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Although in use for more than 150 years, dental amalgam has been questiong,
miore o less vigorously as i dental restomtion material due to its alleged heabls
hagzard. Humans sre exposed o mercury and the other main dental nmalgam mei
als | Ay S, Cu, £1) vim vapour, comosion products i swablowed saliva, and direo
absorption into the blood from the oral cavity. Dental amalgam Gillings arc th
e important source of mereury ¢xposure in the general population. Local, am
i s pstances, systemic yperseasitivity resctions o demal amalgam metalk
expecially mercury, acour al @ low frequency ainong amalgam hearers. Expen
migntal and elinical data strongly indicate thil these and other subclinical systemis
l_dmw immuncdogical reactions o dental mmalgom metals in bumans will b
!lhl_m.l oy certiin ML genotypes. and affect only a small number of the exposed
individunls. These individuals will be very difficult 1o detect in a mixed pop
ulation af susceptibhe and resistant iodividuals, including persons with alleged
symipboms dhsc o dental amalgam Gillings, whene many of the individuals ane ke
1y 1o suiffer fromn conditions with no proven immunological hackground such a-
multiple chemical scisitivity syndrome. Intensified studies should be perform|
to identify such swsceptible MU genotypes. taking advantage of the reporicd
cases of more heavily metal-exposed humans with systenic sutoimmine reay
thons. Furiher studies will nlso be needed 1o ascentain whether the combined expo-
sure (o the metals in dental amalgam moy lovwer the treshold for adverse imm-
ological reactions, since recent stuches have shown that the metals in alloy, cspe-
cially silver, may induce sutoimmunity in genetically suscepible mice.

s copper, tin, and sminll amounts of #ne were added [2]
Thus, amalgem has been extensively used as a restoralive

Different kinds of demtal amalgams have been used since
ihe middle of the seventh century, as described in the Chi-
nese medical literature [1]. Oviginally, they consisted of 100
parts mercnry, 45 ports silver, wid 900 parts tin, 'When lirst
imtroduced in the West, more than |50 vears ago, they com-
priscu a mixture of silver grasns and morcury, but only in the
mid-1890 did dental amalgam become what i todiy
knewn ax *conventional omalgam’, when components such

materil for many years, aivd i is estimaied that aboui 100
million amalgam fillings anc inserted annually in the United
States [1].

It i not surprising that the common implantation in the
humsin body of o material containing the well-known inxic
clement mercury has gencrated much debate over the years
[4]. The first “Amalgam War' 1ok place in the United States
in 18301850 and was due 10 serious side-effects of the
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promitive type of sibver amalgam. Thibs beed 1o & stabement of
o1 temacity by the American Association of Dental Surgeons
1 1841, The second ‘Amalgam War' bejgan in 1928, and was
cosed by an artiche published by the German chemist
wifred Stock. Stock chaimed that this own symploims of bad
oy, (atigue, and malaise were due to mercury infocica-
jun | 3], and a special elinic was opened at the Charité Hos-
jital i Berin 1o study the safety of amalgam. The third
ymalgam Wor' stamed in the 1981k with reports of cardio-
.scular, psychiatric, and neurclogic discorders. linked 1o
jscreury relense from dental amalgam [4]. This thard war i
il going on, waxing and waning with time and among
puntries. The delle has been particularly intense in Swe-
fori. and dental anialgam is advised by the National Board
o Health and Welfare not to be used in children and. stari-
g b 19907, weill not be advised for use in adults either. This
_cosing of using amalgam has officially been declared on
ihe grounds of envimnment safety, but the anii-amlgamise
mewement. claiming o multitude of adverse health effects
e b mereury, has chearly played an important role in this
Aecisbon, despite recommendations from the majority of the
wientilic community [&]. This is un example of one of the
imamy nigise effects of mercury, namely its ability to polar-
i oypimions | 7]

All these “wars” hove centred upon efTects of the mercury
component in dental fillings. The World Health Onganizs-
iion [WHO) commitice on inofganic mencury in 1991 8]
recommended that further research should be performed.
il directed i two main areas: newrobehavioural effects in
secupationally exposed persons and in the Fetus, and the im-
purtanee of mercury in adverse immsnological cffects.

The Compasition of Dental Amaigam

Pental amalgem s o multiphasie conpound material
composed primarily of three phases. ¥ (Ag.Sn) ¥, (AgHg)
and ¥, (SnHig), and is obtained by reacting a finely pow-
dered alloy with metallic mereury [9, 10]. Freshly tritursted
vomventional dental amalgam is compeosed of approximac-
by 5% mercury, 15% silver, 13% tin, 1.4% copper. and 1%
. Amalgams can also contiin traces of cadmium, palls-
dium, platinum and indium, Copper-rich amalgams include
un 1 phase (Cu,Sna): e Sybroloy with 28 wi'e copper in
the alloy [9). Indivm-contaiving non-. amiilgim has an al-
oy copper concentration of 13% [11].

The grinding sarface of a molar tooth filled with smal-
gam contains between 730 and 1000 mg Hg and has an
average serviceabbe life span in the human mouth of 7-9
years [ 12]

Relaase of Dental Amalgam Components
Mercury iy, L 2)

It has besen clearly shown that metallic mercury is contin-
uously released from dental smalgams due 1o carrsion, es-
pecially of the y, phase [% 13, 14]. Saliva and dentinal fluid
are the main liguids in the mouth which sre in direct contact
with dental fillings [15]. The moist environment of the
meouth predisposes 10 comosion. The corrosion rie of smal-
gam depends on many factors, such as the galvanic carrents
fior transportation of cormsion products, mechanical fuctors
and microblological activity wn the mouth, ns well as the
composition and pH of the saliva [13]. Proteins in the saliva
may increase the relense mie of various ki [ 16]. It has been
postulated that the higher cormosion potential of high-cop-
per nmalgams would result in a higher rate of dissolution of
mercury from these thon From silver amalgams [17]. Mack-
ert [ 18] his assessed the daily release of mercury from con-
ventional amalgam os 1.2-L8 pge For an individual with an
avernge of §-12 occlusal amakgam restorations,

Uptake of mercury of diffcrent oxidation states from
aemalgam fillings can occur via three rowtes: { | jimhakation of
mercury vapour; {2} gasirofredingl absorption of mercury
vin salivi, mnd 33 direct absorpeion into the blood from ol
M membrane, teeth roots, snd surrounding bone.

Moy Hipsnir

Dental amolgam fillings nelease mercury vapour i the
moisth and it is almost completely | = B0} absorbed from
the hang alveoli [ 19, 20) and readily crosses cell membranes.,

Mercury vipiur release has been assessed by different
austhors as (1006 jug/dayfom” from old restortion surfaces
and obout 4.5 pg/day/om” from newly placed anlgam sr-
faces [21]. The mercury vaposr concentntion cormelates sta-
tistically with the number of amalgam restorations | 12-24]
It hos also been shown thal chewing gum for 5 min can
cause the mercury vapour concentrabion o excecd the
threshold limit vahse (TLV: the maximsm amount of merce-
ry vapour to which a worker may be exposed during an
A-hour day. over 8 40-hour work week) of 50 pg/m' (23] In
a studhy by Ut [23]. the mercury vapour level in the mouth
increased 10 50150 jg/m® in 50 mdividuals afier chewing
gusm, The insertion of removal of amalgam restorations, as
well as condersation and carving of amalgam, results in an
even higher mercury vapour content [26. 27}, The increasc
of mercury vapour afler these conditions is, however, iran-
sieml. But s individual with more thin 6 smalgam restosa-
tions who is 0 heavy gum chewer may caxpencnce menury
concentration exceeding the TLY over hours [23]. A more
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severe loading of restorations ecewm in the case of brunism,
but we have found no information regarding the amount of
miercury released in thes condition.

[Data from four lnboratories. reported by Clarkson et al
[24). have shown ihat the daily uptake of mercury vapour
from dental amalgam fillings is between 29 and 175 pg.
The disparity is suggesied 1o reflect differences in measure-
mient technigues and assumptions used in making the esti-
mutions. Clorkson [29] considered 8.0 jug 1o be o reasonable

Metallic mercury is rapedly onidized by catalase and hy-
drogen perotide 1o waie mercury (Hg'—Hg:" —Hg™ ') n
red blood cells and tissues. This reaction can vary due 1o
genetic and environmental factors [30]. The reaction re-
quires several minutes, which means that elemental mercu-
ry exists in the blood long ensugh o reach the bruin and
placents. Afler exposure o mercury vapour, the mus imen
concentration in red Blood cells is found afier about | h and
in the plasma after about 10h (19, 31, 32]. The plasma-to-
cell rtio will initially be abous 121, but gradually decreases
due 1o upteke of mercury indo tissues and excretion.

Mereury Redease o Salivie

This release is proportional o the amalgom surface arca
[27]. Dussolved mercury vapour, ouidized corrosion prod-
ucts anad mmealgam microparicles are found in the saliva, es-
pecially after brushing the tooth, However, the intestinal ab-
soapiion of inorganic mercury s m high and is estimated
by the WHO [33] to be 7%, and by Elinder et al. [34] 1o be
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5= 1%, Maore recent toxicokinetic studics suggest an esti-
mated ‘true absorption’ of about 20%, when the excretion of
recently absorbed mercury s taken into consideration | 35

Liptake Direcily to the Blood

Uptake can take place from the base of the woth cavity,
from surrownding bone, through the buccal mucous mem-
biewie, and from gragival and buccal mucosa conmective tis-
sue, us well as from comoded subgingival restortions
[27. 36].

Biotransformation of Mercury

Mamy studics have demonstrated the formation of methyl
mercury from conventional and admixed smalgam by both
enzymatic wd n-eneymatic reactions [37], Methyl mer-
cury can thus be produced in the mouth by the action of
bhactena, ax has been demonsirated in vitro [38]. Methyl
mercury is resdily and almost completely absorbed in the
gastrointestinal tmct. The biotransformation of inorgamic
mercury to methylmercary by bacteria in the gut will this
enhance the absomtion of swallowed inorganic mercary. In-
organic mercury can be released from methy| mercury, and
this motransformation has been sugpested o comribute 1o
thee bowicity of methyl mercury [39].
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Amalgam E Tects on the immume System

Are Blood and Urine Valid and

Reliahle Index Midia for Estimarton of Expagire

Even a few days afier exposure, the blood concentration
mupmurmhmuﬁhhmmmmmﬂ

mercury incorporated in the body [40], Although

metﬂiﬂnl [-ll]-dhhﬁrdnglﬂlhmhpnd
comelation between the creatinine-adjusted urinary concen-
sration of mercury ond the number of dental amalgsm sur-
faces. the mercury content in urine is considered 1o yicld
liithe mformation aboit the body buiden from chifonic expo-
sure to mercury [40]. In the study by Schweinsherg [42], a
considerable number of subjects with more thain 25 amal-
g filkings had an uncorreciod uninary mercary concenira-
1homn behow I g/l

Silhver

Dental amalgam alloy contains sbout 70 wis silver
which may be released in small amounts [43]. Absorption
vy imhalation of silver vapour has been reported but no exti-
mates have been made [44). The daily intake of silver from
dictary sources, shout 6080 jug [45, 48], is suggested to be
much highes than the amount released from dental amalgam
[47]. The intestinal dhsomption of ssiver in saliva and food s
iwss than 10%% [48], and about 90% of the absorbed silver is
faceally excreted, mainly by bilinry excretion [44). The re-
yression coefficient between the silver content in facces and
the number of amalgam restorations has been caloulsted as
1174 [49]. These authors alse found @ high correlation be-
iween the amount of merury sivd silver excreted b the fae-
ces. Human and animal experimental data indicate that
1-5% of all the silver absorbed may be retamed in the body
[54]. The concentration of silver in the blood is not a relisble
index, of exposure since silver is mapidly cleared from the
bood vin biliary excretion [ 50]

Tin

Commercial alloy containg abaut 27 wita tin, The rute of
release of tin from amalgam restorwtions in humans & ot
kenown bant willl certainly oceur since meetal alloys degrade in
the electrolytic medium of the saliva [51]. The daily average
intake has been estimated at 34 mg, with only low gas-
troemlestinal absorption, The excretion is mainly fecal and
less than 5% of the daily intake is found in the urine. There
seems 1o be an efficient homeostatie mechanism for tn
(52}

Capper

The copper content in conventional amalgam alloy is
about 3 wite and in non-y, amalgam alloy up o 30 wi%s,
The rate of release from amalgam fillings is unknown, but
ienplantation tests using alloys with more than 30 wi% cop-
per have shown a high copper comtent in the surrounding
tissues, expecially in macrophages [51, 53], Brune etal, [11]
showed a high degree of copper release from copper amal-
gam with accumulation in the liver and kidney. lonic copper
is absorbed in the gastroimtcstinal tract, mitially up to 30%,
but the excretion of copper into the bile, bound 1o & non-
absorbed proden comples, reduces the net absorption to 5%
52}

Line

This metal exists ot only about | wis in commercial
amalgam alloy and can be presumed fo leak out in small
amounts into the salivi. It is akso an ingredient in dental ce-
ment [£n,i POL).]. Sixty days afier the implantation of alloy
containing less than | wt®s zinc, zinc was detectable in the
surrounding tissues [51]. A recent study by Hamawa et al.
[54] confirms that zing s the most reactive element in amal-
gam and dissolves at a high rate from amalgam in aqueous
miedium. The gastrointestinal absorption of zing averages
ahorist S5 bust can be reduced by calcium, phosphanus, and
copper [52].

Cadmiion, fndiem, Palladium, and Platinum

A high release of cadmium has been demonstrated from
high-copper amalgam using anificial saliva [11]. Gastroin-
testinal admimistration of copper amalgam reveabed cadmi-
wm in ihe liver and kidney, and mdiam was found 0 these
orgamns after administration of non-y; amalgam | 11]. Recent-
Iy, a dental amalgam called Indisperse has been introduced
which contains indium in the alloy | $5]. That this amalgam
should release less mercury vapour during the setfing reac-
tion, as reporied by Powell et al. [56], could not be con-
firmed in a later study [55). High-copper amalgams may al-
s comtain palladium. No release of palindium could be de-
tected afier free corrosion in Ringer's solution but the
presence of palladiam was found to decresse the release of
miercury and copper [57]. Platinum metal is biologically in-
ert and reveals practically no tissue reaction or absortion
[52)



Non-Dental Exposurs to Mercury
Tncliivirinl Manylacture

Exposure bo mercury may be high in many working plac-
5. such as the chlomikali industry, whene chlorine and caus-
tic soxda wre produced using brine electrolysts in mercury
cells [58]. Workers in mercury mines and in plants for the
production of fluorescent tubes, thermometers, and slkaline
battcries are also exposed [58]. Biological monflsring of
mercury in blood, urine, mmd hoir has shown, not unexpect-
ediv. high levels in these index media when such workers
are compared to unexposed individuals [41].

Demad Pragtice

Many older studbes demonstrated high mercury levels in
denial offices, 10-20/% whove the hygiene standard (TLY:
time-weighted average) safety limit of 50 jig/m’ in the air
[37). The mercury concentration was also found to be in-
ercased in blood [59 60] and urine [61]. Modern handling of
mercury has considerably reduced the occupational expo-
sure, and a more recent study demonsirated bow levels of
mercury in blood. plasma, and urine of dental personnel
[62]. Howewver, mercury levels wene higher than in a refer-
ence groap, and more so for nursces than for dentists. For this
group of dental personnel. the ¢ffect of their own amalgam
Tillings wos found o be as important g their occupational
exposunc. A rocent study by Powell of al, [55] showed that
mhalation of particulate amalgam may contribiile even
more ko the mercury concentration in the ambient air than
vapousrired mercury.

Latwrartoriea

Mercury and its compounds are an occupational hazard
for laboratery technictans due 1o, for instance, spillage of
cormmive sublimate solution in fixatives, o8 discussed by
Stewan e al. [63]

Aiv. Water wmal Fisond

Mercury is ubiguitous, and intake ocears vin oir as well
as water (n combined intake of about (L1 pg), and food. The
average daily intake via food (about 2- 10 jug) stems mainly
frosm Tish and 15 present in the form of methylmercury, Maost
non-fish foods contmin less than 20 jug kg [41]. Methylmer-

cury in food and seafood is derived from the bicdransfionmg.
tion of elemental and isnic mercury in lerrestrial and sdquar.
ic environments [34]. The proportion of methylmercury
ummnmnmruhmmhﬂmﬂ—vllnm
geographic regions. [28]. Accumulntion of methyimencur,
in seafood from mercury-polluted water can exceed 10 my
kg [34]. The acidification of lakes by acid min enhances the
level of methylmercury im fish [64]. High fish consumpiion
cun increase the ordinary intake of mercury 10-fisld, with »
comresponding increase in the blood concentration due
the almost complete gastrointestinal absorption, Only -
cent intake of arganic mercury can, however, be monitorgs|
by determination of mercury in whole blood. A high-fisy
diet is associated with increased levels of mercury in haie
and makes it possible 1o control this intake by hair analysis
[42]. The erinary mercury concentrtion does not reflect the
nmhry;;mmy level because of the dominant faccal exere-
tiam [200].

Prevervatives and Anlisephics

Many commercial y-globulin preparations comtain sodi-
um ethylmercurithiosalicylaie | Menhiolate, thiomersalate |
as 0 bacteriostatic agent. Many other medical products such
as vaccines and topical drugs for the eye and car also contain
thiomersalate, and it is also used os & presenative for con-
imct benses

Daily Retention of Mercury in Non-Occupationally
Exposed Individuals

The meun daily meroury netention is aboul 623 g for
non-occupationally - mercury-exposed  amalgam  bearers
(mhle 1)

Tabla 1. Estimatod daily retestion of mercury in noik-oscupaisonally
anposgd Turnam amalpgam bearers

Resgiiraton via Hoosperation via
mmuitb. g Hg newe, g Hg
Ibereaal amabgam fillangs
Indralatm | vapoar 1107 i
Saliva-gastrointestmal trect  — 18 -5
| v, macTpRIRches )
M-l snFves =15 =23
(i, e, Fowied ) [P melbyd-ligh (99 methyl-Hg
Tirtal nvemteon Ha-218 w149
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Amabgam EiTects on the Trmene System

Excration

Mercury is mainly encreted via facces (F-Hg) and Skare
sned Engrpvist [49] found a regression coeficient of 0.7 be-
jwcen the number of amalgam fillings and F-Hg/day. They
oncluded that the excretion of mercury in fasces is 20-fold
igher than via urine and that the highest contribution of
ercury comes from nmalgams, less so from food and via
ihe emerohepatic chreulmion. Mercury excreted in urine
could possibly be derived mainly from the mercury shsorb-
v in the gastrointestinal tract.

Distribution and Biological Half-Time of
‘Amalgam Componants

IHsrriturtion

Mercury

The kidoey is the main depository of mercury and, on the
lnasis of animal dats, S0-90% of the body burden is found in
s organ [K]. Inorganic mencury also accwmulates in the thy-
e, pitmitary, brain, liver, pancreas, prostate, testicles, and
.warica. The distribution ks not uniform between the differen
rgans or within the same orgor, Clarkson ot al. [28] estimat-
1l a steady=siate conribution to kidney and brain due to the
ielease from omolgam fillings in humans, With a probable
Jaily uptake of 2.9-175 pg He, the comesponding accumiy-
atbiony wans ealeulated s 2591563 ng Hp'g for the kidney
ind 4.3-29 ng Heg'g for the brain, This conforms with the
distribution of *'Hg from 12 tooth dental fillings in sheep
b days afler placement [36]. The two main organs of accu-
smilation for mencury were found i be the kidrey and liver,
bsl mercury was also Found in the brain and endocrine or-
aairs, b a later study, the same group described the dustribu-
tiom of " Hg released from |6 dental amalgam tooth fillings in
monkeys [12]. The highest mercury conceniration was found
in teoth alvenlar bone and gingivae T8 days after placement.
Limwer mercury concenirations were present in the kidmey and
intestinal tract. This contrasted with the higher level of mer-
cury concentration in monkey kidneys after placement of on-
Iy & amalgam fillings, as described by Danscher ct al. [65].
The difference could, however, be due to the longer exposure
time im the lntter study, thus favouring o higher accumulation
of mercury in the kidneys. Hahn et al. [12] suggested that the
mercury acoumulations they described could impair kidney
fanction and affect the intestinal and gingival bacterold floras
The effect on the intestinal Mo led to antibiotic nesistance
|summarized in & recent paper by Summers et al., ref, 66].
Vimy et al. [67] also shewed o fetal distribution of mercury

from matermal dental amalgam fillings in sheep. The highest
concentration in the fetus was found in the liver and prtudtary
gland, and post-partum in milk, ths providing a potential
source of mercury 1o the newbom.

Silver appenrs 10 sccurmulate in humans with age, masaly
in the kidney, spleen, and liver, but contribution from amal-
g fillings rebease is unknown,

Cenpparr 18 retnined in muscle, which contains about 35%
of the total body copper, and sccurmulation is also seen in the
liver, brain. and kidney [52]. There is no information about
the retention of copper derived from dental amalgam, which
has 1o be ndded 10 the daily dietary imake of shbout 4-5 mg.

Half-Time Soudics

The kinetics of inorganic mercury follow a complicated
patiern during the first months afler exposure, with biolog-
ical half-times that vary for different tissues and for differ-
e times after exposure [19, 31, 32, 68-70). These authors
showed that the first climination phase from blood had a
half-time of about 24 days, accounting for about 90%, of
the mercury, and was followed by a second phase with a
half-time of 15-40 days. However, in soime organs such as
kiciney, braim, thyroid, and pituitary, part of the mercury has
a long bialogical half-time extending over a period of years
18], Mylander et al. [ 71] analysed mercury concentrations in
the oectpital cortex and kidneys from aulopsy cases and
found o statistically significant comelation between the
number of amalgam surfaces and the mercury level in these
organs. High concentrations of mercury in thyroid glands
and pitultanes could be shown in deceased dental personne]
many vears after termination of the exposure [T2].

Mo data have been found on the brological half-times for
the other coamponents in dental amalgam.

Biocompatibility of Amalgam Components
Mevewry awd Derivatives

At i Cellwlar Level

The Hg'' jon passes asily through cell membranes. It
Tas no metabolic function in hamans bat mimics the beha-
wiosar of protons and hinds with Jow specificity to many cell
components via -SH, <OH, -NH,, and -Cl groups. The bind-
ingsio thiols s especially strong wnd ean attach the antios-
idant glatathions. The toxicity of mercury has been suggest-
ediobe inversely related 1o the presence of intracel lalar glh-
wthione [73].
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Towie Effects

Chronic mercury intoxication by ingestion of high doses
or inhalation gives symptoms which are complex and skow
b appear. The maore commeonly seen symptoms ane ataxia,
dysarthria, dysphagia, uncoordinaied movements of arms
and legs, impaired hearing. taste, and smell [52]. Low-level
mercury intoxication, as reported after cocupational expo-
wre, is pften focused on effects from the ceniral nervous
system, Memory disturbances, fatigue, irritability and trem-
o could be demonstrated in exposed workers by Roels e
al. [74] and Fawer et ul [75], A nevromyasthenia syndrome
(hewdache, weakness, snsteady gait, tremor, and depres-
ston) has been described in mercury-exposed workers
[T6).

Silver, Tin, Copper. and Zine

Av the Cellular Level

Sitver. A silver ion concentration of 510 A sctivates
polymomhonuclear neutrophils with production of super-
oxide anions, probably due to on augmentation of the respi-
ratory burst initiated by a chemotactic peptide [77]. Silveris
cytobonic for cultured human epithelial cells [43], and also
affects macrophage functions [ 74). Subcutincous implanta-
tion of alloy containing about T wis silver can initiate a
strong inflammatory response afier 7days with foreign
body giant cells contmining silver and other ions [$1]. Silver
accumulation was found in periapical granulomas which
were removed From endodontically trested 1eeh in which
the rout canal had been filled with silver cones [ 79],

Tin. Subcutaneous implantation of alloys containing
26 wi tin showed that tin could be detected sround the im-
plants in forcign-body-type giant cells over an observation
time of 60 days [51]. Tin-containing alloy panicles were al-
wivwell phagocytized by macrophages in vitro [51]. Metallic
tin and its inorganic salts are gencnilly considened of low
ol towicity due o thewr poor alimentary absormption.

Copper Copper ions domage ysosomes with release of
acid hydrotases, nesulting in cell degeneration |51, 52]. Cop-
per. together with rine, showed the highest cytotonity
among metals tested in culture [80]. Copper influences
many physiological functions in humans, including the im-
mane response, which is depressed after prolonged intake
of even low doses [¥1]. This effect can, however. be due 1o
its antagonistic snteraction with rinc [81, 2],

Zine. A considerable amount of zine can be released
from low-copper amalgam inio calture medium and the
concentration is sufficient to kil almost all cells in the cul-
ture [43]). Linc released from amalgam is suggested 1o be

very tokie in vitr, but the effect diminishes with time [#0]
Increased concentrations of zine have been shown 1o pro.
duce a T and B cell mitogen effect [§3)

Amalgam Mutals and the immuna System:
In vitro Studiss

Mercury

Human (84, 85] and animal [86] lymphocytes may reacy
mmmmnu)ummuuhblﬁlmmm
[N A synthesis [85-91], and an increase in mitotic nctivity
[84, B6, 91]. The proliferating lymphocytes hove the charme-
teristica of peripheral T cells in both humans [92] and m-
dents [91, 93], with an increase of CD8+ and especially
LD+ cells [94]. B cells are inhibited, both in mice [94, 93]
andd in humans. [96]. Mercury also potentintes the lympho.
eyte profiferation induced by mitogens in both rodent [97,
W8] and human [88] lymphocyies. However, some studic.
wsing muring [92-101] and human [9, 102] ymphocytes
Iave only shown an inhibited lymphocyte proliferation afies
in vitro treatment with mercury, There are many possible
explanations for these discrepancies.

First, multipbe factors in the in vitro technigue for culi-
sation of lymphocyies may affect the ouicome: mercury is
notorious for its handling difficulties [103]; serum in the
medium modulates the proliferative response 1o mercury
[10:4]; the commonly used 2-mercaptocthanol is highly in-
hibitory for mercury-induced lymphocyte profifertion
[#1]. and cultivation time is critical, since the response W
mercury occurs much later than for other mitogens [B5, 91,
105]. The composition of the cell culture may be decisive
fior the reaction. Shenker et al. [102] found that the presence
of monocyles in the mercury containing culture decreased
mitogen-induced T cell profiferation, whereas depletion of
monocyies coused an exagperaied proliferation. The con-
centration of mercury s also critical, since mercury is cyto-
towie fior hymphaocytes ot o concentration higher than 10" A,
whereas the stimulation oocurs at & slighily lower and nar-
rowly restricted concentration range (110510 %), Mono-
€ytes are more sensitive than lymphocytes [102], and these
cells may be of special importance since adberent mouse
cells respond to mercury with imterleukingIL -1 secretion
[106]. The cell concentration is also important since the mi-
fogenic effect of mercury is prominent ony ot high cell con-
centrations (5= 10° cells'ml) [94], which has also been ob-
served for other cations [ 107]. Finally, cell function may be
affected oi o dose which is much lower than the cytotoxic
diose [P, 100-102. 108].

186 Enestrinm Mialoman

Amalgam Effiects om the lmmune Sysiem

Secondly, species factors may play a decisive role in the
eiTect of mercury. Haman [92], but not murine [#1], thymao-
cytes respond with DNA synthesis o mercury. Hurman and
guinea pig peripheral lymphocytes [85, 92, 104], but not
momise lymphocyies [91], were able 1o proliferate in re-
sponse o mercury even after removal of adherent cells. The
importance of adherent cells in murine cultures seems 1o be
due 1o sn carly release of IL-1. which can be imhibited by
aii-1L-1n antibodies, thus eliminating the mitogenic effect
of mercury [94].

Thirdly, genetic factors may be impertant. Huliman and
S e sk s S
i prodi i two
mouse strnins, and Jang and Moller [109] recently found
that inbred misuse strains differ in their susceptibility to pro-
iifierate in response to mercury. Pollard et al. [94) found no
comelation betvween the susceptibility to autoimmunity and
ihe mitogenic effect.

In conclusion, mercury directly stimulates ymphocyte
proliferation snd also enhances proliferation induced by mi-
iogens, However, species and genetic differences as well as
an array of factors in the culture may profoundly influence
the curtcome of i vitro studies.

Amalgam Metals and the Immune System:
Experimantal in vive Studies

At the in vivo level, mercury was for many years consid-
cred 1o oct solely as an immunosuppressive agent which
remdered i | animals more susceptible o infec-
tiws aggents [110, 111], possibly by inhibiting both the -
moral [100, 110, 112-114] and the celhalar [106, 114, 113] im-
muane systems. However, in 1971, Bariety et al. | 116] showed
that 30 of outbred Wistar rats exposed to inorganic merc-
ry developed an immune complex  glomenulonephritis
(G In 1977, Sapin et al. [117] further confirmed this new
paradigm of an immunostimolatory effect of mereury,
shewwing that & specific inbred rat sirnin, the Brown Norway
(AN} rat, develops o systemic autoimmune disease in re-
sponnse b merciry [117]. A similar disease was then obsery-
el i mercury-treateld New Zealand rabbas (18], followed
b observation of antinuc lear antibodies {ANA ) andfor im-
mune complex discase in the mouse [119, 120]. The rodent
models have since then been extensively explored in arder
10y better understand the mechanisms in autoimmune condi-
tions. Since these models have recently been reviewed by o
mumber of authors [121-123], the following discussion will
he restricted 1o a briel overview and ressilts of immedinte
importance for the discussion of amalgam.

Manifestations of Mervury- lnduced
Autetmmnrity in Rodewts

In genetically susceptible rats, mercury induces a mas-
sive polyclonal activation of B cells [124] and a biphasic,
systemic immune-mediated disease beginning with anti-
basement membrane antibodies mainly directed against la-
minin [125], followed by systemic immune complex depas-
its which may also involve anti-laminin antibodies [126,
127).
Mercury-trented, penetically susceptible mice of the
H-2" haplotype exhibit a general activation of the immune
sysbem with splenic cell hyperplasia, strong B cell activa-
tion, an increased number of immunoglobulin-secreting
cells [128], and hyperimmunoglobualinaemia [129, 130]. The
dominant autoantibodies in mercury-treated H-2* mice are
htgh-titreed anti-nucleolar [gG antibodies { ANoA ) directed
against the 34-kD nucleolar protein, fibrillarin [131, 132],
which is part of the U3, UB, and U13 small nuclear ribonu-
cleoprotein partiches [133]. Interestingly, anti-fibrillarin an-
tibodies { AFA ) occur in [134], and are diagnostic for [135]
human systemic scleroderma. Rocent studies [136] have
shown that the auioantibodies in haman idiopathic systemic
scheroderma and murine mercury-induced sutoantibodies
share commaon anigenic regions on fbrillarin, further link-
thnuAFﬂwmnmmmh
H-2* mice, the development of AFA is followed by systemic
immune complex deposits and a mild endocapillary prolif-
crative GN [137]. The elution of ANoA from., kideeys of
gests that they are of pathogenctic importance for the GN
[138].

Genenic Factors in Rodent Metal-fnduced Awfoimmuniry

The seeminghy contradictory views of mencury s an im-
munostimulating or immunosuppressive agent in vive can
b readily explained by genetic factors, Inthe rat, the genet-
ic susceptibility to auinimmune GM i3 inherited as an auto-
somal dominant trait, and three genes, one of them localized
in the rai MHC (RT1-B locus, class 1] region), are involved
in bath the development of anti-basement membrane anti-
bodies as well as in immunostimulation determined s an
increase in IgE [139, 140]. Examining & number of mt
strmins, Aten et al. [141] found that the susceptibility to in-
duction of autoimmunity o immimosuppression by mencu-
ry were both dependent on the MHC class Il haplotype.
Maoreover, in strains developing an suloimmune reaction,
the type of glomerulopathy was influenced by non-MHC
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genes. In mice, the susceptibility to development of ANoA/
AFA resides in the mouse MHC (H-2) |142], more specifi-
cally in the Ir region and the H-2A locus [143, 144], and is
coddominantly inkerited it a cross-breeding with resistant
mige [145].

Pathogenstic Mechanimi in
Rewdent Mytad-fmduced Autoimarniny

For a long time, it was aceepted that the autoantibodics
found in mercury-treated rodents were the results of poly-
clonal B cell activation [121, 124], showing sirong similar-
ities with chronic grafi-versus-hoss disease [146], However,
i number of observations indicate a T-cell-dependent resc-
thon which could be driven by the sutoantigen. These in-
clude o strong linkage of the susceptibility 1o the immune
response region of H-2 [142-144], the need for T cells in the
induction of muteimmunity [147. 14R8]. the dominance of the
lgG isotype [129, 130], and the strong skewing of the au-
toantibeady procuction in mice tosands the nucleolar protein
fibrillarin [131, 132]. Recent studics by Alen et al, [149]
strongly suppaort an antigen-driven reaction 1o kminin as
crucial in the auteimmune discase induced by mercury in
the BN rat

Although B cells can be direcily activated by mercury
(150, T cells ane of paramoun! importance for the systemic
utsimmune reactions seen in genetically susceptible m-
diemts (see ibove), The activation of CD4+ cells with strong
IL=4 mBNA expression in He2" struins, which demonsirate
a strong B cell activation, has been attributed to o prefer-
ential activation of T helper{ Th )2 cells by mercury [151]. In
conirost, the T cells activated in H-2 mice, reported 1o show
contact sensitivity o mercury [152] and o higher secretion
of inderferon-8 [153], have been assumed 1o be Thi cells. On
the basis of these studies and o number of studies i rats
[154], it has been suggested that the reaction to mercury in
redenits should be o prominenst example of o genetically de-
termined Thi-Th2 imbalance, exaggerated activation of
Th2 cells leading 1o systemic B cell sutoimmianity, and acti-
vation of Thi leading o o delayed-type (contact ) hypersen-
sitivity (DTH) [155], Although an interesting hypothesis,
sovmig reports are difficult to combing with such a view. First,

these mechanisms is hampered by the lack of » compley:
cytokine profile in mercury-trented rodents,

An even more profound question, namely the nature o)
the stimulus which activates the T cell, is siill unsnswere|
Al the heart of this question lies the uncertainty whether
mercury {and other metals) give rise to specific Th cells d;.
rected agminst the metal ions. This s difficult 1o link with
the current paradigm of CD4+ colls reacting with small pep.
tides presented by class 1 molecules. However, Wilie et al
[158] have recently reported development of a MAb reac-
ting with high affinity to mercury. 1t can thenefore not by
exchaded that mercuric ions contain Th cell epitopes,

A very specific mole for T cells in the rodent miodels ol
mercury-induced swtoimmunity was suggesied by Druet o
al. [121). These authors showed mercury-activabed sl
resctive CD4+ cells which proliferated in the presence of
syngeneic MHC-class-ll-expressing cells in BN ruts [159];
however, the exact stimulus could not be elucidated. A ol
for these autoreactive cells in the pathogenesis of the au-
toimmune disease was suggesied by their ability 1o trapsfe:
the disease o syngeneic BN rats not treated with mercuny
[93]. However, this conclusion has recenily been challenged
[153] because of the presence of B-10% of cells with un-
known specificity in the ransferred cell population. These
cells could have been targeting mercury or sell-profeins al-
tered by mercury, & hypothesis supported by receni findings
muncle by Kisbicka-Muranyi etal. [153] in mice. By using the
adoptive transfer popliteal lvmph node test, these authors
showed that mercury treatment in genetically susceptible
mice generated T cells which were able 1o nespond anam-
nestically 1o mereury and induce B cell activation not only
affler treatment with mercury but also after injection of per-
toneal cells from mercury-treated amimals, This was inter-
preted as either o resction directed o the meércuric fon per
s, of to self-proteins (for example class Il molecules) al-
tered by mercury, Again, the exact natire of the stimulos, as
well as the importance of these cells for the mutoimmunc
condition, remains unknown. The recent findings of silver
i3 an efficiont induce of autoantibodices trgeting the same
fucleolar prodein as mercury m genetically susceptible mice
[160] could be imerpreted as an identical alteration in the
mucleolar protein or in the nucleolar metabolism eaused by
mercury and silver

I=hih &t al. [156] found that mouse sirains susceptible 1o B

ccll activation with systemic auteimmunity were also high
respainders for merciry-mdiced contact hypersensitivity,
Sccondly, in vive treatment with anti-[ L-4 monoclonal anti-
bodies | MAbs) acheived only a partial reduction in the in-
wmcase of total and mdoantigen-specific [ gGl [157], suggest-
ing that the role of [L-4 is imited. Further understanding of

Experivvenial Stlies on DTH Reaciions

Adshough the first descriptions of a contact-like reaction
toy mereury in hamans were published ot the end of the 15th
cemtury [161], similar reactions 10 chemical compounds
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were fol reported in experimental animals until the 1930x
v Bloch and Steiner-Wourlisch [see ref. 161]. Since then,
L,',ant:rnfmﬁfm of these in vivo tests have
e described, serving to *maximize’ the sensitivity main-
iy for drug testing. Although the sensitivity and predictive
, slue of these test have been substantially increased sance
they were first described, they are now challenged for eth-
wal reasons and becouse they ignored the role ol genetic
ctors [162]. Polak ef al. [163]. described. as far back o
1908, the decisive mole played by genetic factors in regu-
[ating the susceptibility fo sensitization by chemicals. How-
e, this factor has largely been ignored in the use of these
jests, probably due io difficultics in obtaining and exam-
jming @ large mumber of genetically defined strains instead
o relyingg on a single | outbred ) stramn. In recent studies, con-
[t sensitivity for mercury [156], nickel [164], and chromi.
uen [165, 166] have been studied in genetically defined
araims of mice. These studies have strongly reinforoed the
ihowg-metioned findings of a genctically regulated suscep-
riility for sensitization i metals, and huve mapped the ge-
ictic susceptibility for these metals 1o the I-A region. In-
icreatingly, the high- and low-responder haplotypes are not
vhe same for the different metals, indicating that the anti-
seiile epitope 15 mot the same for these metals. Transfer ex-
jseriments in these sudies showed that the reaction was due
o O cells, with no role being found for CD8+ cells in

the loww-responsder struins.

Amalpam Components Other than Mercury

Recently, Hultman et al, [ 160] reporied that sibver, a dom-
iant component of nmalgam, is a highly eficient inducer
of autoimmunity in genetically susceptible mice, causing
%ok which target the same neclealar prolein, fibrillarin,
s mercury-induced ANoA, In contrast 1o mercury, silver
ol slightly stimulates the rmmune system, and also fails o
provoke the systemic immune complex deposits and the
andi-histone antibodies observed after mercury treatment.
Lienetic studies [Hubtman et al., in prep.] show that the ge-
netic susceptibility o silver is linked 1o the H-2A locus, al-
though modifying non-H-2 factors have more influence
{ham in mercury freatmsent.

In rodents, metallic tn induces a plasma cell response in
the regional draining lymph nodes [ 167] and spheen [165],
which is attributable 10 a polyclonal B cell activation that
preatly mereases the B cell response 1o injected antigens
| 1] W chiad st Fionad any studies on autoimmune eifects o
ihe influence of genetic factors. Copper administened orally
in mice [81] coused a decresse in concanavalin- A-induced

lymphocyte proliferation, whereas the lipopolysaccharide
induced proliferation was increased after cemain doses and
decreased after others. In addition, the mice showed an in-
creased production of sutoantibodies against bromelain-
trested ervihrocyies, However, another study [170] found s
consistent inhibition of B cell bui not of T cell function,
Thiss, copper seems 1o interact with the immune system, but
the findings an: contradictory, possibly doe 1o the differen
misese stramns used.

Arrariigarm and Alfey

Hultman e al, [171) have shown that genetically suscep-
ithle mice in which amalgam or alloy are implanted in the
physiological milieu of the peritoneal cavity develop chron-
ic hyperimmunoglobulinaemia, ANoA/AFA, and systenic
immune complex deposits. There was also an increased ex-
pression of cluss Il molecules on splenocyies, is well as &
o= and time-dependent change in mitogen-induced lym-
phocyte proliferation. Interestingly, implantation of alloy
| not cxstaining mercury ) olso caused AFA, which was atiri-
buted 1o the T0%% silver companent in the alloy, given the
effects described in the same strain using pure silver [160].
Very recent results [Hulimon et al., in prep.] in genetically
susceptible rats implanted with conventional dental amal-
gam fillings in 4 tecth revealed a stimulation of B eells,
measured s 3 significant increase in sevum IgE, fllowed
by systemic immune complex deposits.

- Response Studiey in Experimental Animoly

Diose-response stsdies hive been performed in mice snd
ruls genclically susceptible to mercury-induced autoim-
munity using pevoral (p.o. ) subcutaneois (5.0, ), or intratr-
cheal mercuric chloride treatment as well as exposire 0
mercury vapour. Three immune parameters have been eval-
umted: (1) development of sutoantibodies; (2) B cell stim-
ulntion, and {3} systemic immune deposits. Autoantibodies,
such s ANoA/AFA or anti-basement membrane antibod-
ies, were firnt observed m o dose of 100- 170 g Hgiweek/kg
body weight (bw.) in mice [172, 257] and rats [139, 173,
174], after exposiire to HgCl; either p.o. or s.c.. or Hg' via
vapour. In conirast, no autoantibodies were found in these
studics at o dose of 60-T0 jug Hg/week/ky b.w. B cell stim-
ulation was detected in mercury-vapour-treated mice at a
dose of 360 pug Hg'weelikg bow, ond in mis ot a dese of
340 pg Hg'week kg bow. However, since lower doses were
pot tested in the rats, B ¢ell stimulation may occur ot lower



doses. Systermic immune deposits were first observed in the
rat at a dose of 110 jug He'week/kg bow. [173], and in mice a1
adose of 60 jg Hp'week kg b.w, [257). The comresponding
by bueden, measiured as the renal mercury concentration,
was 4022076 g Hg'g kidney wet welght in mice at the
lovwest diose where autoantibodies were observed.

Immune Responses to Amalgam Components in
Humans

Alteryric Tipre | Reactions fnduced b Mercury

Only o small number of cases of immediate, anaphylac-
tic responses have been reponed afier placement of amal-
g restorations and these were interpreted as being caused
by mercury [I75-177). Localized or general sympioms,
such as sk erythema, tchycandin, respiratory difficuliy,
and sedems have been described. Anaphylactic reactions 1o
vaccines containing mercury as a presenvative have also
been described [178],

Allergic Tope IV Beactions fnduced by Mercury

Fleww in the Patient Semsitized
There is a lower tendency for sensitization through mu-
cous membranes than through skin and it is not knewn i
sensitization is possible via mercury released from dental
amalgam, In 1957, Frykholm [179] noted that only one of
seven individuals with mercury allergy showed aral lesions
whereas all the athers had 3 cutsneous reaction afler newly
placed amalgam fillings. Elication of o hypersensitivity
reaction in the oral mucosa requires 5 to 12-fobd higher mer-
cury concentrations than elicitation through the skin [180].
The reason for this is not known, but protection by saliva
and a more resistant epitheliom in the oml cavity could be
contributing factors. This would also mean that an epimuco-
sal fest is bess sensitive than an epicutaneous one. Many
sources for mercury sensitization exist, such as mercury-
cintaining desanfectants, cosmetics, dyes, food, and preser-
vatives { thiomersalnte in particular) in vaccines and topical
drugs. The frequency of a positive patch test to thiomersa-
late hos been estimuted at aboul 1-10%5 in vanous countries
[#9, 181]. This conaet allergic reaction s suggested o result
from o cross-reaction between different mercury com-
peunds and metallic mercury [ 152]
Despite the widespread exposure o mercury, only a mi-
nority of individuals is sensitized, which indicates that both
thie indisction and elicitation phases are subject io immuno-

regulatory mechanisms [183), The involvement of gene,
factors is supported by the recent Rindings by Siejskal et 4
1184], who showed that genetically identical twins exhibise
an wdentical reactivity patiern bo metals.

Puthogenetic Mechanisms

The basic reaction is a DTH which implicates .
cific CDd+ T eells recognizing metal-modified MH(-
bound peptide molecules, s has been deseribed for e
panses o nickel [185]. The same mechanism has been sug.
gested fior mercury with specific Th cells eliciting an im.
mume reaction bo mercury-peptide complexes hound 1
MHC molecules [153). Another possibility is a direet inier.
action of mercury with MHC class [l molecubes, thus elic.
iting metal-speeific T cells, which has been hypothesized
for responses 1o gold [185]. The cytokine profile of the
Teell clones resembles that of Thi cells afier nickel-in-
duced DTH in the skin [186], The extent to which these spe
cific Tcells expand may influence the degree of sensitiz
ton to the metal and the severity of the elicitation reaction
[1E3]. It is also important fo mention that there is no abso-
lute prerequisite for the presence of Langerhans cells i the
epidermis to initiate skin sensitization [183]

Signs and Sympeoms of Systemic Tipe [F Reactions

A rash may oppear on the face, neck, and the Mexural
areas of the limbs a few hours after placement of a pew
amalgam restoration in an individual harbouring old amal-
geam fillinggs [37]. This reaction will typically resolve afte
10-14 days [37]. The frequency of allergic responses fronm
dental amalgam is difficult 1o extimate but is consedered 1
be less than 1% [37]. Véron et al. [176] staied, however, thai
amalgam is responsible for 16%% of the allergic responses
Systemically induced allergic contact dermatitis (baboon
syndrome) [187] can be induced not only by imbalatien of
miercury vapour duning demtal treatment bui also afier
breaking of & clinical thermometer [I£8, 189]. In the laner
cases, the erythema is characienstically seen over the -
tocks, upper inner surface of the thighs and axillac [187)
Patich testing s positive for a number of mercury species in
these cascs. However, peneralized symptoms caused by
type IV mercury hypersensitivity are very rare and only a
few cases have been reported [190]. The gencralized symp-
tos can coincide with oral sympoms [190)

Allergic Oval Lesions — Lovalized Tipe [V Reaction

Lichen planus is @ subacute or chronic skin disexse char-
acterized by small, fla-topped. shiny, polygonal, violace-
s papules that may coalesce into plagues and are most
often seen over the forcarms and begs as well as on the oral
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pweosa [191]. The oral lesions consist nh-hilcplpdnl.nf-
|¢n|unﬁmhrmurmdnnﬂiﬂu.m
sod wloers in the buccal region, eccasionally occurring s
tie o0y manifistation of the disease [191). The setiology is
«till unknown. but the discase has been scen in association
“uum@mi&mmﬁumm-
matory drugs, fi-blockers and gold salis [192]. An immune
process dinected against basal cells has also been suppested
1«0 dominant pathogenic event [193]. _

James et al [192] have proposed that oral erosive lichen
plmmuwmindmw;;nm
v, A positive epicutaneous test for mencury
smsong 16-62% of patients with this lesion, wheress mercd-
.uwwiuwmﬁyl-lﬁﬂﬂgml
population [182, 190]. However, lesions of oral lichen pla-
juis are much more discrete than cutaneous lichen planus
srd thits makes it uncertain if the oral lichen planus lesion
should be classified without reservation as a type IV reac-
iwom [182]. The antigen effect is probably only weak in the
ooral mscosa due 1o the low release of mercury and dilution
 salivi. James ot al. [Iﬂl}ﬂmd that a persistent oml
crosive lighen planus could be the result of allergy to mercu-
=whnmmﬁi:ﬂh1wﬂn‘yhﬂmichyndﬂnﬂ:{t:;
rnﬂwmmwy of the type
described by the authaors as oral lichen depends on the &iffi-
culty in distinguishing between contact type IV reactions
el lichen planus. Bobewska et al. [194] suggested that anly
Iesions of the oral mucosa i contact with dental amalgam
fillings should be accepted as contact allergy, wheress le-
<ions exceeding the contact arca may have other causes such
s oral lichen planus. This view is supporied by the resolii-
tion of lesions in contact with amalgam fillings afler extrac-
1som of the fillings [194]. In accordance with this opinion,
Hietanen et al. [195] did not find any association between
Irypﬂsmsmmynd:n‘ulmmhudwnl lichen
pilamiss in their study of 12 patients.

Recent studies by Warfvinge et al. [196] woubd seem 1o
support such & view., These authors performed mercury
provocation tests on normal oral mucesa in amalgam-bear-
ing patients with chimically and histologically confirmed
oral lichenoid lesions. Mo difference could be found in the
phenoiype of infilirating lymphocytes in the mucosa be-
tween these patients and the amalgam bearers without oral
lichenoid lesions, However, since only five patients with
oral lichenoid lesions were tested, this does not exlude a
!nuinllydq:mwﬂuhwmsﬂnhmf-
pretation seems likely based on experimental findings. in
BN rats which are generally susceptible o mercury. These
s showed mononuclenr cell infiltrates, rich in activated
T cells, in the oral mucosa after repeated s.c. injections of

mercuric chioride [197). Ulceration of the oral mucosa oe-
curred oaly at the site of local challenge with mercaric chio-
ride, supporting the idea that direct contact is crucial for
eliciting a type IV reaction 1o mercury in the oral cavity.

1t s difficult to link allergic reactions with the local oral
complaints (such as metallic taste, dryness, batlery sensa-
tion, burming, smarting sensations) described in amalgam
earers {190, 198]. e

A cutancous Hichenoid drug reaction, histologically eon-
sitent with a type |V reaction, occurring together with
m&“mnlmmum mﬂmlhtl'-lh'
mﬂ..“mmwm“nlﬂw
Hﬁlﬁdmwmmbﬂmmdmm
demonsirale amy symploms.

Tipe 1V Reactions Induced by
Newt=Mercurial Amalgam Compements

Silver

Allergic reactions are rare. One case was described by
Catsakis and Sulica [206] and others by Véron et l_I._[lM].
Hiowever, Bolewsko et al_ [194] did not find smy positive cu-
mpeows patch 1est to silver nitrate in pummwith_ml mu-
cosal lesions. The same result was reporied by Histanen et
al. [195).

Tin :
Tin does not seem to give rise o allergic reactions., as far
s can be seen from the literature,

Capper
I 1968, Frykholm et al. [201] described a case of a liche-
noid reaction i the mouth dutnmpper.mdjc_lmn:_l.
192] reported o positive allergic reaction fo cupric nitrste o
[!nfzﬂp-ﬁcm with aral lichenoid lesions. Bolewska ot -L
[194] did not find signs of allerzy 1o copper sulphate in
49 patients with oral mvuscoeal lesions, nor did Hietanen ot al
(195} in 12 patients with such kesions.

Lime

Vﬂy&wr:pnmnfpmilh:lllﬁl’:mulmshﬁﬂbuﬂ
reparted [176, 192]. 1t is noteworthy that zins is not included
in standard series for eprcutaneous ests to elucidate contact :
Tnypersensitivity o amalgam, and this might explain the lack
of reports of allergic reactions.



Dhiagersis of Allergic Metal Reactions

Twen criteria are usually used 1o diagnose an allergic re-
sponse o dental amalgam: & positive epicutaneous test
{patch test) to the demtal allergen. and recovery afier elim-
imatioem of the amalgam.

Patch Text

This test evolved from the ohservation of a type IV reac-
tion in the arca of a tattoo. wsually eliciied by mercuric sul-
phide [202]. 11 is routinely used for clinical diagnosis of oc-
cupatiomal and environmental comtact allergy, frequently
witha hattery of allergens. The patch test may be difficult 1o
interpret, and especially o differentiane between irritant and
allergic reactions. Classifieation of the phenotype of the in-
filtrating cells may help in this differentiation, since & si-
multaneous increase of Longerhans and T cells indicates a
comitact allergic neaction [203), There i a risk for sensitiza-
tion of previowsly non-allergic patients using the palch test
[183, 204). In addition, 2 boosting effect due o the applica-
tiom of a battery of 1est substances may aggravaic somatic as
well as central nervous system symploms in certain individ-
uals [204]

it vitrer Tissty

An in vitro correlate of DTH is the T cell prolifieration
dtssay, This se-called lymphocyte mnsformation test (LTT)
is theoretically sensitive and specific, measuring prolifer-
ation of in-viveesensitized T cells when exposed 10 mntigen
in viiro. The proliferation is assessed by measuring the
amount of "Hhymidine incorporated during DMA synthe-
sis. A high count compared with the controls means that the
lymphocytes have transformed due to their reactivity with
the antigen. LTT is 2 test for T cell memaory, but can nod test
the sirength of the immune response agaimst the antigen. A
mndification of this test, the so-called memaory lymphocyte
immunostimalation assay | MELISA ), has been claborated
by Stejskal et al, [206, 207] and applied 1o drug-related al-
fergies, but it s presently being evaluated as a tool for the
nasessment of metal allergy [184]. MELISA also takes ad-
vantige of the morphalogical assessment of blastogenesis,
thus imgsronving: its accuracy. Bt is thesefore o method that,
when compared fo the paich tess. may better discriminate

berween towic and allerghe reactions to metals [184).

Tipe 11 Hypersensitivity {Anriboddy Medianed)

To our knowledge, there are no reports of an amalgam.
induce antshody-dependent reaction against self-antigens
with the exception of a case of granulocytopenia due 1

Tipe I Hypersensitivity (Tmmune Compley Mediated)

Nephrotic Somdromie - GN

A potential effect of amalgam components has been sug.
gested from case reports regarding sdverse effects due v
occupatsonal and therapeutic metal expasure, io mercury in
particular.

An increased prevalence of proteinuria or nephrotic syn-
drome as well as GN afier chronic mercury exposure wis
first reporied in 1861 by Kussmaul [209), Kazantzis et al
[210] described 4 occupationally mercury-exposed worker.
with nephrotic syndrome and noied that there were othe
workers excreting equally or even kirger amounts of mercu-
7y who were unaffected. Tubls 1 al. [211] reported two pa-
tiemts with industrial exposure to mercury who developed
nephrotse syndromse due o immume-mediated membrano:
GN. Clinical remission wais seen in one patient after elim-
wnation of the mercury exposure. Additional cases of occu-
pationally mercury-induced glomerulopathies are referred
tix by Pairon o al. [212], Stewart et al. [63] described pro-
teinuria in 9 of 21 technicians occupationally exposed 1o
mercury afier spillage of corrosive sublimate and with 2
wide range in the excretion rate. This suggested o difference
in susceptibility to the effect of mercury,

For centuries, mercury has played an important phar-
macological robe o an essentinl ingredient in antiloetics
[209] and in diurctics, lnxatives and some skin ointments,
Many authors have demonstrated clinical signs of glomer
ular lesions afier orestment with mercury-containing drugs
and cosmetics. Pairon ef al. [212] described 2 cases of glo-
merubopathy and referred 1o 5 other cases in the Irerature,
mist of them membranous GN caused by mercury-contain-
ing diuretics or skin-lightening creams, Additional cases of
membranous GN due 1o mercury-contaliing  cosmetics
have been described by Lindgvist ot al. [213), Kibukamu-
sokg et al. [214], and Oliveira et al, [215]. 1§ was laicr shown
by Barr [216] that about 50% of patients in Kenya with
nephratic syndrome suffered from immunc-mediated gho-
merulopathy. All of them had used skin-lightening cream
containing mercury chionde, and an association 10 HLA
phenotype was suggested. Many cases of membranous GN
induced by calomel-containing divretscs can be found in the
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iterature [217] and have been o be
.gdlypmmmmb-bbTulimdiudﬂm.

Avgimmnine [iseases
An inferesting case of systemic atoimmune discase in
n occupationally mercary-exposed worker has been de-
«ribed by Rbger i al. [218]. This patient developed many
symptoms, such as Raynaud's syndrome, pnl,w-ﬂmm
itis and sclerosis of the forearms and thighs. High
niires of ANA i the serum with s speckled pattern were alsa
Jemonsirated, The disorder was suggested 1o belong to the
connective tissue overlap syndrome and 1o have probably
teen induced by mercury. The suthors proposed that their
case mTypresent & human analogue (o the animal models
o mereury-induced autoimmame reactions, They also rec-
smmended that exposare to mercury and other chemicals
Jhould be considered when taking the history of patients
with systemic autoimmune discase

Pathogenetic Mechanisans

Extrapolating from experimental findings in animals, an
auieimmune reaction scems probable, The metal-specific T
celts, as described by Sinigagha [ 185 ], and the finding of the
mmercury ion &s potentially antigenic [155] support the possi-
bility of a T cell reactivity to mercury. [t is mosi prohably
dependent on genetic factors, thus explaining the relatively
fiew cases reported. Therefore, occupationally mercury-ex-
posed individuals constitute an impsortant cohort for immu-
netonicobogieal studies. However, if hmtuuym-m_lm
the findings carefully end with the reservation that this co-
hwosrt can be selected and not fully comparabilke with the gen-
eral papulation due w, for example, the *healthy worker ef-
fieet” [219]

Immmefogival Effects of Amalgum Components

Acridynia

This well-known discase cavsed by mercury - also
called *pink disesse’ - was first recognized in France in [628
aid shown to be linked 1o chronic meroury exposune from
calomel in teething powders [220, 221]. The disease is re-
sricied 1o children and has been repuried after cxposure 0
mercury vapour, phenylmercuric compounds, and both
mercuric mnd mercuris salts [64]. In more rocent case re-
pons of scrodynia in childien, the mercury exposure wis
from Psorescent light bulbs [222], but other sources, such
s mercury-containing latex paint [223, 224] and ointments
[222] have been described. Moreover, acrodynia appeared
in & child after long-term imjection of thiomersalate-con-

taining y-globulin [225]. The onset of this disease is often
insidious and produces symploms such as anorexia, irrta-
bility, photophobia and painful hands and feet. The puzzling
finding that only 8 small number of the exposed children
became sick [222] paknts to genetic factors. In 1980, Orlow-
ski and Mercer [226] emphasized the marked individual
susceptibility to mercury and proposed that acrodymia could
represent an allergic reaction or idiosyncrsy b MErcury.
These authors also compared the clinical findings in scno-
dynia and mucocutaneous lymph node syndrome | Kawasa-
ki's diseasc) and conchuded that both could represent dis-
eases coused by mencury. A link was also established early
on between acrodynia and nephrotic syndrome [220, 227]
iprobably minimal-change disease). Only a small minority
developed nephrotic syndrome and without relation to the
urinary level of mercury, which again points o a genetically
rejulated immune reaction.

Effects on T Cells by Dental Amaigam

Egglestone [228) reported a decrease in the concentra-
tiom of T cells in three paticnts after placing amaljzam resto-
ration; this was followed by on incresse when the resior-
tinns were replaced by ceramics. These results could not be
fully confirmed by Giultan: et al, [229] who analysed the
total number of T cells and the subpopulation of CD4+ and
C#+ cells in 8 potients before and after placement of amal-
garm restorations. These authors found that half of the pa-
tients demonsirated a decrense and the other half an increase
of T celle 15 days after amalgam fillings, with a retum W

values after 2 months.

A small number of patients were reported by Willelm et
al, [230], one group(n = O enamined before and after place-
ment of amalgam restorations for the first time and the other
0= 16) after removal of previous smalgam fillings. The au-
thers were unable 1o find any significant differences be-
tween the two groups either in the number of T, B or other
Jeukocytes, or in mitogen-induced T cell mactivity, It is,
however, evident from this paper that 4 of the paticnis in the
firsi group had an increase and 5 patients a decrease in
Toeells 3-6 weeks after the amalgam insertion. This is in
accordance with the findings made by Giuliani [229] and
illusirates the impertance of considering individual reac-
tions in these siudics.

Hickel et al. [231] found that out of 50 amalgam bearers
with sympams alleged o be due to their fillings. 2 had dis-
tincthy abnormal CIMCDS vakses,

Recently, Hermstriim et al. [212] examined cellular and
humoral immune factors in 41 healthy 15-year-old schoal-
children, and the refationship between the number of amal-
gam surfiaces and the mercury concentration in plasmu. No

(L



significant correlation was found between the number of
amalgam fillings or mercury concentration in plasma and
the number of T, B or other blood cells, the immunoglobulin
titres, and AMAs Similar results have been published by
Langworih et al. [233] who examined immunologic param-
cters in 1 women and § men with health complaints alleged
0 be secondary o mercury from amalgam fillings. Five of
@ patients in the allergy group and | out of 10 subjects in the
amalgam group showed a positive reaction o mercury in the
lymphocyte transformation test. No statistically significant
group difference was seen in spondaneous DNA synthesis
but the DNA synthesis was extremely high in a single indi-
vidual in the amnlgam group. The authoes concluded that,
despite the negative results, not all individuals are insensi-
tivee by low-dose mercury exposire. This supports the opin-
bon that adverse effects from amaligam fillings could be ex-
pecied in not more than about 1% of the population [234),
possibly reflecting the relation 1o & cerain genetic consti-
tion. Animal studies have, therefore, been of great impor-
tance in exploring if and how immunoioyicological reac-
bons are genetically linked,

Effects on T Celly after Occupational

Expromry fo Amalgam

Eedy et al. [235] compared the number of lymphocyies
el their subclasses in the blood between groups of occupa-
tionally mescury-exposed dental and nonexposed medical
stucdents. The total lvmphocyte count, total T osll numbers,
CDde mnd CD + cell numbers werne found to be signilicant-
ly elevated in the mercury-exposed group. Interestingly,
patch testing to merury did not show evidence of cutancous
hypersensitivity in either group, This Ginding confirms the
fact that dental personnel ofien have an only low cutaneous
hypersensitivity 1o mercury [235].

T Coll Changes in Midtiple Sclerovic iM5)-

Amnislgam Effect”

The sebology of MS s unknown but subolmsmune re-
spnscs against myelin basic protein (MBP) and proteolipid
probeins (PLPs) have been suggested even if these proteins
cannod be implicated directly as the target antigens. An in-
creased number of MBP-specific T cells with encephalito-
genic potentinl were, however, demonstrated in MS patients
by Wandenbaark et al. [236]. Siblerud and Kienholz [237)
compared blood findings between MS patients who had
their amalygam removed and thise with the amalgam left in
place. They reported o higher percentage of CDB+ T cells
and a lower CIM=/CDE mtio in the female amalgam re-
mewval group while the corresponding male group had o sig-
nificantly higher total number of T cells compared 1o pa-

tients with amalgam left m place. Based on these and othe
findings, the authom hypothesized a relationship between
mercury from dental smalgam and MS. 1f is, however, hard
1o eviduate their results without maore knowledge about the
(myelin) reactivity of the T cells. An association betwees
dental amalgam and MS is, this, unsolved, and in the USA_
thie Medical Advisory Board of the Mational Multiple Scle-
rosis Sociriy has argued that there is no sound epidemiolog.
i evidence that relates dentnl amalgam restorations 1o M5
[238).

Effects of Mercury on B-Cell-Medianed Immunity

Data published by Stonard et al. [239] and Lauwerys ¢
al. [240] indicate 8 possible autoimmune reaction in soime
wiwrkers exposed 1o mercury. An increased incidence of cir-
culsting immune complexes was found in a0 mercury-ex-
posed group by Stonard et al. [239] and high levels of cireu-
fating ant-laminin antibodies were found in 862 workers in
a chioralkali plant bt in none of the controls [240]. These
authors concluded that occupational exposure 1o mercury
vapour can lead 1o immune dysfisnction in a certain percent-
ape of exposed individuals. However, ina later investigation
by Bernard et al, [241], no increased prevalence of circulsi-
ing anti-lamindn antibodies was found in the serum oi
58 workers exposed to mercury vapour for a mean of B years
| @ mican unmary excretion of Hg of 72 pg/g creatining ). Siy
years later, the same group of suthors presenied a different
resilt afier examining 50 male Belgian workers exposed 1o
mercury vapour for an average of 11 years and with a mean
mercury level in the urine of 22 pg/g creatinine [242]. They
demanstrated that anti-DNA antibodies and iotal IgF in se-
rum were positively associated with the levels of mercury in
urine und hlood. Mo signs of glomerniler dysfunction could,
however, be demonstrated and the authors speculmed thal
the workers muy hove lacked the necessary genetic predis-
position to develop immune-mediated GN,

A significant increase in serum concentrations of lgA,
fgli, and IgM was noted by Queiroe et al. [243] in 40 of
44 workers exposed to mercury for 3-46 months and with a
unnary mercury concentration below 50 pg'g creatimine
The increased immunoglobulin level persisted & monihs
Inter despite significant redction in the urinary concentra-
thiih aof mercury. The auihors suggesied that mercury levels.
also withing the acoepted threshold (< %0 g/ creatining ).
could lead to humaral immune siimulation. Apparenily, the
immunoglobulin concentrations varied at both examin-
ations, as seen from the authors” figures, emphasizing the
individual reactivity, Conflicting results have, again, been
reporied by Ellingsen et al. [244], who failed 10 reveal any
increased prevalence of mutoantibodies or changes in immu-

I Fnestrtom Hultman

Ammilgum Efects on the Immune Sysiem

sapour-exposed chioralkali workers.

In conclusion, comradictory resulis like these cormelate
with the fact that there are relatively few reponied cases of
nephrotic syndrome in humans exposed to mercury and, as
cmphasized more than 30 years ago by Kazantzis et al.
|210], this strongly suggests a genetic influence.

Systemic Effects Artributed to Dental Amalgam

This entity has been known as the chronic Epstein-Barr
sirus syndrome, later changed to CFS due 1o doubts regand-
g the caissal relationship with Epstein-Barr virus infection
|245]. A relation 1o immunological as well as neurological
Sisturbances has been suggested. and CFS Is thenefore alo
inown & the chronic fatigue imnune dysfunction syn-
drome [246]. Recently, Straus et al, [247] reporied a re-
duced level of CD4 T cells and CD4CDESRA (maive T
cells) in 1R patients with this condition. Their lymphocytes
b demonstrated a low profiferative activity when treated
with mitogens, but this finding wiis also seen with ymphao-
cytes from Fatigue patients whao did not fulfill the criteria for
{FS. The authors concludesd that there is an increased state
of differentistion of peripheral T cells in CFS which could
e duee 1o newropsychistric andior neursendocrine disturb-
AMCER

Fatigue, alleged 1o be an effect of mercury tonicity from
amalgam fillings. was discussed by Michel et al. [248]. A
significant positive correlation wies found between symp-
wins of fatipue ond psychosocial factors, but mercury
release Trom dental amalgam did not seem to explain the
fatigue symploms. However, Stejskal et al. [184] vecenly
described strong lymphocyie reactions to mercury com-
povintids by the MELISA test in a few patients fulfilling, the
criteria of CFS according i Holmes et al. [245]. No immu-
novirelogic dafa were, however, presented. Association of
CFS 1o metal allergy is not addressed in ihe 600 artiches
sbout CFS appesring in the literature during the last

14 years and the association must i present be regarded as
AR OPETY gaestion.

MSuiriple Chemical Seitiviies
(MCS: Environmenial Hliness)

This syndrome, first introduced by Cullen [249] refers 1o
somatic and psychiatric symptoms not consistent with the
acceptable toxicological propertics of the chemicals [250].
According 10 Cullen [249), the mitinl symptoms shoulkd be
acquired in relation to low-level environmental exposure to
# wide range of chemicals and present with pansystemic
manifestations. Clinically, MCS is charscterized by newro-
logical, endocring/metabolic, and immunological symp-
toms [251], Symptoms include headaches, eye irritation,
emotional irrithbility, shor-term memory loss, and emo-
tional depression [251]. According to Meggs 252, MCS is
clearly distinct from |gE-mediated allergy but cellular im-
munity probably plays # role. Abermation of cellular jm-
mune profiles was suggested by Levin and Byers [251], who
fiound that MCS patients often had a forme fruste of system-
ic lupus crythermatosus, rheumatoid arthritis, autoimmune
thyroiditis, or scleroderma. Many clinical studies have em-
phasized the polysymptomatic character of the complasats
in patients who atiribute their sympeoms o amalgam infoxi-
cation [198], The latier authors remarked on thie finding that
more than | of 4 patienis examined for orofacial discomion
of dental restorations werne under psychiaine w.
Tm-ltmmmhﬂhlhtlﬂmmumnfmuhlhp
onders amdang paticnts with suspected mercury intoxication
from amalgam fllings [253). A large population study of
1462 women showed an fverse comrelation between the
number of amalgam fillings and various sympioms and
complaints as well as different biochemical tests [254, 235],
The authors did not, however, exclude a possible cuusal re-
latismship in single indovedunls.

Heww masry of the symptoms in ‘amalgam discase’ arc
caused by MUST This question, which has not been asked
before, scems relevant and important in order to have the
urulmcmtmumymedlmhndmm.mm
by Levin ond Byers [151], the genetic pood of the population
s changed, now diluted with individuals with less durable
and flexible adaptive mechantsms, Al the same time, there
is an increased exposure o tosie chemicals. Evidently.
Htﬁhamy;pchldhmdn;ad.mudmwhlgﬂ
1252]. “this iliness is an exercise in walking through a mine
ficld without getting blown up”. Elimination trestment pro-
tocols of patients attributing their complaints 1o amalgam,
Mhmﬂdiﬂmm.hiﬂﬁmwmmmﬂ
is handled and with, obviously, good results [251],



Does Amalgam Afwect the Immuna System?

I it passsible 10 answer this question with the background
theat o have presemted in this review?

There is suffichent evidence for stating that rare instances
of type | hypersensitivity (immediate, snaphylactic reac-
tions ) to mercury do occur, ae well as o low frequency of aral
and systemic type I'V hypersensitivity b mercury snd, ocea-
sinnally, to the other dental metals,

At present there i no evidence that immunological reac-
tisans due o amalgam metals sre responsible for the bocal
oral complaints reparted by cenan smalgam bearers, nos i
there any convincing evidence that dental mietals are the
cause of CFS or M35, A number of paticnts with generalized
symiploms alleged to be due 1o amalgam can probably be
charncterized as suffering from MOS, but the relation 1o im-
18 less clear for autoimmune and type 11 (immune complea
midiated | reactions, and for the possible influence of dental
amalgiam components on markens for T and B eell immune
fusiction. The complexity of the situstion s llustrated in
figure 1, which sddresses our view on how s combination of
differeni factors may cooperate to cause adverse neactions
1o sl Eam componcnis.

Exposure stunds for exposure 1o metals in the amulgam,
ot only b mercury, not onky through inhalation of jmercu-
ry ) vapour, and not only via dental fillings. As shown in re-
cent animnl studies, other components besides mercury,
such as silver, may cause autoimmunity, and additive cffects
due 10 exposure 1o the multitude of metils in dental amal-
gam need to be considered. The main exposure route hither-
toy eonsaclered has been inhalation of vapour, but studies in
primotes given amalgam fillings and of the fecal content off
mezrcury and silver in human dmalgam bearers has shown
that o subsaanitial amount of the metals released from dental
anmuilgan fillings are swallowed and poss through the gas-
trointestinal tract. Although the absorption rate is limited,
this route will contribube to the body burden of these metals.
Finally, one should realize that lumans are also exposed 1o
the metals in dental amalgam fillings from other sources
such as food and water, and the mmount leaking from the
fillings shoubd be considercd as an extra burden,

18 is thus evident that mercury, and 1o sn unknown sxbet
also the other elements in amalgam, accumulate in the body,
bt the crucial question is whether this sccumulation is auf-
ficient 1o mbversely affect the mmmune systom, Studies in
rodents clearly show that gemetic o, especially MHC
genes, play o decisive rode regarding this question. Since it
is very difficult 1o study dose-response relationship in a
mixed population of susceptible and resistant individuals

———

gL [lhastration of concurrent facions thi could provols i
v actmms bo demial amalgam comaponois. Nete the small, central
[hlasck higgh-risk” irea depicting amalgam exposue: inan individal

Thus piene, s the surrvamding asess as uwell. i luide conduanibmg ol
trcwby which shll make the “amalgum dissc’ concepd comirscrual
il o meed of further siudsen,

ifor example, a population of humans), it is a1 present neces-
sary fo rely upon studics in susceptible and genetically ho-
mogeneous rodents. It can be calculated from such studies
[8 13, 257, that the lowest observed adverse effect level
(LOAEL) for sutoimmune mani festations is 16-24 g Hg
day'kg body weight, equivalent to LID0-1680p0g Hg
day 70 kg. i a safety factor of 10 is applied for transforming
data from animals o homans, and another factor of 10 is
used for iransforming the dota from the LOAEL 10 no ob-
served sdverse effect level (NOAEL) [29], the allowable
daily intake of mercury from deliberate mercury exposuine
would be 11-17 ig Hg/day for an ordinary adult. This is
close to estimations of the amount of mercury taken up due
to dentol amalgom, ie. 2517 g Hg'day [29). However,
under certain conditions (o large mamber of fillings, inten-
sive gam chewdng, brusism ) the uptake from dental fllings
will be substantially higher. In sddition, special circum-
stances (occupational exposure, hagh intake of fish foods)
may lead to a much higher total cxposare in the individual
amalgam bearer. Genetie factors could play a role not only
by determining the susceptibility to adverse rencthons, but
alsa by mfluencing the fype of the i ical reaction.
Based on rodent studies, it has been suggested [154, 155]
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jhat MHUC peiies may direct whether exposure 10 mercury
teads to expansion of Th cells {mediating B cefl activation
and mutoimamistity ), of Thi cells | mediating comact-sensitiv-
jty-like resctions). The existence of sysiemic autoinmurs
conditions due o mercury expasire in the cocupational set-
g bs an indication of the existence of ThI-mediated reac-
ricanes after mercury exposure. i can be hyputhunnin-&e
contact sensitivity reactions, which have been clearly associ-
ated with dental amalgam fillings, may have an as yet uni-
Jentified counterpart in Thl-medisted, sutoimmune reac-
1ots i armalgam bearers.

Very lintle is known about the imporance of predispas-
g ilmexs, SMMWMWHH-
spment of autobmmune conditions are largely unknown, i
s difficult to sssess whether the extra body burden of metals
resulting from dental amalgam fillings may trigger of accel-
crate the development of such diseases in genetically imet-
al pesmsceptible individuals. :

Persomality foctors such as an endocrine/metsbolic or
icurapsychisric disthesis may be important fie the poly-
symptomatie expression of metil-induced adverse effects.
I'he relation of these symptoms o immunologic dysregu-
Lathon andor infectious causes is undefined. 1t is, however,
reasonable o propose that organic as well as psychological
comtribations will be part of, and conceivably sggravate, the
imamifestations of & metal-induced reaction.

A nced exises for further research into the effects of den-
tal {amalgam ) components (metals ) on the immune system
| isting rodent models shoubd be of value in examining the
cffect of smultaneous low-dose cxposure to combinations

of metals, and in further evalusting the mechanisms oper-
ating in metal-induced autoimmune conditionis. Animal
models should also be of imponance fior examining what

al-induced immunological adverse reactions are also war-
ranted. Although such conditions are unusual, 8 substantial
pumber of cases have been reported in the fiterature. 1t
would be of great value 1o examine such cases 1o reveal
whether there are one or more susceptible human geno-
mmjummimMnﬁuMm
with symptoms Mmmﬁlwmwﬂr
thie patients with such symptoms would seem to be suffering
from other conditions, non-immunologically related. such a
population will be of litle use in studying conditions with
genetically determined susceptibility. For the same reason,
studics for immunological aberrations in occupationally
metal-exposed individuals would profit substantially from
the use of genotypic determinations. .
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