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Cholesterol esterification by rat plasma #n vitro
Effect of dietary cholesterol and cholic acid
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Table 1. Composition of basal diet used,

(weight percent)

Dextrose 72
Casein {defatted) 8
Salt mixiurel) 4
¥itamin mixture 1
Fats 5

1) The salt mixture “ Hegsted” contained:
calcium carbonate, 13.60g; dipotassium
phosphate, 16. 31g; monocalcium phosphate,
3. 41g; magnesium sulfate, 4. 71g; sodium
chloride, 7.14g; ferric chloride, 1.20g;
potassinm Iodide, 37mg ; manganous sulfate,
167mg ; copper sulfate 10mg ; zinc chloride,
10mg,

- 2} The vitamin mixture contained: thia-
mine HCI, 200mg; riboflavin, 200mg; py-
ridoxine HCl, 200mg; niacin, 600mg; cal
cium pantothenate, 800mg ; choline chloride,
40g; biotin, 4mg; inocsitel, 4mg; folic
acid 8mg; ascorbic acid, 2. 4g ; methionine,
100g ; cyanocobalamin, i.6mg; vitamin A
acetate (1, 000, 000 [U/g), 200mg ; calciferol,
8mg; alpha-tocopherol, 4g; menadione,
20mg ; and glucose to make a total weight
of 1,000g.

FURE: FozvaviitavaFe—ata—a
R '
WILE ; Kiga a4 v Vil
VIR koot sy Yt ovrzFore-rta—
MRIK

HALIFIDARRRIE Tablel £ 3 L30T H5.
I~ o A F o— wdiPlE k< L, i
RRICED 2 3 VAT O~ brmic & D BT
LA iRl 1w

2. Mz H S JILXF0—-Lo T2 TLERR

DERE

T ORI L, ~) vEESURG Uk F a—
Ficd b, 0C T30 sl LT~ Y Y MAEER
WL de, m T REA TR 212l B hs .

I VR T 0= -4-Cl D 2 — 5 0 (] 30—60
°C) ifik%, WMEMT T Uikt Celite 545 &
BRI, SRS T IR S B Xk S0 i
Celite 100 mg € A 2 F W—-4-Cl4 3 ng (8,6
sg/ec) AHENL, 1 ml Onigs e 37°C T 505
Rl incubation L.7-,

3. BRRACKMRE

Incubation T @, BUBAENAEZ 0C Tl
ML Celite 2h s, HED—FHRELL0MED S
makaL Ag /S — (211, v/v) THRHL, Mhilt
ek 20 5 Ho KT AL .2 37C, 51Rller in-
cubation 1), 2 v RF o— D BHREG I 25k
%4, HEER LRI CH O T TS F = F
E LTIl 5. IREUNBEE S ) #4800 7 Al
W T AF O — A2 AF 3000, HHE08em
O 7 LICRBE~T g @ 1Y) H5 0 (Mallinckrodt,
Silicic acid, 100 mesh) 208, TLwH 1 H 7 LED
AR e BEULF v 2~F 0, BHFLEDY
Il Yy PLOMRERLEOBRHOY S o Vi
WML svaFao—nzarrDiRlid 2%
ZFw e —F @Y ol LERTHE . N
BAOMEEII DR D LA F o — B R A
FR A F o~ | ERETEFTL D .

T3 L RF 0= AT At LT e e A
WL L, A2/—n: Bl ¥y Q0201
0.1, v/v) MWEHIPT MM LT A F VI RF
mEL, H#RZ AT I T 40—l EDOTIRNEES
MER LY, BEXSom, BA18maoAS LT
LG4 a—nf Y4 ik o - b {Chromosorb
WRIEFEMLEED) 208, 77 258 100°C, 7
e A 60 ml/ S DT ¢, Argen lonization



Detector CRE—~2E2RILA. Hrs2o< b T
AJ:CD@-!:"—? @iﬁfﬁl'u‘;f" 'ﬁj')f L E%ﬂi,
gulation 7Lz k-o7z.
IVAFU—WIAFNVEESICEE o< 43
T4 —iC XDT, WO T RF AT 8L
Fo19.38.29) o) A4 VG (Merck®D) o 250 me b
E7v—bio, BREEY SRR ARy P L, v
ga~dHy  Av+Ey 35:1,v/v) T 18 cmjp
B L7z — OO R X2 THENT 2
S H L HIMTE <~y ¥ 0MEEMS LT (45:
1L,v/v) fdEo Bosoic L, ATt 28:1 off
HOWRD. WEROEAS, RO RE A 04~

Trian-

B -Portman: 7 v PiMWILET LI LATOo— LD TR F Ak

159

05cis 2 &3 iU ko dnHons. &
PHE W L, A HRE &, 3— FEKICHOTE
ADT AT O—IT AT AL Lz, COHHHT
LT, Fig. 1 @il kdic, EFD 7w MK
DAL AT E—E, B, = SRR, O ORfE
iz, 5 7 ALLRIE S L8, L O SO Ao~
ATIMCHNTE B, e b B EE DR R A8 TR
DERWEHFELOTVRODTCRERTIET + 7 418
Tz AFvEE—LTEY B2t LHRREE
REZ v OO E, </ FEAEOBEMNIE &bH
HTEHTHD, chieK LY LT b7 AR
b L, RESENPBoREL T A4 a9 R 1

Fig. 1.

Thin-layer chromatogram of plasma cholesterol esters.

Plasma cholesterol esterol esters were separated into the subcom-
ponents by thin-layer chromatography using a 250 m# layer of Silica
Gel G (Merck) and a solvent system of cyclohexane: benzene (3.5:
1, v/v) at 18 to 22°C. Left: plama from rats on a corn oil diet.
Right: plasma form rats on a hydrogenated coconut oil diet.

(1)
2)

(4)
(5)

lipids.
(9}

: saturated esters; palmitate, stearate and myristate.

: monoenoic esters; oleate and palmitoleate,

: dienoic esters; linoleate and trace amount of linolenate,

: tetraenoic esters; arachidonate.

: origin; contained triglycerides, free cholesterol and phospho-

: trienoic ester; eicosatrienoate(only plasma from essential fatty

acid deficient rat contained the eicosatriencate ester), and

trace amount of linoleate.

Std, means standard mixture of cholesteryl palmitate, oleate, and

linoleate.
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The rate of solubilization and esterification of cholesterol-4-

Fig. 2.

4 &
INCUBATICN

CH on Celite 545 by rat plasma in vitro,
One ml of plasma was incubated with 0.3 #c of cholesterol-4-Cit on
Celite 545 (100 mg) at 37°C for perieds indicated,
e—e ; calulated on the basis of radioactivity,
o0—o ; determined by the decrease in free cholesterol,
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from the rat fed on a chow diet. The highly polyenoic ester
means fatty acid esters of cholesterol polar than the ara-
chidonate ester on the chromatogram,
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Plasma concentration of cholesterol as a function of the

duration of feeding various diets, Two rats were sacrificed at

2 weeks on diets, and 3 rats thereafter,

o— ——— a:corn oil «—— —— e; corn oil} cholesteral

cholic acid, »--—-- —-—# ; hydrogenated coconut cil, »
; hydrogenated coconut oil -- cholesterol{-cholic acid.
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¢_— . —--»o ; hydrogenated coconut oil, « e ; hydro-
genated coconut oil 4 cholesterol 4 cholic acid.

bh, 2L FO—nOREMENNE TR 25 v
LG B £ 5 Thofe. T IV OO RS
MIEBAAT, TOaLRFa—n Ldi~68
OHICIBGCE { 27 S b S 3 IRIEE IR
BETOHEEC S0,

I Mg oifiEd. SZNEHEREHE S FE IR
EORPHSiiE L B COHFNI IR L Y ER(0~
20/8) HUHRMRE N Z R AT T v PTIE D
PeH-oRM, MR, SRR OLIThAERIKLT

H, IVZFo—i, 3—~REOENTNEOT 2 F
AEIEMEEET &4, LirL2LRFo—N, 20—
AMELG LRI LS IVIEZ gt 2 L, Wi
THE RO A F bR R, 20T &b
SRR DM 0 L2 F o — A REEFHE0—FE
TN

2. Incubation R[Z &KL i« AFA-L

I2ATAHD CH ot
Fig. 6,7 KO LIC LTHG 2=t 7



164 ¥ = ¥ OB wz2s W28
60
‘A..__ ——
"
o TETRAENOIC
50 =
>~
L
=
- L.
5 40
<l
-
i
w
L&)
& 30r D IENOIC
* —
. A -y
o .
O - S — ——
20r
SATURATED
—— " -
10 — - --"-‘(
MONOENOIG—"
1 I 1 1 i i
0 2 4 6
WEEKS
Fig. 6 Distribution of C'-cholesterol in subclasses of cholesterol
esters as a function of the duration on various diets. - H
corn oil, — - ; corn oil 4 cholesterol 4 cholic acid.

4= ESTHH L2 VAT o - DEEIRIIN
T 25D CH D ¥ SHEE LY LI
HIROMMT, in vitro THELAIVAFa—
WL R F ORI~ 13, EITFEORERE &
CERILE, U LRORSTHE DOENS .
F2idh, HIUFO) / — BB LRz 71
D CW—jEElE o AT d—b « o— 1R TROE
BeEBLPPETL, ©/ KMNRL X7 VEHD

Gtk s maEEnc B0k (Fig. 6).

WOL IVHRCREL, UL &hbTRES C1
SEER Ui, O @ S04k RN E S LR
I, IVEMTREEOER AR L. €/ SRR = 2
FARSRO CHIZERRMIZRINL, PV EXBFT
FAMARETIHET Uik, &iho S0~B0 % k< /
FRfg s 2 F RS T SHoRh, Thx AT
HERERREZS v OO 2 AT R—Ax R



¥ -Portman: 5« PMMMERBG L0 AFo-LDITRAFAL 165
80| -
/455’—g=~_-_‘
=P
7
7 // MONOENOIC
60 d
S R
p-
= 7
(&
<L
—
i 40
g »
@ '\
Y
NN
b o \ \‘l
o NN TRI- & TETRAENOIC
20} sl
\.\
\\\3:‘::_,-- ~—
g e e T LT T,
SATURATED
i 1 1 ] i i 1
o] 2 4 6
WEEKS
Fig. 7. Distribution of Cl4-cholesterol in subclasses of cholesterol
esters as a [unction of the duration on various diets, - — —— 3

hydrogenated coconut oil,

+ hydrogenated coconet

il 4- cholesterol 4 cholic acid.

FhiCR BN ER 2 LR L L ASh TR,
3. BW - ERhoRELBRETORR
LHIRIRRZ 7 v Fonmiic s B = 257 ALE

teogbicML, £ (zvAFe—rmBLE) Vi

) LHEH (araFo—rIaFL) OREBRD

DMED, TOMEFERCRIZIBEELL LD

i, Lid 2 “Common Substrate” i, % T

B LA™ 60C 70 AMERARTTINML, =
ZF MALFRPE AN S s R Celite 545 a4

to bz Fu—a—4-C1 L L 4z 37°C ¢ incubation

Uk bt B E LT, C OETAmER
W2 avRiyo—amdr 25 {bERKCE LENn:
R E R B2 H3RHBIERE Lo 19 Fikm Gnh
LTRLH®) 0.2 ml & bitom ¢ U T S8aEH
0.1~1.0ml & 3TC = 3 57 incubation Lo (BHkiE
A 12ml 213 315 01M Y EA ) AT,
pH 74 A4,

Fig. 8 © 525 RLEN, FvLi EERED
#ine & LieBRTERD T hEMS R L #0
T, At R RSt RibERBPOKLH, £k



166 ¥

Hi
[

i

w22E 23

"
£
"
S
E
s
g 20} FAT FREE
o'" .__‘__’,._'\/
1)
(™
E /
i
E CORN OIL
g
o o}
]
(=
L2
4
o
P
Q
1 1 1 [
a] 200 400 600 800

CHOLESTEROL ESTER, pg / FLASK

Fig, 8. Relationship between level of substrate {cholesterol}or product
{cholesterol ester) and esterification activity, Two-tenths ml
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cholesterol-4-C1¢) from rats fed chow diet and Q.1 M potassium

phosphate buffer, pH 7. 4.
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Table 2.

Fatty acid composition of plasma cholesterol esters and

the nature of fatty acids transesterified to plasma chole-
sterol during the incubaion, )

(Percent of total fatty acids)

|14:09 1421 | 16:0 [ 16:1 | 18:0 [ 1801 | 18:2 | 1823 | 20:3 | 20:4

Group I®

Pre 1.7 18.8 4.3 1.6 10.2 18.5 tr, - 42,7

Post 2.0 —_ 18.6 4,5 1.8 9.2 19.5 tr, b 43.2

Increase, %9 A7 — 16.7 5.3 3.3 2.9 24.5 -— — 43,7
Group 11

Pre 1.4 3.8 14.7 15.1 0.3 40, 4 15,7 ir, _ 7.1

Post 0.9 0.2 12.2 14.2 0.8 46. 9 15.2 ir, — 9.0

Increase, % 3.1 x5 12. 8 0 3.2 61.9 2.8 —_ — 16.4
Group III

Pre 2.4 1.1 16. 4 27.2 1.3 25.2 1.9 1.1 15,5 6.8

Post 3.8 0.2 17.5 26,6 2.0 25.8 2.1 0.9 15.1 5.2

Increase, % 10.1 * 2.3 | 21.3 5.2 | 26.5 3.4 o 12.3 0
Group IV

Pre 28 Q.7 23.2 19,3 1.8 50,9 0.2 01 0.4 o1

Post 1.3 o1 24.6 19,1 1.6 52.1 0.2 [1] 0.5 0.2

Increase, % * * 42,3 4.8 * 49,2 0 0.5 i.6 L6

1) Mean of 3 rats p-uer group, 6 weeks on experlm?:r]tal d_le_ts

2) First figure indicates carbon number and the second indicates number of double bond,
Small amounts of fatty acids unidentified was present in addition to the fatty acids des-

cribed here,

3) Group I; corn oil, Group II; corn vil4-cholesterol+cholic acid, Group IiI; hydrogenated
coconut oil, Group IV; hydrogenated coconut o¢il4-cholesterol4cholic acid.

4) Weight percentapge of total fatty acids transesterified to cholesterol assuming exchange to
be minor in comparison with net transfer., The total amonut of fatty acids transest-
erified to cholsterol calculated on the basis of increases in esterified cholesterol during

the plasma incubation at 37°C for 5 hours,

5} This indicates the decrease in the relative amount of the fatty acid ester of cholesterol

during the plasma incubation.
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Table 3. Specilic activity of cholesterol esters after incubation of
plasma with cholesterol-4-C#, 1
Clegctivity -- % in specific band )
Fatty acid -- % of ester cholesterol fatty acids

Cholesterol esters &

Tetraenmc

Saturated Monoenoic Dienoic Tnenmc

Corn ofl (Group I)

4 weeks 0.56 0. 30 1. 30 1, 45

6 weeks 0. 40 0.57 1.32 1.30
Corn oll-+-cholesterol 4-cholic acid (Group 1)

4 weeks Q64 0.8 1.20 1.92

& weeks 0.53 0, 20 1. 47 6.27
Hydrogenated coconut oil (Group IIT) e ———

4 weeks 0. 43 1. 30 0. 69

& weeks 0. 34 1. 48 0.51
Hydrogenated cocenut ml-|—cholestem1+chohc acu:l (Gmup V)

4 weeks 25 9.10

& weeks 0 35 1 09 15,00

1) Mean of 3 rats per group.

2) Saturated esters of cholesterol contain the palmitate, stearate and myristate esters,

Mo-

nounsaturated ; oleate and palmitoleate esters, dienoic: linoleate ester, triencic; eicosa-
trienoic acid ester, tetracnoic; arachidonate ester. Only rats which had received hydro-
genated coconut oil diets contained eicosatriencic acid csters,
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Incabation #:® a2 L AF o~ T2 F nhD 4]
Rilifge (O s—nf®, U vd v, TR FVED
Dt Table 4 TR L, CORIFERTE
FhEThiEbhd L3k, BECANEST » vl

WD x A F ABRPEIC I PR T & DEREE
hE (BN

Table 4. Essential fatty acid contents of

plasma cholesterol esters,
(Percent of total fatty acids)

Grousz

Weelk I | n ‘ m | v
4 503 | 486 | 147 2.2
6 629 | 242 | 83 0.4

13 Fatty acid compesition analyzed after
the plasma incubation at 37°C for §
hours. Mean of 3 rats per group per
each experimental period. Essential fa-
tty acids include linolic, linelenic, and
arachidonic acids.

2) Group I; corn oil diet, group II; corm
oil + cholesterol 4+ cholic acid, group III;
hydrogenated coconut oil, group IV;
hydrogenated coconut oil 4 cholesterol 4
cholic acid,
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SUMMARY

Enzymatic esterification in virre of cholesterol by plasma was compared at timed intervals
with rats fed on diets containing corn cil or hydrogenated coconut oil with or without the combina-
tion of cholesterol and cholic acid,

Feeding the completely saturated coconunt oil resulted in slightly decreased levels of plasma
cholesterol and higher levels of cholesterol esterifying activity than was present in rats fed corn
oil, The combination of corn oil with cholesterol and cholic acid resulted in lower levels of
plasma cholesterol and higher enzymatic activity than the combination of hydrogenated coconut
oil and cholesterol and cholic acid,

The nature of fatty acids transesterified during the incubation was remarkably different in each
group. In rats fed corn oil and cholesteral and cholic acid more tham 70 % of the increase in
fatiy acids transfered were saturated and monounsaturated in contrast to a value of about 70 @5
polyunsaturated acids for rats fed corn oil alone. Feeding hydrogenated coconut oil alone or
with chaolesterol and cholic acid resulted in remarkable increases in saturated and monounsaturated
acids during the plasma incubation.

The combination of cholesteral and cholic acid with corn oil or with hydrogenated coconut
oil produced a remarkable decrease in plasma polyunsaturated acid esters, The faity acid speci-
ficity of cholesterol esterification by rat plasma was significantly heterogeneous in every groups,
and there were high specific activities of the polyunsaturated acid esters after incubation with
cholegterol-4-Ct4,

It was suggested that plasma cholesterol esterifying activity itself as well as the liver func-
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tions would have a possible significance on the metabolism of plsama cholesterol esters. Discus-
sions were made on factors influencing the plasma cholesterol esterlfying activity in rat plasma.



