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REZUMAT

Statusul inflamator sistemic este implicat in leziunile vasculare incipiente. Artrita indusa de adjuvant la
sobolan este un model de artrita experimentala frecvent utilizat, datorita caracteristicilor comune cu artrita
reumatoida.

Obiectiv: Studiu experimental privind afectarea relaxarii endotelio-dependente la sobolani cu AlA si efectul
terapiei imunomodulatoare cu etanercept.

Material si metoda: Am utilizat sobolani Wistar masculi, cu greutatea variind intre 250-300 g. Artrita a fost
indusa printr-o singura injectare intradermica de 0,1 ml adjuvant complet Freund la nivelul suprafetei plantare
a labutei drepte. Severitatea artritei a fost cuantificata prin metoda pletismometrica. Injectarea subcutanata
de etanercept s-a efectuat de doua ori pe saptamana, incepand cu ziua 22 postimunizare, timp de 21 de zile.
Reactivitatea vasculara a fost determinata la nivelul arterei poplitee. Dupa precontractarea cu fenilefrina, am
determinat raspunsul vasodilatator la acetilcolina.

Rezultate: Vasodilatatia indusa de acetilcolina la nivelul inelelor de artera poplitee este semnificativ mai mica
n loturile de sobolani cu AlA, comparativ cu loturile de control. Etanerceptul reduce disfunctia endoteliala la
sobolanii cu AlA.

Concluzii: Statusul inflamator cauzeaza o disfunctie endoteliala semnificativa la sobolanii cu AlA. Terapia

Artrita indusda de adjuvant (AIA) este
caracterizata prin inflamatie si formarea unui panus
agresiv care conduce la degradarea cartilajului si
osului (1,2). AIA la sobolan este un model de boala
inflamatorie articulard extrem de des folosit, care
prezinta caracteristici comune cu artrita reumatoida
(3). La majoritatea modelelor pe animale de
experientd cu inflamatie articulard s-a observat
hipoxie intraarticularda (4), similar cu artrita
reumatoidd de la om. Hipoxia intra-articulara si
acidoza lactica consecutiva in articulatia inflamata
se datoreaza unui flux sanguin insuficient, care
poate fi determinat de o combinatie de factori cum
ar fi: incapacitatea proceselor angiogenetice de a

imunomodulatoare cu etanercept a imbunatatit semnificativ disfunctia endoteliala.

— Cuvinte cheie: disfunctie endoteliala, artita indusa de adjuvant, etanercept, sobolan E—

sustine cerintele proceselor de crestere a panusului
proliferativ si a tesutului sinovial si/sau mediul
inflamator din articulatia artriticd predispune la
disfunctie vasculara (5).

Studii recente au demonstrat ca functia endo-
teliala este redusa la pacientii cu artrita juvenila idi-
opatica asociata cu un status inflamator important.
Cutoate cd mecanismele care stau la baza disfunctiei
endoteliale in AJI nu sunt pe deplin elucidate, se
poate spune ca statusul inflamator sistemic poate fi
implicatin afectarea precoce vasculara. In sustinerea
acestei ipoteze s-a dovedit ca terapia cu anti-TNFa
imbunatateste disfunctia endoteliala la acesti
pacienti. (6).
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Modelele pe animale de experienta sunt esentiale
in intelegerea mecanismelor fiziopatologice ale
bolii la om.

OBIECTIVUL LUCRARII

Studiu experimental privind afectarea relaxarii
endotelio-dependenta in modelele cu artrita indusa
de adjuvant in artera aortd si poplitee si influenta
terapiei imunomodulatoare cu etanercept asupra
disfunctiei endoteliale.

MATERIAL S| METODA

Pentru a elucida mecanismul disfunctiei endo-
teliale produs de inflamatia acutd sistemica, am
folosit sobolani Wistar, masculi, carora li s-a indus
artritd cu adjuvant (AIA).

Animale de experienta

Pentru toate experimentele au fost utilizati
sobolani Wistar masculi adulti, cu greutate variind
intre 250-300 g. Animalele au fost preluate de la
centru cu o saptamana inainte de inceperea studiului,
pentru a se acomoda cu noile conditii de mediu.
Sobolanii au fost gazduiti in custi individuale, la o
temperatura de 23 + 2°C, ciclu nictemeral de 12 ore
lumina/12 ore intuneric, cu hrana si apa la discretie.
Toate animalele au fost mentinute n conditii si-
milare de mediu si alimentatie.

Sacrificarea a fost efectuatd intotdeauna prin
simplad decapitare, fara vreo interventie farma-
cologica asupra animalului viu sau sacrificat. Toate
procedurile experimentale folosite sunt in concor-
danta cu reglementarile internationale in vigoare
privind utilizarea animalelor in cercetarea stiintifica
(Directiva 609 din 24 noiembrie 1986, a Consiliului
Comunitatii Europene).

Inducerea si evaluarea clinica a artritei

AIA a fost indusa dupa metoda propusa de
Newbould, cu cateva modificari (7). Labuta dreapta
a fiecarui sobolan a fost injectata intradermic cu un
volum de 0,1 ml de adjuvant complet Freund, ce
contine 10 mg/ml de Mycobacterium tuberculosis.
Severitatea artritei este evaluatd pe baza indicelui
artritic In acord cu aparitia eritemului si/sau a gra-
dului de tumefiere al articulatiei (8). Pentru stabilirea
acestui index artritic sunt evaluate toate cele 4
membre ale sobolanului, scorul final rezultand prin
insumarea urmatoarelor puncte: 0 = aspect normal,
1 = grad scazut de tumefiere si/sau eritem, 2 = eri-
tem si tumefiere medie, 4 = eritem si tumefiere

marcatd. De asemenea, se mai masoara greutatea
corporala si edemul (cu ajutorul unui pletismo-
metru). Toate determinarile au fost efectuate de
doua sau de trei ori pe saptamana. Injectarea sub-
cutanata de etanercept 0,4 mg/kg/corp s-a efectuat
de doua ori pe saptamana, incepand cu ziua 22
postimunizare, timp de 21 de zile.

Reactivitatea vasculara

Dupa sacrificarea animalelor de experienta, s-a
indepartat aorta si artera poplitee de la membrul cu
inflamtia cuantificatd si s-au sectionat fragmente
vasculare de 1-2 mm lungime. Acestea s-au montat
in miograful orizontal cu fire de tip Mulvany. Baia
de organ a miografului contine 2,5 ml de solutie
salina fiziologica (PSS) la 37°C, cu urmatoarea
compozitie (mM): NaCl 119; NaHCO, 15; KC1 4,6;
NaH,PO, 1,2; MgCl, 1,2; CaCl, 1,5; glucoza 6.
PSS este barbotata continuu cu un amestec gazos
95% O, 51 5% CO,; pH-ul este 7,4. Preparatele vas-
culare au fost echilibrate aproximativ 1 ora, dupa
care se tensioneaza 1g.

Evidentierea capacitatii contractile a preparatelor
vasculare s-a realizat mai intai cu solutie de potasiu
(60 mM) si apoi cu fenilefrina (10pM). In cursul
platoului din cadrul contractiilor stabile s-au ad-
ministrat acetilcolind in concentratii crescatoare.
Timpul de incubare a preparatelor vasculare cu
L-NAME a fost de aproximativ 20 de minute. Fie-
care fragment vascular a fost supus la un singur
tratament. Raspunsurile au fost exprimate ca % din
precontractia indusa de fenilefrina.

Substantele utilizate

Substantele active folosite pentru inducerea
artritei si pentru determinarea reactivitatii vasculare
provin de la Sigma, US.

Analiza statistica

Datele sunt mentinute ca medie +ESM; n indica
numarul de fragmente vasculare examinate. Analiza
statisticd pentru valorile EC50 s-a realizat prin
testul Student. Valori ale lui p<0,05 sunt considerate
semnificative.

REZULTATE $I DISCUTII

Endoteliul joaca un rol important in reglarea
tonusului vascular; el elibereaza factori vasoactivi
cu rol vasodilatator si vasoconstrictor. Este bine
cunoscut faptul ca alterarea functiei endoteliale
conduce la aparitia si progresia aterosclerozei (9).
Disfunctia endoteliala reprezinta, pe de o parte,
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un vasodilatator endotelio-dependent major, si pe
de alta parte, a prostaciclinei si factorului hiperpo-
larizant derivat din endoteliu (EDHF) intr-o multi-
tudine de paturi vasculare (10,11).

Cu toate ca EDHF, NO si prostaciclina opereaza
diferit asupra efectorilor sau prin sisteme diferite
de mesageri secunzi, exista o interactiune permanenta
intre acesti factori vasodilatatori. S-a demonstrat ca
NO inhiba ciclooxigenaza (COX) si citocromul
P450, ca si propria sa sinteza, prin mecanism de
feedback negativ asupra NO sintazei (12, 13). Pe de
altd parte, s-a demonstrat ca EDHF este produs
printr-un mecanism citocrom P450-dependent (14,
15). Astfel, NO poate regla sinteza de EDHF prin
inhibarea acestei enzime. De asemenea, se discuta
mult si despre interactiunile intre acesti factori
vasodilatatori endotelio-dependenti legati de siste-
mul de mesageri secunzi sau prin activarea canalelor
diferite de la nivel endotelial sau de la nivelul mus-
chiului neted vascular. Un exemplu in acest sens
este faptul ca hiperpolarizarea membranei celulei
endoteliale de céatre un mediator poate determina
eliberarea dependenta de calciu a altor factori
relaxanti (16). In unele paturi vasculare, NO pare a
fi mediatorul primar al relaxarii endotelio-de-
pendente, pe caind EDHF si prostaciclina contribuie
intr-o masura mai limitata (10, 17). Studii recente
au aratat cd NO si cGMP pot afecta relaxarea en-
dotelio-dependenta mediata de EDHF (18,19)
sugerand cd EDHF poate functiona ca un sistem de
,back-up“ care se manifestd cand sinteza de NO
este redusa (20,21).

Disfunctia endoteliala indusa de procesul infla-
mator modificd reactivitatea la factori vasoactivi.
Acetilcolina determina relaxarea inelelor de aorta
si arterd poplitee precontractate cu fenilefrind, atat
la loturile de control, cat si la cele cu AIA. Relaxarea
la acetilcolind 107M, 10°M si 10°M 1in preparatele
de artera poplitee in loturile cu AIA precontractate
cu fenilefrind este de 13,1%, 34,4% si respectiv
56%, iar la loturile martor este de 55,7%, 85,7% si
99,6% Relaxarea la acetilcolina a inelelor de artera
poplitee 1n loturile cu AIA este semnificativ mai
mica comparativ cu loturile martor (p<0,05) (figura
1), ceea ce poate conduce la ideea existentei dis-
functiei endoteliale la aceastd categorie la so-
bolani.

Studii anterioare au aratat ca, la nivelul arterei
poplitee, un rol major in relaxarea endotelio-depen-
denta il are oxidul nitric. Am folosit inhibitor com-
petitiv neselectiv de oxid nitric sintazei (L-NAME) si
am observat ca relaxarea la Ach indusa de NO este
scazuta la loturile cu AIA in comparatie cu loturile
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Figura 1. Curba doza-efect la acetilcolind pe fragmentele
arteriale (A — artera poplitee, B — aortd) cu endoteliul intact,
precontractate cu fenilefrind; relaxarea a fost exprimata ca
procent din precontractia induséa de fenilefrina. Valorile
sunt exprimate ca medie + ESM (n = 6 sobolani per grup).
*= P < 0,01 versus control.

martor (figura 2). Relaxarea la Ach 107M, 10°M si
10°M 1in preparatele pretratate cu L-NAME la
loturile de sobolani cu AIA este de 18%, 20% si
respectiv 40%, iar la loturile martor pretratate cu
L-NAME este de 20%, 30% si respectiv 55%. Ob-
servatia conduce la concluzia ca productia de NO
este scazuta la loturile cu AIA in comparatie cu
loturile martor.

Inelele arteriale au fost preparate din artera
poplitee de la sobolanii din lotul de control, lotul cu
AIA si lotul cu AIA tratati cu ETN administrat
subcutanat in doza de 0,4 mg/kg/corp de doud ori
pe saptamana, incepand cu ziua 22 postimunizare,
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Figura 2. Efectul L-NAME asupra vasodilatatiei la Ach la
sobolanii din lotul cu AIA si lotul de control. Valorile sunt
exprimate ca medie + ESM (n = 6 sobolani per grup).

*= P < 0,01 versus control

timp de 21 de zile. S-a inregistrat curba concentratie
raspuns la Ach cu endoteliul intact.

Relaxarea la Ach 107M, 10°M si 10°M la lo-
turile de sobolani cu AIA tratati cu ETN este de
40%, 80% sirespectiv 90% in comparatie cu loturile
cu AIA netratate cu ETN, unde este de 20%, 40% si
respectiv 52%. S-a observat ca tratarea cu ETN a

Figura 3. Efectul etanerceptului asupra disfunctiei
endoteliale la sobolanii cu AIA. Relaxarea a fost exprimata
ca procent din precontactia indusé de FEN. Valorile sunt
exprimate ca medie + ESM (n=6 sobolani per grup).
*=P<0,05; **=P<0,01,versus control

loturilor de sobolani cu AIA reduce disfunctia
endoteliala (figura 3).

CONCLUzII

1. Artrita indusa de adjuvant la sobolani este un
model de boala inflamatorie articulard avand
caracteristici comune cu artrita reumatoida
de la om;

2. Relaxarea la acetilcolind a inelelor de artera
poplitee in loturile de sobolani cu AIA este
semnificativ mai mica comparativ cu loturile
martor, ceea ce dovedeste existenta statusului
inflamator cu o disfunctie endoteliald semni-
ficativa. Aceasta disfunctie endoteliala se da-
toreaza productiei scazute de oxid nitric la
arterele poplitee afectate de procesul infla-
mator.

3. Administrarea injectabild subcutanatd de
etanercept a Imbunatatit semnificativ dis-
functia endoteliala la sobolanii cu AIA dupa
21 de zile de tratament.
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ABSTRACT

Systemic inflammatory status is involved in early vascular lesions. Adjuvant-induced arthritis in rats is a
commonly used experimental model of arthritis due to common features with rheumatoid arthritis in
humans.

Aim: The aim of this study was to determine endothelio-dependent relaxation impairment generated by use
of immunomodulatory therapy, etanercept.

Material and method: We used male, adult Wistar rats weighing 250-300 g. Arthritis was induced by a single
intradermal injection of 0,1 ml complet Freund adjuvant into the plantar surface of the right hind-foot. Arthritis
severity was quantified by pletismometry method. Etanercept therapy was performed twice a week, starting
on day 22 post-adjuvant injection for 21 days. Vascular reactivity was performed on popliteal artery. After
preconstriction with phenylephrine, we determined the vasodilatory response to acetylcholine.

Results: Acetylcholine-induced vasodilation in popliteal artery rings was significantly impaired in adjuvant-
induced arthrits rats, compared to control rats. Etanercept reduces endothelial dysfunction in adjuvant-
induced athritis rats.

Conclusions: Inflammatory status causes significant endothelial dysfunction in adjuvant-induced arthritis
rats. Imunomodulatory therapy with etanercept significantly improves endothelial dysfunction.

Key words: endothelial dysfunction, adjuvant-induced arthritis, etanercept, rat

Adjuvant-induced arthritis (AIA) is characteri-
zed by inflammation and aggressive pannus forma-
tion leading to bone and cartilage distruction (1,2).
Adjuvant-induced arthritis in rats is a commonly
used experimental model of arthritis due to common
features with rheumatoid arthritis in humans. (3).
In most animal experimental models of joint
inflammation was observed intra-articular hypoxia
(4), similar to rheumatoid arthritis. Intra-articular
hypoxia and consecutive lactic acidosis in inflamed
joint is due to insufficient blood flow, which may be
caused by a combination of factors such as: inability
of angiogenetic processes to support the growth
process requirements of proliferative pannus and
synovial tissue and/or inflammatory environment of
arthritic joint predisposes to vascular dysfunction (5).

Recent studies have demonstrated that
endothelial function is reduced in patients with
juvenile idiopathic arthritis associated with an
important inflammatory status. Although the
mechanisms underlying endothelial dysfunction in
AlJl are not fully elucidated, it appears that systemic
inflammatory status may be involved in early
vascular damage. In support of this hypothesis has

been shown that anti-TNF therapy improves
endothelial dysfunction in these patients. (6).

Experimental animal models are essential in
understanding the pathophysiological mechanisms
of human disease.

OBJECTIVE

Experimental study on impaired endothelio-
dependent relaxation in adjuvant induced arthritis
models on aorta and popliteal artery and effect of
immunomodulatory therapy with etanercept on
endothelial dysfunction.

MATERIALS AND METHODS

To elucidate the endothelial dysfunction mecha-
nism produced by acute systemic inflammation we
used males Wistar rats, with adjuvant-induced
arthritis (AIA).

Experimental animals

For all experiments were used adult male Wistar
rats, weighing 250-300 g. Rats were housed in
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individual cages at a temperature of 23 + 2°C,
nictemeral cycle 12-hour light/12 hours darkness,
with food and water ad libitum. All animals were
maintained under similar conditions of environment
and food.

Sacrificing was always done by simple deca
pitation, without any pharmacological intervention.
All experimental procedures used are consistent
with existing international regulations on the use of
animals in scientific research (Directive 609 of
November 24, 1986, European Community Council).

Induction and clinical evaluation of arthritis

AIA was induced by the method proposed by
Newbould, with some modifications (7). Right paw
of' each rat was intradermally injected with a volume
of 0.1 ml adjuvant complete Freund containing 10
mg/ml of Mycobacterium tuberculosis. The severity
of arthritis is evaluated on the basis of arthritic
index consistent with the appearance of erythema
and/or the degree of swelling of the joint (8). To
establish the arthritic index were evaluated all four
members of the rat, resulting final score by adding
the following points: 0 =normal appearance, 1 =low
degree of swelling and/or erythema, 2 = erythema
and swelling average, 4 = erythema and swelling
marked. There are also measures body weight and
edema (by pletismometry). All determinations were
performed by two or three times a week. Sub-
cutaneous injection of etanercept 0.4 mg / kg / body
was performed twice a week starting on day 22
after immunization, for 21 days.

Vascular reactivity

After the killing of experimental animals, aorta
and popliteal artery was removed from the member
with quantified inflammation and vascular frag-
ments were cut 1-2 mm long. They were mounted
on horizontal myograph with wire Mulvany type.
Myograph bath organ contains 2.5 ml of physio-
logical saline solution (PSS) at 37°C with the
following composition (mM): NaCl 119, NaHCO,
15, KCI 4.6, NaH PO, 1.2, MgCl, 1.2, CaCl, 1, 5,
glucose 6. PSS is continuously bubbled with a gas
mixture 95% O, and 5% CO,, the pH is 7.4. Vas-
cular preparations were balanced approximately 1
hour then were tension 1 g.

Highlighting the contractile capacity of vascular
preparations was performed first with potassium
solution (60 mM) and then phenylephrine (10uM).
During the plateau of stable contractions were ad-
ministered increasing concentrations of acetyl
choline. Vascular preparations during incubation

with L-NAME, was about 20 minutes. Each frag-
ment was subjected to a vascular one treatment.
Responses were expressed as % of phenylephrine-
induced pre-contract.

Substances used

Active substances used to induce arthritis and to
determine vascular reactivity were from Sigma,
U.S.

Statistical analysis

The data is maintained as mean + ESM; n in-
dicates the number of vascular fragments examined.
Statistical analysis for EC50 was done by Student
test. Values of p < 0.05 are considered significant.

RESULTS AND DISCUSSION

Endothelium plays an important role in regula-
ting vascular tone; he releases vasoactive factors
with vasodilating and vasoconstrictor role. It is well
known that alterations in endothelial function lead
to progression of atherosclerosis (9). Endothelial
dysfunction is represented by the reduced bio-
availability of nitric oxide (NO), a major endo-
thelio-dependent vasodilator and prostacyclin and
endothelium-derived hiperpolarizant factor (EDHF)
in many vascular beds (10, 11).

Although EDHF, NO and prostacyclin operates
differently on effectors or different systems of
second messengers there is a constant interaction
between these vasodilators factors. NO has been
shown to inhibit cyclooxygenase (COX) and cyto-
chrome P450 as its own synthesis by negative
feedback mechanism of NO synthase (12,13). On
the other hand, has been shown that EDHF is
produced by cytochrome P450-dependent mecha-
nism (14,15). Thus, NO can regulate the synthesis
of EDHF by inhibiting this enzyme. It is also much
talk about the interactions between these vasodila-
tors endothelio-dependent factors related by the
second messaging system or by activating different
channels at their endothelial or vascular smooth
muscle level. An example is that endothelial cell
membrane hyperpolarisation by a mediator can
cause calcium-dependent release of other relaxing
factors (16). In some vascular beds, NO seems to
be the primary mediator of endothelio-dependent
relaxation, while EDHF and prostacyclin con-
tributing in a more limited (10,17). Recent studies
have shown that NO and ¢cGMP may affect en-
dothelio-dependent relaxation mediated by EDHF
(18,19), suggesting that EDHF may function as a
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system of “back-up” that occurs when NO synthesis
is reduced (20, 21) .

Endothelial dysfunction induced by inflam-
matory process alter reactivity in the vasoactive
factors. Acetylcholine causes aorta and popliteal
artery rings relaxation precontracted with
phenylephrine to both control and AIA groups.
Relaxation to acetylcholine 10'M, 10°M and 10-
M in the popliteal artery rings contracted with
phenylephrine in AIA lot is 13.1%, 34.4% and 56%,
and in the control group is 55, 7%, 85.7% and
99.6%. Relaxation to acetylcholine of popliteal
artery rings in AIA group is significantly lower than
control groups (p < 0.05) (figure 1), which may lead
to the idea of endothelial dysfunction existence in
rats from this category.
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Figure 1. Dose-response curve to acetylcholine on arterial
fragments (A — popliteal artery, B — aorta) with intact
endothelium, contracted with phenylephrine; relaxation was
expressed as a percentage of phenylephrine-induced
precontraction. Values are expressed as mean + ESM (n =
6 rats per group). * P = < 0.01 versus control.

Previous studies have shown that in popliteal
artery a major role in endothelio-dependent
relaxation is played by nitric oxide. We used a non-
selective competitive inhibitor of nitric oxide
synthase (L-NAME) and noticed that the Ach-in-
duced relaxation of NO is low in AIA group com-
pared with control groups (figure 2). Relaxation to
Ach 10'M, 10°M and 10°M in artery rings pre-
treated with L-NAME in AIA rats is 18%, 20% and
40% and in control group pretreated with L-NAME
is 20%, 30% and 55%. Observation leads to the
conclusion that NO production is low in AIA rats
compared with control group.

Control
1004
@~ Ach
=0 Ach + L-NAMH
804 k%%
60 1
S
c
2 40
©
x
(1]
o
o
20+
0 E
12 10 -8 6 4 2
Log Ach (mol/L)
AIA
100 4
—-Ach
=B-Ach + L-NAME|
< 804
5
= k%
x 604
[}
o
o
404
20 4
0+
12 10 3 B 4 2
Log Ach (mol/L)

Figure 2. L-NAME effect on vasodilatation to Ach in AIA
rats and control groups. Values are expressed as mean +
ESM (n = 6 rats per group). * P = < 0.01 versus control.

Arterial rings were prepared from popliteal
artery of rats from control group, with AIA group
and ETN administered subcutaneously at a dose of
0.4 mg / kg / body twice a week on day 22 post-
adjuvant injection, for 21 days. treated group.
Concentration-response curve to Ach with intact
endothelium was recorded.
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Relaxation to Ach 10’M, 10°M and 10°M in
AIlA rats treated with ETN is 40%, 80% and 90%
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Figure 3. Etanercept effect of on endothelial dysfunction in AlA rats.
Relaxation was expressed as a percentage of FEN-induced
precontaction. Values are expressed as mean £ ESM (n = 6 rats per
group). *= P <0.05; **= P < 0.01, versus control.
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