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Biosynthesis of retinal in bovine corpus luteum
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Abstract Bovine corpus luteum tissue was sliced and incubated
with B8-[15,15'-3H]carotene. The conversion of radioactive 8-
carotene into radioactive retinal was substantiated utilizing col-
umn chromatography, thin-layer chromatography, high-speed
liquid chromatography, and a derivative formation. Lowering of
the incubation temperature to 20°C or boiling the tissue elimi-
nated the conversion of 8-carotene to retinal. In addition, other
carotenoids and possible oxidation products of 8-carotene in the
corpus luteum were investigated. Our results indicate that the
bovine corpus luteum possesses the ability to synthesize retinal
in situ, which may play a role in reproductive functions.
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Bovine corpus luteum contains relatively high concen-
trations of 8-carotene (1, 2),“amounting to 60 ug/g of tis-
sue weight.! Recently (3), retinal has been isolated from
this tissue. Although the primary site of conversion of 8-
carotene to retinal is intestinal mucosa (4-6), the reaction
occurs also in liver and kidney (7-9). The presence of
provitamin A and retinal in the corpus luteum raises the
question of a possible relationship between those com-
pounds. It has been suggested that vitamin A may be re-
quired for efficient steroid hormone production (10-12)
and that it plays a role in reproductive processes, €.g.,
maintenance of pregnancy (13, 14). It is also of interest
that B-carotene was synthesized in vitro in the bovine cor-
pus luteum from sodium [1-!*C]acetate (15).

MATERIALS AND METHODS

The 8-[15,15'-3H]carotene (sp act 147 uCi/mg) was a
gift from Hoffmann-La Roche Inc. Unlabeled §-carotene
and retinal were purchased from Sigma Chemical Co. All
other reagents were analytical grade or glass distilled.

Corpora lutea were obtained from the ovaries of freshly
slaughtered cows at a local slaughterhouse.

Incubation

Corpus luteum tissue was sliced, and 1-g samples were
incubated in 20 ml of buffer medium with radioactive 8-

carotene in the dark at 37°C for 1 hr, with continuous
shaking. The buffer solution contained 2 mmoles of
KH;PO,, 0.3 mmole of nicotinamide, 0.1 mmole of glu-
tathione, 0.12 mmole of sodium glycocholate, 0.12 mmole
of MgClz, 0.02 mmole of FeSO4, 4 mg of lecithin, 2 mg
of a-tocopherol, and 1.25 ug of 8-[3H]carotene in 50 ul
of acetone, pH 7.7. A total of 30 incubations were per-
formed.

Extraction

After incubation, the tissue was homogenized in a mix-
ture of chloroform-methanol 2:1 with a Polytron homoge-
nizer, and the volume was brought to 150 ml. Then 25

ml of 0.1 N H2SO4 was added and the phases were sepa-

rated in a separatory funnel. The chloroform layer was
collected and evaporated in vacuo at 40°C. The residue
was dissolved in hexane (1 ml) containing a-tocopherol (1
mg), B-carotene (100 pg), and retinal (100 pg).

Alumina column chromatography

The hexane solution was added to a column (6 X 1
cm) containing 5 g of alumina (Woelm neutral Al;O3,
activity grade III) as in a hexane slurry. The elution, per-
formed in the dark with solvents of increasing polarity
(16), was as follows: B-carotene (20 ml of n-hexane); ret-
inyl esters (20 ml of benzene-hexane 1:17{v/v]); retinal
(20 ml of benzene-hexane 1:1), retinol (50 ml of ben-
zene); more polar compounds (20 ml of methanol); acidic
compounds, including retinoic acid (20 m! of methanol-
25% acetic acid 3:1). The eluate was collected in 2-ml
fractions with an ISCO model V volumeter and an ISCO
model A fraction collector. Every fraction was sampled for
radioactivity. An aliquot of 0.4 ml was evaporated and
counted in 10 ml of Omnifluor (New England Nuclear, 4
g of a mixture of 98% 2,5-diphenyloxazole and 2% p-bis-
(o-methylstyryl)benzene added to 1 I of toluene) in a
Packard Tri-Carb model 3310 liquid scintillation spec-
trometer. If quenching was significant, an internal stan-
dard was added ([*H]toluene, sp act 3.12 X 10¢ dpm/

! The bovine corpus luteum contains variable amounts of B-carotene,
from traces in the winter to above 110 ug/g in the summer. Endogenous
retinal level is about 1.2 ug/g of tissue. (B. Austin, Ph.D. Thesis, Uni-
versity of Massachusetts, 1969.)
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Fig. 1. Visible spectra of carotenoids isolated from corpus luteum (in
hexane).

ml, New England Nuclear) and the sample was counted
again.

High-speed liquid chromatography

Radioactive fractions containing carrier retinal were
pooled, evaporated to dryness, and redissolved in minimal
amounts of hexane. Aliquots of this solution were injected
onto a Corasil II column (2 X 1050 mm) and eluted with
1% ethyl acetate in Skellysolve B (bp 61-70°C) at a flow
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rate of 0.65 ml/min under 150-200 psi pressure delivered
by a Milton Roy model 196-31 pump. The UV absorbing
peaks were detected in the cluate by a Laboratory Data
Control model 1280 UV detector (280 nm) and a record-
er. The peaks were collected in separate vials and counted
or subjected to further analysis.

Thin-layer chromatography

The samples were spotted on silica gel G plates, 250
um thick, with authentic retinal and B-carotene, and the
plates were developed in a closed tank in the dark. The
following solvent systems were used: I, acetone-petroleum
ether 1:9 (3); 11, hexane-diethyl ether 1:1 (17); and III,
methanol-benzene 15:85. The spots were scraped into
scintillation vials and counted in Omnifluor or eluted with
hexane—ethanol 9:1 and used for further tests.

Derivative formation

Retinal was reduced to retinol with NaBH, (16). The
retinal solution was evaporated under nitrogen and dis-
solved in 0.3 ml of ethanol; 1 mg of solid NaBH4 was
added, and the mixture was left in the dark for 2 hr. Reti-
nol was separated on a thin-layer chromatography plate
with solvent system II. Retinol was detected by fluores-
cence under UV light, eluted, and counted. Spectra of ret-
inal, retinol, and $-carotene were obtained with a Cary 14
(Varian) spectrophotometer.

Recovery

All the operations were performed in dim light, red
light, or, if possible, complete darkness. The addition of
0.05% BHT (butylated hydroxytoluene, Aldrich Chemi-
cal Co.) as an antioxidant helped in obtaining excellent
recovery in all analytical procedures for B-carotene and
retinal as confirmed by the radioactivity and absorbance
measurements. Recovery of -carotene and retinal in vari-
ous procedures was over 95%.

RESULTS AND DISCUSSION

Oxidation of S-carotene

Goodman and coworkers (6, 16) advise purification of
radioactive $-carotene on an alumina column before using
it in the incubation. In this investigation it was found that
oxidation products of 8-carotene contaminated every frac-
tion in alumina column chromatography, with the greatest
amount of radioactivity in the methanol eluate. When
0.05% BHT was added to all solvents, the oxidation prod-
ucts became insignificant. Subsequently, the solution of la-
beled S-carotene was used without a daily alumina col-
umn purification. Apparently, most contaminants are
formed on the alumina column itself if 8-carotene is not
protected by antioxidants. In further experiments we used

2T0Z ‘6T aunr uo ‘1sanb Ag 610 Jj-mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

CI:O CHO

— —— Y
8 —oxidation

ESTINAL 8-APO-8' ~CAROTENAL

%

/Mﬁ.&

WW

WW

% | maven
OH

dation

W

S8~CAROTENE. MONOEPOXIDE

i

MOUPATOCHROME

‘Fig.2. Scheme of*8-carotene oxidation in corpus luteum.

0.05% BHT in all solvents for extraction and alumina or

thin-layer chromatography.

Besides B-carotene, corpora lutea of examined cows
contained other carotenoids. It was possible to isolate
them by alumina chromatography and to identify tenta-
tively visible spectra of 8-carotene monoepoxide (447, 478
nm) in fraction 2, mutatochrome (427, 456 nm) and S-
apo-8'-carotenal (457 nm) in fraction 3, cryptoxanthin
(450, 480 nm) in fraction 4, and lutein (420, 448, 478
nm) in fraction 5 (Fig. 1). The last fraction, 6, always
contained a pink-brown pigment with a sharp absorption
band at 398 nm, identical with hemin from cattle blood
subjected to identical extraction and chromatography.

Lutein and cryptoxanthin have been found before in
cow’s blood and milk (17, 18). Mutatochrome was men-
tioned as a possible B-carotene autoxidation product in
fats and organic solvents (19, 20).

After incubation of 8-[3H]carotene with active corpus
luteum tissue, the isolated carotenoids contained some ra-
dioactivity. They should be considered as possible stages
in the B-carotene changes in corpus luteum tissue, at least
in vitro (Fig. 2). Fraction 3 obviously required further
purification to separate retinal from mutatochrome and
$3-apo-8'-carotenal.

Conversion of 8-carotene to retinal

In order to investigate the possibility of enzymatic split-
ting of 8-carotene to retinal in corpus luteum, the incuba-
tions were performed at 20°C, with boiled tissue, and at
the optimal temperature of 37°C. Goodman and Olsen
(16) reported that theintestinal enzyme is completely in-
activated by heating at 64°C for 55 sec. Table 1 shows
that the uptake of B-carotene by tissue was reduced to
one-tenth due to boiling. Lowering of incubation tempera-

ture also significantly reduced B-carotene uptake (35%).
In fraction 3, where retinal is eluted, no radioactivity was
found in the case of boiled tissue, and twice as much was
found in the 37°C incubation as in the 20°C incubation.
High-speed liquid chromatography revealed that most of
the radioactivity in the 20°C incubation resided in prod-
ucts other than retinal. In the extract from the 37°C incu-
bation, most of the radioactivity was found in the retinal
peak (Fig. 3). Thin-layer chromatography of fraction 3
confirmed these results. No radioactivity was found in the
retinal spot from the 20°C incubation, whereas the 37°C
incubation did produce radioactive retinal.

Another proof of authentic retinal formation from ra-
dioactive B-carotene in corpus luteum tissue was obtained
from the convcrs:on of purified retinal to radioactive reti-
nol by ¢ quantitanvc reduction with NaBH . Retinal with
nonlabeled carrier was extracted and purified by alumina
chromatography and thin-layer chromatographic separa-
tion in system II (Rr = 0.50). It was eluted and reduced
with NaBH4. The retinol thus obtained was purified on

TABLE 1. Radioactivity distribution in different fractions
from alumina column chromatography

Boiled
Tissue,
Fraction 37°C 20°C 37°C
chm/g cpm/g cpm/g
1 (B-Carotene) 1,524 9,795 15,193
2 (Retinyl esters) 32 40 261
3 (Retinal) o 227 478
4 (Retinol) 34 464 473
5 75 298 416
6 (Retinoic acid) 20 238 211
Totals 1,685 (11,062 17,032

@ Total radioactivity taken up by the tissue.
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Fig. 3. High-speed liquid chromatography elution pattern of radioac-
tive compounds in the retinal fraction (fraction 3) from incubations at
different temperatures.

another thin-layer chromatography plate and visualized
under UV light (Rz = 0.25). After elution, retinol con-
tained 88% of the retinal radioactivity (360 and 408 cpm,
respectively). There was no radioactivity at the retinal Rg:
in the second chromatography system.

The bovine corpus luteum possesses an enzymatic
mechanism capable of converting B-carotene to retinal,
although it may be not as effective as that of rat intestinal
mucosa. Goodman and coworkers reported a 50% conver-
sion yield (6, 16), but others usually obtained lower values
9, 21, 22). Recently, it was reported (23) that purified
carotene 15,15'-dioxygenase of rabbit intestine could pro-
duce retinal from B-apo-10'-carotenol with a 10-15%
yield. The enzyme is known to be 12.5 times more effec-
tive with B-apo-10'-carotenol than with B-carotene as a
substrate. When the high concentration of 8-carotene in
the corpus luteum is considered, the conversion of this
substrate to retinal in situ may have physiological signifi-
cance in reproductive functions.
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