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The anti-inflammatory effect of c-phycocyanin extract was studied in acetic acid-induced
colitis in rats. Phycocyanin (150, 200 and 300 mg kg~ p.0.) was administered 30 min before
induction of colitis with enema of 1 ml of 4% acetic acid per rat. Twenty-four hours later
myeloperoxidase (MPO) activity was determined as well as histopathological and ultrastruc-
tural studies were carried out in colonic tissue. Phycocyanin substantially reduced MPO
activity which was increased in the control colitis group. Also, histopathological and
ultrastructural studies showed inhibition in inflammatory cell infiltration and reduction to
some extent in colonic damage in rats treated with phycocyanin. The probable role of
antioxidative and the scavenging properties of phycocyanin against reactive oxygen species
in the anti-colitic effect is discussed in this paper. To our knowledge this is the first report
on the anti-inflammatory effect of phycocyanin in an experimental model of colitis.
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INTRODUCTION

Inflammatory bowel disease (IBD) is a chronic in-
flammatory disorder involving primarily the gastroin-
testinal tract and includes Crohn’s Disease and ul-
cerative colitis [1].

The pathology of IBD is characterised by poly-
morphonuclear leukocyte (PMNL) infiltration,
oedema, erythema, ulceration and lipid mediator
release [1]. Although the etiology of IBD is un-
known, currently there is consensus that metabolites
of arachidonic acid such as leukotrienes and
prostaglandins as well as reactive oxygen species
(ROS) are involved in the induction and develop-
ment of the disease [1-4]. Recently, we demon-
strated that phycocyanin a biliprotein found in blue
green algae such as Spirulina and Arthospira maxima
exerts scavenging action against ROS as well as
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anti-inflammatory activity in various in vitro and in
vivo experimental models [5]. Taking into account
that these microalgae are used as nutritional supple-
ments in many countries, it is conceivable that phy-
cocyanin could be potentially used as a dietary sup-
plement in IBD. Thus, in order to provide evidence
in favour of this hypothesis we decided to test phy-
cocyanin extract in acetic acid-induced colitis, an
animal model that mimics some of the acute in-
flammatory responses seen in ulcerative colitis [1].

MATERIALS AND METHODS

Materials and animals

Male rats (Sprague—Dawley, 200-250 g) were pur-
chased from the National Center for Laboratory
Animal Production, Havana, Cuba. They were
housed under a 12-h light-dark cycle with room
temperature maintained at 23°C, humidity at 55%
and food and water available ad libitum. The rats
were fasted for 2 days prior to any intracolonic
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studies but were always allowed full access to water.
The experiments were conducted in accordance with
the ethical guidelines for investigations in laboratory
animals and were approved by the Ethical Commit-
tee for Animal Experimentation of the National
Center for Scientific Research.

All reagents not specifically described were pur-
chased from Sigma (St. Louis, MO, USA).

Preparation of phycocyanin extract
Phycocyanin was extracted from the microalgae
Arthospira maxima as described in a Cuban patent
[6]. The blue powder thus obtained showed a peak in
the visible absorption spectrum of 617 nm, which is
very close to the one reported for c-phycocyanin [7].

Induction of colitis and treatments

Groups of eight rats were used in the experi-
ments. Phycocyanin (150, 200 and 300 mg kg~ *) and
5-aminosalicylic acid (5-ASA), at a dose of 200 mg
kg~! used as reference drug, were administered by
gavage to the rats. Water and 1% carboxymethylcel-
lulose were used as vehicles of phycocyanin and
5-ASA, respectively. Thirty minutes later the rats,
under light ether anaesthesia, received enemas of 1
ml of 4% acetic acid in water [8]. Twenty-four hours
later, rats were killed by an overdose of ether, colons
extirpated and divided for histological, ultrastruc-
tural and biochemical analysis. A group of non-
treated rats was included in the experiments.

Determination of myeloperoxidase (MPO) ac-
tivity

Colonic tissue was weighed and assessed for the
content of MPO as previously described [9]. Briefly,
tissue was minced and homogenised in 50 mm
KH,PO,/K,HPO, buffer (pH 6.0) containing 0.5%
hexadecyltrimethyl-ammonium bromide (HTAB) in
order to obtain 50 mg of tissue per millilitre. The
homogenate was freeze—thawed three times to re-
lease the content of the neutrophils granules. After
centrifugation, aliquots of the supernatant were
taken for determination of MPO enzyme activity
spectrophotometrically using hydrogen peroxide as
substrate and O-dianisidine as the hydrogen donor.
A unit of MPO activity was defined as that convert-
ing 1 wmol of hydrogen peroxide to water in 1 min
at 22°C. MPO data are compiled as absorbance at
460 nm and reported as units per gram of tissue or
reduction percent with respect to the control colitis
group.

Histological assessment

Colonic samples were taken 2—-4 cm proximal to
the anus. Thereafter, the tissue was fixed in phos-
phate-buffered formaldehyde, embedded in paraffin
and 5-um sections were prepared. The tissue was
stained with haematoxylin and eosin and evaluated
by light microscopy, being scored in a blinded man-
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ner by two expert pathologists. A histological grad-
ing scale was used for determination of the extent of
inflammatory reaction in the tissue.

Each of the individual parameters estimated was
graded 0—3 depending upon the severity of changes
(0, no change; 1, mild; 2, moderate; 3, severe).

The evaluated parameters were: erosion, ulcera-
tion, mucosal necrosis, haemorrhage of mucosa,
lamina propria and submucosal oedema and in-
flammatory cell infiltration. The severity of changes
was subjectively graded and compared with controls.

Transmission electron microscopy

Colonic tissue from rats treated either with 4%
acetic acid solution or with phycocyanin plus acetic
acid were fixed in a cold solution of 3.2% glutaralde-
hyde in 0.1 m sodium cacodylate buffer. After 1 h,
pieces of tissues were post-fixed in 2% osmium
tetroxide, for an additional 1 h. Samples were dehy-
drated and finally embedded in Spurr resin. Ultra-
thin sections were stained with saturated uranyl
acetate and lead citrate and observed in a JEM 100
S Electron microscope.

Statistical analysis

Statistical evaluation was by two-sample t-test af-
ter analysis of variance with significance ascribed
when P < 0.05. All results are expressed as means +
SEM.

RESULTS

Effects of phycocyanin and 5-ASA on MPO
activity and on damage scores in colitis in-
duced by acetic acid in rats

Colitis induced by 4% acetic acid in rats resulted
in significant increases in colonic MPO content with
respect to normal control rats. However, the former
effect was reversed in the group of rats with colitis
which was previously treated with phycocyanin ex-
tract at doses of 150, 200 and 300 mg kg~! p.o.
(Table D).

The greater inhibitory effect on MPO activity was
achieved with the latter two doses, which indicates a
reduction of neutrophil infiltration in colonic tissue.
5-ASA at a dose of 200 mg kg~ ! p.o, used as a drug
reference, also substantially decreased MPO activity
in rats with colitis (Table 1).

In agreement with these findings, histological
evaluation of colonic tissues revealed essentially
normal mucosa in the non-treated control group, in
contrast with mucosal haemorrhage, severe inflam-
matory cell infiltration, submucosal oedema and fo-
cal ulceration in acetic acid-treated rats (Fig. 1). In
groups of rats pre-treated with phycocyanin (150,
200 and 300 mg kg~?!) there was only slight submu-
cosal oedema, minimal subepithelial haemorrhage
and mild inflammatory cell infiltration (Fig. 2). Thus,
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Table |
Effects of phycocyanin and 5-ASA on MPO activity and on
damage score in colitis induced by acetic acid in rats

Groups of rats MPO activity MPO Damage
(units / g tissue)  inhibition score
() (0-3)
Control normal 543 +2.18 - -
Control colitis ~ 290.7 + 4.82 - 28+0.2
Phycocyanin
150 mgkg ™' 128.6 + 4.29* 55.7 2.0 40.4%
200mg kg™t 99.2 +3.72*% 658  1.9+0.4*
300mgkg™ ' 99.0 + 4.42% 659  1.640.3*
5-ASA
200mgkg ' 81.3+2.22% 720  14+02*

*P < 0.05: Phycocyanin and 5-ASA groups vs control
colitis group.There were eight rats in each group. Mean +
sem are shown. Phycocyanin and 5-ASA were adminis-
tered by gavage to rats. Enemas of 1 ml of 4% acetic acid
in water were administered to rats in order to induce
colitis.

the colonic damage score was reduced from 2.8 in
the control colitis group to 1.6 in the group pre-
treated with the greatest dose of phycocyanin.

Similar results were achieved with 5-ASA at a
dose of 200 mg kg~! p.o (Table 1), which also
exerted protective effects on rat colonic mucosa that
appears practically normal (Fig. 3).

Also, ultrastructural studies of colonic tissue pro-
vided evidence that phycocyanin administration re-
sulted in reduced inflammation. Normal structure of
the epithelial cells and basal area was observed in
the colon of the non-treated control group [Fig.
4(A,B)]. However, in the colonic tissue of rats treated
with 4% acetic acid was observed loss of microvilli,

Fig. 1. Cross-section of rat colon obtained 24 h after
exposure to acetic acid enema. Extensive transmucosal
necrosis with remarkable inflammatory cell infiltration
and submucosal oedema was observed (H&E; original
magnification 100 X ).
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Fig. 2. Cross-section of rat colon in animal with induced
colitis pretreated with phycocyanin (300 mg kg=! p.o.).
Minimal damage of the mucosa with slight submucosal
oedema and mild inflammatory cell infiltration (H&E;
original magnification 100 X ).

swollen mitochondria with loss of cristae. Nuclear
alteration such as dilation of the nuclear envelope
was also observed [Fig. 5(A)]. In the basal area an
extensive inflammatory infiltration with the presence
of neutrophils was shown [Fig. 5(B)].

In rats with colitis pre-treated with phycocyanin at
a dose of 300 mg kg~ p.o. was observed slight
recovery of microvilli in some epithelial cells and in
the basal area the inflammatory cell infiltration was
almost absent (Fig. 6).

DISCUSSION

The most important finding of this study was that
phycocyanin could reduce colitis induced by acetic
acid in rats. To our knowledge it is the first report

Fig. 3. Electron micrograph of colonic tissue of rat with
colitis pretreated with 5-ASA (200 mg kg~! p.o). Rat
colonic mucosa shows remarkable recovery of damage
(12,000 x ).
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Fig. 4. Electron micrographs of colonic tissue of normal
rat. Normal structure of the epithelial cells (A) and basal
area (B) are observed (5200 X ).

on the anti-colitic effect of phycocyanin which was
evident from the evaluation of histological features
as well as ultrastructural analysis of colonic tissue
and confirmed by measurements of MPO activity.

MPO is an enzyme present in neutrophils and at a
much lower concentration in monocytes and
macrophages. The level of MPO activity is directly
proportional to the neutrophil concentration in the
inflamed tissue [10]. Therefore measurements of
MPO activity has been considered a quantitative
and sensitive assay for acute intestinal inflammation
[10].

Higa et al. [11] also demonstrated that changes of
MPO activity in the colonic tissue of rats after
induction of colitis paralleled well with the severity
of mucosal damage. However, these authors using
cyclophosphamide-treated nuetropenic mice and
treatment with a LTB, receptor antagonist ONO-
4057 showed that neutrophils in the inflamed site
but not those in blood circulation play an important
role in the severity and the progression of mucosal
damage in acetic acid-induced colitis [11].

In the present study a substantial reduction in
neutrophil infiltration in colonic mucosal injury and
MPO activity in animals with colitis treated with

Fig. 5. Electron micrographs of rat colonic tissue in
acetic acid-induced colitis at 24 h. (A) Epithelial cells with
loss of microvilli (MV), swollen mitochondria (M) and
nuclear envelope dilation (NE) are observed (6000 X ). (B)
In the basal area, inflammatory cell infiltration, mainly
neutrophils (N) are observed (6000 X ).

phycocyanin has also been found (Table I, Figs. 2
and 6), which support a beneficial effect of it.
Grisham et al. [2] and others [3, 4] have provided

Fig. 6. Electron micrograph of colonic tissue of rat with
colitis pretreated with phycocyanin (300 mg kg™! p.o).
Slight recovery of microvilli (MV) some epithelial cells are
observed. In the basal area it was not found in inflamma-
tory cell infiltration (6000 X ).
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strong pieces of evidence that ROS such as superox-
ide, hydrogen peroxide, hydroxyl radical and
hypochlorous acid are involved as mediators of ex-
perimental and human IBD. Also, nitric oxide and
peroxinitrite have been suggested as potential medi-
ators of colitis induction [12, 13]. Recently, we re-
ported antioxidative properties of c-phycocyanin in
various in vitro and in vivo experimental models [5].
These results indicate that phycocyanin is able to
scavenge hydroxyl and alcoxyl radicals as well as it
inhibits liver microsomal lipid peroxidation and the
chemiluminescence response of human PMNL acti-
vated by zymosan. Furthermore, phycocyanin re-
duced oedema index in glucose oxidase-induced in-
flammation in mouse paw, an effect that is mediated
by hydrogen peroxide and hydroxyl radical [5].

Taking into account these findings and the results
of others [14] it is conceivable that phycocyanin
exerts its anti-inflammatory effect in colitis at least
in part by scavenging ROS. The beneficial effect of
5-ASA in IBD has also been ascribed to its potent
antioxidative and free radical scavenger properties
[15].

Other potential mediators that can be implicated
in the anti-colitis effect of phycocyanin are
leukotrienes, especially LTB, which has been shown
to increase in the inflamed colonic mucosa of IBD
[1] and experimental colitis [16]. This mediator has
potent chemotactic properties on neutrophils.

Recently, we also found the anti-inflammatory
activity of phycocyanin and in the same range of
doses in carrageenan-induced rat paw oedema,
TPA-induced mouse ear oedema and cotton pellet
granuloma in rats [17]. In these experimental models
of inflammation as well as in experimental colitis,
metabolites of arachidonic acid play an important
role. Currently, research is in progress in our labora-
tory in order to elucidate whether or not the inhibi-
tion of arachidonic acid metabolism is involved in
the mode of action of phycocyanin as an anti-in-
flammatory agent.

Phycocyanin is a constituent and the most abun-
dant pigment in blue-green microalgae and accounts
for more than 20% of algae by dry wt. [18].

Taking into account that these microalgae are
used as dietary supplements in many countries, our
results on the effects of phycocyanin in this experi-
mental model of colitis provide evidence and may be
relevant for the potential use of these microalgae as
feed supplement in patients with IBD. However,
further preclinical and clinical studies are required
in order to confirm it
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