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The aim of this study was to examine the progestin content and biosynthetic potential of
the corpus luteum of the African elephant (Loxodonta africana). Luteal tissue was collected
from nonpregnant and early, mid- and late pregnant elephants (n = 2 per group) shot in the
Kruger National Park. Pieces of individual corpora lutea (2\p=n-\3per animal; 23 in total) were

stored directly in ethanol before hormone analysis. Matching tissue pieces were incubated
for 2 h with [3H]pregnenolone (2 \m=x\105 c.p.m.), after which tissue plus medium were also
stored in ethanol. Progesterone and 17\g=a\-hydroxyprogesteroneimmunoreactivity in tissue
extracts were determined by enzymeimmunoassay and radioimmunoassay, respectively,
before and after reverse phase HPLC. Progesterone immunoreactivity predominated over
that of 17\g=a\-hydroxyprogesteronein all corpora lutea examined but concentrations of both
hormones were very low (73\p=n-\374ng g\m=-\1and 3\p=n-\93ng g\m=-\1,respectively after HPLC).
There were no obvious differences in hormone concentrations in corpora lutea from animals
at different reproductive stages. Progesterone and 17\g=a\-hydroxyprogesteroneimmuno-
reactivity assayed before HPLC was 10\p=n-\30times higher than that measured after
chromatographic separation. HPLC consistently revealed two large immunoreactive peaks
associated with relatively nonpolar compounds, which together accounted for most (at least
75%) of all progesterone immunoreactivity measured. Large amounts of radioactivity with
the same retention times as these peaks were also detected after HPLC in samples incubated
with [3H]pregnenolone. Analysis of conversion products from four corpus luteum incu-
bations indicated that between 52% and 84% of [3H]pregnenolone had been converted;
19\p=n-\33%was accounted for by progesterone, and 12\p=n-\50%by the two substances
represented by the unidentified peaks. Subsequent GCMS analysis identified the two
immunoreactive peaks as 5\g=a\-pregnane-3\g=a\-ol-20-oneand 5\g=a\-pregnane-3,20-dione
(5\g=a\-dihydroprogesterone). These results indicate that the major progestins contained within
and biosynthesized by corpora lutea of African elephants are 5\g=a\-reduced metabolites, and
that progesterone and 17\g=a\-hydroxyprogesteroneare quantitatively of minor importance.

Introduction

The African elephant, Loxodonta africana (like its Asian coun¬

terpart) is listed in Appendix 1 of Cites as an endangered
species. An understanding of its reproductive physiology is
therefore not only of comparative interest, but is also of
practical importance for the development of more effective
strategies for the breeding and long-term management of the
species.

Knowledge of the endocrinology of reproduction in African
elephants is, however, superficial. For instance, although
measurement of circulating hormones has been used to monitor
the ovarian cycle and pregnancy (Hodges et al, 1983; McNeilly
et al, 1983; Brannian et al, 1988; Plotka et al, 1988), the factors
controlling the formation and functions of the corpus luteum

are unknown. On the basis of calving rate (Laws, 1969) and the
report of a single ovulation in an early post-oestrus animal
(Short, 1966), the African elephant would appear to be mon-

ovular, yet ovaries of both cyclic and pregnant animals almost
invariably contain multiple corpora lutea, many of which
possess ovulation stigmata (Laws, 1969; Hanks and Short,
1972; Smith and Buss, 1975). How and when these corpora
lutea are formed and what controls their functional lifespan
remain to be determined.

Early studies by Short and colleagues also raised questions
concerning the steroidogenic function of the corpus luteum
of the African elephant. Concentrations of progesterone
determined by gas chromatography were either undetectable
(Short and Buss, 1965; Short, 1966) or extremely low (Smith
et al, 1969); the progesterone content of the single elephant
corpus luteum determined by Smith et al was 2—3 orders of
magnitude lower than in other mammals. Measurements ofReceived 24 February 1994.



immunoreactive progesterone in serum have been reported
(see above), but the concentrations are low (generally < 2 ng
ml ~ x) and appear not to correlate with total corpus luteum
volume (de Villiers el al, 1989).

The aims of the study reported here were to clarify the
steroidogenic function of the African elephant corpus luteum
by (i) determining the concentrations of immunoreactive
progesterone and 17a-hydroxyprogesterone in individual
corpora lutea from pregnant and nonpregnant animals and
(ii) investigating the potential of the corpus luteum for bio¬
synthesis of other progestins.

Materials and Methods
Animals

The studies used ovarian tissue collected from adult female
elephants (two nonpregnant and six pregnant) shot for man¬

agement purposes in the Kruger National Park during May
1990. Embryonic or fetal masses were used to select two
animals each from early (0.001 and 0.008 kg), mid- (29.0 and
35.5 kg) and late (81.1 and 121.0 kg) stages of gestation. The
two nonpregnant animals for which results are reported were

lactating.

Tissue collection and field laboratory protocol
Ovary dissection and corpus luteum removal. Ovaries (n = 8

pairs) were removed within 30 min of death and placed on ice
for transport to the field laboratory. The largest luteal struc¬
tures (usually 2-3 per animal; 23 in total) were carefully
dissected from the ovary, trimmed of extraneous tissue and
weighed. The corpora lutea analysed in this study were

pinkish-yellow (elephants that were not pregnant or in early
and mid pregnancy) or pale brown (late pregnancy), and ranged
between 1.2 and 5.0 cm in diameter.

Slices of tissue of approximately 500 mg (individual masses
were recorded accurately) were placed in duplicate glass vials
containing 10 ml absolute ethanol. Additional pieces of tissue
from each corpus luteum were also used in incubation studies
with radiolabelled pregnenolone (see below) before storage in
ethanol. All ovarian dissections and tissue incubations were

completed within 6—8 h of ovary removal. Samples were kept
in the field at

—

10°C, transported to the German Primate
Centre, Göttingen on dry ice and then stored at

—

20°C until
analysis.

Corpus luteum incubation studies. Incubation studies were

carried out on tissue slices from each of the 23 corpora lutea
using [4,7-3H]pregnenolone (specific activity, 49.3 mCi mg_I;
radiochemical purity, 98%; Amersham International,
Amersham) as radiolabelled substrate. Tracer was diluted in
ethanol and kept at 4°C until use (within 2-3 weeks). Each slice
of tissue was placed into a glass scintillation vial containing
2 ml freshly made Eagle's minimum essential medium (pH 7.4),
containing 25 mmol Hepes 1~ 2 and 7.5% sodium bicarbonate.
A volume of 50 µ [3H]pregnenolone (approximately 2  

IO5 c.p.m.) was added, and the contents of the vial were gently
mixed and the vials incubated in a shaking water bath at 37°C
for 2 h. At the end of the incubation, 8 ml ice-cold ethanol was

added, the contents well mixed and the vials stored at
—

20°C
Vials were prepared for each experiment to determine the
amount of radioactive substrate used, and vials containing
tracer and medium only (i.e. no tissue) were incubated with the
tissue slices to serve as controls.

Sample extraction
All corpus luteum slices, including those used for tissue

incubation studies, were minced with scissors in the original
vial containing ethanol and the contents transferred to a

glass homogenizing tube. The vial was rinsed with a further
2 ml ethanol and the two volumes combined. Approximately
20 000 c.p.m. each of [3H]progesterone, 17a-hydroxy-
progesterone and 20a-hydroxypregnenone in 50 µ ethanol
were added to vials containing samples for hormone assay only
to monitor extraction efficiency and steroid elution positions
on HPLC. Tissues were homogenized by hand and the contents
(including 2 ml ethanol rinse) decanted into a tube for centri¬
fugation at 500 g for 5 min. The supernatant was transferred to
a clean glass tube and reduced in volume to 0.5 ml, to which
3.5 ml 80% methanol and 1.0 ml n-hexane were added. The
contents were vortexed, centrifuged at 5000 # for 10 min and
the methanol phase removed.

For determination of steroid content, one portion of the
methanol was evaporated to dryness, reconstituted in 1 ml
absolute methanol and diluted in buffer for hormone assay
without HPLC; a second portion was evaporated and re¬
constituted in 250 µ acetonitrile:water (50:50) for HPLC. For
separation of conversion products of [3H]pregnenolone follow¬
ing incubation studies, the methanol phase was evaporated and
reconstituted in acetonitrile:water for injection on to HPLC.
Mean extraction efficiencies were between 61 and 74% for
progesterone and 17a-hydroxyprogesterone, including the
HPLC step (« = 23); corresponding figures without HPLC were

77 and 78% (n = 23).

Chromatography
HPLC. Sample extracts in acetonitrileiwater were filtered

by passage through a 0.2 µ  membrane before loading 100 µ 
on to a Nova Pak Cl8 HPLC column (3.9 mm  75 mm).
Steroids were separated by reverse phase chromatography
using an acetonitriIe:water mixture (38:62) as eluent at a flow
rate of 1 ml min-1 (Heistermann et al, 1993). Fractions were
collected at 1 min intervals and an aliquot of each was either
counted directly (tissue incubation study) or evaporated to
dryness and reconstituted in buffer for recovery determination
and hormone assay.

TIC. Since pregnenolone and progesterone could not be
separated using the above HPLC system, the fractions contain¬
ing these steroids (usually 20—24; see Fig. 1) were pooled,
evaporated to dryness and reconstituted in 100 µ ethanol,
from which duplicate 40 µ aliquots were combined with 1 ng
of each steroid as carriers and subjected to TLC (incubation
study only). The two steroids were separated using Silica 60
F254 plates (20 cm  20 cm; 0.25 mm thick; Merck, Darmstadt)
and a mixture of chloroform:ethyl acetate (9:1, v:v) as the
mobile phase. As reference and recovery control, duplicate



Table 1. Progesterone and 17a-hydroxyprogesterone immunoreactivity in individual corpora lutea from nonpregnant and pregnant
elephants as determined before and after an HPLC purification step

Reproductive Fetal mass Corpus luteum Progesterone (ng g ') 17a-Hydroxyprogesterone (ng g 2)
Identity Mass (g) With HPLC Without HPLC With HPLC Without HPLCstatus (kg)

Nonpregnant

Early pregnant

Mid-pregnant

Late pregnant

0.001

35.5

81.0

Lla
L2
Ra
L 1
R
Ll
L2
R I
R2
Ll
L2

15.7
4.8
4.3

33.1
8.8

12.9
5.6

23.0
7.9

18.3
15.2

309.8
107.5

72.7
206.0
232.3
163.4
128.5
261.8
153.4
355.7
373.8

9769.0
1264.3

931.8
4211.8
3754.6
3671.6
3273.5
6390.1
4374.0
3274.6
2262.6

43.5
5.0
2.6

64.6
92.9
13.9

8.5
33.5
17.4
35.3
48.3

603.3
160.4
145.6
367.1
408.3
118.0
265.3
541.0
376.4
314.7
347.9

aL and R indicate left and right ovaries, respectively.

40 µ volumes of a mixture of [3H]pregnenolone and pro¬
gesterone (approximately 10 000 c.p.m.) were also included on

the TLC plate. After 50 min, steroid positions were identified
by absorption of ultraviolet light or by spraying with 3 mol
H2S04 1_1 and drying at 110°C for 10 min. The silica
containing the separated steroids was scraped from the plates
and radioactivity determined by liquid scintillation counting.
Recovery values were 89 and $5% for progesterone and
pregnenolone, respectively.

Gas chromatography, mass spectrometry (GCMS). Identifi¬
cation of steroids eluted from HPLC was achieved by GCMS
analyses with a SSQ-710 mass spectrometer coupled to a

varían 3400 gas Chromatograph, using spitless injection
(Finnigan MAT Instruments, Bremen). The GC column (30 m

fused silica capillary column, inner diameter of 0.25 mm, with
DB-5 MS as the stationary phase; ] and W Scientific, Foison,
CA) was operated at 25 psi helium, a temperature programme
of 100-270°C, an injector temperature of 260°C and a transfer
line temperature of 250°C. Electron impact positive ionization
was used at 70 eV.

Hormone assays

Progesterone was measured in corpus luteum extracts either
directly or after HPLC. For determination of immunoreactive
profiles such as those in Fig. 1, an aliquot of each reconstituted
HPLC fraction was diluted appropriately and assayed. For
determination of tissue content (Table 1), HPLC fractions
containing [3H]-labelled tracer were combined before being
evaporated, reconstituted in buffer and assayed.

Progesterone was measured by enzymeimmunoassay using
an antiserum raised in a sheep against progesterone
lla-hemisuccinate-BSA and alkaline phosphatase linked to
progesterone-11-glucuronide as enzyme conjugate (Hodges
et al, 1988; Heistermann et al, 1993). The crossreactivity of
the antiserum (relative to progesterone) was 11a-

hydroxyprogesterone, 74%; 5-pregnen-3,20-dione, 43%;
17a-hydroxyprogesterone, 1.3%; 20a-hydroxypregnenone,

< 0.4%; 5a-dihydroprogesterone, 14%; pregnenolone, 2.4%;
5a-pregnane-3a-ol-20-one, 0.7%; cortisol < 0.1%. Sensitivity
of the assay, defined as the hormone concentration at 90%
binding, was 6 pg per tube, and the intra- and interassay
coefficients of variation determined at 70% binding were 7.4%
and 12.5%, respectively. Dilutions of tissue extracts both with
and without purification by HPLC gave displacement curves

parallel to that of the standard.
17a-Hydroxyprogesterone was determined before and after

HPLC by a [3H]radioimmunoassay method described by
Hodges et al (1983). The antiserum used was raised in a rabbit
against 17a-hydroxyprogesterone-3-0-(carboxymethyl)oxime-
BSA (Steranti Research Ltd, St Albans) and showed the
following crossreactivites: progesterone, 1.4%; 5-pregnen-3,20-
dione, 0.7%; 5<x-pregnane-3,20-dione, 0.2%; 5a-pregnane-
3a-ol-20-one, 0.08%; lla-hydroxyprogesterone, 20a-hydroxy-
pregnenone and cortisol, < 0.1%. Sensitivity of the assay at
90% binding was 18 pg per tube and intra- and interassay
coefficients of variation determined at 65% binding were 8.9
and 12.6%, respectively. Serial dilutions of tissue extracts
before and after HPLC gave displacement curves parallel to
that of the 17a-hydroxyprogesterone standard.

Results
Luteal immunoreactive progestin content

Results of analysis of tissue from one animal from each of
the four reproductive stages are shown (Table 1) and similar
results were obtained in the other animals. Concentrations of
immunoreactive progesterone exceeded those of 17rx-hydroxy-
progesterone in all samples assayed, irrespective of whether
HPLC was performed. Except for one of the nonpregnant
animals (462), marked differences between progestin concen¬

trations in individual corpora lutea within an animal were not
found and there were no consistent differences between
animals in the various reproductive states. However, clear
and consistent differences were seen before and after HPLC.
Concentrations of both progesterone and 17a-hydroxy-
progesterone were up to 30 times higher in corpus luteum
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Fig. 1. HPLC profiles of (a) progesterone and (b) 17<x-hydroxyprogesterone immunoreactivity in a corpus luteum extract from an early-pregnant
elephant, and of progesterone immunoreactivity in extracts from a (c) nonpregnant and (d) mid-pregnant animal. Arrows indicate the elution
positions of added 17a-hydroxyprogesterone (17a) and 20a-hydroxypregnenone (20a) and progesterone (P) tracers. Note the large amounts of
immunoreactivity around fractions 29-32 and 41-47, with similar peak retention times relative to progesterone (1.4 and 2.0) in all HPLC profiles.
These peaks have been designated A and B, respectively.

extracts measured directly compared with those made after
HPLC, suggesting the presence of large amounts of other
immunoreactive progestins. The more specific values obtained
after HPLC indicate that luteal progesterone concentrations
range from 73 to 374 ng g_1, while those for 17a-hydroxy-
progesterone range from 3 to 93 ng g ~

.

The nature of the substances contributing to total progestin
immunoreactivity was examined in one corpus luteum extract
from each of the eight animals. Immunoreactive profiles were

generated by assaying each of the 60 fractions from HPLC for
both progesterone and 17a-hydroxyprogesterone. Results for
one of the early pregnant animals (451; Fig. la, b) indicated low
concentrations of progesterone and 17a-hydroxyprogesterone,
but substantial amounts of immunoreactivity that did not
co-elute with the added tracers. This material was found
predominantly in fractions 29—33 and 43—47 in both assays.
The well-defined peaks (designated A and B, respectively)
suggest the presence of two relatively nonpolar compounds
that together represent the majority of the total immuno-

reactivity detected. Similar peaks can also be seen in HPLC
profiles of progesterone immunoreactivity in corpus luteum
extracts from a nonpregnant (462) and mid-pregnant animal
(495) (Fig. 1c, d, respectively). Expressed as a percentage, the
two relatively nonpolar peaks together accounted for
89.2 ± 2.0% (mean ± SEM) of the total progesterone immuno¬
reactivity measured in the eight luteal extracts analysed.

Tissue conversion of [3H]pregnenolone
Conversion products of radiolabelled pregnenolone were

examined in one corpus luteum from each of the eight animals.
The HPLC profiles of radioactivity from samples from a mid-
(495) and late (465) pregnant animal are shown (Fig. 2). In the
control, radioactivity is confined to fractions 21—24, corre¬

sponding to the elution position of pregnenolone. After
incubation with tissue, small amounts of radioactivity were

found at the elution position of 17a-hydroxyprogesterone
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Fig. 2. HPLC profile of radioactivity after incubation of (a) medium
only (i.e. no luteal tissue; control), and of luteal tissue from (b) a

mid-pregnant and (c) late pregnant elephant with [3H]pregnenolone
for 2 h. Note that the arrows indicate the elution position of both
progesterone and pregnenolone. Thus, in (b) and (c) these peaks of
radioactivity have the same retention times relative to that of
progesterone (1.4 and 2.0) as do the two peaks of immunoreactivity
(A and B) in the profiles shown in Fig. 1.

(fractions 6-7) and 20a-hydroxypregnenone (fractions 11-12),
but most was detected in fractions 30-33 and 43-47, corre¬

sponding to peaks A and  described above. Significantly, most
immunoreactivity (an aliquot of each HPLC fraction was also
assayed for progesterone) was also found in the fractions
containing most of the radioactivity (30-33 and 43-47), and
these two peaks of radioactivity were measured in each of the
eight corpus luteum extracts.

Quantitative assessment of pregnenolone conversion could
not initially be made because progesterone was found to
co-elute with pregnenolone in the HPLC system used. This was

overcome by applying the progesterone- and pregnenolone-
containing fractions to TLC. Of the four samples analysed in
this way, 35.5, 49.4, 67.6 and 76.1% of the counts in fractions
21-24 had the same mobility as that of progesterone, and the
remaining counts were accounted for by pregnenolone. In

contrast, < 1% of the radioactivity from the controls did not
co-elute with pregnenolone. The combined results of sequential
HPLC and TLC separation are shown (Table 2).

GCMS confirmation of progesterone and identification of HPLC
peaks A and  

Fractions containing immunoreactivity corresponding to
peaks A and  were collected from the tissue extracts of four
animals, pooled and analysed by GCMS. Peak A was found to
contain a single steroid with a molecular mass (318 kDa),
fragmentation pattern and GC retention time identical to those
of 5a-pregnane-3a-ol-20-one. Peak  contained a single steroid
with a molecular mass (316 kDa), fragmentation pattern and
GC retention time identical to those of 5a-pregnane-3,20-
dione. The presence of progesterone in fractions 20—24 was

confirmed, although the most abundant steroid identified was

pregnenolone.

Discussion
The principal objective of this study was to examine the
progestin content and biosynthetic potential of the corpus
luteum of the African elephant. The results show that, quanti¬
tatively, progesterone is of minor significance and that the
most abundant progestins contained within and biosynthesized
by the African elephant corpus luteum are 5a-pregnane-3a-ol-
20-one and 5a-pregnane-3,20-dione.

The only previous information on the progesterone content
of the corpus luteum of African elephants derives from a single
determination by gas chromatography of early pregnancy
tissue, in which a concentration of 180 ng g_I tissue was

found. This value falls within the range described here
(3—374 ng g_I) for immunoreactive progesterone in corpora
lutea measured after HPLC, although the absolute values may
be slight overestimates owing to possible contamination with
pregnenolone. The present results do, however, confirm the
original findings of Short that the progesterone content of the
African elephant corpus luteum is extremely low and in
contrast to that reported for other mammals (Short and Buss,
1965; Short, 1966).

Circulating concentrations of 17a-hydroxyprogesterone
comparable to those of progesterone have been reported in the
African elephant (McNeilly et al, 1983) and recent results for
the Asian species point to general similarities in the profiles for
the two steroids during the ovarian cycle and pregnancy
(Niemuller et al, 1993). The present results indicate that
although 17a-hydroxyprogesterone can be measured in all
luteal extracts examined, the amounts were approximately
10—20 times lower than those of progesterone. 17a-Hydroxy-
progesterone is therefore unlikely to be of quantitative im¬
portance as a secretory product of the African elephant
corpus luteum, although the relative contributions to circulat¬
ing concentrations of direct ovarian secretion and peripheral
metabolism are not known.

Large amounts of the 5  -reduced metabolites 5a-pregnane-
3a-ol-20-one and 5a-dihydroprogesterone were detected in all
corpus luteum extracts examined, and together were found to
represent most of the total immunoreactivity measured. How¬
ever, reliable figures for the relative amounts of the two
steroids cannot be given. Of the two HPLC peaks referred to,



Table 2. Conversion of [3H]pregnenolone by luteal tissue from four individual elephants

Animal
Reproductive

status
Progesterone

(%)
Peak A

(%)
Peak  

(%)
Rest
(%)

Total conversion"
(%)

462
451
495
465

Non-pregnant
Early pregnant
Mid-pregnant
Late pregnant

33.4
32.4
26.6
18.8

9.9
6.1

7.1

25.0
15.8

42.4

15.6
12.5
12.8
25.8

83.9
66.8
51.6
84.1

^Values are percentages of total radioactivity recovered after HPLC.
The sum of the first four columns reflects total conversion; the remainder (figures not shown) represents unmetabolized
pregnenolone.

peak  was usually higher than peak A (5a-pregnane-3a-ol-20-
one), although the crossreactivity of 5a-pregnane-3a-ol-20-one
in the progesterone assay (0.7%) was considerably lower than
for 5a-dihydroprogesterone (14%). Higher concentrations of
5a-pregnane-3a-ol-20-one were measured by GCMS, although
this was after analysis of pooled samples; relative procedural
losses for each steroid during the preparative stages cannot be
assessed.

Incubation studies showed that 5  -reduced progestins are

actively synthesized from pregnenolone by the corpus luteum,
and since relatively large amounts of radiolabelled progester¬
one were also formed, it is reasonable to assume that the
5a-reduced compounds are metabolites of progesterone. Sub¬
stantial biosynthesis of 5a-reduced progesterone compounds in
the adult ovary has not previously been described but has been
shown in other tissues including the brain, placenta and
endometrium (see for example Karavolas and Hodges, 1990;
Moss et al, 1979; Hamon et al, 1991).

The significance of the finding of large amounts of
5a-reduced progesterone metabolites in the elephant corpus
luteum is unclear. 5a-Reduced progestins have been detected in
high concentrations in plasma during late pregnancy in mares

(Hamon et al, 1991; Holtan et al, 1991), although their function
is not known. Given the unusually low concentrations of
progesterone found during gestation in the African elephant, it
would be of interest to determine whether 5a-reduced proges¬
terone metabolites are secretory products of the corpus luteum
and whether they have any specific gestagenic actions within
the reproductive tract of this species. Studies to address these
questions are underway.
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