


Tecnologia exclusiva:
eficaz e duradoura

ubimex, com mais de 20 anos de experiéncia e sempre a procura de novos
horizontes, na procura constante de produtos de qualidade, encontramos
tecnologia exclusiva, eficaz e duradoura

O nosso laboratério parceiro desenvolveu e patenteou a primeira tecnologia hidro
biomimeética para o cultivo de microalgas: “os fotobiorreatores”.

#  Reproduzir as condicdes de vida
de forma natural

#  Cultivo unico de microalgas que
antes era impossivel

#  Proporcionam um alto teor de
moléculas interessantes

#  Producgao ecologica de acordo
com 0 meio ambiente

Este processo hidro biométrico é
realizado sob 0s mais elevados padroes
de qualidade: o selo “Envol”, um

compromisso social e ambiental e uma ao cultivo de microalgas, agua reciclada
responsabilidade activa para reduzir o utilizada no sistema de arrefecimento
NOSso impacto no ambiente e proteger a do fotobiorreator, utilizacao de solventes
biodiversidade e 0s ecossistemas naturais. organicos e ingredientes com certificacao
Producao amiga do ambiente, retencao GreenCosmos e, por fim, ingredientes

de elevados niveis de CO2 gracas organicos certificados pela ECOCERT




3 chaves para ajudar 0s animais de estimacao a
manterem-se saudaveis a medida que envelhecem:
Exercicio, Nutricao Adaptada e Suplementos
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Higiene Dentaf

Composigao: Alga Parda (fucus vesiculosus)

Posologia: (polvilhar na ragéo)

AGRICULTURE

BIOLOGIGUE
EAN Peso Dose/diaria Duracéao
4|QL|A|A|L|L|||!JIO|U|3|3‘|3‘|| -10 kg Y2 colher de sopa 8 meses
JITET R0 oy 10-25 kg 1colherdesopa 4 meses
+25 kg 2 colheres de sopa 2 meses

Art. 333 Plague Destructor 80 grs
Art. 334 Plaque Destructor 160 ars Para caes e gatos adultos

« Plaque Destructor, o0 seu principio
ativo combate a placa bacteriana, o
tartaro e 0 mau halito »

(ingrediente com selo de agricultura BIO francesa)

Composigao: dgua, acido citrico, EDTA
dissodico, propilenoglicol, benzoato de

sddio, mentol
‘ %’ | EAN
‘ 6 ‘ (AN Posologia:
4725007875803314 Pulverizar 1 ou 2 vezes nos dentes do

animal (agitar antes de utilizar, conservar a

temperatura ambiente)

Art. 331 Spray de Limpeza 175 ml Para cdes e gatos adultos




Higiene Dentaf

EAN

LTI

250078%903352

Art. 335 Gel de Limpeza 100 gr

%7 EAN

| 6 ‘ 4|||IIIII 0]

250078903321

Art. 332 Pasta de dentes sabor a
carne 100 gr

@ o
6 | MNNNITIOITANNN

472500787933205

Art. 3320 KIT Dental

Composicao: agua, gluconato de zinco,
sabor a carne de bovino, BP940, sorbitol,
glucose oxidase, lisozima, proteases,
benzoato, polisorbato 20, glicerina sédica,
hidrato de sodio

Utilizacdo: Aplicar nas gengivas uma vez
por dia com uma massagem suave.
Inofensivo se ingerido, conservar a
temperatura ambiente

Composicao: 0,2% Metilparabeno, 0,9%
Goma de Celulose, 0,3% Benzoato de
Saodio, 16% Dioxido de Silicio, 8% Carbonato
de Célcio, 47,05% Sorbitol, 27,5% Agua,
0,05% Sabor a Carne

Utilizag&o: Escovar os dentes do cdo uma
vez por dia ou pelo menos 2 a 3 vezes por
semana. Inofensivo se ingerido.

« Melhore a saude e o

bem-estar dos seus pacientes

com a nossa linha de
higiene dentaria »




Higiene Dentaf

Gontenancs | Taite |@1 Code EAN Composigao: Carne, subproduto de origem
=9 126513“ ® | M![wl animal e vegetal, cereais, propilenoglicol,
vitamina A 1500 UlI, vitamina D3 150 UlI,
SRR - @.\ T vitamina E 6 mg, iodo 0,15 mg, cobre 0,5
mg, ferro 5 mg, manganésio 3,5 m
4x7 pes 1%":‘::;'1 4 ‘||mﬂl|lﬂ!il g g g g

Utilizacao: uso diério, ndo substitui as
Art. 619  Denties 180 grs refeicbes, é uma guloseima
Art. 6190 Denties 720 grs

« Denties: Oligoelementos,
vitaminas e minerais que
ajudam a manter o bem-estar
do cao »

Art. 6 190

Composicao: Pele bovina e menta

EAN Utilizag&o: uso diério, ndo substitui as
(L e A refeicdes, é uma guloseima
4'250078'908258
N0 M . , .
4'251}0?3’903255“ Reduz a acumulag&o de tartaro e deixa o
L LLLLAEL L EYTRELY halito fresco
4'250078"908272

Art. 825  Osso de menta 11.cm Menta
Art. 826 Ossode menta 16cm
Art. 827 Osso de menta 25cm




Art. 8870 Sticks enrolados
- com algas

- 13 cm x 10 unidades

90 gr

Art. 8800 (Osso prensado
misturado com algas

8 cm x 4 unidades

80 gr

&

10

Tam. EAN

¥

EAN

8cm

oooooooooooooooooooooo

Beneficios: Fucus vesiculosus: também conhecida como alga parda, € originaria do
Atlantico Norte e do Baltico. Quebra a placa bacteriana e o tartaro, reduz a acumulacdo de
substancias e, assim, ajuda a melhorar o halito e até a prevenir doencas do estébmago.
Fosfato bicalcico: Muito utilizado nas indUstrias farmacéuticas e veterinarias como fonte de
célcio e fésforo, que ajudam a manter a saude oral.

Zinco: propriedades antibacterianas e antifungicas

Composicgao: Pele bovina 96%, algas (fucus vesiculosus) 2%, fosfato bicalcico 2%, zinco

Utilizagao: uso diario, n&o substitui as refeigdes, € uma guloseima

Tam. Tam.

21cm 16 cm 20

uuuuuuuuuuu

Tam. Tam.

13 cm 25¢cm 10

sssssssssss

Art. 8820 (Osso prensado misturado com algas Art. 8840 (Osso com né misturado com algas
21 cm x 1 unidade 16 cm x 1 unidade

180 gr 90 gr

Art. 8810 (Osso prensado misturado com algas Art. 8850 Osso com nd misturado com algas
13 cm x 2 unidades 25 cm x 1 unidade

110 gr 180 gr




Uss slice
¢ wecoMendacses

Composicao: Agua, dleo de ricino
hidrogenado PEG-40, propilenoglicol, alcoal,
citrato de sédio, acido borico, mentol, timol,
metilcloroisotiazolinona, metilisotiazolinona

r-_

Posologia em céaes: \E/

Peso Gotas -

-10 kg 2 - 3 gotas por ouvido

10-25 kg 3 - 5 gotas por ouvido

+25 kg 5 - 8 gotas por ouvido Gotas para os ouvidos

Posologia em gatos e roedores: NeArt. Size | % | EAN

1 - 2 gotas por owido s | o || [N
4"250078"934417

B [ avar bem as maos com agua e sabao antes

Pabellén

Canal vertical m  Certificar que nao haja feridas abertas, corrimento
invulgar ou odor desagradavel. Se notar alguma
anormalidade, consultar o médico veterinario

Oido interno

®m  Paralimpar a orelha, ter a mao uma gaze ou algodéo,
aplicar as primeiras gotas sem tocar no ouvido com o
conta-gotas e limpar cuidadosamente depois

B Para limpar o ouvido externo, posicionar suavemente

a cabeca na vertical, aplicar as gotas de acordo com a
externo

dose recomendada sem tocar com o conta-gotas no
canal auditivo e massajar a base do ouvido durante 20
Frequéncia de utilizacdo a 30 segundos para permitir que a solucéo se espalhe

Depende da raca e do estilo de no canal

vida do animal




Use optalmelegice
¢ hecomoningdts

Composicao: Agua 78,23%, etanol 6%,
EDTA dissodico 0,1%, acido borico 0,1%,
céanfora 0,01%, sulfato de zinco 0,2%,
trietanolamina-0,1%, sulfato de lauralconio
0,02%, cloreto de sédio 0,5%, alcool isopro-
pilico 3%

Utilizagao:

Colocar algumas gotas num pano limpo e
passar suavemente a volta dos olhos do ani-
mal e nas palpebras fechadas para remover
as impurezas. Qualidade 6tima até 12 meses
apos a abertura.

Manter fora do alcance das criancas

Gotas, anti-manchas
das lagrimas

A locao Bubimex limpa com delicadeza
e seguranca manchas desagradaveis
em redor dos olhos do cao, gato ou

outro animal. E também ideal para
remover descoloracdes desagradaveis
nos pelos em redor da boca, orelhas e
patas

Ve e
Gotas, contorno dos olhos
N“Art.| Size |%7| EAN
sao | som | o | I NN
47250078"934400

Lavar bem as maos com agua e sabao antes

Certificar que nao haja feridas abertas, corrimento
invulgar ou odor desagradavel. Se notar alguma
anormalidade, consultar o médico veterinario

Aplicar umas gotas da solucdo num pano limpo (evitar
0 algodao que pode deixar fibras e causar infeccoes).
Limpar delicadamente as zonas manchadas.

N&o verter diretamente nos olhos

Qualidade ¢tima até 12 meses depois de aberto

N°Art.| Size |%7| EAN
NI

4|250078 934424

3442

50 ml ‘ 6




Pabag ¢

r —d

Composicao: < 5% de tensioactivos ndo iénicos,
tensioactivos anfotéricos, fragrancias de laranja,
conservantes. Contém a massa de reacao da

metilcloroisotiazolinona e da metilisotiazolinona (3:1) Espuma de limpeza

Escova integrada - Sem enxaguar -
Sem parabenos - A espuma de

Utilizacao:
Agitar ligeiramente antes de usar. Aplicar a espuma limpeza para caes ¢ gatos
com a escova nas patas e almofadas e deixar atuar *
Nl
durante 2 a 3 minutos. Depois, retirar a sujidade e ""'l.."".-
secar completamente com uma toalha. .
Ne Art.| Size |% | EAN
Manter fora do alcance das criangas 3430 | 50 ml ‘ |||| Ml ” I” ||||“|||||
250078"934424
- - Limpar os pelos mais compridos entre as almofadas
= antes de aplicar o produto. Esfregar o batom sobre e
T
entre as almofadas, massajando com o polegar.
?r Se possivel, evitar que o animal lamba as patas durante
| L ] . . ~
e alguns minutos (pode colocar meias / protecao)
Recomendacao: uso diario
N° Art] Size | | EAN
Composicado: Oleo de grainha de uva 73,9%, cera de
[0 Posigao: Oleo de granna de wa 78,9%, cerade
215500781934424 candelila 5%, dleo de lavanda 0,15%, cera de ceresina 20%,

vitamina E (DI-a-acetato de toferol) 1%

Composicao: Cera de abelha, poligliceril-2, isodecanoato
glicerideos dioleato, dleo de ricino hidrogenado peg-40, agua
delonizada, petrolato, glicerina, miristato de isopropilo, 6leo
mineral monooleato de sorbitano, dimeticone, sulfato de mag-
nésio, fragrancia, borato de sodio, metoxicloroisotiazolinona

Protege-os do frio e de possiveis ferimentos causados

por revestimentos de pavimento, por vezes irritantes.
Este tratamento também previne as fissuras nas patas
e alivia as irritacdes existentes. E especialmente Uil

|||||| |||||| ||| ||||||||||| durante longas caminhadas e no inverno, quando o frio,
250078 934424

EAN

N Art.| Size |@

3430

50 ml

a neve e o sal atacam as patas dos animais.
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Size

¥

EAN

N° Art,

1756 ml

6 ‘

472500787903468

N° Art.

N° Art.

Size % EAN
30 folhas P [ JRTC L
47250078"903499
soxzomnas | o | |IMINITTNAN LI
4%2500787934905
Size @ EAN
soxsoemsioc | 2| |INNIHCTAMANAIIN
4%250078"903475
s0x40cm/10x | 12 4|||||||| 1A iy

2500787903482




Oleo de Figado
de Bacalhau

Beneficios

NP At Formato | 857 EAN

osom | 6 | |UMUNITINANINIIN)

472500787906759

soorm | 4 | | ICHHTTTNAN IRTIINY

472500787967507

oot | < | [INIIEAIN

472500787967514

sooort | 1| |IMUNULTTELIHHA)

472500787967521

Art. 6752 5 litros

Vitamina A + + +

s+ E essencial para a visdo, previne a cegueira
noturna

+ Protege o sistema imunitario e, por
conseguinte: promove o crescimento e o brilho
do pelo, previne a queda de pelo, protege a pele

e as mucosas Posologia:
Peso Dose / diaria para caes
Vitamina D + + + -10 kg Y4 a V2 colher de sopa (1,25 mla 2,5 mi)

10-25kg %2 a1 colher de sopa 2,5mlabml

Contribui para a absorcao de calcio e fosforo,
+25 kg 1a?2colheresdesopa (5mlai0ml)

contribuindo assim para a saude 0ssea (embora
alguns outros 6leos também contenham vitamina

D, a concentracao no 6leo de figado de bacalhau é
geralmente mais elevada) -5 kg 1/8 a Y colher de sopa (0,625 mla 1,25 ml)

5-10kg V4 a 2 colher de sopa (1,25 mla 2,5 ml)

Peso Dose / diaria para gatos

Omega 3 (EPA e DHA) + + Para cées e gatos adultos

Os acidos gordos polinsaturados do 6leo de figado
de bacalhau facilitam: Metabolismo, bom
funcionamento do sistema cardiovascular e

reducao da inflamacao das articulacdes
¢ ¢ ¢ A Atencgao a sobredosagem de vitamina D -

Roedores uma gota, (utilizar um conta-gotas) uma
a duas vezes por semana




N
W

Oleo
de Salmao

BeneﬁCiOS N° Art.| Formato % EAN

osom | & | JUMIUNITINANINIIN)

47250078790676 6

soorm | 4 | | ICHHTTTNAN INTIHN

472500787967606

oot | < | [INIIEAINY

472500787967613

sooormt | 1| |IMNULTTIRINETA)

4725007879676 20

Omega 3 e 6 (EPA e DHA) + + +

Os acidos gordos polinsaturados do 6leo de
salmao facilitam: Metabolismo, o bom
funcionamento do sistema cardiovascular.

Art. 6762 5 litros
Anti-inflamatorio, reduzindo assim o risco de artrite.

Posologia:
Fortalece o sistema imunitario, combatendo os Peso Dose / diaria para caes
agentes patogénicos de forma mais eficaz. -10 kg Y4 a V5 colher de sopa (1,25 mla2,5ml)

10-25kg %2 a1 colher de sopa 2,5mlabml
Contribui para uma pelagem saudavel e brilhante. +25 kg

1a?2colheresdesopa (5mlai0ml)
O DHA contribui para um melhor desenvolvimento

~ iy Peso Dose / diaria para gatos
cerebral e fung&o cognitiva.

-5 kg 1/8 a ¥4 colher de sopa (0,625 mla 1,25 ml)

Ideal para cées e gatos lactantes. 5-10kg V4 a 2 colher de sopa (1,25 mla 2,5 ml)
Para caes e gatos adultos

|deal para uma boa recuperacao apds uma doenca

ou cirurgia. "
9 Roedores uma gota, (utilizar um conta-gotas) uma

a duas vezes por semana




Beneficios
Omega 3 e 6 (EPA e DHA) + + + +

Por ter uma maior concentracéao de DHA que o
6leo de salmao, ¢ perfeito para cachorros e caes
adultos, pois contribui para um melhor
desenvolvimento cerebral e fungdo cognitiva.

Sensacao de saciedade, que ajuda 0s animais com
excesso de peso. Alivia a artrite.

Os acidos gordos polinsaturados do dleo de
sardinha facilitam: Metabolismo, o bom
funcionamento do sistema cardiovascular.

Por ter um cheiro e sabor mais fortes que o
salmao, muitos animais de estimagao preferem-no.

Fortalece o sistema imunitario, combatendo os
agentes patogénicos de forma mais eficaz.
Contribui para uma pelagem saudavel e brilhante.

Menos toxinas: Como as sardinhas sé&o tao
pequenas, acumulam menos toxinas e metais
pesados No seu organismo, que se encontram nos
mares, como resultado da poluicado humana.

" Olec de -
| Qardinﬁa

~, CEREBRO E
METABOLISMO

N° Art.| Formato % EAN

osom | & | |UMIUNITINANINLIN)

472500787906612

et soo |« | (INULTTE )

472500787966104

N [

472500787966111

3P 000 mi | 4|||II|I|II||||||I|I||I|I|||I||

250078796 6128

Art. 6612 5 litros

Posologia:
Peso Dose / diaria para caes
-10 kg ¥a a V2 colher de sopa (1,25 mla 2,5 mi)

10-25kg %2 a1 colher de sopa 2,5mlabml
+25 kg 1a?2colheresdesopa (5mlai0ml)

Peso Dose / diaria para gatos
-5 kg Ya a V2 colher de sopa (1,25 mla 2,5 ml)
5-10kg %2 a1 colher de sopa 2,5mlabml)

Para cées e gatos adultos

Roedores uma gota, (utilizar um conta-gotas) uma
a duas vezes por semana




Oleo

Vegetal

ALERGIAS, ANTIOXIDANTES,
CARDIOVASCULAR

Beneficios

omega 3 (ALA) ++ FF N° Art.| Formato % EAN
osom | & | |IMINITHNAN NI

472500787906605

soom |« | |IMUNITHNANHII)

472500787966005

sooomi | 4| [UMIMTTAOKYHNTTTR)

47250078796 6012

Gragas a elevada percentagem de 6leo de colza, este
produto é fonte de 6mega-3, especificamente acido
alfa-linolénico (ALA). O ALA é um acido essencial que
0 corpo do c&o néo consegue produzir sozinho, por
iSSO precisa de o obter através da dieta. Pois contri-
bui para a saude cardiovascular e reduz as alergias.

Omega 6 (Acido Linoleico) + + +

Posologia:
Presente no 6leo de colza, mas especialmente no
6leo de girassol. Este 6leo é essencial para a saude Peso Dose / diaria para cées
do pelo e da pele do céo, além de ser essencial para -10 kg Y4 a Y2 colher de sopa (1,26 mla 2,5 ml)
0 crescimento e desenvolvimento celular. A combina- 10-25kg ¥ a 1 colher de sopa (2,5 ml a5 mi
¢ao de 6leos de colza e de girassol proporciona um +25 kg 1a2 colheres de sopa (5 mia 10 ml)

equilibrio de acidos gordos émega-3 e dmega-6. Isto
€ importante para evitar o excesso de acidos gordos
6mega-6, que podem causar inflamacao se néo fo-
rem equilibrados com acidos gordos 6mega-3.

Para caes adultos

Antioxidantes + +

Os 6leos de grainha de uva e de noz sao fontes de
vitamina E, que contribui para uma pele saudavel e
um sistema imunitario saudavel. Ja o éleo de nozes,
devido ao seu bmega ALA, pode reduzir as alergias.

Composicao

Oleos vegetais (60% dleo de colza, 25% dleo de
girassol, 5% 6leo de noz, 5% dleo de grainha de
uva), 6leo de salmao 5%.

Omega 3 e 6 (EPA e DHA) +
Ver os beneficios do 6leo de salmao. ’#




Beneficios

Proteina de alta qualidade + + +

O ¢6leo de tenébrio, também conhecido como 6leo de
larvas de bicho-da-farinha, é uma fonte de

proteina de alta qualidade, essencial para o
crescimento, manutencao e reparacéo dos tecidos. E
benéfico em casos de dermatite atopica.

Vitamina D3 + + +

Ao contrario dos humanos, os cées, gatos e

roedores n&o sintetizam vitamina D com a exposicao
solar. Por este motivo, é importante fornecé-la através
de suplementos ou na dieta.

Devido ao seu efeito regulador do calcio e do
fésforo: ajuda a prevenir problemas 6sseos como a
osteoporose e o raquitismo, garantindo que 0s 0Ss0s
se desenvolvem adequadamente e se mantém fortes.

Contribui para a satde muscular permitindo uma
correta contragéo e fungéo muscular.

¥

250 ml 6

EAN

4|250078 906650

soml | 4 4||||III|I|||||||I||| L

2500787966500

N° Art.

Formato

Oleo

de insetos

PELE - DERMATITE, SISTEMA
0SSED, NERVOSO E MUSCULAR

Posologia

Peso Dose / diaria para caes adultos

-10 kg Y4 a V2 colher de sopa (1,25 mla2,5ml)
10-25kg ¥ a1 colher de sopa 2,5mlabml

+25 kg 1 colher de sopa (5 ml)

Peso Dose / diaria para gatos adultos

-5 kg Ya mi (0,25 ml, aproximadamente 5 gotas)
5-6kg aml (0,50 ml, aproximadamente 10 gotas)
> 6 kg 1ml (1 ml, aproximadamente 20 gotas)
Roedores

B Pequenos (hamsters, ratos): 1 gota (aprox. 0,05 ml)

m  Meédios (gerbil): 2 - 3 gotas (aprox. 0,1 - 0,15 ml)

®  Grandes (porquinhos-da-india, chinchilas): 4 - 5 gotas
(aprox. 0,2 - 0,25 ml)

Sustentabilidade: A producéao de dleo de tenébrio
é mais sustentavel do que a producéo tradicional de
carne, pois requer menos recursos — Menos agua,
menos terra e menos alimentos — gerando, assim,
menos gases com efeito de estufa.

A dose deve ser rigorosamente respeitada. A
sobredosagem de vitamina D pode causar hipercal-
cemia, danos renais, problemas cardiacos e outros
disturbios graves. Os sintomas de toxicidade incluem:
vomitos, perda de apetite, letargia, aumento da sede
e da micgéo.




»y
e : Oleo
HUILE DE CHANVRE [ . R P
.= .. -~ de canhamo

- wm— = ~
B ANSIOLITICO, CONTROLO DE CONVULSOES,
ANTI-INFLAMATORIO, PELE, VITALIDADE, APETITE

Beneficios
Omega 6 (GLA) + + + Omega 3 (EPA) + +
O GLA (acido gama-linoleico) é um tipo de dmega 6 Os &cidos gordos polinsaturados facilitam o bom
encontrado em poucos 6leos sendo eficaz no funcionamento do sistema cardiovascular. Fortalece o
tratamento de problemas de pele em animais, tais sistema imunitario, combatendo os agentes

como: secura, comichao, eczema e dermatite, reduz  patogénicos de forma mais eficaz.
a inflamacao da pele, proporcionando um pelo mais (Ver 6leo de salméo).
suave e brilhante.
E também eficaz na reducado dos sintomas de artrite NOAt. Format % EAN
e outras doencas inflamatdrias cronicas.
wom | o | |NUNTIAN )

472500787906629

Ajuda a regular os niveis hormonais, 0 que pode ser
util em casos especificos relacionados com o ciclo 500 ml 4 |||||||| |||||||||||| 1] |||
reprodutivo ou com distirbios hormonais. 472500787966203

woom |« | [N

De forma natural, contém fitonutrientes como os 472500787966210
terpenos e os fendis que ajudam a controlar a
ansiedade e tém um efeito benéfico no sistema Posologia
nervoso, que também ajuda a reduzir as convulsoes.
Peso Dose / diaria para caes adultos
-10 kg Y4 a V2 colher de sopa (1,25 ml aprox.)
Omega 9 (ACidO Oleico) + + + 10-25kg Y2 a1 colher de sopa (2,5 ml aprox.)
+25 kg 1 a2 colheres de sopa (5 ml aprox.)
Tem um efeito positivo no metabolismo e é uma fonte
de energia que ajuda a manter um bom nivel de Roedores
atividade e vitalidade. B Pequenos (hamsters, ratos): 1 gota (aprox. 0,05 ml)

m Meédios e grandes (gerbil, porquinhos-da-india,
chinchilas): 2 - 3 gotas (aprox. 0,1 - 0,15 ml)




Oleo

de Microalgas

DESCRICAO

MICROALGAS PHAEODACTYLUM
TRICORNUTUM

A microalga marinha Diatomacea é a unica espécie do
género Phaeodactylum capaz de produzir um elevado
rendimento de acidos gordos, incluindo acidos gordos
polinsaturados, Uteis para consumo animal e humano.

A biomassa é muito utilizada na aquacultura como alimento
para peixes e outros produtos do mar. (principalmente para
alimentar larvas) destinado ao consumo humano.

Utiliza a sinergia de varios compostos naturais
para combater o stress oxidativo

Extrato de Phaeodactylum =—» ‘ Ficoprostanos

Magnésio, potassio,
calcio, fosforo, ferro

Minerals

Antioxidantes naturais

Omega 3 (EPA DHA) — | . Proteins

<+—— Aminoacidos essenciais

Xantofilas 2%
Fucoxantina

Vitaminas incluindo B3,
colina (micronutriente)




Inflamacao Articular
Sistema Cognitivo

Cardiovascular
- Pele/ Plae

Beneficios

O dleo Bubimex com extrato de microalgas para
cées, gatos e pequenos e grandes mamiferos € um
suplemento alimentar inovador. O 6leo de coco MCT
e 0 extrato de microalgas Phaeodactylum
tricornutum tém efeitos positivos na saude dos
animais de estimacao. O extrato desta microalga
fornece acidos gordos, 6mega-3 (EPA e DHA),
antioxidantes (fucoxantina), vitaminas e minerais.
Tem um efeito principal sobre:

®  Mobilidade (Artrite e reumatismo)

B Envelhecimento (declinio cognitivo)

B Desempenho (Aprendizagem, Memaria)

®  Cardiovascular

B Pele - pelagem

B \isao
ALIMENTO COMPLEMENTAR PARA CAES E GATOS
COMPOSICAO: 99,65% de dleo MCT, 0,35% de
extrato de Phaeodactylum tricornutum (este extrato de
Phaeodactylum 0,35% ¢é o ingrediente ativo do dleo de

microalgas Bubimex)
COMPONENTES ANALITICOS: Proteina 8,4%, teor de

gordura 67,8%, fibra bruta 0,5%, cinza bruta 4,19%, humi-

dade 4,4%

INSTRUGOES DE USO: Para ser adicionado diretamente
na boca do animal de estimacao. A aplicacao em alimen-
tos ou em brinquedos de roer pode reduzir os efeitos.
Administrar em varias tomas ao longo do dia. Consulte as
instrucoes para uma dosagem precisa.

Para céaes e gatos adultos

BENEFICIOC

Dose Diaria:

i latlal

2,5-5kg|15-30kg| 30-50kg
=30 |[=115 | =170
Art. 667 - 668

Frequéncia e utilizacao:

Em caes mais velhos, pode ser utilizado durante todo
0 ano com 1 ou 2 pausas se desejado (mas nao
necessario), a menos que o animal ja tenha uma
contraindicacao prescrita para problemas especificos.

Nos caes jovens, no minimo trés vezes por ano
durante um més, se forem desejados resultados mais
visiveis e dependendo das necessidades do animal, o
0leo de microalgas € um alimento complementar que
gera muitos beneficios. Aplicar as gotas diretamente
na boca.

« |[deal para caes que pratiquem agilidade,
para caes na fase final de
desenvolvimento cognitivo (adolescéncia)
e para caes ou gatos mais velhos»




BENEFICIOQ

MICROALGAS PHAEODACTYLUM TRICORNUTUM

OMEGA-3
FUCOXANTHIN FATTY ACIDS PHYCOPROSTANES MCT OIL
v v v v
POWERFUL ANTI NEURO- «BRAIN
ANTIOXIDANT INFLAMMATORY PROTECTOR FUEL»

A fucoxantina é um bioativo natural que atravessa a barreira hematoencefalica. Este pigmento pertence
a familia dos carotendides e encontra-se nos cloroplastos de muitas microalgas castanhas

O 6mega 3 pode aumentar o fluxo sanguineo para o cortex cerebral e reduzir a inflamacgao
O TCM é uma fonte alternativa de glicose e induz um efeito hipnogénico

Memoria espacial de curto prazo: Melhoria significativa na memoria de curto prazo e na capacidade
de memoria operacional espacial. Porque elimina completamente os efeitos do D-Gal

TESTE MWM: LABIRINTO AQUATICO DE MORRIS: Este teste mostrou que também melhora a me-
moria a longo prazo, eliminando os efeitos nocivos do D-Gal no desempenho e na aprendizagem

Diminuicao da ansiedade
Diminuicao do stress oxidativo no cérebro
Diminuig&o do stress inflamatorio no cérebro

Bem-estar e Mobilidade:

B Reducao dos niveis de inflamacao articular
B Diminuicdo da atrofia muscular
B Diminuicdo da inflamagéo do tecido sinovial

B Diminuicdo da erosao da cartilagem




BENEFICIOQ

» 7 estudos pré-clinicos confirmam beneficios na cognicao, stress e ansiedade

amylgen@

+42%

) +78% + 60%
MEMORIA DE .
MEMORIA RECONHECE A - 40%
TRABALHO ESPACIAL DE CONTEXTUAL MEMORIA
S CURTO E LONGO PRAZO e - 45%
MEMORIA DE STRESS OXIDATIVO
CURTO PRAZO NO CEREBRO

+46% - 15%

APRENDIZAGEM PhandaCtyl um INFLAMAGAO

DA MEMORIA - - STRESS CEREBRAL
Stress Oxidativo

Ocorre quando existe muitas moléculas radicais
e poucos antioxidantes

Acao das microalgas no stress oxidativo

Fatores Internos: Fatores Externos: Fatores Internos: Fatores Externos:
Ansiedade Poluicdo / Alimentagao Ansiedade Poluicdo / Alimentagao

Stress Oxidativo Stress Oxidativo

Aumento de

. . A utilizagao deste éleo induz a producao de
moléculas oxidantes

proteinas que reduzem as ROS

Peroxidacao lipidica, oxidacao de
proteinas, oxidagdes de ADN Aumento de moléculas oxidantes

Peroxidacao lipidica, oxidacao de
proteinas, oxidacoes de ADN



MICROALGAS PHAEODACTYLUM
TRICORNUTUM

Como Funciona?

Mode of action — Cognition NrE/ARE siatialing pathwiy arnd
activale allophagy reactions .

Neuroprotection via the
Nrf2-ARE and Nrf2-autophagy
pathways
— Activation of the Nrf2-ARE pathway

and autophagy

— Decrease ROS level

— Decrease neurological deficits Nagron

ZHANG, LI WANG, Handong, FAN, Yowai et al Fucoanthn providss
5 irfo-ARE end Mri2s

- : B k-

A1 "':
stophagy paltwys. Scealic/epors, 200, vil. 7 o 45763 - —_—
MIANGRONG. Chan, HANDONG, Wang, ¥IANG, L1, otal Vaiproic acid atenuntes

Ty 1)
and i 208
wol f.p. T
Stirnuiats Microglial

cells secrate
inflammatory cytokines

0, INF ||+

@ — Blood capilary permeability,
encephaledema and neurocyte
damage

MICROALGAS: O ALIMENTO DO FUTURO PARA OS
NOSSOS ANIMAIS

Para levar uma vida saudavel, a comida para 0s animais deve fornecer macronutrientes
(proteinas, lipidos e hidratos de carbono) e micronutrientes (oligoelementos, vitaminas, minerais e
antioxidantes).

Os nutrientes podem ser fornecidos pela carne, peixe oleoso, gordura animal, 6leo vegetal,
cereais, ovos, arroz, etc. Mas no contexto das preocupacgdes ambientais, as microalgas séo
uma alternativa soélida aos alimentos para animais de estimacao:

¥ Boa fonte de proteina
¥  Fonte natural de 6mega 3 e micronutrientes
¥  Cheiro e sabor atraente a peixe

¥ Sustentabilidade, s&o necessarios menos recursos para a sua produgao.
Além disso, a matéria-prima utilizada € quase 70% reciclavel.

¥ Contribuicao para a saude integral dos animais de companhia
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Art. 6670 P6 de chifre de veado 60 gr

Art. 6671 PO de chifre de veado 400 gr

eogr | 6 |, JMNMIILIIIY bW
a00gr | 4 | UMY 2 g
Beneficios

®m  Fortalece o sistema ¢sseo e muscular
B Reduz as alergias e a pele sensivel
B Rico em calcio e magnésio

B Promove o bom funcionamento dos rins

Composicao: 100% po de chifre de veado

Utilizacao: Polvilhar diretamente na comida como

cobertura ou misturar. Utilizar durante varios meses
do ano. Certificar de que existe agua limpa e fresca

disponivel. Conservar em local fresco e seco.

Para caes e gatos adultos.

Duragé&o do tratamento: 2 meses
Uma colherde 1 ml = 0,6 gr

(%6 mELLTE
" <10 kg Er3ag4
= »10-a5 kg | & 4a6
T—=r'> 25 kg c—6a8

Art. 6672  Espirulina em po 60 gr
Art. 6673  Espirulina em po 400 gr

coor | 6 |, INNIIMAIIN] y b

500787967729 = A
T bk Bd'.r
400gr | 4 4“250078"967736" Rt

Beneficios

®m  Contribuicao da proteina vegetal
B Fonte de energia e antioxidante
B |ngestdo de vitamina A

®  Protege o sisterma imunitario

Nao administrar a animais com problemas de coagulagao.
Nao recomendado para caes com menos de 4 meses de idade.

Composicao: 100% po de espirulina

Utilizacao: Polvilhar diretamente na comida como
cobertura ou misturar. Utilizar durante varios meses
do ano. Certificar de que existe agua limpa e fresca
disponivel. Conservar em local fresco e seco.

Para caes e gatos adultos.

Duragé&o do tratamento: 2 meses
Uma colherde 1 ml = 0,6 gr

(¥ AT
= <10 kg ¥ e
=1 »10-15 kg 1 €
=03 25 kg 2




Art. 6774 P64 de nervo de boi 40 gr
Art. 6775 P64 de nervo de boi 400 gr

wog | o | ML _—
a0 | 4 |, I W

4|250078 967750

Beneficios

B Rico em proteina animal

B Desenvolvimento muscular

B Recuperacao e Desempenho
®  Fonte de energia

Nao administrar a animais com problemas de coagulagao e / ou
@ cardiacos. Nao recomendado para caes com menos de 4 meses
de idade.

Composicao: 100% po de nervo de boi

Utilizacao: Polvilhar diretamente na comida como
cobertura ou misturar. Utilizar durante varios meses
do ano. Certificar de que existe agua limpa e fresca
disponivel. Conservar em local fresco e seco.

Para caes e gatos adultos.

Durag&o do tratamento: 2 meses
Uma colherde 1 ml = 0,6 gr

&y | =GYW
= <10 kg 19 &
T »10-15 kg i
T=r'*25 kg 2D

Art. 6676  P6 de mexilhdo verde 60 gr
Art. 6677 PO de mexilhao verde 400 gr

ogr | 6 |, IMIIMIIILIY
a0gr | 4 | JHHI I
Beneficios

B Protege ligamentos e cartilagens

® Melhora a mobilidade

B Retarda e limita os efeitos da osteoartrite

Composicao: 100% po de mexilh&o verde.
Contém zinco, magnésio, célcio e complexos B.

Utilizacao: Polvilhar diretamente na comida como
cobertura ou misturar. Utilizar durante varios meses
do ano. Certificar de que existe agua limpa e fresca
disponivel. Conservar em local fresco e seco.

Para caes e gatos adultos.

Duragéo do tratamento: 2 meses
Uma colherde 1 ml = 0,6 gr

ey | =GYW
= <10 kg 9
T »10-15 kg 30
J="*25 kg 2D




POUDRE DE KRILL

Art. 6680  P¢ de Kiill 60 gr
Art. 6681  P6 de Kiill 400 gr
oo [o[ UM g
aoge | o | UMY o
Beneficios

Pelo brilhante e pelagem saudavel

Reduz a secura da pele

Melhora a textura do pelo

Previne problemas de pele, como alergias

De melhor digestéao e absorgéo (porque este
tipo de Omega 3 esta ligado aos fosfolipidos)

Melhora a mobilidade

Fortalece o sistema imunitario

Composicao: 100% krill em po, o krill é rico

em omega 3 e 6 (EPA 10%, DHA 4,5%), asta-
xantina 80 mg/kg e colina. E composto por 20
aminoacidos, 13 vitaminas e 7 minerais.

Utilizacao: Polvilhar diretamente na comida
como cobertura ou misturar. Utilizar durante

varios meses do ano. Certificar de que existe
agua limpa e fresca disponivel.

Para caes e gatos adultos.

Duragéo do tratamento: 2 meses
Uma colherde 1 ml = 0,6 gr
WA

W ¢10 kg Y o
=i » 10-15 kg 4 =
i—> 25 kg e

Art. 6688 PO de cenoura 60 gr
Art. 6689 P4 de cenoura 400 gr

oo [ o UMY gy
400gr | 4 4||III|I|IIIII|||I|III|||I|II||

2500787967897

Beneficios
Saude oral, dos olhos e do pelo
Melhora o transito intestinal

Ajuda a controlar o peso
Rico em vitaminas

Contribuicéo de potéassio que auxilia na
manutencao do equilibrio hidrico e da funcao
muscular

O manganésio é essencial para um bom meta-
bolismo e formagéao dssea

Composicao: 100% po de Cenoura

Utilizacao: Polvilhar diretamente na comida
como cobertura ou misturar. Utilizar durante va-
rios meses do ano. Certificar de que existe agua
limpa e fresca disponivel. Conservar em local
fresco e seco.

Para caes e gatos adultos.

Duragéo do tratamento: 2 meses
Uma colherde 1 ml = 0,6 gr

= <10kg 3 O
=" » 10-15 kg e
T=r>25kg 9 O




Art. 6684 P¢ de levedura de cerveja 60 gr
Art. 6685 Po de levedura de cerveja 400 gr
T T

60gr | 6 4|25007s 967842

o | o ALY

Beneficios
Promove o metabolismo

Melhora a funcao celular

Ajuda a melhorar o funcionamento do sistema

nervoso

Fortalece o sistema imunitario
Antioxidantes e Desintoxicantes
Pelagem, unhas e musculos saudaveis

Saude intestinal e imunoldgica

Composicao: 100% levedura de cerveja em po

Utilizacao: Polvilhar diretamente na comida
como cobertura ou misturar. Utilizar durante
varios meses do ano. Certificar de que existe
agua limpa e fresca disponivel. Conservar em
local fresco e seco.

Para caes e gatos adultos.

Duracao do tratamento: 2 meses
Uma colherde 1 ml = 0,6 gr

= ¢10kg 2%
= »10-15 kg 4 T
=» 25 kg 6 O—

Art. 6686 PO de yak 60 gr
Art. 6687 PO de yak 400 gr
sogr | 6 |, IMINIMIIN P

2500787967842

g | MM -

Beneficios

B Estimula o apetite
B Ajuda na digestéao
® Saude oral

®  Fonte de calcio

B Rico em vitaminas e minerais

Composicao: Vitaminas por 100 g zinco 18,6
mg, sodio 88,7 mg, célcio 3,5 g, potassio 233 mg,
ferro 5,1 mg, acido félico 3,9 ug, fésforo 1,3 g,
vitamina B6 0,9 pg, vitamina D 0,04 mg, vitamina E
0,01 mg100%.

Utilizacao: Polvilhar diretamente na comida como
cobertura ou misturar. Utilizar durante varios meses
do ano. Certificar de que existe agua limpa e fresca
disponivel. Conservar em local fresco e seco.

Para caes e gatos adultos.

Duragéo do tratamento: 2 meses
Uma colherde 1 ml = 0,6 gr
Dosagem: Igual que com o fermento




Beneficios

A nossa linha de sprays para o pelo contém
ingredientes naturais como jojoba e nozes de
macadamia.

A jojoba contém 1 molécula de glicerina e 2 acidos
gordos. A sua composi¢ao destaca o seu elevado
teor de &cido gordo gadoleico (tipo émega 9),
vitamina E e ainda contém dmega 6.

Possui propriedades antissépticas, anti-inflamatdrias
e antimicrobianas, o que o torna perfeito para
combater estas erupcdes hormonais da pele.

B Limpa profundamente a pele do animal
B Evita 0 excesso de pele morta

B Previne a caspa

B Mais brilho e volume

B Previne o frisado

®  Condicionador natural

B Previne a queda do pelo

B Promove o crescimento

Aplicacao

Pulverizar uniformemente sobre o pelo a uma
distancia de 30 cm.

Depois escovar bem para obter o efeito ideal.

N°Art.| Size |% | EAN
175 ‘ 6 ‘4||||||||||||||||||||||||||||||

2500787932864

3286




Beneficios

Ajuda a regenerar as células da pele e, por
conseguinte, produz o crescimento de pelos novos e
saudaveis. Atua como antioxidante, mesmo quando
usado externamente, penetra pelos poros da pele e
torna o seu efeito duradouro.

As nozes de macadamia contém grandes
quantidades de tiamina e gorduras monoinsaturadas
(cerca de 60% de acidos gordos monoinsaturados),
minerais, hidratos de carbono, calcio, fosforo,
proteinas e vitaminas A, B1 e B2. Contém &cido
oleico (dmega 9), acido palmitoleico (bmega 7) que
restaura a humidade e melhora a textura do pelo,
especialmente para cées com pele seca, pelo aspero
ou danificado.

Ne Art.| Size | % | EAN

3287
472500787932871

175m ‘ 6 ‘ (ORI AT 1)

Aplicacao
Pulverizar uniformemente sobre o pelo a uma

distancia de 30 cm.

Depois escovar bem para obter o efeito ideal.

B Hidratante
B Reduz a irritagdes ou possivel vermelhidao

B Mais brilho e volume (devido a sua capacidade
de nutrir o foliculo piloso)

B Reparacao de danos: devido a fatores
externos como o sol, o frio ou os produtos de
higiene, o0 pelo pode ser danificado, reparado e
amaciado

B Protege a pelagem dos radicais livres
B |eve e de facil absorcao

B Previne a caspa




CHOMPOQ

Champd para cachorro

N°Art. ‘ Size ‘%‘ EAN
0| e o IWIRINI

472500787932802

Champé para pelo negro 9

N°Art.‘ Size ‘@‘ EAN
3282‘ 250ml ‘6 4|||||I|I||I|I||||||||I||III|||

2500787932826

(=

Protecting

+
+

Shiny Coat

Champad para pelo branco

NeArt, Size % ‘ EAN

281w | o | NI

T
POILS BLANCS
Peat 4n Wan miese

WIISSES FELL
it mteaiived el

~!-| h?u-

472500787932819

Champd de Aloe Vera ‘

N“Art.‘ Size ‘%‘ EAN
26 wn o | (NN

2500787903260

Champo desembaracador ‘

Ne At Size % EAN
3283 | 250ml 6 | LN ML

472500787932833

3217 wooom | 1| |
472500787932772

Champd anti-comichao ‘

NeArt. Size % EAN

3285 | 2s0m 6 4||IIIIII UL

2500787932857

3278 | oooml | 1 4||||||II M

2500787932789

e —— . ——— e e e

SHAMPOO

SHAMPOO




CHAMPOL

Champo desembaragador
NeArt. Size % EAN
somt | 6 | [N
4"250078"932833

1000m | 1 4|||II|I|I|||||||I|| U

2500787932772

Champd em Espuma

NeArt, Size | @ | EAN
g o | [N AN
472500787932505

Champo seco

N° Art. Size | @ | EAN
SRR [T
4250078903253

h—

Champd em espuma e champb
em seco para cées e gatos -

Usar em pelo seco - Sem
Toalha de Microfibra

NeArt. Size @ EAN
sovaven | o | [ININITHTINY

2500787932925

4|250078 932932

enxaguamento - Sem parabenos

110x60cm 6
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SPRAY

§

SewErE e SAFAFAFRErTE ASssaimsnwn

NeArt|  Size |@ | EAN
S—_— ‘ 6 ‘ M
47250078"932888

T ——

O Spray desembaracador da Bubimex,

facilita a escovagem e alisa o pelo.
Também atua como repelente contra
poeiras e sujidades. E inodoro e ndo

fica gorduroso.




Utilizar em cestos, Relaxamento

almofadas, moveis, coleiras...

A lavanda e a camomila tém propriedades
ansioliticas. O seu aroma pode ajudar a acalmar o
sistema nervoso, reduzindo o stress e a ansiedade.

Este spray pode ser Uutil em situagbes como
tempestades, visitas ao veterinario ou grooming,
fogos de artificio, separacao ou viagens.

CHERTRR ARG GV EG REATRRRAT AR R R

Contém: metilcloroisotiazolinona, metilisotiazolinona

sze  |NF | EAN

175 m ‘ 6 ‘ (OO AT 1)

472500787903451

N° Art.

Ter cuidado com o contacto com os olhos, pois pode
causar irritacao grave. Em caso de irritacao, lavar com
agua de forma abundante.

b—
Uso topico

="

O CBD pode ser benéfico para caes com problemas
de pele, comichao, dermatite ou infecdes ligeiras.

Pode também reduzir os efeitos da artrite, como a
dor e a inflamacao, devido as suas propriedades
analgésicas e anti-inflamatorias.

Ajuda também na recuperacao mais rapida de
feridas. Reduz a ansiedade.

Art. 6631  Oleo CBD 2,5% 10ml

icacao: aos. Apli iret t I .
Aplicagao: Lavar as méaos. Aplicar diretamente no pelo Art. 6641 Oleo CBD 5% 10ml

e massajar suavemente em movimentos circulares.




Fabricamos bem-estar, procurando o
prazer dos gatos

e ——

Art. 9301 Art. 9302

Art. 9303 Art. 9304

Beneficios

Previne as bolas de pelo: Ajuda a lubrificar o
tubo digestivo, facilitando a eliminacao natural
dos pelos pelas fezes. O que reduz o risco de
formacé&o de bolas de pelo

Elimina bolas de pelo

Diminuicao da Regurgitacéao

Multivitaminico

Reduz os efeitos da osteoartrite, protege a
cartilagem e os ligamentos (art. 9303)




Malte para gatos o

No Art|Sze |7 EAN
T T

4|250078 993018

8

9301 | 100 gr

Art. 9301 Malte para gatos
100gr (frango)

e
o @
%& Ne Art|Size |7 EAN
k "

472500787993025

8

- 9302 |100 gr

Art. 9302 Malte para gatos
100gr (salmé&o)

Ne At/ Sze[S7|  EAN
Wy

4“250078 993032

8

9303 100 gr

Art. 9303 Malte para gatos
100gr (mexilndes)

N° At/ Size[ 7] EAN

9304 |100gr| 8 |4'250078"993049

Art. 9304 Malte para gatos
100gr (espirulina e éleo de bacalhau)

Composicao: Extrato de malte (55%), 6leos e
gorduras, carne e subprodutos animais (10% aves)

Estrutura e caracteristicas fisico-quimicas:
Forma pastosa, entre sdlida e liquida.

Aditivos: Nenhum

Utilizacdo: Administrar diretamente na boca do
animal ou na comida. Também pode ser colocado a
quantidade recomendada nas patas dianteiras para
que o animal lamba enquanto se limpa.

Dose diaria: 3 vezes x 1 gr para gatos de 5 - 6 kg
(1g = 1,5 cm de pasta)

Composicao: Extrato de malte (55%), dleos e
gorduras (incluindo 30% de 6leo de salmao).
Carnes e subprodutos animais

Composicao: Extrato de malte (55%), 6leos e

gorduras, p6 de mexilhdo verde da Nova Zelandia (10%)

Composicao: Extrato de malte (55%), Oleos e

gorduras, p6 de mexilhdo verde da Nova Zelandia (10%)

Malte multivitaminico,
naturalmente rico em vitamina A,
D3 gracas ao Oleo de figado de
bacalhau e a spirulina




Leite -

~r -

Composicao: —

Leite e derivados, subprodutos vegetais, 6leos e gorduras, dextrose
(para fornecer uma fonte rapida de energia, pois € faciimente
absorvida pela corrente sanguinea). Vitamina A 50.000 IE/UI/IU,
Vitamina D3 2.000 IE/UI/IU, Vitamina E a-Tocoferol 250 mg, Vitamina
B1 Tiamina 60 mg, Vitamina B2 Riboflavina 40 mg, Vitamina B6
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Effect of Fucoxanthin Alone and in Combination
with D-glucosamine Hydrochloride on Carrageenan/
kaolin-induced Experimental Arthritis in Rats

Dezheng Goglg,l’2 Wanjiang Chu,' Liping Jiang,' Chengyan Geng,' Jing Li,”> Nobuyuki Ishikawa,®
Koji Kajima®* and Laifu Zhong"*

'China-Japanese Joint Institute for Medical and Pharmaceutical Science, Dalian Medical University, No. 9, West Segment of South
Lvshun Road, Dalian 116044, China
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The objective of the present study was to investigate the effect of the fucoxanthin (FUCO) alone and in combination
with glucosamine hydrochloride (GAH) on carrageenan/kaolin-induced inflammatory arthritis model in rats and to
explore its underlying mechanisms. Joint swelling, muscle weight ratio (%), histopathological examination and
scoring, and proteoglycan degradation were examined. Pro-inflammatory interleukin (IL-1§) and tumor necrosis
(TNF-¢) levels, cyclooxygenase-2 (COX-2), and inducible nitric oxide synthase(iNOS) protein expression and nitric
oxide (NO) level in knee synovial tissue extract were analyzed using enzyme-linked immunosorbent assay, western
blotting analysis, and Griess reagent assay, respectively. FUCO and FUCO + GAH not only may significantly reduce
degrees of knee joint swelling and prevent against muscle atrophy, but also may significantly attenuate inflammation
in synovial tissue, cartilage erosion, and proteoglycan loss. The efficacies of FUCO + GAH were stronger than that of
GAH or FUCO. FUCO alone and FUCO + GAH can significantly inhibit upregulation of COX-2 and iNOS
protein expressions, decrease of IL-1p and TNF-a levels, and reduce NO production in knee synovial tissue
extract. These results indicated that FUCO is an effective anti-arthritis agent through an antiinflammation
mechanism. FUCO may enhance therapeutic effect of GAH on rat arthritis through mechanism of
antiinflammation. Copyright © 2013 John Wiley & Sons, Ltd.

Keywords: fucoxanthin (FUCO); antiinflammatory; anti-arthritis; cytokine; proteoglycan (PG).

INTRODUCTION

Rheumatoid arthritis (RA) is characterized by chronic
inflammation of the synovial membrane and infiltration
of lymphocytes and macrophages, which cause progres-
sive destruction of cartilage and bone. Although the
etiology of RA is poorly understood now, it is widely
recognized that an interdependent network of cytokines
plays a primary role in mediating the pathophysiological
processes underlying inflammation and tissue
destruction in RA. One of the critical pathogenesis of
RA is the tumor necrosis factor alpha (TNF-a), interleu-
kin-1 beta (IL-1B), and rheumatoid factor in synovial
membrane and serum (Dayer, 2003; Brennan and
Mclnnes, 2008). Conventional medicine, including
treatment with steroids, nonsteroidal anti-inflammatory
drugs (NSAIDs), and such biological agents as TNF-a
and IL-1p antagonists, has shown only limited success
against RA (Fleischmann er al., 2004). Moreover, the
adverse effects of drug therapy are significant and in-
clude gastrointestinal disturbances, infections, and cardio-
vascular risks (Scheiman, 2001; Mangge et al., 2003).
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Itis widely accepted that macrophages are the principal
cells produce pro-inflammatory cytokines such as TNF-o,
IL-1, and IL-6, which play important roles in both RA in
human and rat (Dayer, 2003; Silva et al., 2000). IL-1 also
contributes to inflammation by inducing the expression
of cell-adhesion molecules, other cytokines, chemokines
and chemokine receptors, angiogenic factors, and small
inflammatory mediators for example prostaglandin E,
(PGE,) and nitric oxide (NO), through the stimulation
of cyclooxygenase-2 (COX-2) and inducible NO synthase
(INOS). Upregulation of the production of prostaglandins
and other pro-inflammatory mediators by IL-1 thereby
accounts for some of the pain, swelling, and tenderness typ-
ically seen in rheumatoid joint inflammation (Dayer, 2003).
Carrageenan, a sulfated mucopolysaccharide, is extracted
from the seaweed Chondrus spp. and Gigartina spp., which
are commonly known as Irish moss or carrageen moss. It
has been used to induce various rat models of
inflammation, including the footpad inflammation and
paw edema model (Vinegar et al., 1987). Moreover,
carrageenan has been used to induce acute arthritis
(Lundeberg et al., 1996) and deteriorating pathological
symptoms of inflammatory arthritis in other models such
as the model of RA (Silvan et al., 1996; Day et al., 2004).
The lesions present in the carrageenan-induced arthritis
model possess many features that mimic those of human
RA, such as synovitis, synovial pannus formation, and
degradative changes in the articular cartilage matrix
proteoglycan (PG). Intra-articular injection of lambda
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carrageenan into the knee joint and paw resulted in
localized inflammation, which is largely associated with
the production of several inflammatory mediators such as
cytokines (TNF-o, IL-1B), COX-2, NO, and PGE,
(Posadas et al., 2004; Rocha Ana et al., 2006).

Brown algae hijiki (Sargassam fusiforme), kombu
(Laminaria japonica), wakame (Undaria pinatifida),
and  Padinatetrastromatica are edible delicacies
consumed across Southeast Asia and a few European
countries, and are reported to contain high levels of
fucoxanthin (FUCO) (Wang et al., 2005). Many of the
biological functions of FUCO have been previously
characterized, including its antioxidant (Yan et al.,
1999) and antiinflammatory activities (Shiratori et al.,
2005). Interestingly, recent studies demonstrate that
FUCO reduces the levels of pro-inflammatory media-
tors including TNF-a, IL-1p8, IL-6, NO, and PGE, and
significantly inhibited the iNOS and COX-2 protein
expressions (Kim et al., 2010; Heo et al., 2010). These
effects of FUCO may be a useful therapeutic approach
for the various inflammatory diseases, including RA.
Glucosamine is an amino sugar that acts as a precursor
in the biosynthesis of glycosaminoglycan (GAG) and
PG aggregates (de los Reyes et al., 2000). Given that
one of the characteristics of RA and osteoarthritis in
an imbalance in the synthesis and degradation of
cartilage components, of the possible physiologic roles
of exogenous glucosamine is to function as an additional
source of hexosamine and sulfate precursors for GAG
synthesis (de los Reyes et al., 2000; Setnikar et al.,
1986). The data indicated that oral glucosamine
hydrochloride (GAH) prevents the loss of GAG in
joint cartilage damage (Oegema et al., 2002). However,
there has been no report so far on the efficacy of
FUCO alone and in combination with GAH in
carrageenan/kaolin-induced inflammatory arthritis. In
this study, we aimed to investigate the FUCO alone
and in combination with GAH effects on cartilage
destruction and synovial inflammation in an
experimental inflammatory arthritis model induced by
intra-articular injections of carrageenan/kaolin in rats.

MATERIALS AND METHODS

Reagents. FUCO was supplied by BGG-JAPAN Co.,
Ltd. (Tokyo, Japan). FUCO was oily liquid extracted
with ethanol from kombu (Laminaria japonica)
collected in Japan and then purified. The purity of
FUCO was approximately 96%. GAH was supplied by
Nippon Suisan Kaisha, Ltd. (Tokyo, Japan). Purity of
the GAH used was 99.5%.

Animals. Male Sprague-Dawley rats, body weight range
of 168-226 g, from Laboratory Animal Center, Dalian
Medical University (Dalian, PR China), acclimatized
to laboratory conditions for 1week and observed any
sign of illness. Rats were housed in plastic cages (five
rats/cage) on chip bedding. The animal room was
maintained at 23-25°C and 50-60% relative humidity
with a 12-h light/dark cycle and room air change of
about 12 times/h. All animals were supplied with a
sterile commercial diet and tap water, which was boiled
and then chilled ad libitum throughout the acclimation

Copyright © 2013 John Wiley & Sons, Ltd.

and testing periods. The experimental protocol was
approved by the Animal Ethics Committee of Dalian
Medical University, in accordance with ‘principles of
Laboratory Animal Care and Use in Research’
(Ministry of Health, Beijing, China).

Induction of arthritis. Arthritis was induced by A-car-
rageenan and kaolin as described previously (Day
et al., 2004). The rats were anesthetized
with pentobarbital sodium (30 mg/kg b.w.) by intra-
peritoneal injection, and then 0.1 mL mixture of
2% A-carrageenan and 4% kaoling (Sigma Chemical
Co., St Louis, MO, USA) in sterile saline (0.9%)
into synovial cavity of right knee joint through the
patellar ligament with a 26 gauge needle after the
right knee joints were sterilized with 75% ethanol
solution, followed by repeated limb extensions and
flexions for 15min to ensure adequate dispersion of
the suspension within the joint and to cause articular
abrasion. The test substances were administered by
gavage 1h before induction of arthritis, and then
daily for six consecutive days from day 1 after
induction of arthritis.

Group composition and treatment. The animals were
randomly assigned to six groups of 20 rats. Rats in three
experimental groups received by gavage distilled water
(control and model control) or diclofenac sodium
solution (positive drug control, 2.0 mg/kg b. w.), respec-
tively. Rats in additional three experimental groups
received by gavage FUCO 18mgkg b.w., GAH
1000 mg/kg b.w., and FUCO + GAH, respectively.

Degree of right knee joint swelling. The diameter (cm)
of left and right knee joints for rats in each group were
estimated by digital caliper days 1, 3, 5, and 7 after
induction of arthritis (day 0). The degree of right knee
joint swelling was calculated by:

diameter (cm) of right knee joint-diameter (cm) of left knee joint % 100
diameter (cm) of right knee joint

Measurement of muscle weight. At day 7 after induction
of arthritis, the gastrocnemius/soleus and tibialis
anterior muscles from both legs were separated and
sampled after euthanasia with ethyl ether, and their
fresh weights were taken, and the muscle weight ratio
(%) was calculated by comparing muscle weight of the
injected hind limb with the un-injected hind limb.

Histopathological examination and scoring. Right knee
joints were isolated under ether anesthesia for rats in
each group at day 7 after induction of arthritis, fixed in
10% neutral buffered formalin, decalcified with 5%
formic acid-formalin, embedded in paraffin, and
sectioned. The sections were stained with hematoxylin-
cosin to observe inflammation in synovial tissue and
cartilage erosion. The additional sections were stained
with safranin-o-fast-green to observe PG depletion in
articular cartilage.

Phytother. Res. 28: 1054-1063 (2014)
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All histopathological evaluations were carried out
blindly by the same pathologist. The histopathological
severity of arthritis was evaluated and scored on the
basis of inflammation in synovial tissue, cartilage
erosion, and PG loss in articular cartilage.

The inflammation in synovial tissue, cartilage erosion,
and PG loss in articular cartilage was evaluated by a scor-
ing systems based on Rooney, et al., Plater-zybert, et al.,
and Joosten, et al., respectively, with a little modification
as described in Table 1. The total histopathological scores
were the sum of the three parameters.

Preparation of knee synovial tissue extract. Synovial tis-
sue extract was prepared according to the protocol pre-
viously described by Penido et al. and Jean et al., and
modified slightly by us. Ten rats in each group were
anesthetized by ether and then killed 24 h after injection
of carrageenan /kaolin to knee joint cavity in rats. The
right hind limb of the rat was cut off and washed with
an ice-cold phosphate-buffered saline. The knee syno-
vial tissue was collected and homogenized by hand using
a glass potter homogenizer in ice-cold extract buffer
(50mM Tris, pH7.5, 150 mM NaCl, 1% Triton X-100)
with added protease inhibitor cocktail. The homogenate
was transferred a microcentrifuge, and then centrifuged
(20,000 x g for 10min at 4°C). The supernatant was
stored at -70 °C. Total protein content in the superna-
tant was estimated using Bio-Rad protein assay kit
(Bio-Rad, Hercules, CA, USA).

Enzyme-linked immunosorbent assay. Levels of 1L-1B3
and TNF-a in the knee synovial tissue extract were
measured by sandwich enzyme-linked immunosorbent
assay using matched antibody pairs from R & D Systems
(Quantikine, R & D Systems, Minneapolis, MN, USA),
according to the manufacturer’s instructions.

Western blotting analysis. The western blotting analysis
was performed according to the method previously

Table 1. Histopathological parameters and scores for the arthritis
lesion in rats

Histopathological parameter Scoring scale

Synovial tissue
No change
Synovial lining cell hyperplasia
Villous formation (<500 pm projections)
Papillary proliferation (>500 um projections)

w N = O

Articular cartilage
No destruction of cartilage
(normal surface appearance)
Localized cartilage erosions 1-
More extended erosions
General cartilage destruction and presence
of bone erosions

o

A wWN

Proteoglycan in articular cartilage
Fully stained cartilage
Destained cartilage 1-
Complete loss of cartilage

w N O

Copyright © 2013 John Wiley & Sons, Ltd.

described by Jean et al. and Rosengren et al., and modi-
fied slightly by us. In brief, an equal volume of sample
buffer (2% sodium dodecyl sulfate, SDS), 10% glycerol,
0.1% bromophenol blue, 2% 2-mercapto-ethanol, and
50mM Tris-HCI, pH7.2) was added to the sample of
knee synovial tissue extract, which was then loaded onto
a tricine SDS-polyacrylamide gel and electrophoresed at
150V for 90min. The proteins were transferred to
polyvinylidene difluoride membrane (Immobilon-P,
Millipore, 0.45pum pore size). The membrane was
blocked for 60 min at room temperature with 5% non-
fat dry milk in Tris-buffered saline (TBS), and then
incubated for 180min at room temperature with
primary antibodies against iNOS (1:300 dilution) or
COX-2 (1:1000 dilution, BD pharmingen, San Diego,
CA, USA) or B-actin (1:200, Santa Cruz Biotechnology,
Santa Cruz, CA, USA) proteins. After three washes for
15 min in Tris-buffered saline supplemented with 0.1%
Tween-20, the membrane was incubated with the
horseradish peroxidase-conjugated goat anti-mouse or
anti-rabbit IgG as second antibody (1:2000 dilution,
Santa Cruz) for 60 min at room temperature, respec-
tively. Enhanced chemiluminescence (ECL kit, Santa
Cruz) was used for visualizing the antigens. Western
blotting for B-actin was used as internal control. Levels
of immunoreactive proteins were detected by densitom-
etry on resulting films.

Determination of NO level. NO level in knee synovial
tissue extract was determined as its stable oxidative
metabolite. In brief, 100uL of supernatant of knee
synovial tissue extract was mixed with an equal volume
of Griess reagent (0.1% naphthylethylenediamine
dihydrochloride and 1% sulfanilamide in 5% phosphoric
acid). The absorbance at 550nm was measured, and the
nitrite concentration was determined with a curve
calibrated on sodium nitrite standards.

Statistical analysis. Mean values and SD were calculated
for each group. Statistically significant difference between
control and experimental groups was tested by one-way
ANOVA, and statistical significance between two groups
was tested by student’s t-test or the Mann-Whitney’s
U-test for scores of histopathological parameters using
SPSS software, version 13.0 (Spss, Chicago, USA).

RESULTS

Effects on degree of knee joint swelling

The results are shown in Fig. 1. Rats in model control
group showed a significant increase in degrees of right
knee joint swelling at days 1, 3, 5, and 7 after induction
of arthritis (p <0.01), compared with control rats. Rats
in diclofenac sodium group showed a significant reduc-
tion in degrees of right knee joint swelling at days 1, 3,
5, and 7 after induction of arthritis (p < 0.01). Rats in
FUCO and FUCO + GAH groups showed a significant
reduction in degrees of right knee joint swelling at days 1,
3, 5 and 7 after induction of arthritis (p < 0.05 or p < 0.01).
Rats in GAH group showed a significant reduction in

Phytother. Res. 28: 1054-1063 (2014)
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O Control Model control Diclofenac
B FUCO B GAH B FUCO+GAH
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Degree of swelling (%)
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Day 1

Figure 1. Effects of fucoxanthin (FUCO) and/or glucosamine hydro
chloride (GAH) on degree of knee joint swelling in carrageenan/kao-
lin-induced arthritis model in rats. Values are mean+SD, n = 10. * #,
significantly different from control at p<0.01; *, significantly
different from model control at p < 0.05; **, significantly different
from model control at p < 0.01.

degrees of right knee joint swelling at days 3, 5, and 7 after
induction of arthritis (p < 0.05). The results suggest that ef-
ficacies of FUCO for antiinflammation of arthritis might be
the most strong and efficacy of GAH might be second.

Effect on muscle atrophy caused by carrageenan/kaolin

Fig. 2 shows the muscle weight ratio of gastrocnemius/
soleus and tibialis anterior of rats at day 7 after
induction of arthritis. Obvious decreases in muscle weight
ratio of gastrocnemius/soleus and tibialis anterior in
model control group were observed, compared with that
in control group (p<0.01), suggesting that arthritis
caused the muscle atrophy of right hind limb of rats.
The muscle weight ratios of gastrocnemius/soleus and
tibialis anterior in diclofenac sodium group and FUCO
and FUCO + GAH groups were significantly increased,
compared with model control group (p < 0.01).

Histopathological examination findings

The results are shown in Figs 3-6. The histopathological
features of rats in model control group at day 7 after
induction of arthritis were as follows: hyperplasia of

§
.

ol \
\

Control Model  Diclofenac  FUCO
control

20

Muscle weight ratio (%)

GAH FUCO+GAH

Figure 2. Effect of fucoxanthin (FUCO) and/or glucosamine hydro-
chloride (GAH) on muscle weight ratio (%) in carrageenan/kaolin-
induced arthritis model in rats. Values are mean+SD, n = 10. ,
significantly different from control at p <0.01; *, significantly dif-
ferent from model control at p <0.05; **, significantly different
from model control at p < 0.01.

Copyright © 2013 John Wiley & Sons, Ltd.

lining cell layer, formation of villi, inflammatory cell
infiltration including a large macrophages, and a little
neutrophilic granulocytes and lymphocytes, a little
exudation of fibrin in synovial tissue; local or general
cartilage erosion. The histopathological findings of
rat arthritis in diclofenac sodium group, FUCO
group, and FUCO + GAH group showed significant
attenuation of inflammation of synovial tissue
manifested by hyperplasia of lining cell layer,
decrease of infiltrated inflammatory cell amount
including macrophages and lymphocytes compared
with that in model control rats; without obvious
cartilage erosion and without obvious loss of articular
cartilage. The histopathological scores of inflamma-
tion in synovial tissue, cartilage erosion, and PG
staining loss and total histopathological scores in
diclofenac sodium group were significantly lower than
that in model control group (p<0.01). The
histopathological scores of inflammation in synovial
tissue, cartilage erosion, and PG staining loss in
FUCO + GAH groups were significantly lower than
that in model control group (p < 0.01). The histopath-
ological scores of articular cartilage erosion and PG
staining loss in GAH group were significantly lower
than that in model control group (p <0.05), but there
was no significant difference between GAH group
and model control group in histopathological scores
of inflammation in synovial tissue (p > 0.05). There
was no significant difference between FUCO groups
and model control group in histopathological scores
of articular cartilage and PG staining loss (p > 0.05),
but the histopathological scores of inflammation in
synovial tissue were significantly lower than that in
model control group (p <0.01). The total histopatho-
logical scores in FUCO alone and FUCO + GAH
groups were significantly lower than that in model
control group (p <0.01). The results suggest that
FUCO + GAH may significantly attenuate inflamma-
tion in synovial tissue, cartilage erosion, and PG loss
of rat knee joint arthritis induced by carrageenan/ka-
olin. Single GAH may significantly attenuate
cartilage erosion and PG loss but did not significantly
resolve inflammation in synovial tissue of rat knee
joint arthritis induced by carrageenan/kaolin. Single
FUCO may significantly attenuate only the inflamma-
tion in synovial tissue in the rat arthritis model.

Effects on pro-inflammatory cytokine generation

Interleukin-1 and TNF-a levels shown in Fig. 7A and B,
IL-1B and TNF-o levels were significantly increased in
synovial tissue extract from knee of rats in model control
group at 24h after injection of carrageenan/kaolin,
compared with that in normal control group (p < 0.01).
The IL-1p and TNF-a levels were significantly lower, which
were given FUCO and FUCO + GAH except for GAH
alone group, compared with model control group (p < 0.05
or p < 0.01). The results suggest that FUCO may obviously
inhibit increase of generation of pro-inflammatory
cytokine IL-1f and TNF-o in knee synovial tissue after
injection of carrageenan/kaolin, and there was no obvious
change of pro-inflammatory cytokine IL-1p and TNF-a
levels in knee synovial tissue in GAH alone group after
injection of carrageenan/kaolin.

Phytother. Res. 28: 1054-1063 (2014)
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Figure 3. Representative of histopathological features of inflammation in synovial tissue in knee joint in carrageenan/kaolin-induced arthritis
treated with fucoxanthin (FUCO) and/or glucosamine hydrochloride (GAH) in rats (stained with hematoxylin-eosin, x 100). (A) Normal group,
(B) model control group, (C) diclofenac sodium-treated group, (D)FUCO-treated group, (E) GAH-treated group, and (F) FUCO + GAH-treated
group. The histopathological scores of all groups are summarized in Fig. 3G. Data are expressed as mean+SD, n = 5. **, significantly
different from model control at p <0.01. This figure is available in colour online at wileyonlinelibrary.com/journal/ptr.
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Figure 4. Representative of histopathological features of cartilage erosion in knee joint in carrageenan/kaolin -induced arthritis treated with
fucoxanthin (FUCO) and/or glucosamine hydrochloride (GAH) in rats (stained with hematoxylin-eosin,x100). (A) Normal group, (B) model
control group, (C) diclofenac sodium-treated group, (D)FUCO-treated group, (E)GAH-treated group, and (F)FUCO + GAH-treated group.
The histopathological scores of all groups are summarized in Fig. 4G. Data are expressed as mean+SD, n = 5. *, significantly different from
model control at p<0.05; **, significantly different from model control at p<0.01. This figure is available in colour online at
wileyonlinelibrary.com/journal/ptr.
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Figure 5. Representative of histopathological features of proteoglycan loss in knee joint in carrageenan/kaolin -induced arthritis treated with
fucoxanthin (FUCO) and/or glucosamine hydrochloride (GAH) in rats (stained with safranin-o-fast-green, x 100). (A) Normal group, (B) model
control group, (C) diclofenac sodium-treated group, (D)FUCO-treated group, (E)GAH-treated group, and (F) FUCO + GAH-treated group. The
histopathological scores of all groups are summarized in Fig. 5G. Data are expressed as mean+SD, n = 5. *, significantly different from
model control at p<0.05; **, significantly different from model control at p<0.01. This figure is available in colour online at

wileyonlinelibrary.com/journal/ptr.
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Figure 6. Summary of histopathological score in knee joint in carra-
geenan/kaolin-induced arthritis treated with fucoxanthin (FUCO) and/
or glucosamine hydrochloride (GAH) in rats. The histopathological score
of all groups are summarized in Fig.3-5. Data are expressed as mean
SD, n = 5. *, significantly different from model control at p < 0.05; **,
significantly different from model control at p < 0.01.

Effect on NO level

As shown in Fig. 7C, NO level was significantly increased
in knee synovial tissue extract of rats in model control
group at 24h after injection of carrageenan/kaolin,
compared with normal control group (p < 0.01). NO level
was significantly decreased, which were given FUCO,
GAH, and FUCO + GAH, compared with that in model
control group (p<0.05, p<0.01). FUCO and GAH
may significantly inhibited NO production in knee
synovial tissue through the downregulation of iNOS
protein expression in carrageenan/kaolin-induced rat
arthritis model.

Copyright © 2013 John Wiley & Sons, Ltd.

Effect on COX-2 and iNOS protein expressions

COX-2 and iNOS protein expressions were evaluated
by western blotting analysis. As shown in Fig. 8, injec-
tion of carrageenan/kaolin to knee joint cavity evoked
significantly upregulated expressions of COX-2 and
iNOS proteins in synovial tissue extract at 24 h. COX-2
and iNOS protein expressions were significantly
reduced in synovial tissue extract from knee of rats in
the groups, which were given FUCO and FUCO + GAH
except for GAH alone group, compared with model
control group (p < 0.05 or p <0.01). The results suggest
that FUCO may obviously inhibit upregulation of pro-
inflammatory protein COX-2 and iNOS expressions in
synovial tissue induced by injection of carrageenan/
kaolin. GAH alone did not inhibit upregulation of
COX-2 and iNOS protein expressions in synovial
tissue after injection of carrageenan/kaolin.

DISCUSSION

The present study assessed the effects of FUCO and
GAH alone or a combination of FUCO and GAH
given by gavage on parameters of arthritis. Overall,
the data from this study showed that FUCO alone or
FUCO + GAH ameliorated arthritis in an experimental
model of inflammatory arthritis and that the combina-
tion of FUCO and GAH is more efficacious than

Phytother. Res. 28: 1054-1063 (2014)
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Figure 7. Effects of fucoxanthin (FUCO) and/or glucosamine
hydrochloride (GAH) on IL-18 (A), TNF-a. (B), and NO (C) level in
carrageenan/kaolin-induced arthritis in rats. Values are mean+SD,
n=5*%% significantly different from control group at p <0.01; *,
significantly different from model control at p < 0.05; **, significantly
different from model control group at p <0.01.

FUCO or GAH alone in improving several of arthritis
markers examined.

Arthritis, an inflammation of joints, is usually an
inflammatory disease that results from dysregulation of
pro-inflammatory cytokines (e.g., IL-18 and TNF-a) and
pro-inflammatory enzymes (e.g., COX-2) that mediate
the production of prostaglandins, together with the
expression of adhesion molecules and hyperproliferation
of synovial fibroblasts. All of these factors are regulated
by the activation of the transcription factor nuclear
factor-kB (NF-«kB). Thus, agents that suppress the expres-
sion of IL-1B, TNF-a, and COX-2 or adhesion molecules,
or suppress the activation of NF-«kB, all have potential
for the treatment of arthritis (Khanna et al., 2007). It is
well known that pro-inflammatory cytokines play a pivotal
role in the inflammatory process of RA (Choy and Panayi,
2001): high levels of IL-1 and TNF-a are demonstrable in
synovial fluids of RA patients with severe disease activity
(Schlaak et al., 1996). Our findings show that FUCO has
significantly inhibited generation of pro-inflammatory
cytokines (IL-1p and TNF-a), and suppressed the expres-
sion of COX-2 in knee synovial tissue after injection of
carrageenan/kaolin. Recently, the data demonstrate that
FUCO reduces the levels of pro-inflammatory mediators
including IL-1B , TNF-a, NO, PGE,, and IL-6 via the
inhibition of NF-kB activation, and suppress the expres-
sion of COX-2 (Kim et al., 2010; Heo et al., 2010). These
reports and our own findings provide support for the
hypothesis that antiinflammatory FUCO provides defense
mechanism against inflammatory arthritis.

Copyright © 2013 John Wiley & Sons, Ltd.

NSAIDs, used for treating chronic inflammatory
diseases such as RA, are typically prescribed long term
to properly control the disordered immune system.
Thus, there is a strong need to develop safe and
effective drugs for the long-term use. The main charac-
teristics of RA include sustained joint swelling,
hyperplasia of synovial membrane, infiltration of
inflammatory cells, and villous formation, which
ultimately lead to cartilage erosion and articular
destruction. Our findings show that FUCO has a signi-
ficant attenuate knee joint swelling at days 1, 3, 5, and
7 after induction of arthritis, hyperplasia, which can lead
to muscle atrophy, and infiltrated inflammatory cell
amount including macrophages and lymphocytes, and
villous formation. The histopathological scores of
inflammation of FUCO in synovial tissue were signifi-
cantly lower than that in model control group. Single
GAH may significantly attenuate cartilage erosion and
PG loss but did not significantly resolve inflammation
in synovial tissue of rat knee joint inflammatory arthritis
induced by carrageenan/kaolin. The extent of macro-
phage activity in inflamed RA synovial tissue has been
to correlate with the severity of the disease (Kinne
et al., 2000).The present study demonstrated that FUCO
has antiinflammatory and anti-arthritis effects. The
natural products were a gold mine for arthritis treat-
ment (Khanna er al,, 2007). FUCO may be also a
promising natural source with potential for clinical use.
Brown algae, which contain high levels of FUCO, are
a traditional foodstuff of Asians, and an epidemiological
study has shown that the consumption of brown sea
algae is associated with a low risk of breast cancer
(Teas, 1983). Recently, FUCO was reported to be free
of adverse effects and mutagenicity even at repeated
dose of 2000 mg/kg for animal (Beppu er al., 2009a;
Beppu et al., 2009b); therefore, we consider the
rationale for the human therapeutic long-term use of
FUCO in RA.

The destruction of cartilage is a common feature of
RA caused by multiple factors. In RA, synoviocytes
and synovial macrophages produce a wide array of
inflammatory mediators including pro-inflammatory
cytokines such as IL-1p and TNF-a. The pro-inflamma-
tory cytokines in turn stimulate articular chondrocytes
and synoviocytes to produce matrix-degrading enzymes
such as matrix metalloproteinases and pro-inflamma-
tory enzymes such as COX-2. The subsequent release
of prostaglandins promotes, sustains, and enhances
additional cytokine production and inflammation, lead-
ing to the destruction and degeneration of the cartilage
extracellular matrix (Brennan and Mclnnes, 2008).
These cytokines play a significant role in the initiation
and perpetuation of the synovial inflammation and also
act directly on bone and cartilage cells to adversely
affect their function. In the present study, FUCO
significantly inhibited generation of pro-inflammatory
cytokines (IL-1B and TNF-a) and suppressed the
expression of COX-2 in knee synovial tissue after
injection of carrageenan/kaolin, and FUCO could
reduce cartilage erosion and the loss of PG compares
with model control group but was not statistically
significant. Future studies are needed to observe
effectiveness of FUCO on cartilage damage using a
chronic inflammatory arthritis. Results from the present
study show that joint inflammation coincided with
cartilage damage in the knee joints. Treatment with

Phytother. Res. 28: 1054-1063 (2014)
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Figure 8. Effects of samples of fucoxanthin (FUCO) and/or glucosamine hydrochloride (GAH) on pro-inflammatory COX-2 and iNOS protein
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GAH alone and treatment with GAH in combination
with FUCO attenuated cartilage damage in rat arthritis.
In particular, the combination of FUCO and GAH is
more efficacious than FUCO or GAH alone in improving
extent of cartilage erosion and PG loss. Past studies have
demonstrated that GAH may reverse arthritis-induced
PG loss (Oegema et al.,, 2002), and administration of
GAH normalizes cartilage metabolism, so as to inhibit
the degradation (Fenton ef al., 2000) and stimulate the
synthesis of PG, and to restore the articular function
(Oegema et al., 2002). Evidence indicates that GAH
was not able to change the level of TNF-a and IL-6 in
synovial fluid of collagenase-induced osteoarthritis mice
(Ivanovska and Dimitrova, 2011). GAH was not effective
in preventing inflammation and biochemical changes in
the arthritis joint fluid (Beren er al., 2001), and GAH
did not have any effect on standard synovial fluid param-
eters of inflammation (Meulyzer et al., 2009). In addition,
one study indicated that GAH administration had no
anti-rheumatic  effect, evaluated by conventional
measures on patients with RA (Nakamura et al., 2007).
Our results show that treatment with GAH alone there
was no obvious change of pro-inflammatory cytokine
IL-1B and TNF-a levels in knee synovial tissue in after
injection of carrageenan/kaolin. These reports and our
findings provide some support that the GAH reduces
cartilage erosion and PG loss by inhibiting the
degradation and stimulating chondrocyte PG synthesis.
The differentiation of mesenchymal stem cells into
chondrocytes provides and attractive basis for the repair
and regeneration of articular cartilage. Under clinical
conditions, chondrogenesis will often need to occur in
the presence of mediators of inflammation produced in
response to injury or disease. The data indicate that both
IL-1B and TNF-a inhibited chondrogenesis in a dose

Copyright © 2013 John Wiley & Sons, Ltd.

, significantly different from control group at p <0.01; **, significantly different from model control at p < 0.01.

dependent manner. This was associated with a marked
activation of NF-xB (Wehling et al., 2009). The FUCO
has significantly reduced levels of IL-1p and TNF-o and
that inhibition of NF-«xB activation (Shiratori et al.,
2005; Kim et al., 2010; Heo et al., 2010). The GAH could
inhibit the cartilage degradation and stimulating
chondrocyte PG synthesis (Oegema et al., 2002; Fenton
et al., 2000). We and other groups present evidence to
support the hypothesis that an antiinflammation and
enhancing synthesis of articular cartilage matrix could
be mechanisms underlying effect of anti-arthritis in rats
by FUCO in combination with GAH, represent rational
objectives for therapeutics of patients with RA.

It is known that NO produced by cartilage and
synovial cells is implicated in the pathogenesis of RA
(Mclnnes et al., 1996). Schuerwegh er al. report the
synovial fluid-derived immune complexes of active RA
patients to stimulate NO production and inhibit
chondrocytes growth. Results from the present study
show that FUCO can significantly inhibit upregulation
of COX-2 and iNOS protein expressions and reduce
NO production in knee synovial tissue extract of
carrageenan/kaolin-induced inflammatory arthritis in
rats. Treatment with GAH alone significantly decreased
NO level in knee synovial tissue extract of rats. The past
study indicated that although GAH did not affect the
expression of COX-2 mRNA and protein in
chondrocytes, GAH was shown to inhibit the produc-
tion of NO and PGE, in vitro in chondrocytes and
synoviocytes prepared from osteoarthritis patients
(Nakamura et al., 2004). In addition, one study showed
that a high dose of GAH can reduce the production of
NO and PGE, on plasma of adjuvant arthritis rats
(Hua et al., 2005). Our results show that FUCO alone
and in combination with GAH can ameliorate

Phytother. Res. 28: 1054-1063 (2014)
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histopathological appearance in knee joint in carra-
geenan/kaolin-induced arthritis. Thus, the present study
demonstrated that FUCO may enhance therapeutic
effect of GAH on rat arthritis through mechanism of
antiinflammation. In summary, results from the present
study indicate that treatment with combined FUCO
and GAH in an inflammatory arthritis rat, more so than
FUCO and GAH alone ameliorates parameters of RA.
The mechanisms of action of FUCO plus GAH involve
the modulation of pro-inflammatory cytokine IL-1f and
TNF-o level and NO production, pro-inflammatory

protein COX-2 and iNOS expressions, and then
enhance articular cartilage synthesis. The FUCO alone
and in combination with GAH have interesting thera-
peutic potential for the treatment of inflammatory joint
diseases in human.
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