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Change in Membranous Lipid Composition Accelerates Lipid Peroxidation in Young Rat
Hearts and Brains Subjected to Two Weeks of Hypoxia Followed by Hyperoxia
Tatsujiro Oka,"” Toshiyuki Itoi,” and Kenji Hamaoka"

"Department of Pediatric Cardiology and Nephrology, Kyoto Prefectural University of Medicine, Kyoto, Japan,
2)Departmernt of Pediatrics, Cardiovascular Research Group, Heritage Medical Research Center, University of Alberta, Canada

Background: Postoperative cerebral dysfunction is a serious complication of pediatric cardiac surgery. The aim of this study
was to create a rat hypoxia model and to examine fatty acid composition and lipid peroxidation in the brain from the viewpoint
of the importance of perioperative cerebroprotection.
Methods: Four-week-old male rats were exposed to hypoxic conditions (Hypoxia) for 14 days (FiO2 = 0.1) and then to hyper-
oxic conditions (+ O2) for 3 hours (FiO2 = 1.0). We had the following four groups: 1) Normoxia: FiO2 0.21 for two weeks, 2)
Hypoxia: FiO2 0.1 for two weeks, 3) Normoxia + O2: three-hour hyperoxia after 1), 4) Hypoxia + Oz. Three-hour hyperoxia
was initiated after 2). The fatty acid compositions were separated using thin-layer chromatography and were analyzed using
gas chromatography mass spectrometry. We measured malondialdehyde (MDA) as a lipid peroxidation product.
Results: The concentration of linoleic acid was lower and that of docosahexaenoic acid was increased in the hypoxic heart
compared with the control heart. However, no change in fatty acid concentration was found between hypoxic and control
brains. MDA was significantly increased in Hypoxia + Oz in the heart. Otherwise, MDA in the brain was unchanged between
hypoxic rats and control rats.
Conclusions: Cerebral fatty acid composition and lipid peroxidation were unchanged in the hypoxic rat.
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Table 1 Effects of chronic hypoxia on physical characteristics
of juvenile rats

Normoxia Hypoxia p
Body weight (g) 1943+66 1395+46 <0.01
Brain weight (mg) 173.0+x58 161.8 5.3 0.08

464.7 £ 26.4 319.6 =20.8 <0.01
090+0.04 1.16=*x0.04 <0.01
239008 229=£0.11 0.11

Heart weight (mg)
Brain/Body (mg/g)
Heart/Body (mg/g)

BCi&E 7B ATIC X A IBITO#EE, p < 005 D&% A
BEDY L L. FEELEDIYAIZIE Scheffe’'s F
test ICTHEMDOERZ KD /2.

m R

1. BHEHZEL (Table 1)
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Fig. 1 Fatty acid composition in the heart (left), brain (middle),
and serum (right) of 6-week-old rats. In the hearts,
saturated fatty acids (SFA) (palmitic acid + stearic
acid) account for 31%, monounsaturated fatty acid
(MUFA) (oleinic acid) accounts for 5%, and polyun-
saturated fatty acids (PUFA) (linoleic acid, arachidon-
ic acid, and docosahexiaenoic acid) account for 63%.
Compared with heart, brain has a lesser concentra-
tion of linoleic acid (1.1%), and that of serum is less
than that of docosahexiaenoic acid (1.8%).

C16 : 0 palmitic acid, C18 : 0 stearic acid, C18 : 1 oleic
acid, C18 : 2 linoleic acid, C20 : 4 arachidonic acid, C22
: 6 docosahexaenoic acid

3. BEALEEEERY (MDA) (Fig. 3)

BNFEE CTlE, 4 HMTEEZEO R -7 (Normoxia :
Hypoxia : Normoxia + Oz : Hypoxia + O2=51 = 1.0:50
+ 14:51 * 04:51 = 1.0(umol/mg % ~7%%7),p = 099)
(Fig. 3A). 72 To MDA Ol Tld, Normoxia # &
Hypoxia #: & O THEAE RO L H o 7278, Hypoxia
+ Oz #H1E Normoxia & WK L CHREICEETH - 72
(Normoxia : Hypoxia : Normoxia + Oz: Hypoxia + Oz = 20
+08:18 *08:23+07:47 =09 (umol/mg ¥ ~
7)., p<001) (Fig. 3B).
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Fig. 2 Main fatty acid composition of total phospholipids (left) and of individual phospholipid species (PE middle, PC right) in
brains (A) and hearts (B) of rats exposed to hypoxia. *: p < 0.05 vs. corresponding normoxic organs.
TF: total fatty acids, PE: phosphatidylethanolamine, PC: phosphatidylcholine, PUFA: polyunsaturated fatty acid, MUFA:
monounsaturated fatty acid, SFA: saturated fatty acid, C16 : 0 palmitic acid, C16 : 1 palmitoleic acid, C18 : 0 stearic acid,
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Fig. 3 Lipid peroxidation measured as malondialdehyde
(MDA) content in brains (A) and hearts (B) after 2
weeks of hypoxia (10% of oxygen) and 3 hours hy-
peroxia (100% of oxygen). Values are expressed as
(mol per 2.5 mg protein. * p < 0.05 vs. corresponding
normoxic organs. All values are represented as mean
(standard deviation (S.D.), n = 6 for each group.
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