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SURVIVAL OF XENOGRAFTS IN ANIMALS
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Techniques of free autografting of muscles, developed in the writers' laboratory, have
now become widely known and used both for research in experimental morphology and in surgical
practice [8-12]. Various methods have been developed for preparing muscle tissue for trans-—
plantation of whole muscles and the conditions of its regeneration have been discovered [4, 6].

One favorable condition for free muscle grafting, as we know, is preliminary denervation,
which induces a combination of changes in the muscle tissue that promote survival of autograft-
ed and homografted muscles [1-3, 5].

However, the most interesting subject from the theoretical point of view and the most
promising for future use in surgical practice is interspecific grafting of whole muscles, to
which this paper is devoted. We used the method of preparation of donor's tissue, suggested
and developed by A. N. Studitskii, by wrapping it in cellophane film [7].

EXPERIMENTAL METHOD

There were three series of experiments. Wistar rats weighing 130-150 g were used as the
donors. The recipients were C57BL mice, hamsters (Mesocricetus auratus), and guinea pigs.

Preparation of the donor's muscle: the right gastrocnemius muscle of the rats was wrapped
in cellophane film, leaving the proximal and distal tendons free. Blood vessels and nerves
supplying the muscle were left undisturbed. The muscle was kept under film for 9 to 12 months.
Before grafting, the prepared muscle was removed from its bed, freed from the cellophane film,
and cut into fragments corresponding in size to the excised muscles of the recipients. A frag-
ment of donor's muscle was sutured by its end to the remmants of the proximal and distal ten-
dons of the recipient's removed gastrocnemius muscle. The medial popliteal nerve was sutured
to the graft.

In the experiments of series I rats were used as the donors and mice as the recipients.
The material was fixed after 7, 14, 21, 30, 60, 270, and 330 days. In the experiments of
series II the donors were rats and the recipients were hamsters. The material was fixed after
60 and 330 days. 1In the experiments of series III the donors were rats and the recipients
were guinea pigs. The material was fixed after 3, 7, 14, and 60 days. Before fixation, con-
tractile activity of the transplanted muscle was tested by stimulating the sutured nerves with
an induction current. Histological prenarations were stained with Heidenhain's azocarmine,
with Romanovsky's azure-eosin, and Regaud's iron hematoxylin. Nerve endings were demonstrated
by Bielschowsky's impregnation method.

EXPERIMENTAL RESULTS

A study of the state of the rat muscle after removal of the cellophame film at the end
of 270-360 days showed that the muscles lost up to 40-60% of their weight. They were paler
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Fig. 1. Myoneural synapse in xenograft
60 days after transplantation in a ham-
ster. Impregnation by Bielschowsky's
method. 450x%,

Fig. 2. Muscle xenograft 330 days after
transplantation.

Fig. 3. Xenograft in a hamster 330 days
: after transplantation.

in color than intact muscle. Examination of histological preparations showed some abnormali-
ties in the structure of the muscle. The muscle surface in contact with the film was abundant-—
ly vascularized. In some cases it could be separated from the cellophane by a dense connective-
tissue capsule. Thinning of the muscle fibers was observed. In the peripheral zone disinte-
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grating muscle fibers and foci of hemorrhage could be seen. The quantity of fibrous connec-
tive tissues increased. Fatty degeneration of isolated areas of muscle was observed. The whole
muscle was innervated, although some differences in innervation were found compared with the
intact muscle.

The intact gastrocnemius muscle has a pinnate structure and is abundantly vascularized
and innervated. During the development of the transplanted muscles, in the first stages of
fixation (up to 60 days) processes similar to those described by the writers previously after
autografting of whole muscles were observed. Characteristically in the first week edema was
found, leading to an increase in volume of the graft. Histologic investigation revealed necro-
tic changes in the central part and evidence of reconstruction of the muscle tissue at the
periphery of the grafts, of the usual type studied in our laboratory: the development of myo-
blasts and the beginning of formation of muscle tubes. In the peripheral zone, ingrowth of
blood capillaries could be seen by the end of the first week. During the next 2 weeks pro-
gressive development of the grafts was observed, accompanied by restoration of the structure
of the transplanted muscle. A contraction response to stimulation of the sutured nerve by
an induction current appeared 21-30 days after transplantation. Invasion of lymphocytes, lead-
ing to their destruction, was noted in some of the grafts.

In series in which the operations were performed on mice and hamsters as recipients,
further differentiation of the muscle tissue was observed 60 days after the operation in the
grafts, accompanied by absorption of the necrotic parts of the grafts. In both series abund-
ant vascularization was found, together with neurotization, with the formation of abundantly
branching motor endings (Figs. 1-3). After 330 days the external appearance of the grafts
resembled the removed gastrocnemius muscle, and differed only in their smaller size. The char-
acteristic thickened form of the proximal part and narrowed form of the distal part of the
muscle were preserved (Figs. 2 and 3). Significant differences were observed in the ratio be-
tween muscular and connective-tissue components in both series: from predominance of connec-
tive tissue to its complete replacement by differentiated muscle tissue. Differentiation of
nerve endings evidently continued in the grafts, for besides clearly differentiated motor end
plates, developing synapses also were seen. A study of contractile activity of the xenografts
in both series revealed the presence of a distinct motor response which differed in intensity,
to stimulation by an induction current through the nerve.

The results of analysis of the immune response of the recipient to transplantation of
muscles prepared by the writers' own method are evidence of the broad spectrum of relations
between lymphoid cells and foreign tissue in the two series. During the first 2 months, in
some cases the number of lymphocytes observed in the grafts was typical for alloplasty, where-
as in other cases increased infiltration with lymphoid tissue was observed, corresponding to
the mainly weak development of muscle tissue in the graft. In most cases, however, a muscle
prepared by long-term keeping wrapped inside a cellophane cover acquires the ability to change
its antigenicity, and so to block the recipient's immune response.

Data on the dynamics of development of xenografts in a guinea pig recipient are insuffi-
cient to allow final conclusions, although the phenomenon of survival of the grafts without
rejection for up to 2 months after the operation shows that in this case also a positive re-
sult is possible.

Muscle tissue prepared with long-term (up to 330 days) disturbance of morphogenetic in-
teractions with surrounding tissues, while preserving the normal vascularization and innerva-
tion, thus acquires the ability to survive under conditions of xenoplasty. The developing xeno-
graft undergoes complete reorganization, as a result of which an organ of chimeric nature is
formed, for its differentiation is accompanied by invasion of the recipient's blood vessels
‘and nerve fibers. At the site of transplantation a functioning organ capable of replacing the
removed muscle is formed de novo.
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Mammalian serum albumin is known to be synthesized in the liver. Immune electron-micro-
scopic investigations carried out in recent years [8, 11, 14] on rat liver have shown that all
hepatocytes synthesize albumin, and that immunohistochemical data on the existence of special-
ized albumin-producing cells in the liver, obtained previously, are artefacts. In the inves-
tigations cited, no heterogeneity of distribution of albumin among the liver lobules could be
found, which is not in agreement with the presence of marked gradients in the lobule affecting
many features such as glycogen content, enzyme activity, and ability to detoxicate organic and
inorganic substances [5, 7, 12].

This paper describes an immune electron microscopic investigation of intralobular differ-
ences in albumin synthesis in the normal and regenerating adult mouse liver.

EXPERIMENTAL METHOD

Noninbred mice and BALB/c¢/J mice weighing 20-30 g, obtained from the Nursery of the All-
Union Oncologic Scientific Center, Academy of Medical Sciences of the USSR, were used. The
liver of normal mice and 70 h after poisoning with CCl, vapor [1] was studied.

An albumin preparation was obtained from adult mouse serum by double polyacrylamide gel
electrophoresis [2]. No contamination with other serum proteins was found in the concentrated
albumin preparation by precipitation in agar and electrophoresis. Antiserum against albumin
was obtained by immunization of rabbits in the popliteal lymph nodes with a preparation of
pure albumin [3]. Monospecific antibodies were obtained by means of an immunosorbent prepared
from purified albumin, covalently bound with Sepharose CNBr-4B (from Pharmacia, Sweden) in ac-—
cordance with the firm's instructions. Fab'-fragments of antibodies were obtained from the iso-
lated antibodies {9]. The preparation of Fab'-fragments was conjugated with horseradish per-
oxidase type VI, RZ-2,9 (from Sigma, USA) [12].

The liver was fixed by our modified method of perfusion with saponin [10]. 'Under ether
anesthesia, after application of a ligature a needle was introduced .into the posterior.pole
of the spleen, and the organ perfused with 25 ml of a solution of 0.05% glutaraldehyde + 6%
paraformaldehyde + 0.05% saponin in 0.15 M cacodylate buffer, pH 7.4. Perfusion was carried
out with a peristaltic pump at the rate of 5 ml/min. After perfusion pieces of liver 1 cm?®
in volume were postfixed with a solution of 6% paraformaldehyde + 0.05% saponin for 3 h at
4°C. The pieces were then washed for 12-15 h with buffer with the addition of 3.5% sucrose
and 0.05% saponin. The pieces were frozen with liquid nitrogen and cryostat sections cut to
a thickness of 15 y and treated with 0.1 M lysine solution for 30 min. Next, 20-30 freely
floating sections were incubated in 0.3 ml of a solution of Fab + horseradish peroxidase con-
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