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ABSTRACT

The present work aims to assess the impact of cigareite
smoking on haemostatic equilibria versus the magnitude of vascular
endothelial damage in male subjects with and without rheumatoid
arthritis.

For this purpose, thirty male smokers (age range 30-45 years)
were classified into two equal groups (Gi and Gll}. Cases in G were
with rheumatoid arthritis and cases in Gl were without rheumatoid
arthritis. Thirty age-matched non-smokers were similarly classified
into cases with rheumatoid arthritis {GHl} and healthy normal controls
{GIV). Biocchemical assessmenis involved: serum cotinine levels,
percent of total antioxidant capacity [A0C%;); glutathione peroxidase
(GSH-Px) enzyme activity; indices of vascular endothelial damage
[fibronectin (FN} and E-selectin], and interleukin-1p (IL-pB); trace
glements {copper, zinc, and selenium); indices of inflammation
lceruloplasmin {CP), C-reactive protein (CRP), and sialic acid]; and
indices of haemostatic eguilibria {lipoprotein (a) [Lp(a)}, antithrombin
H (AT HD, tissue plasminogen activator (£-PA}, and plasminogen
activator inhibitor-1 (FAL1}).

The results showed significant variations in serum cotinine
levels in smokers coordinated with increased levels of FN, E-selectin,
iL-1p, Copper, Cp, CRP, sialic acid, Lp (a) and PAl-1 versus
decreased ADC%, GSH-Px, zinc, selenium, AT I and t-PA. Greater
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magnitude of change in assessed data was potentiated by the duai
impact of smoking and rheurnatoid arthritis,

With respect to the abovementioned findings, i could be
concluded that a synergistic interaction occurred between products
of cigarette smoke inhaled and mediators of inflammatory response
to rheumatoid arthritis. Their impact on magnitude of oxidative
stress-induced vascular endothelial damage was equivocal to
variations in indices of haemostatic eguilibria.

Key words: Cigarette smoking, haemostatic equilibria, rheumatoid arthritis,
vascular endothelial damage.

INTRODUCYTION

Rheumatoid arthritis (RA} has a worldwide distribution and involves all
racial and ethnic groups, occurring at anv age and generally an increasc in
incidence appears with advancing age (Feldman et al, 1996). The disease is
characterized by a non-suppurative proliferative synovitis which in time leads to
the destruction of articular cartilage and progressive disabling arthritis (Panayi,
1993), Many of the early findings in RA suggest that the responsible etiological
factor(s) may be carried to the joint by the circulation (von Mithlen & Tan, 1995}

The mmportance of genetic factors in the genesis of RA s supported by the
increased frequency of this discase among first degree relatives (Akil & Amos.
1995}, Furthermore, even the expression of inherited disorders can be influenced by
environmental factors and life style (Seashore & Wappner, 1996). Air pollution
has been a continuing problem in many communities with hazardous health
consequences (Kumar et al, 1997). Adverse health outcomes of cigarette smoke
inhalation which is a powerful oxidative stressor is attributable o subjection to
different population of free radicals (Hulea et al. 19935). Their damage to DNA by
reactive oxygen and nitrogen specics and their role in inflammatory diseases and
progression to cancer has been documented (Halliwell, 19935). Rheumatoid arthritis
(RA) and increased risk of developing coronary discase are amongst the conditions
in which oxidative stress and depletion of antioxidant defenses are prominent
features (Knight, 1995},

The chronic inflammatory systemic status in RA involves certain cytokines
that cause joint inflammation and acts as a powerful modulator of immune
response. [t also causes proliferation of synovial cells and fibroblasts and
potentiates the secretion of a varicty of proinflammatory and tissue degrading
factors (Callard & Gearing, 1994; Sevmour et al, 1995). These could be
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MNM,M_WM__M%MM%
associated  with activation of cell adhesion molecules (e E-selectin} and
alterations in cell masrix proteins, acute phase reactants and hemostatic equilibria
(Aplinet al | 1998 Osama ot al., 1968}

The prosent study aims to assess in cases with RA the influence of
cigaretie smoke infensity viz products absorbed from cigarette smoke ag scurces of
endotheliaf injury. Their impact on hemostatie equilibrig nvolving antithrombin li
(AT I, tissue plasminogen activator {t-P4y, Plasminogen activator mhibitor-1
(PALD), Bpoprotein (a) (e )) will be assessed m view of vascylar endothelial
damage monitored by fibronectin (FN) and E-selectin refative 1o monttoring
chasees in the nttrmmatory response by determning levels of Coreactive protein

(CRPY, sialic acid, rhemmatoid factor (FF), erythrocyte sedimentation rate (ESR),
and serum cotinine,

MATERIAL AND METHODS

Thirty male heavy sinokers {age range 30
two equal groups, group F(G1) and group 11 ¢
active rheumatoid atthritis (RA) and cases m G were without RA. Thirty age-

matched non-smokers were similarly classified into cases with active RA (GIIN)
and nonmal healthy controls (GLV).

-45 yearsy were classified into
G}, Cases in G involved theose with

Smoking indev was calculated according to Brinkman Index based on the
product of the number of cigarettes smoked each day and the nuniber
years. Those who had smoking index > 400 {smoke

duration > 10 years; were considered heavy smokers {Ab

of smoking
RIER cigarettes/day for a
del Meguid et al | 1999},

Based on the revised criteria of the

» number of tender joints not less than 6, number
i erythrocyte sedimentation rate > 28 mny/ ist

All subjects under study fuifilled the following clinical and biocl

I~ Complete history taking and thorough clinic
diagnostic criteria of RA

Z- Monittoring of Tiver and kidney
renal disorders.

3- Biochemical assessment of serum cotifine (Pichini et al., 1992} total
antioxidant capacity (ADC%) (Bonnetont et al,, 1989); giutathions peroxidase
(GSH-Px) enzyme activity, plasma fibronectin by radial immuno diffusion

ientical analyses:
al examination inclading the

function tests to excluds cases with hepatic or
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(Mancind et al., 1963); soluble E-selectin in serum (Blann et al | 1998); IL-1 |
trace elements i serum by atomic absorption spectrosmetry mcluded the
foliowing: copper (Cu}, zinc (Zn) (Kitholma et al., 1984) and selenium (Se)
{Gardiner et al., 1995); ceruloplasmin (Cp) which was determined by using
non-partigen plates and standards provided by Behring Hoechst Inst., Germany
(Buffone etal.,, 1979); C-reactive protein {CRP) {Deodhar, 1994); ervthrocyte
sedimentation rate (ESR), serum siatic acid (Crook, 1993); rheumatoid factor
(RF) by the Rose Waaler test (Laurence & Nacharm, 1987); lipoprotein {a} {Lp
{2)} (Walton et al., 1974} plasma antithrombin I AT I (Shrader et al |
1981). wtssue plasminogen activator (t-PA) (Bergedorf et al, 1983} and
plasminogen activator inhibitor-1 (PAI-1) (Declerck et al,, 1988},

Tabl
Table (3): Values of Serum Cotinine, Indices of Vaseular Endothelizl

Damage and Inflammatory Response in Se!ecte{irﬂroups.
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Data are Mean + 5D, _
Biochemical Smuokers (p=30} Man-Smalere (x!~"~‘3€§‘,hS
Parameters With Ra Withomt RA With RA Controt
Gl (n=18} GIH (=15} GHIE (=15} GIV (n=15}
Serumn Cotinine 394 £ 80.2 3731715 NI NE
(ng/m) '
ADGCY 4851 12.6%%% | 634+ 16,57 1 739+18.1 8§92 £220
GSH-Py 0723 0% | 12.8 £ 3.6% 14.1£3.9¢ 183448
(U/gHb)
Fibronectin 634 £ 194%%% | 4155 99%% | 5284 178%*% | B6B 215
(my/L)
E-seiectin 12 £253%%¢ | 7451 17.8%% | 89.7 1 22.5%%*1 SBB 1119
(pg/l)
iL- 18 150 £4.7¢s® 11.2428 124+ 3.1°¢ 89425
(pg/mi)

Statistically Significant Values at
o (P < 0.05), ** (P <0.01), and *** (P < 0.001).

RA = rheum

atoid arthridis,

ND = non-detectable value.

AOCY% = Percent of total antioxidant capacity.

GSH ~ Py = glutathione peroxidase enzyme.

[L - 18 = intocleukin - i f.
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Table (2): Values of Trace Elements, acute Phase Reactants, and Sialic

Acid in Belected Groups.

Data are Mean + 51,

Biechensical Smeokers (=36} Mon-Smokers (n=30}
Parameters V;lith RA Without RA “With RA Control
GI (n=15) GH (=15} G (=15} GIV (n=15}
Copper 177 £462%%+ | 1311325 145 4 37.1%* 1091273
(uz/dl)
Zinc 3984 13.2%%* | G132 10.0% | 713 £ 164%%* | (154217
(ng/dl)
Selenium 51.4£302%%% | G164 193%% | 758+ 17.3%*% | 23 4£30.7
{mg/dl)
Cervloplasmin | 472 & 11.4%4% | 2724 8.1%% 1 387+ § 8%%* 19353
{mg/dL)
CRP 68.4 % 17.6%%% | 2251 6.8%% {4914 1440 152 4.1
{ng/ml)
Sialic acid 127 £38.9%%% | 726 £ 18.2%* 1804 £23.1%%* | 527+ 148
(mg/dL)

Statistically Significant Values at
*.(P < 0.05), *¥* (P < 0.01), and *** (P < 0.001).
" RA = rheumatoid arthritis.

CRP = C ~reactive protein
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Table (3): Indices of Hemostatic Equilibria in Selected Gréups.

Yrata are Mean + 510,

Biochemical Smrokers (n=30} Nen-Bmolers (o3}
Parameters With RA Without RA With BA, Control

GI (m=15) GH (=15} | G (e=18) | GIV (n=15)

Lp (a) 201 £58%% | 108+3.0% | 128x3.6%* 87%24

{mng/dL)

ATUI% 651+ 173%%* | 817%22.6* | 743:20.1%* | 107281

(—PA 476+ 19%%% | 762+22% | 631£2.0% | 961230

{ng/mL)

PAI-1 234+50%%% | 152+47% | 184%57%% | 121%35

(ng/mL)
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Statistically Significani Values at
* (P <0.05), ** (P <0.01), and *** (P < 0.001).
RA = theumatoid arthritis.

Lp (2) = lipoprotein (a)
AT I % = percent of antithrombin II

t-PA = tissue plasminogen activator

PAl -1 = palsminogen activator inhibitor -1
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RESULTS

Cases with RA exhibited values for ESR>28 mm/1st hour and RF>30
U/mL. In table (1), the serum cotinine levels in smokers were 3944802 ng/ml in
Gl and 3732715 ng/mL in GII, while non-detectable values were recorded for non-
smokers with RA {GIID), and without RA {GIV). The ¢i garette smoke Inhalation
products induced oxidative  stress presenting lower levels of AOC% and GSH-Px
was evident in GI>GIH when values were compared to non-smokers GII relative to
controls {GIVY. The Increased magnitude of vascular endothelial damage and the
inflammatory response {viz increased levels of FN, E-selectin, and [L-18) showed
higher values in GI>GUI>GH relative to GIV.

Table (2) presented assessed levels of selected trace eclements and acute phase
reactants n groups under study. Increased levels of copper, ceruloplasmin, CRP
and sialic acid were paralleled with decreased levels of zine and selenium with
significant variations from controls. The values expressed higher magnitude of
change in GE>GIUI>G relative to GIV.

In table (3), the alterations in haemostatic equilibria presented lowering in AT T
and t-PA versus increased Lp (a) and PAI-1 which elaborate thrombotic
tendencies. The statistical variation was noted in assessed values in table (1), table
(2), and table (3) denoting the influence of RA and products of cigarette smoke
inhalation,

DISCUSSION

Of all pollutants, cigarette smoke inhalation is the one associated with the
highest prevalence of disease relative to intensity and duration of exposure to the
extraordinary number of noxious chemicals generating free radicals (Muller et al,,
1997). The present findings of raised leveis of serum cotinine (the metabolite of
meotine) (Abdel-Aziz et al., 1998) versus a relative reduction in total antioxidant
capacity in smokers and more pronouncedly in rheumatoid arthritis (RA) cases
¢laborate the culminative effect of reactive oxygen species (ROS). Its impact on the
magmitude of endothelial damage in RA smokers was verificd herewith by the
assessed increments in values of plasma fibronectin (FN) and E-selectin in serum.
Boih favor the formation of hemostatic plugs after endothelial injury {(Cotran &
Briscoe, 1997). Also, the paralleled changes in levels of antithrombin IT1 (AT IID,
tissue plasminogen activator (t-PA), plasminogen activator inhibitor-1 (PAI-1), and
lipoprotein (a) [Lp (a)] exhibit prothrombotic response to injury implicating the
influence of smoking and RA.
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In compliance, upregulation of endothelial adhesion molecules (eg. E-
selectin) accompanied by the release of their soluble fractions mto the blood stream
verifies  the consequent response to endothelial cell damage and chronic
inflammatory response noted elsewhere (El-Dardiry et al. 1999). Conceivably, in
RA the subsynovial connective tissue is heavily infilirated by lymphocyies and new
vascularization is prominent with plump endothelial cells that expressed high levels
of adheston molecules (Akil & Amos, 1993).

The selectin-carbohydrate inferactions in extracellular matrix mediate
lenkocyte trafficking and movement of immune cells through the capillary wall
from blood to tissues at sites of inflammation o nitiate the immune attack (Lasky,
1995; McEver et al., 1995). It could elicit changes in the expression of acute phase
reactants  (APRs) koown to be mediated by a complex network of cytokines
{Colten, 1992). Of these, the IL-1 increments noted herein is to be clearly involved
m triggering the transcription and synthesis of acute phase reactants (APRs)
addition to its cooperative interaction with IL-6 and tumor necrosis factor alpha
(ITNF- ) inthis context (Dinarelio, 1984},

It is suggested that IL-1 causes both changes of copper increment and zine
decrement  as  observed herewith. This may occur wvia the increase of
metallothionein-mediated hepatic uptake of serum Zn as well as npregulation of the
acute phase reactant ceruloplasmin gene and its synthesis in liver which
subsequently influences the level of ceruloplasmin-copper complexes in the blood
(Mulder et al., 1991). The decreased selenium could be associated with decreased
plasma aniloxidant eazyme GSH-Px activity with the RA state (Honkanen et al.,
1991).

The reactive oxvgen species (ROSy-mediated inflammatory response to
RA and cigarette smoking was evaluated herein by increments in C-reactive protein
(CRP), erythrocyte sedimentation rate (ESR), rheumatold factor (RF), and sialic
acid. The CRP which is the most sensitive index of inflammation among APRs
represents a measure of disease activity (Doedhar, 1994; Schivick & Haupt, 1996).
However, ESR expresses the general severity of inflammatory status. This ocours
via its relationship to immunoglobuling and RF zutoantibodies which are deposited
as complexes m the superficial layers of articular cartilage (Wolfe, 1997). Reports
denocted i cases with RA a relationship between increments in serum RF and
increments in RF in joints mvolving either polyclonal B cell activation or defective
T cell regulation of rheumatotd B lymphocytes that are genetically programmed to
produce RE (Firestein et al., 1987, Zvaifler, 1988).

The present findings of increments i serum levels of Lp (a), APRPs, sialic
acid, and CRP relate the dual influence of smoking and rheumatoid arthritis to the
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magnitude of damage to vascular endothelium and cardiovascular risk (Watts et
al., 1993). Hence, reports indicated the association of increased CRP to angina and
progressive coronary atherosclerosis and increased sialic acid to cardiovascular
mortality (Lindberg et al, 1951; Liuzzo et al, 1994} Concordantly, the
relationship between high Lp (a) and myocardial infarction has been attributable to
the involvement of Lp (a) in atherogenesis, reduced blood flow and thrombogenesis
(Quyyumi, 1998; El-Dardiry et al., 2000).

Verifiably, thrombotic tendencies induced by cigarctte smoking and RA
was assessed by lower AT IIL t-PA and higher PAl-1 as elaborated hercin,
Evidence of vascular damage with impaired t-PA release is reported (Lau et al,,
1993} and coincides with the present findings. Consequently, it may confer
hacmostatic disequilibnia in view of procoagulant state elicited by the paralleled
increase in PAls and decrease in AT Y (Handin, 1998a). This may oocur m
conscquence to wmcreased hepatic  synthesis of coagulation proteins, reduced
synthesis of anticoagulants as AT I or s increased consumption, As well, it
could event from activation of endothelial cells secreting inhibitors of plasminogen
activators  as PAI-1 which depresses fibrinclysis and confers an overall
procoagulant effect (Collen & Lijnen, 1991; Handin, 1998b).

In conclusion, based on intensity of cigarette smoke inhalation (CST) {viz
serum cotining), in patients with RA, the magnitude of depressed AQC%, represents
ROS induced injury. This modulates the regulation of immune and nflarmmatory
reactions in rheumatoid synovium and extra-articular sites. It poses a high risk of
CHD, ischemia, and thrombotic manifestations. Exposure of subendothetial
collagen and matrix proteins is evidenced with increments of serum levels of
cotinine, E-selectin, CRP, sialic acid, Lp (a), and plasma levels of FN and ESR.
Haemostatic disequilibria were affected by lower AT UL t-PA and higher PAI-1
values. As the prognosis and eveniual outcome of RA is largely dependent on the
associated vascular affections (Osama ct al,, 1998), the present findings confirm
the aggravating impact of CSI on such aspects. Therefore, cigarette smoking
should be discontinued and antioxidants should be supplemented alongside the
therapeutic regimen to RA patients.
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