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Immune-complex mediated colitis in rabbits
An experimental model
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From the Department of Medicine, Royal Free Hospital, London, and the Department ofPathology,
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SUMMARY An experimental colitis in rabbits is described, following the intravenous injection of pre-
formed irnmune complexes of human serum albumin (HSA) and anti-HSA into non-sensitised
rabbits. Tissue damage was localised to the colon by the Auer technique ofinducing local non-specific
inflammation, by the rectal instillation of dilute formalin. Formalin alone gave transient changes
that reverted to normal within 24 hours. In rabbits given intravenous immune complexes formed
in antigen-excess, a severe colitis was initiated, with histological features including mucosal ulcera-
tion, mixed inflammatory cell infiltration in the lamina propria, and crypt abscess formation. It is
possible that immune-complex damage may be one of the pathogenic mechanisms involved in
human ulcerative colitis.

The pathogenesis of human ulcerative colitis and
Crohn's disease remains unknown. Immune com-
plexes have been reported in the sera of patients with
these diseases (Doe et at., 1973; Jewell and
MacLennan, 1973), particularly if the disease is
active or extra-intestinal manifestations are present
(Hodgson et al., 1977). Such findings may be
secondary to the presence of inflamed gut, but it is
possible that immune complexes within the mucosa,
by activating the complement sequence, may contri-
bute to the tissue damage.

This study describes the histological features of an
experimental colitis in rabbits caused by the deposi-
tion of soluble immune complexes from the circula-
tion into the colonic mucosa. A single intravenous
injection of pre-formed complexes was given to non-
sensitised rabbits, and the complexes localised to the
colon by initiating mild inflammation in the colon
before the injection.

Methods

Young New Zealand White rabbits, of either sex,
weight 1-5 to 3l5 kg, on a normal laboratory diet,
were used. Colonic appearances were assessed by
proctoscopy and rectal biopsy using an infant
proctoscope.
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PREPARATION OF IMMUNE COMPLEXES
An antiserum to human serum albumin (HSA,
Behringwerke) was raised in rabbits by repeated sub-
cutaneous injection of HSA in Freund's complete
adjuvant. These sensitised rabbits were not used in
the colitis experiments.
HSA-anti-HSA complexes were precipitated from

the serum of these rabbits by HSA at a concentra-
tion of 07 mg/ml. This represented the equivalence
point as determined by quantitative precipitation
using trace-labelled 1311-HSA (Radiochemical
Centre, Amersham). The precipitate of HSA-anti-
HSA complexes was then partially redissolved in an
HSA solution containing 12 times the concentration
of HSA present at equivalence. The supernatant
was used as 'antigen-excess' complexes.

Rabbit globulin was obtained from the serum of
the immune rabbits by precipitation with an equal
volume of saturated ammonium sulphate, washing
the precipitate three times in half saturated am-
monium sulphate, redissolving the precipitate in
saline and dialysing against phosphate buffered
saline pH 7-2. The final protein concentration was 20
mg/ml as measured by the method of Lowry et al.,
(1951). A precipitate of HSA-anti-HSA complexes
obtained at equivalence was then partially redis-
solved in the globulin solution, yielding 'antibody-
excess' complexes in the supernatant.
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SUCROSE DENSITY ULTRACENTRIFUGATION
Sucrose density ultracentrifugation was used to
confirm the presence of immune complexes in the
'antigen-excess' and 'antibody-excess' supernatants,
and estimate their size. For this purpose, complexes
were made using trace labelled 1311-HSA. Twenty-
two millilitres sucrose densitywere prepared according
to the method of Britten and Roberts (1960) with a
range of 10-40% sucrose in phosphate buffer, 0 05M,
pH 7-4. 0 5 ml of sample was layered on to each
gradient using a Pasteur pipette and the tubes centri-
fuged at 29 000 rev/min at 4°C for 42 hours in a
3 x 25 ml swing-out rotor on an MSE Superspeed 65
Centrifuge (MSE Ltd, Crawley, Sussex). The con-
tents of each tube were then removed by tube piercing
and 10 drop fractions collected under gravity.
The fractions were analysed for radioactivity on a
LKB-Wallac 1280-1 autogamma counter and
alternate fractions analysed for sucrose concentra-
tion using an Abbe refractometer. The sedimentation
coefficients were then calculated by the method of
Funding and Steensgaard (1971).

COLITIS EXPERIMENTS

Preliminary experiments were performed to deter-
mine the effect of dilute formalin on rabbit rectal
mucosa. One millilitre of 1% formalin was chosen as
a concentration which gave mild, transient changes
in the histological appearances of mucosal biopsy
specimens.

Proctoscopy and biopsy were performed on each
animal at the beginning of each experiment and at
intervals up to three months. The exact time inter-
vals are detailed in the Table. Biopsies were taken
between 5 and 8 cm from the anal verge, and, if
visible, previous sites of biopsy were avoided. Four
groups of animals were studied as follows:

Group 1: controls (six rabbits)
One millilitre of formalin was instilled rectally and
two hours later, after a further rectal biopsy, an
intravenous injection of 1 ml saline (two rabbits), or
1 ml HSA solution (11 mg/ml) (two rabbits), or 1 ml
rabbit globulin (20 mg/ml) (two rabbits), was given
into an ear vein.

Group 2: antigen-excess (four rabbits)
Two hours after intrarectal formalin, 1 ml of antigen-
excess complexes were injected intravenously.

Group 3: antibody-excess (two rabbits)
Two hours after intrarectal formalin, 1 ml antibody-
excess complexes were injected intravenously.

Group 4: (two rabbits)
No formalin was instilled, but 1 ml antigen-excess
complexes was injected intravenously.
The biopsies were fixed in formalin, and sections

were stained with haematoxylin and eosin. The
histological appearances were assessed by one of us

(J.S.) without knowledge of the experimental pro-
cedure in each animal or the timing of the biopsies.

Results

Rabbit colonic mucosa is similar to that of humans,
differing only in that the superficial epithelium is
composed mainly of simple columnar cells with few
goblet cells, and the cellular population of the
lamina propria is less.

GROUP 1: CONTROLS
In five rabbits the changes caused by 1% formalin
were minimal, amounting to occasional subnuclear
vacuolation in the surface epithelial cells (Fig. 1).

Table Mucosal changes in group 2 rabbits

Time Surface epithelium Lamtzinapropria Crypt abscesses Vessels Goblet cells

0 Normal Normal None Normal Normal
2 h after formalin Subnuclear vacuolation Normal None Superficial vessels Normal

slightly dilated
i h after injection Subnuclear vacuolation Oedema None Deep vessels dilated Normal

ofcomplexes Increased plasma Pavementing of
cells, Polymorphs t polymorphs

3 h Patchy ulceration Increased polymorphs, None Dilated Normal
P Cs t Pavementing of

polymorphs
22 h Superficial ulceration, r(Depletion

fibropurulent exudate
4-5 d Severe mucosal ulceration Striking increase in Present Dilated. Migration Marked depletion
7-8 d Severe mucosal ulceration J cellst t t of polymorphs LMarked depletion
6 w Normal t plasma cells None Normal Normal. Crypt

Normal polymorphs distortion
3 m Normal Normal None Normal Normal. Crypt

distortion
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These changes occurred within two hours of the
formalin instillation and had disappeared within 48
hours. One rabbit, receiving intrarectal formalin and
intravenous saline, showed more marked changes.
These were seen two hours after formalin and were
maximal at three hours-that is, one hour after
intravenous saline. In this animal there was super-
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ficial epithelial cell loss, dilatation of capillaries in
the superficial layer of the lamina propria, and a
mucopurulent cap. There was no crypt distortion, no
oedema, and no dilatation of the deeper capillaries.
By 22 hours after the injection, these changes had
reverted to normal (Fig. 2).

Fig. 1 Rabbit rectal biopsy
two hours after instillation of

s ,1 t % >1% formalin. There are
z > surface epithelial

abnormalities. H and E x 176
;t1 < ^ + (original magnification).

_ _4

Fig. 2 Rabbit rectal biopsy 22
hours after instillation of 1
formalin, followed by
intravenous saline. The surface
mucosa has returned to normal.
H and E x 250 (original
magnification).
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GROUP 2: ANTIGEN-EXCESS COMPLEXES
AFTER FORMALIN
The size of the immune complexes obtained in
antigen-excess was estimated, using sucrose-density
ultracentrifugation. Figure 3 shows the distribution
of 1311-HSA within the sucrose gradient. It will be
seen that a variety of complexes were obtained with
sedimentation characteristics from 9-30 S, although
the predominant species was 14-17 S.

Forty-five minutes after the injection of these
complexes there was, in all four rabbits, oedema of
the lamina propria and dilatation of the deeper capil-
laries of the mucosa. The dilated capillaries showed
margination of the polymorphonuclear cells and
were surrounded by plasma cells and polymorpho-
nuclear cells (Fig. 4). The surface epithelium showed
only a mild degree of subnuclear vacuolation. By
three hours, large numbers of polymorphonuclear
cells were seen passing through the capillary walls
and there was a marked infiltrate of these cells and of
plasma cells throughout the lamina propria.
By 22 hours, the changes were well-developed (Fig.

5). There was surface epithelial ulceration and, in
places, there was a fibrinopurulent cap. The lamina
propria infiltrate had increased. There was distortion
of crypt architecture and patchy loss of goblet cells
from the crypts; other crypts were dilated showing
early crypt abscess formation and retention of
mucus. The submucosa, however, was virtually unaf-
fected although the biopsy specimens included only
small amounts of this tissue. By 48 hours, the
changes remained much the same but by five days
the damage to the mucosa was at its most extreme
with the formation of ulcers, severe disruption of
crypts, and the formation of crypt abscesses (Fig. 6).
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There were similar findings at seven days, but by six
weeks the inflammatory changes were minimal,
amounting to a slight increase of plasma cells in the
lamina propria. The crypt architecture remained
distorted with short, narrow, or branched crypts, and
these changes persisted at three months (Fig. 7).
The Table summarises the time-course and extent

of these changes.

GROUP 3: ANTIBODY-EXCESS COMPLEXES
AFTER FORMALIN
Changes similar to those seen in group 1 were found
in all rabbits after the instillation of formalin. Fur-
ther changes after the injection of the complexes
were slight in comparison with those noted in group
2. By 22 hours there was an increase in plasma cells
and polymorphonuclear cells in the lamina propria,
most noticeable around capillaries. The polymor-
phonuclear cells did not penetrate the crypts or
superficial epithelium, and the crypt architecture was
undisturbed. The infiltration was less by 48 hours and
the mucosa had reverted to normal by five days.

GROUP 4: NO FORMALIN. ANTIGEN-EXCESS
COMPLEXES
Mild changes, comparable in severity to those seen in
group 3, were seen in the lamina propria 24 hours
after the injection of complexes. There was oedema of
the lamina propria, with some capillary dilatation
and perivascular infiltration, but these changes were
slight compared with those seen in group 2. An
increase in cell numbers in the lamina propria per-
sisted for seven days, but had reverted to normal by
four weeks.

I
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z

Fig. 3 Sucrose-density profile of
HSA-anti-HSA complexes
formed in antigen-excess. Radio-
activity derivedfrom trace-
labelling with 13II-HSA.
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Fig. 4 Rabbit rectal biopsy 45
minutes after intravenous
injection ofpre-formed
complexes formed in antigen-
excess, 21 hours after rectal
formalin. There is an early
inflammatory infiltrate in the
deep layers of the lamina
propria. H and E x 250
(original magnification).

Fig. 5 Rabbit rectal biopsy 22 hours after injection of antigen-excess complexes. There is mucosal ulceration, loss
ofgoblet cells from the glands, and inflammation throughout the lamina propria. H and E x 176 (original)
magnification).
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Fig. 6 Rabbit rectal biopsy
five days after injection of
antigen-excess complexes.
There are dilated glands with
crypt abscess formation, wide-
spread inflammation in the
mucosa and surface ulceration.
H and E x 176 (original
magnification).

Al ~~~~~~~~~~~~~~~~~V

Fig. 7 Rabbit rectal biopsy three months after injection of complexes. There is no inflammation in the
lamina propria, but distorted and bifid glands are present. H and E x 250 (original magnification).
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Discussion

These experiments indicate that the intravenous
injection of pre-formed immune complexes can lead
to a severe colitis in rabbits, if the colonic mucosa has
first been mildly inflamed. As the animals had not
been sensitised to either of the components of the
antigen-antibody complex, and severe damage was
initiated before time for sensitisation had elapsed, it
seems probable that the tissue damage was initiated by
the immune complexes themselves. The histological
features of the colitis in its early stages, with peri-
vascular oedema and infiltration with polymorpho-
nuclear cells, were compatible with those seen in
classical immune-complex mediated lesions.
The control groups indicate that instillation of

rectal formalin alone gave only transient inflam-
mation, but this was required for severe damage to
be initiated by the complexes. Antigen-excess com-
plexes caused little damage if no formalin was
administered. This was probably because the com-
plexes injected were relatively small, mainly 14-17 S.
Henson and Cochrane (1971) have shown that in
experimental serum sickness small complexes, of less
than about 19 S, do not initiate tissue damage, as
they are incapable of increasing vascular permeability
and leaving the circulation. Small complexes can
however cause inflammation if injected directly into
the tissues (Cochrane and Hawkins, 1968). In our
experiments, when local inflammation had been
initiated by the formalin, such small complexes
could presumably leave the circulation. Auer (1920)
demonstrated this effect of local inflammation
localising systemic antigen-antibody responses. Even
with such local inflammation antibody-excess
complexes initiated little damage, as might be
expected from their relative inefficiency in causing
lesions in experimental serum sickness (Weigle, 1961).

There are two previously reported models of colitis
in rabbits which are probably dependent upon
immune-complex formation. In an Arthus-type
reaction, Goldgraber and Kirsner (1959) induced
severe local inflammation and haemorrhagic necrosis
by mucosal injections of egg albumen into rabbits
sensitised to that antigen. The second model involved
the Auer reaction as in our experiments. Rabbits
were sensitised to egg albumen and mild colonic
inflammation was induced with dilute formalin.
Intravenous injections of egg albumen led to
mucosal oedema and ulceration, perivascular round-
cell infiltration and a mixed inflammatory cell
infiltrate in mucosa and submucosa. The antigen,
though not specific antibody, was shown to be
deposited in the affected areas (Kraft et al., 1963).
However, as both these experimental models used
sensitised animals, it seems likely that other im-

munological mechanisms of tissue damage, apart
from immune complex formation, were operative.
The inflammatory lesion induced by immune

complexes in rabbits shares histological features with
human ulcerative colitis. The lesion was pre-
dominantly mucosal, with surface epithelial cell
damage, loss of goblet cells, gland destruction, and
crypt abscess formation. The cellular infiltrate in the
lamina propria consisted of polymorphonuclear
cells and plasma cells; there were also eosinophils,
but the eosinophilia shown by rabbit polymorpho-
nuclear cells made this feature difficult to assess. The
gland dilatation in some biopsies was reminiscent of
that seen sometimes in acute toxic dilatation occur-
ring as a complication of human ulcerative colitis, but
it is also seen in some cases of pseudomembranous
colitis and amoebic colitis. The recovered rabbit
mucosa showed some glandular distortion, such as
may be seen sometimes in rectal biopsies of patients
with ulcerative colitis in remission.

It is unlikely that human ulcerative colitis is
caused solely by immune complex deposition. Cellular
immune mechanisms directed against bacterial and
colonic antigens have been described (Perlmann and
Broberger, 1963; Shorter et al., 1968; Bull and
Ignaczak, 1973), at least in vitro, and the possibility
of an infective cause has not been excluded (Cave et
al., 1976). However the animal model reported here
suggests that, whatever the primary cause of colonic
inflammation, further tissue damage may occur if
immune complex deposition occurs. Such com-
plexes could be formed locally, and there is con-
siderable evidence of antibody formation against
bacterial and colonic antigens in patients with
ulcerative colitis (Lagerkrantz et al., 1966; Monteiro
et al., 1971). This mechanism might explain the
common clinical observation that ulcerative colitis
may follow an infective colitis (Felsen and Wolarsky,
1953), and also provides an explanation for the
chronicity of the condition.

References

Auer, J. (1920). Local autoinoculation of the sensitised
organism with foreign protein as a cause of abnormal
reactions. Journal of Experimental Medicine, 32, 427-444.

Britten, R. J., and Roberts, R. B. (1960). High-resolution
density-gradient sedimentation analysis. Science, 131, 32-
33.

Bull, D. M., and Ignaczak, T. F. (1973). Enterobacterial com-
mon antigen-induced lymphocyte reactivity in inflam-
matory bowel disease. Gastroenterology, 64, 43-50.

Cave, D. R., Mitchell, D. N., and Brooke, B. N. (1976).
Evidence of an agent transmissible from ulcerative colitis
tissue. Lancet, 1, 1311-1314.

Cochrane, C. G., and Hawkins, D. (1968). Studies on
circulating immune complexes. III. Factors governing the
ability of circulating complexes to localize in the blood
vessels. Journal of Experimental Medicine, 127, 137-154.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.19.3.225 on 1 M

arch 1978. D
ow

nloaded from
 

http://gut.bmj.com/


232 H. J. F. Hodgson, B. J. Potter, J. Skinner, and D. P. Jewell

Doe, W. F., Booth, C. C., and Brown, D. L. (1973). Evidence
for complement-binding immune complexes in adult
coeliac disease, Crohn's disease, and ulcerative colitis.
Lancet, 1, 402-403.

Felsen, J., and Wolarsky, W. (1953). Acute and chronic
bacillary dysentery and chronic ulcerative colitis. Journal of
the American Medical Association, 153, 1069-1072.

Funding, L., and Steensgaard, J. (1971). Detection of the
sedimentation coefficients of D-glucose-6-phosphate
dehydrogenase from normal and deficient human erythro-
cytes by S-zonal ultracentrifugation. Scandinavian Journal
of Clinical and Laboratory Investigation, 28, 445-452.

Goldgraber, M. B., and Kirsner, J. B. (1959). The Arthus
phenomenom in the colon of rabbits. A serial histologic
study. Archives ofPathology, 67, 556-571.

Henson, P. M., and Cochrane, C. G. (1971). Acute immune
complex disease in rabbits. Journal of Experimental
Medicine, 133, 554-571.

Hodgson, H. J. F., Potter, B. J., and Jewell, D. P. (1977).
Immune complexes in ulcerative colitis and Crohn's
disease. Clinical and ExperimnentalImmunology, 29,187-196.

Jewell, D. P., and MacLennan, I. C. M. (1973). Circulating
immune complexes in inflammatory bowel disease.
Clinical and Experimental Immunology, 14, 219-226.

Kraft, S. C., Fitch, F. W., and Kirsner, J. B. (1963). Histologic
and immunohistochemical features of 'Auer' colitis in

rabbits. American Journal ofPathology, 43, 913-927.
Lagerkrantz, R., Hammarstrom, S., Perlmann, P., and

Gustafsson, B. E. (1966). Immunological studies in
ulcerative colitis. III. Incidence of antibodies to colon-
antigen in ulcerative colitis and other gastro-intestinal
disorders. Clinical and Experimental Immnunology, 1, 263-
276.

Lowry, 0. H., Roseborough, N. J., Farr, A. L., and Randall,
R. J. (1951). Protein measurement with folin phenol
reagent. Journal of Biological Chemistry, 193, 265-275.

Monteiro, E., Fossey, J., Shiner, M., Drasar, B. S., and
Allison, A. C. (1971). Antibacterial antibodies in rectal
and colonic mucosa in ulcerative colitis. Lancet, 1, 249-
251.

Perlmann, P., and Broberger, 0. (1963). In vitro studies of
ulcerative colitis, II. Cytotoxic action of white blood cells
from patients on human fetal colon cells. Journal of Ex-
perimental Medicine, 117, 717-733.

Shorter, R. G., Spencer, R. J., Huizenga, K. A., and
Hallenbeck, G. A. (1968). Inhibition of in vitro cytotoxicity
of lymphocytes from patients with ulcerative colitis and
granulomatous colitis for allogeneic colonic epithelial
cells using horse anti-human thymus serum. Gastro-
enterology, 54, 227-231.

Weigle, W. 0. (1961). Fate and biological action of antigen-
antibody complexes. Advances in Immunology, 1, 283-317.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.19.3.225 on 1 M

arch 1978. D
ow

nloaded from
 

http://gut.bmj.com/

