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Autorégulation of Adipose Tissue Mass in the Mouse* (32714)

ROBERT A. LIEBELT, L. VisMARA, aND A. G. Ligpert (Introduced by W. J. Schindler)
Department of Anatomy, Baylor University College of Medicine, Texas Medical Center,
Houston, Texas 77025

Lipid deposition occurs at different rates in
the inguinal and gonadal fat depots of NH
and CBA mice during postnatal development,
yet the lipid content of either fat depot rep-
resents a direct proportion of the total body
lipid content during normal growth or the
development of goldthioglucose-induced obes-
ity (1,2). Surgical removal of the gonadal
fat depots followed by a single injection of
goldthioglucose results in a ‘“compensatory
hypertrophy” of the remaining fat depots dur-
ing the development of obesity and an in-
creased rate of converting dietary constitu-
ents into stored lipids (3). These data sug-
gest that the anatomically dispersed fat depots
are integrated into a functional total adipose
tissue mass.

Syngeneic grafts of ovarian (4) and splenic
(5) tissues atrophy in intact animals. How-
ever, ovarian and splenic grafts remain mor-
phologically and functionally viable in ovari-
ectomized or splenectomized hosts, respec-
tively. Interpretations of these findings favor
the existence of autoregulatory mechanisms
determining tissue or organ mass (6). It

* Supported by USPHS Research Grants AM-
01230 and CA-04517.

was the purpose of the following studies to
determine the fate of syngeneic adipose tissue
grafts in intact mice and in mice in which
a deficit in the total adipose tissue mass was
created by surgical removal of specific fat
depots.

Materials and Methods. Experiment A. A
total of 84 (BALB/c Ki X CE/Ki) F,
hybrid mice! of both sexes were used at ap-
proximately 90 days of age and were dis-
tributed into four comparable groups accord-
ing to age, sex, and body weight. All animals
were anesthetized with sodium pentobarbital
and the peritoneal cavity was opened by a
midline incision from the xiphoid process to
the region of the external genitalia. Animals
assigned to Group I had the paired epididy-
mal or parametrial fat depots (GFQO’s) in
males and females, respectively, lifted from
the abdominal cavity without interfering with
the blood supply and returned to the normal
anatomical position. Group-II animals had
one of the paired fat depots pantially tran-
sected lateral to the main blood supply (tes-

1 Obtained from Kirschbaum Memorial Laboratory,
Department of Anatomy, Baylor University College
of Medicine.
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ticular or uterine artery), but was left in situ.
One of the paired fat depots was completely
excised in animals of Group III and both
fat depots were completely removed in Group-
IV animals. Care was exercised in removing
the fat depots in the latter two groups to
avoid damaging the blood supply to the re-
productive organs. The removed fat depots
provided the source of adipose tissue for
transplantation.

All animals in the four groups received a
graft of adipose tissue weighing aproximately
150 mg wet weight. No recipient served as
its own donor and the sex of donor and re-
cipient were the same. Grafts were placed
either into the peritoneal cavity as “free
grafts” or were sutured to the liver capsule
with a piece of 3-0 silk thread. The latter
type of graft was used to avoid the increased
possibility of the “free grafts” establishing
a vascular attachment to the stumps of the
removed fat depots in the operated as com-
pared to the intact animals. Interrupted su-
tures of 3-0 silk were used to approximate
the abdominal muscle layers and the skin
separately. Animals were autopsied at 2, 4,
6, and 9 months after transplantation. On
the basis of an arbitrary scale, the grafts
were classified as being either “successful,”
“partially successful,” or “unsuccessful.” This
scale ranged from 0-12 points and was based
on gross morphological characteristics of the
grafted tissue. If a transplant did not become
vascularized in the case of “free grafts” is was
given O points and considered “unsuccessful.”
Vascularized grafts were awarded 1 point and
also graded on the degree of vascularization,
necrosis, amount of normal appearing adipose
tissue present, and presence or absence of a
fibrotic capsule. Transplants with a total
score of 0-3 points were considered as “unsuc-
cessful”’; those with 47 points as “partially
successful” while those grafts scoring 8-12
points were classified as “successful.” Repre-
sentative grafts from all groups were proc-
essed for microscopic evaluation.

Experiment B. A total of 40 (BALB/c/Ki
X CE/Ki) F, hybrid males and females 120
days of age were divided into four groups.
Group I was made up of intact animals that
received a graft of adipose tissue obtained
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TABLE I. Relationship Between the Reeovery of

Adipose Tissue Grafts Classified as Sueccessful in

Different Experimental Groups Following Varying
Time Periods After Transplantation.

No. of grafts classified as
‘‘successful’’ at varying
time periods after trans-

Experi- plantation (months) Total No. of
mental ‘‘successful’’
groups® 2 4 6 9 grafts
I 2/6> 0/5 0/4 1/5 3/20 (15)°
II 2/8 1/5 3/3 3/3 9/21 (43)
ITI 3/5 2/4 4/6 5/8 14/23 (61)
v 3/6 3/4 4/4 6/6 16/20 (80)

* See text for description,
b ¢¢Queeessful’’ grafts/total number of grafts.
¢ Percentages are given in parentheses.

from the inguinal fat organ (IFO). Group II
animals had both IFO’s removed, and received
a graft of adipose tissue from a GFO. Group-
III animals received an IFO adipose tissue
graft and both GFO’s were removed. Group-
IV animals had both GFO’s and IFO’s re-
moved, and received an IFO adipose tissue
graft.

The removed fat depots were used for trans-
plantation. No recipient served as its own
donor and the sex of donor and recipient were
the same. The wet weight of the grafts of
IFO and GFO were approximately 100 mg.
Autopsies were performed on all animals at
6 months after transplantation and the grafts
were classified on the same basis as in the
first experiment.

Results. The results of Experiment A are
shown in Table I. No sex differences were
noted, thus the data from males and females
in each group were combined. A total of 3
out of 20 grafts (15%) in Group I were
classified as “successful” as compared to 9/21
(43%) in Group 1I, 14/23 (61%) in Group
III, and 16/20 (83%) in Group IV. However,
the time at which the hosts were killed fol-
lowing transplantation was important. Two of
the 3 grafts listed as “successful” in the intact
animals (Group I) were recovered at 2 months
post-transplantation and the third one was
found at 9 months after transplantation. The
latter mouse showed an exceptional increase in
body weight and excessive lipid deposition as
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Fic. 1.

A. An “unsuccessful” graft (GR) in a host with intact gonadal fat depots (GFO). Note

extensive vascular pattern. B. A “successful” graft (GR) in a host with both gonadal fat depots

surgically removed.

compared to the other mice killed at the
9-month period. The importance of the rela-
tionship between the time period after trans-
plantation and the status of the graft was also
seen in Group II animals (partially-cut GFO).
Whereas only 3 out of 13 grafts were classified
as ‘“‘successful” at the 2- and 4-month periods,
a total of 6,8 were found to be ‘“successful”
at the 6- and 9-month periods. Approximately
60% of the grafts were ‘“successful” at all
time periods in Group III (one GFO re-
moved). All the grafts in Group IV (both
GFO’s removed) were classified as ‘‘suc-
cessful” at 6 and 9 months after transplanta-
tion as compared to 50% at 2 months and
75% at 4 months. The majority of the “free
grafts” classified as “successful” in all groups
established vascular connections with liver,
small intestine, and mesentric adipose tissue
rather than with the stumps of removed
gonadal fat depots. The grafts sutured to the
liver accounted for the highest percentage of
either “unsuccessful” or “partially successful”
grafts as compared to the “free grafts” in all
groups. Localized necrosis about the suture

material was the primary basis for classifying
grafts as “partially successful” especially in
Groups TIT and 1V,

The “unsuccessful” grafts were a yellowish-
brown color with a grossly prominent blood
supply and had a caseous type of consistency
(Fig. 1). No normal appearing adipose tissue
was grossly or microscopically visible. The
“partially successful” grafts had localized
regions of necrosis, but some normal appearing
adipose tissue was always present in varying
amounts. The “successful” grafts appeared as
normal adipose tissue, and necrosis could not
be detected either macro- or microscopically.
No attempt was made to quantitate the
amount of viable adipose tissue in any graft.
However, “successful” grafts especially in
Groups III and 1V were uniformly larger than
the original graft. Mioroscopic examination
of the “unsuccessful” grafts revealed numerous
macrophage-type cells filled with vacuoles
plus fibroblast-like cells at the periphery pre-
sumably responsible for the formation of a
fibrous capsule about the grafts. No lympho-
cytes or plasma cell accumulations were noted.
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Unattached “unsuccessful” grafts were oc-
casionally found to consist of a pearly sphere,
freely movable within the peritoneal cavity
and consisting of fibrous encapsulated lipid
material.

The results of Experiment B were very
similar to those groups in Experiment A
autopsied at 6 months after transplantation.
Only 1 out of 10 IFO grafts was classified as
“successful” in intact animals (Group I), and
this was found in an animal demonstrating ex-
cessive amounts of adipose tissue as compared
to the others in the group. It appeared that
TFO grafts were relatively more sensitive than
GFO grafts to the amounts of adipose tissue
removed. Five out of 10 TFO grafts were “suc-
cessful” in animals with both GFO’s removed
(Group III), as compared to 9/10 in animals
having had both IFO’s and GFO’s removed
(Group 1V). All GFQO grafts were successful
(4/4) at 6 months following transplantation
after removal of both GFO’s (Experiment A).
On the other hand, 5/10 GFO grafts were
“successful” in animals that had only the
IFO’s removed (Group III). In unpublished
studies it has been found that the lipid con-
tent of IFO accounts for 7% of the total body
lipid content of mice of this strain as com-
pared to 179 in the GFO. Additional animals
will have to be studied at different time in-
tervals to establish any quantitative differ-
ences between IFO and GFO responsiveness
to deficits in adipose tissue mass.

Discussion. Transplantation of adipose tis-
sue in experimental animals has been primarily
restricted to autogeneic or allogeneic systems
(7). The results of this study indicate that the
removal of one or both gonadal or inguinal fat
depots enhances the successful transplantation
of syngeneic grafts of adipose tissue obtained
from either fat depot. This suggests that
creating a deficit in the total adipose tissue
mass of the host results in an altered physio-
logic state favoring the incorporation of
adipose tissue grafts into the total adipose
tissue system. Conversely, the failure of the
majority of adipose tissue grafts to become
incorporated into the total adipose tissue mass
in intact animals suggests the existence of
some type of “suppressing’”’ mechanism re-
gulating the total complement of fat depots
during a given physiologic state.
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The length of time the graft was permitted
to remain in the host influenced the results. A
greater number of ‘“successful” grafts were
generally found in all groups except the intact
animals from 4 to 9 months after transplanta-
tion. The amount of body adipose tissue of
the hosts also increased during this time
period. This suggests that the expansion of
the total adipose tissue mass with increasing
age favors incorporation of excess adipose tis-
sue into the total mass. It has been shown
that relatively small grafts of syngeneic
adipose tissue (approximately 20 mg) can be
transplanted successfully into the ears of
young adult, intact hosts, but the number of
successful grafts decreased with increasing age
and adiposity of the host at the time of
transplantation (1). Also it has been reported
that the final weight of autogeneic grafts of
adipose tissue placed subcutaneously into
immature rats can be influenced by the
amount of tissue originally transplanted (8).

The surprisingly high number of successful
grafts at 6 and 9 months after transplantation
in hosts with partially cut gonadal fat depots
in Experiment A deserves some comment. It is
possible that any type of trauma per se rather
than removal of adipose tissue from the body’s
complement initiates the development of a
physiological environment that enhances a
successful transplantation of the graft. How-
ever, it is also possible that disruption of the
blood supply to a large portion of the fat
depot, at least temporarily, causes in effect a
removal of a given functional quantity of the
fat depot from the systemic metabolism of the
host, thus creating a temporary deficit in the
total adipose tissue mass. This latter explana-
tion is supported by the occurrence of fatty
necrosis and fibrosis in the traumatized fat
depots at varying time periods after partial
transection.

The mechanism by which this proposed
regulation of adipose tissue mass takes place
is unknown. The idea that anatomically dis-
persed tissues of a similar type can be in-
tegrated into a functional whole is not new
since myeloid tissue which is widely distri-
buted throughout the body functions as an in-
tegrated unit as proposed in the erythron
concept (9). The embryological development
of adipose tissue suggests numerous simi-
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larities with blood forming tissue (10). It
remains to be determined whether humoral
agents similar to erythropoietin (11) or
granulopoietin (12) which are considered to
play important integrative roles in hema-
topoiesis will be found to be performing
similar functions for adipose tissue in lipid
deposition. However, the role of hormones
that are known to influence adipose tissue
physiology such as insulin, epinephrine, and
certain pituitary hormones must also be con-
sidered in any proposed mechanism (13).
Summary. Syngeneic adipose tissue grafts
showed evidence of necrosis or lack of vascu-
larization in intact, adult (BALB/c/Ki X Ce/
Ki) F; hybrid mice between 2 and 9 months
after transplantation. One or more fat depots
were surgically removed to produce a deficit
in the total adipose tissue mass, and this re-
sulted in an increased number of vascularized
and viable adipose tissue grafts in similar
genetic hosts during a comparable period. The
anatomically dispersed fat depots appear to
be under some form of self-regulation and in-
tegrated into a total adipose tissue mass.
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The immunocompetence of thymus-marrow
cell suspensions has been demonstrated (1,2).
Suspensions containing both thymus and
marrow cells produced more antibody to sheep
erythrocytes (SRBC) when transferred to
irradiated syngeneic hosts and stimulated with
antigen than could be accounted for by the
summation of the activities of thymus or
marrow cell suspensions considered singly.
Thymus-marrow interaction has also been
demonstrated in other systems (3-6).

* This work was supported by USPHS grants,
5 TI AI 13, AM-10145, AM-07529, AI-04152 and
AI-33165.

1 Postdoctoral Fellow, USPHS grant AM-33525.

The nature of the thymus—marrow interac-
tion is obscure. The purpose of these experi-
ments was to investigate the system using the
Jerne plaque assay method and to determine
whether isologous living thymus cells could be
replaced by irradiated cells, cell sonicates, or
heterologous cells. The importance of the
recipient thymus was also investigated.

Materials and Methods. LAF, mice were
used and the description of the mice, method
of cell suspension preparation and hemolysin
assay have already been published (1,2). Im-
munization was with 0.2 ml of 109% washed
SRBC. Rat thymus cell suspensions were
made from freshly sacrificed young adult



