
Abstract The effect of systemic complement depletion
by cobra venom factor (CVF) was evaluated in adoptive
transfer experimental allergic neuritis (AT-EAN). Spleen
cells of rats immunized with a neuritogenic peptide SP26
were injected into naive rats. On days 3 and 6 after cell
transfer AT-EAN rats were treated with CVF or saline in-
traperitoneally. AT-EAN rats treated with CVF had signif-
icantly lower scores for histological inflammation (0.25 ±
0.25 vs 1.9 ± 0.4, mean ± SEM, P < 0.03) and demyelina-
tion (0.13 ± 0.13 vs 1.6 ± 1.4, P < 0.02) than saline-treated
AT-EAN rats. Immunocytochemistry of lumbosacral
nerve roots showed significantly less ED1-positive
macrophages (0.5 ± 0.3 vs 1.6 ± 0.6, P < 0.04) and
CD11bc-positive (expressing complement receptor 3 or
CR3) inflammatory cells (0.6 ± 0.4 vs 1.7 ± 0.5, P <
0.03). Our data suggest that complement plays a crucial
role in inflammatory demyelination since systemic com-
plement depletion significantly reduces recruitment of
macrophages into the nerve and subsequent macrophage-
mediated demyelination.
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Introduction

Guillain-Barré syndrome (GBS) is an acute inflammatory
demyelinating polyradiculoneuropathy in which an im-

mune response following an infection is directed against
components of peripheral nerve. Evidence of humoral fac-
tors in the pathogenesis of GBS is illustrated by the favor-
able response to plasmapheresis, the presence of serum
complement fixing anti-peripheral nerve myelin (anti-
PNM) antibodies and of complement activation products
in serum and cerebrospinal fluid (CSF) [15, 17, 26]. De-
tailed autopsy studies in demyelinating GBS have shown
early complement fragment C3d deposition on the Schwann
cell membrane and vesicular myelin changes before macro-
phages invade the nerves and strip off myelin lamellae
[8]. In the more recently recognized axonal form of GBS,
complement and IgG are deposited on the ad-axonal
membrane and macrophages are found later in the axonal
space [7]. PNM can activate complement through the al-
ternative pathway in vitro and acute-phase GBS serum
causes complement-dependent demyelination in culture
and after intraneural application [16, 20, 27].

Experimental allergic neuritis (EAN), the in vivo
model of GBS, is produced in Lewis rats by immunization
with PNM or its neuritogenic components and is charac-
terized by inflammatory demyelination of the peripheral
nerves leading to tail and limb weakness. Transfer of anti-
gen-specific T cells produces a similar disorder with a
shorter latency called adoptive transfer EAN (AT-EAN),
suggesting that EAN is a T cell-mediated disease [23].
However, there is evidence that in PNM-induced EAN
humoral factors, including complement and antibodies to
myelin antigens, enhance the peripheral nerve damage in-
duced by T cells [1, 14, 33]. Intraneural injection of EAN
serum and complement or intraperitoneal (i.p.) injection
of EAN serum in conjunction with opening of the blood-
nerve barrier results in peripheral nerve demyelination [9,
12, 13, 22, 25].

In EAN the membrane attack complex of complement,
C5b-9, is deposited early on myelin and Schwann cells
before there is significant cellular infiltration [28]. Com-
plement depletion by cobra venom factor (CVF) reduces
the severity of clinical disease and histological demyeli-
nation in PNM-induced EAN [5]. We demonstrated that in
addition, complement depletion causes a significant re-
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duction in the number of inflammatory cells infiltrating
the nerve roots [32]. This effect of CVF on clinical and
histopathological disease severity is abrogated if more se-
vere EAN is induced with a high dose of PNM.

In the current study we investigate the effect of sys-
temic complement depletion with CVF in AT-EAN.

Materials and methods

Immunization and cell transfer

Female Lewis rats (Charles River), 160–180 g in weight, were im-
munized with 300 mg SP26 (a neuritogenic peptide comprising
amino acids 53–78 of the bovine P2 protein [24], synthesized in
the Department of Analytical Chemistry at the University of
Texas) emulsified in an equal volume of complete Freund’s adju-
vant (CFA) which contained 10 mg Mycobacterium tuberculosis
per ml. The immunogen was injected in 200 ml into the footpads
of each hindleg. Rats were killed on day 13. Spleens were removed
and spleen cells were incubated at 2 × 106 cells/ml with 2.5 mg/ml
SP26 in RPMI (Gibco, Grand Island, N. Y.) supplemented with
10% fetal calf serum (FCS; Whittaker Bioproducts, Walkersville,
Md.), 1 mM sodium pyruvate (Gibco), 2 mM glutamine (Gibco),
100 units penicillin/streptomycin and 50 µM 2-mercaptoethanol.
The plates were incubated at 37°C for 2 days in a humidified at-
mosphere containing 5% CO2. Cultured spleen cells were then re-
suspended and injected i. v. in naive Lewis rats at 50 × 106 cells per
animal for adoptive transfer of EAN. Data from two separate ex-
periments are presented.

Clinical assessment

The rats were weighed daily and evaluated clinically using the fol-
lowing scale: 0, normal; 1, limp tail; 2, abnormal gait; 3, mild
paraparesis [10].

Complement depletion

On days 3 and 6 after adoptive transfer of SP26-specific spleen
cells rats were injected with CVF (Sigma, St. Louis, Mo.; 0.7 ml i.
p.) or saline. This dose of CVF was found to deplete systemic
complement to a CH50 (total hemolytic complement activity) of
less than 5% of control samples in previous experiments [32].

Histology

Rats were killed on day 9 after adoptive transfer. The cauda equina
was removed and divided. The distal portion was fixed in 2.5%
paraformaldehyde/2.5% glutaraldehyde in phosphate-buffered saline
(PBS) for 4–6 h, osmicated overnight in 2% osmium tetroxide, de-
hydrated and embedded in Epon. Three to four blocks of the lower
lumbosacral roots were prepared from each animal. Representative
0.5-µm sections of each block were stained with toluidine blue; per
animal 50–60 roots or rootlets were evaluated.

Histological assessment of demyelination and inflammation
was performed using the following scales [10]. For demyelina-
tion: 1+, a few demyelinated axons perivenular or scattered; 2+,
many foci of perivenular demyelination; 3+, extensive demyeli-
nation perivenular and confluent; for inflammation: 1+, a few
scattered mononuclear inflammatory cells often subperineurial;
2+, perivenular cuffing with mononuclear inflammatory cells;
3+, extensive multifocal perivenular cuffing and widespread en-
doneurial inflammation. All slides were read by an investigator
(M. P.), who was unaware of treatment protocol pertaining to the
specimens.

The proximal portion of the cauda equina (± 2 cm) was snap
frozen in methylbutane cooled in liquid nitrogen and stored at –70°
C. Cross-sections (8 µm thick) were cut on a cryostat, fixed in ice-
cold acetone and used for immunocytochemistry.

Immunocytochemistry

Immunocytochemistry was performed using the following anti-
bodies: ED1 1 :1000, ED2 1 :50, ED3 1 :50 (macrophages), W3/13
(lymphocytes) 1 :50, C3 1 :1000 (from Cappel, Calif.), CD11b/c 
1 :100 (CR3 on macrophages, granulocytes, dendritic cells;
PharMingen, Calif.). Frozen sections (8 µm thick) were blocked in
normal rabbit serum for 30 min, then incubated with the primary
antibody for 1 h, washed with PBS, incubated with biotinylated
secondary antibody for 1 h, washed in PBS, incubated with avidin-
biotin-peroxidase complex (ABC; Vectastain) for 45 min, washed
and developed with diaminobenzidine and hydrogen peroxide.
Blocking with 0.01% hydrogen-peroxide preceded incubation with
primary antibodies to C3.

The intensity and distribution of staining in affected nerve
roots was scored as: 1+, mild; 2+, moderate; and 3+, severe; by an
investigator (M. P.) blinded to the source of the specimen.

Results

Clinical disease

The AT-EAN rats developed only minor weight loss that
was not significantly different between CVF-treated and
saline-treated rats (CVF treated 5.8 ± 4.6 g; saline treated
4.7 ± 2.4 g). Clinical signs of weakness were not dis-
cernible in CVF or saline-treated AT-EAN rats.

Immunocytochemistry

CD11bc-positive imflammatory cells and ED1-positive
macrophages were found both clustered perivascularly
and more diffusely infiltrating affected nerve roots. The
number of cells expressing CD11bc was usually slightly
higher than the number of ED1-positive macrophages in
areas of inflammation.

In AT-EAN rats treated with CVF significantly fewer
ED1-positive macrophages and CD11bc-expressing in-
flammatory cells were present in lumbosacral nerve roots
compared to saline-treated AT-EAN rats (Figs.1, 2). C3
staining paralleled the severity of the inflammatory infil-
trate and C3 deposition was invariably present where in-
flammation received a score of 2–3. In all but one of the
animals treated with CVF no C3 deposition was seen.
W3/13-positive lymphocytes were found in areas of in-
flammation, but there were consistently fewer W3/13-
positive cells than ED1-positive macrophages (W3/13
score for CFV-treated rats: 0.22 ± 0.34; for saline treated
rats 1.2 ± 1.3).

No significant difference was observed between the
CVF-treated and control group in staining for ED2, a
marker of resident macrophages. ED2-positive cells were
seen sporadically in most nerves but did not specifically
cluster in areas of inflammation. ED3-positive macro-
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phages were found only in areas of inflammation with
large collections of CD11bc-positive cells, but they were
fewer in number than the ED1-positive macrophages.

Histology

Epon-embedded sections of lumbosacral nerve roots of
AT-EAN rats showed the characteristic abnormalities of
inflammatory demyelination with both perivascular in-
flammation and more diffusely infiltrating inflammatory
cells. Large foamy macrophages containing myelin debris
were observed. Perivascular- and macrophage-associated
demyelination was present. Both inflammation and de-
myelination were strikingly reduced in CVF-treated com-
pared to saline-treated animals (Fig. 3). In only one of
eight CVF-treated rats were inflammatory cells and de-
myelinated fibers found, while in the other seven animals

histological sections were completely normal. In saline-
treated AT-EAN rats, completely normal histology was seen
in only one animal.

Discussion

The results of our experiments show that depletion of sys-
temic complement with CVF significantly reduces both
inflammation and demyelination of peripheral nerves in
AT-EAN. Complement deposition is decreased concomi-
tantly with inflammation. Overall the disease is mild and
remains subclinical both in control and CVF-treated AT-
EAN animals.

The current data in the antibody-independent model of
AT-EAN are analogous to the previously reported results
for EAN induced by low doses of myelin (CVF vs saline-
treated EAN rats: ED1: 0.4 ± 0.2 vs 1.6 ± 0.3, P < 0.01;
CD11bc: 1 ± 0.3 vs 2.5 ± 0.3, P < 0.01; inflammation: 0.6
± 0.4 vs 2 ± 0.4, P < 0.02; demyelination: 0.4 ± 0.3 vs 1.9
± 0.3, mean ± SEM, P < 0.01, Wilcoxon) [32], suggesting
a similar influence on the effector phase of the disease.
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Fig. 1 Immunocytochemical localization of macrophages, granu-
locytes and dendritic cells expressing CR3 using CD11bc antibody
in lumbosacral nerve roots of CVF-treated (a) and saline-treated
(b) rats with AT-EAN. CVF-treated animals show significantly
fewer CD11bc-positive cells than saline-treated animals (CR3
complement receptor 3, CVF cobra venom factor, AT-EAN adop-
tive transfer experimental allergic neuritis). Bar 20 µm

Fig.2 Lewis rats with AT-EAN were treated with CVF (n = 8) or
saline (n = 8) on day 3 and 6 after cell transfer. Immunocytochem-
istry of lumbosacral nerve roots obtained on day 9 showed signifi-
cantly fewer ED1-positive macrophages and CD11bc-positive
cells (macrophages, granulocytes and dendritic cells expressing
CR3) in CVF-treated animals compared to saline-treated controls
(ED1: 0.5 ± 0.3 vs 1.6 ± 0.6, mean ± SED P < 0.04; CD11bc: 0.6
± 0.4 vs 1.7 ± 0.5 P < 0.03). Histological scores for inflammation
and demyelination were significantly reduced after CVF treatment
(inflammation: 0.25 ± 0.25 vs 1.9 ± 0.4, mean ± SEM P < 0.02; de-
myelination: 0.13 ± 0.13 vs 1.6 ± 0.4, P < 0.03, Wilcoxon)



The induction phase with T cell activation for AT-EAN
takes place in the donor animal, whereas in myelin-in-
duced EAN CVF treatment is started on day 9 post immu-
nization, after disease induction. The effector phase of
AT-EAN entails migration of activated T cells across the
blood-nerve barrier, recruitment of macrophages into the
endoneurium and macrophage-mediated demyelination.
Following the initial rolling of leukocytes mediated by se-
lectins, chemotactic factors such as C5a or cytokines such
as interferon-γ and tumor necrosis factor-α (TNF-α) in-
duce endothelial cell activation, which in turn activates
adhesion molecules on the leukocytes. Cell migration is
accomplished through interactions between integrins on
migrating cells and adhesion molecules on endothelial
cells [4, 29].

CVF, a form of Cobra 3b, binds factor B to form a C3
convertase CVFBb, which systemically cleaves C3, thereby
releasing large amounts of C3a and C3b fragments since it
is not subject to regulatory factor H and I. Systemic C3
depletion follows this initial short-lasting massive com-
plement activation [31]. Systemic complement depletion
with CVF may affect endoneurial recruitment of inflam-
matory cells in several ways, by inhibiting the formation
of C5a, which is a strong chemoattractant, or by diminish-
ing ICAM-1 up-regulation on endothelial cells by TNF-α
since this is influenced by complement activation and
C5b-9 deposition [30].

The reduction of demyelination seen in our CVF-
treated EAN rats may be simply secondary to the reduced
recruitment of macrophages into the nerve. However,
complement is also necessary to opsonize myelin for
phagocytosis by macrophages [2, 6]. C3 fragment deposi-
tion can occur by antibody-dependent or -independent
mechanisms. Although in GBS circulating specific anti-
bodies together with complement contribute to demyeli-
nation [15], the activation of complement in vitro by
PNM via the alternative pathway supports the fact that an-
tibodies may not be necessary for complement-mediated
demyelination [16].

Our study suggests that in AT-EAN the predominant
effect of systemic complement depletion by CVF is on ad-
herence and recruitment of inflammatory cells into the
nerve. Initial influx of complement components from the
circulation may be affected, which will reduce opsoniza-
tion and the effectiveness of macrophage-mediated de-
myelination. However, since macrophages, Schwann cells
and fibroblasts have the capability to synthesize comple-
ment components [3, 20], once sufficient inflammatory
cells enter the endoneurial compartment demyelination
can proceed. This may explain why the effect of CVF
treatment was mostly abrogated when immunization was
performed with high-dose myelin which causes a more se-
vere clinical and histological disease.

Other investigators recently published comparable re-
sults in abstract form using a T cell line to induce EAN
[11]. Several studies have focused on the role of comple-
ment in experimental allergic encephalomyelitis (EAE)
[18, 19, 21]. In EAE, produced by immunization with
myelin basic protein or by adoptive transfer of a low dose
of antigen-specific spleen or T cells, systemic comple-
ment depletion with CVF reduced clinical disease and
early histological inflammation. The demyelination that
occurs in these EAE models after additional injection with
anti-myelin oligodendrocyte glycoprotein (anti-MOG) an-
tibodies also was diminished if complement was depleted
prior to antibody injection. In more severe disease com-
plement depletion had no significant effect. The authors
concluded that the major role of the complement cascade
in EAE appeared to be the generation of proinflammatory
factors, and that in the absence of complement compo-
nents an antibody-dependent cell-mediated cytotoxic re-
sponse may play a role in the pathogenesis of antibody-
mediated demyelination [21]. Our findings in EAN are
comparable to those in EAE. In summary, the findings of
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Fig.3 Epon-embedded sections of the cauda equina of rats with
AT-EAN show no or minimal perivascular inflammation and de-
myelination in CVF-treated animals (a) compared to saline-treated
rats (b). Bar 10 µm



dramatically decreased peripheral nerve inflammation and
demyelination after systemic complement depletion in the
AT-EAN model support a crucial role for complement in
the effector phase of immune-mediated inflammatory de-
myelination. Treatments that reduce complement activa-
tion may be beneficial in human inflammatory demyeli-
nating polyneuropathy.
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