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Introduction. It was known that a heat-shock
acting on fertilized axolotl eggs (Benford and
Namenwirth 1974) or on tilted maturing oo-
cytes (Beetschen and Gautier 1987), i.e., com-
bining the effect of heat with that of a gravity
vector, could immediately elicit the appear-
ance of a gray crescent. The significance of
that gray crescent for subsequent develop-
ment had been established for the fertilized
egg, but remained unknown for the maturing
oocyte. Therefore, transfer experiments were
performed, in which treated coelomic oocytes
were reintroduced into the general cavity of a
recipient female, previously inseminated after
mating with a normal male. Such transfer
experiments were inspired from earlier results
on Xenopus and Rana oocytes (Holwill et al.
1987, Elinson and Pasceri 1989).

The technical procedures leading to fer-
tilization and development of transferred nor-
mal axolot] oocytes are described herein, and
the results that we obtained with heated oo-
cytes will be published separately.

Methods. It has proven difficult to obtain a
reliable synchronization between donor and
recipient females. We describe the best condi-
tions which were established after numerous
trials.

The donor females, producing pigmented
oocytes, were from dark or white (d/d) strains.
The host females were from albino (a/a or ad/
ad) strains. They were anesthetized with MS
222 1°/°°.

1. The anterior part of each oviduct of the
donor female was ligated with two tight-
ened knots of surgical silk thread a few
days prior to induction of ovulation.
Body wall incisions were sewn up with
surgical thread.
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2. Onday 1, at 9 a.m., the donor female

was injected with 12-15 pg of an LH-RH
analogue (des-Gly10, [D-Ala6]-LH-RH
ethylamide, ref. L4513, Sigma) and was
subsequently kept at 11-12°C.

At 6 p.m., the recipient female was simi-
larly injected and kept at 11-12°C.

On day 2, at 9 a.m., the recipient fe-
male was mated with a male, at 13°-
14°C. If spermatophores were not laid
within 20 minutes, a second male re-
placed the first one. The animals re-
mained together for 2-3 hours.

At 2 p.m., the donor female was killed
and the maturing oocytes (1st polar
body was conspicuous but not yet sepa-
rated) were collected into OR, medium,
pH 7.6 (Wallace et al., 1973). Heating
experiments took place in the afternoon.
Control, nonheated oocytes were kept in
OR2 medium at 18°C during 3-4 hours,
until they were transferred into the host
female. At 6 p.m., the recipient female
was operated on. A small aperture was
opened through the lateral-ventral area
of the body wall (laparotomy), in the
middle part of the trunk length. The
pigmented oocytes were introduced with
a large-mouthed pipette, inserted for-
wards into the abdominal cavity. The
available space is limited in the axolotl,
as compared to Rana or Xenopus. The
pipette was inserted several times. The
oocytes could be distributed on both
sides with one aperture, but it was nec-
essary to hold the female vertical to help
the oocytes find their way far from the
incision. Normal oocytes were vitally
stained (Neutral red or Nile blue) to dis-
tinguish them from heated oocytes. A
total of 100-120 oocytes could be trans-
ferred into one recipient female. This
means that two recipient females were
used for one donor female.

The host female was kept at 11°C dur-
ing the following night.

On day 3, most of the transferred pig-
mented oocytes were laid first in the
morning, usually prior to the albino
oocytes. When the recipient female had
not been inseminated, artificial fertiliza-
tion was attempted, according to



Armstrong and Duhon (1989). Artificial
fertilization worked on normal oocytes
but gave very poor results on heated
oocytes. For that reason, natural in-
semination of recipient females was
compulsory, since heated oocytes thus
could be fertilized and subsequently
developed.

Results. The development of transferred nor-
mal oocytes from four different donor females
is summarized in Table 1.

Comments. A high proportion (nearly 80%) of
the transferred oocytes were actually laid. The
results are still better appreciated when the
percentages of fertilized eggs and of develop-
ing embryos are calculated in relation to the
number of laid eggs.

As compared to the usual results from
normal spawnings in the axolotl, it can be
observed that the transfer diminished the pro-
portion of viable offspring, but nevertheless

Table 1. Development of transferred
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allowed a significant number of embryos to
develop normally.

The transfer procedures must avoid at
least two pitfalls: 1) cocytes must be kept in
vitro for as short a time as possible; 2) oocytes
must be embedded in jelly layers in the ovi-
ducts as soon as they are engulfed through
the ostium, hence the need for synchronizing
the recipient female that we mentioned earlier.
When the oocytes are transferred too early,
jelly layers are very thin, and this may prevent
fertilization.

The time-table that we propose might be
modified by changing the temperature. Never-
theless, we believe that slower processes oc-
curring at a relatively low temperature are
better for successful results.

The oocyte transfer technique might be
useful for in vitro manipulation of maturing
oocytes, especially when a homogeneous dis-
tribution of injected molecules is desired. In
that respect, manipulation of injected oocytes
might lead to better results than that of fertil-

normal oocytes

Transferred Laid Fertilized Gastrulae Hatching Feeding
oocytes oocytes cleaving stage stage
eggs
Number 135 106 78 48 31 30
% 100 78.5 57.7 35.5 229 222
% — 100 73.6 45.2 29.2 28.3
ized eggs.

Literature cited

Armstrong, J.B., and S. T. Duhon. 1989.
Induced spawnings, artificial insemina-
tion, and other genetic manipulations. In
Development Biology of the Axolotl (J.B.
Armstrong and G.M. Malacinski eds.).
Oxford University Press, New York,
Oxford, p. 228-235.

Beetschen, J.C., and J. Gautier. 1987. Heat-
shock induced grey crescent formation in
axolotl eggs and oocytes. The role of grav-
ity. Development 100:599-609.

Benford, H.H., and M. Namenwirth. 1974.
Precocious appearance of the grey

crescent in heat-shocked axolotl eggs.

Develop. Biol. 38:172-176.

Elinson, R.P., and P. Pasceri. 1989. Two UV-
sensitive targets in dorso-anterior speci-
fication of frog embryos. Development
106:511-518.

Holwill, S., J. Heasman, C.R. Crawley, and
C.C. Wylie. 1887. Axis and germ line
deficiencies caused by U.V. irradiation of
Xenopus oocytes cultured in vitro. Devel-
opment 100:735-743.

Wallace, R.A., D.W. Jared, J.N. Dumont, and
M.W. Sega. 1973. Protein incorporation
by isolated amphibian oocytes: optimum
incubation conditions. J. exp. Zool.
184:321-334.

37



