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isolator. This involves some cumbersome equipment, the
learning of a completely different approach to the han-
dling of the instruments and tissues, and certain difficul-
ties for nursing personnel. But the lessons learned from
these studies have aided in the use of the technics in other
applications, perhaps most publicized in the use of entire
room isolators for patients with specific immune-sup-
pressed problems. Other surgical areas where isolator
technics have been used include neurosurgery, cardiac
surgery, bone marrow transplantation, post-transplanta-
tion immune suppression, burns, and infected cases where
reverse isolation is possible. Orthopedists have extended
these uses to procedures where they are most concerned
about infection—hip replacements—and then modified
them to laminar flow and other technics, all of which
came partially from previous experience with germfree
technology.

INTESTINAL OBSTRUCTION

r earlier studies had shown that bacteria played a
major role in the death of animals subjected to strangula-
tion intestinal obstruction, even when the animals re-
ceived adequate fluid and electrolyte support. Further
studies showed that antibiotics could prevent the fatal
outcome, and therefore the dominant role of bacteria
appeared to be established. There remained the lingering
question as to whether the antibiotics might be acting
through some other mechanism rather than just the con-
trol of the bacterial flora in the segment of bowel subject-
ed to the obstruction and loss of its blood supply. This
same question about the action of antibiotics has persist-
ed through other areas and was a further stimulus to our
work in the germfree field. A clear-cut answer should be
available in the total absence of bacteria—the germfree
animal.

Germfree dogs were subjected to the same strangula-
tion obstruction procedure as conventional animals and
treated only with fluid replacement. Six germfree dogs
and a total of 13 gnotobiotic dogs contaminated only with
a Bacillus or a Bacillus and Staphylococcus albus all
survived to 100 hours, in contrast to the conventional
animals that all died within 37 hours [3,4]: “These results
convinced us of the importance of bacteria in the patho-
genesis of the lethal results in strangulation obstruction.
Gnotobiotic dogs that received only fluid support sur-
vived, had a strangulated segment of bowel return to

LUVIL VL Dulall UUWEL LE BTHIILICE dnlmals aemonstrated
that above the obstructed loop in germfree animals, there
is absorption of water and electrolytes, in contrast to the
secretory state in conventional animals [8]. Thus, the
“normal” microbial flora of the intestine are important in
the loss of fluids in the presence of intestinal obstruction.

The blind loop syndrome has been blamed on bacteri-
al overgrowth within the loop, and there can be no doubt
that such growth does occur. However, whether that
growth is responsible for the loss of fecal fat is not so
clear. Studies in conventional and germfree rats with a
blind loop [9] found that germfree rats excreted approxi-
mately the same percentage of their fat intake as those
without a blind loop, in contrast to conventional rats,
which had a doubling of fat in the stool after establish-
ment of a blind loop. Germfree rats did not increase fat
excretion even with monocontamination or dicontamina-
tion with Bacteroides sp. and Clostridium sp. When they
were removed from the germfree environment, the rate of
fecal fat excretion increased five- or seven-fold, in con-
trast to nonoperated germfree rats, which increased ex-
cretion only slightly when removed from their isolator.
These studies need to be pursued with other species of
gnotobiotic animals to determine which organisms or
combinations are responsible for the malabsorption. It is
difficult to extrapolate the data from one species of gnoto-
biotic animal directly to man, but improved knowledge of
how various bacteria produce their lethal effects in each
gnotobiotic species should aid the understanding of the
disease process in man.

BILIARY/HEPATIC PROBLEMS

Bile peritonitis was studied by establishing a fistula
into the peritoneal cavity from the galibladder [/0]. Con-
ventional animals subjected to this procedure died within
26 hours. Conventional animals or gnotobiotic animals
with one or two known contaminants and treated with
antibiotics also survived. Germfree animals that received
no therapy of any kind all survived to reoperation at 15
days, at which time they showed no ill effects other than
the presence of a sterile bile ascites, amounting to 2,500
mL in one animal. Thus, bacteria were shown to have a
commanding role in the fatal effects of bile peritonitis.

Ligation of the hepatic artery was thought to be fatal
for many years, but then became a popular technic for the
treatment of portal hypertension. Conventional dogs sub-
jected to this operation had a 100% mortality, with C.
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GERMFREE ANIMALS AND TECHNICS

welchii given credit for the lethal effects. Antibiotics pre-
vented the lethal outcome, and it was shown that even
small doses of antibiotic administered prior to the hepatic
artery ligation would also prevent the fatal result. Still,
the possibility that the antibiotics might be acting in some
other way prevented the full acceptance of the bacterial
etiology as the complete answer to this problem. Repeti-
tion of the experiment in germfree dogs without any
antibiotic or other therapy resulted in survival, eliminat-
ing any question about the importance of bacteria in this
condition [11].

Bacteria have been implicated in the production of
blood ammonia levels, particularly in the elevations found
in patients with liver disease. Germfree guinea pigs were
shown to have blood ammonia levels about one fourth
that of conventional animals and to exhibit an increase
when given a high-protein diet, although not to the same
extent as conventional guinea pigs [/2]. Subsequent stud-
ies using the Eck fistula as a technic for measuring vari-
ous parameters of hepatic encephalopathy indicated that
germfree dogs develop encephalopathy with histologic,
biochemical, and clinical evidences of hyperammonemia
and hepatic coma [/3]. Ingestion of blood led to increases
in blood ammonia levels comparable with that in conven-
tional dogs. Thus, bacteria are not essential for produc-
tion of blood ammonia nor for the development of hepatic
encephalopathy, though bacteria may exaggerate such a
condition. -

PANCREATITIS

The role of bacteria in pancreatitis has not yet been
resolved. The Pfeffer technic, which uses a closed loop of
duodenum that includes the pancreatic duct but does not
include bile since the common duct is ligated, was em-
ployed for this study. Germfree animals developed severe
pancreatitis in this model, as did the conventional ani-
mals, even though cultures of the germfree animals and
all their secretions continued to be sterile [/4]. The
closed-loop obstruction was not a cause of death in the
germfree animals, although it could be implicated as such
in the conventional animals. However, the conclusion
drawn from this work was that bacteria are not a cause of
death in this form of experimental pancreatitis, and this
was the first clear-cut study where other nonbacterial

factors could be excluded. Other reports with different
animals and different technics confirmed these results'in’

germfree animals. A paradox arises from the observation
that antibiotics instilled into the Pfeffer loop prevent the
development of pancreatitis, even in germfree animals
[15].

SHOCK .

Fine focused modern interest on the role of the micro-
bial flora and endotoxins in shock. Thus, the germfree
animal offered an opportunity to refine our understand-
ing of shock. The early studies of shock in germfree ani-
mals failed to give the anticipated increase in survival,
even though fluid therapy did increase survival. A partial
explanation was provided by studies which showed that
the large cecum in germfree rats, which were the experi-

mental animals, contributed to the death of the animals,
since prior cecectomy prolonged survival [16].

More recent studies have shown that germfree rats
had significantly better survival than their conventional
controls when both groups were subjected to a “fluid-
treated” model of hemorrhagic shock in unanesthetized
unrestrained rats [/7]. The germfree animal should be a
fertile source for defining the role of the microbial flora in
the shock syndrome.

IMMUNOLOGY

All germfree species studied demonstrated reduced
development of the peripheral lymphoid organs. This is
most noticeable in the organs close to the gastrointestinal
tract, which normally would be influenced by the micro-
flora or microbial products. The degree of retardation of
lymphoid system development is diet-dependent and is
most striking in the colostrum-deprived germfree piglet
and in other species maintained on a low molecular
weight, water-soluble, antigen-free diet. All species of
germfree animals have reduced or absent immunoglobu-
lins, which is also diet-dependent. When immunized with
specific antigens or stimulated with nonspecific mitogens,
all species have been capable of an adequate response,
except the germfree guinea pig, which fails to develop a
typical delayed-type hypersensitivity response. There is
usually an increase in the lag phase of approximately 24
to 48 hours in the response curves. Once the germfree
animal has responded, the response usually reaches a
greater magnitude and is more prolonged than that ob-
served in the conventional counterpart [/8]. A study of
allograft rejection, using transplanted thyroid, showed no
difference in any of the parameters studied between
germfree and conventional animals [19]. Thus, germfree
animals provide yet another tool for the evaluation of a
number of immunologically related problems in surgical
research.

CANCER

Spontaneous prostate adenocarcinomas developed in
aging germfree Lobund Wistar strain rats, but not in
Sprague-Dawley rats maintained under the same condi-
tions, emphasizing the role of genetics in the development
of cancer [20]. Tumors have been induced in germfree
animals with dlmethylbenzanthracene (DMBA) but the
incidence was higher in conventional than in germfree
rats for colon, small intestinal, breast, salivary gland, and
ear duct tumors [21].

‘Early studies with Ehrlich ascites tumor in germfree
mice showed that transplanted tumors could grow in the
germfree animal, and therefore these animals were suit-

able for the study of certain effects of immunologic and. -

microbiologic factors on tumor growth [22]. Later stud-,

ies with nude mice seemed to indicate that transplanted, ’

human tumor cells would grow but not metastasize in
these animals [23]. It was later found that if the tumor

were debulked from time to time, so that the weight of the ™ °

tumor did not cause death of the host animal, metastases” -
did occur. Further evaluation of the potential of germfree v
animals in cancer research is warranted. .
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