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The present study was carried out to evaluate the anti-inflammatory effect of Spirulina fusiformis on adju-
vant-induced arthritis in mice. Arthritis was induced by intra dermal injection of complete freund’s adjuvant
(0.1 ml) into the right hind paw of Swiss albino mice. Spirulina fusiformis (800 mg/kg/b.wt) was orally adminis-
tered for 8 d (from 11th to 18th day) to arthritic animals after adjuvant injection. The anti-inflammatory activity
of Spirulina fusiformis was assessed by measuring paw volume, body weight, levels of lysosomal enzymes, tissue
marker enzymes and glycoproteins in control and experimental animals. In adjuvant-induced arthritic animals,
the levels of lysosomal enzymes, tissue marker enzymes, glycoproteins and the paw volume were increased signifi-
cantly. However the body weight was found to be reduced when compared to control animals. Oral administra-
tion of Spirulina fusiformis (800 mg/kg/b.wt) significantly altered these above physical and biochemical changes
observed in arthritic animals to near normal conditions. Hence results of this study clearly indicate that Spir-
ulina fusiformis has promising anti-inflammatory activity against adjuvant-induced arthritic animals.
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Rheumatoid arthritis is a chronic progressive autoimmune
disorder characterised by symmetric erosive synovitis." The
exact etiology of rheumatoid arthritis remains unknown. It
has assumed that either a foreign agent or some alteration in
control of cellular responses is involved in the chronic per-
sistent synovial inflammation.? This disease affects about
1% of the general population worldwide.” Conventional
medicine, including treatment with steroids, non-steroidal
anti-inflammatory drugs (NSAIDs), and biological agents
such as tumour necrosis factor alpha and interleukin-1 beta
antagonists has only limited success against rheumatoid
arthritis. Such therapies are helpful in controlling the symp-
toms of acute rheumatoid arthritis, but their effects on
chronic, prolonged rheumatoid arthritis are unsatisfactory,
associated with various side effects. Research indicates that
in the United States, 60—90% patients suffering from arthri-
tis, particularly rheumatoid arthritis, used complementary
and alternative medicine, predominantly herbal therapies.”
Nowadays, increasing efforts are being directed towards tra-
ditional herbal medicines and plant derived foods for the de-
velopment of drugs with long acting anti-inflammatory activ-
ity and minimum side effects.

Spirulina is blue green algae of the Oscillateriaceae family
which grows naturally in warm climate countries and has
been considered as supplement in human and animal food.®
Man has made use of this alga for centuries because of its al-
imentary value; in the last decades Spirulina has been grown
commercially in several countries including U.S.A., Thai-
land, Taiwan, Vietnam, China, India and Cuba.” It has been
utilized as a source of protein and vitamin supplements, and
has been sold as a health drink or pills in tablet form for
more than 10 years without any undesirable effect on hu-
mans. Its safety for human consumption has also been estab-
lished through numerous toxicological studies.® They have
been found to be a rich source of vitamins, minerals, es-
sential fatty acids and antioxidant pigments such as
carotenoids.”

In addition, several studies show that Spirulina species ex-
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hibit various biological activities such as reducing body
weight in obese human,” hepatoprotective,'” antitumour,'"
antimicrobial,'? strengthening immune system,'® radio pro-
tective,'? metalloprotective,'” and anti-inflammatory ef-
fects.'®

To the best of our knowledge, the anti-inflammatory effect
of Spirulina fusiformis has never been reported in adjuvant-
induced arthritis. Therefore, by considering the nutritive
value of Spirulina as well as its various biomedical activities,
we carried out this investigation to determine the effect of
Spirulina fusiformis on adjuvant-induced arthritis in mice, a
well-established model for rheumatoid arthritis. The chosen
biochemical markers were glycoprotein components, lysoso-
mal enzymes and marker enzymes of plasma, liver and
spleen in control and in experimental animals. The changes
in the paw volume and body weight were also determined.

MATERIALS AND METHODS

Animals Swiss albino mice, 25—30 g, of either sex were
obtained from Tamilnadu Veterinary College, Chennai, India.
They were acclimatized for a week in a light and temperture-
controlled room with a 12h dark-light cycle and fed with
commercial pelleted feed from Hindustan Lever Ltd. (Mum-
bai, India) and water was made available freely.

Drug The commercially available Spirulina fusiformis (a
fine dark blue-green spray-dried powder) was obtained from,
RECON Ltd, Bangalore, India and it was dissolved in 2%
gum acacia solution to give aqueous suspension. This aque-
ous suspension of Spirulina fusiformis was used at a dose
800 mg/kg/b.wt, orally. All other reagents used were standard
laboratory reagents of analytical grade and they are pur-
chased locally.

Dosage Based on our preliminary studies with different
dosages (200, 400, 600, 800 mg) of this drug, it was found
that 800 mg/kg b.w dosage produced significant anti-inflam-
matory effect by reducing paw swelling in adjuvant-induced
arthritic animals. Hence 800 mg/kg b.wt dosage was consid-
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ered for this study.

Experimental Design Mice were divided into four
groups each comprising of six animals. Group I served as
controls. In Group II, arthritis was induced by intradermal in-
jection of complete freund’s adjuvant (0.01 ml) into the right
hind paw.'” The adjuvant (Tuberculosis Research Center,
Chennai, India) contained heat-killed Mycobacterium tuber-
culosis (10 mg) in paraffin oil (1 ml). Group III comprised of
arthritic mice were treated orally with Spirulina fusiformis
(800 mg/kg/b.wt), respectively for 8d, from day 11 to 18
after the administration of complete freund’s adjuvant. Group
IV control mice were treated orally with Spirulina fusiformis
alone, for 8 d.

On the 19th day, at the end of the experimental period, the
animals were sacrificed by cervical decapitation and blood
was collected. The liver and spleen were immediately dis-
sected out and homogenized in ice-cold 0.01m, Tris HCI
buffer pH 7.4 to give a 10% homogenate. The tissue ho-
mogenate of spleen and liver were used for assaying the lyso-
somal enzymes, tissue marker enzymes and glycoprotein lev-
els.

Arthritis was assessed by means of physical and biochemi-
cal measurements. Paw volume was assessed by measure-
ment of the right ipsilateral hind paw by use of a vernier
scale and body weight was recorded in both control and ex-
perimental animals.

Assay of Lysosomal Enzymes Acid phosphatase was
assayed by the method of King'® using disodium phenyl
phosphate as the substrate. The enzyme activity was ex-
pressed as pumoles of phenol liberated/(min/mg/protein). -
Glucuronidase was assayed by the method of Kawai and
Anno.'” The substrate for the enzyme reaction was p-nitro-
phenyl B-d-Glucuronide and the enzyme activity was as-
sessed in terms of pumoles of nitrophenol liberated/
(h/mg/protein). N-Acetyl glucosaminidase activity was as-
sessed by the method of Marhun®” using 4-nitrophenyl-N-
acetyl glucosaminide as the substrate and its activity was ex-
pressed as umoles of p-nitrophenol formed/(h/mg/protein).
The activity of B-galactosidase was assessed by the method
of Rosenblit?") using 4-nitrophenyl-N-acetyl galactopyra-
noside as the substrate and its activity was expressed as
umoles of p-nitrophenol liberate/(h/mg/protein). Protein con-
tent was measured by the Lowry et al.*?

Estimation of Protein-Bound Carbohydrates For the
glycoprotein analysis, a known amount of liver and spleen
tissue were defatted by dissolving in hexane and taken in test
tube, to which 1 ml of 2N HCI was added, and the tubes were
sealed. Hydrolysis was complete by keeping the sealed tubes
in 100°C for 16—18h. After hydrolysis, the contents were
neutralized with NaOH and made up to known volume, and
aliquots were used for glycoproteins determination.

Hexose was estimated by the method of Niebes.”® The
neutralized sample was mixed with orcinol-H,SO, reagent,
heated at 80 °C, cooled and left in the dark for 25 min for
colour development. The absorbance was read at 540 nm.
Hexosamine was estimated by the method of Wagner.*¥ The
acetyl acetone reagent consisting of trisodium phosphate and
potassium tetraborate with acetyl acetone, was added to the
neutralized sample and boiled. After cooling, Ehrlich’s
reagent was added and the pink colour developed was meas-
ured at 540 nm. Hexuronic acid was estimated by the method

Vol. 29, No. 12

of Bitter and Muir.2® Fucose was estimated by the method of
Dische and Shettles.’® Sialic acid was determined by the
method of Aminoff>” with modifications by Niebes.?®’ The
neutralized sample was mixed with 0.25 M periodate (in 0.1 N
H,SO,) and the reaction was inhibited after 30 min by arsen-
ite solution. Then thiobarbituric acid was added and the con-
tents were heated. The pink colour that developed on cooling
was measured at 540 nm.

Estimation of Tissue Marker Enzymes Tissue en-
zymes namely aspartate transaminase and alanine transami-
nase were estimated by the method of King.”® The enzyme
activities were expressed as pmoles of pyruvate liberated/
min/mg/protein. Alkaline phosphatase was estimated by the
method of King.'"® The activity of alkaline phosphatase was
determined by measuring the phenol liberated from disodium
phenyl phosphate by the colour reaction with folin’s reagent
in an alkaline pH. The activity of alkaline phosphatase was
expressed as umoles of phenol liberated/min/mg/protein.

Statistical Analysis Results were expressed as mean=
S.D. and statistical analysis was performed using ANOVA, to
determine significant differences between groups, followed
by student’s Newman—Keul’s test. p<<0.05 implied signifi-
cance.

RESULTS

Figure 1 shows the effect of Spirulina fusiformis on paw
volume in control and experimental animals. Measurement
of the paw volume of mice with adjuvant-induced arthritis
revealed an increase in ankle diameter from day 4, which in-
creases further up to 19th day. Spirulina fusiformis treatment
reduces the paw diameter significantly in adjuvant-induced
arthritic mice.

Figure 2 shows the body weight changes of the control and
experimental mice. The growth of arthritic mice (Group II)
was found to be retarded. The body weight of Spirulina
fusiformis treated arthritic animals (Group III) were found to
increase when compared to that of control animals.
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Fig. 1. Effects of Spirulina fusiformis on Paw Volume in Adjuvant-In-
duced Arthritic Mice

Values are expressed as mean=*S.D. of six animals. Comparisons were made as fol-
lows: a, control mice vs. arthritic mice and Spirulina fusiformis treated arthritic mice; b,
arthritic mice vs. Spirulina fusiformis treated arthritic mice. The symbols represent sta-
tistical significance at: *p<<0.05.
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Table 1 depicts the activities of lysosomal enzymes in the
plasma, liver and spleen of control and experimental animals.
In adjuvant-induced arthritic animals, the activities of acid
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Fig. 2. Effect of Spirulina fusiformis on Body Weight Changes

Values are expressed as mean®S.D. of six animals. Comparisons were made as fol-
lows: a, control mice vs. Arthritic mice, Spirulina fusiformis treated control mice and
Spirulina fusiformis treated arthritic mice; b, arthritic mice vs. Spirulina fusiformis
treated arthritic mice. The symbols represent statistical significance at: *p<<0.05.
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phosphatase, f-glucuronidase, N-acetyl glucosaminidase,
and f-galactosidase were increased significantly when com-
pared to control animals. The administration of Spirulina
fusiformis to arthritic mice significantly reversed the above
changes to normal level considerably.

Table 2 depicts the effect of Spirulina fusiformis on the
glycoprotein levels in liver and spleen of control and experi-
mental animals. The sugar components of glycoproteins-hex-
ose, hexosamine, hexuronic acid, sialic acid, and fucose were
significantly increased in plasma and spleen of arthritic ani-
mals than control animals. Spirulina fusiformis administra-
tion to arthritic mice decreased the level of glycoproteins sig-
nificantly.

Table 3 shows the effect of Spirulina fusiformis on the lev-
els of alanine aminotransferase, aspartate aminotransferase,
and alkaline phosphatase in the control and experimental ani-
mals. A marked increase in amino transferases and alkaline
phosphatase were observed in Group II arthritic mice in
serum, liver, and spleen. Spirulina fusiformis treatment to
arthritic mice (Group III) showed significant decrease in the

Table 1. Effect of Spirulina fusiformis on the Activities of Lysosomal Enzymes

Group I Group II Q‘roup 1t Group IV
Parameters Control Arthritis Arthritis+Spirulina Spirulina fusiformis
fusiformis control
Plasma
Acid phosphatase 0.11£0.01 0.81+0.01 a* 0.12+0.01 b* 0.1+0.01
B-Glucuronidase 1.56+0.07 5.30%+0.6 a* 1.98+0.10 b*a* 1.59+0.08
N-Acetyl glucosaminidase 1.93*0.11 3.11*0.13 a* 2.0£30.11 b*a* 1.96*0.11
B-Galactosidase 0.9+0.09 2.95+0.08 a* 1.20%0.08 b*a* 0.97+0.11
Liver
Acid phosphatase 2.20+0.01 3.40%+0.08 a* 2.04+0.11 b* 2.12+0.07
B-Glucuronidase 25+0.81 40.6*1.37 a* 30£0.87 b*a* 25.8+0.89
N-Acetyl glucosaminidase 28 +0.81 39.5+0.95 a* 30.1+1.06 b*a* 28.8+0.68
B-Galactosidase 10£0.81 19.1+0.68 a* 12.83£0.68 b*a* 10.8+0.89
Spleen
Acid phosphatase 2.86%0.07 4.5+0.08 a* 3.15%0.17 b*a* 2.9%0.05
B-Glucuronidase 29+0.81 46.5+0.95 a* 31.5%0.95 b*a* 29.16%1.06
N-Acetyl glucosaminidase 19.5£0.95 30.5+0.95 a* 22.33+1.24 b*a* 19.8£0.68
B-Galactosidase 5.1+0.6 10.25+0.69 a* 6.2%+0.34 b*a* 5.33+0.52

Values are expressed as mean=S.D. of six animals. Treatment of groups are as follows: Group I, control; Group II, arthritic; Group III, arthritic mice treated with Spirulina
Sfusiformis (800 mg/kg/b.wt) for 8 d; Group IV, control mice treated with Spirulina fusiformis for 8 d. Comparisons were made as follows: a, Group 1 vs. Group II, III, IV; b, Group
1I vs. Group III. Enzyme activities are expressed as: acid phosphatase: gmolesX 1072 of phenol; B-glucuronidase, N-acetyl glucosaminidase, and j3-galactosidase: umolesX 1072 of
p-nitrophenol liberated /h/mg protein. The symbols represent statistical significance at: #p<0.05.

Table 2. Effect of Spirulina fusiformis on Protein Bound Carbohydrates

Parameters Group 1 Group II Arthriirsoign'l li Spi ?roup IY .
(mg/100 mg defatted tissue) Control Arthritis T opITuinG pirulina fusiformis
fusiformis control
Liver
Hexose 2.10%0.12 3.90%+0.25 a* 2.50%+0.20 b*a* 2.20%0.15
Hexosamine 0.15+0.01 0.33%£0.20 a* 0.20%0.01 b* 0.16%0.02
Hexuronic acid 0.30+0.02 0.57+0.04 a* 0.40%0.03 b* 0.32+0.02
Fucose 0.64x0.05 1.51%0.12 a* 0.90*0.07 b* 0.600.04
Sialic acid 25.50=2.00 40.10+3.82 a* 30.00£2.10 b* 27.00=1.8
Spleen
Hexose 1.80=0.10 3.52%0.24 a* 2.10%0.15 b* 1.85x0.12
Hexosamine 0.20+0.01 0.30+0.02 a* 0.25+0.01 b* 0.19%0.01
Hexuronic acid 0.22+0.01 0.38%0.04 a* 0.21%0.01 b* 0.26x0.15
Fucose 0.51x0.04 0.86*0.07 a* 0.65*0.05 b* 0.55*0.04
Sialic acid 20.00*1.64 33.80*2.30 a* 25.00%2.00 b* 21.00=1.50

Values are expressed as mean*S.D. of six animals. Treatment of groups are as follows: Group I, control; Group 11, arthritic; Group 111, arthritic mice treated with Spirulina
Sfusiformis (800 mg/kg/b.wt) for 8 d; Group IV, control mice treated with Spirulina fusiformis for 8 d. Comparisons were made as follows: a, Group I vs. Group II, III, and IV; b,

Group II vs. Group III, The symbols represent statistical significance at: * p<<0.05.
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Table 3. Effect of Spirulina fusiformis on the Activities of Marker Enzymes
Group III Group IV
Parameters gf)(r)lltlfoi 2;?; ]:UI; Arthﬁtis -!-Spi'rulina Spirulina fusiformis
fusiformis control
Plasma
ALT 0.50+0.06 1.00£0.09 a* 0.65%+0.06 a*b* 0.52+0.06
AST 0.42+0.05 0.09%0.08 a* 0.51%+0.04 a*b* 0.45+0.05
ALP 2.10%0.20 5.10£0.45 a* 2.65+0.30 a*b* 2.15+0.25 a*
Liver
ALT 0.09+0.05 0.26+0.04 a* 0.16+0.04 a*b* 0.11+0.09 a*
AST 0.10+0.04 0.23+0.03 a* 0.17%+0.05 a*b* 0.12+0.08 a*
ALP 1.09£0.09 3.12+0.13 a* 1.56%+0.18 a*b* 1.12+0.10 a*
Spleen
ALT 0.11+0.01 0.300.02 a* 0.25%+0.05 a*b* 0.15+0.01 a*
AST 0.15+0.06 0.45+0.03 a* 0.35+0.04 a*b* 0.19+0.09 a*
ALP 0.45+0.03 0.80+0.09 a* 0.58%+0.05 a*b* 0.50+0.04 a*

Values are expressed as mean*S.D. of six animals. Treatment of groups are as follows: Group I, control; Group 11, arthritic; Group 111, arthritic mice treated with Spirulina
Sfusiformis (800 mg/kg/b.wt) for 8 d; Group IV, control mice treated with Spirulina fusiformis for 8 d. Comparisons were made as follows: a, Group I vs. Group II, III, and IV; b,
Group II vs. Group III. Enzymes units: Amino transferase: molX 10~2 of pyruvate; ALP: umolX 1072 of phenol. The symbols represent statistical significance at: * p<<0.05.

level of marker enzymes, when compared to arthritic control
mice (Group II).

DISCUSSION

In the present study, we investigated the anti-arthritic ef-
fect of Spirulina fusiformis, blue green algae, in adjuvant-
induced arthritic mice. Results showed that Spirulina
fusiformis significantly inhibited the paw swelling and this
inhibition was accompained by a decrease in the levels of
lysosomal acid hydrolases, tissue marker enzymes and glyco-
proteins. It has been well established that inflammation and
lysosomal enzyme activities were increased after adjuvant in-
jection.?”

Increased paw swelling observed in the arthritic mice was
found to be a result of oedema of periarticular tissues. An in-
crease in granulocytes and monocytes has been found to be
associated with changes in ankle diameter.’® Paw swelling
was significantly reduced in arthritic mice treated with Spir-
ulina fusiformis, which indicates its interference on cyclo-ox-
genase pathway.

Changes in the body weight are a useful index to assess
the course of the disease and the response to therapy of anti-
inflammatory drugs in quest.’” The loss of body weight ob-
served in arthritic animals may be due to the reduced absorp-
tion of glucose and leucine in rat intestine.>” The increase in
body weight during Spirulina fusiformis administration re-
veals the restoration of absorption capacity of the intestine in
the arthritic animals. This increase in absorption capacity
could be due to the presence of vitamins, minerals and an-
tioxidant pigments in our drug.”

A characteristic feature of adjuvant-induced arthritis in
rats is the correlation between the development of inflamma-
tion and the release of lysosomal enzymes into the extra cel-
lular compartment.*” In adjuvant-induced arthritis, the gly-
cohydrolases released from invading macrophages, neu-
trophils, and from tissue cells such as synoviocytes and chon-
drocytes, initiates the synthesis of inflammatory mediators
(thromboxanes, prostaglandins, and leukotrienes) which
plays an important role in the rheumatoid process.*” Reduc-
tion of the release of lysosomal enzymes would prove benefi-
cial and this indirectly confirms the protective effect of the

drug. Spirulina fusiformis administration decreases the lyso-
somal enzyme release in adjuvant-induced arthritic mice,
which indicates its anti-inflammatory effect.

Glycoproteins are the components of connective tissue that
are responsible for the antigenic property in tissue trans-
plants and maintaining the structural stability of collagen fib-
rils.>® The altered glycoproteins metabolism observed in
arthritic animals (Group II) is due to the increased release of
acid hydrolases during arthritic condition. These enzymes are
involved in the degradation of structural macromolecules in
connective tissue and cartilage proteoglycans. The metabolic
turnover was found to be increased in the ligament and carti-
lage during the inflammatory process of adjuvant-induced
arthritis.>® After Spirulina fusiformis treatment, glycoprotein
levels were significantly decreased which may be due to its
modulating role on lysosomal hydrolases.

Tissue damage was assessed by measuring the activities of
enzyme in the serum and in the respective organ, since liver
impairment is also a feature of adjuvant arthritis.*” The in-
crease in aminotransferases is due to their release from the
cells of the damaged organ.*” Subrata (1994) reported a sim-
ilar increase in aminotransferases was observed in arthritic
animals.®® Alkaline phosphatase has been reported to be
present mainly in the blood vessels, pia arachnoid and
choroid plexus. Alkaline phosphatase activity has been re-
ported to increase during the morphological and functional
development of the tissues. Aminotransferases and alkaline
phosphatase were significantly reduced in arthritic mice after
the administration of Spirulina fusiformis. This reducing ef-
fect may be related to their anti-inflammatory activity.

So far the results of the present study conclude that Spir-
ulina fusiformis is able to suppress the changes produced
during adjuvant-induced arthritis. This suppressing effect of
Spirulina fusiformis could be due to its antioxidant con-
stituents such as S-carotene,*” Vitamins C, E,*” and other
micronutrients.*" However, further investigation on its effec-
tiveness and mechanism are warranted before Spirulina

fusiformis to be used as a supplement for the treatment of

rheumatoid arthritis and is on the way.
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