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ABSTRACT

. #
METABOLISM OF RADIOACTIVE CHOLESTEROL IN THE INTACT RAT
o
David Eritchevsky, Martha R. Kirk & Mex W, Biggs

Radiation Iaboratcry-and Division of Msdical Physicsg
University of Califomiag, Berkelsy

. ABSTRACT
April 45\ 1952

Studies on the metabolism of exogenous @hel@steml in the intact rat,

using cholestercl labeled with caxbomM and hydrogen-3, are described.
In the case of both Veholelstwolaguﬁ and cholesterol-H> feeding, radic—
activity was present in the uvrine agzd in the fatty acid and non-saponi-

~ fiable portions of the feces, carcass, adrenals and liver,

In the case of the xats fed ehel@sﬁ@r@lé@%l",, activity was also present
in the breath, liver phospholipid and liver glycogen. '

In the case of one pregnant animal, 20% of the administered activity

was present in the fc.wtio _

For publication in Metabolism
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This work was sponsored by the U.S., Atomic BEnsrgy Commission.e
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METABOLISM OF RADIOACTIVE GHOLESTEROL IN THE INTAGT RAT
David mtcheﬁsm ‘Martha R., xirk"& Max We Biggs.** |

Radiation laboratory and Divisia of Medicial Phyaics9
University of Califcrnia, Berkeley .

These a:pgrinients were carried out as part ef s study cencexrning the fate
of ingested cholesterol in the intact animal., With the availability of cholestercl
‘labeled with radicactive isctopes it is now possible to trace the metabolic path-

. way of all or part of this 'ste:_;‘oido In emrstudies,- both chéleste'zfol-cu and
choleéterole-HB were fed and the distribution of radicactivity was determined follow-
ing the feeding of each labeled compound. The steroid was administered in oil, via
stomach tube, and after fmm days there was label present in the feces, urine and
fatty acid and nenosapmifiable fractions of the livery ad:renals and carcasse

Where cholesterol=Clé was f@dg radieaetivity was also present in the liver glycegen,
liver phos;helipid and breath. The data definitely indicate the mtabolic utiliza-»
tien of all or part of the @helesteral molacule to give fatty agiés,_ glycogan,
phospholipid and, pmsmblyg @ther steroids. o

The carbon-labeled chalest.erol was biecleogically synthesized from sodium
acetate-1-C (1,2); the tritium-lsbeled material was mrepered fram cholestarcl by
platinun catalyzed exchange with tritium exide {(3)e |

AJ:L rats were of the Curtis-Dunning strain and weighed
between .185=220 grams. Rats A and B were malss and rats C,D,E and F wvere females;

¥ This work was sponsored by the U.S, Atemic Energy Commission
e Fellow, Arthritis and Rheumatism Foundation.
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rat C was pregnant. The rals wers starved fc@c;)@,& hours ricr ‘a'; feeding of the
labeled cholestercl, which vas dissclved in 1 cco of Wessan oil and sdministered
by stomach tube. The tube was. rinsed with an additiomal 05 cco of @ilai“‘t@r each
feeding. Rats A and B each received 0.9 e (2005 mgoq 4eb x 3.0"2 _#@/mgo) of cho-
lesteral-Ci; rats G and D eech received 0.59 Moo (13.1 mgey 4oi7 % 1072 He/ng.)
of @hol@st@rolwclé‘g and ratg E and F each received 20 MHe. (20 Dgoy + H@/mge} of
cholesterol=H. Following the feeding of the labeled campounds the rats were ‘
placed in individual metabolism cages and ellowed to teke focd and wé‘ber freely.
Urine and f@@@s were collscted deily. In the cese of rats A and By breath samples
were collected at half-hour intervels for the first 2-1/2 hours; then samples wers
collacted after 3=1/24 5, 249 29, 48y 53, 72, T7 and 95 hours. After 96 houwrs the
animals were sacrificed, the liver and edrenals fmm@v@dg and the cercass allowed to
| dissolvs in 40% equecus potaséium hydrexide. In the case of rat G ‘th@ foeti were
removed and t;ma.ted sepamtelya

Except whers lndu,wmd 1, all radioactive carban detcrminatmns were carried
cut by direct plating of samples and assay in a windowlsss @@unt@re The trititme o
centaining samples wers cembusted to watem from which radicactive hydrog@n vas gens
erated. The tritium gas was assayed in sn ionization chamber (4).

Breath: The expired carbon diexide was colleected in sodium bydremide, re-
cipitated as barium carbonate, and the resultant precipitate asssyed for radic-

FEE The fivst 30 minute sample showed a small

sctivity in an ionization chamlber (57
but detectable amount of radi@a@tivityo
Urine: -In the case of rate A, B, C and Dy the combined urime fractions

were acidified and extraeted continucusly with sther for 24 hours. The ether wag dis-

wEE Ve are indebted to Judith Yafs’% Bvelyn Morgan end R@berta Mclsb@@y for
thegse determinations.
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tilled and the‘residués-‘ plated directly.’ In the experiments where cholestercl-H>
was fed, each daily sampie was lynPhilized,E the water assayed for tritium activity,
and the cémbined- residues treated as described above.ev None of the eight water
samples showed any detectable tritium activity. |

Feces: The feces were extracted with ether for eight hours in a Saxhlet
extractor, After assay for totalactivity the extracts were saponified and the
activities of the non-sapenifiable and‘ fatty acid fractions‘ determined, In every
‘case the bulk of the radicactivity was present in the first day feces.

Cargags: The basic seolution resulting frem the drastic treatment with po-
tassium hydrexide was acidified and continuously extraeted with ether for 24 hours,
The ether solution separated into fatty acid snd non-saponifisble frections by
passing it over a column of Ambevlite IRA-400 ion exchsngs resin. on‘whi@h the acids
are adSerbed (6)o The acids wers eluted with strong hydrochlaric acide

In the case of rat Ay a sample of crystalline ch@leste_ml,meég 14599 was
iselated, Conversion to barium carbonate by the Van-Slyke Folch wet combustion pro-
cedure (7) and assay of the barium carbonate showed the samples to Iia‘ve-a specific
activity of 2,16 x 1074 le/mg, This remwresents a two hundred fold dilution of the
original sample. \ | o :

In the case of rat ‘G9 ‘@he mregnant animal, the eight foell were ramoved,
pooled and dissolved in hot, concentrated potassium hydroxids solution. Seperation
into fatty acid and n@nmsapoxﬁfiable fractions was carried out as deScribed above,

- A gample of pure cholesterol, mepe 1!;609 was isolated from the non-saponi-
fiabls fraction. The specific activity of this material was found to be 3,30 x 1074
bc/mg, representing a hundred and thirty fold dilution of the original materiale.

Adrenalss The adréngls were dissolved in 30% aquecus .potassium'hydrdxide
and the basic smlutién‘mztmcted wiﬂz ether to yield the non-saponifiable material,

T
Y
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Acidification of the basic solution remsining yielded the fatty acid fraction.

Iiver: In the cholesterolmslz* experiments the livers wers homogenized and
lyophilized and the dry ‘reaidu@ was extracted with a@e‘tmé for 24 hours in a Soxhlet
extraetor, This sample was designated as 1lipid Mteriale The residue was ether.
extracted for 12 hours to give phospholipids. The phospholipids wers reprecipitated
prier to assay for radicactivity., The liver residus was dissolvedin 30% aquaous
potassium hydroxide and the glycogen ecipitated with @thanol and sadium sulfat;@a
The glycogen was alsc :reprempitat@d ricr to radi@a@tivity m@asm"emmms The inim'
' tial acetone extract was sap@nifmd by mght hour reflux with 10% alccholiec Aip@taasim
hydrmcid@ and geparated into non-saponifiable and fatty acid fractions.

In experiments invelving @h@leat@mlmﬂz the livexs wers diss«;l%d in h©t9
‘concentrated base and only the fatty acid and n@ncsapenifiable fractions were che
tained, | | | o

DISCUSSION

These expsrimsnts dempnstrata the metabelic utilization of @h@l@sf@@f@l
for the synthesis of fatty acids ‘and_ glycogen. The conversion of ring-labeled
cholesterol to steroid hormones (8) has been demonsirated emé this suggests that |
the side chain of cholssterol may bs the major cantributor tovards the radicsstivity
found in the fatty acids. It alse p@ints. up the possibility that not all the norn-
saponifisble activity is due to cholestsrole J |

Recent experiments "ha_.ve shown that following the feeding of cholestercl-26-
Gu* to rats a considsréble poi’tion of the radicestivity mey be r@_c@w@md in the
breath in a relatively shorﬁ time {9}, The small amount of radicactislty found
in the bresth samples cbtained from ratg A and B would suggest that the findings
of Little and Blech (10) that cholesterol biologically synthesized fram carbexyl- |
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Table I,  Distribution of Radioactivity Following Cholesterol-Glé

Fseding
T _ e Rat B Rat C Rat D
‘Origin (0.9 Meo) (0094 Heo) (0659 keo) (059 Heo)
ke . % He [ ke 3 Ke %
Urdne 77 B9 o138 1468 0,005 0,85 . 0329 55,73
Feces NS* o324  34alb o276 29036 0328 55,56 221 38u45
Feces FA® 045 479 (063 640 | 0L 186 016 2.7
Carcass NS 023  2.45 064 6.8l 038 6uld v.'OlO 1.73
Carcass FA 083  8.83  .306 32.55 020  3.39 2008 1.35
Arenal NS o030 3019 o023 2.5 053 8489 QLT 7496
Liver NS o394 4191 o017 1.81 = 005 0,85 003 0,51
Liver BA o044  4o68 066 7,03 o004 068 40003 0405
Liver PL' 0L, a9  JO71  7.55 0002 0,03 40005 0,08
Liver G* o006 0464 o008 0085 004 0,68 <005 0,80
Footi NS | . 2095 16,09 S e
" Fosti FA 028 Wl N

TOTAL 1,069 113,72 1,055 112.24 0o656 111,16 0660 131074

NS = Non-saponifiable; FA = fatty acids; PL = phospholipids; G = glycogen
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Table II, Distribution of Radicactivity Following Q‘hoi!:,e&:'!;ez"<>1‘==H3 Feeding

Rat E , Fat F
Origin (20 ¢s) . (20 keo)
He T % He %

Urine 0.8 0,90 10,15 0,75
Feces 11590 59450 13,50 67,50
Garcass NS 3,94 19470 , 362 18,10
Carcass FA = 0,53 2,65 0627 135
Adrenal NS 0,05 0,25 0,07 0,35
Adremal FA 0,39 1.95 0,005 0403
Iiver NS 0,11 0455 | 0:08 00
Liver FA 0,02 0,10 - 0,03 0.15

TOTAL 17.12  85.65 17.725 . 88463
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| labeled acetate containsg ne iabe&.in carbon atams 26 and 27, may bold true generally.
The braagh activity during the course of the expsrimsnt may be dus to axidstion of
tﬁe fatty acids formed as well as from cholesterol breakdown, but the activity
rresent in the first 30 minute gemple must surely rapresent bzeakdown of a small
portion of the ‘cholesterol to carbon diecxide. ‘
| Within the error of the experiment, the major portion Aof' the activity was
accounted for in all enimals which suggests that the di.ffemencés iﬁ the origin of
xadioactlvity are due to indivmdual metabolic differenees in the animals invelved,
Ih all but one cass, about half of the administered activity was excre* o In the
four rats fed carbon-labeled choiﬁatarolg there seemed tebe one msjor source of
activity, in addition to the fecss, in every case, In rat A th;s gource was the
liver non-saponifiable which could mesn storage at that sitéo Ihe_great canversion
 of cholestercl to fatty acids in rat B is”mirrered not only in thg high activity of
the carcass fatty acidy but aléo.in‘the higher activity of the_liver fatty é@id and
phospholipid fractions. - In the preguant rat, rat G, there were two high radicactivity
pools, th@ adrenals and the foeti, both of which'c;ntained abogi 20%_@f the adminis-
teved activity, Ithe presence of a relativgly}high concentration of radicactivity
in the-foeti indiéates ready ﬁransport éf cholestercl across the §1acenta1.m@mbran@o
Rat D @mmtea'.gfz% of the administared activity in the wine and feces., |
Although the qualitative asp@cts £ the metabolic utllization of cholastercl
were the same in all cases, there wag a large quantitaiive variatiam ﬁr@m animal to
animal. While the female rats (c and D) cenverted mich more of the fed radi@a@tivity
to adrenal radioactivi‘hy‘9 the data do not warrant assumption of a sex difference.
It mast be'p@inted out that meny similar expsriments will have to be performed be-
fore any conclusions concerning the percentage converted into each constituent may

be sssessed.

der
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..In the case of the tritiwlébeled cholesterel feedings, the finding of
activity in various i‘é.tty acid 'fra@tioﬁs would implicate the terminal isepropyl group |
of the cholesterol side chain in these syntheses, since it has been shown (I1) that

in cholesterol labeled with heavy hydrogen, the activity is found in the areas of

carben atous 3=6 (46%) or in carbon atoms 25,26 and 27 (54%). The more camparable

data obtained from rate E and F might also suggest that the diffevences found in the
first four animsls msy be due to different breakdowns of the cholestercl moleculs
following loss of the temina.l isopropyl group. |

_ Saponifi@ation o the mctra@ts obtained frem feces E F gives the follow-
ing breakdown of aetivitiess Feces E ~ non-sapoy 6058 Moo (3209%)_9 fatty acide,
0024 Heo(Lo2%)o . Feces F = non sape, 11.0 Heo (55%); }fatty _acidsa;}().c&l oo (2:05%)0
The 'ioés of actiﬁty may be attributed to the loss of labeled enolizable hydrogen
during samnifiéatieno This suggests the loss of soms a@tivity»frm the other ﬁa@tiom
for which no data was ebtained prior to saponification. Although it has been shown

that cholesterol-E3 is a suitable tracer in experiments involving the entire mole-

cule (12), these data again indicate that this compound is not a suitable tracer
far metabolic de@adation experimmtso : '

~ SIMWRY
1, Studies on the metabéliém of @cog@ﬁ@us cholesterol in the intact rab,
using eholestercl labsled with carbon-1/, and hydrogen-3, are described,
2,  -In the case of both éholéaterélmcu and @h@lestazmlmﬂ‘z fesding, radiosctivity
was present in the urine and in, the fatty acid and n@mmaap@niiiabl@ portiens of the
feces,, carcass,adrenals and lmero | ‘
30 In the case of the rats fed cholesterol-Gl%, activity was alse mresent
in the breath, lijrer phospholipid and liver glycogen.
bo In the case of one pregnant animal, 20% of the administered activity was
presént in the fosti. '
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