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Metabolic Studies of N-Bases of Glycerophospholipids and
Sphingolipids in Various Organs and Tissues of Mouse
after Oral Administration of *N-Labeled Substrates

Hisashi KURAHASHI
Department of Biochemisiry, Division of Neuro-Aging,
Research Center on Aging and Adaptation, Shinshu Universily School of Medicine
(Director : Prof. Tamotsu TAKETOMI)

After oral administration of “N-labeled glycine, L-serine, ethanolamine and choline to mice, the lipid
metabolism of the incorporation of *N-atom into N-hases of glycerophospholipids and sphingolipids in organs
and tissues was investigated. '*N-Glycine was assumed to be taken into the cells and metabolically converted

o "N-L-serine which was used for the production of glycerophospholipids and sphingolipids. *N-Eth-
anolamine was incorporated into phosphatidylethanolamine, which was also converted to phosphatidylcholine
(PC) by methylation, thereafter the free *N-choline derived from PC was assumed to he metabolized through
betaine to *N-glycine and N-L-serine. Although the CDP-*N-choline is produced by *N-choline, the rate
of *N-atom$% excess in sphingomyelin (SM) to PC was found to be a little different in the administration of
BN-choline and "*N-~ethanolamine. It was thus suggested that SM was mainly synthesi’zed from ceramide and
phosphocholine derived from PC, not from CDP~choline. 'SN-Choline and *N-ethanolamine were incorporated
into phospholipids more quantitatively than N-serine. The *N-choline and *N-ethanolamine labeled phos-
pholipids were assumed to be utilized for the formation of lipoprotein which is synthesized in liver and
secreted into the blood circulation. From the result of the utilization of '*N-substrates for the synthesis of
phospholipids, it was shown that phospholipids are always metabolized and synthesized so as to maintain their
own compositions in organs and tissues. Shinshu Med | 45 : 515—534, 1997
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Fig. 1 Incorporation of '"N-atom into glycerophospholipids and sphingolipids in various tissues
of mice at different days after oral administration of **N-L-gerine (**N-Ser) 1.6g/kg body
weight/day. Abbreviations as in Table 1.
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Fig. 2 Incorporation of *N~atom into glycerophospholipids and sphingolipids in various tissues
of mice at different days after oral administration of *N-glycine (**N-Gly) 1.6g/kg body

weight/day. Abbreviations as in Table 1.
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Fig. 3 Incorporation of **N-atom into glycerophospholipids and sphingolipids in various tissues
of mice at different days after oral administration of *N-choline (**N-Cho) 1.6g/ksg body
weight/day. Abbreviations as in Table 1.
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Fig. 4 Incorporation of *N-atom into glycerophospholipids and sphingolipids in various

tissues of mice at different days after oral administration of N -ethanolamine (**N-Eth)
1.6g/kg body weight/day. Ahbreviations as in Table 1.
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Table 1 Phospholipid compositions in various tissues of male mice

LPC SM CPL PC PS EPL PE Rest
Brain 0.0 3.5 1.4 37.3 11.7 21.1 18.3 6.7
Heart 1.0 3.4 1.6 46.6 1.8 7.4 23.6 14.6
Lung 2.8 15.2 0.8 58.4 4.0 6.8 7.0 5.0
Liver 1.8 8.7 3.0 47.5 4.1 6.0 20,0 8.9
Kidney 0.0 10.3 2.1 44.6 5.0 7.8 20.4 9.8
Spleen 2.4 7.6 0.0 51.3 3.5 10.3 14.2 10.7
Pancreas 2.0 3.6 2.9 63.0 2.3 9.6 13.2 3.4
Intestine 3.2 6.9 3.0 53.8 3.1 4.7 20,9 4.4
Blood 12.7 9.8 0.0 63.6 0.0 2.9 7.4 3.6
Muscle 4.5 5.4 1.9 63.0 2.4 5.2 11.0 6.6
Testis 1.4 8.6 2.4 56.8 4.2 7.8 16.6 2.2

Data are expressed by mean percent value of three male mice. Abbreviations: LPC, lysophos-
phatidylcholine ; SM, sphingomyelin ; CPL, cholineplasmalogen ; PC, phosphatidylcholine ; PS, phos-
phatidylserine ; EPL, ethanolamineplasmalogen; PE, phosphatidylethanolamine ; CER, ceramide;
Rest, other phospholipids.

Table 2 Percentage of *N-labeled phospholipids in various tissues of mice biosynthesized
from each “N-substrate

Substrate "N -serine 15N -glycine

Phospholipid PS PE EPL PC SM PS PE EPL PC SM
Brain 3.2 276 18.4 16.4 2.4 24.4 26.3  16.1 29.3 3.9
Heart 3.0 60.6 6.3 27.6 2.5 2.6 42,0 8.6 42.4 4.4
Lung 7.1 18.4 5.5 475 21.4 6.0 9.7 8.2 62.1 14.0
Liver 4.3 34.2 2.9  49.6 9.0 2.8 35.8 1.4 48.4 11.6
Kidney 5.8 51.8 4.1 29.8 8.4 4.7 547 1.5 29.4 9.8
Spleen 4.4  23.2 6.9 57.1 8.4 2.9 20,6 7.7 64.1 4.8
Pancreas 3.1 34.2 8.2 47.8 6.7 3.1 289 7.4 54.4 6.2
Intestine 4.3 457 3.1 39.4 7.5 3.6 56.7 1.0 32.3 6.4
Blood 0.0 6.6 1.9  80.0 11.6 0.0 2.2 0.4 50.4  47.0
Muscle 6.2  48.8 3.3 379 3.7 4.1 27.7 5.2 49,5 13.4
Testis 6.6 36.1 7.0 40.9 9.5 4.3  32.4 3.6 44.3 15.4
Substrate N-choline 15N -ethanolamine
Phospholipid PS PE EPL PC SM PS PE EPL PC SM
Brain 3.3 4.6 2,9  87.1 2.1 0.4 44.6  33.7 208 05
Heart 0.1 35 0.4 939 2.1 0.2 531 7.3 385 0.8
Lung 0.4 0.5 0.2 896 9.3 0.2 11.6 8.9 74.4 4.8
Liver 0.5 4.0 0.4 90.6 4.6 0.6 14.0 1.8 82.3 1.3
Kidney 0.5 4.7 0.4 89,0 5.4 0.2 30.0 4.7 61.5 3.6
Spleen 0.6 1.9 0.6 90.3 6.6 0.6 22.6 17.6  56.1 3.1
Pancreas 0.1 1.2 0.5 96.6 1.6 0.2 35.2 17.2 46.5 1.0
Intestine 0.2 3.1 0.2  89.5 6.9 0.2 33.1 5.6 58.1 3.0
Blood 0.0 0.3 0.1 92.6 7.0 0.0 4.3 1.0 89,2 5.5
Muscle 0.2 1.9 0.3  96.2 1.4 0.4 26,1 5.6 65.9 2.0
Testis 0.6 3.4 0.9 88.3 6.8 0.5 3.0 11.0 50.1 2.4

Data are expressed by mean value of three male mice. Each “N-substrate was administered at 1.6g/

kg/day orally for eight days. Abbreviations as in Table 1.
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Table 3 Ratio® of each "N-phosphatidylserine
(PS) produced in various tissues at
different days by oral administration of
15N-glycine or *N-L-serine

Days 1 2 4 8
Brain SR 53 85 89
Heart 23 27 30 33
Lung 28 50 80 82
Liver 24 30 94 97
Kidney 66 68 108 111
Spleen 0 16 30 53
Pancreas 6 24 85 104
Intestine 45 50 115 124
Blood 0 0 23 35
Muscle 0 32 66 70
Testis 50 58 76 80

8 Ratio(%)=PS, gly+PS, ser

PS, gly : *N-atom% excess of PS by intake of
BN - glycine.

PS, ser: N-atom% excess of PS by intake of
5N - serine.
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Table 4 Ratio® of *N-sphingomyelin (SM) to 15N ~phosphatidylcholine (PC)
produced in various tissues at different days by oral administration of
15N -choline or *N-ethanolamine

Days 1 2 4 8 Mean=£S. E.
Brain 0.68 2.41 1.54 1.10 1.43+0.64
Heart 0.61 0.74 0.73 1.02 0.7840.15
Lung 1.48 1.19 1.87 1.60 1.4140.15
Liver® 1.81 1.84 2.50 3.11 2.32:-0.54
Kidney 0.90 0.73 0.88 1.03 0.8840.11
Spleen 1.12 0.78 0.80 1.33 1.0120.23
Pancreas 0.51 0.51 0.74 0.78 0.6440.13
Intestine 1.21 1.15 1.26 1.48 1.28--0.13
Blood 1.22 1.20 1.26 1.23 1.230.02
Muscle 0.42 0.62 0.49 0.47 0.5040.07
Testis 0.91 1.48 1.59 1.61 1.40%0.29

o Ratio= (SM, cho+PC, cho) + (SM, eth+PC, eth)

SM, cho:
PC, cho:
SM, eth :
PC, eth :

BN-atom%, excess of SM hy intake of 5N ~-choline.
BN -gtom9% excess of PC by intake of *N-choline.

BN-atom¥%, excess of SM by intake of 15N -ethanolamine.
15N -atom% excess of PC by intake of N -ethanolamine.

» Liver synthesized a little SM by intake of 15N -ethanolamine for the secretion

of lipoprotein.
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