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The Bffect of Pecal Extract upon the Thyroid Gland,
Chronic Effect.

The early work of Remedi (1) using separately diptheriz toxin and
tetanus toxin injectioms &irectlj into the thyrold gland indlcated changes
occuring in that gland. Basinger (2) rTepeating this work found no evidence
from which to infer that the thyreid had under gone smy chamge., Farrant (3),
who atbacked the problem from s different ancle, injected various toxins
intraperitoneally including both tetanus and diptheris toxins, and he
draws a midway conclusion. He found that after administrating thyroid and
diptheria toxin gimultanecusly that no appreciable antagonistic effect was
demonstrated. He algo reports that in those instences where diptheria
toxin was administered slone, a hyperplasias of the thyroid always réaulﬁéﬁa
On the other bsnd in the cases where the two substances were given
similtaneonsly a differvent plciure was oblained, the hyperplasis being less
merked and the colloid content greater., Thus it 1s seen that the effect of
such toxin injectioms on the thyroid glsnd has not been satisfactorily

BrOveEls

It would seem however in the light of a later mublieation by Farrant
{4) that soxins must cause Saaé change in this gland. After an examination
of some seven mmdred glands histaiagic&lly, part of them from hum#n
material snd the remainder from experimental animals, he hag classified a

great number of toxing by the effect they show upon the thyroids The

details must be omitted here but in brief his classes may be stated. Group I

includes the toxins accompaning such diseases as typhoid fever, pneumonia,
malignancies in other parts of the body, diabetis, etc., which diseases

caxse ne chenge in the appearance of this gland. ' Group IT includes the

- coliform bacillus infection, syphillis tertiary, chronic nephritis, etcuy

which conditionts produce a moderate degree of thyroid hyperplagia. Growp III
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includes dysentery, syphillis secondary, malsrie, chronic nephritis, meesles,
the toxins of diptheria and tetanus, etc., which cause almost a complete

or "acute hyperplasis® of the gland. As a repult mf»experimanﬁal work he

also concludes that it is the toxins from the micro-orgsnisms and not the

- micro-organisms themselves which produce this change. Roger and Garnder {5}

obtained changes in the gland following infections. HeGarrisen (6),(7),(8);
reports that he fommd a stfﬁng tendency for enlargement of the thyroid in
animals which drank highly of water c@ntﬁminated by fecess His work was
carried out on rate and gosts for the most nart although he did seme work

on humens by administering the sediment of goitre water (Fater that contain-
ed the exaretié and waste material from goitre districts). In these
xperiments he Teports & thyroid enlercement. This disappeared if the
water was boiled. Intestinsl antiseptics alse proved of value in itreating
poitre in these districits according ito this author; ¥orine and Lenhart i?}

fomd goitre present in fish which were in unhygenic pools. The conditions

antomatically disapneared after proper sanitery proceduress Bircher (10} .

fod feces with cooked rice to rats and ebiained pesitive thyroid ahangeég
Burget (11), using ecats and giving the emulsion of feces from both goitre

and non-goitrous individusls by stomach tube, found mo change in the thyreld.

The recent experimenis by Dragstedt {12}, Lﬁﬂkharét¢ and Co-Worksrs
(13), (14),{153{16}, on the parathyroids open again the gquestion of
detoxication by the glands of internal Seéretien. Dragstedt (12) has
shown that the funétian“af the parathrroid glands is to prevent intoxi-
cation by poisens arising from the intestinal tract. If measures were
taken to prevent this intoxication, the animals live indefinitely and

the inference is drawn that the parathyroids fornish né hermon necessary

‘o life, TIn Dragstedils experiments the thyroids were removed during the
parathyroidectony. Ho note is given concerning a myxoedemitous condition

developing in these dogs, although no thyreid tissue was lefie The
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avestion arises as to whehher‘the treatment used prevented an intoxication
from the intestinal track which otherwise might have caused myxsedemitous

symplons.

We started a series of experiments to determine if fecal exﬁp&mté,-7  ij
which are known %o contain more or les# toxic material, might have aﬁy
effect upon the thyroid gland when injecied intrapariﬁﬁn@allyg This paper.
will be confined entirely to those effeets which geenm to develop over a

relatively lomg period of time, otherwise known as chronic.

In this work rabbits were used ag the empérimen%&l animals, nod
because of their particulsr fitness to the problem, but because they were
the most accessible laboratory snimal, We wished to cause an sbgorpbion | |
of the feecal ex%raéﬁ by as normal & voule &3 @@saiblem The absorpiion of
feeal toxins that may teke place in the human bady must be from.the
intestines either throush the blood stresm or from the lacteals which : H%
drain this region. Sinee Burget {31} reporis no effect noied in cais

when feces were administersd by the stomach tube we decided to sdminieter

the toxin by intraperitonesl injection. This should give absorption through
the abdominal lacteals and also rule out the factor of fadlure of absorption

theough the nmrmai.iutgstinal,wailp- The snimals were all Bept in large,

clesn cages, sinee Burget {11}, ¥cGarrison {17), and others, have shown
wnhygenic conditions to cause & hyperplasis of the glands A1l other factors
were governed according to ordinary lsboratory metheds. Thus the same

temperature was kept for the injected rabbits and the controls, s Mills (20) ii

has shown that this may effeet the thyroid. The amomnt of light was also

roughly controlled. {ischoff (21)}. All animels had oractically the same r
diet, (Watson (22), Burget {11}, Bensley (23)). Iastly, we were very ﬁ
. - f

careful to keep 211 iodine fumes from the room in which the animals were

‘; kepts

| : .
3 3 ' '
i \ i
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The extract used was pfepareﬁ fresh.daily, TFresh feces were used
in order to keep the concentration of our extract as constant ag possible, ;
A mown amount was teken and ground up in 2 small meat grindere Four
times this quantity of normsl galine was added and the mixbture allowed te :
stand 24 hours, It was then run through a series of filters: ganze, |
filter paper and lastly through the Berkfeld filt@r under pregsure. This
last messure insured a more bachteris free preparation. A number of ' f
bacterialogical tests of thig extraet showed no growth at the end of |
48 hours. We did not always sterilize our fiiter and suction flask before
using,‘alﬁhough thmy were always well clesmed, Sterilization was resoried

to, however, svery few daye.

The animals were usuzlly injecied in the early part of the afternoom .

immediately after observations had been recerded. Daily obgervalions were

made during the first few weeks of the experiment, but later these were

recorded every two or three days ag the charts of typical ewamples will

simify,

In the first and third series of aninmals & pariisl thyroidectomy was
performed before any injections were mede, Sufficient time wog always
allowed in these cases Tor recovery before any experimentsl ¢-nditions were

imposed. This procedure was followed in order to have a betisr histologieal ‘

check upon the conditions of the thyroid. In the second series this was
not repeated but z section of the gland waes removed before the end of the ‘

injection time in order to make = later comparison and to give some idea

as to the pregression of any changes which might occurs

4t the conclusion of the experiment the animalg were killed and an

' eutopsy performed., The histological tissues were Tixed in Orth's finid
? and detydrated through graduated alcbhols. The tissues were cleared in cedar

2

o1l and ewbeded in vparafin. The sechtions mere gtained in haemoltoxin and ecosing

— |

RS ———



Page

5ow

The concurrent opinion of four later observers agreed with out Judgient

relative to the sctivity of the various glsnds. The precaution to

examine a complete series at ome sitting in order to keen in mind the

comparative changes in the sections was also taken.

The following tablss give the date of resulisi-

Serdes 1.

Babe Awt,of Avg, Gland befdre | Gland after
bit Pex | Days| Toxin Poses|Dose | Injections | Injections W@igh&aﬁtart Weightﬁenﬁ
1 |P | 77 |308,3 | 46 |5.7 -1 1 2.8. 2.7
2 TF| 7T Contrpl 1 1.2 Bab 247
5 |F | 75 [383.2 | 46 |7.2 ~1 1-2 345 3
2 |u | 72 |e20.z | 48 |0as| = 2 2.5 5
) |
Series Il
Rabw ‘ Ambaof ﬁvgu Glend Quring | Gland after . ‘y
| bit Sex | Days| Toxin Doses|Dose | Injections | Mnjections |Weight-stert %@ig@tﬁagg
144 [P | 57| 842 |35 | 22 ) D 21 ims .
25 |7 | 71| 769 |45 | 17 5 5 2.5 : 2.6 3
6 |7 | 71| 53 |52 | 15,2 5 5l 1.7 2.0
55 |F | 71| 523.8 45 1.6 4 5 1.8 2.4
Series ITI.
Rabe Amt . of kvgs Gland before | Gland after
. | bit Sex| Days| Toxin Doses|Dose | Tnjections | Injectioms |Weight-start Felghbesmt
63 |F | 28 | Gontrdl 2 2 5
2| F | 27 | 850 | 25 |74 2 5 2,7 1.3 f
87 | F | 27 | 860 | 23 |37.4 3 D B3 1.9
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’ To show the |relative aclivity of theg thyroid in|.
v o - P -
| i comparison to the amount{ of toxin given. (Average dosd)
Ordinate - ¢ifferent rabhbits.
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To show the|relative degrease in aciivity of the thyroid as|the |
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? It will be seen by making 2 comparative st tudy of the above charts
}i covering resulis thatvin almost every case a change was noted in the gland,
1 This change, as the histological evidence will later show, is one of an
increased activity. ZFxceptions to this general result are noted in
f animals 44 of seriss 2, and 87 of series 3. In the thyroids of thes
animals we found a degensration of the parenchyma appesring. This was quite
marked, as photograrhs {7 & 8) will show. Both of these animals were receiving
] large doses over a comparatively long pericd of time snd it would seem as
X though the thyroid tissue had broken under the strain, <ﬁu§ control animals,
; 69-2+88,. give what we think is the normal vsristion ‘n the thyroids of
g rubbits: Control 2 was a female rabbit that was pregnant twice during the
;E experiment, A slight degree of hyperplasia is noted 3n her thyroid. Comtroel
E” 69 shows a more marked degree of hyp serplasia,; this too being a2 female rabbit
'E ich undoubtedly had been & mothers It is a common accepted clinmeal
E qbsarva@iua that‘@regﬂanﬂieg produce more or less change in the gland, Ref,
EE o Wﬁl@ﬁams {ﬁé}w ﬁ@nﬁrdi 56, a younger growing rabbit, shows but a =mild
 £ | deﬁ%@s of hynarnlﬂﬂl&« Gn comparison with the experimenialiy injecied
E raﬁéﬁﬁs it 171 be notica& that they show 2 more marked degree of sctivity.
E Th@ figur@a 1ﬂ%M5~ﬁ~u~€ are used to give a rough comparison concerning
? the acﬁiv‘%v af the gland figure 1 representing a resting or mild
E hymarptas &, aad‘f*gure 8, a marked or comrlete hyperplagia. The other
? f*;iiéé‘gﬂyé ﬁﬁa various grades of activity bebween these two extromes.
/ .
WQf%efe.gavarnea in this cﬂmp&risaﬁ by the relative amownt of hyperplasis,
: hépertmnﬁv§'collmidal content, vacnolization whiéh show colleoid
//absormtiwnﬁ increase in interfollicular cells, new follicles appearing,
'/ and general, copditimn of the cell and nuclei.
l I |/ Inother point noted in the tables is the relative sctivity of the
glaﬁésfﬁn series 24 These snimals were given small doses at the start,
_ i I
. ‘ ';_ chart VfI, Wyich were increased during the experiment until a mexinum of
:ﬁ .4 . ' —
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20 cce to 40 ce. was reached., The first section of gland was removed
at this time and examined histologically. A comparison between these
sections and the sections removed st the end of the experirent werﬁfv
wmade. Chart IT shows grephically these resuits which demonstrate a
degree of activity rourhly comparable to the amownt of toxin inje@ﬁed“
The dosage used in the last part of the experiment was less thaabmaximum

tut sufficient 4o keep up a moderite intoxiecation,

Grossly, the autopsies of these animals showed sﬁ@pfisingly 1ittle,
A1l animels were practically free from any signs of ganeral»peritdmitié
although in Rabbit 55 of serdies 2 a localized hyveremia of tﬁeipéritoneum
was observed. This irritation was in the vegion of the injections, Rebbit
44 of the pame series showed a more marked peritoneal hyperaemié‘bnt it was
net generalized, It ée&med to be most severe im.th@ region near the liver
end some fibrin deposit was noted. The left side of the peritonesl
cavity appeared guite normsl. The thyroids showed slight anlafg@mqnts

in some cases but in others no gross change could be observed.

Typical minute descrintions of glands which have been subjected to

foxins in varying emounts and the normal or comtrol pieturs will be given,

The normal‘rabbiﬁ gland is guite miformly eonstant. Tﬁa'eails vary
from a fl1at to 2 low cuboidal, The muclei are slighﬁlﬁ &ngﬁiﬂﬁ'ﬁm rﬂugé,
very distincet and siain moderately deep., The cwllai&‘cwﬁteat is_mmderﬁie
in amomnt and takes a pinkish, occasionally very slight bluiéh tint* ‘%he
staining iz for the most part wiform. The follicles vary in siﬁe from
small to medium, the shape being round or ovoid and the edzes qﬁi@e! !
constantly regular. Projections into the follicles by the épithelial

cells are not observed., The interfollicular cells are not of gremt qualiify.

Hasses of solid epithelial cells are wmeommon bub not iaakigg, The stroma
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is scant. Vacuclization of the eollBid is sometimes observed but nmot in

any lerge degrees

The ﬁhyroiﬁ which has been subjected to a small dose over 2 long
period of time ghows some variation from *his normal piloture. ﬁ@?a the
cells have taken on 2 more cubdiﬁal appesrance; although some flat cells
may be seen. The colloid seems to be in less amount and the follicles
show a glight irregularity in vlaces. They vary in size from smell to
medium lerge and in some cases ouite a lsrze size is reacheds Vacuolizem
tion of the colloid is not common. Hyperplasia of the parenclyma is moderates
The interfollicular cells are more prominent and in places masses of
epithelium can be seen. Slight hypertrovhy of the ¢slls is noted. The

troma is geant. A1l changes are very moderate in degree

The thyroid teken from animals having a relatively large dose over
& medium peried of time show more pronownced colloid absorpiiem than the
picture just described. They have more the appearance of the acute shage

of the gland,

Th“raids exemined from certain snimsls which received very large
o S
doges mve* & compara ti?ﬁly iorng period of time give us sn entirely different

3

piﬁ?ure, ‘Hére we mee pronounced signs of degensration. The nmclsl have

'undargmne oyenosis. The cells appear swollen and indistine:. The cell

,/

outline ¥4 many cases is lost, The colleid shows s marked decrease and
In one, [44), it seemed o be entirelv abgent. Two types of nucleil ave
. H E . T

oted in some of these sections: one a small, slightly angular typej

the other, a larger, romnd, vesicular type which takes a much lirchier stain

. than the first. Colloid vacuolization seemed abundant., Tn the sarlier

stages these glends sngwsé many cnarac%erlstics of the acuie btoxemia rabbits.

Enﬁlammatﬁry changes were alse noted in these sectionmss

The following tables and vhotorraphs indicate the histalogieal changes.
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~Histological Table~
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- Histological Tabe Ho. 3-
Rabhifila. 04 Pabbit Hal.87 ﬁa&bﬂhﬂpuﬁﬂ
b D E s D E 5 D E
Colloid 64
Staining i g y T | U ji]
Abmdanice P 2B || Bedd 2 | 2-3 bt
Vacuolization 54 2] 1w Brll A 2¢
Follicles | SL st | s sL| =z S-H
Size |
Shape R0 drregl -0 B0 || B0 R0
| Projection ) ___ | - -
of wall _ |t L *
I | L LH Swolll I8
Cells Cub’ Cub.| Cub e | Cub Cub
‘ ; _ _ Cub _
| HByperthrophy - ' - S + - #
Hyperplasia |fpfr " el eforte oot || bt R
Areas of Mags : '
of Cells - wponforfe i Ao w ofrp
Interfollionlay | | | m
Tissues + “H"'" + -t ”H' -t
| Fuclei 1 | n 2 1 1
, Key to Tablet T ' ‘ ‘
Ei«. i fors C Strons 8 ] 8 8 8 | 5
' 6-ibundance - -
S-Hoderate Hitosis - - - -~ - -
Abundance : - :
4-Hoderate - . 2 o - - v 1. -
E~Scanty lzlﬂamamon ‘ ‘ + _
2«Very Scant :
l~Absent . Degeneration . - - o - .
HoHedium : :
SBmall Activity ‘ Fbot ettt || ot 1% ks bk
[~Large :
E~Round ' i
S-Start of Experiment
DDuring Experiment
E—-»Ehé of Experiment
S




Page 16w

See Oregon Collection copy See Oregon Collection cory

for figure for figure
No.9 ~ Rabbit 46. Relative decrease Nos10 - Rabbit 1, Normal gland.
~ in Colloid and moderate Hyperw Uniform distrubiton
plasia, of colleid.

Ho.1l ~ Rebbit 48, Farlier sectionm than
He.9%: Colleid sbesorpiton marked,

See Oregon Collection
copy for figure.
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Ho.l -~ Rabbit 4.
See Oregon Collection copy
for figure ‘ Normal gland.
: Hote size of eells,
nuclei and follicles,

Ho.2 « Rabbit 4.
After injections.

See Oregon Colleetion copy Kote moderate
for figure . increase in

number of cells.
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Ho.3 « Rabbit 1.
See Oregon Collection

copy for figure Small long time
injections.
Hoderate increase.

Ho.4 =~ Habbit 2.

See Oregon Collection Hoderate hyper—

‘ecopy for figure plasia from
pregnancy. Control
rabbii. .
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See Oregon Collection copy
for figure

See Oregon Collection copy
for figure

No.5 - Rabbit 45

Hote colloid
abgorption and
moderate hypertrophy
of cells. Some hyper~
olasis.

' Wo. Ge~ Robbit 45,

Glend taken after

no+5. Note 1 rked hyper-
trpphy and lack of
eollodd.
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§

MO«? - R&bbi‘t 67‘1,

See Oregon Uollection covy Gland shows early

for figure degenerative changes

No. 8 = Rabbit 44

See Oregon Collection ecopy Propounced degeneration.

for figure Hote absence of colloid. -

Note lack of cell
structure. ‘
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Discussions

The results of these injsctions of fecal ezﬁrgct would indicate
that the thyroid does reaet in guite = specific manner to toxins. The
first point of doubt might be one concerning the toxiecity of the extract.
In a separate set of experiments, not reporited herey we delermined that a dose
of this toxic material; between 10 cc, and 12 cee per‘pound of body wéi@hﬁ,'
wag usually Tatal when injected Intraperitoneallys In a ga&d gsized rabbiﬁg
sﬁx.te eight rounds, this means z considerable guantity, and the shock must
be considered. We controlled this point by injecting normel saline in the
same mayner. In no zage did death follow and furthermore, the gymploms

produced by the fecal injections were not seen in the control experiment.

The first reaction of y gystemic xntoxxc;tian on the thyreid
must be to calX forth an increased cubpub of some substsnce. We are not
in a position at the present time to ‘mow WQ@t‘g this substance is thyroxidg..
the agobive extract discovered by Kendall {45}@ or some other product of
the giland (28}. This activity is mede manifest in the more zcute condition
ag will be indisated in &nﬂthar paper {short itime iﬂjeaﬁmﬁna3 by a prongw-
ced colleid abs@zptionnwiﬁh a beginniag hyperplasia and in some cases, at
isast, a mild hypertrophy. The process progresses i the intoxfcation
continues or be&émas more sbvere. This ig evidenced by the mall amount
of absorption of collolid end more pronounced hyperpla asia in the robbits
whoge injéetidnﬁ ba&@red a long period of time. The gland then shows =n
activity at é higher level than previoualy which is indicated b& the
increased amount of gecreting cells nobtlced in the rabbi ts Injected as

c@ﬁpareﬁ to the normals.

Perhaps the process which involves the thyrold during these
intoxications can best be explained by comparding the gland %o & factory

and 1ts warehouse., The secreting cells would represent the machinery, the
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follicles; the warshouses When 2 sudden demand is made for the product the

- needs must be supplied from the warehouse,; aud areas of vaeancy will be seen,

:just as the colléid shows arsas of vacuclfzation along the cell edges, I{ this

inereased demand is mainiained, the factory will be egiipped with more
machinery for the increased output, so the thyroid eells undergo hyperplasia
and hypertrophy to meet the increased needs.

The greater tbg amomm?t of fecal extract given, the greater are thev
changes observed in the thyroid, vroviding cuaniities clesely approaching
the lethal dose are not given. The length of time over which the injections
are administerad also have & bearing upon the change in activity, bat once
the gland has pessed through the first stages of compensation, the degree
of activity seems roughly proportional to the dosage. This is best shown
by referring to Chart I, where it will be seem that the rabbits receiving
the smaller doses show the lease amount of change and those receiving
the larger doses, = more pronounged change, '

A1l rabbits used in these experiments did mot show the typieal
increased activity deseribed but some {67 and 44) gave & picture of
degeneration, While these two animals are not sufficient from which te
draw conclusions, it would seem thai the heavy dossge nsed could not be
tolerated by the rabbits and the tﬁyrmid activity was not able to meet
the demand, During the attempt of the secretory cells to meat this‘inaraased
demand, the over-activity required or the succumbing to the intoxication
producedy caused degenerative changes to appear & the gland, These are
seen. in photographe seven and eight, the latter showing the greatest degree
of degenerations It will be noted in this section that the colleid has

entirely disappeared. Oytolysis, parenchymitous degemeration, destruection

. of rueleiy and evidence of inflamstory reaction, signifies the complete

exhaustion of the gland,
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Iﬁ is evident fromw these resulis that s factor in %hyréié
hyperplasia is undoubtedly found when certain intoxications occurs It %wulﬂ'
seem 2§ though a gredﬁ demand were made upen the gland. Whether %his'inoreaaad
activity shows a direect detoxmicating action by the thyroid or an incressed
body need for the secretery product or products, can not be decided with
the evidence at hamd., The glands for the mbsﬁ part indﬁm&%e no or but
little enlargement, Tncreased activity of the gland is foumd durimg
pﬁegﬂanciesﬁ While this activity was not as marked as the activiiy result-

.

ing from toxin injections; In cme supposedly normsl, mature, female rabbit,
guite & marked degree of hyperplasia was noticed. It would seem, in the
light of the evidence at hand, that the changes cbserved im the thyroids

y

studied may conmsistently be classed as high normsl sctivity. The degeneration
L%

previously mentioned, of course, falls in a different category and more work

st bes dome Lo determine its similiconce.

The negative results obiained by previcus xnwatzrau@ra ﬁeéervﬁ notes
Few of these workers used a similar toxic product and 1t may be that only
certain classes of toxing czuse the chenges we observed; Burgeils negative
findiﬁgs way be due to a lack of absorpiion through the intestinal wall,
and, againy 1t must be remembered that a different laboratory snimsl was
used in this previous investigation, The cat, used by Burget, seems to
be more thyroid stable than many other enimals used in thyreid work. Our
finding sgree in meny respects with McCGsrrisonts work and vet he reports
snlargement of the thyroid as being produced by certain micro-organisms
found in the intestines. ¥He has not, ?owever, raled out all of the
p&ssibilitieﬁ.af toxic products arising from these organisms as producing

-the change.
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Conclusions s

1. - Pecal extract when injected intrsperitonsally imto rabbiis
causes an increased asctivity of the thyroid gland as evidence by colledd
absorption,; hyperplasia and in some cases hypsrirophy.

2« = If the toxinm sbsorption is present over 2 long pericd of

+time {chronic) the gland meintaines its noreal activiiy at a higher level

than previousiy.
By « The increage in the activiiy of the gland seems to be In 2
rough way comparable to the smount of toxin given, dosage and itime.
4o =~ It would seerm ag thoush the thrrold bresks wnder the strain
of large doseg of loxins in certein animals and mdergoes degeperative
changes as evidenced by plencsis of ithe nmuclei, parenchymitons degeneration,

and cytolysis of the eells with a varving degres of inflammetory changes.

5, - This response so far has shown itself to be merely 2

physiclogical Ingreage iIn the gland and while it mey be a factor in

diporders of this gland we have gained neo evidence to show itsimportance.



