MEDICAL SCHOOL

LIBRARY




The Umiﬁﬂraiﬁy of Oregon

ACUTE CHANGES IN THE THYROID GLAND

PRODUCED BY FECAL TOXINS,

Devartment of Physiclogy.

Hasterts, thesis, Oregon.

by

'

Legter Tellmon Jones
Oregon Medical Scheol

1923.



TABLE OF CORTENTS.

Page 1

Introductione.

Technique

e

£
e

Clinical Observationgee

Histological Examinstion

DipcusSian e

£
o

#
‘tﬁ

Gonelugion S

Photograrhic Plates Fo. 71

Photogravhic Plates No. B5-mesmn




Ls

T

8.

10s
11

BIBLIQGRAPHEY

R.McCarrison, Indian Journsl of Medicml Research, Yol.2 p.184.

. Nicholson and Goetsch, Canada Medical Associetion Journal,

Vol:. 95 me 481

. R.Farrant, British Journal of Medicine, Feb. 28, 1914,

, R.HMcCarrison, Indian Journsl of Medical Resesrch, 1914-15,

G.EsBurget, Aserican Journzl of Physiology, Vol.44, p.ds

, Marine and Lenhart, Journal of Experimental Medicine,

Vol. 29; p. 70-376.
Hart and Steinbach, Journal of Biological Chemistry,

Tol, 33, p, BiZ.
Whipple, Johms Hopkins Contfibutions to Medicel Ressarch,

1921 .

. Dragstedt, Journal of Experimental Medicine; Vols 25, ps 421,

Bagingery Journzl of Infecticus Diseases, Vol. 20, pe 15L.
Kallms, State College of Waghington Agricultsiral

Experimental Station Bulletin No. 156,




ACUTE CHANGES IN THE THYROID PRODUCED BY

FECAL TOXTNS.

There has been a controversy ameng both clinieians
and physiologists for & long tive comcerning the effects
of various toxins on the thyroid gland, On omne side we have
the evidence from exhsustive work dome by MeCarrison (1) in
| 1911 %o show that the feeding of fecal extracts and fecal
residues to rats produced tlyroid changes, loosely classed
as "goitre®, in 100%/0 of the animals. 5o clogely do the
gymptoms of acunte tuberculesis and acute toxie goitre
resemble sach other in the first gtages thalt it has been

.definitely established by Goetsch, im 1912, and Otis, in

1920, (2} that the thyroid hypersecretion is involved in bothe
Farrent {3}, in 1914, reported seven humdred cases of
Tarious diﬁaaﬁés imvwhich,ha hes proved that the tlyroid has
mdergone structural changes indiecating hypersebivity.
%bﬁarriﬁén {4} in 181435 found that rheumatism, rheumatic
arthritis and melsaria are repeatedly sccompanied by thyroid
changes. Burget {3}, in 1917, sroduced goltre in rats kent
mder mhygienic conditions. Harine snd Lemhart {8), in
luléﬁ produced goitre in fish kept in impure snd stagnant
water., Many observers have noted the greater predominsnce
- of thyroid imbelsnce in the poorer classes who live under
umsanitary conditions, Hart and Steinbach {7}, in 1318,
fed normal sows a diet containing ne roughege, therby

producing poorer elimination and incressimg intestinal putre-

factions and in 1009/0 of the offsprins congenital goitre




appeared,

On the othsr hand, ¥hipple (8), in 1921, and
Dragstedt (9), in 1920, both showed that very little,
if any, feecal boxin is absérbed from the normal digestive
tracts Durget (5}, in 1917, fed fecal emulsions to cais
with negative results. Bassinger (10}, in 1817, injected
diphtheria toxins direcitly into the thyroid and found no
structurel or functionsl changes. Ralkug {11}, in 1820,
showed that when there is no iodin deficiency goltres never
develops in animais.
Ta gain z further knowledge of the effsct of toxins
on the thyroid the followinz experiments were carried ouby
rabbits being used in all cases, One lobe of the thyrold
of each was Dirst removed %a egtablish the normel for each
animal, After.allcwing‘fram one week to ten deys fer re-
govery, intraperitonesl Injections of = fecal extract were
given over varioms perdods of time. The injections wers
msde intraperileneally to rule out the possibility of non~
sbsorption by the digestive tract. This paper will be
1imited to giving the immediate or acute changes produced

by the toxins.

Techniocue.

Fecal axtracﬁs were prepared by macerating 100 grams
of fresh rabbit feces, which had been run through a meat
grinder to facilibate the guick solution of toxins, in 400
cece of normal salt selution for 24 hours. This was then
filtered through gauze, sand, filter paper end, lastly,

theough a Berkefeld filter inte a sterile flaek. This
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eliminated the element of bacterial infection, z2s was
proven by incubsting portioms of the filtrate for 48 hours
with negative resultss Fresh solutions were made each day.
Absmlute sterility was not maintained thrwughaut; a8 we
found that by using fresh solutions and thoroughly Waghiﬁgu;
the final container each day, no infecitions resulted.

The belly of sach rabbit was shaved and the injections
made six davs a week., Three control rabbits were kept
under the same conditions of diet, "ight, temperature and
cleanliness of cages, All animels used were females, far,
ag MeCarrison (1) end many others hsve shown, this sex, at

least in the human, is from seven to ten times as gusceptible
' 4 ’

to thyroid imbalances as the male. BEach rabblt was weighed

twice 4 weeky and the %eMpératur@ was tsken per rectum before
each injection.

The first injection was 10 c.c. of toxin, This was
ingreased by 10 c.c. on each succeeding day until the dose
resghed 40 G,C«p which dose was maintained until death.

This amount was esteblished as the approximate maxinal sub-
lethal dose by a previous experiment. The only variation
from the above routine was in the case of rabbit Ho. 45

and No, 48, which were given doses of one half the abeove
amounts for three weeks before they were increased to 40 ¢ad.

A complete sutopsy was performed on 21l animals as

soon as possible after death. The remaining lobe and
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isthmus of the thyroid were removed, weighed and placed in

the Tixipng fluid. ALl bissues were fixed in Orthfs fluid
(Elparﬁa Mullerts to 1 part 4ﬂg/b‘f0rmalim}, imbedded in
paraffin, sectiﬂné& in thickn@sses_of 5 microns each, and

stained with hematoxylin and erythresin,

Cliniecal Cbservations.

Following each injection the rabbits always showed
marked signs of abdominal distross, crawling about so that |
their bellies would rub agsinst the bottom of +he cege.,
R@ﬁpir&tiona iﬁ%ﬁriably became greatly increased in rate
at first. Within 15 to 30 ninutes the anirals would begin
e show signg of depfesaism, aprearing to be in & state of
shock. HMuscular weakmess developed, the rabbits being
unable to sugtain their’weﬁghﬁ on their legs. The respir-
&tory'ra@e slowed and became subnormal. The animals almost
always would defecate or urinate within 3¢ minutes alter
the injections. The temperature became subnormal shortly
after each injection; and 21l animals didd with an extreme-
1y lew t&mperatﬁr@, except one (No. 85}, which had a
temminal peritanitiﬁ and %érmperaﬁ&re of 105.4 degrees, due
o s intestinal perforation from the hypodermic needle.
The follewing is a typleal temperature curve; the normal

temperature for rabbits being anroximately 102.5 degrees,
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Three control rabbits (Nos., 31, 83, and 84), which
were given the same amounts of normal saline intraperilton

:eally, showed none of the above sympioms. A1l aﬁimals
except the controls lost weight, those livimg the longest
becoming extremely emaciated.

- The following chart gives all the impertent data

concerning the progress of the experirent.

Rabbit| Duration |Teisht  Ft.of Thyroid |Appearance of Thyroid
No. | of Injec.|loss gain llst lobe 2nd, |Gross YMicrosconic. |
g Control | %@:1b.- — _ |Normal| Normal
24 " — &b, 80mg. | Thme,| " m
88 " none mone | 50mg. 55mg. | " 7 {active®)
2 days
81 1 injec. %@&b.~« O5me. 100me fyperenic |Hyperplastiic
" | & daya % , _ .
71 |2 iniees | Mlbl— | 145mg.| 170mes " "
© 14 days _
66 | 5 injecs |1 Ib|ws | 340mp. | 275me.Normal "
g days 3
88 | 6 injecs | /41blem | 175mg, | 270mz ivperedic "
8days |3 | 4
‘80 |8 dnjec. | MAlbye— | 2 ¢ |Enlarzed "
. 18days o - =
85 | 3&injec. |141b |—— | 105mg.| 150mg/Hyperemic 7 {extreme)
30days ‘
67 | 26injec. | 2¥1b |- | 150mg,| 140mz. ¥ " {extreme)
50days not re+ _ o ‘
45 38iniecs | 2 |-~ | moved ? " " {marked)
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Histologicae!l FTxamination.

Histological exesmination of all thyroid tissues

removed revealed the following:

Rabbit Ro.

2e

81,

1st lobes Formal,
2nd lobes Normal,

1st lobes Normal.

ond lobe. Normal

There is mild vacuolization of colloid in a few

aof éﬁe acini, The epithelium is high cubeidal.
1lst lobe. Normal,
20d lobe, Hormel.

Thﬁfa is evidence of moderate abgorption of
eolloid, but ﬁhé acini are wniform, and the col~
loid stains normally.

1st lobe. Hormal,

There is moderate vacuolization in some of the
acini. The epithelium is high cuboidal: The glsid
is in active stage.

2nd lobe, Hyperplastic.,

There is marked absorption of colleid, part of

which steins pooriy, is intensely vacuolated, and
'.smmawﬁéﬁ gﬁannlar in appearance, The scini are

uwnequal in size, some being completely smphy.

The epithelium is ﬁigh cuboidal to columar. The

intervesicular tissue is not incressed. The blood

. vessels are dilated. Two types of epithelial gells
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ere seenj those with large, clear, gramular muclei,
and clear cytoplasm, and %gﬂae with smaller, dark
muclel and granular cytoplasm; staining as normal
cells.

7i. 1st lobe. Hormsl.

A iarga amount of colloid is present. The ascini
are wniform in size. There is very little vacuoliz-
ation, The glﬁnd ig in resting stage,

2nd lobe, HMarked hyperplasia,

There is great absorption of colloid, with extrenme
vacuolization of 21l acini. Host of the colleid stainﬁ
lightly; and mueh iz granular in aprearance. Proces—
ses ffmm-the cells seem to extend into the colleid
so that the cell boundaries are indistinguishable

in places. A4 few acini show definite desguamation
of epithelium into ihe Iumen. 7The epithelinm is
high cuboidal tﬁ colummar, both itypes of nuclei are
sbundent. The blood vessels are dileteds There is
slighﬁ?y more intervesicular tissue to be seen,

86, 1st lobe, Hormsl.

E typical gland in active stage.
2nd labe; Marked hyverplasia,

The pictura ithhe'same as in Ne. 71, 2nd lobe,
as regerds blood veasels,~nuciei, and epithel fum.
Less comparative absorption of colleid is present,
but the acini are more unequal in size. Vacuolizstion

is moderate and the colloid has a paler, more granular



staining appearance,
68y lst lobe. HNormal,
2nd lobes Marked hyperplasia.

This is almost the same in appearance as the 2nd
lobes of rabbits No. 71 and 88. There is slightly
more intervesicular %tissue =nd 2lightly more "hud-
ding" or new formation of ascini.

60. lst lgbe. YNormal,
“nd lobes Marked hyperplasia,

About the same derves of hyperplasia as described
above except that there is slightly greater vasculare
ity and vacuolization,

65, 1st lobe., Normal,
There ié asﬁigﬁ%‘amaunt of vacuolization,
2nd. lﬁbe% Extréﬁe hyperplasia,
The colloid is almost enmpléﬁely absorbed through-
"aut, only a reticular "debrisg" remaining. Gytalysia
s apparent in many of the epithelial cells and ret-
regressive changes in the whole gland. The piatﬁre
is comparable tc that of acute cloudy svelling of
other parenchymatons tissue, Homemclear vhagocytes
are seen in the intervesicular spsces. The epithe-
linm is colmmar and its cytoplasm pudrly defined,
Both types of nuclei are in abundance, the large aﬁas
are irregulag in outline, structureless andvesmtain

a few gmall dark granules.
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67. lst lobe. Hormal,
Zad lab@# Extreme hyverplasis.

This gland does not whow the degenerative changes
that are seen In the Znd lobe of No. 65, but there
is a greater degree of intervesiculsr eell growth
and formation of new acini. Epithelisl rrojections
into the larger alveoli are sbundsnt, The epithes~
lium is colummar with a more granvlar, red appearance
to the cytoplasme Both types of nuclei are in abune
dance, wmany of the derker-staining nucled having the
appenrance of early and late steges of mitosis, IAn
oceasional fypicsl mitotic figure was geens Polye
chromatic granules are present in the cyhtoplasm of
many of the lining cells of the acini at the pole
‘mf the cell nearest the lﬂmgn and there seoms io

be a continuity betwesen the cell and the adjacent

P

coloid. Other signs of hyperplasia d@ﬁgrih@d above
wers prasent,
45, 1st lobe. (Mot removed)
Intire gland at sutopsy. Fxtreme hyperplasis,

The picture is the same as that seen in the ond
lobe of No, €7 excent that there is no formation of
polychromatic gramules and that there is some vacus
olization to be seen even in the imtervesiculsr tissune,

Disenssion.

These experiments show thei acute changes were produced
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in the thyreid gland by the administrstion of fecal toxins,
Joncerning permanent dysfumetion or imbalance, they have
nothing to offer. The factor of shock being due to any

Tluld Introduced into the peritoneal cavity of an maimal

was ruled out by the injection of normal ssiine into three

control rabbits, with negative resulis. Imfection as the
cause of the sympioms snd zcubs cranges in the thyroid,
was ruled out by the negative cultures and the post-moriem
findings.,

In‘aéﬁtrmla Ho. 25, 34, and 63, the glands removed at
autopsy showed slightly greater aetivity than the first pmr;
tions removed, This is accounted Tor by the fact that the
remsining thyroid tiéﬁue mué§ ugderga soneg degr@evaf hyper-—
plasia\to compensate for that which was removed. Thah it
cannot explain the marksd changes produced in the animals
given injections of toxins is showa, not only by the histow
logical aypeéramee of the glonds but also by the faet that
in Ho, 45, no preliminsry removal of thyroid tissue was made
and vet the gland a% autopsy showed the same desrse of ST peie
activity as that of ¥o. €7.

The extreme picture shown by rabbit ¥o. €5 mist be
discounted to some extent because of the terminal peritonitis
accidentally caused by perforating the intestine with the iy po-
dermic nesdle. However it is ﬁcaycely possible that an infec-
tion of only one or two days’ﬂdéraﬁien could produce the chan-

ges which were also fommd in the other thyroids exzamined.
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Summary .

To summarize the changes produced in the thyroids of

«

rabbits given fecal toxins intraperitoneally:

1. Colloid., TUneoual absorption of colloeid from the acini in
each. A more granular appearance an’ loss of the deep
red staining property with erythrosin. Vacuclization

T 4 every cdds, Some desquamation of epithelium in those
of the animals receiving the most toxin, Greal reduction
in the amownt of colloid as compaired with the normal
gland tissue of each, In those of the rabbits that re-
ceived toxing for ﬁariods‘ef nore than one weeky there

is complete absorvtion of colleld in meny of the agind

while in others it has a honey-combed appearance or only

traces of a reticular "debris? is left. In meny scini
the ends ¢f the epithelial gells nesrest the lumen seem
to be prolonged into vrocesses which are continuous with

the colleid or incorporated in it.

)
3
o
e
joie

Instead of being relatively wmiform in size, they
vary from large, irregular ones to those completely cole

lapsed, and from cld ones, lined with twenty or more epi-

thelial cells, to newly formét ones with only fi%e or siﬁ
lining cells. Projections of epithelial processes imto

the lumen of the alvecli are frequent, especially in the
glends of the rabbits which received the most teoxin.

8+ Epithelium. This is of two distinet types:t

(a) Cells with clear cytoplasm and very large; clear,

gtructureless nuelei that contain a few dark gramules,
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(b) Cells with a normal sized nucleus and cytoplasm which
appear almost the same as normal epithelinm, Several
mitotic figures were seen in this type.

4, Stroma. No changes in the stroms were noted, fibrous changes
being depenéant on more chronie Cﬁﬁfiﬁiﬁﬂﬁa

5, Tntervesicular Cells. There is & very slight increase of
intervesicular tissue in the glands of ‘those which recelved
only one, two or three doges of toxin. But those receiving
larger amounts of toxin, show & marked increase in the
intervesicular cells, Most of thess are of the small
nuclear ﬁype and appear, in some instances, Lo be under-
going rapidomiﬁosisﬂ

6, Vascularity. Without exgeptian the blood vessels are dilated
to somé degree above nmrmala Often this is so ﬁark@d that
s columm of erythrocytes may be froced in the can_llaries
completely arcund the scini. Ho sclerosis of the vessel
walls is demonsgirable.

fonclusions

i& There is merked mniformity in all the thyroid tissue removed

préliminary to emperimentation.
5, Remdval of one lobe does not materially affeclthe remaining
thyroid tissue.
e Large doses of toxins administered thyough the periﬁﬁneal
swvity will produce changes in the thyroid within one
or two days following the injéctiwﬁ» The first signs
being increased véscalériﬁy,‘absarpﬁion of colloid and

inerease in the height and granular sppearance of the cells,
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4. Toxins administered over periods of from two to Four
weeks produce more marked chenges in the thyroid s
the most evident of which are, (a) hyperplasis
shown both by new formation of "budding® of acinil
snd increased intervesicular tissue, (b} complete
absorption of colloid in many of the acimi and
{¢) columar epithelimm lining the aaiﬂi;

5. From these experiments one concludes that thethyroid
gland is in some way involved in the neumtrailization

of certain toxing.
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Fos 71
Hormal Thyroid

See Oregon Collection
covy for figure

EQW 71
Thyrold at Aubopsy

See Oregon Collection
copy for figure.
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Fo.65
Normal Thyroid

See Oregon Collection
copy for figure,

ﬂﬂa 65 !
Thyroeid at Aubopsy

See Oregon Collection
copy for figure.



