N37513



M ft_«_‘ ’F\\.QD o W %e’pyh (x&»J

B s ey

X l,-lmn\vo\«v.g,) 3. Nakkanen, 6. i‘k:Nm, e, A LD, o
. 5 Ab;‘»ma\-c\w\ e AC( Db‘r\u‘ Aa ] A ¢ Mraoua Q) ‘ LC‘U’ Mmum / . o
 Pech Tavaen . ettt 200 (40 -1 C&;,«,?w o

Lepo Dhnaborne L(:a..«,? in Wmspcﬁm U .
Q(M\msuce o, BM‘Q«BAC& CW&L 3}1\\’17\;%\(;1\2)\1\( d’ol[u ramds DN:PMZS&I&% )
Nakird Ressnd Cowed o [ahad  Qeed, Ser. (b o } gl D¢ 1972,

poYeb

\HM"]J:M, - S "Tdfc, 3. Ye,\mnem g S \/&lhq‘ﬂm\ W&ﬂw@
ts

{Wmu\aemﬁu ot Qe DészNxMWw e Yew Lesd (M/b:;mu. e T
.ﬂr,cl,.,th\Mx-n Weedy L 287 109 (17D G**? 147 &

*':_n,l.l_mn._hm% Sea g B Lo W«h}zw im;ga{m o LJ&"”MK. L\ Lm& Urdin...
. [\'m/y\g_&o ()u\)b&"\ Cf\ té&tm;ﬂ»v} .
Lamat T bR ;- San. 10,0470 -
. H«w\ o, S0 A0 NiIR Ramven, . chjr A Lua} o 8 Qrvime (oenine Gol
&Jhxgim 0 E.Lcim,«éﬁ;»,, (}m, Q) a
p.racwa Lée . Ry €3 72,

DUP050043863




- ReSenenaos .

l.. Ca.nsjro.nm, Abrabam. Qﬂ.dmrmmpm N Lead Pm,oOnmdale et e

Williams. omd Witkins, Balhmee. (G4 @ 26, 182, .. ..

2. _.FP)V'erousw: i, Wigw U'w.,,f_e]smd}m...,,‘_. ziuwt;nl& . &*JW'/L‘: R
CBot T Tediste. bred.. . 27:88 35 2-350. (6D 1970,

.3, wa?relc‘ l‘1cuu1 <., 6.d. S'+o;a,ps I.R°. Bavneo, R.D Srae, ans A Azan, .
EW | Leea o Blerd Qﬁzymuntl ::aum awa Bemondeage L. ovp
o B Tndesh. “’"@S Qoagec ., 3} 1346~ "537 _. \Jaz&lﬁ)?...f

q B(V\Sqn!m)p P.. CG’[SSQ/M auna £, Canhmem 0\ Simph . myH‘,ﬂz}:,\
(L &WM Q ‘rf)r\'* S-MW&UQQ(MC QO (,le,lu?gu,m
Bed. P lame . S8(3): 144, ran) 148

S Mawzeralt, D, awd 5. Gramch.” Th Occrimecna 0’0 D«,}VWW»\/LL[} o

‘ gf.ml"“’“ﬁ";‘*b oold | oad. p}u)p}_to b'l,:llf\fdal'—&k A LUIAM
T 0. Cow, 2al): 43s,(Mmd) 9 sd, .

DUP050043864




Yu{x‘-—

ﬂe\w\m b Q*PP%)

R L %”‘M bl D"P LB %me b Mo £256
¢ mh» " &mrw,, T,

= OROWPT . ..
L meecm s X S.E 6RT Awe.

Lot Conanhde Kope) any™ Ganson TuonbT. &

DUPO050043865




F,(é/vw 9

Qef\b-n\w ok S5, U\-‘%Mw {’,uw:t """‘""‘"—)_.‘_,[fw.zad‘

O Gy orthenes, @WQY&L&D&&M{%W:W

p—

Fopae &
Slqm ﬁo —m%mw mm Pgar 1 &sw
ot LL &«\ eed A,m—( n CG\WY TL \trens Me et o UG
LX&M Lot ._uw«c,,g,d'/t,f;.— fl,w«.u’/[/\ , \'\» 4. \u\(g,kg !)"@Lo«/ .

Mok, D
F‘C'»‘WAQL? % ) ‘ ‘ .
v = .08 311 vtz 0.700F%, (Vv ey th, Gty -'w»‘»f""i«/-.

DUP050043866




..... e . ’l:u ?"m

) -

Lo "‘"“mﬁ‘ t N ,cffM"‘ >

/lKagam%,(ﬂ, e osine o Qtno r\mnm\ s s

S@* ,(&4( e W“Zlou—-l . AFW% M&t ‘h{/\w«x &JO\AWM ‘e ﬂ L (} 0

Gvf

,L s

D '\‘I’L o'w%w M }’,‘...é:v_.r{.

DUP050043867




—

e hiR o)

!

~ THE EFFECT OF INORGANIC LEAD UPON THE CONDUCTION
k4 VELOCITY OF THE. PERTPHERAL NERVES OF RATS AND DOGS

Medical Research Project No. MR-787

'Among the insidious effects of inorganic lead upon animsl tissue is its

‘action upon peripheral neuromuscular structures. In leed poisoning clinical

evidence of neuromuscular involvement may be absent; when present, it may vary

from a mild weakness to paralysis of the muscﬁ.‘l.ature affected., "Wrist-drop or

- paralysis of other muscles may be fore-shadowed by gradual Weake-n:i-ng or may

{;ccu:r without any ;premonifco_ry symptoms and generally unpreceded by pain., The

parts frequently affected are the extensors of the fingers, thumbs and wrists,

but the muscles of the leg or feet are often attacked, sometimes the back, and
in rare forms of p.o‘isoniing the muscles of the eyes" (10), ' Today lead-exposed

workers seldom develop muscular paralysis (1) due to 'pre%ren.tive measures against

" lead absorption; however, any individual with clinical lead poisoning is a

potential victim of this paralysis.

" The site of this deleterious action of lead on the neuwromuscular system
has not been definitely established (5, 8, 9). There is some evidence that lead

mey affect the muscle directly by interfering with its metabolism (8). On the

} other hand, the demonstration of segmental demyelination of nerves cbtained “from

lead-poisoned guinea pigs (5) is strong evidence that peripheral nerves are
primary sites of the action of lead; the subsequent disturbance in the conduc-

tion of impulses along an i‘njured' nerve would account for the paralysis of the

affected muscles, TFinelly, although evidence for this is lacking, lead might act

at the motor end-plate, that microscopic area where the nerve fiber terminates in
close proximity to the muscle fiber and where, probably by chemical means, the

nerve  impulse acts to initiate the muscular contraction. At this point,
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damage in animals fed lead acetate, using a physiological technique which counld
measurement of impulse conduction velocity between two points along a nerve t:mmk

"~ & technique undergo:.ng extensive clinical trial. Impulse conduction velocity is

‘been several reports of slowed conduction along the ulnar nerve attributed to

Anima) experiments correlate slowed conduction velocity with clinical, and some-

! ‘. -2 -

interference with the exutatwn of the muscle fiber would also result in paralysis,
vSmce most of the avallable ¢linical a.nd pathologlcal evidence favors the

motor nerve as »'.bhe prime target of the action of lead on perip_hei-al neuromuscular

stx_:uctures (8), it was decided to try to detect the presence of peripheral nerve

be utilized in the study of any potentially neurotoxic compound,

A physmloglcal method for detecting peripheral nerve damage is the

decreased in the area of a local compression lesion (12), in many cases of acute
;polyneﬁritis (2, 12), which finding may differentiate this condition from acute .

poliomyelitis (12), and in diabetes mellitus (3, 6, 13, 1k, 16, 20). There have

industrial p01sons. These include 15 patients with occupational leadApoisoning
mthout neurologlcal symptoms (18) and ten women with severe polyneurcpathy assoc~

jated with chronic triorthocresyl phosphate poisoning (17). In addition, “"border-

line" slowing was observed in two patients with lead neuropathy and in five with

neuropathy dve to 'bhé cutaneous sbsorption of an industrial solvent* (19).

times his’cological evidence -of nerve damage: in allergic polyneuritis in guinea
pigs (ll) , in diphtheric polyneurlta.s in cats (15) and guinea pigs (ll) , in
alloxan dlabetes in rats (4) and, with histological confirmation, lead pmsonlng ‘
in guinea pigs (5) |

In view of the cllm,cal and experimental evidence correlating nerve damage

with slowed conduction velocity s the use of velocity measurements for detecting

pexripheral nerve injury is promising. It was decided, therefore, to measure the

* 85% triéhloroethy].ene, 10% ethylene dichloride, 5% tritoluol phosphate.
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: conduction velocities of excised nerves, available at autopsy, from the rats and

dogs in the two-year lead feeding study, MR-787, and in a small group of rats fed
o higher level of lead. ' |
| METHODS

In principle, measurement of the impulse conduction veloc:.ty of an exclsed

- nerve Tiber is stralghtforwa:rd requiring only the measurement of the time it

takes for the impulse to tca,ve,l from one point of the fiber to amother. If the
distance between the two points is kmown, the velocit& can be cal'culat.ed; In
i')r‘a.etice, one end of the fiber is stimuleted by passing an electrie current
thi-.ough a short section, 3 to 5 mm, between two electrical contacts, the
stimulating electrodes., The minute change in; 1:;he membrane _poﬁential, known as t';he
aetion potential, which is associated with the impulse as Ji’c travels along the

fiber, is detected further along the nerve by another electrical contact, th,e

- recording electrode. This action poten’c:.al is amoll:f.‘led and fed :.nto a suitable

recording.device, usually a cathode ray osc1lloscope.

In the present 'experiments_ , & nerve ‘brunk containing many fibers was studied.
Mequate "ma.xima:l" stimulation of a‘ne_z?ve trunk initiates impulses in all of the
fibers; _eachb impulse is conducted along its fiber at a rate characteristic éf that
fiber, rapidly in some, more slowly in others. The action petentials asso.cia’c,ed
with the successive arrivals of the impulses ab the recording electrode cause a
sugtained, sometimes COmple,_x,i deflection of the oscilloscope beam called the
"ecompound " actionkpotential_. At any selected point of the oscilloscope tracing,
the magnitude of the deflection is a functien of the number of impulses at the

recording electrode at that particular instant.

DUP050043870
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I. Equipment

Figure 1 is a photograph of the equipment used in the experiments,
From left to right in the photograph are 1) the constent te;r@era’cure shelter
in the right portion of ‘whic.h an electrode set is visible, 2) the tele-
thermomeﬁer,' 3) the stimulus isolation unit, k&) the rrecording unit consist-
ing of amplifier and oscﬁillo.écope 5 and 5) the Tektronix stimulation unit, |
A. Electrodes, Two electrode sets, one for dog nerves and a smaller
one for rat, were designed by Paul E. Swmith, Jr., and nade 'b_y.
Edward F. Febryka, of the Physics Section, Each set consists of a
holder made from 1/M~inch Teflod® sheet supporting a horizontal row

of equally spaced and parallel platinum wires (Figure 2). The first . J

two wires at -one end of the row sezive as the stimulating electrodes, A ég
. 8, , 823 any two of the other wires may serve as recording electrodés*,'R.
(Two are necessary to complete the cireuit through the recording device. )
| B, Stlmulator In the earlier experiments a Grass square wave
stimulator , Model ShG was used. It was replaced by a Tektronix.un_it
assembled by Paul E. Smith, Jr.; it consists of a pair of Type 161
pulse generators each driv.én by a Type 162 wave-;form generator. Both
stimilators _provid-e. & stimulus which can be controlled as to duration,
 voltage, and frequency of application. The strength of the stimulus
apislied to & nerve was 4 to 10 volts and its duration was 0,06 to 0,1 mSec

(milliseconds), In order to minimize the effect of the stimulus current

* In addition to 'fhe stimlating electrodes , the small holder has nine recording
electrodes is;oaced evéity 5 pm; maximum availsble conduction distance: 4 cm, The
large holder has 20 recording electrodes _spacc'ci 10 mm apart, maximum conduction
dis’cﬁnc‘e: 18.5 cm. In addition; the lerge set has "dummy" wires between electrodes

to -give added support to the nerve and minimize sagging.

DUP050043871
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upon the oscilloscope beam, an isolation wunit, "3" in Figure 1, was “

placed in the stimulation circuit between the stimulator and the

 perve: a Grass SIU 478 A isolation unit with the Grass stimulator

end an Argonaut LIT 069 isolation transformer with the Tektronix.

C. - Recording Equipment. Tektronix unite were used, The nerve action

potentials were; amplified by a differential amplifier, Type 2A63 or Type

" 3A3 Dual Trace¥, and fed into a Type 561A cathode ray oscilloscope. The

sweep of the oscilloscope beam was triggered by a .me,chainism within the
stimulator; the speed of the sweep was controlled by a Type 2B67 time
base which has a range of 1 microsecond to. 5 seconds per screen '

division. The oscilloscope tracing_ was photographed with a ]Te.ktronii

€ 12 cemera unit using Poleroid Type 410 black snd white lend film,

_ Measurements were made directly from the photogrephs.

D, _cofnst_én’c Temperature Shelter. During experiments nerves must

réma,inv moist and, in a.ddi'bioﬁ, mammalian nerves must be kept &t or near
body temi:eraigure , 37°C (98.6°F), if conduction velocities arveb-to be
equivaie_nf to those in thg intact animal. Mammalian nerves are usually
mounted within a small protective chember which is suspended in or above
a water bath. In most of the present experiments, however, 16 to 20 |
nerves had to be tested daily so that a fresh nerve had to be mounted
every 10 to 20 minutes and the temperature of even a small piotective

chamber could not be maintained by a water bath. Therefore a shelter,

% Amplification range: Type 2A63: 20 volts to 1 millivolt per screen division.

Type 3A3: 10 volts to 0.1 millivolt per screen division.

DUP050043872
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provided with a continuous and ac'l,justable supply of warm and moist
air, was cons"cr,t__lc'_bed.
The ﬂ-shel,’cs_r* was 36 inches long by 18 inches wide; a sloping roof,
24 1/2 inches high in front and 12 1/2 inches in back, ‘provided; drainage

for the water which condensed on its imner side. Within, the shelter

vas _par;citioned- into & 19 1/2-inch by 18-inch "outer" chamber and a

16 i/z-inc'h by 18-inch "inner" c_'hamber-. The former had s permanent

op'enirig‘ in fion’c ‘and was used for mounting the nerves on the electrodes
while the latter sheltered the nerves while the ection potentisls were

photographed. A thermistor probe suspended within b to 6 cm of the

mounted nerve and connected to a defiection type meter, Tele-Thermometer
' ModellltB , Type TF, permitted a direct reading of: the dry bulb tempera=-
" ture. of .t.he immer chamber whenever desired. o |
‘An ample supply of warm, moist air for the shelter was provided

by a constant-temperature room; with the tenggeratui-e of this room- .a.t_.
43,06°¢ (109.5°F) dry bulb and 40.28°C (104.5°F) wet bulb, 87 percent
relative humidity; the dry bulb temperature of the inner chamber was
maintained at 37.06°C + 0.4°C (98.7°F + 0.72°F). | o

1T, Nerve Pr_epara'bions

The left hind leg of the animal was obtained from the Pathology Section
and the nerve removed: tibialis from the dog and the sciatic with its

¥ 1, Framework: Equipto Type 5700 hot dip galvanized slotted steel, 1 1/2" x 3" x 0.104".

2. Back wall which supported the warm air inlets: 1/4" Teflon® sheet.

%, Other walls, rocf, and inner partition: 0,003" Mylar® sheeting.
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i;ibialis branch from the rat. During.dissection the nerve was protected..
against drying by the application of & lactated Ringer's solution¥ of by a
silicone preparation¥*, ‘ The nerves were mounted so that the central end
made contact with the stimulating eléctrodes, the peripheral end (tibialis

branch of rat nerves) with the recording electrodes. The rat nerves

required five to ten minutes, the larger dog nerves ten to 15 minutes, to

nerve, it indicates the time of stimulation in the tracing. After a short delay,

*%

KKK

adjust to the environment of the inner chamber as shown by the constancy of

the velocity measurement.

I1I. The Oscilloscope Tracing and Its Meésuremeni:_

A typical dua.litracing***, copied from one obtained on a dog nerve, is
shown in Figure 3. The sweep of the oscilloscope beam is from left to rfi;ghtj
its .spéed 0.2 mSec per division of the :sé:reen. The lower response was
recorded by an electrode 2.48 cm distal to the stimulating electrodes, the
upper by an élec’créde 2 cm farther along the nerve. The following diécussion
applies 'to either ,respdns}e. ) .

The first small upward deflection , A, lasting 0.1 mSec is due ‘Bo the
stimlus current and is cal_ied 1';'he stimulus or shock artifact. Since this
current is conducted by the nerve as by a wire so that its arrival at the

recording €lectrode is essentialiy instantaneous with its application to the

Cutter's for injection.

360 medical flu.i,d 5 *}iscosity grade 50 cstks. Supplied through the courtesy of
the Medical Products Division, Dow-Corning ,Corporation.

(btained .with Type 3A3 amplifier which ",splits"’ the beam so that the response

t0 a single stimalus can be recorded from two points along the nerve during a

single sweep of the oscilloscope beam,

e
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0. 25. mSe_éI in the lower tracing end 0.4l mSec in the upper, there is a
,1é.rge diphasic deflection which is the compound action _pétential. The two
. measurements made by Eliasson (L) were adopted: the time from the start
of the stimulus artifact 1) to the beginning of the upstroke of the action
potential, the "inflection" 1, Figurve 3, caused by the arrival of tﬁe most
fa:p._’id]y conducted impulses at the recording electrode, and 2) to the point
of maximum defl.ecﬁion, the "peak" 2 , Figure 3, due to the later arrival of
the impulses ovezv'“the largest number of similar fibers, The;e measurements
proﬁide the data for the éélculation of "inflection" velocity and 'peak"
velocity, respectively.

IV. Animals Studied

1

A total of ’262 rat and 33 dog nerves were tes‘ced: The dogs were ‘
electrocuted; the 221+ rats of the 2-year feeding »studiy were killed by being
chloroformed. The oth,erA 38 rats comprised a spgcia;l high lead dosage group
killed by decapitation in order to é.etermine whether chloroform had 8 signifi-
cant effect on conc_luction velocity. ",I'_a‘ble I gives the groupings of the A

snimals ia.ccording to lead dosage level and duration of treatment.

RESULTS

I.  Validity of Observed Conduction Velocities

A, Sciatic-Tibialis Nerves ’f:iromi Rats, The average conduction

velocities with their standard deviations from the mean are given for
each treatment group in Table I.

1. Nerves from decapitated rats, The nerves from the various

gi'oups of cie_ca;oitated rats had inflection velocities which

N averaged from 67 to 73 m/sec (meters per second)., These values

DUP050043875
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overlap those of 71 and 7lt m/sec reported by Eliasson for
‘nerves abtainéd from normal and starved decapitated rats (4).
However, the ave'rages' for the p-e.ék velocity ranged from k1
to hs m/sec, distinctly below his values of 53 and 55' n/sec,

2. DNerves from rats killed by chloroform. When comparisons

are limited to the values for equal conduction distances, the
nerves ‘from the chloroformed rats of the 18-month treatment
b'.group.s had higher, and those from the 24 -month groups had lower
coxiducti&n velocities than the'nerves‘ from the decapitated .
enimals. Although the average values do not support the expecta-
| tion that ghlorofom would depress conductipn velocity, the larger
standard deviations obtained for the measurements made on the
nerves from the chloroformed rats i_nd_ic.e:t; that these prepara-

tions are not as satisfactory as those obtained from the

decapitated animals.

B. .Tibi_ali._s Nerves __fxoni Dogs. Unfortunateiy_, technical difficulties

with stixml_atioﬁ prevented, satisfactory recording of the action

-pot.en’cidl.s of the nerves from the four male dogs of Group I, and three

other dogs were killed before the scheduled autopsy date. However, the
.dita. obtained on all of the other nerves are given in Table II. Nerves

frém the male dogs had ihﬂect.ion velocities ranging from 85 to 105 n/sec

‘and peak véloc_i'bies ranging from 48 to 58 m/sec. The corresponding

values for the nerves from the females were, respectively, 84 to 102
m/sec and 47 to 56 m/sec. These velocities are within the range for
mammalian fibers as listed by Grundfest (7). Because the muber of dogs

per group is small and since the F test for difference in velocity due

DUP050043876
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to sex* was 'in‘siélifi.can’c » the data from both sexes were used for.
calculation of the standard deviations f.br eacﬁ treatment group. These
standard deviations, ranging_from i 1.1 to £ 6,0 .m/sec .f,or inflection

- veloeity and from 1.3 to & 2.8 m/sec for pesk velocity, are comparable
to those cbtained for ’chc; measurement.s mede on nerves from the
bde‘capita.ted rats. This indicates that the preparations from el_ectr‘ocuted
animals may be @s satisfactory for ‘conduction've‘lécity studies as those
from decapitated animals. . :

II.__The Effect of Lead

- Comparison of ‘the conduction v.eloc.itié_s of the nerves from the lead-fed
animals with the values obtained Ffor their respective .cént:rols does not revéal
a deérea-se in -véloéi’cy due to lead. Th_i; conclusion is substantiated by the
Tesults of the F test for effect of treatment** which was spplied to all of
the data obtained 4-at .éacﬂh sacrifice, Table III, With the exception of a
significant effect on the inflect:{sn velocity of the _nervesb'from the dogs,

0.0) < P < 0,05, lead had no effect 015{ conduction velocity,

. This effect of lezd on *in:f"lec'.bion velocity is limited to the nerves
»obtaiﬁed from the male dogs (Teble ITI) and consists of a successive increase
in velocity as -fhe dosage increases from 10 to 100 ppm. At the dosage level -
of 500 ppm (Group V), the inflection velocity is reduced. This velocity increase
‘is s,igﬁificant at the 5 percent ievei wheth‘ervor not the ﬁata from Group V are
."included in the calculation of F, Other possible causes of this effect have been

excluded: preparation time, order in which nerves were tested, and shelter

P = Variance due to Sex
"~ Variance within Group

% P _ Variance due to Treatment
T VYariance within Grouwp

DUP050043877
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temp.ératures.
Examination of the velocity averages for the nerves from the rats of
the .2-ye§:1r' feeding study which were sacrificed at 18 months shows the
presence of a ‘.simila.r trend following an initial slowing; however, the trend
ixi this case is .sfatistically ingignificant even when the data from the |
control groups (Grou;és I and Ta) are omitted from the calculation of F

(Tsble III).

DISCUSSION
The val\;es obtained for impulse conduction velocity in these. e’xper“‘iments
indicate that such measurements are b\ot_h practical and valid when made on the
type of prePa.ratioh available at entopsy with the possible exception of those from
the animals killed with ¢hloroform. ' | .

I._Rats Killed with Chloroform

The nerve preparations from these animals might be considered unsatis- -
factory because »of‘the difference in the average velocity values obtained
for the nerves from the 18~ and 24-month t‘r.eafment groups and because of the
within‘ group veriebility. Hq‘wever , Tactors other than the chloroform may
e.cco{mt for these discrepancies, such as the 6-month diff.érence in age
between two groups -and/or an unexplained technical difficulty which results
in an épparént decréase in conduction time when the shelter humidity is
very high. | |

A, A decrease in cond_uctio‘n velocity with ingx_‘easing age has been

reported for the nerves from human subjects (3, 13, 1k, 16); such &

>phyéiological decrease may account for the slower average velocities
of the nerve-é from the older rats., The within group variability might

be the result of differences in the amount of fiber deterioration

DUPO050043878




and/or in the amount of damag’e. inflicted by the separation of the
nerves from ‘t:he dense layers of fat in which they were characteris-
t:.ca.l]y embedded, especially in the Zh-month animals,
B, The technical difficulty is assoc:.ated with hlgh shﬁl’oer humldlty,'
o it }is prominent when the relative humidity is 90 per cent and higher,
It results 1n .ah apb.arent decrease in conduction time* and calcula-
tion of an eitgc'oneous'ly high conduction velocity. As the ‘ner‘:fes from
the 18-month r.ats were kept moist with Ringer's s.olution** during the .
dissectlon ; & hlgher shelter humidity was required to preven’c drying
tha.n was needed for the silicone-protected nerves from the Zh—month
am.mals. The higher velo'ci‘bies of the nerves from the young.‘er rats

may be due in partto th:Ls technical error, .

IL._ The Effect of Lead -

Since all of the nerves 'ob'tained during the same sacrifice were treated |
as nearly alike as pdssible_, conm.a.rigon of tl;e velocities of the nerves from
the treated anlmals -with the values obtained for the controls killed during
the same sacrifice is valid. :

The ebsence of a significant lead effect on the rat nerves suppor’cs the
A.observa.tions of Dr. Fullerton who found that, in comparison with nerves from
é@eaﬁ pigs and _.ra'bbi'bs.., wrat nerves are resistant to the i:ox}ic action of
“lead (5')‘_.. No report on the action of lead on the peripheral nerves of dogs

was located in the literature. A% the time of autopsy, the male dogs had

% Details under technical difficulties,

#% Use of the silicone preparation began after the sacrifice of the 18-month rats.

DUP050043879
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significantly higher blood lead concentrations than the females (p < 0.005);

+this difference in blood lead concentrations correlates with the demonstra-

tion of a significant lead effect only for the nerves from the male dogs.

At the time of sacrifice, all of the dogs appeared healthy and showed no

clinical signs of peripheral neuropathy.

III. Technical Difficulties

For comparative purposes technical difficulties which cause varisble
results can be mostly eliminated or comtrolled.

A, The high humidity of the inner chamber causes a marked tendency

for the action potential to move towerds, and eventually fuse with,

the stimulus artifact as the stimulator voltage is increased. This

ai)pa_rent shortening of the interval between stimulation and response
resulfs in the calculation of falsely high .éo;'xduct_ion velocities and
the mognitude of the error (velocity increase) "ir’x.creases w;'.th the

vyoltage used to stimulate the nerve, This error cen be minimized by
‘l) usihg the silicone preparation so that a ,lo_wei humidity suffices,

2) stimulating the nerves with the same stimulator voltage which must

be supramaximal for all, 3) wiping the electrode hc;lder before mounting

each nerve, and ) using a long conduction distance.

"B, The .eff.éc’c of conduction distance per se observable in the data of

the six-month group of the special study rats, Table I, can be ’

‘eliminé.‘hed if conduction distance is standerdized.

DUP050043880
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C. Conduction time between two recording electrodes. Theoretically,

beceause excitation time is excluded, measurement of the time it takes
for impuls-és to travel the distance between two recording electrodes,
rather than between stimulating and recording electrodes, should
provide & more exasct determination of conduction velocity., However,

measurements of the intervals between the inflections, or between the

peaks, of the action poter;tia‘ls obtained from two recording elecﬁrodes

' durlng X:3 s,ingie sweep of the oscilloscope beam (Figure 5:) provided
velocity values which were so variable that this method .o.:f‘ measurement
has‘b_e‘..e.n abandoned temporarily, | |

D. Other causes of variebility. Variables which, in these experiments ,

H

could not be éorrela:bed with conduction velocities included 1) the .dry
- bulb temperature of the inner chember which had a meximum veristion of
1.1°C (1.98°F) and 2) surprisingly, the time whié'h ej.-ap.sed_,A 19 to 47
min‘utevsv*, between the death of the anima.l‘ (chloroformed rats: from
st.a.i-t of chiordform administration) and the vplacing; of its nerve inb
the inner chamﬁef. It is possible that the minimum delay between death

and mounting, 19 minutes, is longer than some critical interval after which

© further delay has little additional effect,

. e CONCLUSIONS
1. Measurement of the impulse conduction velocities of excised nerves obtained
from animals at the time of aubopsy may provide physiological evidence of the

presence of peripheral nerve demege due to the action of toxic compounds.

* . Special high lead dosage rats: this interval was shorter, ranging from 11 .1/2

to 19 minuvtes.
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2. Inorga.nié lead, as lead acet.ate,' administered to rats in concentrations as .highv
| as 500 ppm daily for two years end in a concentration of 5000 ppm for 13 months
had .ho .éignifiéant ‘evff,ect. on the impulse cénduétion velocity gf the ,sc,iétic-
tibialis ne.rv'e»s; In concentrations to 500 ppm for two years, lead hadv a
significant effect (0.0L < p < 0.05) on the inflection velocity of the
tibialis nerves of .‘th.e male dogs, This effect consisted of a. progressive
i‘nérease in ’iﬁflie.ctiori.velocity as the dosage of l'ead increased from 10 to
100 ppm, rather than the decrease whlch would be expected if lead were
exhibiting en inhibitery effect. '
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TABLE I

IMPULSE CONDUCTION VELOCITY _

,Averagé_Cohduéticn

Groué - Lead, ppm, Conduction Con Vélocity.i.s.b.*
No. Added Distance N Inflection: m/sec. Peak: m/sec._
. to Food _CMs Males Females Males Females
RATS OF SPECIAL STUDY: KILLED BY DECAPITATTON
6-Months Treatment., .Silicon‘Oil Used.‘ ’ .
ceat . e . G
I 0 2.47 9 7044.9 ¢ 4120.7
o ' v'2.97 70+5,1 4441,5 -
11 " 5000 2,47 10 67#3.97 4141.6
L : v'2.97 | 69+3.2 44:+1.8
LI 747 19 69%4.4 3131.3
2.97 7040 44:1,7
13-Months Treatment. Silicon 0il Used. ' T e
: nt . — _ A ¢
s A 0 vV 2,96 9 734.8 45£2.3 |
1L- 5000 2.96 10 7045.0 — | 4443,2
T+1T ‘ 2.96 19 7155.0 4432.8
RATS OF _2'-jYEAR FEEDING STUDY K,ILLED BY CHLOROFORM
18-Months Treatment. Ringer's Solution Used. . ' Criar
I 0 2.5 64 6%  79#7.3 78i6.8 4643, 6 4542,1
1A -0 2.5 68 6% T6x7.5 7744.3 431,11 4427
1T - 10 2.5 68 6% 7119.8 71+14.0 4346 .4 4443.9
111 50 2.5 68 69  80x4,7 7448 .4 - 41£6.0 4443 4
v 100 : 2.5 68 62 81+9,7 7647.4 47+3.8 44+1.8
v | 500 2.5 _6d 6% 77£7.6_ 78%5.5 42£1.7  44E2.6
I~V 2.5 72 7638.3 4443 .6
24-Months Treatment. Silicon 0il Used, ~ o
I . ’ Q0 2.97 124 169 65£13.7 65+5.3 37449 3844.,1
JA - . 0 2,97 138 129 67x5.8 63%6.0 38+5.6 .36£5.5
11 10 . 2.97 138 169 65+7.3 64443 38+3.6 38+3.1
111 50 - 2.97 128 162 65%4.6 64448 36444 39+£5.1
Ivsx 100 2,97 12-13¢.1792 64£3.9  6449.0 37+4.8 3744.2
kR 500 2.97 04 129 o 6314.9 | 3744.1
v 2.97 64%6,8 3744 4

%%% Group V males sacrificed early.

p

* S.D, - Standard deviation from the mean.
*% In one photograpk inflection valocity could not be determined.
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TABLE I1

Coe __IMPULSE_CONDUCTION VELOCITIES: DOG NERVES* _

TREAIMENT GROUP AND LEAD ADDED TQO DIET

v
I 11 T Iv - v
. 0 _10 ppm 50 _ppm 100 ppm 500 ppm
§ " INFLECTION VELOCITY: METERS PER SECOND ,
Male Dogs 7, 83'\%‘*""\u Yoz S99 50 -
E S n o 98 , 99 92 y
)“)“ 105 93
. R ; 89: , 93 N ;
. . . ' e b : 5 . . “91.°
| e gl e Ew o om
Female Dogs 93 84) \;/“.«"« 92 85"’ T e
% 87 - ssly 91 93 - 92
' g 92 . 88 A4 89 93 J
L 93 _9a NAM 100 92 o
E Avg. S 9LZ 89.5 93.5 - 790.8  ° 91.5 -
' Males + Females R E , . V |
Avg. A 91.2 88.0 94 .4 © 94,9 91.6
E $.n.t .- 42,9 +5.0 +5.5 +6.0 +1.1
ﬁ o PEAK VELOCITY: METERS PER SECOND
f’Male. Dogs - 50 s8. 57 48
A : ﬂ SRR 52 50 52 53
a . 50 . 52 53 52
- : _ : 51 50 51 .
L Ave. : RS - 750.8 52.5 53,2 51,0
Female Dogs 53 48 54 " 50 50
- 51 47 53 55 53
by 54 _ 52 50 54
52 36 -7 52 ,
. Avg. _ 52.5 50.8 52.2 52.8 51.5
% Males + Females - A o s
o Avg. : 52.5 50.8 52.4 53.0 ' 51.2
é . S.p.t , +1.3 +2.8 +2.7 +2.3 +2.2
é * Kept moist with Ringer's solution during dissection., Te\l\-ruw‘n@ S’nnm‘"“h L,
v 1‘_ $.p, - Standard Deviation. ' '
1
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Constant Temperature Shelter With Stimulating and
Recording Eguipment.

1)
2)
3)

4) .

5)

FIGURE 1,

Constant Temperature Shelter

Telethermometer

Stimulus Isolation Unit

Recording Unit: amplifier and oscilloscope

- pektronix Stimulation Unit
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’ FIGURE 2.

' Large Electrode Set

¢

SEE e

Sy S stimulating electrodes

2:

) b‘-.

g : _ ' : ' R: recording electrodes

The connection betweenvsé and the nearest recording

electrode, R, is a ground connection.
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FIGURE 3.
Tra01ng, from photograph, of compound action potentials

recorded on osc1lloscope screen.

Lower Tracing: action potentials recorded as
o impulses arrive at recording
.electrode 2.48 cm. from
stimulating electrode, S,,

Upper Tracing: action potentials recorded as
' : these same impulses arrive at
the recording electrode 4.48 cm,

£rom 82

A: Stimulus Artifact ,

1: Time Interval between stimulation of nerve at S, and
the arrival of the most rapidly conducted impulses at
- the recording electrode 2.48 cm, from 8,, the
“#inflection”, ,

2: Time Interval between stimulation of nerve at Sy and
~the arrival of impulses over the largest number of
sinilar nerves at the same recording electrode, the
an L]
peak
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