A THE EFFECT OF INORGANIC LEAD UPON THE GONDUOTIW

Among the insidious effects of iporganic leed upon enimal tissue is its
action upon peripheral neuromugonlsr structures. In leed poisoning cliniesl
evidence of neuromusoular involvement may be absent; when present, it may very
from & mild wealmess to paralysis of the musculature affected. "Wristedrop or
paralysis of other muscles mey be fore-shadowed by gradusl weskening or mey
ocour without any premonitory symptoms end generally unpreceded by pein. The
- parts frequently sffected are the extensors of the fingers, thumbs and wrists,
‘but the muscles of the leg or feet are often sattacked, sometimes the back, snd
in rare forms of poisoning the muscles of the eyes" (mttonqwz&) Although |
LoE Ty - PRCVENTTYE MEASURES ABIIET )
today laad-d:mosea workers seldom develop musculer peralysis (1), any individual f‘JﬁM gy
4 CUNICH B TEHLEAR [BITONTAL 1S A PSTEy0 4L
[1 i [ thisn-excessive- burder-of-body leadt may-be-e1victin of this paralysis.
! The site of this deleterious action of leed on the newromusculer system

’ihas ot been definitely established (s, 8). The demonstration of segmental
| demyelination of nerves from lead-polscned guines pigs (5) indicetes, however,

that the musculer paa-nlya:ln isly ab-lone ! aaoondary to diaturbances in
Atomey Tan ¢ dumcy ek iy,
the conduction ofw impulses i}( the musculature affected.
A physiologloal method for detecting periphers) nerve demage is the
messurement of impulse conduction velogcity betwean two points along & nerve

trunk, 8 technique undergoing extensive olinical trisl, Impulse conduction

velocity is deareased in the srea of & locel gompression lesion (11), in meny
cases of acute polyneuritis (2, 11), which finding mey differentiate this
condition from acute poliomyelitis (11), and in diebetes mellitus (3, 6, 12, 13,
15, 19). There have been several reports of slowed conduction along the ulner
nerve ettributed to indusirial poiscns. These include 15 patients with occupa~
tionel lead poisoning without neurological symptoms (17) and ten women with
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severe polyneurcpathy assoclated with chronie triorthocresyl phosphate -pouoningt
(36). In sddition, "borderline” slowing was obsarved in two patients with leed
neurcpathy and in five with neuropathy due to thu outansous sbsorption of an
industrial solvent* (18)., Animal oa@u?mmb’ correlate slowed conduotion velogity
with clinical, and sometimes histologioal, svidence of nerve damage: in allergic
polyneuritis in guines pigs (20), in diphtheric polyneuritis in cets (14) and
guinen pigs (10), in alloxan disbetes in rets (i) end, with histological cone
firmation, lead poimoning in guinea pigs (5),

In view of the clinical end experimental evidence correlating nerve demage
with sloved conductiodyelocity, the use of velocity meagurements for jdotso.tins
periphersl nerve injury is promising, It vas decided, therefore, ‘to neasure
the conduction velocities of excised nerves, svailsble st eutopsy, from the rats’

angd dcgs 1n t.ho auyur J.eaa foeding smdy, MR~787. wovn g G wih )/‘*w 4’ ,t‘j
&\C e ,.‘ ', ow (Q \(,Q ‘ U/ o &f ¢ f v

' METHODS

In principle, measurement of the impulse conduction velocity of an exaised
nerve fiber is stralghtforwerd, requiring only the messurement of the time it
takes for the lmpulse to travel from one point of the fiber to another, If the
distance between the two points is kmown, the velocity cen be caloulsted., In
practice, one end of the fiber is stimulated by passing en electrio current
through a short section, 3 to 5 mm, between two electricel contscts, the
atimlsting electrodes. -@iemimm change in the menbrane potentisl, known es
the action potential, WSM#N is mssociated with the impulse as it travels along

Tin 0l pohnlld 15 OETECIED FURTHER ALONE THE MERGE
the r,iber.o}\ ks by snother electricel contact, the recording electrode,

* 85% trichlorethylene, 10% ethylene dichloride, 5% tritoluol phosphate.
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ot ‘
is muma)m fod into & sensitive recording device, usually & cathode ray / /
onailloscope.

In the present experiments, e nerve trunk conteining meny fidbers was
studied, Adequate "maximal” stimilation of & nerve trunk initistes inpulaes
in all of the fibers; esch ispulse is copducted along its fiber st » rate
characteristic of that fiber, repidly in s‘omt::;lowlw in others, The motion
potentisls associsted with the successive sxrivals of the impulses at the
recording eleatrode cause a susteined, sometimes ccuplex, deflsction of the
oseilloscope bems called the "compound" action potential, At any selected
point of w;moimmpe tracing, the magnituds of the deflection 1s e function
of the number of impulses at the recording electrode at that partioular instant.
I,  Equipment:

Figure 1 is a photograph of the equipment used in the expsriments, ¥ronm
1eft to right in the photograph are 1) the constant temperature shelter in the
right portion of which sn electrode set is visidle, 2) the tele~thermometer,
3) the stimilus isolation unit, b) the recording unit consisting of smplifier
and oseilloscops, and 5) the Tektronix stimulation unit,

A, Electrodes, Two electrode sets, one for dog nerves and o smaller

one for rat, ware designed by Paul E. Smith, Jr., and made by
Bdwerd ¥ Pebryke, of the Physios Bwotion. Each set consists of e
older made from 1/heinch Peflon® sheet supporting s horizontel row
of equelly spaced and parsllel plstinmum wires (Fig. 2). The first
two wires at one end of the row serve as the stimulating electrodes,

. Ba, By} any two of the other wires may serve as recording elactrodes¥ R,
(Two sxe necessary to complete the circult through the recording device.)
In add:ltion to the stimulating electrodes, the smell holder hes nine recording
electrodes spaced every S5 mm; maximmm avallable conduction distence: 4 cm., The
large holder has 20 recording electrodes speced 10 mnm spart ,m:dmum conduation
distance: 18.5 om, In sddition, the large set has "dwmy" wires between
electrodes to give mdded support to the nerve and minimige segging.

DUP050044156




B, Stimalator. In the earlier experiments a Gruas@aquare weve
stimilator, Model SiG wes used, It was replaced by s T’ekhonii:(@unit
assenmbled by Paul E. Smith, Jr.; it consists of a pair of Type 161
pulse generators each driven by s Type 162 iave~form generator, Both
stimlators provide e stlmlus which can be controlled as to duration,
voltege, and frequency of aspplication. The strength of the stimulus
applied to & nexve was b to 10 volts and its duretion wes 0.06 o
0.1 mSec (milliseconds). In order to minimize the effect of the

l stimlus current upon the oséilloacdpe beem, an igsolation unit, "3" in
Figure 1, was pleced in the stimulation circuit between the stimulator
and the nerve: e Grass SIUI8 Alisolstion unit with the "
lator end en Argonauf LIT 069 isolation transformer with the

-

C. Recording Fquipment, Tektronix@un_its were used. The nerve action
potentials were amplified by a differential amplifier, Type 2463 or
Type 3A3 Dupl Trace¥*, and fed into & Type 561A cathode ray oscilloscope.
The sweep of the oacilloscope beam was triggered by a mechenism within
the stmuatorHAymrwwmmWrwmmW
m-b-)f )'rt.h_e speed of the sweep wes controlled by a Type 2B67 time base
which hag e range of 1 microgecond to 5 seconds per screen dlvision,
The oseilloseope tracing wes photogrephed with a Takbroni:?)c 12 cemera
unit using Poleroid Type 410 black and white land film. Measurements
were made directly from the photogrephs.

% Amplificetion renge: Type 2A63: 20 volts to 1 millivolt per screen division,
Type 3A3: 10 volts to 0.1 millivolt per screen division,
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vture Shelbter, During experiments nerves must remain
moist; in addition, mumamlien nerves must be kept ug :X; toamperature,
37°C (98.6°F), if conduction velocities are to be equivalent to those
in the intact animal, Mammalisn nerves are usually mounted within a

small protective chember which is gugpended in or ebove s water beth,

na 16'To .20 MERLES: MAD To BRE YESTED DANLY,SoTssf

In-mesbd of the present e:werimanta, howm,ﬁu fresh nervelnd-to he
nounted svery 10 to 20 minut.pn end the temperature of even & small
protective chanber could not be maintained by & weter bath, Therefore
& shelter, provided with a continuous and adjustable swply of wam
and moist air, was constructed,

‘ The framework wes mede with Equipto Type 5700 hot dlp gelvenigzed
| slotted steel, 1 1/2" x 3" x 0.104", The back wall which supports-

'\ the werm air inlets was mede of 1/4" Teflor® sheet, the other walls and

! 4he roof of 0,005" Mylar® sheeting, The horizontal dimensions of the
shelter are '56"’ % 18"; its height veries from 24 1/2" in fromt to 12 1/2"
' in back, the aubafequmt slope of the roof providing drainsge for the
water 'which condenuf on the inner side, Within, a Mylex® partition
aivs.an;r the shelter into & 19 1/2" x 18" "outer"” chamber and e

16 1/2" x 18" "inner" chauber. The former haf’s parmament opening in
front and %ﬁﬁuscd for mounting the nerve on the electrodes; the latter
sho_ltcrefn the nerve while its action potentiala“{;? photogrephed, A
thermistor probe suspended within b to 6 centimeterw of the nerve snd
connected to & deflectionetype meter, Tele-Thermometer Model 43, Type
TF, permitted a direct resding of the dry buld temperature of the

;Lmnw chanber whenever desired.
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Mn sple supply ot warm, moist air for the sheltexr was
provided by M constent temperature rooms with the
tenperature of this room &b 109.5°F (43.06°C) dry bulb and 104.5°F
(40,28°C) wet buld, 87% relative mmidity, the dry buldb temperature
of the iuner chamber was maintained at 37.06°C & 0.4°C,

Horve Preparations:

The left hind leg of the animal was obtained from the Pathology Section
and the nerve removed: tibialis from the dog snd the sciatic with its tibialis
branch from the rat. During disssctlon the nerve was protected egainst drying
by the gpplication of a lactated Ringer's solution*’\(doc nerves. and the nerves
,f‘rcm the 18+month treatmsnt- group of-rats of the 2~year Pfeeding study) or by a
\Biliconu preparation.l (560 medicsl fluid, supplied through the pouriesy of the
Dow Corning Cwiporation) m«wb‘f ﬁyﬁ;eéw w&:,méﬁuﬁdkm wern
Ringer's solution for 1 7/2 minutes before mounting whi:l.e thoge ooated with the
silicpne preparation were mounted imdi;xoly or kexﬂ; tWorwﬂy un " spare
eledhrode set within/the wearm outer chgiber.

The nerves were mounted so that the ceniral end mede contact with the
| stimuisting electrodes, the peripheral end (tibialis brench of rat nerves) with
the recording electrodes. ‘The rat merves required 5 to 10 minutes, the lweer

A% sRueus 1)»\ e toobpacy B tla so}‘{ PeagobAg
dog nerves 10 to 15 minubes to adjust +to the enviromment of the inner ahmbarA T

* Cutber's for injection.
f
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A typical dusl tracing*, copied from cne obbained on a dog nerve, is shown
in Pigure 3, The sweep of the oscilloscope besm is from left to right; its
speed 0,2 mBec per division of the screen, The lower response was recordsd by
an electrode 2,48 cm distal to the stimulating eleatrodes, +the upper by an
electrofe 2 centimeters ferther along the nerve. The following discussion
awpnug to either response.

The first small angefimb vpwerd deflection lasting 0.5 division (0.1 mSec)
is due to the stimmlus current and is called the stimulus or shock sxrtifact.

' Bince this current is conducted by the nerve ss by & wire and its arrival at the
recording electrode is essentislly instenteneous with its spplication to the
nerve, it indicates the time of stimdetion in the tracing., After a short delsy,

025 mSex .44 mbee
1.25-. dimiomMM in ths lower tracing m%ﬁ%ﬂaw(ﬂ%ﬁao») in
S Y TN T

tha upper , , iwmmw#m large upward doflection whieh is the compound

action potentisl, After ETimeson~() Two measurements were mede: from the e
stert of the stimulus ertéfact 1) to the begimming of the upstroke, the Larifey .
’ "inflection”, csused by the srrival of the most repidly conducted impulses st “
the Pecording elsctrode and 2) to the point of maximm deflection, the "pesk",

| aus %o the later arrival of the impulses of the lergest growp of similar fibers.

These measurements provide the data for calculation of "inflection"” velogity and

of "poak" velocity, respectively. thil;particul&r pnopogup the hwmlnts

ar M vdg jase a:ttumug with ‘tho qbuti@n witt by
x bo%mcn x: d)’ m LJ; /

d'

ma s and redording mef.rodea ("af, Pig. 2).
whid.

% (bteined with the Type 3A3 emplifier:—tt~"splits" the besm so that responses
to & single stimuluscen be recorded firom two points along the nerve during &

single sweep.
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A total of 262 rat and 33 dog nerves were tontmm dogs were electroe
cuted; the 224 rats of the 2«year feeding study were ehloroformed. The other
38 rats comprised Y;Mmom high lead dosage group killed, s

_ ime-patholog twey by decepitetion in order to determine
whether chloroform had e significant effect on eonduction velocity. Teble I
gives the growpings of the animals ececrding to lead dossge level and duration
of trentment.

HREBULTS
T, \/A mrr»g of ORSERVED wﬂ’(;sagww ucm@;m&s.

ﬁveirl&. conduction velocities with their standard devistions from the mesn

3 M Herves from Decspitsted Rats. |, Inflection volooi.ty,»#mfem
AN m t] fa1’ Thoer

8y aversged 6773 m/sec (meters per second )y valves
whiskr overlep those of 7L and 7k m/ssc reported by Elissson for
nerves obtained firom moxmal end sbtarved aecamum rats (4),

tieo
m, Pﬂ’k Wlociw, 1 e i

, g s godicay
_Everaged h11: 45 m/sec, distinetly below his valyes of 53 4 55 m/sec,
A poorls é.s:.wrwﬁ b

'I%rcuon for this diam'apuncy 1s chaewre-brt-mEY DY EREOT

< Ncnves r’fzm R)\T’C \m»co B‘l cwmmh- o )
/j. on-ve nlerofc %mmmthechloz'ofomdrats
a o AND

ot thn 18~month trentuent growp had higher,, those from the 2h-month

/ grouwp lower, velocities than the nerves from the decepitated animals
( ‘ hﬁmn comparisons are limited 4o the valuss for aqual condustion '
\\ a:lstanou,; Although the everage values do not nmort the expectation

‘‘‘‘‘‘‘

P

" 586 ¥he chloroform yould depress condustion velocity, the large
standerd deviations which characterize the measurements made on these
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nerves indicate that these preparations were not as satisfectory as
those cbtained fram the decspitsted rets. Hovever, age, rathar than
chloroform, could aceownt for the vmmn;yxf;tm chloroformed
animals wers older than the decspitated and meny showed gross evidence

of degengrative chenges,

The data obtained on an ;—ﬁ nerves ere given in Table IIL 'roclmieal
saﬁm §x Ty Am a s % )gma‘f;%_ W ,?Lm
difficulty with ntimlation Y four ma.le
s Supld }suurir* § dtp pa g Old  Seete S

Becann , §he nerves M
controls, The wer es standurd devistions for Mamnt group include -
SeAarica- w—« A ﬁd o het v, Hon a0aadls e Nn twenle o deaneidh il L
both nmp e of smell mmber of dogs per mm since a mex differe
‘"‘l’ e M’\»& oner v‘ W‘N‘ Yot 1o o R~ O A R
ane 1- nob ohvioua. The conduction vclocitias,\ B - 102 n/sec for the fastest
{3

(A
ﬂbcn md !LG 58 m/uc for the J.mut m‘gt, are well within the range for
mammalien fibers listed by Grundfest (7).
These dogs were electrocuted, exd reletively youngs the stenderd devia
B\ N sota, v Wt O
tiom mu-e favorably with those of the messwreménts mede on the nerves from

the decspiteted rats,

0 EL.  The mffect of Leads

Comparison of the conduetion velogities of the nerves firom the lsad«fed
animals with the velues obtained for their respective controls does not reveal
MM:: decrsase in veloolty dus to the lead. This conclusion is mubstene
tisted by the Tesults of the F Yest for effect of trestmsnt* which ves applied
40 all of the data obtained at emch sacrifice (Tebls IV)., Although this test

T E
revesls & youibu effect of lead on inflection velocity of the dog nerves,

Y P Yerience due to Trestment |
Veriance within Group
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0,01 <p<0.05, the data of Teble III are not convinging.

DIBCUBSION

The values obtained for impulse conduction veloeity in these experiments
indicate that such measurements are both practical and velid when made on the
type of preperation ammls et autopsy with the poasible exception of those
from ehierefarmed an m{kmm tzf/”cmmﬂmwn-

The prepsrations from phloroformdsanimuls nmight be considered unsatise
factory because of the differences m'tm evarege values obtained for the
nerves from the 18+ and 2h.month treatment grouﬁ,l end becsuse of the within
group varisbility. However, the nerves from the 18.month group were protected
with Ringer's solution during the dissections, the other nerves with the
silicone preparation®, When Ringer's solution is used the humidity of the
shelter enviromment must be very high to prevent drying of the nerve; the high
humidity introduces recording difficulties which cause an sppavent decrease
in conduction time so that the caleulated velocities are erroneously high
(see below), The greater protection afforded by the silicone preparation
pernits the use of & lower humidity thereby reducing the exror. fi’f:‘; reduced
velocities of the nerves fram the 24-month trestment group .could' be due to sge;
decreasing velocity with inoressing ege hes been reported for the nerves of o

Ok THE DATY PBTAINCD FoR- THE RM-HNosi Elvis
uman subjects (3, 12, 13, 15). The within growp varistions might well result
from differences in the amownt of fiber deterioration and in the emount of
demege inflicted by the separation of the nerves from the dense layers of fat

in which they were characteristically embedded.

# The use of the silicone preparation began after the 18-month group

secaxrifice,

!
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For comparative purposes, tecimical difficulties which cause verisble
results can be mostly eliminated or eontrolled.

A,

B.

The high hmnidity of the inner chember causes & merked tendency

for the action potential to move towards, and eventually fuse with,
ADpLorLHE S

the stimulus artifect as the stimalator voltage _ &

the maxinmum for the nerve. This spparent shortening of the internal

Cis amae

betwesn stimuletion and response resulits in falsely high conduction

velocities and the magnitude of the error (veloecity increase) depends

on the voltage used to stimilate the nerve. This error ¢en be

minimized by 1) using the silicone preparstion so that & lower
gYSTEMATIZING THE Ergoe BY Lok é A

hnidity suffices, 2) stimlating-the-nerves-with~the same stimilator

voltege ﬁﬁgéﬁm&t be supramaximal for all, 3) wiping the electrode

holder before mounting each nerve, and U4) using a long conduction

distance. '

The effect of conduction distance per se, cbvicus in the date of

Table II, can be eliminated il this distance is standerdised.

Varisbles which, in these experiments, could not be shown to have affected
conduction velocity significantly included 1) tlia ary buld temperature of the
inner chamber which hed & maximum veriation of 1,.1°C and 2) swprisingly, the
time which elspsed, 19 to 47 mimutes, between the desth of the animel
(chloroformed rats: from start of chloroform sdministration) and the placing

of 1ts nerve in the inner chamber.

death and mounting, 19 minutes, is longer then some ecritical interval after
which further delay has little sdditionel effeot.

It is possible that the minlmum delny between

Theoretically, because excitation time is oxelud:&; neasurement of the time
it takes for impulses to travel the distance between $he recording elsctrodes
rather than between stimulating and recording electrodes, should - ‘provide a more
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exaot determination of conduction velocity. However, meesurements of the
intowala between the infleotions, or between the peaks, of the setion
potentials obteined from two recording electrodes during s single sweep of the
oseillogoope beam (Fig. 3) provided velocity values which were so varisble that
this method of messurement has been sbandoned temporerily.

Bince 811 of the nerves obteined during a sscrifice were treated as nearly
alike as possidble, comperison .61‘ the velocities of the nerves from the trested
enimels with the values of those of the controls killed during the seme
sacrifice, is valid. Such comparisons do not reveal any interference with impulse
conduetion which could be considered due to the lead, However, in comperison
with nerves of other animal species, e.g. guines pigs and rabbits, ret nerves
have bean cbserved to be yesistant to the toxic sction of lesd (5); the negas
tive results with the rat nerves in these experiments can probebly be abtributed
to this resistance,

No report on the effect of lead on the pnriphwu nerves of ‘bhe dog has

1 lolarvo
or in the literature. Although at the time of sutopsy, the three male

oF CRovP %
dogs had blood lesd (wmsem-.rmgaéo!wW renging from 91 to 11k micrograme per 100
@m " ot TS L 0¥ .
s i _ﬁl,mand the two fmlei 52 and 54 micrograms per 100 ﬁa.ua-m,
* coneentrations which are considered undesirebly high, the dogs sppeared healthy

and ubomd no ¢linical signs of peripheral Wopathy*ﬂwm
M‘C an fiaks %W
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CONCLUS TONS

1. Messurement of the impulse conduction velocities of excised nerves
obtained from animals at the time of autopsy can provide a funstional
messurement of the demsge inflicted vpon peripheral nevve by e toxic
compound,

2. TInorgenic lead, 88 lesd ascetats, administered o rats end dogs in the
diet, in concentrations as high es 500 ppm for a8 long es two yesrs and
to rats in a concentration of 5000 ppm for one yesr, had no significant
effect on the gonduction velocities of the socistic»tibialis or tibimlls

nexrves,
Repord byt
Moxy E. Mexfield, Ph.D.
Physiologlet
Approved by: N
& J. Bbopps, M. B.,B, 8.
Chief, Physiology Section
MEM/ By
12/11/68
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FIGURES

Figurs 1 ~ Equipment used in conduation velo;sity experiments.

1. Nerve shelter. The air inlet to the "outer” chauber (ses
text) is visible uw:Aﬂ';xt:‘,t’ruaion of the back wall, The
large electrode holder can be seen in the "inner" chamber,

2. Tele~Thermometer. |

3., Argonsut Isolation Transformer,

4, oseilloscdpe and Amplifier.

5. Tektronix Btimulation Unit,

Pigure 2 « Large electrode holder: connected to record from two points along
& nerve,
8, , 8 ¢ stimleting electrodes. Conduction dimtance messured from 8.

@ : ground copnection to nerve (sny free recording electrode can
serve as & ground connection).

R : recording electrodes. _‘
CR : recording electrode: common to both of the recording
cirouits,
Figure 3 « Copy of "dual" 4racing obtained firom dog tidblalis nerve.
8A : stimlus srtifact, Measurements sre msde fyom the beginning

of artifact.
R, : responss from recording electrods 2.48 am from stimuleting
‘ electrode,
Ry : response from recording electrode 4.47 om from stimlating
. electrode,
WTCRval ¢ \
I : mepsunement of conduction time for inflection velocity)

P : measurement of conduction time for peak velocity (lower \tracing).
8ince deflection magnitude was not messured, esch tracing wes \
independently smplified; suplification not necesserily seme far both:

i
responsaes. -
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