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fb.. discovery of mevalonic ao1d as ar...rkably effioient

oholesterol precursor in animal tissues (1) and. its recogn:1tion

as a central intermediate in the synthesis of several terpenes

and steroJ.s (2) drew the attention to its 1mportant _ta.bolic

role 1n animals, yeae'li·t bacteria.. and plants.

Althougb. it was assumed that tne bios,rnthetie pathwq of

mevalonic acid to cholesl'terol is the me.~()r pathW$l' in a.n:1mals.

it became evident after several. ex'tensive exper1m.ents'::that

mevalonic acid was beins incorporated into compounds WhiCh do

not participate in the cholesterol pathway.

Earliest among these studies recorded was th.e isolation

of an olefinic acid identified as a terpenoid acid (3)enzymat1ca

11y synthesized by rat liver homogenates from mevalonic acid.

Popjak (4) reponed t.he formation of some carboxylic a.cids name~

trans-gere.n1olie and trans-trans-farnesoic among several other

acids following incubation of liver enqme prepa.rations with.

meValonic acid.

lieutr&1 non-carboxylated compounds were isolated as well

following incubation with meva1ona.te in animal tissues. Ubiquinones

have been shown by a number of workers to be denved from m.evalo

n~te (5). the site of their synthesis in rats being tne kidney and

-~-



11ver specifica1ly (6).• The incorporation 01' .m.evalcu!ui'te-2-14C

into dolien01 in rabbit and pig livers (7) have been investigated

and proved as well. More recentstlldies ha.ve indicated the

presence of unkrlownra.dioactive material (6) presnm.a.blya mixture

of isoprenoid-like substances following incubation of rat tissue

slices with meva.lonate-2-14C.

faVl"mina and Gibbs(S) proved. in studies on mevalonic acid

'\bat the radioactiV1 V of m.eval.onate-l-14C was not incorporated

into the non-eapoIlifia'ble fraction whilemevalonate-2-1.4C yielded

radioaotive cholesterol. This eventu.ally led to the reeogni t10n

that decarboxylation occurs at the six carbon atom level to give

a five oarbon atom active intermediate namely A3-isopentenyl

pyrophospnate(9).

stoichiometric studies on mevalonic acid me'tabollsm. in

Lactobacillus plantaru.m (10) showed that for each mole of mevslonate

1ncQ~ora.ted 1nto the non-sapon1f1able lip1ds, one mole ot Carbon

d1ox1de would be liberated. Studies were also ccu').ducted on mamma11an

adipose tis8ue (11) and. it was found that when various types of

adipose tissues were incubated. with mevalon1o aCid-2-14e. the

results were in agree.int witb. the 1dentified mechanism for the

metabolism ot mevalons.:te.Th.e results of these experiments showed

that the rate of carbon dio,;x;ide paralleled that for the synthesis

of non-eapontfiable lipids.

The stoichiometry in the metabolism of mevalonate by

Lactobacilli could not be demonstrated in adipose t1ssue.ln rat

liver, preVious studies in tbis laboratory have shown that for

every 3 to 4 moles of labelled carbon dioxide liberated from
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me~alon1o acid_l-14C, lB...a'\om. of labell~:ui oarbon was being

incorporated frolll mevalonic aC14-2_140 into the n.on-saponi:f'iable

lip1dl!h So it was assumed that anotherpatbway is operating

wtdch involves the incorpora:t1on ()f mevuona:te into sOJne~,·u.nknown

substances. The ob~b~ct of tlUs work 1$ to 1s01at&, purify, and

identify some of these unknowne.

It beoame of interest as well to explo~e the factors

wlUoh alter the rate of mevaJ.onate incorporation into different
+

su.bstances. Pop~ak (4 ) found that upon. 'ine addition of(NAD) +
t

(IADBtH) and ascorbic acid to liver en~me preparation incubated

with meva.lonic acid, more of the non-saponifiable lipids and

carboqlic acids were formed at ttle expe%18e of polyprenols.

Applying such information in ttU. studl glutathione (reduced

:torm.) • asoorbic acid, cysteine, and paenethylbiguanide wen

added each separately and with v&r,r1ng concentrations to liver

cells incubated wi. th .mevalonic acid.'

. Ewnr Flacnuressmu



A.An:!m$ls

Albin..., rats of the Sprape-Da_J.e;y strain ••igtdng 250-400g

wereu.sed in these experiments.

:B .Ohem:Loat!

All reagents were anal1'tical grade. Radioactive DL-m.evalo

lact,one (o.sma per Il mele) was obtained from the Radio Chemical

Center, AIlersham, England. All otb.er ohemicals were obttdned from.

E. Merok. Darms'bd"t·t Germany; Sigma Ohemica.l CO, St.. Louis, }lO,

and Shandon Scient1fio: 00, Ltd.. t London.

C.Prepara1ipra. of Liver !U.n••

Rats were anaestb.esized and decapitated. Liver t1ssuee

wen quick17-ex18ed from eaoh ra"t ad ifransferred inpre-cool.ed

beakers conta1JJ1ns distilled water to the cold room( t.em.perature
o

6-8 a). Ltver tissues were quickly m1Aced b7 a. Latapie tissue

gr1nder ad al1quots were we1g11ed "then pl.aced in incubation flasks.

!b.e m1noe and buffer solutions were kept. in 'the cold room at all

times prior toineubatlon.

D.Incubation Procedures

l..lac:~" Af'teo'tw the MetaboUsll. of lIel'alona.tel For the study

of the effee... of various factors on m.evalonate metabolism all

1neuba:tions were carr1ed out in 50lXll Erlenme,er flasks ae d.eseri-
o

bed by Bloom et. al. (12) in a Dubnot:f shaker at 37 Cfor 5 noun

wi'th 811" as 'the "as phaeeexcep't where indica'ted to be d1f'terent.

Dt1pl1ca'tes of tn. sameineu'ba:t1onagreed within 5 peree.nt. Eaoh

flask contained Ja 0'1 liver m1nee, 4.S)J-moles of D:u..mevalol.aet-
14 'I::

one-]'-2- C(1.2xJ.O~ counts per m.1.nute per labelled carbon), ..300
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ALm.o~es of ptlosphate butter pH i in a finalvolu..m.e of 6ml. All

other eond!tions are indica'ed under the appropr1a". seert10M.

The reaet10n was term1nated '07 the addition of O.3ml of 311

sulpburic acid tb.en re-incubated for 15 _zoe minutes,,"

Ass8f' The a.ctinV of the liver m1nce was assq<td first b7 tile

measurement of radioaetiV1't in tbe carbon diox1de liberated

from DL-mevalonate-l-14C as described by DLltt and Shwayr1(lO).

fais involved diluting the alkali used to trap cB.%'bon dioxide

and plating O.lml of the d11u:ted samples .Ooncentric planchets

were 'Used for coun:t1q in a Ba1:rd Atomic au.tomatic counter wi ttl

a a.nei tiv1 'Q' of 4)(10' counts per minute per .uOUrie and a baek

poouad counting rate of 20 counts per .mim1te. Tile effect of

time, pH. MValonate concentration, anaerobiosis, and tlle adti

t10n of different chem.ca.l$ were studied.

The second usq 1n'YiolTed the extraotion of the mete.

bolites derived from. m.eva~onate-2-140 after tlle addit!on(if

reduced gluta:th1one, asoorbic acid, or cysteine in varying

concentrations. The contents of each. flask -38 of liver mince

and 3m.! of incubation .m:1xtu.re - were saponified with 6ml Ofl~

(wIV) KOH in 7~ :m.etb.a.n.ol for 2 b.ours. fb.. mixture was then

concentrated toone fiftb of its volume. and made up with water

to 6m.l. 2g of sodiu.m. chloride were disiJolved, and tae resulting

satl1ra.1ed solution waa extracted withaoeton8 t petro1eum. ether

7 • 3(1/v). Aeetone was then used to extract the metaboli tes of

mevalonate. Tbe acetone extracts were com.bined and a sample wu

plated at inf1nite tbinae.a to determine the radioaetivi t7.fhe

stoicbiometqof ttle carbon dioxide and the metaboll tea of meTa-



lout. will be discussed. la:ter.

2.lraet1onatiol1 of the Metabol1 'tee of Mevalonic Acid; .For 'the

isolation. and puri.f1ca'tion of "he metaoo11 tee of mevalonic

acid, lar&,e scale experiments were run on a total of appro

ximatelT lkg of rat liver. 750ml incubation flasks were ueed

each containing 50g of U ver mince, 100.a_les DIr-mevalola.ct

on.e-1-2-J.40 ()X10" counts per minute per labelled carbon) t

3750Jtmoles of phosphate buffer pH 7 in a final vol~ of 200m2.
o

Incubation was carried in a shaker tor 5 nOUn at 37 a 19'1th

air as tn. gas phase 1n tne flask,.. !be reaction was ter.r.dnated

by the add1t1on of 3m.1 of ooneentrated suJ.phuric acid thenre

incubated for 1; more minutes_

Assg;. !he incubation mixtures • .are pooled together and centri

fuged. The supernate was saved and the wet soUd obtained weigb.

ed 1.300g.

a.Treatment w1ttl Acetone. The wet 801id was soaked with acetone

ovenngh'i and f11tered under suction. ~b1s proCedure W88 repea

ted. three time8 consecui!v.e17. fAe solid residue, a pale powder,

was s 'Cored while tile f11va:te was dis t111ed leaving a dark

brown residue. The d1sti.llate contained no radioaetiV1V thus

d1scarded.

o
ed with pe'h"ol1.wn ether (B.P.4Q-60 Q).nt11 no more radioaetiviv

was recovered. The total act!viV extracted in the petrolium

."her lqer was approximately 5xlO'. the aqueous lqer was
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discarded because of b.ea~ contamination wi tb. unreacted mevalonic

acid.

o"SapoD.!f1catiGl'U ~b.e petroleum ether layer was oonoen.trated down

to a tMolt residue and saponified for 15 b.ours with 5" (wIV) leOH'

in 70% m.ethnol. !b.e weight of' the saponified fra.ctionwu 50S'

to it was added 50ml distilled water and conoentrated down to

b.aU volume to remove all the methanol present.

d.lxtraet;1.Qn Under Alkaline Conditions. An additional 50Jnl of

wa1ter and 500m2 aoetone were supp.lled to the saponified .mixture

to &'Vioid the f'orma1ion of _clsione. Several extractiollS with

2.5 11tere of' petroleum ether followed until no more radioaeti:Y1'by

was ob1iained 1n the petroleum. ether layer. The total radioactiVi tT

in the petroleum. etb.er - aoetone lSler was 4xl06 oounts per

minute while that of the aqueous-acetone residue was lxlO' oounts

per m1nute.

e.Jxlraotiop. Under AeicU.c Coati'tioIuu to the aqueous-aoetone residue

lOOml of water were added br1ng1n.g the tinal. V'olumeto 3;0 ml.
,

Tbi. was .acidified to pH 2 by ooncentrated sUlphurio acid,. thel1

follo"ed exbaust1Te extraction wi ttl petroleum. ether. The rf)s1due

of this extraction was discarded because of posetal.e conta.m1na'ien

with .raeTaloJl1c acid. !he petroleum ether layer was cOlleentrated

by' flash evaporation to appro.x1m.ate17 lOm.l. The 'total radioactiviv

01 ttle concen:ira'ted material was approxillate17 6x105 counts per

minu:te. Tile radioactive yields of these tifferent .fractions are

indicated in (11g.1).

-,. --7 7-717777 rr my; npr"s:""
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ae1d.

c.88p01'111'108t101'1# The petro.leum. ether layer was ooncentrated down

to a thick res1due and saponified for 15; 110urs with 5" (WIV) XOII

in 70~ m.etbnol. Tb.e weigb,t of the sapon1fied fract10n was 50g,

to it was added 5cal distilled water and oonoentrated down to

ha.l:t volume to remove all the methanol present .•

d.Extraet1on Under Alkaline Oondit101UU An additional 50ml of

water and 50cml aoetone were supplied to the sapon1fied mixture

to • .,.01d the forID8:'1on of emu.lsions. Several extraet1o.t:1S w1tb.

2.5 liters ot pe'U"olewa ether followed until no more radioact1v1V

was obtained in the petroleum e,her layer. Tbe total rad10actiViV

in the petroleum ether - acetone layer was 4xlOQ c~ts per

minute while that of the aqueous.-ac.etone residue was lxlO' o.u.n_

per m1nute•

••Exu-actiop Under Ao1dic Conditional ~o the aqueous-$oetone residue

lOOD1l of water were added br1n&1ns the :tinal volume to 350 ml.
,

Tb1s was acidified to pH 2 by ooncentrated sUlphurio ao1d, then

folJ,owed exb.aust1ve extraction witn petroleum etlter. The re$idtut

of this extraction was discarded bttcause of possible contamination

wi tn mevaJ.onio acid. fhe petroleum. ether lqer was concentrated

by flash evapora:tion to appro.x1me:te1¥ lOml. The tot.al radioactiviV

01 the concentrated material was approx11.1ate17 6XI05 ccmnts per

mirm.te.. flle ra4ioa.ot1ve yields of t.hese 41fferent fraotiol1$ are

ind1cated in (lig.I).

serm r 7TWan-en7 .'Srm5'R'l"'mn pm,."mew'
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f. Cbro!!tosraRhz: The concentrated petroleum-etherla,.er was

purified by chromatogltapb.,. using:

1. De.ct1v.ted A1UDdnaCO!WII11 '1'0 100g of at8l\dard.i.e4

alumlnum oxide obtained troa E-Herek, 7lQl of 10% (v/v)

acetIc acId were added (18.). 'lhe mixture was suspended

in n-heptane and shaken tor 6 hours. Filtration tollowed

and the residue was washed with n-neptane :5 to • tl....

The wet powder was le£t to dr,. at room temperat~.

The deactlvated alumina was suspended in n-heptane and

applied to a column thus registering 3.7xlOcm slsa.

1'he sample was dissolved In 7m1 n-heptane and applied

to the column. 'rhe oolWtXn was attached to an automatic

traction oolleotor whereallquots, approximatel,. 20m1,

W8l'8 colleoted every 15 udnutea. The eoll.uJm was developed

w1 tb. 100% n-heptane (300111 >, 50~ (v/v) acetone-heptane (300Ja1),

1~ aoetone (300lJal), 1~ methanol (lOOml). 10~ (v/v) glaolal

aoetio acid in metn_o1 (600m1), 50% (v/v) glaoial acetio

aold 1n methanol (200lll). and tinallY' wlth 100" glacial aoetlc

aold (400ml). O.~ ot .ach sample was plated on stainte'8

st.el planchet and counted. The 1nactlve samples "'.1"8 41soarde4

while the radioactive one. were concent:rated by tlash evapo

Ntlon and stored.

11.S11ic1c Aoid Cql!!el' ~he rlr.t traction colleoted from tbe

deactivated alUDdna oolwrm, naMl,. tbe one elut~.4 with lO~

5n-h.eptane havlng total ra41oact1vlt, ot app:roximatelY' lxlO

counts per minute, val ttu-ther purifled by ohromatography on

a s111clc acid columft (11). 100g ot s111cic acld)obta1ned

-----------------
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as Rio-Sil-Ha minns 325 mesh trom Bto-Rad Laboratorie.,

were auapended in n-neptane. The eoncentra:ted traction

waa mixed. with. 5 g ot .111elc acid and the mixture Wd applled

to 2.5 x 20 cu column. The elution achedule involved at

rirst increasing proportlona ot diethyl ether 1n n.heptane and

the difterent tractions were similarly collected by tbe automatic

traction collector every 25 minute.. First tbe oolumn was

eluted witb 10~ n-heptane (500 1111) then with l~ (V!V) diethyl

ether In n-heptane (500 111), 5~ (V/V) diethyl ether 1n n-heptane

(500 ml), 10~ (V/V) di.thyl ether 1n n-beptane (100 111),

10~ dietbyl ether (200 ml) I 2O~ (V/V) methanol in diethyl ether

(100 m1); 50. (V/V)aetbanol in di.thyl ether (100 m1), and

tlnally wi th l~ methanol (200 ml). 0.5 ml ot each aample

was plated on sta1nless st.el planchet. and counted. The

inactive samples were c11scarded while the radioactlve one.

were all pooled together and concentrated down by tla.b

evaporation.

!he tirst two fractions eluted trom tbe sUloie acid

column namel,.: 100_ n-Mptane traction with total activit,.

ot approximately 6.7 • 10" oounts per minute and 1~ (vIV)

dieth'11 ether in n-hept.ane traction with total acttvity ot

approximatel,. 1.1 x 10" oounts per rdnute were f'urtheP purified.

Attempts to re-crystalll•• the lO~ n-heptane traotion tro.

ethanol-water then d1eth11 ether ra11ed and the compound

decGmposed leaving a darkl,. pigmented 011. Treating half
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tbe 1~ diethy1 ether in n-heptane traction similarly did

not purity it and the whole traction was applied to a

10 x 1.5 em s111c1c acid column. This column was eluted

with l~ (V/V) ethyl acetate in n-heptane OSOO ml) and 10~

_thanol (300 ml). Two ma1n tractions separated out a. a

Nault. A. white w&XJ-1ike 017sta11in8 substance, namely XL J

which was eluted with ~ ethyl acetate-heptane and a yellow

011y substance which was eluted with pure methanol.

lii.!hin mer Chromatosraphls To determine the purity and

1dentity ot X~thin laTer ohromatography was used among

aevepa]. other methods.. 'fhe 8i1i.oio acid used tor cb1'-omatography

wu Xi8selgel G liach stahl Cat Bo. 2860 obtained trom Shandon.

The s111ca gel was suspended In distilled water in the patio

1:2 (by we1ght) pe.pectlve17 then used for coating the plate.

(0.20 mm thickness). After standing at room temperature

tor 15 minute. the plate. were transterred to an oven
•where they were left tor 45 minutes at 110 C. Platea were

later stored in a desslcator tor future use. 0.25pg ot X&

was usually applled to the plates and theae were developed by

six ditferent solvents nam81J: 100~ n-hexane; etbyl "8tate:

hexane (3:7 V/V); hexan•••th.ersglacial aoetlc acld: methanol

(90120:3:4) (15); hexane,.ther:ammonlutll h1droxideunethanol

(90:20:3:4); ohlorcfoJllUae.tone (10;1) and 100" methJlene

chlorlde. After d.1"y1ng the plates under an infrared lamp,

each was developed in 1 i6dine vapor. After all the 10d1ne hal

? ,nne $c,·me=w,,,=n pm ZT'tn
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evaporated each plate was sprayed with either 40~ ('IV)

IUlphurie acid or anlaaldeh7de reagent then developed for
o

20 minute. at 110 C.

g. Spectra.cop!e Studte,:

l~Intrar.d spectra ot known substance. and various isolated

tractiona were recorded on a Perkin-Elmer 237 spectrophotometer.

They were obtained aa thl.n :tilma ot chloroform solutions

over NaBr pellets with 0.1 mm oell path.

ii.Ultra-violet spectra were rtteorded on a Bausch and. Lomb

Speetronlc 505. 9S_ethanol was uaed as sol.ent.

iil.Nuclear magnetic resonance spectrum of X~was done by Varlan

A.G, Xlaus.tra'e 43, 8008 Zurich-Switzerland. The .alvent

used wal e»Ola.
h. m..mentm Chemical Anallll.. A micl'oanalysia ot X2,uled to

•eonatant weight at 50 C and high vacuum was pel'formed by Dr.

Albert Bernhardt Hlcroan.a1y.tischea Laboratorium, 433 MUheim 

h1"!lUU1Y•

i.Derlvative Pormation: 2,4·d1nitl'ophenylh7drazine derivative

01' X:a.vaa pl'epared as de.crlbed by Shriner .t al (16). The

lolvent used vaa 95. ethanol.

j. :gaterification: 20 mg ot Xl.ve1"e dissolved 1n 20 ml 5~ (V/V)

sulphuric acid in anhy'cWoUI methanol and :retluxed for 3 houn.

!he volume was then reduced to 5 ml by flaah evapopation and

6 ml of water were added. t.rhe mixture was neutztal1ssed.., i th

saturated BaHC03 aqueous .elution and extracted severa]. time.

with d1eth'11 ether. ftl«t ether layer waa then d1-Ied cv.".
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anlQ'dPOua :la2804 and :t1.....Yaporat.4. D17 n1t"sen"••

applied at room t.mperatu:H to the "814ue.

k. Gu-Llquid Ohzto.tosrligt Bateritied X was analyz.d b,. a

Pre Argon Chromatograph. !he column used was an .th71ene

g17oo1-ad1pate pol.,._.t•• 12.1_ on eellte 545, So-~OO.e.h.

!he oolumn waa .atralshtand 4 te.t long. 'lb.. gaa u.ed was

ugon w1th a. flow rate 01 &0 Ill/minute. Th.etemperat~

•range was 190~l92 c.
1•. Cb.ell1ctl "e,t•• T••ting ro. un.aturat1on in X, bJlO"_ water and

XJfn04 .olution were qe4 ..coording to _thod. dea.erlb.cl b7

Shriner et al (16).



CHAPTER III

RESULTS

002l18L Ratio; It was previously mentioned that stoichiometric

studies on mevalonic acid metabolism in--Lactobacilllls p~antarum

(10) showed that the ratio of C02l'ffSL :::1. Further studies ware

also conducted on mammalian adipose tissue (11) bUt the OO~NSL

ratio proved to be more than one. It beoame of interest to d.'.ter

mine wheth.er the same is true of liver.

Wtlen mevalonate-l or _2_14C of the same specific acti

vity were incubated with rat or m:aman liver the ratio of CO~NSL

was .more than one .. Th1s is shown in (table 1).

Since the isolation of certain metabolites of mevaIo-

nat.a was of primary interest, different conditions that may incr

ease their yield were studied. Variations in the incubation period.

pH, mevalonate concentration, and different chemical agents were

recorded. The activ:ity of the liver mince was assayed by measuring

the radioactiVity of the CO2 liberated from DL-mevalonate-1-14c.

A-lactors Affecting Mevalonate Metabolism

I.Time stugz: In order to determine the effect of time on th.e

actiVity of liver incubation mixture, several flasks each con

taining 19 of liver mince, 0.25 ..amoles of nI-mevalonate-1-2-14C

(1.5)(105 count.S per minute per labelled carbon), 300.a.mo1es

of phosphate buffer pH 7.5 in a final volume of 3m1 were incu

bated for varying periods .f tine. The actiVity of the mince

-14-
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fable 1

OOsllst Ratio Aa Obtained From.

Live,:r bam Systems

Human
Liver

aat
Liver

293

I'SL

o

-

0°2 ISL

'10

.. The 002 1s derived 1'1"0. DX,-Mevalonate-1J.4c while the

lfSL are de1"1ved .from DL-Mevalonate-2-14.;.C ot' the same

specific activity_

~-m- ow FTt757S5? 7 amn SF 15 ; .z',mttfC· mErIlW;; tr',"Sl'M'"rmrtM
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was twnd to be opti.ma.l atter 5 hours of incubation ('1g.2).

Increasiq 'the 1nO\1bat10n period to 6 hours or more yo1elded

a decline in tne actint7 of the liver mine••

2.Jtfeot of Pi. S1m.11arly experimen'is were oondUcted under various

pH values. Similar flasks were incubated for .3 noun and the

act1'V1 ty of the liver minoe was found to lie optimal at pH 6.5

(l'1g.3).

3.Etfeot of Conoentra:t101UfGAieterm1ne the effect of various

conoentrat1ons of DL-m.eval.ona.t8_1_2_14C on the 11Tar mince

activiV. several flasks eacb. containing 3g of livermnce,

75 ..u.m.oles of phosphate bu1fer pH 7 in a final Yo1um.e ot5m.l

were incubated for 4 h.ours. Varying concentrations of DL-me..,&

lonate-1-2-14C (3.7x104 counts per minute per labelled oarbon)

were added. The rate of CO2 prodUction 1nlrned to be linear up

to O.8xlO-l • (Fig.4-).

Popjak: (4) tound that upon the addition of rechlc1ng agents,
+ +

namely (NAD)+ (NAlfH+H) and ascorbic aoid to rat liver en~

preparations , more of the NSL and oarboxylic acids were formed

at tlt. expense of polyprenols. SUbsequentlT, it beoame of

interest to investigate the role of such agents in th.& synth$sis

of certain meta.bolites of mevalonic acid.

4·.:Effect of Ascorbie Aoids 1mt1ally the effect of ascorbic a.cid,

neutra.l1zed to pH 7,was investigated a.tva171ng eoncentratiou.

(J1g.5) shows that a:t an optimal concentra'tion of O.OjM,aseorb1c

acid stimulated the CO2 production b;y 20". Increasing the con-

57 '-m 5'
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cen'tration of ascorbate beyond 0.05 caused a severe inhihition

of the CO2 liberated.

5.Eff'ect of Reduced Glutathione: Anotb.er reducing agent was simi

larly tried ~ o~der to check upon the act1~i~ of liver mince.

Reduced glutatlrl.one, GSH,wa,s neutralized to pH 7 and added in

varying concentrations. (Fig.6) shows thait at an optimal conce

ntration 01 0.03M, GSH stimulated the CO2 produotion by 7~.

Increasing the eoncent:r:ation of GSH beyond 0.05. caused a severe

inhibition of the CO2 liberated.

The similari~ in the patterns of both compounds namely ascorbic

acid and GSH when used separately 8uggesteda common s1teo£

action. Therefore the effect of both compounds together was

investigated. (Fig.7) shows that optimal stimulation of 50~

oC4Urred when the concentration of each compound was approxi

mately 0.015M. Increasing the concentration of each beyond 0.025M

ca.used inhibition of the CO2 liberated.

6.Ef'fect, of Clsteine and Mercaptoethanol: It became of interest

to investigate oter thiols as well. When cysteine.Hel was simi

la.rly added to the liver incubation mixture, it was found that

it acted as an inttibi tor at e.l.l concentrations, (Fig.8).

It may be pointed out here that under the same conditions,

mercaptoethanol acted a.'S a strong lnb.ibi tor (table 2).

Different combinations of as.rb1c acid, GSH, and cysteine

were also added at varying concentrations to liver mince.
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Ad41tions 002
counts per m1J'lu'te 10-3 .



Inouos:tions were similarly carrled and assayed. As indicated

in (~able 3). a:t O.O.3M ooncen~r8:'ion ascorbic acid and GSH

each separately acted as stimulator while cysteine acted as

1nhibitor. .At b.igherconcentrations all acted as inb.ib1 tors.,

In (table 4) the firs" three flasks were kept at 0.0,31I

concentrations and it 1s quite eYiden:t that the inb.ibi tion

caused by cysteine is not reversed by the addition of stim

ulatorsnamely ascorbate or GSH.Il 18 to be noticed however

that different degx"ees of stimulation and inhibition occurred

in different incubations due to biological variations.

7.Effect of Anaerobiosisl It was found that anaerobiosis inhi

oited the aotivity of the 11ver minoe. When n1trogen was used

as the «as phase il1$tead of air • tbe 002 liberated and non

saponifia.ble lipids synthesized were 40% of the aerobic incu

ation. It _8t be n.crted however • that there was no difference

in the CO~L ratio whet.her under aerobic or anaerobic condi

tione.

a.Effect of l?Mnetql 131eanide. After testing the 1nh1bito%7
I

action of these different chemicals a known cholesterol inhi-

bi toX" namely pb.enetbyl bigu.a.n1de was tee ted as well. It was

found to inhibit CO2 production at all concentrations (table 5).

The.refQre a cholesterol inbib1 tor blooked drasticaJ.ly' the meta

bolism of lJle'Valonate and tbis inb.1b1tion could not be reversed

by the add!t~ of GSH.

:B-Extract1on of the Il.etabolltes of 14evalonic Aoid: After studying

the different optimal oonditione for the metabolism of mevalonate

by ra.t liver mince and the effect of tbe various ohemicals, it
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Effect ot Aseorbat•• GSll, and CIst.ln. Eaoh., 0.03H

On Liver Actlvl1?I

Additlons 002
Counts per minute x 10-3

Oontrol 7.8

0.03 H GSH
+ 2.0

0.03 H Ascorbate

0.03 M GSH
+ 1.0

0.03 M Cysteine
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'.ble 4

!he Combined Effect of Asco~bat., GSlI, and CY8telne

at 0.03 KOn L1.er Activitl

Additions CO2
Counts per minute x 10-3

Control 14.0

0.03 K Asoorbate 40.1

0.005 M GO
+ 14.5

0.025 Jot Cystein.

0.005 M GSH
+ 45.0

0.025 M A8co~bat.

0.03 K Gsa:
+ 4.0

0.03 MAsoorbate

0.03 H GSB
+ 2.0

0.03 K Cysteine

'f wrrrnrnzr' --0 'V DS'S nI", '5==»*';-
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f,b1. 5

Etrect or PhenethYl.Blau:p1de.on Liv.~ Activity

AddItions

Control

0.03 M GSH...
0.005 MP.B~G.

0.03 M GSH
...

0.01 MP.B.G.

COa
Counts per mInute x 10.3
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be08Jl8 of 1ntere.t to investigate 11 rap14 and quantitative

proca4u1'e for the extraction of all the _tabo11te. ot _valonate.

The ol.s.lc prooedures tor the extractlon ot non

saponifiable lIpids (11) extraoted readil,. squalene, oholesterol

amons other related compounda whlch represent onl,. one-thIrd

of the metaboll tea ot ..valonate as shown here by the COS/IlL~ 3.

A new method as described in the prev10us chapter

vas theretore tollowed. It provlded the requIred atoloh1omet1'7

between the carbon diox1cla l1berated and the mevalonata

«er':ved 11plds. (Table 6)ln41oata. that this method laa

.better approach to the atuc!7 ot the metabo11te. ot ...a1.onate

and otters a furtber evldenDe tor the valldlt,. of uatng

1"e.pired 002 aa an ,a8aJ tor the :rutabollsm or mevalonate.

o. Practlonation of tbe !f'_bol!tes of Mevalonic Acia:

1. Pl'alim1nan ChromatoS:ARh1e ae.olut1on: Ch:l'omato~apb:1

on a deactivated alwdna column a. previousl:r deaoribed

r ••olved the lipida 4er1ved trom mevalonic acid into thNe

major traotions with a total radioactivit,. ot 6 x 105 count.

per minute, (Plgure 9) ahows tbe distribut10n ot radio

activit,. amongst tbe varioua .fractions. (Table 7)indlcate.

the percentage reoo'1e1"1 ot radioactivity in each traction.

The first fractlon elu\e4witb n-beppane was turwhep

purified while the ~e..injng two tractions were eaved.

'trr" . =Z=t~rzr:=tt·"m7=2Ff""--ra-a err

I

............... 1



- 31 -

lable6

The stolch1oDlet~ie Relat1oIl#hip Between COe't&berated /.

f;pODl DL-Mevalonate-1.14C'mtd the Metabolite. or

DL-Mevtlonate-2-14c:

Additions OOg ,! Hetabolites
Oounts per minute X 10·S

GSlt

~.col'bic Aci4

Oontrol
O.OS X
0.10 M

Oontrol
0 •.03 M
0.08 M

55.3
1SS.5

8.0

45.1
71.7
24.1

44.8
98.2
7.6

4a.l
58.6
23.1

Ascorbic Acid
+

~scopbic Acid
+

Oontrol 98.3
0.01 M A80.+O.01 M GSH 118.0
0.05 II A80.+O.05 H GSH 44.0

Oontrol 94.0
.005 H Asc.+.005 X GSH 116.0
.015 M A80.+.01l> M G8K 133.1
0.04 H A80.+0.04 II GSH 35.0

98.S
110.0

45.1

80.6
9S.1
98.7
32.4

Oontrol
0.03 X
0.08 111

lo.a
5.S
3.1

10.a
5.6
s.a

__________________________IIiISiliSW.ilT.s_liIm_1"1f'1'.....m. _
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'fable '1

Obromatog:raph.lc Be••l~tion of Lipids Derived :t:r:~D1

DL-Meva1onate..l,2-14C Ht

Deactivated Alumina Column

Solvent

n-heptane

5~ Acetone
heptane

.0. of 1i1bes

13

14

'fotal Volume
(m].)

250

280

Total Rad10
Activity

(cpa)

107,600

36,500

Peroentage
leoovery of

Rad1oact iTit,

18~

1~ Glacial RAe
in Methanol

50_ Glacial HAc
in Methanol

~oo~ G~aclal !U

~OT.AL

29

..

-

600

200

400

228,100

17,500

14,500

IS e=y· ryrm::...,"~n)Jm

i

_An......



I • .brltto.'lon 2t the R'ltM' lDotloD: Upon aubJ.ctlng the

ttr.' traotlon elut.d with n-heptane to th1n la7.r

otu-omatograpb71t 'beoame .vld.nt that It repl"l8.nt.d a

IIl1xture otat l.a.t tbl'e. dlft'Hnt oompounda.· Subs,quentl",

thi. traotion with '-tal radtoaotlvlt, ot 1.1 x 106 counts

per minute was ~her elu.'tomatograph..d on a 811101c aoi4

column .s p:revioual" dea01'lbed and r.solved into fou

major oom;ponenta. (Figt.J:rfJ 10)ahows the 4iat1'ibutlon ot

radioaotivity amongst the various traotiona. (fabl. 8)

indicate. the percentage reoove~ ot ra41o&ctlvl" in

each traction.

file tirst an4 major eODIPQnent eluted with n~pta.ne

deC)omposed and could not b. purified 8117 further. aep.ated

att.mpts to resolve an4 pvlt"y' the d.composed p1"Oduct.

1>7 oolumn chromatograpiQ" were not auooesstul. The

1"8maln1n8 three :tractions wer8 sub j.o1;od to thin 1&7••

chPomatograpn". Mel'e than one component was p1'ea.nt 1n

all but apparently tbe ••oond fPaetlon .luted with 1$ (V/V)

,th.r 1n heptane was tbe pureat. It waa oall,d. Xl and

choa.n 1'01" 1'urther InY••'lgat1on while th, oth.ertwo

weN saved.

I. Isolatlon ot .. "la-1t.to Acids ~ with total 1'ad1oa.'lvl'7

ot 1.1 x 10" coW\t. per m1nute

wu furtbar purltie4 'b7 ethanol-water precipitation as
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"fble 8

Chromatographic He_olution ofnrBeptane FPact10n BI

Si11cic Acid. eoJ.imnI· .~ ... -:

Solvent .0. or 'lubes
fotal Volume

(ml)
fotal Radlo

Act1v1t7
(cpm)

Percentage
Recovery or

Badloactlvit1

~...h.ptan. 30 500 67,300 63~

l~ Ether 30 500 11,300 l~

5~ Ether 25 500 18,600 l7~

Methanol 40 800 10,400 9~

If 0 ! A L 1.1 x 104 99.

7 ssnrR7 ''77-'-5RP 'S'S' !
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previously mentioned then applied on a s11icio aoid oolumn~

(Fig.ll) shows that Xl was resolved into two oomponents.

(!fable9) indicates the percentage recovery of radioactivity

in each fraction.

The first and major component,called X2' eluted with

~,'(V/V) ethyl acetate in heptane was further purified While

the second fraction eluted wi th pure methanol was saved. %2

was recrystallized from hot 95% ethanol to a constant specific

activity of 18 counts per minute per mg as shown in (table 10).

Then it was rechecked for punty by thin layer chromatography

using six different solvents as previously mentioned. In all

cases thin layer chromatography of %2 gave a single spot. The

:ax- values are shown in (table 11).

D-Physical Properties of x2 :
o12 is a white solid M.P. 49-51 C with needle-shaped

crystals,when crystallized from 95~ ethanol, and a waxy texture.

X
2

is insoluble in water, dilute alkali, NaHC03t or

dilute acids. It is soluble in organic solvents and concentrated

$ulpb.urie acid.

E-Chemieal Properties of %2:
o

1.Elementa.e1; ~sis:.croa.na.lysEls of ~ dried at 50 0 and

high va~ as previous~ mentioned repo~~d different da~a

from different laboratorlesJ._;1.ndicatecLti.nJttQt~J.2)
".".

<mrrr·,w- ..,. )'iT'.Drs' :Me n m -trt'E77 -18m mem-mrnrrrrmr=t.l!ill' I
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oeomatogI-aphic. Re.solution of 1~ Dlethz;lltheI- in Heptane

FI-action blSl1i.cic Acid Column

Solvent No. of Tub••
!otal Volume Total Ra4io- PeI-centag.

(ml) Activity Recovery of
(opm) Radioactivlt;y

1~ Ethyl Acetate
In heptane

~o~ Methanol

~ 0 ! A L

25 300 6,900 61~

30 350 4,100 '6~

- 1.1 x 10" 97.

. '.j



Recrystallization 01' Xa to .Oonstant SE.citic ActIvity

1'0. 01' Trials

1

2

:5

48-10

49-51

49-51

Specific Act1vity
.. cpm/mg

18

18

'~= -' '-',-" ~~·-7- "g--m·-; "'·-szsa-rrG·
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17Pe of
data

270 -
'71.64- ~O.44 17.91 -

Possible

Value. 71.11 11.11 17.78 -
16.12 11.94 11.94 -
.c.56 12.59 11.85 -

Reporte42 74.&9 12.02 12.51 7,.12 337 -

Possible
Va1ues

73.96 11.24 14.24 - 338

340

l.Repox-ted by Dr.fibert Bernhardt ticroanalyst1acnes LaborEitoJ.'\
1l'UIlt 433 Mllb.leu. Ge~.

Also reported 'IV tlU.s laboratory a ~dro&.ut1on valueQ~

0.4 moles H2 per mole .f 1:2•



2. Abe0Dl1oJ'1. SReO'k"Wll1 %2 a'be.. 111 u'b'a-viol." at 2,38 •
.

th•••". Tagu.eq deftned absorption bands at 270 • _d

280 .. (111'.12). ~u B01v_t used VI" ettlar.t.ol as preV1ou

813 JUJ1-u.oned•

.3. IJltx:md SP8';rw&t IR spectrwa of X2 was d._~ed 88

previouslJ a.e.cri'becl, th. solve....e" •• cblorofora.

(11'1&_13) :J.nd1cate. peak maxi_ at 3540 .-1. ,3120 em-1 •

2930 0.-1 • 2880 om.-1 , 2680 0...- 1 , 1730 c.-1 • 1720 ea-1 ,

1470 0.-1 • 1415 ••-1. 1290 .-1. 1120 e.-1 , sad. 940 0.-1.
4. I.ettgl Ester of ~. ~ was es'-rifted 8IJ pre'V'1ous17 menU

oaed. !he m.etby1.'ester of X2 WM checked for :p'Uri.v 'b7

thin lqer ch.romatograpbl' in six tiffereat 801vents. In

all c... tbin la.18:r obroma_papb¥ of ~ metbll eetar

gave a si.\1B1e spot. ~b.e ~ va1.l1ea an sbowa in (table ll).

%2 mettq1 ester was 8\1b~ected to au-liquid chro

matograpl'q' ae prev1oue17 described. S'taadard .~1 stearlo

acid at1d _ttq'J. palmitic acid were tested under 'ttle same

oonditio•• fhe peak racist.red for ~ me'bb9'1 .ster cola

oided $.Ore with tnat of _tb3J.. palm1ti.c acid (F16.14).

Iatre:re4 .peotrwa .f %2 Mtb¥l es1ierwu obtainect

eawell. 1" ". found to be 81m11ar to ottu...., ot .tb;rl palmi.-

;. DfJr1vaUve FO;ru1i1ol' 2·.4-.D1.D1trophe~l bl'drald.ne d.eriva'b1

ve of 12 .. p"pare4 u prev1ft8ll' men:tloned. The bl4ra...

of X2 was _8_4 .for pu.X"1til b7 tbin lqer obromawgrapb¥

1n six 411terent 801ve••• In all oues a s1J3&le SP01; W'U

appru:-ent.!b.e ir ...&lues are sboa 1n ('kble ll).

~b.. abllorpUon epeot:t'tUl of X2 2,4-dinitropb.e~l
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A

B

FIOUD 14. PBAl'.S RBGIS'fEmm BY GAS-LIQUID

CHROMA'.fOGRAH.

A- represents ~ .eth"l .ater

B- represents meth1l palmitate

e- represents methyl stearate

:';j
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CHArDl1;V
DISCUSSIOll

POpJak (4) tOWl4< I'"when an tie 8ya'emotrat

11..,. homog.nat. was t1p8\. s.neubated on a 1a1"ge .oa1eto~ a
hOUH vith DL-meValonate-e.14c, abou.t 25 percent 0' the

DL-.valonate add.d "as oon.n.el 1n~ the pol~l'.nol 01'1Yatl"s;

alao a certaln amount ot a.141. products was to~d. Ao.ording

1,. be t ••t.4 .everal sample.. 01' the prelim1naPT bulk of incubatlon

in dltt.Hnt va,... Se:tOWl4 that the a441tion otm1eJlOI.D18.,

aseonic acid an4 (:IAD+)+(1fAl)1f4+) then turther lncuba1d.on

•••Ult04 in the :to:rmatlon of squalene, cholesterol and

oU'boq-lie aclda at the .sped. of tbe po17p1'8no18. hrther

anal,..1. proved that 'the t~.ol and ne1'01i401 comp~nta

of the polyprenol m1xt~..,.r. princlpally Involvod 1n'be

cbange.

Another point v... notloed namely In the ab.en.. 01'

81ther (I'AD+)+(IfADB:+H+) .r ...erbio acid "'17 l1ttl. aqtl&1ene

anel at• ..,l. "as tor••ct; '.pel'1Prenol. ven oonverttt4lJlto

aDboX111e ao14' which 8uw.'.4 a ;C!atabollC:...!18l!0!a!_~f!

squal.ne pNcurao1"ab,. •••baId•• not ,.et deterJdn.e".

lopjak also round that tltte•• aarbox,-11c aoids an not in'er

_cU.,•• 1n .qualenebl.ap..l1a because when tb..7 ....

an...... to aocWlNlate 111···atlJJ,,~ub.'1()n..41wa the sub••quent

..441'10not (IAD+)+(IADIl....... ' ana uoo,.1>10 acid tailed t.

o.use th. a711th••la ot aqu.a1•• and ohol••te"l. ft...



oar'boqlic acid. thex-ef"oH .ppeu tolnhlblt the utl11s.1;10n

of" the polyprenol derIvative. tor the aynthe.l. ot .qua.lene.

In vIew of" the.. f1l1Ung., 1t became ot lntaH.tto

1.olat. .0. of theae In,...41a1$e.to1' the PlU'P0'. ot

ldentlfication and elucl4a'1on of tbe bIochemical .ob.erd.1'U

hvol....4 In the cataboll. 41.p0881 of squalene pre.v,oft

and .uch 1u,·aruJf"o1'lDatlonl.

PrIor to tbl. 81$u41. 1twa. 4eclde4 to exPlore

po.alble asenta which at1Dlu1aw the production of the :neutral

and ac141c polyp1'enols. leduung agents namfilly aacorblc

aciel and GSIl were added each inetlvlduall,. and wiih va171ng

c..entratlons to the lnettbatlon .e41a. In each eue .tlmula

tion at a low concentratlon ot 0.03 Mwas "collded: baati.

1nb.1bltlon occurred at hlghel' concentratlons of 0.08 Ma1'1Cl

1>.,.oa4. It'tlJaf be noted he1'8 that thl01. 11ke c,..telne an4

_roapto.thanol when added under almllar experl_atal eGnd! tIona

provect to be Inbibltorr at all concentl'atlona.

The.. findIngs a. .._&bllahed in the l'8aulta suase.t

the pre,ence ot a redox .,.... In operatIon wn.reb.,

tlfAl)+)+(IADH+U+), ascorbi•••ld., or GSH are atf"ec'ilng .b11ely

the ._a!te. fbi. re4tJx .7.". doe. not lnvolve the

aotlvltr ot a .ulpb:TU11 &l'OU» beoause ..s alread., _tlone4

when oy.tetne or _l'Oaptoetbaol wepe alDd.laJtly a4de4 tb.q

pNve4 to be lnhlblt017&'&11 ooncentrations.

P1.lPthermore anaerobi0 oand!tlona also Inhlblh4 the

mr±,mzrm,_ em " .. T,sram'tl· am· r '. nnen (wr.etn
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p:t-oduc\lon 01' the'8 compolU14a. Oxygen was needed to atlnlate

th. tOl'llatlonot theae unIal...-rts. Ifhe role ot th1."dos.

_ohanls., It confirmed•.1n the 81nth••i. ot.terol. att4

tappenea i8 not known. Xt.gb:t be noted aawell her. _at

upon the ad4ition ot a kn... choleaterol inhibitor, namely

phenetb71 blguanide, totbe incubation mediUDl it acteda.

an inhibitor aa well to thes. unknown subatancea.. '!heretore,

the factora which atimu1a'eaqualene and chol••t.rol production

.t1mu1ate as well the tOZ'IU.tlon ot theae unknQWnl.l and. the

t.cton which inhib1t .qualene and chol.sterol torma1d.on

..ct too aa inhibitors to the.e unknown.. This might 1n41oat.

that the 'two mecbanis_ 1n opeZ'ation Jtb. tll'st leading to

squalene and ehol••te%'ol tormation and tbe .econd. 1.a41ng to

the pl'oduction ot cel'tain 'Wlknown aUbatancesJal'e aoting

al11U1\aneouslT. Upon tbe ...umu1atlon ot too much lnt....41..t ••

in tbe tirat, the .econ4 .echants. would operate to relleve

the tenaion.

The major ditticul'r encountered in asaaT1ng tor the

pol7Pren.ea, exclUding squalene and chole.terol and tbeix

t.e41ate intermediate., V&8 the abaence ot a metbod of ...a,.

and quant1tat1ve 1aolatlon of tbe.e .etabolites. The ac'lv1t7

ot the oarbon dioxide 111»8rat.4 trom DL-••alcnic a014_1,..140

laeioae Val used as the UIla78,.ate.1I It was th.r'.to~

1mpex-tant to establl.h a .'.leh1ometx-lc pelatlonah1p between

the .arbon d10xide libera'.el and the metabolit•• 01' _monic

••1.d in the liver.



Acco1'"d1ngl,. a aood. ""hod tor the extra.tionotthe

_tabol1tea or mevalona" va. required. 'he cluaioal' ..thods

tor extracting the lipid. involved.

A. Saponlfication or tbe incubation m1xture~

I. Extraction w1th petroleWl ether under alkaline concU.tiona.

O. Measurement of the aotivity of the petrol-.11m .t~~a.nd

8ubsequent resolution of the non-saponifiable I1plcla

by chromatop-aph,..

D. Buractlon or the aqueous laTer with petroleum etbaJl

under acidic conditlons.

E. Meaaurement of' theactlvitJ of the petroleum ether layer

and 1ts Nsolutlon by ch.romatograpb7.

Sltoh a _thod was Inadequate and tedlous. It orrered 4N*tic

eentitiona for ext;paotlon whet-eb,. all compounda were tn'll.

01...ltlIJ4 aa strictl,. alkaline or aoldle. It was modilled

and a .econd _thod was uaed. which invo1vea. tbe tipst lour

'MpS then the neutralIsation of the petroleUIll ethep lqlJr

with 0.1 .. DOOS and sub.equent extraationot the DaOa It,.,.ex

1fith petroleum ether uneter acicU.c condltlona.

In this .ethod extraetJ..on under IIdlder conditio.

gave the opportunity tOI" the neutral compounds to b., .eparatea

on one aide pather than he placed under atrictly aoid1. or

baaic oonditions.

However. 8ueh _tho4. were far from ottez-Ing ,he

x-equlHd atolehlomet17 be•••n the carbon dioxide 1Iben'.d

7
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and ..tabolltea or _val....,.. HeaYJ cOl1taminatlon 'With

unreacted mevalonic acldw.. contronted aa W811. A further

ID1pI"OV8..nt 71elded a tbiN procedure which waa outlined In

the ohapter ot methoda.

It 18 worth notloing tbat all or theae methoda

Involved the acidification ot the water la78r and sub••quent

extraction with p8trole. ether arter the initialextt-actlon

under alkaline conditions. Such a procedupe waa followed

In o1'4er to recover aome ot the neutral and acidic metabolitea.

fbi. 18 in accordance withPopJak's tindings (4) that ••t

Of the petroleum ether-soluble Bub. tanee. ve" neut1'al in

character and relea.ed atter acidification. Hovever, a

quantitative Ncovery was difticult because or the 11m1kd

aolubUit1 or theae compoU1'148 In petroleum .t"el-. In 8441tion,

con'baldnation with residual ftd10active mevalonate in the

aqueous la1e1" vaa unavoldllble.

~- A fourth method was later tolloved~ it involvedt

A. Saponification ot the incUbation mlxture.

B. Satvation ot the sap.dt'ied mixture wittl aodll1Dl.b.1oride.

C. Bxtraction with ac.t... petroleUJl ether 7s3 (V/V> under

alkaline oon<1itlona.

D. Extraction of the pet1'oleum ethet--aeetone 1...,.r with

acetone.

B. Measurement ot the actlvity 00£ the acetone l.,.er and

lu t-e.olutlon by 0br0Ita1h)paph,..

All extractiona we" t-apl41., ••comp118hec1 and a Ddn1_ loa. ot'
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ra41oac~"f'1V was eacOUtlte.:ted. b••anse ot sueb. a. reln't1Tell'

sb.or'iprocedure .-Furthermore, tb1.s method proVided I

1- The required sto1.eb1outrt betw.en the oarbon dionde

l1berat.ed and -.••"slout. derived lipide.

2- .A reliable approach and eeUJ:m:l. of 'the oontpO'Wlds that

are der1ved from ""alonate,,

3- No cOlr1Jamtnation W1 tin residual _14e-mevalonate.

4- A farther evideaeeforth. validity: $t using respired

carben dioxide as an asraq tor the metabolism of .meva1

onate _ 11'9:81" ti.ssuea ..

Po.llOw1D& such an ex'tract1on procec3W:"e t different comp('luru!s

reprelleI1ting the metabolites of u.evaJ.ottaW were rGsG1Ved

_ CD.rosaa:tograpft7.. Al~cugb. a number ot tlheee _tabolite.s

was isolated. a det1ni tiVe IItmctural stud3 was preoluded

beoau.se of ~1r i:.lsta})111V uJ!on pu,rtf1cation. However f

durllSS •• conrse of pg.rU1cation a crystall1ne promot, X2t

aoeompEU1.:ied the 0111' me1;aboll'teawtH! isolated. Although 1 t

did not poesessa oouldeZ"ab17 b.1&b.. specific a.ctivi iW' oom

parable ~ 'he ether metaboUtee f 1. t Wd dee1d6)d to explore

1_ stru.own be...e .~ 1,. relative 8tab11.1t7 arid purity.

fb.e put.V of .%2 was evident in ditterent 1 tems c

1- fAin 1.,.1" ohrollatopap__ 01 .%2 usix different sOlTen:ts

and a'i v8.l'71.., oonoenuat1.011S, least of which was 0.254,

save a e!DCle 8po,,'••b1. 11).
I

2- The metb¥l ••~r of 12,.8a ft\'i~••ted t¢ I'M-liquid chro.

matograplQ', .. res.lved as .. s1nel. sharp pEtak (Flg.14).

3- fhe 2,4--41a1'tropb.e1ll1 tQ:drasoneof X2 l1elded a a1nB1e

spot in 1;b.:I.n lqer eb.rcunatopoa.pb1' lUling six d11'terent 1I.1ven'ts...- ......7 TTl arT:- rrnsprszi r Flaim



4- ~ wae recZ7sullized three Umes to a constant specific

act1T1 V of l8counta per minute per 111&.•
o> 1:2 was ree~stall1zld to a const~t melting point of 49--51 C

6- The infrared spectrum of 1.2 yielded sharp peaks characteristic

~Jf a purecolUj)ound.

~ Au beon id.entified as a keto ac1dW1 ttl an

empirical formula CJ,6B)003 and a mol~Clular we1aht of 27o:t:2.
0,;,

Variou.s anaJ¥ses were perform.ed on X2 to determine 1 ts funct-

ional groups ae preViou81.y rt:iported. Ititassca:n.ned 1n the infra

red regiQl'l of the spectrum (Fig. 13). The pre$EU1Ce of a band

at 3540 cm-1 suggests the -o-H s'iretch of carboX¥l1c aoitle.

The wide band between 3120-2680 cm-1 represents the '~R~P.
The strong double peak at 1730 cm.-1 and 1720 Cln-1 indicates

th.e 0=0 st1"$tcb. o~ a ketone (17). No peak was registered

between 1610-1600 om-1 charaoterist1c of e-c bQt a peak at

1415 cm-1 JBal' e1;a.nd. for O=C-H (18).

A turther proof for the presence of u carboxylic

tu.ncttonal ~up was the formation of the methyl eater of X2+

This Wf\$ checked 'f;;y thin 1cqer chrc,lmatogra.;ptq' (table 11) an.4

gu-liquid chromatograpb¥ (F1th14). The peaks registered by

tbe gas-liquid cbroma:toara.ms aupported the idea th.at )(2 1s a

016 compO'Wld.

Ab&orpti.on 1n the u.ltrs.-'V'101et region of the

spectrwn (Fig.l2) confirmed that x2 ' \Vh.1ch registered a

fint band at 200-230 .m.n and a diffuse<l second 'band at

270-280 m A, .b.u '. ketonio tu.not1onal group. Carbo~liO
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acids usual~ absorb in the ultra-violet reiiGn at one band

namely 207-210 m.:u I bu.t auet! a wavelengtb. cannot be properly

detected Ul1.der the givan expe:r1men'tal conC'd tions.

The formation of a 2,4-dinitropuenyl bydra2\ino der1

vat!va of ~ save more sUpptu:-t for the presence of a ketonic

group. This VJaS ;proved bY' thin layer chromatograpby (table 11)

and ultrt?,,-violet absorption spectrum (Fig .15). The absorption

spectrum ct X", pneql hydrazone is ty:p1caJ. of: a,zo dyes (17) ..
ttf.

The n.m.r. spectrum of A2 (11&.16) showed a triplet

centered at '(=4.67 (l.R) attribu.ted to vinv1 protons. a doublet

centered at 't'=7.68 (lIi) a.ssigned toa m.et.bl~inic proton 0(, to a

carbonyl function, a larse singlet at '["=8.73 (Z6U) cbaraeteri.

st10 of' aliphav.i.a m.et~leni.c protons, and another singlet eo"

'1:=.9.10 (3H) Q2signed to one metbl'l s;roup.

Although eh.~mi,*ul testa for unsa:turaUon na.melT

'the use of :fur:! water or IGIln04 solution were nega.tive taus ind1

cating a saturated compound, yet Hucn procedu,res would not

reduce & 0:.0 if' 1 t is a part of a Vinyl group_ How(.ver, the

elementRry" chemical analysi. and n,m.r.spec~:ru.m.suggest the

presence of' at least 3<>-32 b1'dro&.ns.~t the C;;O is to b$ :tegarded

a$ a part ot 1:2 and not a contaminant, tile .nwnber of lqdrog.ns

can be regu.rded wittl a margin o~ ,;1;2 b8drO&eUtI!A pos.ible ,t1'l1c1;u.re

of X,2 would therefore bel

-C' an' Fe 7 2775 tmw sn _. P'7'



The empirical formula of such a compound 18 C16H2S03 od 1.

molecular weight 1s 268 which conforms n:tb1n ~2 ch 1b.e "'alue

of 270 obtained for molecalar weicht me~men'.

A s&Cond pose1bill 'Q; would be a eaturated hydrocarbon

nth. an e.m.piricalf'ormu.la of C16H3003 and a moleCUlar weip.t of

270. It may be pointed out here that While conduct1ngetudies on.

long-chain fa""" acid oxidation in mB.IlUI'1Qllen tissUCUlt Jone. et.a1.

(1;) isola,ed J-ke'\ob.exadecenoio aci4 Crl'R)20.3 ; 3-b;ydro~bexaQeca

noic'B.c14 C16H3Z03 ' and 2-he:xadeoenoic acid C16H,3003 •

Some lipid-eoluble substances w1to. acidic propertieIJ.

namely the prostaglandins, were isolated (19) front the homogenates

of guinea piglr~.. A C20H340; ,called PGE1 • was identified. u

a carboX7lic acid oonta1n1ng 2 ~droxyl groupe t one keto group,

one tr~ doUble bond. and a qe::!.opentanol1. rine;. ArachidoniO

.a014 is uu.al.17 couverted to aGile proe188landins (20) and these

eom.poun.de are w14eljr distribu.ted in animal tissues.

OUr f1nd1np 'tbat wRs:if'l1er stimul.atee 1ib.e steroids

formation st1mlatea tbe formatio!1 of X2-11ke compounds. and

Whatever 1nhibi. tbe lJ'Mroid.8 formation iJ1b1bite the formation

of %2 saong other oom.pOlUlcla. -le' us • *peC1.uate on DQW would

meYaloDieacid 1ield o.ompoUIlb 8uchas ~ • fbat 18 , wluit is

the nnwre of the meohanism wb1eh 11tVolves 'Ihe formati.on of

suoh OODlPOu.n4s dert...e' frcua_valonc acid aad m:Lgb.ttunCtiOl1

ill the oatabollc tiep.sal of squaleu pre¢1lnore'

tb.. ps:tb:tfq fro1l. mevalonic &<:1416 far from being

oleer as to how we cet %2 formation. flU. 1. a1d.ll epened to

$p$Ct.llat1Ol18 and require. _re deta11ed exper.1••ulw. An ilapor-

"we wz
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tent point to be noticed here is the low radioactivity of ~.

If X
2

was a. direct :product of mevalonic acinar the pal1prenee,

~..t$ radioactiViV woul.d be expected to be hi.ghar; more s1tee

of unsa:tur&tion are expected; end more braneb.1nc in 1ts.true

ture should occur. Hencs, ei.tb.er fa cha1n of reactions mu.st be

taking 1'1.13.00 whereby dilu.tion oocurs lor, this radioactiviV

is a oontronination by' residual radioactive mevalonic acid.

Considering that X2 is derived from mevnlonic acid

a possible pathway would bel

r4eve.lonic Actd--.-.po17prenee- • ......sterca

~PCOL~

12

1. :1
2

is deri"~c:. from. the poJ.yprenss indireotly through a

metabolic pool whicb, might involve CO2, neetyl CoAteto.

This pool is:

tl:,. E.1 thar 13. very le.r·ge onE' thus aocount1ng for tb.e

dilution of radloact1v~ty in x2 ' or

b. It hlE..Sl a ve17' faa t I"ate of turn-over thus ~x.plainiq.

tb.e dilution of radioa.ctivity in x2-

2. X.., might be derived from. the sterols through severu,
steps of cleava&e.

~ _ ~2.;... -- ~ _, ~ "" • ~ -' • - - ~ - ... • - ~ - ~ ~~~-



.. 60 ..

SUMMARY

A stud,. ..a. designed to 1801ate, purlf,. and partially

id.ntl~ certain metabollte. or mevalonio acld trom rat

livelt. 'rhe patteltn crtbe.. intermediate. on colu.mn

chromatography was exam1ne4, and ttle etteot. or t11le, pH

and concentration on ttle metabolia. ot ..valonat. were

inve.tigated. The ertects of ascorbic acid, glutathione,

erstelne, anaeroblosi. and aome inhibitors were studied a•

..all.

Metabolite. of mevalonata tormed b,. minced rat liva.

ve" extracted, fraotionated and puritied bychromat08l'aphy.

Xs. one of the isolated _tabolite., was purified an4

ldentifled as a ketoacld wl'th an emplrlcal formula of'

CleHaeOa. Evldence tor tbe presence ot a oarbo!Qlsl'OUJ),

carb0Xfllc group and a po.aible site ot unaaturatlon w••
givan.

PNlilllinal?' studies indicate that l'll8valonic acid 1.

undergoing converalon to one or more unknown compounda'b7

a path.way wherein a pacto••7.". i8 opepating.

raTS X' T t
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