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ABSTRACT

The change in fatty acid composition in brain tissue of the second generation rats(Sprague-
Dawley strain) was studicd using four different fat diets(Corn o0il=CO, Soybean 0il=S80, Perilla
0il=PO, Fish oil=FQ, 10% by Wt). The experimental dicts werc started from pregnancy
in four dillerent groups, each consisting of 9 rats. The second generation rats were fed the
same diet as their mothers’. Animals were anesthetized with ether at 0, 3, 9 & 16 wecks of
age. Whole brains were dissected out, brain tissucs were, then, homogenized and lipids were
extracted from brain tissues. The fatty acid compositions were measured after methylation by
gas-liquid chromatography at 0, 3, 9 and 16 weeks of age of offspring. The changes in the
relative concentrations of polyunsaturated fatty acids(PUFA) or more specifically docosahexae-
noic acid(22 © 6, @3, DHA), the major »3 fatty acid component in rat brain at different age
were similar to changes in the amount of DNA in brain tissue showing the maximum valuc
during the lactation. The changes in saturated fatty acid(SFA) content showed a contrasting
pattern to those of PUFA, while monounsaturated fatty acid(MUFA) increased steadily throu-
ghout the experimental period. At birth, the relative concentrations of w3 series fatty acids
in rat brain somewhat reflected the dietary fatty acid patterns. At the age of 9 weeks, however,
the relative concentrations of PUFA, MUFA and SFA converged to very similar values respecti-
vely regardless of the dietary fatty acid compositions. In brain tissuc, it is of value to note
that while changes in relative concentrations of linoleic acid(18 : 2, @6, LA) and arachidonic
acid(20 : 4, w6, AA) showed a precursor-product-like relationship, a-linolenic acid(18 © 3, @3,
o-LnA) and DHA showed a different pattern. Even when the »3 fatty acid content is very
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low in maternal diet(CO), the second generation rat brain tissues appearcd (o secure DHA

content, suggesting an essential role of this fatty acid in the brain. The fact that a large amount

of g-LnA in the maternal diet did not have a significant effect on the second generation rat

brain a-LnA content, indicated that DHA seemed essential component for the brain develop-

ment in our experimental condition. In all groups, the relative content of a-LnA in the brain

tissues remained relatively constant throughout the experimental period at the very low level.

The study of the specific concentrations and essential role(s) of DHA in each parts of brain

tissue is needed in more details.

KEY WORDS : ®3 and 6 fatty acids * docosahexaenoic acid(DHA) + DNA * brain develop-

ment.
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Table 1. Formulation of experimental diets

o gEE, 9 g Aukde 74 wge
THE 7)1E8o] 65:18: 1002 stgch Ao
AA FALY 10% FEL 2 F73HAEH L4548
H7H2(COF) o) FAAE LA(56.5%) )2, T
TR H7hE (SO0 9 FA A LA(56% ) ol
a-LnAx. 6.3% 833 glslen, EA7EF
(POR) = o-LnA7l 57.7% 0 8650 glth o
FZ(FOT)E o9 w3 AWAe T2A7 EPA
(22.5%)9 DHA(6.1%) &2k8 =9] fish oil capsule
(=d, 25D 41%)& AH43t5c} FOF & 10
% ARE 1% S5FFF2 x6to] 06749 LAZ
BE3Eot BEE 48 ez ujFeith A7 @
o] WA HB#std ALEFged, FOF9)
AL fish ollg AT 1150 2XFCE

Diets contining

Ingredients Com oil Soybean oil Perilla ol Fish oil
%
Carbohydrare!) 65.0 65.0 65.0 65.0
Corn oil 10.0 - — —
Soybean oil - 10.0 - 1.0
Perilla seed oil — - 10.0 -
Fish oil® - - - 9.0
Miscellaneous® 25.0 25.0 25.0 25.0
Total 100.0 100.0 100.0 100.0
Farty acid composidons analyzed, %
PUFAY 56.6 62.8 71.1 6.6
MUFA® 98.5 23.0 20.4 37.1
SFA® 14.8 14.2 8.5 26.2
@3 series 0.21 6.34 57.7 33.0
a-Linolenic acid *0.21 6.38 57.7 0.14
Eicosapentaenoic acid - 0.01 - 22.5
Docosahexaenoic acid — - - 6.09
w6 series 56.4 56.4 13.3 2.00
Linoleic add 56.3 56.0 15.1 1.91
Arachidonic acid 0.07 0.54 0.1 0.09

DMixed at the ratios of 70 : 20 : 10 for siarch, glucose and sucrose.

DFish oil capsule(Eparine, ZF-4)

$Miscellaneous contained(by %) casein 17.9 ; carboxymethyl cellulose 2.0 5 dl-methionine 0.1 3 salt mixture

4.0 and vitamin mixture 1.0'
DPolyunsaturated fatty acids
HMonounsaturated fatty acids
©Saturated farry acids
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(FID)E At&3tg e, columng 3mmX§ M siain-
less column(Supelco Tnc.) @] 31, packing =2 & 10%
§P-2330 on 100—~120 mesh chromosorb WAW(Su-

Flame Tonization Detector

peleo Inc) ] 93t} Injectors} detcctor emperamure=
B % 300CE 591, carrier gas?] nitrogen?] flow
rates 30ml/min® & dtF k. Column temperature
= 185Co| A 245T74A) 1T/ min# A48 =% pro-
gramat At} EF A H4HNu Chek Prep, Inc., Min-
nesota, U.S.A)& AR&3}e] 2z} ="9b2ke] retention
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Fig. 1. Changes in percentages of linoleic acid(18 1 2, w6) and arachidonic acid(20 : 4, ®6) throughout the

experimental periods.
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UER-S & 4 itk Mz Ao A fvke tALE
A e w3A A9 a-LnAgl DHAS FEol
ZEFHHAME 064 LCPUFA 2%, AA(20 : 4, m6)9)
i e FES A ¥e HAT 039 06
Akike] WS 7HA A 47 Fasith

A

acids(PUFA), monounsaturatcd farty acids(MUFA)
¢} sawrated farty acids(SFA) ¥ 2 H3ld s Agde
BoF3 gtk H 4¢ 7178 F3ho] PUFA,
MUFA 3 SFAS] =49 Wsles ¥z3 @3
FA% 4 T 2o Vb & WstE Boln, 1%
3} A4S plateaud] o]23 GABE I A
e Frlete Aol 16574 AEHUL, 1k
BEg A 4 % 3F o)F 167 o2
7NAA M5 Fhste AEE e T PUFA,
MUFA ¥ SFA ZAo] $le]A 16%‘—01] o283 Rg
AT W FAME Gro g 747} SHEQdY
(PUFA : 5.0~5.7, MUFA : 40.0~41.8, SFA : 50.8~
52.4). ¥ M L9 FH (hyperplasia)7} o]Foj7 &
A4=E mydinaion FAo] BeF BB LI
A¥rarel oleic acd7F A8 27]d Aoz =
7HE-S Bo Fo] T AY A]7|e] MUFAR &

Fig. 32 2lo] Aol A 24t A H=% A ag 42& e o = ok
WAk 24 plR= 9L polyunsawraced fary 24 279 9ol Mz A w3 A|ukal sk
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8
[l=C0 —+8 -+ PO o [OUS:3
=== O - 50 - PO === FO(22:6)
6 fe
4+
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0 B : ] 7 —
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Fig. 2. Changes in percentages of a- linolenic acid(18 : 3, ©3) and docosahexacnoic acid(22 : 6, @3) throughout

the experimental periods.
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BT BE ol Fol A L Ao}t AA Dag e
Bef 31 gtk 53] Aol F o3 At B
H-go] o e COF(021%)8 ALE 357
e HzAl FF vge|l tE FF {AEHA
S5tk el 03 AWate] Fdo a2

E& 8 0, oJv] F {4Z3 (mammary gland) 9]
7lEel & A7A HALEHE Aua zAo)
49 F Ae M54, BE A7 239 759
&) 23 ol La g Aate] deFg oz A4
4 ZFFE= AL Azgs E 4 ey o3
#o] FAG ZAHEE AR Yo, et
ofdel &4 Z719 HZ=AW o3 AUk T
ol glolMm COT ] A 2ol vlgo H]a)
A3 5& #£(1932)% AT A2 HLS
BT w3 A FF A= AEY Hol 9]
€ BEFn, =5 o9 7|7 ek £, AE A9
o]ARE oW] FHo AW A HFAHo AR
Agite]l F4deo] € 4 e VHeAE wAE
AT, Sanders53-& v #Hol|A buners} lino-
leicite] ZEXE soft margarineS FAg AW &
Y02 FFIAE W B A7 AIA fFAke

(%)
70
— CO(P) -+S0O(P) +PO(P) — FO(P)
= COM) +SO(M) = PO(M) = FOM)
60 1= - CO(S) *S0(S) *«PO(S) = FO(S)
50 |- S
40 M
30 =
20 |-
10 -
r ,
(0 L ) 1 ;o 1
0 3 9 16 wks

Fig. 3. Changes in percentages of Saturated(8), monounsaturated(M) and polyunsaturated(P) fatty acids throu-

ghout the experimental periods.
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DHAZ9] g uw)go] dAlz ZaEged 547
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phosphoglycerides 2] DHA §taFo] 7hA=] 7] ¢kgtc).
o] 22 9] §-6-desarurase &3 o] 24 T F A3
i BFIHDT 2Hel e preformed
DHA®) 23] DHAV} A% Fa57) w2 Hog
dsrix &k

221} rhesus monkey®] 7oA, Neuringerz
e a-LnA7} W4 2% o 08% FHH e
safflower oilS F3t9E o, AA35}HA cerebral
cortex®} retinadl| A w3 A4 gEFo] Al AT}
HE AAF5A) Safflower oil deol@ ALSH o
MAAA Hold A7) Apols) $4 AF Az o)
DHA %3 H]&-2 soybean ol R} Aot 2
ole]l FHE e HERTGE =gen, o=
Hytov} R{E FE oH2RE w3 AWilo)
ARz FFEHA HEY Relztn F4FY
=

AFE e AT I3 Ao oy
H2o) InnisE3¥ o] Hole] AL LA o-lnAg)
chain elongation F2eo] £EA gonz oolg
formulaol) l-:] yheto]] W= <) long chain PUFAE
239 2= o] Fadvn TRt dAz
Caroﬂs“)% E# formulad]] w34 Al &ake)
AL F AR ko) 20% 2 Ak w67 <}
w3 Aite] FHG HE7tA] AFsT Yo
a7} At & o] ko] wb/m3A = Hhike] u]-g-9)
HelE 5/1~10/12.4 ©]& CarlsonS3 o] A A3

HzE At g8
F& TR wb/wdA RHAte] H]-E 9 W 4/1~
10/13} ¥ sedbeh T8 2ol B sfviche] ws
ok wbA Rrate] FAFIL HH, 0~127]199)
ogotel glojA 3A PUFAE &3] 0.5g, w67
PUFAE 3g2 24 wb/w8A AWHAL B]&o] 6/12
o] gtk

A2 Aol wb/ws H]go] FAHA ¥z
1] -&-ol] HPOgEJoM COZol A 7}& =31 FOL°]
717 we v)EES Ho o] AHAF7I SFol
Aol 7} °124EJ°*U+(P<005) SOT 2 3FH7A
Fo8A & FE& XD, 9FH|= FO
g A BE Ao|F el HZA Y H]8(0.29~
0.36) 0] -FAls] A} (Table 2).

2. 5 Z=Z[0lA e DNA E20| HE)

Fig, 4011“ 28 A717he ¥ T, DNA 5 &
2 DHAY 24o] ueh} gk Hzae) w@e
FAY DNA Fake 24 2% 0.9~1.3mg/go] I T,
558 o]FAldE 2.0~2.7mg/pgo R A E7}E}
Qo) 958 A 1.4~1.8mglg o7 7HAa
gl 16571 Al= dAT 22 FASYe Zb
A7IE 2 2e]Ezte] DNA gos A2 2
o7} giith. &4 #F2E DNA o] %7}slod
35 71 5 ol =
dojMd AlgEmE g £487] ¢ Ty Aol
7t g3t MEEGo] FA3A dojtr] H
Folgta Bo} wEhM AE #£95 wgs FE
DNA #gko] =7 Z713l2, hyperplasiag} hypert-
rophy?] 7ol A%=HA DNA w5zt dAg

FEE KA Be T & P,

Table 2. Effect of various dietary oils on w6/w3 ratios of the rat brain during the experimental period

. Dietary S . .
Basal diets 603 w6/w3 ratios in brain(weeks afier birth)
b/
added with . 0 3rd 9th 16th
ranos
Corn oil 268.7 0.46% 0.283 0.80+ 0.10%° 0.33+ 0.09 0.414 0.088
Soybean oil 8.9 0.86+ 0.472 0.33%0.08° 0.86%+ 0.30 0.46% 0.294
Perilla oil 0.2 0.21% 0.340 0.26+ 0.39P 0.294 0.39 -
Fish oil 0.06 0.141 0.36 0.20% 0.09b 0.19+ 0.92 0.20£ 0.37"

DData are Mean® SEM. Means carrying a different alphabet within a column are significamly different

(p<0.05).

DNot detected.
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Fig. 4. Changes in weight and relative concentrations
of DNA & DHA in brain of the rats fed different

oils throughout the experimental periods.
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