al ¥ 9
747} mgtol me} vieht e 27 W o] s

Auk-g-o] Wste] Aol Frh= o] 28 HwrA
g1 Yo Bach

2. 4 f-obA Z(Fibroblast cell) Z2lof n]x
R

2E AAAN E(normal cell)= AW (in vivo
At A 2 (in viro)d| A A gHE F2 5
Aoy, wgto] wat ol g Mo F
Astdths A & gzl Apado)n
7teol wet 45 Ho| AdtEe AME
Ho g Het 9o HfotMErt e, #
2T Axs IAFoNA e Axo vg 3
A1 go| i w23, confluence HAJA Q] M EE7}
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