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Abstract

The purpose of this study is to investigate the effect of isoproterenol on cholestegol
metabolism (in vitro and in vivo) in mouse salivary glands in comparision with liver énd
kidney.

1. In vitro, cholesterol biosynthesis in liver and salivary glands (submandibular plus
sublingual) did not change.

2. In this in vivo experiment male ICR- JCL mice were injected with isoproterenol

(0.3mg/mouse/day) .
By continued isoproterenol injections for 36 days, the total cholesterol levels in sub-
mandibular glands and kidney decreased, while cholesterol biosynthesis from acetate-1-
“C in submandibular glands and kidney increased. The submandibular gland was enlarged,
however, kidney weight was slightly decreased. The total cholesterol level and biosyn-
thesis in liver did not change.

3. By continuous isoproterenol injections for 45 days, the weight and the total
cholesterol level of submandibular glands increased while cholesterol biosynthesis did

not change. And after continuous isoproterenol injections for 45 days the uptake of
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cholesterol -la, 2 (n)-’H in submandibular glands decreased as dpm/g tissue, but did
not change as dpm/gland/mouse in the following submandibular gland enlargement.

4. 21days subsequent to the withdrawal of isoproterenol after continuous isoprote-
renol injections for 24 days, the weights of kidney and salivary glands (submandibular
plus sublingual) returned to normal level, however, the total cholesterol level in
salivary glands remained at an increased stage and cholesterol biosynthesis in liver
and kidney also remained at a decreased stage. In brief, cholesterol metabolism did
not return to normal condition even after 21 days subsequent to the withdrawal of
isoproterenol after the isoproterenol injection.

5. The uptake of cholesterol-4 -"“C or -1, 2a(n) -*H did not change in submandibular
glands after isoproterenol injection for 2 or 3 days, however after continuous isopro-
terenol injections for 7 or 12 days it decreased as dpm/g tissue, but did not change
as dpm/gland/mouse. The uptake of cholesterol in the subcellular fraction of subman-
dibular glands increased in the microsome fraction, but decreased in the mitochondria
fraction after isoproterenol injection for 12 days.

As seen in the results above, during the salivary gland enlargement by isoproterenol,
cholesterol biosynthesis increased, but in the maximum of salivary gland enlargement,
cholesterol biosynthesis was stopped and returned to normal values. Following with-
drawal after isoproterenol injection salivary gland enlargement returned to normal,
but normalization of cholesterol metabolism occurrs to be later. These studies indicate
that the source of cholesterol during salivary gland enlargement depends mainly on

cholesterol produced by cholesterol biosynthesis.
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Table | Effect of isoproterenol on the incorpor-

ation of acetate-1-'*C into cholesterol in
liver and salivary glands in vitro.

the concentration the incorporation
of isoproterenol of acetate-1-'‘C

4 X10*dpm/m,

X10™'M chglestegrol

submandibular 0 6.98+0.63*

~+sublingual 3.11 6.99+0. 71*
(N=2)

0 5.60+0.21*

liver 1.78 5.70+0.07*

(N=2) 3.36 5.35+0. 31*

% Meanzt standard error
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Effect of isoproterenol injection for
36 days on organ weights (a), total

cholesterol level (b) and the incor-
poration of acetate-1-'*C into cho-

lesterol (¢).
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Table 2 Effect of isoproterenol injection for
36 days on total cholesterol level and
the incorporation of acetate-1-"*C into
cholesterol in carcass.

total cholesterol the incorporation
level of acetate-1-"C

mg/g tissue dpm/mg cholesterol

00?12{28_10) 5.1740. 22* 396.3+41.8*
isoproterenol  4.35%+0. 14* * 353.4+23.0*
(N=6—8)
* Mean + standard error
=% P <0, 01
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Fig. 2 Effect of isoproterenol in‘jection:, for
45 days on submandibular glands.

Table 3 Effect of isoproterenol injection for
45 days on the incorporation of chol-
esterol-1a,2a (n)-*H in submandibular
glands.

the incorporation of cholesterol°H

X10%dpm/g  X10°’dpm/gland/
tissue mouse
control 206.7+48.0* . 66.0+11.7*
(N=6) .
isoproterenol 206.9+55.1* 74.3+18.8*
(N=9)

* Mean * standard error
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Table 4 Effect of isoproterenol injection for

45 days on weight and total cholesterol
level of sublingual glands.

total cholesterol

weight level
g/xl)voepighEOdy mg/g tissue
control (N=6) 0.057+0.002* 5. 42*
isop'x&c[iI tere)nol 0. 064 0. 005* 5. 90*
=9
* Mean * standard error
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Fig. 3 Effectof withdrawal for 21 days after

isoproterenol injection for 24 days on
organ weights (a), total cholesterol
level (b), and the incorporation of
acetate-1-"*C into cholesterol (c).
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Table § Effect of withdrawal for 21 days after
isoproterenol injection for 24 days on
total cholesterol level and the incorpo-
ration of acetate-1-'*C into cholesterol
in carcass.

incorporation
of acetate-1-4C

total cholesterol
level

mg/g tissue dpm/mg cholesterol

control (N=8) 3.40%0.10* 540.4+75.1*
isoproterenol  3.50+0.19* 405.4490.7*
(N=8)

* Mean * standard error
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Table § Effect of isoproterenol injection for 12 days on weight in sublingual and on the-
incorporation of cholesterol-la, 2e (n)-*H in submandibular and sublingual glands.

submandibular sublingual
the incorporation weight the incorporation of cholesterol-1la, 2a
of cholesterol-*H (n)—°H
dpm/gland/mouse X10°% of dpm/mg tissue dpm/gland/mouse
body wt.
control (N=6) 6524.1+348. 2* 5.4+0.2* 35.4+1.8* 733.8+40.7*
isoproterenol 8050. 9+419. 6* 5.7+0.1* 29.34+0.9** 718.2+24.1*
(N=17)
* Mean t standard error
*x P <0. 005
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R 7 é §  ROMERIEEIA L o7 (Table 6),
2 I
% e 5 ®
? Ir % / 2 é
% / 5 fvsuiL/—A36EMEEICLD, BT
0 7 | Al, IREEOHEM»RD 5N (Fig 1), A VT
i T tosol lei and total _ N . N
b . mlcrosomrﬁitochondri:y o 22?1 ecllel?:is . agrL/— )[/éﬂ%’iﬁ*&%“tb £9 ’ Dﬁd&ﬁ;ﬁtiﬁi'&'& L
% - A e
60 P<0.001 J: control (N=6) Z DRER IZIRFHIAR D hypertrophy (B X) &
s b — EZ3: isoproterenol (N=17) hyperplasia (i%?ﬁ) OmAFIZEAZ PSRN

M= SE

[ P<0.005 7

E

]

330-

°\°20-
il |l v/
0 Z H.

microsome t cytosol nuclei and
mitochondria cell debris

Fig. 6 Effect of isoproterenol injection for
12 days on the incorporation of cho-
lesterol-1la,2e (n)-*H.

dpm/FE IR/~ 7 ZIIZEALAY 5 L, 2O
B TIEI b3 v 8 7o, HMah B & O
A M= NI EED 2,4 70V — L50HE
TIZHEML 72 (Fig.6a)o 2N #HBEREIXT T
AESETHOEE ()2t 5L, w470/ —
LASBETHML, IFay Ny THETERSL
72 (Fig.6b)o & Flg~OD 2L A5 a—L—*H

TWALI Y IRES? I3, fv7uFL/—L%k
7T HHEE T 2L, SETIRERIIMMML, #2
LATu—VEREAL, 2L 27— VES
BOTHEIN T 2 EMEL TWwb, fE-> TH LWl
FADREED - 12, MEADOEEERK Y & LT
BELZILATFO—-LVOEEKIZEETZHD
LEZLNS, BILAFTU—LEIBPLT
WANDIE, MOz L 2 70— VAR
ABVNDALZVDTIEEWES I By £7-, #
2V AT u— VEDRED 24 ) 72 izfeedback
BE B L, L 2A70—- VESROEINE %
TEnEEZILSNS,

—7%, BTk, A v7arL / -k 3
HIZERO s or, BT, EEEZDLTH
D, BOBRIL AT 0 — VEED
LTWw3nT, ATIRER, feedbackizdk - T
TLATO—-VESRIIHEML Tw3EEbh

(33)



34 Masae YOSHIDA et al. /Effect of Isoproterenol on Cholesterol Metabolism

5, L»L, fv7arL/—-VOfERIL, B
TIRIZS EXRTEMTH > 7=, T 72, HRELRE
%, BHPLUERIROKE I L X7 0 — LEDHR
DHPLTVwAHEIZf v 7FaTL /= LIZiEfmAr»D
FEZEVE IV AT u—EBP S 5008
Nz,

51, Av7aTFL /) — VOS5 &I
EL, 5HMEE %L (Fig. 2 ), RRET
IROBEEIMIFO SN 3, LA L, 36HREH
ELIBL0BaL ATFo— ViEI3EmL, =
VAT O—VEABIZREN Y%L, fE-T,
FTIROEKRITHIERHERIIZELEZLDEEZ
%, MERIRDICK - HFEATER ZBRI21E, T L
ATU—VOEEEATREL, 2L ATO—
DI HEATH 55, Zhll EoKmfaEsE -
JBERAPEITLZWE &IE, IV ATO—LES
WOWMOBESF %L 20, EARIMETLIE
WIIRADTHA), 272, fv7url/—
MZEDIBARL 2B TFIRTIZH L WilIRa g
P bNE VBT L ZFa—b—1a, 2
a (nN)—HD &N ZHIFIEKIZL > Tdpm/ mg
TLRAF O MRS h B4, dpm/g MR,
dpm /BTFIE/~ % 2B EAENZER S5,
FERU 2B TR TS Uit aL 2 70
—WIFIERL TR aR5 WS TR ICIZFIA
ENTVEWZ L E2RT,

75 FOBATIE, AV 7uTL /- LVEM
B51T & BEMIRIEAIS, #40H TRAICET
BLEVIHMENH B

KA v TasL / — V24 HE#HE%21 B
BET 5 &, BEFEIRDOIEAIZHESEL 72 (Fig. 3),
Avrarl / —VE5IZ L 3EEIROIEKX -
PREIZ AT T, RS Ak 3 L EE
CRZ L VIHRENH HL°

LAhL, ZOH\EILATa— VESKITE
fED BV, BalL X7a— LVEIZMINOF $
THY, L AT - VRFHIEEIIR-> T
B, A v7usl /-5 sdkt 5,

MERAR DOAMFIESE - FERAIEE 0, EEAED
LLEIURZETILATU—LVOMRBOSBED
LAY, ILATFO—LVESRIIEEICR -
mEEZISNS, UL, aLATO—VED
WMo THI01E, BEROIL 257 0—
NACEHABIED =D L 2570 — LDOWEH
BWEDTHS ), ThIFEE~< Y ZADKSHHE
ILATU=LDEN ZHEHEDEAHEL
(Fig. 4) Tlx, FTI2 &N ZALBERLEND
2 ENRT, HFRBLURTIRTIE, &0 2
HHPBLLHPLZDOEELBV ETLHS A
Th3,

et L 250 — ViESHET 2 b L E TR
ZEDZENEBEEIL AT O—IxT B
Av7arlL/—VoERIE, 7HMS 30IE
12H/#5 (Fig. 5) Tl dpm/g ##kb7- 0
DRGHREIRTD L T w2, ETIROIE A% &
BT 5L, dom/BETFIR/ 77 AANDE Y ZH T
BEFZ WV, T2bLIERIZEL L > TERY
LHEME T L A7 a— VAR, S B s h
TWEVWZEERL TV, fiE-T, BEFY
DIJBEDE I ICEBEIIRELZ L A7 00— Vi,
IV AT a— VESODEN & k> 5 03
LATO—LVOBEIIELEZDEIEES TV B,
FCOHIEE &) EETIEAIEAL, oL
ATO— VESRAEMULEIL AT 00— VE
DD L TR L, /2, FHL -
BEHET L 27 a0 — VoKL EZE(L (Fig. 4)& 9,
BHTFRADILATU—LDEY ZHDY— 7
IZETARITH S, ZhonZe &y, T
IRIERFOMIAOREICNELIL AT O— L
i, M2 oL 2FOo—LOBREIZLS
DT EL FZ 6L, EERIZE->THES N
ALAFu—NMIlEko TR h LD LM
Fahd, &5, HTROZMIaSEADK
geenElA (Fig. 6) &, w4 70/ — L%5HE
THEMLTWBZER5, BATMRIEREFEOIL
Z7ua—noOfglE, —#~ 70— L00E

(34)



HHAMFHE 3% Hlm BHOE6R 35

kB3N EEZ5NE, £/, ILATUO
—VEAKDEEBERETH 3 HMG—CoA

reductase' |3v 4 7y o/ — LGEIZIELEEL
A 7a - LREIFEAKOFLTHEZ &
25, BIRDOETIRIERIHEAIZEL /- Hj«ﬁﬂ

5;04/7DTV/ N5 kRRIC z
(@:uxrn—wmﬁwk$0,mg
ative feedback HEIEIX, 2L A57u0—-N

EARIIIEI SN EEIIR EDEELISNS,

= h

fAv7rasL/
Av7rarl /- VERFSEE 5125 H Ik
BEBERO< Y AMEEIRT L 270 — VRHEIZD
WT, ROBEREE,

l.in vitrollHIT 3L ATU—VESK:
HEFRIR 5 & UFFOEMIEREY £ — FADA VY
7a7L /= VOEME, aVATu-LVvES

AR EE 2 B o7,

2. fvFuilL /- VE36HEHRET S L
BETIRIIBAL, IV AT o—VEIZEDL
AL ATFO— VAESRIXEEL, 2L 2ATu—
NOBBAEAN L 720 —F, T, K&
B, 8oL 2570—- ), 2L XA5a—-L4Es
CRIZIEHE L <, BT, RERSSDT IR
HL, BaLATu—LEOHEY, 2L 250
—VEBSHOMEIMNE X 2L 12, £ 72, KRERARE
FOMIL AT O—VEIZREDL, IV AT
— WAERBIZIZEL Y & 2o 72,

3. AV 7usFl /- VEISARRET 3L
BETROEAITREAIZEL, oL AF0—0
EDWIME & /2L, ILAT O VERRIZE
fH % EBIZRS 720 M, & FIROKELL,
— VBB % 2 o 72,

4. fvFasFL /—NE24HEH5%21H
RIS A h b BGE Y % &, EEERIRICKITHEEL
BERUEITFEIIR-72, LA AL, ILATU—
EARIZE AL VA, BT L AT -V ER

Mol Arua

— VD invitroDEBREL

BMoFE T, aL2A7Fa—VRBIZEFICRE
STV W, IF, BE I, fREME, BaL A
Fa—VEREY L oA, TLATO—
WEBBPRD L 7= T/, FERABEOKRD
LAFu— Ui, a2l Zx57u—LVEASKIZEL
Bhhrol,

5. VAT uU—
ZH .

1) ESHLAREEILAFO—LOKREE
{bid, EFIR, FFIRIZI2HBEIZREKRE LD
HEROFFHAIIHF, TR, FTIRTZhEh
3.18, 17H, 26HT&H -7,

2) 4V 7uFl /—VASHREHREH%KI L R
T O — V—3H{EHE24EMB O L Y Z A1 dpm
/mgI L A 70— LT L 72, dom/g 4
W, dom /B TR/~ A TIXELHA % o T,

3) mEHE T L AFu— NESICHT A4 Y
7url /= )VOERIE, a. 2HRM, 3HM
BETIRES - 2H, 7 HRE, 12HRK#H
53, dpm/g fH#ED L 0 2 AIEEAD L =,
dpm /HEFEAR/ < 7 A D & ) Z HIIELA L » -

W—NCEIZ—*HDL"

2o b, I2HREIREDODHETIEADE D ZHIE
dpm /A TR/~ 7 A TIEEA %2 WA, dpm/ g
HHAZE IR L 72, MifasEAD L Y Z AT,

<A ray—L5ETHEIML -, $-#8E02
HIXT RENETIE~ A 70— L55E THEHN
L, IhaY FYTHETHED L, Zt+Milah
HA PV =NV o, £, BT
BAD2 L AF0—NV—HNDE Y Z&Iitdpm/
H MR/~ A TIED % 2o 1P,
IR L 7=,

PDEDZE L, EFRIZIODOWTA, VY 7FurL
— VD36 HETRE TIX, SEFIRITEXRL, &
aLZAFu—VIIEAL, IV ATa—-ES
AT 5 A%, 45HMERE 5L, TR
JEAIFEAISEL, S 270 — LiEIZEEM
L, ZLATU—VESRDOHMEELL, P
WIZR %, 7=, 24HMHIRE5#2IHEKET 5

dpm/ mg

(35)

b



36 HHEL, /4 v 7a7L/ —vovy AEEIRT L 270 - VB E XIETER

ZEIZEDIBRIZEEL, aLATu—VEAS
MEHIEHEIZR 34, 3L A7 00— LifiZiEm
DEFTH 5,

Av7arL /—=NlE3BAL -EHTFREA
DI L ZFa— LD E Y Z 413 dpm/mg
IV AT U= VORREEETIZED L T3 A
dpm /BB TFIR/ =7 AAND E ) ZHIITEAH %
Mot £, BEMILZATFO-—LDEY 2
Ak, fv7asFlL/—=NiZk->Tdpm/g #
AXEAD U2 p%, dpm/BA TR/~ 7 ZI2Z4L A
%<, ZOBOMSEORE D 2 AT S
HETEI bV FYTHETESL, <47
O — LANETEINL 72, 2honZeh 54
VATl = VIZKBBRL AERIRO T L
AFa—izEE L TERFEASDIL X570
—VEESRICHRT 3L Bbh 3,

PDEnkiz, fv7uasL/—nig, <
ZIEFIRD T L X 70— WARHHIZERC BB L C
Whzo 51, BMTH 2, BIZHERLT
WAZ LS IZR 5=,

W, AR O—EBIXBEHISSERE E B A E K FH
BIEFFEE & & CIBRIS8EE S R ET R BN &
(—fEEC) DE|BIZRF 22 & 2T 3,

BEXR®

1. Seifert, G. : Secretory Mechanisms of Saliv-
ary Glands, 191—208, Academic Press, New
York and London, 1967.

2. Inoue, H, Tanioka, H., Shiba, K., Asada, A.,
Kato, Y. and Takeda, Y. . Effect of isoproter-

enol on polyamine metabolism in mouse salivary

10.

11.

(36)

. Abe, K. and Dawes, C.

. Fernandez-Sorensen, A. and Carlson,

glands, J. Biochem., 75; 679—687, 1974.

DA B, BHE B AT a—0L7T I LEERIGA

fasgsl, seER¥ERE, 18; 379—395, 1976.

. SRREM, FIIKER | ERIR S RIS T 3 R

MRS 7 3 OERLZ S N2 OERBEEIC
BT 3830 E, WY +—F 0, 16(5) ; 657
—665, 1982.

. A4 KRR : Isoproterenol 12 & 3~ ™ AMEFRIED

WEGEARERE, BE0HW0H, 80(5) ; 285—292,
1972.

. The secretion of
protein and of some electrolytes in response
to e—and f-adrenergic agonists by rat parotid
and submandibular salivary glands enlarged by

chronic treatment with isoproterenol, J. Dent.
Res., 59; 1081—1089, 1980.

. AREEEET, AR | TR B L URIZ B

BEOw Y ABEHEIRIL A7 09— VRBHIRIF T E
F, sREB¥3E, 19(4); 500—506, 1977.

. Zak, B. . Simple rapid microtechnic for serum

total cholesterol, Amer. J. Clin. Path., 27;
583—588, 1957.

D. M.:
protein from

Isolation of a “proline-rich”

rat parotid glands following isoproterenol

treatment, Biochem. Biophys. Res. Commun.,
60 ; 249—256, 1974.

Takeuchi, N., Katayama, Y., Matsumiya, K.,
Uchida, K. and Yamamura, Y. . Feedback

control of cholesterol synthesis in partially
hepatectomized rats, Biochim. Biophys. Acta.,
450 ; 57—68, 1976.

hiALE, AEZER, ABEFE], BRENE  ET
gL 2570— V&L E HMG—CoA reductase
OFET, dREREE, 23(1); 197—201, 1981.



