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lead prodices paralysis has not been

Those_iivestigations which have been reported

clinical and pathologic fiature. Recent

: contributions to the chemistry -and physioléy of Hinstular contraction ?
and of thc behavior of Tead within the orgarism- Have suggested rew
" metliods for further stidy ‘of ‘the-location and mes ]Mllhﬂ] of the action

of lezd on nerve and musck
this. paper are thc Fesult of thxs

. D0 Limemarexe . - S
- Am\onv the oldm mvestigators, Gusserow * was the fnsl tu obtam

isstic, and the exper nncms described in

ncwex k'm\\le(l'vf, e R

- ev:dencc sug| geau\'c of the thrcct amun of lc'nl on numle "He reported

“lof mbbns W sth Jead poisoning,

bl hts obseuanm wirs qucmoned b) -

,‘ Heéubel ¥ and has never been confxmcd These experiments, how ever,

, * From the Laboratory of Physiclogy, Harvard Schoo‘ of Public Health. ~
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1913-1914.  Fletcher, W. M, and Hopkins, ¥. G.: Lactic Acid in Amphibian
Muscle, ]. Physiol. 85:247, 1905-1907. Hopkins; F. G.: The Chemical Dynamies
SHill, A, V.: The
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J\Ll\ IKOFF-AUB—LEAD STUDIES o
drew attention to the pOSSIbl]!t\ that lead mlg,ht affect muscular activity. "

Muson ! is reported to have imniersed frogs in water containing lead
and to have produced palsy of the hind limbs, as far as could be judged

from voluntary effort and reflex response.  Harnack? injected lead

triethyl acetate into the dorsal sac of frogs and observed rapid exhaus-
tion of muscular contractility and, in a short time, complete loss of.
excitability. . He thought that muscle rather than nerve or nerve-ending .

e ma s I X T e

was aflected because direct stimulation of mmscle evoked no stronger

response than did stimulation through the nerve, and also because -

similar changes in muscular activity could be obtained with .curarized’
frogs after iijection of lead triethyl acetate. Since the toxicity of this
compound depends not only on lead, but also on the triethy! group,
these experiments cannot be, taken ds criteria of the actipn-of lead on
muscular tissue, -

One of the phenomena observed by Harnack in the musclés that he’
considered poisoned with lead was delay in relaxation after stimulation.
The same retardation of rélaxation was. seen by Cash,® ‘who treated
frogs with lead acetate. - However, his ‘work was entirely uncontmlled
and most of his positive results were obtained. at.a wapm temperature
which in itself may affect the activity of iuscles from cold-blooded.

animals. In well controlled experiments on-frogs, Mellon 7 detemmined.: .

the effect of lead on fatigued muscle. To fatigue the gastrocnemius of
ane side, he stimulated it for several days and then injected lead acetate -

inlo the dosal sac.- After excision, the previously fatigned muscle was -

able to perform much less work than that of the other side. All these ;

J

investipators suggested that lead produces a definite physiologic lesion |

in muscle tissue, - -

Dozzi * raised the question whether learl mwht not aifect lsolated
nerve as well as muscle. He used both nerve-muscle preparations.
{sciatic-gastrocnemius) from the same frog.and immersed one nerve
in physiologic sodinm chlgride solution and the other. in isotonic lead
acetate solution, In the nerve exposed to. lmd the excitability, as judged -
hy musenlar response-to minimal nerve sttmnl'mon duu.m-hcnl mirkedly =
-and 6 nally disappeared completély. These expesiments, howgver, ‘tan

_ hardly he considered of much value hccauqe thc lcmd solution was so -

4. Muson, J. J.: Lead Poisoning in I‘rn;,: N(-\\ \'ork ’\I )’ Tul'r 1877
wurted in Centralbl, f.-d. med, Wissensch, 16:486, 1878, - .

3. Marnack, E.:  Ucber die Wirkungen  des  Bleis 'mf den’ hencdmn_
Orcaniamns, Arch. f. csper. Path, u, Pharm. $:152,.1878, . - -

. Cash, J. T2 The Contraction of Frog's' Muscle After. \dmunstnt:o'
of Lead, Arch, {. exper. Path. u Pharu 5% (stipp. vol.); 623:106,- 1908,
7 Metlon, R Ro: “The Relation of Fatigue to I‘mal)ﬂs Lomhnlmn iy
Plinldam, Areh. Tnt. Med, 12:399 (Oct.) 1913 -

cecn R ded nervi motori, Sperimentali 661666, 1912 0 - T

[ Pozzd, Lo Stndi sullazione del piombo: - az.-me “del mmuho sulfa .7
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conccmmted (7/ my of lead “per cubic centimeter) ; “the- acidity,
"~ although_not meﬂnon'wl by- Dozzi, must nccessarily have been greater
than is physiolog IC, ‘and_ finally, the lead solution_contained no balancing -
‘ions,  This” sunmiary nuhcatcs that further knowledge-of the action
“of Jead on the Tuaction of the neuroiuscular system is needed, Somc
of the investigations in -this laboratory have suggested a means of
studying the suhjcu further. In experiments dealing with the effect of
lead on red bleod celis? it was found that lead altcxs the surface of the- -
corplxﬂde so that its pclmmbxhly to water is changed. Thc question
" arises, therefore, as to whether lead may 1ot act similarly on the surface -
- of muscle.and thus change its permeability. Various workers have
" studied the passage of substaiwes through the surface of muscle in both
directipns under difier eut conditions, an(l before describing our experi-
ments it may be well to review briefly some of their results.- Fleicher,*
Wwha stiidied the effeci-of fatigiic and rigor ob the intake of water by the
!cola!cd muscle of frogs, observed the development of marked variations
_of pcnm.ﬂnht\ from the normal. In his carly w 01]\ he also investigated
‘the carbon dioxide output of muscle. -
~ Experiments on the production and diffusion of ]aclrc acid have been
perfored on isclated muscles by Fletcher, Hopkins,® Hill * and
Meyeérhoff #*  In'determinatians of the dﬂluamn of inorganic phosphates
fxom muscle during rest ‘and -activity, Timbden and his co-workers 1
“have shown ‘that inorgaiiic pho~phate is an intermediary product of
glucose metabolism w hu:h diffuscs in increased amounts during muscular
'tclmt) Since thc quamm of inorganic phosphatc in the mu:,cle docw
not ‘inerease, the process of its fonmtncm is apparently reversible;
" Embden- 1hueforc concluded that e increased diffusion of inorganic
 phosphate Ts due_eo _greater ]\"llx)("\bl]h_\ of the cell membrane during

* L activity and not to the production of more phosphate,  Of the various

methods of studving the chatizes in permenhility of musele, Embden's is
the most smshctm'\ for our purpese, because of the ease of -determining
quantmtn ely the inorganic phosphate in solution ; it has proved valuahle
Cin studyving the effect of Imd on the permeahility of the surviving
ml{sclc of the frog. - _

ST 2= METHOD OF STUDY

The ‘lcc‘nm of tl 3 c\p(nmc-r-ts carried out in this kbor: atory was as
iollows :

o9 Ak C "Rr;'-x):t(nff"}“-; and Smith. B. E.: Icad ﬁu.dxcs L The—
Effect of Lead on Red, I!amd Coll< 3. Exper. Mad. 46:131, 173 and 189 f\u"\

10, Flctcher (fr\mn; e 1 sixth feferenee). -

- 11, Hopkins (footnate 1, seventh reference).

12, Hill (feotnote 1, cighth reference).
13 Meyerhoff (faturte 1, ninth reference).
14, Fabden ot al (Lo tunte 1, tenth and cleventh references):

DUP050332729



REZNIKOFF-AUB—LERD STUDIES LY/
Eoth gastroenemius muscles were removed {rom pithed frogs with as little

injury as possible.’ They were limdled only by the bone or tendon; they were
treated in exactly the same way, and all manipulations were as nearly simul-
tancous as the precedure penmitted. Each was placed in a beaker of known
weight, containing 15 cc. of Ringer’s solution,” and the weight of thé muscle °
was dctermined.  Both were kept in the solutiofn-through which oxygen was
bubbled constantly. to prevemt rigor (Fletcher). 1
at reom temperature, the muscles were raised above the fluid, carefully washed
“with Ringer's solution, and transferrcd 10 a second beaker. containing frésh” -
Ringer’s sclution. * This procedure was repeated hourly until the-phosphate
content of the soluticn became low and practically constant, ficr thiis stage
had becit reached, in most cases within two or thrée hours aﬁer excisien, one”
nmusele was placed in Ringer's solution containing lead chloride (0.05 mg. of -
fead per cubic centineter) and allowed to stand for ane hour at 30.C.; the
other was kept in the regular Ringer's solution wnder identical condmons. In
~ a few. experiments the muscle was exposed to lead before the lowest value was
reached, The muscles were then avashed and placed in fresh Ringer's solution -
hourly as Lefore, at room temperature The Ririger's sotution in cach beaker -
was analyzed for inorganic phosphate, corresponding solufions from the control
and “leaded” miascies being examined at the same time. In these determina- .
tions, a modification of the Bell-Doisy™ method was-used. .No preliminary
protein precipitation was necessary, and becanse !l!e quanmy of phosphatc

- present was small the results were determined more accurately in Nessler-
tubes than in a colorimetcr. The entire volume of fluid was compared with
standards whicli were prepared for each test from -stock .“blood. standard” .
phosphate solution. Relatively small «ifferences in ‘the- phosphate. content of - .
these standards produccd such marked differences of .color that there was an -
error of only hetween 0.0005 nnd 0.0010 my. of phospha!c for caclr readmg The.
Ringer's solution cdntaining lead was not analyred, bcc.msc the phosph.lte that -~
diffused from the muscle_combined with the Jead as an msotulx!c lead pho:pha[e

and could not be determined by this method. -

RESULTS . - . . .
“Refore the results of these experiments are presented in detail, it is- -
necessary to point cut that thetests were made at different times of the
vear,-whenever animals could be obtained, and that-therefore frogs of
different specics and of varying weights had to be used. - Consequently,”
100 much stress cannot be Jaid on an exact quantitative interpretation of -
the results. Flowever, the figures show definitely that the iffusion of y:
incrganic phosphate (mg. of phosphorus per gram of niuscle per hour) i
increases markedly after “leading.” s
four demonstrated this clearly,
15. The Ringer’s solntion contained: sodium chlo‘ xtle, 0.6 per cent; potas-
<ium ehleride, 003 per cont; caleinm chloride, 0.02 per eent. No phcqph'uc or
carhonate was adided because lead ferms insoluble ‘phosphate and carbonate.
The pu was kept at 6.5, since lead hydrokide ﬁrén‘pi:ates in dvore :ﬂkaﬁncj
solations,
: 16, I, R. N, and Doisy, F. "\‘f Wirpied (ulonmurlr \u-t"uds for the
Determination of Phosphorus in Urine and Blood, i Picl. Chom 34585 (Oct)
0, - . o . -

Contrel miiscles undéewent no such

el

After standing for one lhour .- —

Of thirty-five experiments, thirté- -
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“a relatively shight incrense in diffusion {olfowing

sfimulation in some experinents, but the diffusion curve follubed the
- swme course.as thut

in ¥leteher's carbon dioxide experiments, which was

-characterized: by-an:immediate rapid decline succcoled by a gradual
- decrease T the rate of diffusiom.  Figures 1 and 2 show gruphically the - | )
“results of two slu!\mg experiments in which the increase in the diffusion
“of phocpfnte 'mcr exposure to !cad is mml\cd SThe data from the

ns-? -

-7 so0k T - E - T

1]
Houry oficr gatision

U Fig. l—bilecl of Tead on tho rate of diffusion ef inorganic phosphates irem
" fwicle. The heavy line represents the rate from “leaded” inuscle and-the light
lisie that front the ontfol muscle. The arrow represents the period of exposure

ka!ulmn)

“to lead (D(h m;, of lead’ as Tead cl foride per s.ubxc centirieter of Ringer's

0200 |- -

© 0100

mg. P -
0150

.baso

oopo bt do bl 01 1t

S .-
Hours after excision -

= Fig. 2. E, ﬁth of lead (m the rate of diffusion of inorganic phosphates Trom

mu;c‘?c The heavy line r«prownh the rate from “leaded” muscle and the light -

Tiog that frow'the conirel mmdc

to lead® (0.05 mg. of

) solulmn)

thm\ four” poxitve’

The drrow represents the period of exposure
lead ‘as lead chlaride per cubic centimeter of Ringer's

experiments, eollected in talle 1. demonstrate

vaciations in the degree of rise in_phosphate diffusion; in the interval

betweeir the Teditie

mof lead and- the app(;u'zu‘cc of the maximal

increase; in the duration of the inerease and in the return of th:' r.u of
phmﬂn'r diffusion v the mink: Hum tewed,
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REZNIKOFF-AUB—LEAD STUDIES - 449 -
Tame L—The Diffusion of Inorgonic-Phisphate from L - .
- - Normal and “Leaded” Muscle® . R . . -
Cuntent of Ringer's Solntlon n Me. of Per Cont : bur.nlon ot h'\c!op- A bo- -
Phosphienis 11 Gig. 0! Musele 3ot Houe Varlaticn Incrensed  wont of - -
- v inXhorphate - Diffuslon from Muxi- Durs- . . - - -
.\(xr:\!mum Dif- l’.!li!l‘r o1 "Imndcu" Mosde 1oum  tfon” - .o - - . I
Minhauia fuslon from r ~Difflu- of L an LT -
. Diffu-  Care- “Leade)” Corres . - Coutrol Tetore Without slon Maxis o - RS Tl E—— _
Number  sfun swnd:ug Musele  sponding - Muscle . Retorn Ratwro after wum - ... . T . ot e .
of fyowr  Valueof after  Value of in CoiTe _to to *Lead. Diffu. Tl e A - -
Leaded"” Contro) Eaposute Comzol “Londed™ gpe nding\omnnl,:\onml. ipg,” #lomg .. .l i c e < . - -
ment  Musele  Mowle to lesd Musele  Muosele 'rirre Heourd }Iou's Howirs Houn_ _ - - -
1 0.002 0010 .08 0.031 OO w10 g T g T
2 M3 DRGS 0.026 0.0:8 +750 -~ .., [} $-.2_. - -
-8 0.5 .08 007 0.006 +240 9. .. 4 2" 2 - -
4 0.3 ne13 8.015 0.008 + 400 =40 PRTERPI B 8 1- -
H 0,003 0.004 .01 0,008 +20 +50 ‘e 4 3 a-
& 0.0M G007 0010 0.005 +150 -3 .. 4 2 1 -
1. .03 03 0.015 -0.00¢, +100 —-20 res 5 b4 8 B - _ . -
8 0.003 ooy 047 0.004 +130 o s 5 8 -2 - -
4 002 ¢.003 -0,008 0.008 = 4500 o e ] a 2. =
10 .00 0.008 0.014 0.006 +250 1Y ‘e 5 2 1 -
b 0.5 0006 o017 0.604 + 240 —30 4 . 3 -1 - - .
127 L 000 0.007 [ X0) 1 .08 410 +10 7 . 3 1. - - - - -
12 o000 £,009 0.045 0.009 +110 0 e 7 84 1 - - -
1 0,008 0.004 0.018 o0 . =130 +30 vaa 7 Gs 1. - - - -
13 0.008 0.00§ 0.010 DK + 30 —50 't .. 3 1 - = L. -
16t 0,008 0.005 0,006 6,003 =430 - —40 ‘iem 5 3 3 -, - N - - :
7 2,002 (XY 0.9 0.3 +830 —40 e 3 4 1 -
15¢ .001 0.002 0008 0.0n2 700 - . 4 % .. - -
16§ e 0007 0.023 0.005 +250 -—30 o 4 2% ¢ - N -
& .008 0.00¢ 0.0z €603 570 -0 e 8 4 ik 20N
21t 2,00 0.006 S 0. <200 - - .. 8 _ 8 -.- _
223 A5 0,006 nme T 0005 +250 -20 8 7 1
038 (2 0.3 0.008 0.003 +300 -0 e 7 0 g - - - -
et .3 0.003 0.031 0.0G3 +270 Q- 6% - 7 .~
258 .0 4,001 0.013 0.002 +100 B L. SR i e .. . -
23 0,00 0.49 .24 0.013 +120- 440 . .. -_. 6§ - 3 .-t _ o -
978 0,06 0.5 0,020 1.003 +230 40 ™ .. 2 1 T ) -
o 1,08 o005 0.0)2 0.102 -+ 50 -0 Tute % ™ 1 - - - - _
293 L CU- R X 0007 0.003 + 40 -0 814 % - _ 3 . -
a0} [ o00n 09 0.012 +220 +30 B 2- 1 - ’
_atg 0.2 0003 0473 0006 4050 —20- G 5 1 h
32 C 60 04Cg a2 0.9 +180 +10 4 4 . ° =
383 0.010 w06 o - 0 +140 - 3 2 3 -
AU 0.013 o.M 0.027 0.014 +110 -~10 4 4. 7.0 - - - - -

* Average Iperense of phosphate ulTuslon from “leaced”™ muscle, +820 per cent, .\\erage -
skerease of phosihate diffission {rom control niesele in cur'vrrmdluy perfod, =10 per ent, a .
i St macdial ot Jast deterraloution,
$ Musedes silmnlated, itiient stopped while diffuslon was mpximal. - : - : -
§ Museles gtimulated, St waxbinal at last detemination] o7 )
€ Museles stimunluted, - : .- -

Taste 2--Iucrcase of Difasion of Inorganic Phosphate . : . . :

- Jrom “Leaded” Museie * ST IT N To-

Per Ceitt Ipen
Less than I
Thhwan ¥ ol
lolweon M0 and
TIWE N S L
Htween 4% sl
Pefwreen Jav and G

- ngel

ce uflery “Londing™

30 yor cenf, Average -
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A summary of these results (table 2) shuws that the averagerate of
diffusion jficreased,; after: eposure to lead, 320 per cent above the
- Jowest value. I (:n]) thiee cases was this increase léss than 100 per

cent_ ]n nine experiments it was between 100 and 200 per eent of the
- minimum, 31 ten-between 200 and 300 per cent, and in iwo more shan-

1,000 per cent. - During the sane period the average rate of phosplate
difitsion from the control muscles decreased 10 per cent. Jn the com-
posite curve of all the experiments (fig. 37, the marked difference in
~ phosphate’ diffusion lsct\\cen the “leaded” and control-muscles is clear,
It should be poifited out that in some of the experiments (1cn) the low

,,-' value, before the begimming of the rise caused by lead,.occurred Jate and

that therefore the compo:ilc chart, showing the average diffusion for
each-hour, does hot give as good an indicztion of the degree of change
as-cin be obtained from-the study of the ifdividual experiments in”
table 1. The lengih of time clapsing after the removal of the muscles
“ from the Fead sotution before the diffusion of phosphate became naximal

= ) - mgP

- | ool

- 2030

o mw-Jﬁ, | EEN RO IOR VS DU S S S §

o 5
Housrs ofter excision . -

Fig. 3-—Composite chart showing effect of lead on the rate oi diffusion of
inorganic phosphates from nwscle. “The heavy line represents the rate from
the muscle exposed to Jead solution and the light line that from the control.
The arrow represests the period of expusure to lead (005 my. of Icad -as
lead chioride per cubic centimeter of Ringer's solution).
“viried {rom two (seven experiments) to eight hours (one experiment).
In the majority of cases {téh.experiments),the peak was reached within
three hours, Of the. twentyzseven experients which were continued
after the peak was reached, eightéen showed a sustained maximal difiu-
sion for only one hour, and six for two hours, In the other three, the
diffusion nm'uncd maximal until the experiment was terminated—three
hours il two casés, and four and ore-half hours in wne case.- In only
four ‘experiments did the eate of diffusion return to the low control
value durfng the conrse af the observations.
not returi to its originad Tow Jev@l even nine and one-hali hours after
exposure to lead.
Factors other than exposure o w'x! may alter the rate of plesphae
Injury incresses the ])Cnlkalnl 1y of musecle o anarganic
phasphate; bt in this serivs ol experiments the vesuhs oltained in the

In one-case the carve did .
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I\L/\II\OI'I'- JU b'—-LL A0 STUINES 451
controls indicated that lhlsy was ncghglble. That :tluml tion increases
the rate of diffusion was shown by Embder; bui the degree of increase
is never of the same magnitude as that caused by lead.
experiments with nurmal muscles, stimulytion increased the diffusion so
little that the figures nsually. fell well within the Timisof L\pnmm‘ntal
error, Incre.uu of between 0.001 and 0.002 mg . of phosphorus per ~
grant of mugcle per hour followed only eight of - 100 stimulations ; and ™
enly onee did the ontput increase as. much as from 0.008 10 0.016 mg.
In this cace, stimulation was so frequent that rigor pmlml:lv resulted;

, - hi mést of our experiments, rigor, which of course increases’ the rates

of diffusion of phosphate markedly, was avoided by providing a“constarit
supply of oxygen and by preventing undue Iatigre. \lthough the vela-
tionship between rigor and the muscular changes ciused By-leadd caniiot
he considered in detail here, it will be of intercst ta vemeniber that rigor
is supposed to be diie to the acid products of fatigne. Fxamination of
nruscles after exposure to lead demonstrates that they dre shrunken, of
subbery consistency and lusterless—in f'ut compqmb]c in appc'uance
to muscles in- rigor. -

- Other observations mcrit mm:(lemtlou. 1t a ‘lcndcd" m_usclc ‘8

treated with smmonium .\lllphldc and examined under the microscope, all: -

the lead appears on the surface and none can be demonstrated deep in
the muscle.  Another fact is also of intcrest in this connection.
_a muscle is c\poscd to lead, there’is a change in the reaction of the sur-

When -

~ Ity twentysnine <0

rounding sulutaon, in one case from p; 635 to 4.8; ina <cnond e\pena ol

meit to py 5.5, and in a third to py 6.1,
agrees with the resnlts of our work on the_effect of lead on red blood
cdla, which show that soluble lead salts unite ‘with the inorganic phos- -
phate to form insoluble lead phosphate with the liberation of free acid.
To determine the cficet of acid on the permeahility to inorganic phes-
phate, acid Ringer’s solution was added to muscles. - In one case in which
_ the py of the Ringer's solution was 4.5, the permeability of the treated.
muscle remained prnctlc'x!_l} like that of the control, but in twe experiments -

in which the py of the Ringer’s solution was 3.5, the rate of phesphate

diffusion increased markedly-at once.  The maxinnmi increase wiis brief,
“hut throughout the experiment the rate of diffusion remained constant
and did not decrcase as did that of the control. Tn one casc it rcm‘uued
twice as high as the_original rate before exposure to acid. 'lhe maxi-
mum increase in diffusion due to acid was 140 per cent in one of tho~e
('\pcnmcuh and in the other 520 ¢ per cent. Th]a ‘type of e\pu'lment
_however. is not comparable te tiose in which th e, muscle i is exposed to
“a lead salt. for inthe latter ackd s produced in the tisst
and the buffer phosphates must he diminished _!;\ thcn lntu.u o
lead. These acid experiments offer further e
salts act on fsolated mmscle (he reaction g pre
that denamstrated with red hlodd eells. '

Such an increase’in -acidity

e

1
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Such o striking-change in the permeabibity of the surface of musele

phospliate suggests that lead may have a demonstrable
un ﬂuvawnt) of isolated muscles,

To_determine this, experi-
ere perfomied in which perve-musele preparations {sciatic-
gmumncmuh) were removed from pithed frogs aud placed in Ringer's

. .. R o solution in specially construdted chambers,

- One musele was exposed
“to lead (0.05 g of Jead per cubic centimeter) and the other-was kept
in, Ringer's sqhmon as’a conirol._

They were stimulated both directly
B - - . - and thirough tlrir nérves, and the rate of onset of fatiguc and the degree
S .ot s TRt of recovery, were noted, The appavatus iHfstrated i figure- 4 was

. T e e e T (lé\'jsed for. these procedures,

PR ) T T an 4 \cnc-nmqk stitwlation 2nd diffusion climber,
- . A . . The musclu is attachéd by the Achiltes tendon 1o the platinom hook o,
- “which s fastened to the bottum of the oxygen inlet tube-8. The chamber itself
. . " made of glass, is 8-cm: bigh and 23 om. wide,  Abowt 2.3 om. drom the top two -
N : - ¢ glass tubes, €, € (4 . in diwméter) are sealkd into the wall of the chamber.
. Through these, platinum wires run into the chamber so that when the tubes are

. - N filled with mercuty they may serve as stimulating clectrudes for the nerve

The oxygei inlet tube rijns through the cork. 2 which is held tinnly agé:mt the
chamk‘cr E by means of a heavy screw clamp £

Wound ahoust the platinum
nd the oxygen inler tube is @ fine insulated awire which permits the

i the muscle stinmdating clecirndes. The ather mmscle
s.0f a platindm S-shaped hook run through the knee joiat--
- and mm:ln.rf 1 one end of a fme copper wire which has been made satt by
heat. 0

The other cud of this wire iy Gustened to an ordinary mupscle lever for
Tvevording nuscabiey conmtractions. At the bottem of the

muscle chamber a
stupeock € ix itserted, throveh which Ringer’s solution mav be admitted and

clulmdc curisis

_ o oremoved by gravity prossare, With il an apparates, the niosele mias be eog
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tinually bathed in Ringer's solution which can be changed a1 regular intervals
and through which oxygen may be bubhled constantly,” so that both the rate
of phosphatc diffusion and the characier of muscular coutractions can be
readily determined. B

4rol and the other for the *leaded”
nected in series so that” buth nerves_or both mscles we
simultaneonsly by the same current.

.

In each (.\pmmcm two such chambers were used nm for 1he ~CON< T,

regulation of the stimulating current in the different experiments. -

muscle.

T ho. eleun W

weré con<
¢ “stimilited

This pcrmlttcd direct and “con-
trolled- comparison of the two muscles, and made unnuc:mr) -an exact -

The

r‘.cordmw levers (the .ordivary straw variety) were of equal length;
they were always afterloaded, and were usuaily \\(‘lghud with- from

3to 10 Gm.

In any given experiment_the same. weight' was applied to

both levers at the same distance fronw the fulerum. The s‘txmulahnz,

electrodes were attached to the secondary post 'of a standard stdent’s

induction coil.”
regular intervals.

-\ metrononie made and broke the primary current at
In the sccondary circuit a rocking key, which per- -

mitted the current to he switched Lo cither nerve or nmnscle, was inserted.
In almost all experiments the stimuli were maximal, and in every case
control records were made before Jead was added. Usually ncrve and

“leaded” muscle became fatigued rupidly.
regain its normal condition,

muscle were stimulated alternately. )
Thirteen experiments were_performed with tetanic stimulation.

In :. T

eight cases the control nmscle renmined in good condition, althongle the

“was determined hourly (fig, 6)

follows:

a.m, -

S:58
_-9:48
9:50
9:58
11202
p.m,
12:08
12:12
12018

12:24

12: 38
12: 48
1 3R
3
12
: 38
S 02
123
: ‘%l

o i iulvlq-

s
w
lb

“In sixth Ringer’s solution

In most experimeits it did not

Figure 5 illustrates one experiment in which
_ the muscle was stimulated divectty and the rate of phosphate diffusion

In first Ringer's solution
Nerve stimulated, }

Muscle stimulated, 2

In second ngers solution, 20.3 C.

Upper muscle in Ringer's_solution, lower in lead ~nluuo». .31

In third Ringer's solution, 209 C,

Muscle stimulated, 3

Muscle stimulated, 4

Muscle stimulated, §
In fourth Ringer's solution, 208 C.
Muscle stimulated, 6
In"fifth Ringer's solution, 209 C.
Muscle stimnlated, 7
Muscle stinuilated, 8:

Muscle stimulated,.
Muscle stimulated, 10
Muscie stimulated, 17

Remnced to sinth Ringer's solution, ""1 ( -

9

A description of the experiment
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Fig: S—~Muscufar response (o intérmittent tetanic stimulation before and
‘after “leading™? €, tracing madc by the control muscle; L, tracing made by the
“leaded” muscle {0.05 mg. of lcad as lead chloride fier cubic centimeter of Ringer's
solution). The figures fudicate the periods of stimulation; the crosses represent
readjustment of the after-loading of the muscles.

- L 14 _ :
. oo- - - - .
o] ) : _
- ) 0400 4 - Tl
- - £330~ 7 ) ° = —
- B0 - e _' - -
B R - mq 1 - ’
] wal [ JL
- : - . wek Cemy 4 - -
- 0053~ ) - - - -
mj(..l—l_l—-l--l-.J—-J-— . -
S . - Naury atter Lac-mn

Fig. 6—Variations of the rate of inorganic phusphate diffusion irvm vormal

- and “leaded” muscles during retanic stimulation. The heavy line represents
the rate from the “leaded” muscle (0.03 my. of lead_as lead chloride per cubic
ceutimeter of Ringer's salution) and the tight line that froms the contral musele.
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- This experiment demonstrates  several interesting  facts-- *The
“léaded” muscle_became fatigned much more rapidiy than the ¢mtrol
(3and 4) and failed 10 vecover (3}, Apparently kead alone cannot
cause immediate injury to the mnscle, for the “leaded™ muscle gave
excellent initial contractions after removal of the lead-Ringar's solution
(3}, but fatigue fallowed a series of .such éontraétions rapidly, ~ This

ceenrred in all experiments and demonstrates that he action of lead on

i - - N ',?, s

tig. 7.~ -Muscular response to make and break stimnlation: 1. the tracing
macie by the “leaded” muscle (.05 mg. ©f lead as Jead chloride per cuhic centi-
meter-of Ringer’s solution) : C, that of the cantrol,

muscle is manifested only after musealar activity occtirs.  Comparison

of the diffusion curve and the musele tracing shows that the greatest -

quantity of phosphate diffuzes during the first, sceond and especially the

third hour after exposure to lead (thivd, fourth and fifth Ringer's salu- .
tion) whenthe ninscle is moest fatizued, The slight return Of contraction -

evident-at 9, 10 anel 11 ocenrs simaltanconsly with a decrease. in the it = :

of diffusion, - - T ) T
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S ST T a6 RCHICES. OF NEURQLOGY AND
o .t e nfiveof thet hm(m experiments, no difference i the rate of (nset
T of fatigne in (e ¢ontrol and “leaded”™ muscles could-be seen. In these
. - cases lhe ninscles performed an excessive amount of work, and rapid
oo < oo o= fatigue ensted. T Innohe of these tests, huwever, did tlie contr ul mnsde
fatigue more sapidly than the “leaded” musele. - -
. “ Since control museles seciied to be fatigued so readily mlh tetanic 3
i - - stimulation, a series of experiments (ten) was performed with make and
. break stimulation, “The results showed definitely that after awinitial peviod -
) ' “of sustained uniform coutraction, the “leaded” muscle became fa.txrrucd

much more rapidly and compl(td\, and recovered with much greater
B . e difficulty than the control in every case,

]‘S)'Cl!l.-i'!'l\’}' :

Figure 7 illustrates one’ of -
these experiments, in which the levers wére weighted with only 2.3 Gy,

2.5 Gm,

50 that an excessive amount of work was not performed. These investi-

T - .7 gations, therefore, indicate that 1éad interferes markedly with the func-
) ' tion of isulated muscle.  Stimulation -produces fatigue much more
rapidly after expusire 10 lead, while recovery, slight at best, in “most

'
\

[N

cases does not oecur at all.

- EFFECT OF LEAD ON NERVE -
newritis as well s of the occurrence of pathologic lesions in peripheral
merves, the-impression is prevalent that lead acts specifically on peri-
pheral nerve. The only experimental study of this problem reported in
the literature was made h) Douzi and has already been shown (o be of

~littde value. “Fhe action of Jead on isolated nerve has heen investigated in
this Iaburdtm y By-aeans_of the Advian ¥ narcosis chamber.  In these
- experiments the' standard- procedure wis to excis¢ the two nerve-muscle

preparations of a -frog, place the sciatic nerve of each in a warcosis

chamber, and between the point of stimulation and thic muscle to treat
_one with -normal: Ringer’s solution as a control and the other with a -
ngcrs solution; of thesame hydrogen ion concentration, which con-
tained lead chloride.’ - The muscles were placed i moist chambers, and
the nerves were stimulated by the electrodes of the two narcosis cham-
bers connected in serics. In four experiments the couductivity, as
judged by muscul” responise, was exactly the same in both nerves. In -
_oie of these the stréngih of lead used was 005 mg. of lead (as lead
_chioride) ;per cubic-centinieler of Ringer’s solution; in two, the concen- -
- tratione wag 0.5 mgy and”in the {fourth the nerve was treated with
023 my. of Tead. per cubic centimeter of Ringer's solution for one our,
Jand then fur another heursvith Riuger's. solution cnuhumng 046G my.

- per cubic contimeter, the Twgest quantity soluble in Ringe
of P ;.

v

s solution
Tu none Q‘ these experitnents wulrl any diffierence hetween

17. Adrian, . D,

and I.\tt1~ "Ko: Ow the Sunmation of 7 rn]uunu) Dis-
turbances in \H’\t and Muscle, ] Physivl. 44:08, 1912.-

_ Because of the clinical designation of lead palsy as a periphtrai

pDupP
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- - g i -
the conductivity of the “leaded” -and contrub nerves be detected.. At | 2
i the end of the test, the nerves were always placed in.a solution of - o -
- - ammonium sulphide to determine whether there had actually been a - B T LK

- -~ nerves indicated that this had occurred,  As far as can be judged from

deposition “of lead; the invariable -black discoloration” of the “leaded”

this work, therefore, lead produces no decrement in_nerve cofduction:.

To cheek these resilts an attempt was made to detérmine the-action
currents of both nerve and muscle as a delicite index-of: funztion by
the string galvanometer, Jent by Dr. Alexander Forbes anil Miss -Anne

Hopkins, who assisted us in-these experiments. - In one- of a pair of_

nerve-muscle -preparations the nerve, and in the other the muscle, was.
exposed to lead. Bechuse 4 great number of stimulating and leading-off

clectrodes must be placed in a small space for uch work; there was-
great difficulty in avoiding artefacts. Further complications were fitra- -
duced by the necessity of performing all maniptitations” simultaneously -*

un both “leaded” and control structures. In one test a-distinet action
current was seen in the “leaded” nerve,-but not in the “léaded” musde.-
This experiment was, however, wnsatisfactory Decause both muscles
were not fatigued at the snme time. Anotherexperiment-in which this
defect was avoided demonstrated distincetly-that after fatigue the action
_current of the “leaded” muscle diminished rapidly and soon disappearcd-
entirely, while that of the control muscle returned to -normal _within a
short while and persisted until_the end of the experiment.  Siinilar,
undiminished action currents were obtained -froni both: normal. and
“leaded™ merves. Thus, the distinet inhibitory-action of lead on isolated

“muscle and the lack of deleterious action on isolated nerverare:copfirmed. -

- © PALSY IN VYIVO . e L s

-~ Tn the explanation of lead palsy, as it occurs infife, the-experiments
already described serve merely” as preliminary™and: simggestive. observa- -

tions which-must be correlated with the prodiction of palsy ‘in living

animals if they are to have any important practical significance. ~The- . .

ample evidence that, in life, lead paralysis dévelops in muscies that are
- fatigned '8 links the problem of lead palsy with the chemistry of ‘mus-

cular fatigue and snggests a method of inveatigation inintact animals. |

18. Meyer, M. : Die Elekirizitat in ihrer Awwentimg anf prilktische Medizin,
Berlin, 1854 quoted by Weill . Mochius:- Ucher cinige_ungewphnliche I"ﬂlc
von Bleitibmumg, Centraibl. f. Nervenheitk, 1:6, 1886 auoted by Stieglitz:

Fine experimentele Untersuchung neber Bleivergiftung mit_besendere Beriick- ©

sichtigung der Verfinderumeen am Nervensystem, Areh. f. Psycliiat.-24:49, 1892,
Weilt, G Zur Frage von der Lekaliztion der’ Bleil ¢
Strasshury, 1892, . Fdinger, L.
von Nervenkrankheitan, Wieshaden, Fergnionm,-190&8:p, 67 Teleky, T.

- Kasuistik der Bleititnumg, Dentsche Ztschr, f-Nerveph, 873234, 1909,
.0 Lead Poisming, Tondan, 1. KL Tewis, 194 p 148,

ithmung, Tnaug. Diss.

Der Anteil dep Fonktion an dee Entstelumg, . oo .
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’ S s © Attenpts were ninde o produce palsy in the frog.  Lead was dinjected
- freifiently into-the dursal sae, and one leg was fatigued by intermittent T -

'
'
§ oI

o T © T stiimtlation over the-sciitic nerve for Several days. In mwst of the ’ R
. Soo = Tl e experinients Therewere 1o differences between . fatigned and control - -

- ST e T ST e=t o miscles and whensaiy “dierence could be fountd there was always a - z
L oo -t L so. st i question of imjury To-tissue. © There are two objectiuns-to this methad 1 B, _:

- 07 T ST e oe JLeu fiest) lead saltsmadministered-subentaneously are precipitated at the site - - =

- L s ... ofid m)cclmn -and are therefcre only slightly and-slowly absorbed ; second; - -
’ e ’ . - + - the mere- respouse te “electrical stimulation probally results_in-neuro- . +--
. e . : _7 7« muscular: junction fatigue without necesgarily cunsing fatigue in the -
Co T T e e T " muscle comparable to that obtained by lifting weights.
- .7 . Conseguently;an.attempt was made to produice poalsy_in nmmnml; -
) T b}— fatiguing the extensormuscles of one limb by. voluntary cuntraetion, .
R At ﬁrst rabbifs weré tsed, but they did not prove as satisfactory as cats . -
T - o oo om0 s v which Jater were used _cxﬂ\xsnel_\.. A lead carbonate suspension.was 7
- i B S © .- injected-inte the huwgs of some animals through the vaches, and others ’
i TR e T e - were kejit as controls: In order to produce uniluteral fatigue, weights -
B R A ; varyig {roni 76 to 100.Gim. were attached with adhesive plaster tu the -
) T R " dorsal surface- of the right forepaw of all animals. These rested on - -
_ T e Tt e eotton pads;-and since they apparently did not-disturb thie animals they . 3 =
I ST T ~ " wefe removed only to allow ‘oecasional inspection.of-the limb.  The ani- - :
; el o © 77 mals -were exereised daily i a revolving dium {lent” by Dr. M. ] - B
’ Co - R Rosen-m) 1o produce @ marked (lepec of fatiguc in the extensur nwuscles
i S L of the right forepaw by constani raising of the weights. When a dis- T
- - .7 tinet difference between_ the weighted Hnb and the other beeame

1

l

i C.t - o-uT: -appavent, the animals were allowed o rest {or twenty-four hours with -
el R B - the weights removed. - Then, under urcthanc-anesthesia, the musculo--

- - < T 7wl - spirdd neryves (radial) and the extensor mwscles were exposed and sub- )

.- T U7+ omitted torvarious physidlogic tests. The threshold of these wusclesto” © - -

coen D0 7: 7T o e U perve stimulation, and iy seme experiments to direct stimulation, was i

Tiat Eeols=l o Thlo. deterinined. sAtiempts also were made in some cases-to obtain action

Tttt ene-o - a2 -0 currents, and-to demonstrate differences between the degree of fatigue Tz

i } L in the weighted and uvnweighted -muscles following stimulation, but _
Tt TR e becauac 0{ mﬁ'm.hme inherent to the esperinients, these usy alh -prowd

IR KR

ni .nll e\pem‘ﬂmt: the electrades were connected in series, — -
dL: were atmml.\lul cqn.l]l\ ml(] quull.mcuthl\. ) )

i

|g - mpull_\, and

el i el ET veeks s‘lh'ch-d:distixfct lmd lines and: becanw easily - .

. - Ll e EEEET R iahguerl by’ c\cn'wé The” weighted foot showed  distinet sivns of - )
- - ©or T wéakness after about 1wo weeks of exercise-_ This wits manifested by - i

oo T o o difficulty irf extending the font when the weiglu had heen removed {or - .

) o _— ) twenty-four rmrs, and was espeeially marked i the andial was hodd - N S
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by its neck and permitted to reach for the top of a window ledge. Some
of the animals imped decidedly in walking. When the weights twere still
attached, the contrast Detween the “leaded” and. centrel animals was

even more smmer Those suffering from “plumbisur could not. lift the-

weighted paw without great effort aud then only with the aid of the

upper leg muscles, while the control animals. 1if tcd bofly p'ms with cqml '

case. After the animals had been run in the drum, tese différences were
accentuated, The “leaded” cats tired much more quickly and to &
" greater degree than did the mormal animals and exhibited a stidking

L'mguc of the weighted limb, which nsually-completely- prevented exten-.
_sion of the paw, They took sh orter_steps \\-uh:thc welghtul lunh

TanLE

3 —Threshold Dyh‘nniun{imrk

R;q _bIg f_4’é‘9~

"7 fircstiold St

-Position of S)f*;uqbdurl Coli. A_'

- P - Vollage of - -, 3 v
- - - Siimulatiop - Primury Stimulation? - :-Left Siae, 42:;.-!:! (\\'ﬂghted) "
- . _of _ Current with -Cm. =~ - - Bide, Ci

- Nerve - 3 Break: TIUEMe o nE RS L L

- - - - Xerve - § - Hreak L 85 R

N ~ - Muscle S ] Break~ - B
- - Muscle* - e Beeok-. - .
Mescle s Breuk— -+ T

- *Duoles of FISODdﬂX) Teverred.
t The Jower the figure, the greater the current,

Taneg 4—Threshold Determ

I N . - uemun of Srcondaxy Coll -
Voitage of .

* Sthnulation Priwary - S(imuluugn‘
of Current with' - Cm.
Negve 3 DBreak
Muscle 8 _ - Brcnk

protocol 5. The threshold expermmnts,_
‘rabbit and its control and on four “]c_'xg_
the “leaded” cats, one showed little |

“weighted paw before the experinment: - (‘nc chcdm L(m\pl (‘nA.md thrge”
of inanition hefere differences bct“ccn lhe \\‘clgh‘lul and nnwmqhmrl
fimbs sevmed sufficiently -nmarked to warrant_a rlac:mm.mnn m‘ thc:r -

thrcdm]d\ “[wo animals (hul during thc npcraum

- metecors -
Exreriyext 1. . el Loe

Rabbit 499, “Leaded.”—TLead catbonate was nuu‘lvd Jmmlr‘u .1c’.’iﬂ;\"'ih'r§é

e, Two hundred milligrams of 1ond cas Yend giv
the stomach tube five thmes. -The \\ugh( :l\l'lchuf 10 1hc n--ht i'mqvm “was’

Tt o Gme Tleshold: sﬁmu:ul "

It“@‘dr.. ﬂ‘zhf(“efgh(cd) SE
TeOm... L Side,

f

by

-
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AND J’:{)‘('H!J'I'/\"
. a o T LT 60 Gm. ']hL .mu‘z.zl \\.xs ron in the, drum dor fity-two_ dins (7.3 miles),

L . - . Aburked” \ll{l]lllll"'\lf lul blowd _tells was present during this pnrivct
. e T . ~The acrve ‘was tou

T .- datigue record wa

liirt !u permit the recordimg of action currents.
rited, us the animal was in too ]»oc:r condition.

Rabbit 493, Control=This .mmml \\as lrmlcd in every- way like 489 except
- s zhm it received no.leads -

No

R . -The “maost striking” féu.l_nré ybf“this_ experiment *is the similarity™
- TS s between the thighold of the wnweighted imescle of the “leuded”™ animml

and that of both anweighted and weighted nmuscles of the-vontrol, when
. - - stimulated by nervé with wiiform-curient.’ In the Yleaded” ralibit, the
- : Ahreshold of the weighted. muscle to stinulation (hroiigh the nen® wus
. T much Highert . There 3§ the same relative_ difference Letween thresimlds
- - R — vwhen blmuvl wion s applied disdetly to the muscle, I the euntrol, the

stight difference between the Tive sides probably” faits within the Tits
N - Lo- of Rorhl \an'npr.m. The cI;fﬁmh; of applyi u\g the_uxuack efectrodes,

. - ¥amk S—Threshold 5] Rodial-Nerves and Brachivradialis Louz,m
) - T © 7 Muscles in Cot 450

A Threshold Stimulusg _
. . LT " Position of Secoudary Coll

_ - Vaitage o " " et slde Rig] N
- o= - - __ Stiuralution Pshnary - Sthuldion - 5 (\\'r.lgfnted)
B Z - : = of Lurrent: < wigh -7 Gn Rotation’  Side,C
- - - Nerve . - & - " - Breek. n
. - R _ R Musele - 4

& deprees -85
At - - break — oons -

. however, to t\dul\ murap(mdm;, pnmta of- the umsdu detracs from
= ained from x.msde \\mm] wion,

the \aluc nf the rest

3 s i

o . ' (042 mlks) The bod_\ \\cu,ht W irum 22 to 23 l\L "lhc \\cig.,ht was
, C R -. _changed 10 100 Gur: énd the antmal'wus run for two days (018 nrles). The
s s o ) \\'ught.uac again-changid-to: 60 Gar"and the animal was run for five days
s). The body weight 4vas 2.5 Ky, One hundred mnl fifty milligrams of _
o Lo e aiven by stomach tulic fwice. With a weight of 80 G attached,
- T the animal was run for five days (073-milesy. The body weight was 25 Kg.  _-

: = The total length of the run-was thirty-five_days_(4 miles).

. - - ) As the animal became uncons
- ST . forepaw was luld c_omphul\ fles

mu; undur vivthane anesthesia, the right
A attempt 1o, fecord action unnnh {wm the nerve and musele of cach
lxmb 1\ro\cd utiuccedaiut- hocauie vl artefacts
Cmm e s T BE g tosts.

ﬂm spedled il preparation

Cat 492, Controf.--This avimal was treated i every vay hl\g BN exeen thit
- - “no fead was administered.

Undermanosthesin both forcpas s were_equally setive
E “and were held in the sane position, -
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Since the threshold for stimulation through the nerve was the same on both, : - - ) -
- sides, stimulation was nnt apphcd directly to muscle. - - o oL -
- In this-experiment the difference between the rwht (\\ulth\ul} .md ) . . _
- left paws after exposure to Jead is similar to that in the c\penmcnt S : St } - L
-~ 7 with the rabbits. The threshold of the -left, un\\-mum«l ‘musele is. T I IR T )
apparently normal, similar-to tlrose of thé CUntrol cven after cxlmure R T - z
to lead. R : - i - - -
} EXTERIMENT 3. ) - T - - ; - =
- Cat 115, “Leaded ”—1ead was giverr mlmtrache i om:e. The w el!,lll placul SR e T - A %
on the right forepaw was 70 Gm. The anmml was e\au' ul in_the drum fnr a I e e ) - N -
B s T Tamk &—-Thrft!mhf of Radml Neries and: Brmlnmun‘mhc ll)ﬂjm‘ sl T Lo B : ) ~ -
_ - b - _Museles in Col 49: SR L TR I oo - -
) - : T - [ ’ilm-sho!d ﬁllmu)ul _-_ T T S B - - -
- - . " Position 0f Sccondary Coil- .- e - R S - - - -
- Voltage of T Lefr side’ Right mnhmﬂ) ide - ¢ oo m 4T St _ .=
Sthaulition Primary f-nmu.ulon ’ At ~ T Tttt -
- " ot . Current with . ©m.  Rotatiun ¢m. °  Retstion R T S - . - =
- Xerve 4 Rreak 2Ts 5066 18 90-85- 3 - - S - - =
- - - - .- degrees - degrees _ o B - =
- : o _ - Tame 7—Theeshold Determinations-m Cat 113 - T ’ Co- - . B . =
. - ) T _ . ‘Threchold Stimulug ; . T S
- - - - . Pasmon of ﬂvcondnxy Colt - _
_ - Valtage ot - - !mn Side Right (We‘xmcd) S)r)e _ - - =
Sthnulation “Primary Stimnlathon _ - = - - =
3 Current with Cm, Rolatlon _ Cm. Rotntlon - - z
- - Nerve - Brenk 18 TE&degren 125 - - - -
Nerve 4 Break .08 85 degrees drxrrea :
Nerve 4 Muke and breax T, 18 <- -3 degrees ¢ .95 o - -
_ - - Nerve ¢ Make and break xa 43 degreen -7 1075 - CR g .. - -
N Mutcle -4 Brenk b ST 1.s.a:~_ ’“ -
Muzclz 4 Make andbrenk. . 75 R i -
z - Muscle 4 Make and break BE T . 35 i
- - _Mum}e - i Make nod hreak [+ R ~ - v -
- period of forty- two ‘days, dusing which xs rcstcd for .m int il af iburtecn B - -
days {ran 3.2 mvlcs} Body weight dunng this time_ 3 0 2.5' R’g. - . - -
T L and then-gradually rose to 3.1, __ ) ’ ) - :
Récords of action_currents conld - - ~ -
T \annnmcc was out- o( ordcr. - RIS -- -
- \hhnugh the difference hetween the \'cwhfcd ‘md unweighied _ - i e ) . -
- muscles is not as Ariking as in'the previous expet rintents; 3t wdistinet 3 - - oL ) - <
andeonstant.  As this animal had beeh exercispd 1m'_'__axn!;,__hg_e:g_n__\ S N L T )
- the museles were profably Tile fatigueds = The failore to demonstinte a7 ' LI Z
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L ﬁcrcncu in the fatigue ¢hwves of the fwo sides imay be duc to insuf~ - - )
T RIvoermE T ncxmi weight -on ihe muscles. _ - - -
‘ . C  Exvemivest 4,

- Ceat JO7, “Leaded”~lcad was injected intratracheally once.

. _ was run in the drum for seveuteen days (26 miles).

The animal -

One hundred and $fiy- = )
~ nul_hgraun of lead was ﬂ)m given by stomach tube on four successive davs ~

. ~-and 2 weight of 70 Gm. ‘was atl..chcd 10 the right forepasw. The animal was - : =
S R S ﬂm\ YUh dgain for: fbmhcn du)s (27 witles).” After the first administration of '
' _ Tead, the body weight of the animal fell from 25 to 2 Ko Just before the - . .
e, s -second administration the weight had risen to 2.3 Kg, bwt 31 again fell 1o 19
‘ .after. the Jast day.of exercise. The animal was. weak and in a poor condition

Phreshold Sihinulus - -7

_Positivir of Secondary Coll . _ =
_ - < : PR S S — . -
- . Time of ‘oNa re f - Toft Side -, Right (Weighted) Side . . T - -
T e : Stimulzlion summ... an ey CStinfaliation + e ——~ — A — _ —
- - - [ _Cu{_rr_nl . with RN Rotation Cul. Rotation -
- : - Nerv a2 Rreak 13 Todegrees - 13 - {5 degrees - T -
- - ~ - 2 - _Make and brénk 13 7 & degrues 157 5 degrees - - -
- - L Break 13 95 degrens 12 20 degrees _
- - 2 - Break 18 & degrend & degrocs
- —_— . 2 _ Make snd break Lo e -
- - .2 _ =l Preak e 43 depraes -
- e TR B -- = 2 Hreak - 1225 - . -
. -2 Break n _ - - -
- - - - 3 Break n - -
= - [ I B[ea}: ¢ .

: . S -
- T z o - “+Phreshol? Stinmlue _ _ >__ -
- - - - P - Pozitics of Seconduery Coif 1- To- -
- . s =0T Nolmge sl T 1ettSide - Right (Weighted) S-d« - ° B
) - Stimutation _Primpry Sthniilations  ~ A - - - - .=
B —- P i - S “ Curvent _ with - Cm.- Rolutron Ci. Rotation- - -
- - Nepve L L 2 Breu_L_, 18 T T degrees . 75degreer. - - 1 R
..t While wafking and while hccoming varcotized with urgthane, it showed signs - B -
- et .o distinet extensor weakuess inZthe right forepaw -

Becanse-the clectrodes could not be placed on cfufcqmndm parts of the = - -
—musc!u direct ‘muscle. stimulation proved wusatisfactory. The animal was in
- too pobr condition 18 give good achan Cu"clHa

1

) Cons\mn stimurati‘on x’atigucd - i -z
. - - ...the extensors of both ﬂ!du» easilsto - : - t : -
‘ - Car 119, Conl:o!—txccpt that this- amnnl rccmcd na Jead, ll was treated - l L -
) hke cat 107. . Lot it _ - i _
~ - t =
’ ..t e - The ease. \ntix Mmh 1hc mmdc: were fmx"uul in (hc “leaded”
e e »_amnnl aind thé ripid risc of threshold on hath sides are evidences that -

- the cirenlation of this animal was poor.  Nevertheless, the thresholl of - .
the right side was somewhat higher than that of the Jeft except fnr twe :
instances, when fatigue was setting in rapidly.

The constant’ thye=hild '
. in the comrdl is notewortly, -

- == _ = - === -
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REZNIKNOFF-AUB—LEAD STUDIES ~ 463
ExPERIMENT 5. I e .
Cat 131, “Leaded."—Lead was given intratracheafly. The weight placid’on ~
- the-right forepaw was 8) Gm. The animal was exercised fyr-a period of Aity--
five days (16 wiles). The body- weight-Telf from 3 to 18 Kg. _ This aunimal
used the forelimbs to a limited extent . in the drum. It sprang adross il¢ drum, i
exerting almost its entive cffost with the hind--limbs: As far as could be
determined from threshold and “action carronts; thcrc was no dnmnuuon m
the threshold of the weighted side. . R .
This animal showed good extenigion-of: ‘t‘lé_\\'cii'lné(l limi bcfure the:
_ upcrzmon, and theréfore the ahscncc of anyincrense i threshold is not

suiprising. In fact, it confirms .a _certain :Llanumlllp- hetweein _ the R

threshold of the muscle and its dmlm} appearance. . - S o

; - cmmzw - e

. The original purpose of ~these mammalin" upcrnnema Wwas not-
accomplished.  Our _object in this study vas to lotalize the lesion of
palsy by producm" paralysis and then to obtain action currents from
muscle and nerve, Only toward the end of the investigation, however,
was technic developed By which such action curients r'uuhl he obgaitied —*

without artefacts.~ At this time the “leaded” -animals were in a poor - ..

condition, and none were really fit subjects for such an experiment; It -
is clear from these ‘experiments, however, - that extensor weakness
follows muscular work. Both limbs performed approximately t]1c same
mavements, but the muscles of onc-had to-do more work hecause of the

- attached weights: Consequently,"this suggests that lead injury is c’mscd
by musenlar activity and fatigue.

Proper appreciation of ﬂwsc experiments reqmrca a brief comulcxa-
tion of the chemical relationship -between lead in the. body and the’
products of muscular activity, In this laboratory, hoth Fairhalt** and -
Minot *¢ have shown that lead is deposited in the hones as insoluble Jead
phosphate, Lut when mobilized it is-transported hy thie blood stream as
the triple phosphate. Any hodily change which téids to distirh the o

- acid-base cqmlﬂmum—-for instance, ac1d0515—-hhe1'1t(~c lead from the =
bones and greatly increases the qu:umty in “circulution®  This was
illustrated by the increased excretion of lead by hoili pmcm"’md a
“mals when they received a dict low in ca!cmm il were, treated with
cither ammonium chloride or acid.= l\cutc respiratiry inféction seemed ..
to produce the same results in animals.” Tead probable acts<n-ahis way.:
because the phosphate is veiy so!uhlc m 'mds c~p(‘ul‘|ﬂ\‘ in Lutu 'u.x'!

19, Fairhall, L. T.. and Shaw, Charlotté P:%
tim of Lead Salts-7. Indust. Tleg. 0.159 {
"0 \Tmr-t A. 9 h-nd <u.<i|c5' V.

lr:ul Studies ) X. Thc D(‘pﬂSl-
Aug) 19"4,
I

"i _\hmt. A S.. m'ul .\uh J .:‘-Icuj 'Slmlws: XIL. ’Hm \nch:nmm;
For Stornge and Excretion of Lead! to hespublished. - -+ - oo
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\xlndx is lvhcz.ned in Lu e am(n\mts during muscular activity, particutarly
. using: fatiguing exercise® -

throwglfouse lv undcrgam
cuns:dv:mhlc exieni by th
lactate, 2T

“Fhiefeiore, when leud phosphate cirewlates -

5 exercise, it must be dissolved 1 a
tie acid- .md thu.s be wmut d tu lead

)
b

'

U eecsgeme tee soooo 1 el a soluble Tead sak as the lactate cunies into contact with a .
Ce - JEE z-celly it can-tinite” withl thie inorganic phosphate present at the surface 2

o PR o= and-form insohible deid phosphite and free lactic acid, " 1n work already )
: - T oo ireported ™ it was suggested that the prcc!p)mtxml of thxs insoluble lead . _
- - - salt, which is accompanied by the liberation of free acid and the removal — ' -
- -of bufier phosphate, changes the collvidal state and the propertics of the ) ’ -
o T - oo redeed) surface, Phere is considerable evidence that 1l1is alse oceurs in

ST e o < mscle, < Clinical observation haé established the fact that the moscles
.. .17 paralyzed.ave those which arc 1most used

v
o

'

Foranr e

!

As far as is-known, enly- 1 - -
muscle and not nerve becomes fatigued; and experiments in vitro have o
o - %o ¢ demonstraied. that lead does not- interfere with the function of isolated - ) _
o .+ .- nerve, whereas it does greatly affect wuscle.  Fhis change in nuscle T E
o L. ...« _function ds-preceded by an alteration of tlie surface permeability, and - =
- .- .. it-is therefore probable that-lead- acts on musdle just as-on red blood -
L - - -rells by-changing the permeability of the surfuce. i

s o Thus these. eonsidérations afford 4 possible explanation of the ‘devel-
- .. o- opment of lead palsy< Lead istransported by the blood as an insoluble -
.~ .. phosphatc in colloidal state.-

In regions of muscular A;lcli\‘ifv—ﬂ]is is .;— -
d:ssol\ed y-the excess lactic acid \\lndx diffuses {rom fatwued muscle i
. -cells and-is cotiverted inlo tead lactate. As the soluble Jactate comes in | -
T e ; contact with- inorganic phosphdte at tlie surface of muscle cells, the lead ' P =
... .o . s teprecipitited as-insoluble phospliste—a reaction dependent o the - .
" _relative concentration of Jactate and phosphate. ; ’

.+ 7 CONCLUSIONS - -

1. Experiments: with isclated nierve-muscle prepacations from frogs
have shown that the onset of fatigue in muscles which hav ¢ been exposed
-0 S to lead ig-mich ‘more rapid and’ camplete than nonpal: -

: Le e e le contractnhty of “leaded” muscles is often completel\ lost, and
- - - T I'CCD\N’) from fatigue is atways mlpmred

) i -
. . 3. Wihen nuiscles dre immersed in Ringer's solution contaiuing lead, - i -
- . the “acidity of the solution increases markediy. g

) T Coe el 4‘ A change in the pcrme-\!nlm of the surface of muscle cell after

- - - T-.- exposure to Tead. is: videnced by an mcmdsu! diffusion of -ivorganic
E phoqphate f rui thc.mu:ch mlo thc stir 1oun(nn«r Pm«-ru s selution,

.- T -22. Riichie,’ AV L: The l\mttlou ai Resting and Active Muscle. I, 1‘.:,\'»30!.
. : 56:33, 1922 }»nrr D. P.; Wanwich, H. ¥ and-Green, R.-P.:
) - Physiology of Muscular Exercize, J. Biol, Chem

Studlies in the : -

. . §3:405. (March)y 1923, ) - - ) z
23 Embden and Laguer (fortnnte 1 tenth reference) =

‘
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REZNIKOFF-AUB~1.EAD STUDIES 463 P i -
- 5. As far as~amn be seen from” the response of muscle to nerve -7 - T ‘} n ’ -
- stintlation, Jead salts seéin to-have no deleterious action on the con- - i ) . .
ductivity of the nerve of an rsoi.ttul nerve-muscle prcparatwn from. -~ - ;» i i =
B - afrog. . B - N i T ) - =
- 6. In one experiment, records of 7 action llll‘l‘(‘lll< nl\cn from’ botn S T - _ z
"7 perve and muscle also indieate that lead acts on muscle anil not.on nerve. - . - .o ) =
.- 7. Marked weakness or even palsy devclops in fa!lguc.d cktensor T - T - - ; -
- muscles of “leaded” rabbits and cats.: This was manifested by great R L - - -
R difficulty in extending the forepaw. =~ . - . L i L - ~ - - L
B - 7 8. The threshiold of these weak muscles to ;mnuhnon is.much hxgher T E o
- thim that of unfatigned muscles or of the cnrrumnumg nmsc!‘s n. e E .- =
2 control animals, . . ¢ . S g T T -
B - 9. Neither lend nor fatigue alone cm'léesqmrs}", but 'both‘ are neccssaryf” S : -z
- to.ez-l.l blish the condition. ~This is indiéated by-experitents in vitro with - . - T . - - =
- : isolated nerve-musele prepardtions and- by -thessimilarify between the . < - . e - RN
B threshold- vatues_ of unfnhgunrl musele«- of “!e'zdccl” ammnls and-the -7 ... . D= L oot ’ - -
) muscles-of the controls.- . 3 TR R T T ) -
i 10. Such experiments indicate that the ph\\wlnuxc le;ncn’ of lcad,' L I PO : i -
. palsy is in the muscle itself and that the mmdc I s Cooe =
- - mest susceptible to Jead paralysis, 7 reee e LT ’ ) ’ -
- 1i. An attéinpt has been made to e\p!a'a Guncept’lbllﬂ ia leail palsy e D e e - -z
) an the hasis_of “the chemical and ph\'smlogu rnad:ona betwcen theio 7o T el DT -
: metabolic products formed during muscular activity and lead ds xt occms T ) -
in the human ofganism. - L A Thre Ta-nei ok i - ) =
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