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Metabolic Disturbance of Fatty Acid and Monoamine in the Brain of
Congenital and Acquired Hydrocephalic Rats

—Comparison with the biochemical analysis in cerebrospinal fluid

of pediatric cases in congenital hydrocephalus—
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This study was projected to analyse the effects of the ventricular dilatation and the increased
intracranial pressure, in a case of hydrocephalus, by carrying out a biochemical analysis of the brain
tissue. Fatty acid and monoamine of the brain tissue in the experimental hydrocephalic rats were
analysed and the results were compared with the morphological findings. Biochemical analysis of
CSF (cerebrospinal fluid) in pediatric cases of congenital hydrocephalus was also undertaken to
compare with the above studies.

Congenital hydrocephalic rats (CHR) and acquired hydrocephalic rats (AHR) were prepared
by kaolin injection into cisterna magna. Fatty acid composition in the supratentorial brain tissue
was quantified by gas chromatography and the monoamine in the same tissue was determined by
high performance liquid chromatography. Histochemical analysis of monoamine fluorescence was
carried out using the Falck-Hillarp method. The results indicated a progressive ventricular dilata-
tion in CHR along with a marked porosity of the stroma around the lateral ventricle. A time-related
decline in the fatty acid and monoamine content in the brain tissue was also observed. In AHR, a
tendency of mild ventricular dilatation was found along with a mild porosity of the pericallosal
white matter. Although fatty acid in the brain tissue declined only slightly, the monoamine level
declined remarkably as in the case of CHR. The histochemical analysis of monoamine fluorescence
showed no decrease in the cells in the infratentorial tissue in CHR or AHR. On the contrary, the
fluorescence of dopamine and noradrenaline in the supratentorial tissue in both CHR and AHR
decreased slightly.

The decline in fatty acid and monoamine in the supratentorial brain tissue in CHR in this study
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could be considered to reflect a destruction of the brain tissue and the structural disturbance in the
myelin sheath due to progressive ventricular dilatation. It was further presumed that, in AHR, a
small decrease in fatty acid of the brain tissue was induced probably because the destruction of the
brain tissue was small as compared with that in CHR. However, decrease in the monoamine level
remained high probably because the metabolic disturbance was enhanced as a result of not only the
destruction of the brain tissue but also chemical meningitis caused by kaolin injection. Judging from
these results, the lowered levels of fatty acid and monoamine in the brain tissue of the experimental
hydrocephalic rats were considered to reflect the destruction of the brain tissue and metabolic
disturbance. In pediatric cases of congenital hydrocephalus, various metabolites were found in-
creased in the biochemical analysis of CSF during the stages of progressive ventricular dilatation
and increased intracerebral pressure. This change, among others, seemed to be attributable to the
partial involvement of the release of metabolites into CSF which was caused by the destruction of

the brain tissue.

T C &I

INRSER AR TEREGNC 381 2 =LA, BEENE
TOEIHERRIC 5 2 % BB D W I BER R O
EVEEENCHIET 2282 LD, RERIEZ
DERADIEENTE Tz, SEOWYE TIFEERRKEH
FEZ v b OMFEE 2T, EERAZKEESNIC BT
BB ORERREZE TS L 2HME LT,

EERHI/KIERE € 7113 1914 £ Dandy &2 & D
cotton A & % FAZEM/KIEENTERL S LT LI,
%< DHEPRAONT WS, SEOEBETIEER
FHECLBAEREAEES v b BL ALY v KiE
PEARIC L 2B RU/KEES v b 2 ERL, &R
BNCHIEEL ¢, MEHICB I 2EMaEE, /7
SUVDERE, £ /7 I VHEHEBILE R BT,
IREEREL L 2 U e, F 7o /NRIAKRIE/KEERE
BlosERROREEE, €/ 7 3 HEY & A (ER
WCRREE L, FEBRAKEEE S v b OfEHR & oL UiRES
L.72,

bl

I) SEBRHIKEEREZ v b

A MR

1) B R UEGES & I B ER

1983 FE4AAEKRREER LYY —HED
Lewis RERMEABEEZ v + (LEW-HYR) %K
WERKYEYER Y ¥ —ICEA L, TETR%
HhT, %XMKEES v b (congenital hydroce-
phalic rat LA'F CHR &R&3) Z/EEL 7z, HED

P

HEK 3 % 3570 KERAE D HHER L 72 [FI 8 o B i ik i
ROFFETE L7z, ER—E, =B TRERTICHET
SHL 7z, 7> b RRGHERBR (]9 300~500 mg) & RN
LT, MERCBT S EERREZET L, &
B E LA BTEEER AT B 1 2 = IE & i3E
BIgDE T L 72 (Bifrontal index LR BFI &
W) .

7 EHFERO Lewis 27 v M4 VB
W (AA Y >0.2g/ER1ce) 0.1cc & BEME
TRRAKEHNCEAL TEBREXKBEEZ v b
(acquired hydrocephalic rat LA'F AHR HB&3)
PR LTz, A4 ) Y EABR—E, SETRRRNC
WrEE L, 7> b _ERGHRR (R 600~800 mg) % ERHY
LT, ERMUAKEET v b E[ARRICHEBR BT %
EALFRIRE = T L 7e,

B: RE

EEE T M

KEEREZ v b OHIRGERTAEE 2 2 Tk 2 mm DK
& XTI L7253k R 05O, TREIE L, Wik, #2k
L7z, =Ry, BENI VY LEER, EHEIE
FEEMSE (BSRE : B MSNM-4) L D E#HEL
7z,

C: ¥R E

1) Bk EAIARHERERK

iz e 7 o b ERGRER = R L Folch i
TIEEZHE L7, & onzimibl, HEL -
R A FMLLTHAZ B~ NI T 7 4 — (1
B IWIE G8F) ik, 77 %Y UEBNEEEE
2T Cl0~C18:2 X COREMEEREZEREL



1990 4 1 H

722,

2) WHEfEOE /7 2 VER

7> b BB A IR TREY 2 A AL, F
—X3y, ku b=y, AT RV EREERR
oo~ 757 4 — (B . Waters model 440)
ELALER I (FE - Waters model 460) & T
HIE L, PIERERE 1T dihydrobenzylamine % F\»
TEREL.

3) ® /7 I EOLHEBIEE

® /7 3 HEHEBAEEE Falck-Hillarp 3% 1<
F D ALEE U BDEEEMEE (B | B AR RIBAME
FL B) i THEE2TVT > N TE (B, &R
¥, BHE), 7+ i (EREL, BLEER) ©
BEBIZ B THRE L7,

ID) SRR MEKIEGER

A R

Wt & L /N SR MOKEERER X A MY > A K
D20 FIT, 25 OKEERD S b EEREL 200
mm KU O ERTEREE S Fle, ZAUTOER
BEVRERE 12 Blic 0 CRER AL HIME & 1T L
7z, IEEXERE & LTk R EE 2 ek
W—FREED/NR 10 Bl E vz, & 7o AKERE 0
U T = BRI 2 AT L 7o 2\ REWERAR L 1572
FEFNCX LT, WO ERMRE O K 2175
7.

B: & bZEputed

1) BEWEZHI5cc BHERL, fREExHHL T, AR
su~ 757 4 —=THIL, 77 %YV BRINIE
#HEEPHWT, C10XY CI8:2FE TOXIER:
ERL.

2) &/ 7 3 ARBEY _

BEWE 2K 5cc L, mEWEsa~x T 5 7
4 —EBSAFMHE% H v T, homovanillic acid
(HVA), 5-hydroxyindole - acetic acid (5-
HIAA), 3- methoxy -4- hydroxyphenylenglycol
(MHPG) %##IE L7z,

III) EA&G)

SeRNMEKEERE - TIET L 7z B O SR 1 k= A
82BN UERENT, BRaEEE2HIEL
7z, IEHENEEE PR B LS TFRT L 7e
Bl OMERFAE & L7z,

& S
I) RERRYKEREZ v b

BRI EERFAKHEAE 7 v b OINEEICB T 2 AEEEICDO T

— 83 —

A) FReE

1) fRESINE

SeRMEKEEAES v b CHR 334 & THHHRI
EY, 365 LHEL, 2055 THEHALRKEAD
KEEES v M TTIEHEEL, ¥ 21.1% THD,
ZDSBEE5IVET 76.6% ZEO T, Ihbd
BB~ AHE L © AIRMCEBIER 25D 51
7o, A—EE TRAELEEE X IEE R 3
ElLiZR ez o7z, D% b EENEKIZETHE
THR CHEEMIET L, REERENED L TE
FREIITR 2D, EHEEEE L 2> CTEY=~
BT L7z (Fig. 1).

BRMAEES v b AHR 13 120 lED Lewis %
EESBEBS Yy Mkt ) YEAL, 2D 5 28
TEVZEARRICIETCL, 5D 0 92 et L TEE%
MEATUTe, A4 v EABR—EE TIEEINEL 72
DETFL, REHERE, GERIPEFTH ok,
Z OBEHMEIRL CEEL, ERESEND A 50z
23, IEHNER L BT 2 EBEREY L Twik,

2) BEILARZE (BFD

HISEESHTEERT IC CHINE R BET 5 LER T v
b TIRFEEINS wow LT, CHR @ BFI i34
B—IETHI 59%, =BT 80% &EHHRILAMERN
rRL7z,

—7% AHR TIZEEOILKIZARC TR 51
o leh, BIENR TR A Y YEABET
BFI #7 41%, =B TH 43% & BEQRMEILAMER
2EREL7, L LEEENEWTHY, 240 UE
AB—EE ZEE OICEREEIIFED SR roTe
(Phot. 1, Fig. 2).

3) MR R

(g) (9)
40
30 ‘ 300 [////ff
20 200 /
~ control
10 100 o—eCHR
O—OAHR
1 3 ws 1 3 ws

after born after Kaolin injection

Fig. 1 Comparison of body weight between
control rats and CHR (left), between control
rats and AHR (right)
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Phot. 1 Macroscopic findings of coronal brain cut
a) normal rat (3-week old)
b) CHR (3-week old)
¢) AHR (3 weeks after Kaolin injection)
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Fig. 2 Comparison of ventricular dilatation
between CHR and AHR
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Phot. 2 Histological findings of lateral ventricular wall (Kliibar-Barerra stainX50)
a) normal rat (3-week old)
b) CHR (3-week old)
¢) AHR (3 weeks after Kaolin injection)

Phot. 3 SEM findings of ependymal surface in the lateral ventricle (SEM X 1000)
a) normal rat (3-week old)
b) CHR (3-week old)
¢) AHR (3 weeks after Kaolin injection)
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Table 1. Quantitative fatty acid composition of
brain tissue in both group (mg/g)

£ X H# ® X #

control CHR control CHR | control AHR AHR
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C10 1.07 0.58 0.52 0.54 | 1.07 0.81 0.61
ci 3.54 3.19 4.44 3.23| 4.29 3.84 4.09
12 1.66 1.42 1.71 1.51| 1.16 2.03 2.02
Ccr12:1|2.26 1.77 2.36 1.55| 1.50 1.92 1.76
c13 [2.82 1.95 1.81 1.02|3.12 1.91 1.76
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(mg/g) (mg/g)
40- 40-
c18:1 C18:1
-—
cis
30 301 18
Cl6
Cl6
_ 20
20 CS‘U
CI5:1
%
10 10 ci5:1

after born

1 3ws

after kaolin injection
* . P<0.05

Fig. 3 Quantitative fatty acid composition of brain tissue in both group
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Fig. 4 Monoamine of brain tissue in both group
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Phot. 4 Dopamine fluors-
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Phot. 5 Noradrenaline
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Phot. 6 Serotonin fluors-

cence of substantia nigra
(%100)

a. normal rat (3-week .

old)

b. CHR (3-week old)

c. AHR (3 weeks after
Kaolin injection)

fluorscence of locus coer-

uleus (X100)

a. normal rat (3-week _

old)

b. CHR (3-week old)

c. AHR (3 weeks after
Kaolin injection)

cence of nucleus raphe
(Xx100)

a. normal rat
old)

b. CHR (3-week old)

c. AHR (3 weeks after
Kaolin injection)
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Phot. 7 Dopamine fluors-
cence in outer layer and
Noradrenaline fluorsence
in inner layer of mediane
eminence (X100)

a. normal rat (3-week
old)

b. CHR (3-week old)

c. AHR (3 weeks after
Kaolin injection)
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Phot. 8 Dopamine fluors-
cence of caudata nucleus
(X100)
a. normal rat (3-week

b. CHR (3-week old)
c. AHR (3 weeks after
Kaolin injection)
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Fig. 5 Fatty acid and monoamine metabolites in CSF of congenital
hydrocephalus in children

Shunt operation
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Fig. 6 Change of fatty acid and monoamine metabolites in CSF after shunt operation of oPrognosis:Good
congenital hydrocephalus in children

Table 2. Quantitative fatty acid composition in
human brain tissue and rat brain tissue

b b BEAR A Z v b AR
(ARKESz XA b) (BREERAES 24 )
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Cis 6.6 2.2 7.8 4.1
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#hER 38.2 21.0(mg/g)| 42.4 28.7 (mg/g),

* PR ARER IR B LIS TTETC L 2= 8RB

® Prognosis : Poor
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