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Table 1. Rate of lipid-to-protein in the
incisor pulps of rat. Lipid weight and
protein weight were determined by the
dichromate oxidizing method and the Biu-
ret method, respectively. Mean® S. D.
was calculated in 4 rats.

Groups Rate of lipid-to-protein
Control 0. 25910, 025
Irradiated 0. 255+0. 006
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Table 2. Effect of whole-body irradiation
(1000R ) on the fatty acid composition of
the incisor pulps of rats. The values are
mean + S. D. of five rats.

Carbon Fatty acid composition (%)
number Control Irradiated
14:0 2.9%0.5 3.4%0.6
16: 0 35,3+0.7 35.010.8
161 2,2+0.7 1.4%0.2
18: 0 19.8+0.8 19.2+0.4
18:1 23.14+0.7 18.2+0.5
18: 2 6.5+0.8 8.9t1.4
20: 4 10.240.2 13.9+1.2

Table 3. Effect of local irradiation to
the oral region on the fatty acid com-
position of rat dental pulps. The values
are mean  S. D. of five rats.

Carbon Fatty acid composition (%)
number Control Irradiated
14: 0 2.410.3 3.1+£0.7
16: 0 35.5+1.2 35.71£0.4
16: 1 2,2+0.9 2.6x1.4
18: 0 18.1+0.8 16.1%0.9
18. 1 23.1+0.5 18.6%0.6
18: 2 6.4+0.5 5.810.7
20: 4 12.210.9 18.0£0.5

Table 4. Change of the single
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lipid composition of rat incisor

pulps after whole-body irradiation. Fractions were separated by
a thin-layer chromatography developed with the solvent composed
of n-hexane/ethylether/acetic acid (53/7/0.66, V/V/V), and
composition is expressed as percentages of the total lipids.

Fractions

Relative percentage of the composition

Control Irradiated
Phospholipid 4.8 44.4
Monoglyceride 3.8 3.1
Cholesterol 30. 4 21.1
Diglyceride 4.3 3.8
Fatty acid 0.5 0.9
Triglyceride 8.5 9.6
Cholesterol ester 7.7 17.2
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Table 5. Characteristics and identification of the major lipid
components of rat incisor pulps. Fractionation was carried out
by a thin-layer chromatography developed with the solvent compo-
sed of chloroform/methanol/water (65/25/4, V/V/V).

Spot Staining characteristic Tentative
o Rhodamine I, Nin- | Dragen- | Anth- identification
6G hydrin dorff rone
Yellow + == = = Origin
2 Yellow + - + = Lysolecithin
Yellow + - + = Sphingomyelin
4 Blue . + _ _ Pho.sphatldy]
serine
5 Yellow + il + - Lecithin
6 Blue % - _ _ Phosphatidyl
glycerol
7 Yellow + + — _ Phosphatu‘iyl
ethanolamine
8 Yellow - = - Neutral lipid

Table 6. The phospholipid compositions of the incisor pulps of
normal and whole-body irradiated rats. Composition is expressed
as percentages of the total phospholipids.

Fractions

Relative percentage of the composition

Control Irradiated
Lysolecithin 2.5 2.1
Sphingomyelin 2.2 2.5
Phosphatidy] serine 15.4 12.6
Lecithin 45.1 49.3
Phosphatidyl glycerol 3.2 2.5
Phosphatidy]l ethanolamine 318 30.5

sFULEY) L (PS))HBLY, ZOWEIZIZLA
Rk ZRLUI.

EEBHBDO ) VIEHED OHBEEIE L v F
(PC) OETOHEM, *277FUeY > (PS)
OEFORLH 5 hsbh s,

v # =

5 v M UIREEE DRIERE OERISEE 2 7 = &
0w kY574 -CHRLIEREOABZEE -2
KON TZDHRtE#A 5L, IEHET v T2
FLUBB—BEL, 2WTHVAI VB, AFTFT Y
BHEL, CO=ZETHBLEULDI.. DVWTT 5
*FUBE, V- NVEEDIETHY, V/ — VRIS
v NI L EHET A EDBWETAS. HEEDOMKE
BB RIC DWT, BRI A T % Ficks\ N Toe
WEFUE, RFT7YUEE, AvAVER, TIFK
VBB ERBELTVWAY, ZORIZHE
5z LTV, F 12, Graziano™ (34-HBED S

BB MR TSV T F VB, AL 4 VB, RFT7 Y
BOIFILZ N E, CO=ZFTH63%DOHIES L
BEREL, Y/ —BBIZDRRNT ERRDTNA.
INHEDT L OWBEITHNTIZ VT T B, R
F7) OB, L1 UERD=E BT EIEEE 2R
TALEMVBHLLTHA. —F Das and Harris®
SR L T 3 B 165 OB OIF A DS E fEIES
HRTIR S VIFUB, 257 B, AL 4B
D=ZENIEYREIC L > THNENEHIEA N3
LD, COZRGIREHT0~96% Lod B T & HHES
»iIzah, £12 Prout and Shutt” D5 v bDx
FANVEEEFHIEBT 5B ERTCRBORS
BALNEDLEELT, EIEOIEERERIED
WHRBOZNEFLUL T AL LRBEKRSBZ LT
»h, R EFEHEGRORE OB ZBRIRE X
h3.

7o b ORBRBIIARANCR T v & 248 (HHFE
BR)2EBHRIAESRELTEIN BT,



BB DISE B8 A HFFE 855

ZDE—BEEESBEI N2, 1000R 25
% 3 HED T » MIEREREES b s hr-fghhRe
B4 VI VBEERORL L7 F FUBEE
Ho@nER L, EERARIFASREES i RN D s R
»wohic. fhoOBBOIRHERERICIIZdy Y
ABREHBHOVEINERHDOED T D, #iE
i - TIGERDIEFBROMERR thicisw T R FIsRs
Boigm Hiczogd LERT A ELZINATH
325, WThOBE b FEAMASIBOL N4 5T
VAP x ., s 2REH RS ICI T B RIS EE B
B oz, OBEEE~OTIBH itk -T2
DET Z HHhE U BEHEORESBALNS L
o, RE~OEEMZT » 7 RGOHEHMHD
BROESH L 2250BE L LEALNAS.

J v bEEEOERB /o< ST T7 4 —iLE B
DR, EEI » MCBNTY U EEBBIEE D
$H5%2 L5 EWRaNT.. BHEEOARTIE2
vAFue—n (C) 30%, FUZYEY F (TG) 9
%, 3IVAFuo—nATZXF)N (CE) 8%MRIN
7z. Hodge™ id & bPHEBEDIEE LI TY VIEE IR
8%% L%, ILRFo—-Ad12%% LB L%
&L, 72 Manzoli and Gelli™ (3588 6 88
BEEicsT 5 ) VHEEIX55%, I VR F 0 -7
%DHEERLTWED, ZhoDEME S » MEEE
TELNIERIELLTVWE. BEY {1109
FHREOEEAIT CZOIEEIXY) VI8E, 2v 27
O— VT RFIN, AVRAFO—J, ) STYLYF
PORATERBDTNAS. LhbDHELZEDLY
&, HEOBMEH L LTEIVvRFa -, |
Y& Y2 Y K, ILARFO—LRTFIUBEEER
BTHBLELIBEOHLTHAB.

o 7 ABLGREEHITE b 725 RSN E R
HOZENIY VIEE, bY 5 V%Y FiKiZbED A
b, ILRFe—LEELHOELVWES L ZH
REAS5 3LV RFo— 27 VOEMKED bh
Tz, LT Ty 7 ARG hEEEEI L R 7
o—LVDZRFVEBEBESINIZT L 2RERT 5.
Ty 7 2EMEICEL LS IV AT o —-LORTF, §l
BrREFAESRITTEINS L EBRHIA T
325, BTREBEEDETBALNATNAY XitiFa
LRAF o~ VERIHOWTEEREH, BEERIIE
fEUzunds, =27 VEIZEA 4 5 C & % Berndt
BREEL W2 FRRCEEshaL 50—
NI 2 F VDN, Berndt D& & HEIZRIC
T35, avxFo— Lz R7VICELTORED

Bk > TESH 2D 6 L., WFhikl
T b EDfsB oL /L a L 27 v - VOELE,
B LR ERENSBIE H 5 VIZEBFEREO

v 7 ABOVEFBT S ToEEL B L, BEEORL
MH 6N L Eideh s RAFABDORH ic X 255!
BRERIh 3.

5y MIREHEY v IEEO#E@B /o257
« —BRAEZEOE ) LIH X, SEOSEGL
h, WuriFr (LysoPC), 7 43T x)
(Sph), *+x7 7 FuAty > (PS), L F (PC),
KRR sFONTY) - (PG), ®RT 7F
x4 -7y (PE) EREELIZ. EEI v
RO NG Y VIREOMKEIE, v F 45
%, xFR7 >y FONTEI) —NFTT32%, FRT
FFONEY I5%ECDEFEBBNTEMWRIN
. BEY A4V FOEHEY IEEELVVF L,
FRARI7 7 FONLE)—NT T, AT 4TI
) D=ZF %8114 5OLTEDTVAS. Th
KELTT v MESETORRERIZ, voFritk
UTHFRT 7 FONIR) VT I, AT 7 F
Ut COFEMBEN. LDTERT Y FDOED
RGBT, BKOH 52 L TRICY VIEED
HHOINFBRLECEMBBLATVEY LR,
EIoAM (RERER) OZF L o7 v 4R
(EDTA) ¥ick b, Bitdx X7 7 F o0& ) v
LFR7 7 FUUE (PA) ORESA LA TR
5z, o shAEBD 5 DH 8 Lhg.
F 9 F COXRFER S BIKIREX U S o1205, £
77FONE) UBHHBINTVAT ED S, S8
REBEICI51F 5 Shapiro and Wuthier™ O
(VEF39%, ®RT7 7 FONZE)—NVTF T
11%, #2777 € ) »13%), Manzoli and
Gelli" DE (Vv F233%, # X7 »F o0
B/ —NVTTW%%, FRXT7FONEY 10%)
LEMB—E T 5. Shapiro and Wuthier'™ $ 5
BeaL5ic, HBEEEIKBIBFR7>FO0%
) ORI MOBHABYOREROETICKIT S
SRIOVFRCEVERTT. COTLEFRT 7
Fove ) HBURAHREICL b3 B 23
CEEADETHORERRICEE SBESS S0
»y Lhigi.

Ty o AREE BE R, WY CRREERIEET
DLLFoOEBMEFRT 7 F Uk Y > OB
EHLNTVA., = v/ 2B 3 B EORER
R 2RHERIEESEREHESE L oI



856 B X #/ 2 B

BWTEBO D EERALNT, TEEEAD
) VIREDOR AL AEMBA LN -2l &b
5b, V) UEEEADL v/ 2BRLFEHE OHRITIX
- & hRY, SERORNEET 2,

vV B #

I v hYMERSEDIEE RS & I AEIER ML %
B2 &Ebic, Hbb¥TI v 2AR2GREHD
&% DRI KITTHE R LROW S R %2118
7z

(1) UREEOKIEESRBIEAZENTICLT
0.26DfE %181, = 7 225 EEE (1000R 8
5% 3B8E0 b D) OHEE S FERK0. 2600fE 213, Z
DERBLNED 12

(2) ERYIREEHEDBISE OB ERICIENT,
NRVIFUE, A4V, RF7VVER, 73 %
KUB, 7/ —VEBOEIERDSELTRED LA,
BIZISR B C18% U L2501z, = v 7 2FL2HR
HEICBNTIEA v VBOELD, 75 FUEED
BWIndEBS b hic. OREEA~ DRSS (1000R )
T RAKOEESA S .

(3) ERYIRKEHEOAERKE LTy VIgE, 2
VRFa—n, PYFYEY) K, ALRFau—x
2FADBERTELTED LN, Y UIEHIZE%,
aLRFo-—i330% e hEDIL. T 2ELER

X

HEETIZ) VIEE, Y FY €Y FOBREICES)
BALNIEH o, avRFe—-AVOESEIL
RAF 80—V RF VOGRS bRl

(4) ERUIMREY IEEOHBKR 2 FEEES
CIRAEUIEER, VVFy, xFRXRT77FDNT 4
J=NF Iy, KRATrFUNE) OBERDEL
TN%LLLEREDT, FCHERT7 7 F VLY V&
ENZVONEEINS. BHEHETCRLYF D
m, FR77FONeY) L OREDEEET OERE
KEBBA LN, HEEDEIABLREAR
bl

# &

ARER I ILAREERASRERHE (FEU
FEREBZ) Tz

WE Bz hic b, EIEHERE %G - ZMILK
SR SR A AR S (L AE R B s b T ERER
REITT ARSI HRIBABE s eE 25 - 121l
AHFEE LIS EAICERORB LR LET.
NAEER 2 EITT 3 ITh i h BN AR, HEHE
2B LEEREEER IO, b OBE LR LET.
7B, KERBYOES L, 5350 [ KEFERS
WS (EMSUES A) 725 N EE24REI B A D BE
2o E - OE - E#HFHS (BEM51ELA) 1
BWTRELI.

i

1) Philippi, J. :Rev. Fac. Odont. Univ. Sac. Paulo., 3, 45, 1965.

2) Alfred, H. :Nature, 210, 748, 1966.

3) Stewart, J. M. Claibourne, P. A. and Luikart, G. A. !J. Dent. Res., 44, 608, 1965.
4) Irving, J. T. and Wuthier, R. E. [ Arch. Oral Biol, 5, 323, 1961

5) Irving, J. T.  Arch, Oral Biol., 1, 89, 1959.

6) Irving, J. T. : Chin. Orthop., 17, 92, 1960.

7) Burton, H. S. and McWeeney, D.J. :Nature, 196, 995, 1962.
8) Armstrong, W. G. :Adv. In Oral Biol., 1, 309, 1964
9) Euler, H. and Meyer, W. . “Histopathology of Teeth” (Ed. Bergmann, J. F. ), Munich, Germ-

any, p.106, 1927.

10) Das, S.K. and Harris, R. S. {J. Dent. Res., 49, 119, 1970.

11) Prout, R. E. S., Odutuga, A. A. and Tring, F. C. ! Arch. Oral Biol, 18, 373, 1973.

12) Prout, R.E. S. and Shutt, E. R. :Arch. Oral Biol., 15, 1105, 1970.

13) Radinowitz, J. L., Luddy, F.E., Barford, R. A.,, Herb, S. F., Orlean, S. L. and Cohen, D.

W. :J. Dent. Res., 46, 1086, 1967.



14)
15)
16)
17)
18)
19)
20)

21)
22)
23)
24)
25
26)
27
28)
29)
30)
31)
32)
33)
34)
35)
36)
37)
38)
39)
40)
41)
42)

~—

BEBEDIE 1 BT A IFA 857

Odutuga, A. A. and Prout, R. E. S. ! Arch. Oral Biol, 19, 729, 1974.

Hodge, H. C.:Proc. Soc. Exp. Biol. Med., 35, 53, 1936.

Shapiro, I. M. and Wuthier, R. E. ! Arch. Oral Boil.,, 11, 513, 1966.

Manzoli, F. A. and Gelli, M. : Arch. Oral Biol.,, 13, 705, 1968.

BAAF . AKEZFE, 42, 746, 1968.

Graziano, V. :Boll. Soc. Ital. Biol. Sper., 38, 1304, 1962.

Seltzer, S. and Bender, I. B. ({E#i358), SHBFEILR) @ WEEKICH T 2 EPENER, EKEE
HRFKK, R&E, p. 73. 1971

Grenlich, R. C. and Ershoff, B. H. !J. Dent. Res., 40, 1211, 1961.

Barstone, M. S. :J. Dent. Res., 29, 220, 1950.

Kalnius, V. :J. Dent. Res., 33, 389, 1954.

Stafne, E. E. and Bowing, H. H. :Am. J. Orthodont., 33, 567, 1947.

IREERE | P LY, ERERSEMARKK, FA, p. 598, 1966.

Folch, J., Lees, M. and Stanley, G. H. S. :J. Biol. Chem., 226, 497, 1957.
BINEE. FE=. 487 hPRERE. K . EB o~ 77« ~E#ELIGH, BLUE, RE, 1968.
Mangold, H.K. and Malins, D. C. {J. Am. Oil. Chem. Soc., 37, 383, 1960.
Lepage, M. :J. Lipid Res.,, 5, 587, 1964.

Skidmore W.D. and Entenman, C. :J. Lipid Res., 3, 467, 1962.

Kaufmann, H. P. and Makus, Z . Fette. Seifen. Anstrichmittel., 62, 1014, 1960.
Marinetti, G. V. and Stotz, E. ! Biochim. Biophys. Acta, 21, 168, 1956.

Mottier, M. :Mitt. Gebiete Lebensmittelunters. Hyg., 49, 454, 1958.

Beiss, U. {J. Chromatog. 13, 104, 1964.

HARE(LER | EEERAE 3, WEOLS, RE{LFERA, ®E, p. 369, 1974,
Stoffel, E. C. and Ahrens, E. H. ! Anal. Chem., 31, 307, 1959,

Gornall, A.G. Basdawill, C. L. and David. M. M. :J. Biol. Chem., 177, 751, 1949.
Amenta, J. S. :J. Lipid Res., 5, 270, 1964.

HEEE  MILERE, 83, 537, 1971

BOEE - MiLESsE, 85, 137, 1973.

Streffer, C. (WHE, KLy TR LA RELE, REDHRE, R, p. 135, 1973,
Berndt, J. and Gaumet, R.: Radiat. Res., 42, 292, 1970.



858 B x ®| 2z B

Studies on the lipid of rat dental pulp
I. Analyses of lipid component and fatty acid composition

in rat incisor pulps before and after whole-body x-ray irradiation

Gonosuke HASHIMOTO
Department of Oral Surgery, Okayama University Medical School, Okayama, Japan

(Director : Prof. K.Nishijima)

Lipids and fatty acids extracted from rat incisor pulps before and after whole-body x-ray
irradiation at 1000R were qualitatively and quantitatively analysed by means of thin-layer
and gas-liquid chromatography, and the results are as follows.

1) Ratio of the total lipid weight to protein weight was obtained 0.26 in normal rat dental
pulps. The ratio in the irradiated group (3 days after irradiation) did not change.

2) In fatty acid composition of lipid of normal rat incisor pulps, palmitic, oleic, stearic,
arachidonic, and linoleic acids were much in this order, and palmitic, stearic and oleic acids
were major component accounted for over 78% of the total fatty acids. In that of the irradi-
ated group, the decrease of oleic acid and the increase of arachidonic acid were observed com-
paring those of normal pulp lipid.

3) The major lipid of normal dental pulps composed of phospholipid, choresterol, tri-
glyceride and choresterol ester, and phospholipid and choresterol accounted for about 45%
and 30% of the total lipids, respectively. In the irradiated group, the decrease of choresterol and
the increase of choresterol ester were represented.

4) In results of tentative identification by various color reaction on the thin-layer chro-
matograph, the major phospholipids of dental pulps were lecithin, phosphatidyl ethanolamine
and phosphatidyl serine, which accounted for over 90% of the total phospholipids. It is sig-
nificant that phosphatidyl serine in dental pulp is greater than in any other mammalian soft
tissue so far studied. In the irradiated group, it was slightly observed the increment of lecithin
and the decrement of phosphatidyl serine, but they are not predominant.



