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TETAI\IY AI{D THE P.ARA,THYROID GIANDS
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literature, one must recognize thal; a
been contributed on l;his subject, t'ut

been discussed from a physiico-chem-
the physiology of the par,rthyroids

ty as the other glands of internal sec:fe-
light of certain confim:ed observatic'ns

regarding thei:r phylogeny, '^re

but uncertain surmises as to th.eir func-
of parathyroid i:rsufiiciency, and

possessed of the view that th€ varic,us
o11 were among themselves ver:ir antaflo-

fear that such a view has inhibited ratlLer

; and when more obsetYations, such as
Rogoff,' have beeri maile, we find that
glands are one of harmony. In l ine wj.th

of differentiation and specializration of
tissues, it is easy to build a simple

geny of the glands. I wil l give oae ht:re

orLs which follow below according
e to our evolutionary scheme than

antagonism and because it suggerlts

on the Darathvroids should take.
all functions are carried on by

but with the ,levelopment and

ticeliular organism certain spa.cial rela-

according to the environments of the

{unctions are stimulated and others are

tal protoplasmic needs a.re present in all

relations prohibit the car:rying on

cells these become parasitic uPort

environmental opportunitl' foe pr11-

thus a differentiation i:e function is at-
Take a threeJayer-stage as ArrLphyoxus,

protective, the entodermal is quite

relation to the external food supply,
tissue: and the mesoder:rn remc,ved fr,:m

supply, need not develop a resistant
structure nor diff into a digestive structule, but oan



of the cell by
pressure of the

abolized therein.
Now with a

which have escaped f
into a1l boily cells as

thymus, parathyroids,
liver and the islets of

the cells o:f tbis gland
stance to tlte outside of

into another cell in which the partial
is less, and this partial pressure will

all body ceils. These substancelr difiul;e
as their partial pressuie in ther cells is

yroid, anterior lobe of the hypophysis,

pancreas developing from the prrimitive

differentiate along lines, thus becoming con.tractile or whil.t

not. fn ord.er to obtain supply it can remove from i ts tmme-

diate environnrent
the entoderm has

difiusible nutritional substances which
from the extern.al food supply.

Likewise the ectod layer can absorb and use those sub-
stances from its which the middle Layer elirborates.

The possibility for changes lies in the penneability of the

cell membranes to le substances as well as to honologolrs
Internal secretions then come into e).-non-diffusil51e substan

istence by virtue of the that cells selfishly manufacture difirr-
sible substances for own metabolic needs; but being; diffusi-
ble they get out of the and can be removed from the exterior

have a value depending how rapidlv the substance is met-

differentiation of the organism, up ':o

l,vhere the vascular
hold good and the

is in operation, the same ph,gnomerta

takes place through the lymph
spaces and bloo The fact is the glands of internal secre-

tion have the greatest supply of all the tissues of the body.
According to this the blood carries diffusible substancr:s

lowered by their And sihce the early environmen-

tal differential have determined a certain facility for
carrying oIr a certain a differentiation of function hirs

arisen. . Thus we o certain glands of internal secretion--

digestive canal, and h their disturbances of function a::e
dystrophies, The occasion may arise'accompanied by well-d

however, vrhere a very active for the ti:me beirLg, must
obtain more substance some internally secreting gland th.m
the blood supply to the
tissue may develop an

needy tissue ordinati ly carries. So this

which it sends out into the blood
' and which when carri through the certain gland of internal

secretion by chemical

of this gland. Thus

hooks onto the special produ'ct

nartial pressure of the secretion about
lowered and a diffusion of more sub-

cel1 occurs. The eland cell must then
elaborate more of this to maintain its usual cot|rtent.

In this way the of any gland of intetnal sec:retion is



regulated bj the clemand
hypothesis explirins the fo
ence in the highlY
diffqsibie substances
rest of the org:mism, and
ately used up as {ast as
quantitative. It is also
findings enumerated below.
proposed it is uecessary
and I beg to digress for a
nerve supply to some of
the development of a n

codrdination of all cell
as nerve control became pot
afferent amd efi,grent
had the same chance to devel

remains for investigation to

tive evidence in the p
deed a psychoneurosis can
activity of the igland.

The symptoms of
as depression with
take food or vomiting after

convulsions, spasticities
and hyperpnea The
with a resulting increased
producing characteristic
section of the motor nerves
but tremors and jerkings
bility of the myoneural

co-workers. ThLe hyper-iri
the visceral lerves is also

susceptibility to adrenalin.
tural changes in ParathYroi
dren in idiopathic tetany
parathyroidism, arid since
of the myoneural junction,

and spasms are exactlY
cluded that they are i
below, the same etiological

a fact which justifir:s the
occurring during

its special products. The above
well-confi rmed facts,-the Pres-
organism of glandr; secreting

to the normal metabolis& of the

the special products a.re immedi-

that is, their rear:tion being

to the discussion of certain
Yet since the hyPothesis has treen
it should answer all known facts;

t to explain the position of the
internally secleting glands. Before

system, the chemical mechanisrn of

ties was naturally the only one, but
tial, reflex trophic arcs with their
synapses, and modifYing neurones

as any other reflex arc. Althou€lh it
th€ir existence, we find affirma-

of exophthalmic goitre, where in-

proved the cause of the hyper-

MATOLOGY

d insuftciency may tre descr:ibed
twitchings and tremors, refusal to

doing so, jerkings, tonic and cl'onic
aiaxia, exophthalmos, tachYcardia,

nervous
on

system is hyper-irritable
of the voluntary musrcles

soasms. and convulsions. After

a part, these changes are abolished,
observable, due to increased irrita-
n, as $'as shown by Paton' anil his

of the myoneural junctio:n of
by their abnormallY lnigh

of the similarity in the Pos-
monkeys to that of ,:hil-

in man in post-oPerative hYPo-

mechanical and electrical reaction

the tremors, depressive coN'ulsions
in these conditions, it is con-
svndromes. As wilt be shown

is plesent in theser conditions,

:fhe tetanv and convulsions
and lactation,3 other lhan ur,emic



and hysterical, are also
drome because of the similarity
termination of pregnancy or

appear, and so it would seem
straiu upon the parathy:roid
per cent. of all wornen during
a subtetanic state, I have

delivered from a mother in

the carpal spasm, exop

wag's sign and Chvostek's
child were under the influence

which in the mother resulted f

than could be satisfied, as is

of the child restored her no

her catheterized urine is now i
normal in containing an ex

material and some 'rf t l te guani

upon later. As wil l be r;een bel

factor in the tetanies unde!

The pathology as L have
encephalitis with clilromatolysrs

parenchymatous hePatitis and n

cells of the blood'vess':ls, and

b1ood. No doubt many other.
of Wilson, Stearns and JanneY"
the blood preceding: the tetany

from the tetany. :Macllallum

calcium content in the blood
brains shows no such czLlcium

Many investigiltions have

real mechanism of hYPo
very different views reg;arding i

view of MacCallun, Voegtlin,

condition is essentiallY a condi

thev find an increased urinarY o
in the soluble calcium salts of

to argument, for it is difrcult

difiusible calcium content can
quantity of diffusible calcium
have excessive calcrium content.
sides on perfusion exPeriments,
animal's iimb wittL calcium'

,L:#;,H:,:il}: ffft''.;;
on the symptoms rapicliy dis-
they resulted from excessive

Seitz and Thierrys find 10
last months of pregnancY in
seen an infant six hours old,

tic eclamDsia, that showed
with Grafe's sign and Stell-

Evidently mother and
same etiological factor,

a sreater metabolic demand
enced in the fact that lemoval

metabolic balance. A study of

progress. It 'differs from the

ly large quantity of liPoidal
bases which will be rePorted

these bases are the etiological
on.

rptom,
of the

I'ATHOLOGI CHANGES

rted previouslyl is in Part an
edema of the cerebra! cells,

hritis, changes in the endotheliai
te-mortem coagulation of the

es also occur. The findings
show an increased aikalinity in

a temporary acidosis rr:sulting

Voegtlin6 claim a decreased

brain. Cook's' analysis of such

undertaken to clear uP the

idism. Two schools now hold
essential pathology. The older

and Vogel is that the

of calcium insuf&ciencY, since
of calcium and a dimunition

blood. This latter claim. is oPen

understand how a blood low in

to the kidneys so large a

the urine should continuouslY

They base their conclusions be-
ding that by perfusing:r normal
blood, and Perfusing the limtr



with blood from a ttltanY
iniections of o]:alatr:s cause

of precipitation of their
foilowing discussiorri the
show that calcium insuficien
etiology of parathyroid

The other view
based upon the lindings
of the presence of gr[anidin

tomized dogs in toxic quanti

idin isolated was 9.8 mgrm.
is variably 20 mgrrn. per kilo
alkylated compounds, methy

a substance which upon anal
idin were also isiolated. The
no doubt an effort at its

tity of guanidins in the

and since some must have

the body, and since the quan
the quantity actiive at death
symptoms of guanidin
tetany. These findings of th
by the work cf Paton,
Wishart' in theiir sttrdies on
and other animals, the

tetany in post-operative

studied the urine a:nd blood
following my methods of iso
of them of frorr 100 to 500

thyroidectomy an i:rcrease

also showed th.!t the e

tremors whethe:c bathed in

f rom parathyroidectomized
rvas the myoneural junction,

bution in guani din
and in idiopathic tetany

it to be the same in these
idin bases are produced and

indicate that t:his
pofters find the averiage
per kilo body weight in
days as compar,ld tc, mY

in three days. 'They consid

produ"es tetany therein, and t:hat
tetany in rormal animals because

ca1cium,3 As will be seen from the

of these later experiments
has little to do \Mith th:e essential

the pathology of this conditiorr is

ed by the r,vritera several years ago,

in the urines of parathyroid.ec'
es. The lalgest quantity of guan-

kilo body weight. The toxic dose
body weight. Besides guanidin the
guanidin, di-methyl guanidin, irnd

appeared to be amino-butyl guan-

tion of guanidin in this r't/a:i/ is

cation. Now since the total quan-

exceeded that which was isolated,

destroyed and some :retained in

isolated exceeded the toxic dilse,

no doubt lethal. Furthermore, the
are exactly those ol ParathYloid

author have been amply confirrned
I,ry'atson, Burns, lSharp, and

dectomy in dog;s, monkeys
c  te tany  in  ch i ld ren ,  and the

dism, These obser\/ers
content of the guanidin bases, and

on found in the urine an increase

cent., and in the blood after Para-
from 400 to 1,200 per cent. TheY

muscle of the frog shorved similar

din solution or in blood obtained

and that the point of action
Their studies on the nitrogen distri-
after parathyroidectomy in anirnals
post-operative tetany in man, slhow

tions. The rate at which the guan-

the intensity of the symptoms also

is the etioiogical factor:. MY suP-

output of 1.08 mgrm. of guanidin

with an average life of over ten
of 9.8 mgrm. in a dog which rl ied

this quantity excessive, but a nlore



raDid intoxication is to be

death, pointing to this Poison
therefore conclucle in

subject that the causer of the

of the central nervous system
In order to reach a thera

essary to inquire into the so
tion of acid and calcium inj
of this poison, arrd tlhe relati

the nutrit ional chang':s All

fact-namely, the occutrence

tomized dogs of lnethyl

from the urines of 47 dogs

exceedingly small quantitY

of the cyanamide and 2 grm.

methyl-melamine. I take this

to the guanidins, that it v'las

again refers to the :methy

detoxication Purlloses' as

The methyl cyarurmide then
stances add ammonia verY

idins. Several {actors in this

that a meat diet increases the
as Wilson, Steanrs arrd J
blood increases uP to the
Now during the metabolizati
protein diet or from the
groups are produced TheY

foim urea, an innoculous

salts, but in this 'condition

and as a result the alkaline
quantities of the cYanamide

the threshold fl(}ss 6,f the

velop, and, through the

tetany, the acidiitY of the

now join acid radicals, the
forming guanidi:ns. T'his is f

very poisonous, can be
. poisonous urea, or be

tions also exPlain the
that before tetany aPpears

after tetanY thr: anrmonia

The tetany then ser\res as a

to be followed bY an early

the etiological factor. We may
with my first report on this

is the guanidin intoxication

the myoneural junctir:n.

c basis for discussion it is nec-

of the guanidin bases. the rela-

ons to the Production and action

of the guanidin intoxication to

rse questions are answered bY o:ne

in the urines of Paral;hYroiderc-
de.s This substance was isolated

ter parathyroidectomy, though in

, 1.2 grm. of the Picrolona,te
the picrolonate of its polymer tri-

bstance to be the mother substance

in a methylated form simP'lY

facil i t ies of the organism for

in the case of the guanidins'

ts cvanamide. Both these sttb-

y and are thus converted to guan-

tnection are to be recalled: First'

ty of the tetany; secondly, that

have shown, the alkalinitY of the

I

,l
i

point, when convulsions occur'

of amino acids, whether frorn a

of the starving animal. ammonia

erally unite with carbon dioxide to

rnce ,  o r  w i th  o ther  ac ids ,  fo rming

have the cyanamides to unite with,

guanidins are formed, onlY snr'all

iping into the urine as such. When

dins is reached, convulsions 'ile-

t lactic-acid Production of the

is rarsecl and the ammonia r:an

es thus being Prevented from

since the cyanamides, thougtr

hvdrated, thus forming the non-

oi in other waYs' These observa-

of Wilson, Stearns and JanneY'
lr*monia excretion is lowered, :rnd

d lactic acid excretion is raisied'

cation mechanism.

i
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The relation of tihe calci
parathyroid insu ciencY is
of the Caicium Schooit finds it
administration does :not

question can be reaso:nably
In the perfusion experiments
drawn from the li.mb iLn one
were perfused thr:ough it.

calcium from ther blood by P
plasmic complex, qrith its no
valettt cations, has thr: bivalen

o{ the cell is increasr:d, a li
Swelling of the ce1l then

strate for fermetnt a,ctivity)
waste products out ilf the
intracellular fernxent activiti
rate correspondirrgly qui
acidosis, Thus tlire cr:lls of
increased carbon-diorride b1
impulses to the respiratory
spinal cord, untler the
stronger impuls€s a great
osis, muscle cell:i l ikr:wise
and in this way calcium wi

Administration of calci
water in l ipoid phase of the

permeabil ity of the crell, and

depressed. The r:n1y l imit of

cell through inarritio:n. Inci
diminishes the e:ntrance of
activity. But with time the
sufficient accumu.lation to eff
so mucn calclum rs

ticallv rirohibited ancl death
a state of afiairs the Calci

the calcium administ:ration to
There is one more factor

lected-namely, the raPid
fundamental both because of
erties. Their interest in this
cell permeability. llhe
greater the cell permeabilitY
cation by the gu:rnidin bases.

blood-content to the tetany of
simple. However, Voegtling

cult to understand why calcium

uously control the tet:rny. TtLis
on a physico-chemical basis.

erred to above, calcium was with-

; in the other, the toxic guanidins

oxalate injections removed soluble
pitation. Now where the Proto-

content of bivalent :Lnd mono-
cations removed, the permeabilitY
d in water phase being Produced.

the diffusion of substances (sttb-

the cell and the difiusion of

are facilitated, and as a result

are enhanced and the metabolism

The same conditions occur in
respiratory centre, influenced bY

t, send out more Power!:ul
Likewise the cells of the

ce of asphyxia, causr: through
ction. With a slight ac:id-

on greater metabolic exchanges,

must produce tetany.

on the other hand, conditions a

toplasmic complex decreasing the

its physiological activities are
depression is the death of the

, calcium administration ttLus

into the cell and lessens its
bodies enter the cell w:ith

an intoxication, unless, ol course,
that cellular exchanges are pr'ac-

ts from cellular inanition. Sutch

School has realized as;r result of

I the tetany.
ch the Iiterature has so far neg-

of lipoids. This indeed is

their large output and their ProP-
on lies in their:relation to

their loss from the bodY, the
therefore the greater the intoxi-

i l

l l

I
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Certain findings the effects of injections of methYl

cyandmide necessitat'a a

first intravenous injection

weight produces a falll of abo

second injection following return of the blood-Pressure to

normal by 25 secQnds Plod no effect; onlY after wail ing about

in pressure be Producecl and tltis

to this phase of the subject. A

a few milligrams Per kilo bodY

30 mm. IJg in blood-Prr:ssure' A

like. It is interesting to note here

hyperparathyroidism is accomPa-

The excretion after Parathyroid-
es that it is Produced in other tis-

present may be referred to the

tun"" .tpott the transplant' Sr'rch

nporarily. The introduction of the

the mechanism of actil/ity of the

40 seconds can a fur'ther dro

that more than one set of

into the body oli the secreti

so to monopolize the agent

set of glands is susPended

drop is greater the Longer interval betw€en the injectio:rs'

refractorY in its reaction to second
Thus the organism is for a

act which neans that the substance
injections of this substance, a

reacting with the cYanamide produce this effect is slowlY elab-

orated and that the reaction the two substances is quan-

titative and therefore, horm

that, experimentallY Produ
nied by a low blood-Pr
ectomy of this substance
sues of the bodY that the ds and that in the absence of

their secretion it is not Ii.n"" *" maY conclude that the

cyanarnide is the agent whi the bodv cells elaborate to react

with the parathyroid secleti and in the l ight of the intro-

ductory hyPothesis it is the k" they send out to obtain Para-

thyroid secletion for their bolic needs. The findings of l l lal-

stedlo and others, that Para
a parathyroid insufiiciencY
stimulating action c,f this

d transplants onlY grow where

findings are confirm:rtory to ur conclusion. The behavior of 1;his

substance also give:i to our hypothesis in that it sug-

gests an explanatiot of the antagonism between cerl;ain

glartds of interual secretion' thus it is possible that the ag:ent

("hook") sent orLt bY a cell

product, and if this can be
bring to it more than one glandular

true, that is, if i t can be shown

lands is stimulated by it, injection

of one of these sets of giands ought

k") that stimulation of the other

above hyPothesis regarding

glands of internal secretion brought uP a number of Problems

tor investigation. llhus a tion of cyanamides and guan-

idin production alter Parath dectomy must be studied, as well

as the effect of administrati of the cvanamides upon parathyroid

and other glanCular activi

I
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l 'rom the foregoing evid
cient repair for parathyroid
increased parathyroid functi
pregnant uterus, or the imp
material from the same soeci
latter course, however,
planting material. The use of
have been very sefvic€able in
Yet their content of active
of its instability and rliftculty
a ready means oli therrapy.
are at present generaLly
of the cells against guani
therapy, and the Lessening of
istration, For it irs evident
ficient ammonia is als;o pi
p roduce guan id ins  in  tox ic
the advantage over ca.lcium th
toms5 without dirninir;hing ce
lated as to keep guanidin p
toxicity without prodiucing a
essary is to mainl;ain the no
Of course, the firrdings of
must determine its value. We
measures in this condition
plication.
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it appears that the only sufE-
ciency is removing the need r:f
such as the emptying of the
tion of sufficient parathvro:id

to make good any deficiency. The
the diff iculty of obtaining the

extracts of the parathyroid glarrd
exDerience of Beebe" and otheis.

must be small, and because
preparation it does not promise

oalliative methods alone

; and they lie in the protectiOr.
entrance by means of calcium

din production by acid admi:n-
where alkalinosis is present, suf-
to react with the cyanamides to

tit ies. The acid treatment h.1s
y  in  tha t  i t  reduces  1he symp-

nutrition. It should be so regu-
duction below the threshold of
istinct acidosis. A1l that is nec-

electric neutrality of the blood.
careful cliniciau uDon this point

so hard pressed for therapeutic
the above remarks require ap-
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