WS EE G606 :680~691, 1993
Korean | Nutrition 26(6) @ 680~691, 1993

Effect of Riboflavin on the Metabolism of Lipids and
Neurotransmitter in Rat Brain
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ABSTRACT

Rats were fed for an 8-week period a low riboflavin diet(5ug riboflavin/day) or a control
diet(30pg/day) supplied either ad libitum or by pair feeding in order to study the effect of
riboflavin on the metabolism of lipids and neurotransmitters. Erythrocyte glutathione reductase
(EGR) and monomine oxidasc(MAQ) activity in the liver and brain were assaycd. EGR
activity coefficient in riboflavin deficient rats was significantly higher than in ad libitum controls
whereas MAO activity was decrcased in the deficient rats. Fatty acid composition showed
a different trend in the serum, liver and brain. In the serum, the concentrations of essential
fatty acids and -3 fatty acids(eicosapentaenoic acid, docosahexaenoic acid) were decreased
about 20—40% in the deficient and pair-fed rats than in the ad libitum controls. Brain scrotonin
and 5- HIAA(5-hydroxyindole acetic acid) concentrations were dccreased in the riboflavin
deficient rats. Learning ability measured by a water maze and exploratory activity using the
open field test were not impaired in the dcficient rats. These results indicate that brain lipid
metabolism was protected in subclinical riboflavin deficiency, however, riboflavin deficiency

affected brain serotonin conlent.
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Table 1. Composition of experimental diet

Ingredient g/100g Diet
Casein(vitamin-free) 20
Corn Starch 20
Sucrose 45
Soybean Oil 5
Cellulose 5
Mineral Mixture!? 3.5
Vitamin Mixture?) 1
Choline Chloride 0.2
Methionine 0.3

1) Mineral mixture(g in 100g) : CaCOj3 29.29, Ca-
HPO, - 2H;0 0.43, KH,PO, 34.31, NaCl 25.06,
MgS0, + 7H,0 9.98, Fe(CH;0;) - 6H,0 0.623,
CuS0, - 5H,0 0.156, MnSQ, + H,0 0.121, ZnCla
0.02, KI 0.005, (NH4)5M07024 . 4H20 0.0025,
NagSeQs » 5H,0 0.0015

2) Vitamin Mixturc(mg in 100g) : Retinol-acetate 93.
2, VD3 0.582, a-tocopherol-acetate 1200.0, VK;
6.0, Thiamin-HCl 59.0, Pyridoxine-HCI 29.0, VB
12 0.2, VC 588.0, D-biotin 1.0, Folic acid 2.0, Ca-
pantothenate 235.0, Inositol 1176.0, Nicotinic acid
294.0, Sucrose 96316.017
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Table 2. Organ weight of experimental rats

Group Brain Liver
.......... R
Conirol 1.78£0.05Y 10.06% 0.30:2
Deficient 1.75+0.12 6.82+ 0.50¢
Pair-fed 1.77+£0.03 8.06% 0.32P
....... % BW. »+++vs:.
Conitrol 0.54+ 0.02¢ 5.04% 0.07
Deficient 0.79% 0.04* 2.85+0.23
Pair-fed 0.66+ 0.030 2,771 0.24
1) Meant SEM.

2) Values with different superscripts are significanly
different among groups at the 0.05 level by the
Duncan’s muldple range test.
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Fig. 1. Body weight gain.

*Significantly different from other groups at the 0.05 level according to the Duncan’s muldple range

test,
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Table 3. Erythrocyte glutathione reductase(EGR) ac-
tivity coefficient and MAO activity of liver
and brain in experimental rats

Group EGR MAO
Liver Brain
+++ - p/mg protein -+ -
Control  1.46%0.0712 7589+ 16.48 88.97+ 10.04
Deficient 2.10+0.21°  53.70% 903 30.36% 7.78
Pair-fed 1.46+0.142 81.89£21.89 43.68£10.15

1) Meant SEM.

2) Values with different superscripts are significantly
diffcrent among groups at the 0.05 level according
to Duncan’s multple range test.
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Table 4. Fauy acid composition of rat serum by GLC

gal7 - 4

Fanty acid Control Delicient Pair-fed
.................... mg/l100ml - -« s

14:0 0.08% 0.15Y 0.70% 0.22 0.62% 0.21
14 lws ND? ND ND
16:0 40.05+ 7.613%) 32.60+ 3.74%b 30.11+ 5.000
16 . 1T 0.88%f 0.222 0.58+ 0.1 0.54+ (.12
16 : 107 4.44% 1.9] 3.35%+ 1.04 4.261 1.06
18:0 17.00+ 1.74¢ 15,02+ 1.58% 18.72:4 0.88b
18 7 19 22,44+ 5.54 18.47+ 4,18 19.84+ 5.5%
18 : 206 3469+ 5.172 27.1%+3.21P 25,59+ 5.540
18 © 36 0.52+ 0.019 0.84+0.71 0.46+0.18
18 : 33 2.20+ 0.58° 1.35£ 0,33 1.56+ 0.38%
20:0 0.15+ 0.15 0.09+ 0.08 0.10% 0.09
20 7 109 0.24+ 0.17 .52+ 0.09 ND

20 : 2w9 0.19%£ 0.1% 0.28+ 0.23 0.15£0.18
20 : 3m6 0.41% 013 0.37£0.11 0.37£0.11
20 : 4w6 4806 5.56% %8.591% 3.87b 35.80% 2.28b
20 503 0.49% 0072 0.44+0.172 0.23- 0.09°
2210 0.87+ 0.04 0.87+0.17 0.81+0.10
29 ¢ l@9 015t 0.13 0.07£0.15 0.1310.08
22 1 6w3 5535+t 0.61° 2.93+0.36° 1.94% 0.31%
24:0 0.58+ 0.12 049+ 0.18 0.42+0.10
24 7 109 0.42% 0.052 0.28+ 0.06" 0.27+ 0.06P
SFA 59.44+ 9.497 4978+ 5.16% 4578+ 5.71"
MUFA 28.50% 6.89 25,07+ 5.15 95.054 6.7!
PUFA 90.09+ 11.14* 71.21%4 7.45b 64.09% 4.640
Total ®5! 6.25+ 1.12° 4.00% 0.54P 575+ 0.46b
Total ©6% 85.67% 10.65* 66.95+ 6.96P 60.22% 4.05P
Towl @9% 95.49% 572 19.42+ 427 20.39+ 5.69
TEFAT 84.95+ 10.80° 66.24% 6.60° 61.86+ 4.150

Wate] W7k 28122155 AEGT HExALe ¥

1) Meant SEM. 2) Not Detectable

3) Values with different superscripts arc significantly clilferent among groups at the 0.05 level by the Duncan’s

multiple range test.
4) Total @8=Cl8 . 303+ C20 : 503+ C22 | 6w3

5) Total @6=C18 . 2w6+C138 : 3w6+C20 : 36+ C20 :
lw9+C20 . 2w9+ C22 :

6) Total @9=Cl8 ;| 1w9+C20 :
7) TEFA=linoleic+ linolenic+ arachidonic

4wb
[w9+C24 7 19

| 4] = 9] total phospholipid®] &gko] RF ZH A2} olu} r2FRET ¥3, @B Esa|uite] =31
AT oA EaelE RolA et B st BgE xR 4te] EAS] we AS E 5 9
Apate) 2L w3}, ddB¥E, 2B A Aot hJ =& w3x|gito] FAol} kxR 9 3~
Hhare] W)l 48:99: 923 AEHI w3, w6, ©IA 5 Ax Zohow weAMMAte 1/8A RS WG

& &

— 0683

09 A J";}TC_’_— 2l A= A eyt



HzRe) Awsh ARWBE Do P uAe 9T

Table 5. Fatry acid composidons of rat liver by GLC

Fatty acid Conutrol Deficient Pair-fed
...................... Mg/ = v mr e e

14:0 0.06+ 0.031) 0.07+0.07 0.07%0.01
14 © lw5 ND? ND ND
1620 6.29% 0.48 5.68+0.74 6.52%0.71
16 : 1T 0.09% 0.01 0.094£0.02 0.10% 0.02
16 © 17 0.50% 0.05 0.44£0.19 0.67+0.19
18:0 4011035 3.99+ 0.35 5.31% 1.65
18 : 109 3.54+0.76 3521 1.18 8.93+0.79
18 T 206 5.46% 089 4.94%0.54 4.68% 0.68
18 © 3w6 0.07% 0.02 0.09% 0.05 0.07%0.02
18 : 8w3 0.22+ 0.06%) 0.14% 0.040 0.15% 0.35P
200 ND ND 0.01% 0.02
20 % 1w9 0.01£0.01 ND 0.02% 0.02
20 1 209 0.05+ 0.04 0.074£0.08 0.05% 0.02
20 : 3w6 0.08+0.01 0.08% 0.01 0.09% 0.02
20  4w6 5.08+0.61 5014 0.59 481+ 0,58
20 : 5w3 0.0310.03 0.03%0.01 0.02+ 0.02
22:0 0.024 0.02 0.0210.02 0.04+ 0.00
22 * 1w9 ND ND ND
29 1 603 0.95%0.22 0.88+0.12 0.78%£0.18
24:0 0.03% 0.03 0.05% 0.03 0.05% 0.08
24 109 0.01£0.01 0.00+ 0.01 ND
SFA 10.42+ 0.52 981+ 0.63 1001+ 1.89
MUFA 411+ 0.79 4,054 1.32 4.72+0.98
PUFA 11.95% 1.49 11.25£0.82 10.58+ 1.32
Total @3% 1.21+0.27 1.05+0.12 0.88+0.20
Total 6% 1069+ 1.24 10124 0.77 9.64%1.18
Total ®9% $.6120.80 3.59£ 1.15 4.00+0.79
TEFA? 10.76+ 1.28 10,09+ 0.78 9.62+1.19

1) Meant SEM. 2) Not Detectable

3) Values with different superscripts arc significantly different amnong groups at the 0.05 level by the Duncan’s
muldple range test.

4) Total @3=Cl8 . 303+ C20 ; 503+ C22 | 6®3

5) Total @6=C18 : 206+ C18 36+ C20 : w6+ C20 | 4wb

6) Total ®9=CI38 ! l®9+C20 : 109+ C20 : 209+ C22 : 1w9+C24 I 19

7) TEFA=linoleic+linolenic+ arachidonic
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roxytryptamine : 5-HT) 3} 5-HIAAE @&t gk 2
HEo] gETH pair-fedo] ¥Ete] frolxoz

5. & & serotonin® ST

4 £ serotonin®] FEFL Table 7ol A9 Zo]
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Lo]Hoz g9htl Serotoning] WALE A 5-
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Table 6. Fauy acid composition of rat brain by GLC

ot - dEE - A

do

Fawy acid Control Deficient Pair-fed
...................... ME/g + v rm s
1420 NDV ND ND
14 lws ND ND ND
16:0 4,591 0.292008) 4.71% 0.2230 4.98+ 0,392
16 : 1T 0.06% 0.02 0.05+0.0% 0.06%0.03
16 1 lw7 0.09+0.02 0.11£0.01 0.12:4 0.02
18:0 5.06% 0.81 4.07+1.91 5254051
18 © 109 4811058 577+ 1.84 5524 0.08
18 © 2w6 0.14% 0.07 0.15% 0.08 0.20 0.08
18 1 36 ND ND ND
18 © 303 ND ND ND
2010 0.15+ 0.04 0.15£0.00 0.114 0.06
20 : 109 0.3140.16 0.56% 0.01 0.30%0.01
20 © 209 0.02+ 0.04 ND 0.08 0.01
20 3056 0.08% 0.02 0.07% 0.00 0.08+ 0.01
20 406 2.060.31 2.00£ 0.13 2.91%0.21
20 5w3 0.0710.14 ND ND
2210 0.13% 0.02 0.12%0.02 0.11£0.06
22 7 lw? 0.047+ 0.02 0.024 0.05 0.10£0.13
22 1 65 2.22+ (0.26" 2.38+0.21% 2.62+ 0.282
2410 0.19% 0.04 0.16+ 0.03 0.18% 0.02
24 7 109 0.29% 0.05 0.24% 0.08 0.18+0.12
SFA 9.18+1.91 9.18+ 191 10.63+ 0.95
MUFA 559+ 0.71 6.57+1.80 6.09% 1.13
PUFA 4.58% 0.5% 4.61%0.32 5.20% 0.49
Total 3" 2.29% 0.36 238+ 0.21 2.62% 0.2%
Total 6" 2.27+0.33 2.9%+ 0.15 2.50% 0.26
Towl w9 546+ 0.73 6.40F 1.83 5.991 1.09
TEFA? 2.20% 0.52 2.15+0.13 2414 0.24

1) Not Dertectable 2) Meant SEM.

3) Values with different superscripts are significandy different among groups at the 0.05 level by the Duncan’ s

multiple range test.
4) Total @3=Cl8 : 303+ C20 : 5w3+C22 : 6w3

5) Total ®6=Cl8 : 206+ Cl8 : 306+ C20 : 3wb+ C20 : 46
6) Total @9=C18 ! lm9+C20 : 1w9+C20 : 209+ C22 : lwd+ C24 : 19

7) TEFA=linoleic+ linolenic+ arachidonic

ottt

£ 9] wyplophan2 typtophan hydrogenascel]
9|8} 5-hydroxytryptophan(5-HTP)o] HI o]=
aromatic L-amino acid decarboxylase(AAAD)<) ]
& seroronin®. = HFE ™ serotonind MAO| £]
§ 5-HIAAZ HF=FTHD. Tryptophan hydroxy-

lase #9E pteridine2 RFAE o] 817
AAAD+= pyridoxal phosphate(PLP)Z ZFEAZ o]
&3} MAOE FADE F&2¥sl 9+ flavop-
rotcine] t}. whalA] riboflaving] ZAH o] & & serow-
ninTE G¥E¥E FREe B3PS AHEY seroto-

nin §FAJAld] Fudle AAADE AL ZFEAE o

— 687 —
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4 5% PLPY] FHAA] RFo] HQSIEZR serotonin
g4o] RFAFA AstE 5 91 MAOS &
A F} 2 serotonin®] 5-HIAAE AFE= 74 o]
Ase] S-HIAA 57k AsE & Aoz 4%
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B Ao FAE fefde fAA MAOE
Aol AFFAAM AslEs AEL B3 seroto-
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Table 7. Brain serotonin and 5-HIAA contents

scrotonint A7} FEE v Zoz A,
6. #E=H
1) 0|2 HAl
Y& 4n2 AAte] A7 Table 8o Xsh gk,
YE Frlz HAA 15Y e Aoz F
ofshiz We HRHT F HA A FAE AL
AAF A3 237+ 153 session® 2 0 7} scs-
sion2 Al 3HA 2 WFo]A ALY A9
Foh d@e] EPA7|I7A Y NTE FAsS B

Transmitter Conrrol Deficient Pair-led
ug/g wet tissue

Serotonin 0.388:- 0.0201 %2 0.255% 0.015" 0.859+ 0.0222

5-HIAA 0.3521 0.026¢ 0.224+ 0.018° 0.2904 0.0172

5-HT+5-HIAA 0.740+ 0.039* 0.479+ 0.022b 0.649+ 0.0282

1) Mean SEM.

2) Values with different superscripts are significantly different among groups at the 0.05 level by the Duncan’s

multiple range test

Table 8. Error and tme spent at the position reversal test in the Y-shaped water maze

Control Deficient Pair-Fed

Trial Error 422+ 0.360 4,20+ 0.33 490 0.48

. 1-3 Time 107. 6+ 10. 6 122. 1£10. 2 121, 4+13. 4
Session(1) -

Trial Error 3.444+ 0.50 2.50+ 0.45 2.70% 0.47

4—6 Time 65. 4% 7.3 75. 6+ 12. 8 60. 4+ 4.7

Trial Error 3.67+ 0.37 2,50 0.26 3.60%+ 1.00

i 1-3 Time 87. 0+ 15. 2 74. 2+ 6. 3 85. 91109
Session(11) -

Trial Error 356 0.58 320 0.39 5.80% 0.24

4—6 Time 89. 44 10. 0 88. 8+ 7. 5 96. 0+ 12. 4

1) Mean+ SEM. Mean between groups are not signifcantly different as determined by the Kruskal-Wallis

test.

Table 9. Open field west

Control Deficient Pair-fed

Days comc out from starting box 2.2+ 0.36Y 14% 04 22+ 0.5

Session(I) Squares entered 122+ 2.7 145+ 6.8 21.1t 7.1
Seconds spent in open field 442+ 14. 0 53.5+ 28.6 83.01 27.4

Days come out [rom starting box 28+ 0.8 2.4+ 08 24+ 07

Session(11) Squares entered 29.1+ 13, 6 34.6+ 14.9 39.7+19.9
Seconds spent in open field 118.1£57. 5 1209+ 52.5 111.7£51.3

1) Menat SEM. Mean between groups are not significantly different as determined by the Kruskal-Wallis

test.
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