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Inhalation of dust from hard metal (HM), a mixture of
tungsten carbide, cobalt, and other metals, can cause interstitial
alveolitis, fibrosis, and asthma in the workplace. Some effects of
HM could occur after the metals dissolve in the lung. We
examined whether chloride salts of metals in HM alloys can
elicit responses or modify reactivity to methacholine (MCh) or
responses to electric field stimulation (EFS) in guinea pig tra-
cheal strips. In unstimulated strips, Co**, Cd**, and Ni**
evoked contractions (>3 x 10~° M), while Ta**, Zn**, Cr**, and
Cr®* caused weak relaxations (>107° M). In strips contracted
with MCh (3 x 107" M), Co** and Ni** also caused relaxation
in lower concentrations while the other metals caused weak
relaxation only in high concentrations (=10"* M). The metals
were generally without effect on reactivity to MCh, except that
Cd** inhibited and Ni** potentiated some responses. The effects
of selected metals (107° M; Cr®*", Ni**, Cd**, and Co’") on
EFS-induced contractile and relaxant responses were examined
(£MCh; =10~° M indomethacin (Indo), 30 min). No metal had
any effect on the excitatory nonadrenergic, noncholinergic-
mediated contraction phase. Cd** and Ni** inhibited cholin-
ergically mediated contractions of unstimulated strips (+Indo),
whereas Cr®* both inhibited (—MCh, —Indo) and potentiated
(—Indo,+MCh; +Indo, +MCh) contractile responses. Cr** was
the only metal to inhibit the inhibitory nonadrenergic, noncho-
linergic-mediated relaxation phase (+MCh; —Indo). Co** had
no effect at all. The results suggest that smooth muscle tone and
nerves in the airways could be targets of cationic metals after
they dissolve in the lung.
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Inhalation of hard metal (HM) may cause interstitial lung
disease (hard metal disease) (Spriecal.,1988; Lison, 1996),
lung irritation (Kusakeet al., 1986), fibrosis, and occupational
asthma (Bernsteiet al., 1999) in the workplace. HM has a
hardness near that of diamond and is used widely in manufa
turing. HM is a mixture of primarily tungsten carbide (WC)
and cobalt metal, as well as other metals such as Zn, Cd, (
Co, Ta, Ni, and others, in lesser amounts, as specified |
metallurgic requirements.

The etiology of the diseases precipitated by inhaled HM i
not known but has been investigated in animal models. |
many respects the animal studies involving intratracheal insti
lation of HM particles or mixtures of WC and Co have reca-
pitulated several, but not all of the hallmarks of the interstitia
disease, edema, and inflammation observed in humans (Sch
ers, 1955a,b,c; Kerfoett al.,1975; Lison, 1996; Adamiet al.,
1997; Rengasamet al., 1999). It has been established that
WC-Co mixtures are more toxic to the lung than WC or Cc
administed separately (Lasfarguesal., 1992, 1995; Barce-
loux, 1999b). While it has not been investigated for all the
metals present in small amounts in alloys, Co has relativel
high solubility in the lungs (Cugell, 1992; Ruokonen al.,
1996), and, after intratracheal instillation, it has been observe
that coadministered WC accelerates the clearance of Co fro
the lung (Lison and Lauwerys, 1994). Studies in our laborator
showed that instillation of HM caused up-regulation of nitric
oxide (NO) synthase in the lung (Rengasastyal., 1999).
Metals found in lesser amounts than Co in HM, e.g., Ni, Cd
Zn, and Cr, are toxic to the lungs in their own right follow-
ing inhalation or intratracheal administration (Barceloux,
1999a,c,d; Derelanket al., 1999; Bellet al., 2000).

A few studies have been conducted to investigate the effec
of WC and WC—-Co irin vitro systems. Lison (1996) observed
that WC—Co gave rise to greater release of lactate dehydrog
nase, a marker for cell damage, than was observed wh
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Lawrence (1996) examined €d Co*", Cr’*, Ni*", and Zrf* under anesthesia by thoracotomy and bleeding. A total of 108 animals we
(chloride salts) for their ability to alter NO production byused in this study.
macrophages. They observed diversity in the effects of th& reparation of tracheal strips. A length of trachea was removed, placed in

. . s . . gassed modified Krebs—Henseleit (MKH solution; composition below) an
metal cations, in that Cd inhibited NO productlon, while C¢ cleaned. The trachea was slit through the cartilage along its longitudinal axi

and Zrt* were without effect, and Ni and C3" increased NO and strips two cartilage rings in width were prepared. Particular care was tak
production. In cell-free systems, HM (Rengasaehal.,1999) not to damage the epithelium (Hat al., 1986). The strips were placed in
and Cr and Zn chlorides (Tian and Lawrence, 1996) wenater-jacketed organ baths (37°C) containing MKH solution and tied tc
found to interfere with NO synthase activity. It has beeﬁ)rce-displacemeritt:ransddtfjcers i1;or trlie measurement of isomTtric;te?sion. T
. . tissues were equilibrated for 1 h under an optimum resting load of 1g, an
_SqueSted that the meChamsm of t(_)XICIty O_f HM/WC—Co ma\k/ashed every 15 min before the start of the experiment. The modified MKI
involve the generation of free radicals (Lis@t al., 1995). soytion contained (in mM) NaCl 113, KCI 4.8, CaC2.5, KH,PO, 1.2,
Indeed, HM alloy constituents, such as Cd, may also give risgso, 1.2, NaHCQ 25, and glucose 5.5. The solution was gassed with 95%
to free radicals, which may cause cellular damage (Hassdomr5% CQ to give a pH of 7.4 at 37°C.
and Stohs, 1996)_ Concentration—response curves for cationic metals in resting and con-

As indicated above, a major emphasis of previous Studiest'@fte‘d preparation;. Cumulative conceptration—responsmse curv?s Wire ob
HM-induced diseases has been on the inflammatorv respo tained for the chloride salts of the following metal cations? T&Co**, Zn",
y p I’LSO% Cr**, Cr’*, and NF'. Curves were obtained from preparations under

We observed in addition to this response that instillation of HMsting force and from preparations in which force was developed. In prep
resulted in hyporeactivity of treated animals to inhaled methaiions examined while under basal force, a reference contraction was obtair
choline (Rengasamgt al., 1999). The relatively rapid clear- at the beginning of the experiment by challenging the preparations with 12
ance of Co from the Iung, when administered as WC—Co or @*Eyl KCI. After the plateau of the response to KCI was reached, the strips wel

. . . . ashed with fresh MKH at 15-min intervals for 1 h. At this point the metal
alone, suggests that dissolution of the metal could give rlsegg P

. . ) orides were added cumulatively to obtain the concentration—response re
local concentrations high enough to affect cells, i.e., SMoQfhhship. In this protocol the responses to the metals were quantified ar
muscle cells and efferent nerves, that are involved in tlhermalized as a percentage of the response to 120 mM KCI (% KClI in th
control of airway diameter. There has been little work on tHigures). Inasmuch as strips of guinea pig trachea develop spontaneous t
effects of aIon metals on airway smooth muscle function ar{Hayet al., 1986), the preparations were capable of relaxing below the baselir

L . . force (see figures). In other preparations in which tone was induced to examil
reactivity; most published work has been done in the CC)ﬂtextt icrelaxant capability of the metals under more controlled conditions, th

metals as probes to examine*Cahannels, i.e., Ni (Amrargt strips were contracted with the addition 03107 M MCh, a concentration
al., 1994; Cuthbertet al., 1994; Yanget al., 1994; Janssen, that approximates the EC50 (M) for contraction (Hetyal., 1986). Responses
1997; Madisoret al.,1998), Cd (Kotlikoff, 1988; Sarriat al., to the metals in this protocol were quantified and normalized as a percenta
1989: Takemot@t aI.,1998), and Co (Kotlikoff, 1988). Vassi- of the force induced by MCh (% MCh). In both cases (i.e., MCh absent o

. . o present) the response to a given concentration of metal was allowed to rez
lev et al. (1993) did observe that feeding Coor Ni*" salts led a plateau before the next higher concentration was added. Concentratic

to a decrease in reactivity of rat tracheal strips. We uncovergdponse curves obtained from preparations at basal force as well as fr
no published studies of the effects of alloy metals, eitiner preparations that had been contracted with MCh were obtained using differe
vitro or after treatment of animals, on neural control of thgtrips from the same trachea. The upper limit of metal concentrations that cou
airways. With this knowledge in mind, the current study Wége tested was limited by the formation of cloudiness or precipitates in th

. . . MKH solution as solubility products were exceeded; the concentrations ¢
deSIQned to test the hypOtheSIS that metals in HM a"oys’ Or\gﬁch these events occurred are denoted in the figures as C or P, respectiv:

dissolved in th? _Iung, can affect airway smooth muscle (_j'l'hese concentrations were determined in separate experiments (tracheal st
rectly, the reactivity of the smooth muscle to bronchoconstri6mitted from the organ chambers) in which the metals were added in cum

tor drugs, and the regulation of the smooth muscle by excitative concentrations to the organ chambers while watching for the develoj
tory and inhibitory innervation. This hypothesis was tested Ment of cloudiness or a precipitate. These experiments were repeated six tin

. . heal . f . . d . for each of the seven metals, with separate tracheas used for each metal,
vitro using tracheal strips from guinea pigs to etermlnr?oth conditions (i.e.;zMCh) were studied in each trachea.

wheth(_er soluble salts Of Ta’ Co, Zn, Cd, C?r' and Ni can affeCtEffect of metal chlorides on MCh concentration—response curvestrips
tone directly, alter reactivity to the contractile effects of methgptained from the same animals were contracted with 120 mM KCl to obtai
choline (MCh), or influence contractile and relaxant responseseference contraction. After 1 h of washing with fresh MKH solution at
mediated by cholinergic, parasympathetic postgangliorﬂé-min intervals, strips were incubated for 1 h with either Bl or 3 X 10™*

. . o . . 5+ + 2+ + 2+ + 2+ H H
nerves and excitatory (eNANC) and inhibitory iNANC) nonM &, Co™', Zn"", Cd™, Cr*", Cr*", or Ni*" chlorides. The control strips
. . . received no treatment. At the conclusion of the incubation, MCh was added
adrenergic, noncholinergic neurons.

cumulative concentrations to develop the concentration—-response curve. T
responses were quantified and normalized as a percentage of the KCl refere
response (% KCI). These experiments were repeated six times for each of t
MATERIALS AND METHODS seven metals, with separate tracheas used for each metal and the three co
tions (control and two metal concentrations) were studied in each trachea.
Animals. These studies were conducted in facilities accredited fully by the Effect of metal chlorides on frequency-response curvedhe tracheal
Association for the Assessment and Accreditation of Laboratory Animal Cas&rips were first contracted with 120 mM KClI to establish a reference respons
International. Male English short-hair SPF guinea pigs (400—600 g) weddter washout of KCI (1 h), one group of tracheal strips from each animal wa:
obtained from Harlan Sprague—Dawley, Inc. (Indianapolis, IN). The animaddlowed to remain under resting force while another group of strips from th
were anesthetized with sodium pentobarbital (65 mg/kg ip) and euthanizeaine animals was contracted with MCh %3 107 M) before applying
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electrical field stimulation (EFS) to evoke endogenous neurotransmitter-ngaces being that Goand Nf* caused weak relaxations in low

diated responses. The strips were stimulated at 7-min intervals with 10-s tra&mcemraﬂons and Gddid not elicit the weak contractions
of pulses (130 V, 0.5 ms duration) of varying frequencies (0.3 to 30 Hz) E '

nenodhat were evident in the absence of MCh.
develop frequency—response curves. Frequency-response relationships  for
EFS-induced responses, in preparations under basal force or contracted witkEffect of metals on reactivity of tracheal strips to MCh.

MCh, were obtained in the absence or presence of the cyclooxygenase inhibjtgje ability of the metals to alter reactivity of the strips to MCh

. . s . . - ) ! i
indomethacin (3x 10 ° M). T_he !ndometha_lcm was ad(_jed 30 min pefore thwas examined by comparing MCh concentration—respon:
frequency—response determination of resting preparations or 30 min before the

addition of MCh, as appropriate. Indomethacin relaxed the strips to passf\:}érves obtained in the absenc_e or presence of the met_als (F
force (Hayet al., 1986). The effects of Go, Cr**, Cd, or Ni** (10 ° M)  2). Both a low (10° M) and a high (3x 10 * M) metal cation
were examined after addition of the cations before indomethacin and/or M@oncentration was used. A precipitate or cloudiness of th
after an incubation lasting a total of 1 h. The responses of preparations ung§ékH solution did not occur after the single addition of>3
basal force were quantified and normalized as a percentage of the referej’_)@e4 M metals to the bath. No metal in low concentration hac
response to KCI (% KCI); the responses of preparations that had been con- . o
tracted with MCh were quantified and normalized as a percentage of Ay SffeCt _On _t_he ECS0 or maXImum responses to MCR! Ni
response to MCh (% MCh). Tracheas from six separate animals for each of (30~ M) significantly potentiated responses to three concer
four metals were used in these experiments, with all conditions studied in edeations of MCh, while the higher concentration X310 * M)
trachea. had an inhibitory effect at %X 10°" M MCh. In the presence
The rationale for these experimental conditions was as follows. In trach(ad 3% 10°*M Cd2+, responses to MCh were inhibited, while

strips, EFS evokes multiphasic responses consisting of a rapid, transieqt, . U L
cholinergically mediated contraction followed by a slower-developing relagr and Nf Sllghtly inhibited responses to some concentra

ation below baseline in response to activation of iNANC terminals. The lattions of MCh.
responses are mediated, in part, by nitric oxide and a neuropeptide, perhapEffeCtS of metals on responses to EFSVe examined

vasoactive intestinal polypeptlde (Kesler a_md Cannlng,‘ 1999; Meffal., whether a low concentration (1@ M) of four of the metal
1999). In some preparations, and depending on the stimulation frequency, a

: + + + 2+ -
second more slowly developing contraction that is mediated by eNANEALIONS (Cé ' Cdz ) Q’g , and Nf") could affect neurogenic
neurotransmitters, thought to be tachykinins, could be seen (Reerett, responses elicited with EFS. €owas selected because it had
1992). We were interested in examining the effects of the metals on Bleen observed to cause contraction of the strips (Fig. 1

response phases. Because indomethacin caused relaxation of spontaneousigifever. this metal had no effect on responses to BFS §;
it was not possible to examine metal effects on EFS-induced relaxation in th%s ' ’

preparations. Therefore, metal effects on EFS-induced relaxation in the pre§ta not shown). No metal had any effect on the eNANC

ence of indomethacin were examined using MCh-contracted strips only. contraction phase, when it was manifested in the respons

H : +
Analysis of data. The results are presented astxSE. EC50 values for (resiu'ts not ihown)' Flgure§ 3-5 dep'_Ct the effects .Of cd
MCh were obtained using a four-parameter logistic curve fit (SigmaPlot). Te” , and NF* on cholinergically mediated contractile and
effects of metals in two different concentrations on the MCh EC50 weitlANC-mediated relaxant responses.’Cdignificantly inhib
compared using log-normally distributedogEC50 (M) values and one-way jted contractile responses of preparations under basal force
repeated-measures analysis of variance (ANOVA-RM). The effects of e hrasence of indomethacin but had no effect on contractiol
concentrations of metals on responses to MCh were also evaluated usin iINANC d h h diti A
ANOVA-RM. The effects of metals on responses to EFS were evaluated us ﬁqr oni responses under t _e other conditions. An arra
a pairedt test.p < 0.05 was considered significant. of effects were produced by Cr(Fig. 4): the two greatest of
these were the marked inhibition of INANC-mediated relaxan
responses (=MCh; Figs. 4B and 4E) in the absence of ind
methacin and the inhibition of contractile responses of bas
éFparations when indomethacin was present (Fig. 4Cj: Cd
. . ad small but significant potentiating effects on contractile
strips. The chloride salts of the metals (Ta Co™, Zn*", It sl P 9
2t b o oas ot : L responses (Figs. 4A, 4D, and 4F) that appeared to depend
Cd*", Cr*", Cr*", and Nf") were examined for their ability to : !
. . . whether indomethacin was present, but the dependence of t
cause contraction or relaxation of tracheal strips under bas

force or contracted with MCh (Fig. 1). For every metal excep?t ect on the presence of indomethacin was not cledr. Was

2t : g . enerally devoid of any effect on EFS-induced responses b
Co™", cloudiness or a precipitate occurred at higher concent L L . ;
. : Id significantly inhibit contractile responses of preparation
tions. Responses were judged to reflect solely the effect of a .
) . under basal tone (Fig. 5C).
metal on the strip per se, as opposed to being the result o
precipitation of the MKH solution, if they occurred in concen-

RESULTS

Responses to metals in resting and MCh-contracted trach

n summary, three of the four metals, examined in a lov
cpncentration at which they had no direct effects (Fig. 1) an

trations in which neither cloudiness nor a precipitate occurred. o . .
In strips under basal force, €9 C*, and NFevoked Id not affect reactivity to MCh (Fig. 2), altered EFS-induced
neurogenic responses.

weak contractions (>3 10 ° M; 5-15% of the response to
120 mM KCI). At 10 ® M, Co’" relaxed the preparations. Ta
and Zrt" caused weak relaxation responses, while neither DISCUSSION

Cr’"nor Cr" had any effect until the concentration (TOM)

just preceding the one causing cloudiness. Comparable resultg/e examined the effects of the cations of seven meta
were obtained in MCh-contracted strips, with the only diffeffound in HM alloys and observed that they have effects on th
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Concentration—response curves for the chloride salts of, To?",

tone of airway smooth muscle, on reactivity to MCh, and or
nerves innervating the smooth muscle of the guinea pig tre
chea. In pharmacological terms, the metals were not equivale
in their actions and they were moderately potent, giving rise t
some effects in the micromolar range. The nature of some
the effects is such that they could affect airway diameter wer
they to occuiin vivo following dissolution from HM particles.

Since Co is a major constituent of HM alloys, it was of
interest that C&', in low concentrations, caused contraction of
the airway smooth muscle. This effect was shared b (o
a lesser degree, and Ni These findings suggest that Co
derived from inhaled HM could decrease airway diametel
When the metals are present in alloys>Cand Nf" might act
synergistically with C&" to give rise to a greater obstruction.
In this context it is difficult to understand the significance of
the relaxation to Co at high concentrations (16 M); is there
perhaps an intermediate concentration of*Cthat has no
effect?

Experiments to identify possible interactions between th
metals’ effects, in the protocols used in this study, are logice
to pursue. The number of possible metal combinations of tw
or more metals that could be explored is very large. Th
selection of relevant metal combinations, in concentration re
tios that mimic those seen in alloys, could be guided by th
establishment of a reference HM alloy. Such a reference sta
dard does not exist, however, and a multiplicity of HM alloys
is used in manufacturing.

Except for Cd", no metal salt affected reactivity to MCh,
either with respect to the EC50 of the agonist or the maximur
response. Ni' (10°° M) had a potentiating effect in selected
low MCh concentrations. In the higher concentration X3
10~* M) Ni*" inhibited responses to MCh slightly, and Td
caused a substantial inhibitory effect. To the degree that MC
is representative of other transmitters, neuropeptides, and
diators that contract airway smooth muscle, we conclude the
with the possible exception of Ni, the response to these
metals does not involve an alteration in reactivity of the airway
smooth muscle in a direction that could lead to or exacerba
obstruction.

Our results indicate that the nerves that control airwa)
diameter in the trachea are potential targets for the effects
some HM cations, i.e., Cd, Cr**, and Nf", but not Cd".
Notably these effects occurred at a low concentration {M)
at which the metals had little or no other effects (Figs. 1 and 2
In the presence of indomethacin, which inhibits prostanoi
formation, thereby reducing spontaneous tone which is cha
acteristic of thisin vitro preparation, cholinergically mediated
contractile responses were inhibited by’GdCr*", and Nf".

Zn*, c*, C*, Cr**, and NF* in uncontracted tracheal strips under basal forcd his effect could reflect a prejunctional inhibition of acetyl-
(left) and in MCh(3x 10" M)-contracted strips (right). Responses of basatholine release by these metals and/or a postjunctional inhik
preparations were normalized with respect to the reference contraction to 120 M¥h of the effects of released acetylcholine. In view of the

KCI (% KCI); responses of MCh-contracted preparations were normalized w
respect to the MCh-induced contraction (% MCh). Positive values denote c

Psults shown in Fig. 2, a prejunctional effect of Cand Nf*

on-

traction, and negative values indicate relaxatior: 6 separate tracheas for each@Nd @ postjunctional effect of Ciis likely to have occurred.
metal, with both conditions (i.ezzMCh) studied in each trachea.

Inasmuch as EFS stimulates all nerve efferents, the reducti
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FIG. 2. Effect of the chloride salts of T4, Co®*, zn**, Cd**, Cr**, Cr**, and N?* on MCh concentration—-response curves of guinea pig tracheal strip
n = 6 separate tracheas for each metal, with three conditions (control and two metal concentrations) studied in each tradife4 M3netal vs controlp <
0.05. t10°Mvs 3 X 10 * M, p < 0.05.

in the cholinergic contractions could have been due to aeported that antigen challenge resulted in an impairment |
enhancement in the iINANC relaxation component of the reNANC-induced dilation responses of airways (Miuea al.,
sponse. However, neither €dnor Ni** had any effect on 1992). It is, again, interesting that €ohad no effect on
EFS-induced relaxation responses, which buttresses the viBlANC responses.
that cholinergic nerve endings were the target of the inhibitory The mechanisms of action of the metals seen in this stuc
effect of these two cations. We do not understand why theere not investigated. However, some effects that could aid
inhibitory effects of the metals on neurogenic contractionsderstanding the results seen here have been reported in
were seen only in the presence of indomethacin or why théterature. Many of the metals studied here have been report
were not observed in strips that had been precontracted wtithblock C&" channels in airway (Sarriat al., 1989) as well
MCh in the absence or presence of indomethacin. There mas/ in nonairway (Busselberg, 1995; Arisgt al., 1996;
be an aspect of the control of acetylcholine release thatS3sindgren-Andersson and Johansson, 1998) tissues. For ex:
sensitive to the metals, which is masked in the presencepdé, Cd" inhibits the release of acetylcholine from neural
prostanoids or MCh. tissues (Vickroyet al.,1992; Callister and Sah, 1997) and from
Only Cr** had an effect on iINANC relaxation responses, argkeletal muscle end plates (Braga and Rowan, 1994), suppc
the metal inhibited the relaxation responses. This effect dag a provisional explanation for inhibition of cholinergic
curred both in basal and MCh-contracted preparations, butintraction by this metal; however, €aalso inhibited acetyl
was not evident in the presence of indomethacin. Inhibition oholine release from synaptosomes (Vicketyal., 1992) but
the INANC responses may have contributed to the potentiatibad no effect on any of the neurogenic responses of trache
of cholinergic responses seen in basal and MCh-contractdps. It is reasonable to suggest that inhibition of INANC-
strips (Figs. 4A and 4F). However, cholinergic contractioriaduced relaxations by €r might also have resulted from
were not potentiated under other conditions [MCh-contractdalpckade of C& entry into the nerve terminals. The failure of
indomethacin absent (Figs. 4D and 4E)] when the iNANCd*" and CG" to affect contractions to MCh is surprising in
relaxation responses were also inhibited, and cholinergic rgew of the fact that these metals block*Cahannels in canine
sponses were potentiated when the iINANC relaxations weracheal smooth muscle (Kotlikoff, 1988); this could reflect &
not inhibited (Figs. 4F and 4G); no consistent correlatiospecies difference in sensitivity to the metals. Nevertheles
appears to exist between the two effects. Were it to oatur Takemotoet al. (1998) observed that 16 M Cd** inhibited
vivo, inhibition of INANC nerves by Ct" could remove an carbachol-induced contractions in guinea pig tracheal musc
important control mechanism for dilating airways. Thus, thand concluded that this occurred because of blockade ©f Ca
fact that INANC-induced relaxations were sensitive t6'ds  channels. A number of studies have shown that Njenerally
an effect that is consistent with the etiology of occupationaled in millimolar concentrations, inhibits €achannels in
asthma after HM exposure. This effect is very similar to thatirway smooth muscle of several species (Ametral., 1994;
observed in an animal model of asthma, in which it waganget al.,1994; Janssen, 1997; Madisetal.,1998) and can
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Basal could give rise to contractions by blocking €ahannels. We
A B uncovered no studies of the effects of Tan C&" channels.
5 100 5 0 Our findings can be applied to the understanding of th
3 %1 _ndo X etiology of hard metal disease and occupational asthma in th
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FIG. 3. Effect of 10° M Cd*" on EFS-induced contractile and relaxant = T 40
responses of guinea pig tracheal strips under basal (A—C) and MHhL(B ’ B % 60 *
M)-induced (D-G) tone. The preparations were examined in the absence (A, B, g & -80
D, and E) or presence (C, F, and G) of310°°® M indomethacin (Indo). 8 £ 100 +Indo
Responses of preparations under basal force are normalized with respect to the
reference contraction to 120 mM KCI (% KCI); responses of MCh-contracted 0103 1 3 1030 0103 1 3 1030
preparations were normalized with respect to the MCh-induced contraction (% Frequency (Hz) Frequency (Hz)
MCh). n = 6 separate experiments, with all conditions studied in each trachea.
*Cd®" vs control,p < 0.05. FIG. 4. Effect of 10° M Cr*" on EFS-induced contractile and relaxant

responses of guinea pig tracheal strips under basal (A—C) and MhL(B ’
M)-induced (D-G) tone. The preparations were examined in the absence (A,
D, and E) or presence (C, F, and G) o310 ® M indomethacin (Indo).

inhibit contractile responses (Cuthbettal., 1994). In contrast Responses of preparations under basal force are normalized with respect to

b d that Ni licit Fia. 1 dh reference contraction to 120 mM KCI (% KCI); responses of MCh-contracte
we observe a can elicit responses (Fig. 1) an a%reparations were normalized with respect to the MCh-induced contraction (!

little if any effect on MCh-induced contractions, and we Wergich). n = 6 separate experiments, with all conditions studied in each trache
unable to explain using published reports how Cand Cd*  *Cr®* vs control,p < 0.05.
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Basal concentrations, which we postulate to be clinically relevan
i 100 E o We presume that the concentrations of dissolved meta_ls ir_1 tl
S o lung are low, b_ut actual values have not been reported, in eith
2 o -Indo g humans or animal mod_el_s. In f_act, due to the complexn!es e
& § -40 clearance processes, it is unlikely that the concentration
E 40 ?g 60 dissolved metals is uniform in the lung, as would be expecte
§ 22 ¢ 80 -Indo during the removal of a metal from an alloy particle’s surface
- A In conclusion, in order to understand how metals in HV
0103 1 3 1030 0103 1 3 1030 : .
alloys could contribute to the development of lung disease, w
Frequency Frequency examined the effects of chloride salts of six metals on guine
C pig tracheal strips. We studied their effects using three protc
3 100 cols that model ways by which airway diameter could b
2 %14indo regulated. A single generalization cannot summarize the c
c ©0 —o— Control mulative results of several metal-specific effects that wer
g 40 —— 10°MN observed; however, some metals were capable of contracti
§ 2 ‘. the smooth muscle and interfering with excitatory and/or in
0 hibitory neurotransmission. The metals have little influence o
0103 1 3 1030 reactivity to MCh; with the exception of Cd, the observed
Frequency effects were not profound. None of the results can be inte
preted on the basis of the known effects of these metals on N
5 MCh-cI;Eontracted production (see introduction).
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