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Preface.

This paper is the end result of three and one half years of study
of the thyroid gland and certsin of its changes. During the first year
the immediate problem was not undertaken., Other experiment;xgzing
done that graduaily led up to the present investigation. Dogs were
used in the first attempt to study the effeect of lodine on the basal
metabolic rate and the structure of the thyroid, during pregnancy.
These eanimals required careful training to fulfil} the conditions
of eorrect B.M.R. recordings. No suitable breathing mask could be
found and the artificial conditions of life in cages rendered the
enimals relatively sterile and the induction of pregnancy became a
real difficulty. After a thorough trial with rather poor results,
this experiment was abandoned. Rabbits were selected because of
their gentle nature and small size., The major portion of the work
presented here ﬁas done during the past one and one half years.,

The experiments not reported were nevertheless, of great wvalue,
contributing to the perfection of technique and the evaluation of
resultse.

This work would not have been possible except for the very
able guldance and counsel of Dr. Frank R. Menne ﬁnder whom I have
had the great pleasure of working for the past four years. I am
also indebted %o Dr. F. R. Menne and Dr. W. C, Hunter for their very
learned criticism and correction of this paper, and to Miss Basler,
the secretary of this department for her very kind and careful

stenographic assistance.
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The Relationship of Iodine to the Basal
Metabolic Rate and to Changes in the Thyroid
in Pregpent Rabbits,

An Experimental Study.
James D. Stewsrt,Jr. A.B. *

The changes in the thyroid gland during pregnency have held the
interest of Clinicians and Pathologists for many years. The problem
is especially recognized in the goiter districts, where without early
prophylaxis, thyroid disturbances are inevitable. By clinical ob-
servation and laboratory tests,AEhése veriations in thyroid function
g pregnancy have been estimated. Iodine is given during pregnency
to minimize such- functional disturbances. That such administration is
Justified, is common knowledge and is supported by the mass of current
literature dealing with this subject.

It is an established fact that pregnancy is associated with a
considerably exaggerated metebolic rate. This has been recognized by

clinical observation for many yeafs but was not established definitely

until recently. Root and Root (1) in = very complete review of the

(1) Root, H.T. and Root, H.K.: Arch. Int. Med., 52:411-424 (Sept) 1923

literature, state that Magnﬁs and Levy (1904), Zunts (1910), and
Hasselbeck (1912) noted the basal metabolic rate before conception and
during pregnency in one individuel each. A relative and zbsolute increase
in the oxygen consumption, per kilogram body weight, was noted as early

as the third month by Magnus and Levy who also reported an average

*From the Department of Pathology, University of Oregon Medical School,
Portland, Oregone.



increase gn 17 per cent during the entire period of pregnency. These
observations represent only a few cases and were recorded with the early
types of apparatus then available for determining the basal metabolic
ratee

In 1921, Baer (2) published the results of a series of basal

(2) Baer, J.L.: AM. J. Obst. and Gynec., 2:249-256 (Sept) 1921.

mﬁtabolic determinaetions during pregnancy and the puerperium., He

reports the readings in forty-four cases of mormal pregnant women.

Using standard equipment end the Aub—Dubo;ﬁ tables he noted that during
the thirty-sixth week of pregnéncy, the basal metabolie rates in these
women, were 26 per cent higher than those for non-pregnent women of

equel surface afea. The inprease was 33 = 35 per cent during the
fortieth week. Three days post-paftum these rates fell to 15 per cent
above the normal or pfédicted norme.l, and at the end of ten days returned
to normale. Baer concludes that the incresse in the basal metabolié rate,
late in pregnency is due to the rapidly growing demends of the fetal
organism and its placenta. The incomplete snd delayed return to normal,
after delivery, is due to the involubionary changes in the uterus and the

onset of lactation. Similar observations were made by Cornell (5), who

(3) Cornell, E.L.: Surg. Gynec. and Obst.,36:53=58 (Jan) 1923,

noted an ante-partum rise of the‘basal metabdlic rate and a post-partum
fall, almost identical with those of Baer, (2). He rgcorded the ante-
and post-partum rates, in eighty four pregnant women. The average ante-
partum rise in this series wes 29 per cent, compared with non-pregnant

women of the same surfece ares, age, etc., the age varied from 20 to 40
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years and the average increase was greater Iin the older patients. The
average range for individuals from 20 end 25 years being 23.73 per cent
and 33 per cent for those between 35 and 40 years. The post-partum
average rates were 27.3 per cent for the first Three days and 17.2& per
cent at the end of nine days. He concludeé\that there are wide variations
in the degree of incresse in rate and that meny factors in pregnent women
are responsible for such changes. Cornell found no relationship between
the increesed metabolism and the toxemias of pregnancye.

In the detailed study of a 29 year old primipara, made by Roobt and
Root (1), the determinetions were rigidly controlled, being made every
fortnight until the last three weeks of pregnancy, when they were taken
Weekl&. The course of pregnancy was normal in all respects. They obtained
normal readings up to the fourth month, after which time bthere was noted a
gradual increase to 23 per cent above normal eleven days before term. The
patiént's welght increased only 7.6 per cent., After term the B.M.R.
declined to 9.6 per cemt, or to about the level at the fourth month of
pregnancy. Although there is some disagreement as to the exact time of
the onset, and the percentage of increase in the basal metabolic rate,
there appears to be umiformity of opinion as to the occurrence of a
considerable increase in the latter half of pregnancy and a rapid rebturn
to normal post-partum in all of Tthe 135 instances studied. Most of the
auvthors agree that the percentage increase in the rate of metabolism is
out of proportion to the actual rise in weight due to the fetus‘and
membfanes. It may be that the increased rate is indicative of an
accentuated metabolism in the rapidly growing fetus. This in turn would
overload the thyroid and cause a dysfunction in the presence of inadequate
iodine in the diet.

The response of abnormal glands, compared with those considered

normel in pregnant women, was studied by Pless and Yoakmen (4) in 1929,



(4) Plass, E.D. and Yoakmen, W.A.: Am. J. Obst. and Gynec., 18:556-568,
(Oct.) 1929

They detailed the basal metabolic rates in 72 pregnant women. OFf these,
51 were considered to have abmnormal thyroids and were elassed as: small
endemic goiter, zdenomatous géiter, and large colloid goiter, The
remaining 21 women were normal. Their study indicates that pregnancy
places an extra burden on the thyroid gland. The normal glend was found
to compensate while the abnorﬁal one was disturbed. They found that the
greater the original pathology of the glénd, the greater the hyper-
thyroidism assoclated with preggancy. These authors further conclude&that
lodine does not protect ageinst gestational hypertrophy in normal glands
but prevents further changes in’%he abnormal ones. However it does prevent
enlargment of the thyroid of the fetus. In general the ante-partum rise
and the post-partum fall in the basal metabolic rates conformed with those
of previous reports.,.

The relationship between gestation and the basal metabolic rate is

well illustrated in the report of Litzenberg end Casey (5). They found

(5) Litzenberg, J.C. and Casey, J.B.: Am. J. Obst. and Gynec., 17:
550~552, (April) 1929,

that moderately low metabolism is associsted with menstrusl distufbances,
sterility, and interrupbed pregnancies in a large per cent of cases. One~
third of all the'women studied had 2 low basal metabolic rate and one=half

of these were sterile. Two-thirds of the women with low metzbolie rates,

had menstrual diéturbances. One-fourth of those with low rates, who
conceived, aborted, somé repeatedly. The restoration of the normel
metabolism end generael hygienie measu}es, in many cases improved
menstruation, aided conception, and prevented abortion. Earlier observetions

were presented by Kraul snd Halter (6). They used roentgen rays to stimulate



(6) Kraul, K. and Halter, G.: Ab., JeliMdAo, 83:570 (Aug. 16) 1924.

or destroy genital function. Two days after a stimulating dose was
administered there occurred an increase in the hasal metebolic rate. This
effect at times persisted for a period of six weeks. Roentgen ray castration
was followed by decreased metabolism.

If the basal metabolic rate may be taken as an index of thyroid
activity, a fact generally accepted, the foregoing references present
positive evidence of the existence of increased activity during the
latter months of pregnancy and early iﬁ puerperium, But there are still

other evidences supporting such a view. The observations of Braun (7)

(7) Braun, I.: Am. J. Obst. snd Gynec.,3:352-358, (April) 1922

substantiate the trend shovm by the basal metabolic recordings, He
discussea\all phases of pregnaney in cases with exophthalmic goiter

and refers to the possibility'of aggrevated symptoms in the latter months.
Exophthalmic goiter is not considered a contra-indication to pregnancy, but
he believes that if it occurs, attempts should be made to carry the pregnency
through to term in order to avoid an upset in endoerine function. He advises
against prolonged labor, repeated pregnancies, and lactation because of the
possibility of exhaustion of the thyroid gland by reﬁeated overstrains. It
is Braum's belief that Gravefé’disease is a manifesbation of toxins produced

in the body with a compensatory thyroid activity. Rayeraft (8) Statesﬁ

(8) Rayoraft, J.L: Ohio State Med. des 26:559~561, (Sept) 1930

that an inerease in the size of the thyroid during normel pregnency is a

well established fact. He called attention to the greater frequency of
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glandular enlargement in endemic goiter regions and mekes a plea for rigid
iodine prophylaxis.
There is.abundant evidence of the existence of thyroid hypertrophy
during normal pregnancy in the writings of Cérnell (3), Plass and Yoakman (4),

Braun (7), Davis (9), and Straus and Deley (10). There are investigators

(9) Davis, C.He: Jududl.A., 84:1004,(Sept. 15) 1926

(10) Straus, S. and Daley, P.A.: Wisconsin Med. J.,25:325-328, (July) 1926

who do not agree however, notably EKraus (11} of Berlin. He states that the

(11) Kraus, H.: Arch. fur Gynalkologie, 126:1-336, (Dec.15) 1924. J. A0k
84:558, Feb, 14, 1925

results of ephedrin injection tests for thyroid function, show & depressed
rather than an intensified thyroid activity during pregnaney. In support
of this view he reports three cases dying intra-partum in which the
histological picture of the tﬁyroid gland was that of hypothyroidism.
Kraus reports that certain of his associates have made similar observations.
No such observations are found in the American literature. It is difficult
to evaluate the findings and conclusions drawn from the ephedrin injection
tests and possibly limited histological studies. It is a well known fact
that in different areas of the thyroid gland‘the microscopic picture may
vary markedly.

Experimeﬁtal studies of thyroid activity and associated abnormslities
are probably more numerous than strictly clinical investigations. In the

great mass of animal experimentetion reported in the current literature.
concerned with the thyroid and its function, there are a few dealing with

the problem presented here. In 1917, Smith (12) reported the results of



(12) Smith, G. E.: J. Biol. Chem., 29:215 (March) 1917

feeding iodine and thyroid to pregnant sows. He found that five grains of
potassium iodide daily throughout pregnancy, increased the number and vigor
of the young. Sheeps thyroid, five grains daily, had little effect, and
those sows not receiving potassium iodine or thyroid had few young and
many of these died. The effect of large doses of potassium iodide on

pregnant ewes, as given by Eward (13) does mnot support Smith's observetions.

(13) Bward, J.M.: Endocrinology, 12:539-540 (Sept. smd Oct) 1928

He found that large doses of potassium iocdide decreased the resistance of
the young, increassed fetal mortality, but lowered the incidence of goiter,

Carefully controlled experiments indicated that the larger the dose the

greater the deleterious effect. Schlotthauer (14) varied the protein

(14) Sehlotthauer, C.T.: Pro. Staff Meeting Mayo Clinic, 4:184, (June)
12« - 1929

and carbohydrate content of the diet of pregnant, thyroidectomized, Duroe
sows. He found that Thyroidectomized sows on a low protein diet did not
develop the signs and symptoms of myxedema.

The effect of iodine by mouth on the heat production of individuals

with high metabolic rates, is well known. According to Marine et al (15)

(15) Merine, David: Deutsch, Msx: and Cipra, Anna: Proc. Soc. Exp. Biol,
and Med. 24:657-682, 1927

Loewry and Zondek, in 1921, first showed that iodine lowered the basal

. . B _
metabolic rate in cases of Gravels disease. In 1924, Plummer and Boothby (16)



(16) Plummer, H.S8., Boothby, W.M.: J. Iows Med. Soc. 14:66-73 (Feb) 1924

reported 600 cases of Grave®s' disease in which the oral administration of
Lugol's solution, minims ten to fifteen, three times a day, caused the basal
metabolic rate‘to drop from dangerous heights to a point compatible with an
exeellent surgical prognosis. Marine (15) stated that iodine in eny form
will involute physiologic hyperplasia of the thyroid and prevent its
oceurrence in all orders of animels studied. He atbributes this involution
to increased colloid storage, distention of the acini, and an acute block-
ing of the peri-acinar capillaries and lymphatics, thus demming back the
secretion., In studying the effects of large doses of iodine on the heat
production in rgbbits, Marine found thet a decrease in five instances,

no change in eleven, and anraccentuation in'two animals. He found no

distincet mieroscopic chenges in the thyroid. Cordommier (17) fed

(17) Cordonnier, J.: Proc. Soc. Bxp. Biol. and Med., 26:636~639 (May) 1929

dessicated thyroid to guinea pigs end produced an incressed metabolic
rate, These animals were then given potassium iodide but this did not
effectrthe return of the metabolic rate to mormal after the thyroid
feeding was discontinued.

8till other eriteria of thyroid aectivity such as the size of the
acinar cells, the number of mitoses, the size of the acini, and the
character of the collold$, have been studied experimentally. In 1927

Grey, Haven, and Loeb (18) studied the effects of potassium iodide and

(18) Gray, S., Haven, F.L., Loeb,L.: Proc. Soc. Exp. Biol. and Med. 24:
503-565 (March) 1927
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and dessicated thyroid by mouth on the thyroid glands of guinea pigs.
They removed e large portion of the gland and administered potassium lodide,
dessicated thyroid, and anterior pituitary substance to these animals. The
potassium iodide seemed to increase the compensatory hypertrophy by in-
creasing the size of the cells, the number of mitoses, and the fluidity of
the colloids Thyroid extract and anterior pituitary substance had opposite
effects., Pobassium iodide had no effeet on the normal gland during the
first thirty days except an increase in the cellular mitotic activity.
After forty days the cells became small and the colloid abundent and firm.

Gray and Loeb (19) in 1928 reported further results along these same lines.

(19) Grey, S.H. and Loeb, L.: Am.J.Path., 4:257-270 (May) 1928

They found in controlyguinea pigs,_lcw cuboidal aeinar cells, vacuqlated
c¢olloid, and irregular sized acini. The snimals receiving 0.05 mg. of
potassium iodide daily for lé days, had acini lined with tall columnar
epithelium,_fluidified colloid, and were in a state of compensatory
hypnertronhy. Those reJJiving notassium iodide for o lon
time had glands with low acinar epithelium, firm sbundant colloid, end
were in a state of depression. The administration of thyroid extract pro-
duced no effeet in ten days, then the acinar epithelium became flattened,
indicating a depressing effect,

There can be no doubt of the clinical value of iodine administratiom
during pregnancy, as is witnessed by the many reports in the current
literature. There is howeve;, a lack of controlled animal experiments end
obseryations regarding the use of iodine. For this reason it seems

justifiable to report the results of experiments by the writer in which

iodine was given to animals during pregnancy and nuerperium.

Experimental Study.

The object of the study was to determine whether or not iodine has
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any significant effect on the thyroid glandiof rabbits during pregnancys

It was deemed advisable to establish certgin conditions to be fulfilled
during the course of the study. (1) The quantity of iodine to be administered
calculated according to the‘physiological optinmum, and multiples of this
amount given daily by mouth. The exact doses are listed in the more detailed
description below. (2) Frequent basal metabolic rates were taken to note

the efféct on the oxygen consumption and the heat production. (3) Lobectomies
were done at term and at the end of lactation to determine the influence om
the structure of the thyroid gland. Such data should give some indication

of the changes, if any, in the‘thyroid gland during pregnancy and the effect
of iodine, in varying amounts, upon ite.

Iwo series of six and seven rabbits each were used. To these animals,
multiples of physiologie iodine requi
Pregnancy was induced in as many animals as possible and these were followed
through pregnancy and puerperium with frequent basal metabolic readings.

The animels were kept in clean ceges, in a moderately warm room with good
light, adequate food, and plenty of water. The feeding time‘wasié'2300 P.M.
and the basal metabolie determinations W8F61?len the following morning so
that»eighteen to twenty hours elapse@‘géﬁgé%%geding. The rabbits were
carefully transported to the apparatus to avold any inereased activity. A
MeKesson Metabolor, with circulating motor and water sealed breathing chamber
were used to determine the oxygen consumption. (See figure 1, page 11)

This apparatus was tested before each series of estimations and resadings
were only taken wheﬁ it was found to be air tight. This test period lasted
fifteen minutesT Wilson soda lime for metabolors was used in the lime
chamber., Fresh air and one liter of oxygen were used for each estimstion.
The rabbit remained in the breathing chamber for fifteen minutes before the

readings were taken. The weight in kilogrems, the temperature, baromebric

pressure, and cubic centimeters of oxygem used, were noted on a separate



Figure No. I. Photograph of the McKesson Metabolor and the
water sealed breathing chamber used in the experiments.
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chart for each rabbit. Nobtes were also made regarding the condition of
the animal and the probable arpproach to a basal condition. The animals
soon became adjusted to the breathing chamber and remained in i% for thirty
minutes without a move.

The calculations were done with l@garithmic tables reading to the
sixth place, Meeh's formula for the surface ares of animals was used.

I¥ is €= KﬁTﬁtg, when S is the surface area, K is a constant, and the

weight is in kilogramse. The constant for rabbits is 0.128. The surface
areas of these animals averaged 0.25 square meters. Haydents table of
temperature and barometric pressure corrections were used in the caleulation
of the basal metabolic rates. The B.M.R. may be defined as the calories
produced per hour, per square meter body surface area at standard conditions.

e wars aga Pallowe: anhie nowklas
OIlE WerTe e To0LIOFN3: oubdle o8 o ¥ Al

The achual caleulat
per minute, times the correetion factor in Hayden's table, divided by the
fraction of a square meter body surface ares, The rates for each animal
are given in tables I - VII inclusive.

Bach rabbit received one to five times the physiologic iodine re-

guirement. This was administered in the form of ILugolts solution diluted

l/ﬁOOOO. Physiologic iodine is based on the quantity given by Sollmenn (19)

(19) Sollmann, Torald: A Menual of Pharmacology, 3rd Ed., W.B. Saunders Co.
' 884~908, 1927

as about 0.045 mg. of iodine for an adult in 24 hours. If thé average
adult weighs 70.0 kilograms, then the iodine per kilogram is 0.045/70.0
which is 0,00065. In each minim of Lugelt!s solubion there is 6.5 mg. of
iodine. Then in each minim of a 1/10000 solution of Lugol's, there
would be 0.00065 mg of iodine or the requirement for each kilogram body
weight in 24 hours. Thus for each kilogram of body weight the rabbit was

given 1,2,3,4, or 5 minims of 1/10000 Lugol's solution. One rabbit (R VI)
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in the first series and two rabbits (R VI and R VII) in the last series
received no iodine and acted as controls.

On the day follgwing delivery one lobe of the thyroid was removed
surgically. The other lobe was extirpated at the end of the lactation
period when the animels were secrificed. There were no ill effeets
noted from the operation at term. The glands were fixed in Zenker's fluid,
embedded in paraffin and stained with hemgboxylin sand eosin. The histologic
deseription of each thyroid is included in the individual protocols.

The basal metabolic determinations for the first series are given
on a composite chart, Table I. This is followed byvmore detaiied
charts for each rabbit,

Series I.

RABBIT NO. I: Received physiologic iodine according to the amount
given above. This was administered daily over a period of 231 days.
Repeated attempts were made to induce pregnaney without success. The
periodic basal metabolic readings are given on the table for R-I, also
remarks regarding the condition of the enimal. At the end of the period
the rabbit was killed and the thyroid removed for study. Grossly the
thyroid consistgéof two small reddish~brown lobes, one on either side
of the trachea. The microscopic sections of the thyroid, reveal small,
uniform sized mcini, lined with low cuboidal epithelium. These acini
contein pinkish blue colloid which is free of vacuolization. The gland
appears inactive. Tﬁe B.M.R. readings and data are given on Table II,

page 15.
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Table I. First Series - B.M.,R. Recordings for entire series.

6=20-28 - 21.153 - 37.7 ~ 23,115 =~ - -

6-27-28 -~ 19.6656 =~ 23,517 =~ 18.924

20.83 =~ 25,296 - 20.354

7-2-28 = 24,77 =~ 23,6 == 190N 20,8 - 26,59 - 19.41

7-5-28 ~ 18,875 =~ 26.83 - 22,01 - 20.02 = 25,34 = 21,54

7=9=28 = 23.91 - 28,404 -~ 21,76 - - 24,77 = 19.6
7-11=~28 =~ 23.665 = 25.78 - 19,42 - 20,03 = - 18.98
T=14~28 =~ 21.65 = 27.55 - 20.61 - 20.15 =~ 21,98 - 18.49
T=17=28 = 264,85 = 25;926 - 20,734 - 21f76 - 23.446 =~ 22,02
T=2l=28 . 24.225 -~ 28485 -~ 19.5 - 21.635 = 24,714 - 21,77

7-25-28 - 22,534 =~ 27.655 -~ 22.896 - 19.8 = 27.95 - 19.57
7-31-28 - 20,99 =~ 27.486 - 25.75 = 26 562 -~ 27.5
8=8=28 - 27,276 = 25,12 = 22.884 - 24,44 -~ 27,11 =~ 23.6
8=14=28 . 24,999 = 25,95 = [ ZASTE ~ 30,52 = 24,54 - 23,54
SR =gl rL zgfsz - 24,712 = e - 30,31 = 28e81 = 2154

9-8=28 _ 27.8 = 26.7 = 20.63 - 33.99 = 24.95 - 21,95

10-1-28 . 25.063 = 23.04 20.19 = 26,71 =~ 21,58 ~ 21.7

10=-11~28 - 22459 - 24,16 = 20.68 - - 24.15 -~ 21,811
10-24~28 - 21,31 - 23497 = 20;64 - = 22.555 - 21,3
10=30=28 - 21.78 = 22.886‘ = | 1908 = = 26 e —‘ 23.47
11~7=28 .~ 17.93 - 22.371 = 2559 - =~ B33.288 - 22,82
11-14-28 - 21.813 = 21,91 = 225286 - = 2737 - 24.7
11-28-28 .. 17.42 - 1908656~ = 226 - T 27,37 - 23.41
12=-31=28 . 27,22 = 26.2 = 18.62 - = 21486 = 2Be35
1-31-29 .~ 21,87 -~ - 19,01 ~ = -~ 24.2
2=7=29 . - - 21.8 - = -~ 23.74
Average Rate - -~ 21425 = - - 25,59 - 21.767

Recent Increzse = = Slal7'R - “ 298 %
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Table II. Rabbit No.I: Physioclogic iodine.

0 b 02 S T R S ) I D i e A6 D S 6 Y et 0 Pk N U0 O e B S D O D S i D i R P e S et 2 Pk N e A a8 B P B e

.................................... ¥oTy ol o U
6=20-28 = 754 - 211 - 16.66 - 2.0 - 21.153 = Quiet
6-27-28 - 758 - 22,2 =~ 16.0 - 2. - 19.665 - "
7=2~28 =~ oS - 20,0 = 20,0 - 2.1 ~ 24,77 - Restless
7-5-28 - 761 = 22.1 - 15.66 = 2.2 = 18-875 22 Quiet
7-9-28 -~ 760 - 21,7 - 21.66 - 2,5 - 23.91 =~ Slightly
' 7 restless
7-11-28 - 756 - 23,0 = 21.66 - 2.5 - 25,665 - X
7-14-28 = 762 - 20.0 = 20.0 - 2.6 - 21.65 = Quiet
20028 = 760 - 22,0 - 25,0 - 2.6 - 26.85 - Very restless
T=21=28 - 755 - 25,8 = 22,5 - 2.5 - 24.223 - Restless
7=25=28 = 752 - 27.2 = 22.5 ~ BT - 22,534 - Quiet
7=31-28 - 760 - 21.5 = 20.0 = &3 - 20.99 - )
8-8-28 = 756 - 20,2 - 26,0 - 2.7 - 27.276 - Warm, has
g snuffles
8~14=28 - 760 - 18,9 = 23,0 - 2.8 - 24,999 - Still
: ' ' ' ' sniffling
8-22-28 -~ 764 - 20.5 =~ 22.0 - 2.8 - 23.82 = Good test
9-8=28 = 762 - 23,0 = 2640 - 2.8 = =27.8 - Restless
1 10-1-28 - 758 - 20,9 = 25.0 - 2.9 - 25,063 = Slightly
' restless
16-11-28 - 764 - 22.0 =~ 23,0 - 3,0 - 22,59 = Quiet
102428 - 760 - 24,0 =~ 23.4 - 3.2 - 21.31 - o
10-30-28 - 756 - 22.8 =~ 24,0 - 3.3 - 21,78 - *
11-7-28 e 757 o 21.5 = 20.0 - 504 = 17.95 as) "
11-14-28 - 751 - 260 -~ 22.0 - 3.0 - 21.813 =~ o
11-28-28 - 768 - 19,6 =~ 19.0 -~ 3.4 - 17.42 - "
12=31-28 = 769 - 15.0 =~ 30,0 - 3.5 - 27.22 - "
1-31-29 =~ 752 - 13.8 = 24,0 s B8 - 21.87 = "
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RABBIT NO. IT was given 2.0 minims of a 1/10000 Lugolts solution
per kilograms of body weight, daily, from 6=20-28 until 1-51-29 or 266 days.
This animal wes apparently in estrus several times but did not become
pregnant until the last month of the experiment. She delivered late in
Januvary, 1929 but owing to snuffles was not operated upon at this time. She
was found dead the next day. The thyroid gland removed at autopsy presented
no noteworthy macroscopic changes. Other findings were genersalized acute
pe.ssive hyperemisa and bilateralbpneumonia. Microscopically the thyroid gland
is made up of relatively uniform smell acini filled with pale blue colloid.
The colloid is peripherally wacuolated. The acinar cells are cuboidal and.are
not infolded.  The stroma is scant and there sre many inter-scinar cells
present. The B.M.R. and other data for this rabbit are listed on Table

IIT, page 17.
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Table III. Rabbit No. II:-, twice physiologic iodine.

0 0 e e . S 1 D 2 A 78 90 e W i ot 8 o P8 g Pt s e P S T e mm N . S e e s 9 . . T A g A S o e e

Date ~ Bar. Press. - Temp. - C.C. ?f‘Og - W, in Kge - B.M.R. ~ Remarks
___________________________________ R R L o s iy e i S e e e e e e T e S i
E=20=28 = 754 - 21.5 =~ 26.66 - 1.7 - 37.7 - Restless
6=27-28 - 756 - 22.8 -  16.66 - L7 - 23,517 - Quiet
7-2-28 = 753 - 20,2 - 16,86 - 1.7 - 23.6 =~ "
7=5=28 = 761 - 23.0 = 19,0 - 1.72 - 26.83 =~ Restless
7=9=28 = 766 - 22,0 - 20.0 = I ~ 28,404 - In estrus
7-11-28 - 756 - 28,5 = 17.5 - 1.8 - 23,78 = Quiet
7-14=28 - 762 - 21,5 - 2040 - 1.8 ~ 27.55 = Restless
7-17-28 = 760 - 23.0 - 20,6 - 1.95 - 25,926 - Slightly
restless
7-21=28 = 755 - 26,1 =~ 22.5 - 1.95 - 28,485 - In estrus
7-26-28 = 752 - 27.2 - 22.5 - 1.98 - 27.653 - Still excited
7-31-28 = 760 - 21.5 = 22.5 - 2.5 - 27.486 - " "
8-8-28 - 7567 - 22,0 = 21.5 - 2.27 - 25,12 = Quiet
8=14=28 - 760 - 19.8 = 21.0 - 2.29 - 25.95 - "
8-22-28 =~ 764 - 21.0 = 21.0 - 2.3 - 24,712 - ¥
9~8-28 = 762 - 25,5 = 25.0 - 2.3 ~26.,7 = Frightened
10-1-28 = 758 - 21,0 =~ 22.0 - 2.7 - 23,004 - Quiet
10~11-28 -~ 764 - 26.5 - 24.0 - 2.8 - 24,16 - "
10-24~28 - 760 - 25,0 = 24,0 - 2.8 - 23,97 - "
10-30-28 - 756 - 28,5 - 28.0 - 2.8 - 22,886 - "
11-7-28 - 757 - 22,1 - 23,0 = 3.0 - 22,371 - "
11-14~28 - 751 - 23,1 - 22.4 ~ 3.0 - 21,39 - "
11=28=28 = 768 = 2045 = 22,5 - Bl - 21,91 - "
12-31-28 - 769 - 16.2 - 20.0 - 3.3 - 19,065 - "
1-31-29 -~ 752 - 15,2 =~ 28.0 -~ 3,3 - 26.2 - Died at

delivery
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RABBIT NO. III, received three times the physiologic iodine
according to the above calculations. This was administered daily, during the
experiment or for a period of 273 days. Pregnancy ocecurred in the second
month of this period and the animal delivered on 7-31-28 shortly after the
B.M.R. recording for that day. The thyroid removed the following day was
reddish brown but not enlarged. This gland is inactive ﬁicroscopically.
The acini are smell and of irregular caliber. The colloid stains a deep
blue and is free of vacuoles. The acinar cells are of the low cuboidal
type. There are but few inter-acinar cells and the stroma is scant.

(See Fig. 2., page 20). This rabbit devoured her young so that the
thyroid at the end of lactation could not be studied. She did not

become pregnent again. At the end of the experiment the remeining lobe
of the thyroid was removed. This was unchanged grossly. Microscopically
it is similar to the one seen at term except that the colloid is slightly
vacuolated and there are a few more inter-zcinar cells. (See Fige (5,
page 21). The B.M.R. readings end the data concern}ng this animal are

listed in Table IV, page 19.
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III: 3 x physiologic iodine.
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= Temp- = C-C. of Oz =

Table I¥. Rabbit No.

Date - Bar.Press.

£6=20-28 - 754 - 22.6 -~
6=27=28 - 756 - 23,0 -
7-2-28 = 753 - 20,4 -~
=5=28 = 761 - 22,0 -
7-0=28 =~ 760 - 24,0 -
7~11~-28 = 756 - 21.7 -
7=14=28 = 762 - 26,2 -~
7=17=28 - ?60 — BTe =
7-21-28 - 755 = 230 =
T=25~-28 = 752 - 22,8 =
T=31=28 = 760 - 20,0 =~
8-8~28 =~ 756 - 21,5 -
8-14~28 - 766 - 24,0 -
8-22-28 - 764 - 21,1 =~
9=8=28 - 762 - 26,0 ~
10-1-28 =~ 758 - 25,5 =
10-11=-28 = 764 -~ 23.0 =~
10-24=-28 - 760 = 23:5 g=
10-30~28 - 756 =27 =
11-7—28 - 757 - 20,9 -
11-14-28 - 751 ~ 16.5 -
11-28~-28 - 768 - 18.8 -
12-31-28 - 769 - 15.0 =
1431=-29 - 752 - 13,7 -
2=-7-29 -  §86 - 15,0 =~

BJM.R.

B o e i

25f0
20.0
20,0
2245
22,5
2060
22,0
22.5
2040
24,0
25,0

2365

21.0
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24,0
23.0
16f0
17.0

2260

Bl
3.0
5.0
3.0
3.0
340
Sul
341
3.0
3.0
2.8
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Bl
3.2
$e2
3.2
B2

342

3.3
5,2
360
2.8

2.8

23,115
18.924
19.01
22.01
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19.42
20.61
20,734
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25.75
22,884
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Pig. 2. R-II1I. Bories 1.
removed at terme Note large colloid filled acini, low

Microphotograph of thyroid gland

cuboidal epithelium end lack of vacuolization.

No evident
execess activity.



Fige 3. R-IIX, Series 1. Photomicrograph of the thyroid at the end
of lactation. Note large colloid filled acini, low cuboidal epithelium
and no vacuolization. No evidence of increased activity.
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RABBIT NO. IV., was given four time the physiologiec iodine or
4,0 minims of 1/10000 Lugolts solution per kilogram of body weight daily
for a period of 3 months and 23 days. This doe never became pregnant.
She was always guite restless and seemed in estrus several times but never
took the male. Early in the course of the experiment the enimal developed
several furuncles end died after being ill for 4 days. Aubopsy revealed
a septicopyemia with e purulent peritonitis, purulent pleuritis, and
bilateral broncho-pneumoniza e The thyroid removed et autopsy was small,
reddish-brown, and smooth externally. The lobes measures 2.0 by 5.0 mme
Mieroscopic sections of the thyroid tissue reveal it to be very cellular.
The scinar cells are cuboidal and closely compact, forming very small
acini, The colloid is scant, deep blue, end presents marked peripheral
vacuolizatian. The inter-acinar cells are abundgnt. The stroma is
seant and the blood vessels are filled. The B.M.R. recordings and

other date are given on Table V, page 23.
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4 x physiologic iodine.
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B=27=28
7-2-28
T=5-28
7-11-28
7-14-28
7=-17-28
7-21-28
7=25=28
7-31-28
8-8-28
8-14-28
9=3-28
10-1-28

10-11-28

3

756

753
761
756
762
760
755
752
760
756
760
762
764

760

2364

21.3
2645
2145
22.4
21.0
18.6
22,0
21.9

27.0

13.0
13.0
12.5
13,0
13,0
14,0
15.0
12.5
15.0
16,5
25.0
25.0
30.0

28.0

1.4
l.4
1.4
1.5
1.5

1.5

1.8
2.2

2.3

27

20.8
20,02
20.03
20.15
21.76
21,635
19.8
20.553
24 444
30452
30.51
33,99

28.71

n

14

Infection
Fever, dyspnea
8t111 werm
Abdomen doughy

Apathetic



RABBIT NO. V, received five times the physiological iodine, per
kilogram of body weight, daily, for 226 days. Attempts to obtain pregnency
were unsuccessful. Although placed with the male several times the doe
never showed much evidence of being in estrus. Except for a period of
fever and dyspnea during the 1atter part of the second month of the
experiment, this rabbit was very well until the sixth month of the
experiment when it developed the snuffles. Fever, dyspnea, and general
malaise, Were quite marked during the entire sixth month. Thé rabbit
reme.ined restless and finally died on 2-4-29. At autopsy it was found
to have unresolved pneumonie and empyemez. The B.M.R. was very high during
this period. Maeroscopically the thyroid glend showed no changes. Mieros~
copically the acini are small and uniform size. The acinar cells are
cuboidal and not hyperchromatice. The colloid is peripherally vacuolated
end takes an irregular pale pink to dull blue stain. The inter-acinarv
cells are abundsnt. The stroma is scant and the blood vessels are
engorged., The B.M.R. readings and other data are given on Table VI,

page 25. Photomicrograph of thyroid on page 26, Fig‘ 4.



Table VI,

Rabbit No.V:i= 5 x physiologic iodine,
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7-2-28 =~
7-5=28 =
7-9-28 -
7-14-28 -
7-17-28 -
7-21-28 -
7-25-28 -
7-31-28 -
8-8-28 =~
8-14-28 -

g8=~22=-28 =

9=8=28

10-1-28

10-11=28-
10-24-28-
10-30-28-
11-7-28 -
11~14-28-
11-28-28-
12-31-28-

1-31-29 =~

756
753

761

762
760
755
752
760
756
760
764
763
758
764
766
756
757
751
768
769

752

19.5
17.0
20.0

20.0

20.0
18.3
20,0
22,5
25.0

© 25.0

26,0
24,0

. 25,0
26.0
24.0
28.0
zs;o
28,0
30.0
3840
31.0
31.0

2540

3.1
531
3.2
345
345

346

36
366

3.5

26,59
25,34
24.77
21.98
230446
244714

37,05

274514

27,11
24454
23481
24493
21,58
24,15
22555
23.886
26;15
53,288
2737
27437

21.86
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Very restless
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Restless
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Fig. 4. R-V. Series l. Photomicrograph of the thyroid taken after
death from infection. Note meny small circular acini containing

vacuolated colloid. Blood vessels engorged.

Definite evidence of
increased activity.
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RABBIT NO. VI, served as a control, reeéived no iodine, and was
under observation from 6-20-28 until 2-7-29 or 233 days. This rabbit
was treated similar to the other rabbits in all respects, except that
iodine was not administered. It did not become pregnant in spite of
all efforts to induce conception. It was in estrus severazl times and
placed with the male but did not take. At autopsy no demonstrable cause
for sterility was found. The thyroid was small and pinkish gray. Micro-
scopleally the acini are small and closely compact. They contain but
little non-vecuolated colloid. ‘The glend is grossly and microscopically
inactive. (See Fig. 5, Page 29). The B.M.E. recordings and the other

data will be found in Table No. VII, page 28,
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Table VII. Rabbit No. VI :- Conbrol Animal.
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Date - Bar.Press.- Temp. - C.C. of Oz~ W&, in Kge- B.M.R. - Remarks
_______________________________ 11l R e R S A
6=20-28 =~ 754 - 28,4 = 25,0 - 3.58 - 20.354 - Quiet
7-2-28 = 753 - 21,0 - 22.2 - 3.5 ~ 19,41 - M

7-5-28 =~ 761 - 28,7 - 25.0 - B.58 ~ 21,564 - "

7-9-28 - 766 - 22.67 - 23,0 - 3.5 -~19.46 - 1

7-11-28 = 758 - 22,0 - 21.66. -~ 3.5 - 18.98 - ™"

7-14=28 = 762 ~ 24,0 - 20,0 - 3.5 - 18.49 =~ "

7-17-28 - 760 = 2250 = 25,0 - 3.5 = 22.02 =~ 8lightly restless
7-21-28 - 755 = - 27,1 = 25,0 - 3,4 --21.77 - B B
7-25=-28 =~ 752 - 22,5 = 22,5 - 3.5 ~ 19.57 - Quiet
7-31-28 - 760 23,5 = 25,0 = 3.4 = Blel o ¥

8-8-28 - 756 -~ 22,86 -~ 270 - 3.6 -~ 23.6 = "

8~-14-28 -~ 760 = 20,2 - 27.0 - B.5 - 23,54 - "

8-22-28 =~ 764 1 22,4 = 25.0 - 3.6 -21,7 - "

9-8~28 - 762 - 25.0 - 26.0 = s.é - 21.95 -

10-1-28 =~ 758 - 23.0 - 26.0 - 3.7 - 2i.7 - "
10-11-28 - 764 -22.0 =~ 26.0 - 3,75 - 21.611 - "
10-24-28 - 760 - 27.0 - 26.0 - B.75 o Blug - *
10-30-28 -~ 756 -'25,0 - 3040 - 3.7 - 23,47 - "

11~-7-28 - 757 - 24,0 - 28.0 - 3.74 - 2282 - ®
11-14-28 - 751 - zs,é - 30.0 - 3.6 - 24,7 - "
11-28-28 - 768 - 23.6 - 27.0 - 3.6 -~ 28,41 - "
12-31~28 - 769 - 17.5 - 27.0 - 3.6 - 23,35 - "

1-31-29 - 752 - 20.2 - 28,0 - 3.7 - 24,2 - O

2=7=-29 = 766 = 16+2 = 27.0 - 3.7 - 23.74 =V



Fig. 5, R-VI. Series l. Photomicrograph of the small thyroid
removed from the control rabbit. This rabbit did not become
pregnant, ' B.f.R. consistently low. Note small acini, absence
of colloid, absence of vacuolization. This is an inactive
atrophic gland.



= Z(wm

In this first series of six rabbits all of the experimental
conditions enumerated at the outset could not be carried out. The correct
dose of iodine was given to esch rebbit daily and frequent basal metabolic
readings were taken but sterility and infections modified the results.
These difficulties were contemplated and yoﬁng healthy animals were selected
and kept in clean cages in healthful surroundings but suech precautions
were of no avail, Rgbbiﬁ No.I did not bhecome p;egnant and suffered no.
scute infections. Its basal metabolic rate fluctuated from 20.0 to 27.0
during the first 2 months, and then gradually came down to an everage
of 22.0. Its thyroid was grossly and microscopically inactive. Rabbits
No, II and III beceme pregnent. Rabbit No. II died of pneumonia soon
after delivery and before a basal metabolic reading could be obtained
sprthat the actual inecrease of heat production is not known. Rabbit
No. ITI, delivered early in the experiment. She ate all of her young
_soon after delivgry thus meking it impossible to obtain a gland at the
end of lactation. This animal did not become pregnant agein so was
killed at the end of the period. The thyroid removed at autopsy of
R - ITI was microscopically inactive. The lobe removed at term in R- III
was inactive but the one removed at the end of the experiment showed
slight evidence of activity. Both of these rabbits exhibited rather
high basal metabolie rates at term. R - III soon came down to an
average of 20,0 which she mainte ined throughout. Rabbits No. IV and V
had very severe infections sufficient To cayse death. Both exhibited
a sudden marked elevation of the heat production at the time of the
acube stage of their infection with a slight drop until death. In
the case of R - IV the thyroid removed at aubopsy was quite active.

That of R - V was histologlcally very active, and if the gland could
have been exeamined during the height of the curve it probably would

have shown even grester activity. R - VI, the control rabbit failed to
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become pregnant and did not develop an infection. The B.i.R. in

this case fluctuated around 22.0 to 23.0 without any sharp rise or fall.

The thyroid is microscopically inactive and in this respect is similar

to that of R - I. The microscopic picture in case of R - I corresponds

to the results given by Gray énd Loeb (18) who found thet the prolonged

administration of potassium iodide caused a depressed state in the gland

with abundant firm colloid and low acinar epithelium. None of the

glaﬁds showed marked activity mieroscopically, although in cerbtain

instances the heat production was considerably increased. The

abundanee of iodine in the diet may be responsible for the lack of

histological response. If so it does not correspond to the conelusions

of Plass and Yoakman (4), who state that iodine does not prevent

gestational hypertraophies but merely aids the abnormal
A graphle representation of the Basal Metabolic Rates for ecertain

of the rabbits, is given on Chart No. I, page 32. The B.M.R. eurves

of R-III, R-V, and B-VI are given, as a composite chart of all curwves

is very qonfusing.v Rabbit No. III came to term and waswnéﬁ satisfactory

for the illustration of such a curve., Rabbit No. V had a severe

infection from which it died. The curve shows the marked rise in the B.M.R.

under such conditions,. Rabbit No. VI the control maintains s fairly

constant level throughout,
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Series 2.

Seven rabbits were treated similar to the ones in series 1,
In this group there are five rabbits receiving iodine similar to
R-I, R-II, R-III, R-IV, and R-V of the sbove series and two
controls, R-VI and R-VII. All became pregnent and all except
R-IV and R-VI were carried to the end of the lactation period. The
recording and caleulation of the basal metabolic rates are similar
to the methods'given on page 12 for series 1 and are charted in the

seme manner (Table VIII, page 34).



Table VIII. Series 2.
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5-1-30 - 26.344
5-8-30 - 22,073
5=15=30~ 23,44
5-22-30- 23,04
5~29-30~ 22,583
6-6-30- 22.965
6=12-30-21,0053
6-20-30- 21.295
6=26-30- 25,87
7-3-30 - 23.98
7=17-30~ 33,38
7-25-30= 30.35
8-1-30 - 29,35
8-8-30 - 26.506
8-15=30-
8-21~30-

8-29~30-

27.115
29.065
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23.71
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24.196
25,985
23,048
22 4934

19.6

29,017
30452
30.61
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RABBIT NO. I, received 1,0 minim of 1/10000 Lugolts solution
per kilogrem body weight, daily, for fifteen weeks. It was in estrus
the seventh week and delivered the tenth week. The following day ome
lobe of the thyroid was removed. She had four young, all well formed
end healthy. They became independent of her at the end of the fifteenth
week and she then was killed and the other lobe of the thyroid removed.
The young were all healthy at the age of 2 months when they were disposed
of .

Grossly the thyroid removed at term presented no noteworthy changes.
The microscopic section of this thyroid reveals irregular sized acini
lined with low cuboidal epithelium and filled with pink vacuolated
colloid. The stroma is edematous and the blood vessels ere engorged.
(See Fig. 6, page 37.) At the end of lactation the thyroid is made
up of closely arranged smell acini lihed with cuboidal epitheliuﬁ and with
very bright pink colloid. The sections appear very cellular due to the
compact small acini with practieally no lumen. A microphotograph of
this gland is on page 38, Fig. 1., The B.H.R. recordings and data are

given on Table IX, page 36,
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Figure 6, R-I, Series 2. Note that the acinl are lined with low
cubo:Ldal enlthellum. The colloid is pale and non-vacuolated. The
stroma is edematous and the blood vessels engorgede



Figure 7, R-I, Series 2. Microphotograph of the thyroid removed
~at the end of lactation period. The scini are small and lined
with cuboidal epithelium., The colloid is not vacuolated. No
evidence of inereased activity.
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RABBIT NO. II. This animel received twice physiologic iodine
according to the calculations mentioned previously. It became
pregnant early in the experiment and deiivered seven healthy young
on 5-21-30. One lobe of the thyroid wes removed at this +time with no
i11 effects. BShe was killed 6-25-30 at the end of lactation and the
remaining lobe removed,

Mscroscopically the gland at term was reddish-brown and not
enlarged. The microscopic seetions reveal it to be made up of
irregular small acini lined with low cuboidal epithelium and filled
with pale pink colloid. The intef-acinar cells are abundant. The
blood vessels are engorged and the lymph spaces are widened. The colloid
is not vacuolated. (See Fig. 8., Page 41).

The thyréid removed at the end of lactation is microscopically
essentially the same as that at term except that the inter-écinar cells
are more abundant. There are many small scini present with little or no
1ﬁmen and the scant colleid i8 sull‘deep pink staining. A microphotograph
is given on page 42, Fig. 9. The B.M.R. readings and data are given on

Table X, page 40.
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Restless.
Building a nest.

Young born 5-21=30
all well,
Good test,.
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Young all well.
Mother CK.
Good test,.
Killed 6-25-30
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Fige 8. R-II, Series 2. Photomicrograph of the term thyroid.
The scini are small, lined with cuboidal cells and filled with
pale slightly vacuolated colloid. Moderate inereased activity.
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Fige 9. R-II, Series 2. The microscopie picture is very similar to
that of the gland removed at term. Note that there is no peripheral
vacuolization of the colloid and that the colloid is pale., The
apcinar cells are cuboidal. This gland presents no evidence of
increased activity.




EABBIT NO. III, received three times physiologic idoine per
kilogram of body weight daily for seventeen weeks. This rabbit becanme
pregnant about 6-12-30 and delivered eight well formed healthy young
on 7-7-30, One lobe of the thyroid was removed the following day. The
mother and young were well at the end of lactation. The other lobe was
removed after killing the mother,

The thyroid removed at term presented no noteworthy gross changes.
Microscopically the sections are seen to be made up of irregular sized
acini lined with low cuboidal epitheliume. The colloid is pink and
exhibits‘only slight peripheral vacuolization. The blood vessels are
engorged. The inter-acinar cells are abundant. A photomicrograph
of this gland is shown on page45, Fig. 10.

The gland at the end of lactation was sligh#ly enlargeds It is
made up of uniformly small acini lined with low cuboidal epithelium.
The colloid is pale pinkish-blue and not vacuolated. The blood vessels
are moderately engorged and the inter-acinar cells are scant. See

Fig. 11, page 46. The B.M.R. and data are given on Table XI, page 44,
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Teble XI. Rabbit No. III :- 3 x Physiologic Iodine.
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BageB0 = 750 216 = 3440 - 2.4 - 26.662 - Good test
5=15=30 = 749 = 22,5 =~ 31.66 - 2445 - 34,54 = Restless
5=22-30 - 755.7 = 219 = 38,33 - 2,75 - 38,10 =~ In estrus
5=29=30 - TA3,2 = 22,7 = 29,66 - 248 ~ 29,537 = Quiet
6-6~-30 = 750 -~ 24,1 = 26.0 - 2,85 = 2741 =~ Good test
6=12=30 = 753 ~ 22,5 = 3343 - 3.09 - 30,53 = In estrus
6=20=30 - 746 - 20,6 = 30,0 - 34235 - 27,17 = Good test
6-26-30 = T4T.1 = 20.6 - 35.0 - 3.4 - 30.23 - Restless
T=3=30 =~ 748 - 22,0 = 37.0 - 5,45 ~ 32,16 =~ Building a nest
7=17=30 = 753.,7 = 22.5 = 35.0 - 3,18 - 32,24 =~ Delivered 7-7-30

o young 21l well (8)
T=25=30 = 75249 = 22,7 = 34,0 - 3,01 - 32,05 = Mother and
' ' young all well

8—1-30 bl 750.9 - 22.9 = 33'35 - 3-02 " 30052 - i W 2

killed 8-2~30



Fig. 10, R-III, Series 2. Microphotograph of the thyroid removed
at term. It presents irregular sized acini with slightly wvacuolated
colloid. Acinar cells, cuboidal and columnar., 8light evidence of
inereased activity.
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Fig. 11. R-III. Series 2. Microphotograph of thyroid removed

ot end of lactation period. Uniform small acini lined with
cuboidal epithelium. Slight vacuolization of the colloid. Some

evidence of activity.
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RABBIT NO. IV. This animal received 4.0 minims of l/iOOOO Lugol's
solution per kilogram body'weight daily, for seventeen weeks, It became
pregnant early, delivered 3 young, 5-26-30, and killed them all soon after
the thyroidectomy at term. It was decided to try to ecarry her through
another pregnancy as the lactation period would be abnormal. She did not
become pregnant again and was killed 8-30-30.

The thyroid removed at term was grossly unchanged. The microscopie
sections of this gland are seen to be made up of uniform small acini lined
with low cuboidal epithelium. The colloid is pale pinkish—blue and free
of vacuoles. The strome is scant as are also the inter-acinar cells,

The blood vessels are slightly engorged. The photomierograph of this
gland is given on pauge 49, Fig. 12.

At the end of the experiment the gland was small, firm, and pale
graye. It is made up of collapsed closely arranged acini containing
no colloid giving the gland a very cellular appearance. The acinar
epithelium is disinbtegrating, the cytoplasm is granular and fragmented
and the nuclei are pale., Fibroblasts are proliferating in and aboub
the aeini but are not abundant. The blood vessels are empty and
collapsed. See Fig. 13, page 50. The B.IM.R. recordings and data are

given on Table XII, page 48.
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Pige 12. R=IV. Series 2. Microphotograph of the thyroid gland
removed at term. Note relatively large colloid filled acini
1ined with low cuboidal epithelium. No evidence of increased

activity.



Fige 13, R~IV, Series 2. Note the dense cellular character of this
gland with no evident colloid in the collapsed acini.
left that is suggestive of thyroid,
4 times physiological.

Little structure
Prolonged iodine administration,




RABBIT WO, V. This animal received five times physiclogic iodine
per kilogrem body weight, daily for fourteen weeks. She. became pregnant
about 6~12-30 and delivered 7=~9=30. She had nine young, all of which were
well formed. The mother and young remained well throughout the lactation
period snd the mother was killed 8-=5~30,.

At term the thyroid was reddish-brown and smooth externally. The
section reveazled very irregular acini some containing abundant colloid
and others none. The colloid is pink and conteins no peripheral vacuclization.
There are localized areas in which the inter-ascinar cells are abﬁndant.
At one pole there is a small accumulation of lymphoid tissue. See Fig. 14,
page 53.

At the end of lactation the gland is made up of thin walled acini
containing bright pink colleoid., There is no vacuolization present.
The vessels are of small caliber. The microphotograph is given on page

54, Fig. 15, The B.M.R. recordings and data are given on Table XIII,

page 52.
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Fige. 14. R-V. Series 2. Microphotograph of the thyroid gland
removed at term. Note relatively large collold filled acini
lined with low cuboidal epithelium. No evidence of increased
activity. ‘



Fig. 15, B-V. Series 2. This is the photomicrograph of the gland
removed at the end of the lactation period. Note thin walled

seini with no vacuolated colloid.
activitye.

There is no evidence of increased
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RABBIT NO. VI, one of the control animals of this series, was
treated similar to the other five rabbits but received no iodine.
This wes a young healthy animal which becsme pregnent in the second month
of the experiment and delivered six young early in the third month. The
young were not properly cared for and all died. For this reason only
the thyroid at term was studied. This is grossly unchanged. Microscopically
this gland is made up of small acini lined with cuboidal and colummar
epithelium. The colloid is dark and mpderately vacuolated. It presents
definite evidence of increased activity. The microphotograph is given
on page 57, Fige 16, The B.M.R. table and remarks are given in Table

XI¥ page 56,
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Table XIV. Rebbit No VI :& Control.
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Fig. 16. R-VI, Series 2. Note the small cireular scini lined
with cuboidal and columnar epithelium. The colloid is moderately
vacuoleted. Definite evidence of increased activity.
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RABBIT NO. VII, the second control animal of this series, was
kept under conditions similar to the other five and was treated
identically except that iodine was omitted. It was carried through
pregnancy and lactation. She delivered two young early in the third
month of the experiment. The term gland was removed the day following
delivery. This procedure caused no evident effect and she went through
the puerperium uneventfully. The term thyroid was slightly hyperemiec,
grossly. Microscopic sections reveal a very cellular glend made up of
small circular acini. These acini are lined with tall cuboidal
epithelium and contain vacuolated, scant colloid. There is evidence
of well merked increased activity. See fig. 17, page 60.

The gland removed at the end of lactetion had the same macroscopic
appearance. The microscoplec examination reveals a gland less cellular
than at term but with evidence of well marked activity. The acini are
large and lined with tall cuboidel epithelium. The colloid is pale
but markedly vacuolated. See fig. 18, page 61. The B.M.R. table is

given on page 59, Table XV.
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Table XV, Rabbit No. VII :- Control
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0.K.
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3=18=-31 =~ 75l - 23.2 = 22.0 - 3.42 - 19.152 = . "
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Fige 17. R-VII, Series 2. Photonicrograph of the thyroid removed
at term. This is a very cellular gland with scant and vacuclated
colloid and small acini lined with tall cuboidal epithelium.
Considerable evidence of increased activity.



Fige 18. R-VII, Series 2. Thyroid removed at the end of the lactation
period. Note the marked vacuolization of the colloid. Small acini
lined with cuboidal epithelium. Marked evidence of increased activity.
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The second series (Series 2) is of greater value than the first, for
the reason +hat the conditions enumerated at the outset are more nearly
fulfilled. HA11 of the animals became pregnant and were delivered of
youg. Two, R-IV and R-VI, did not complete the required lactation
periods The recorded mebebolic rates for these rabbits show some
interesting results. Refer back to Table VIII, page 34, it will be
noted that there is a definite rise of the B.M.R., ebove average, in the
latter part of pregnancy. The greatest per cent rise occurs in the comntrol
rabbits; 39.2 per cent for R-VI and 45.1 per cent for R-VII. These
enimals received no iodine. The next greatest per cent increase, occurred
in R-1 receivingvphysiologic iodine with a 32.2 per cent rise above
average, at term. Those given multiples of the required physiologic iodine,
present lower figures ranging from 27.3 per cent To 3.6 per cent. It is
significant that those animals heving physiological iodine or multiples
of it, should also present basel metabolic rates at term relatively
lower than those recorded for the control rabbits, receiving no iodine.

This variation in metebolism is well illustrated in the curves
pictured in Chart II, page 63. Here are three representative basal
metabolic rate curves selected for the purpose of simplification
from seven instences. The peaks of the curves, occurring at term
are marked "I". This point is highest in R-VII, the control rabbit,
next highest in R-I, receiving the minimum iodine, and lowest in R-V,

which ingegted five times the physiological requirement.,
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Chart II.

Showing B.M.R. curves of R-I, R-V, and R-VII.
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Discussion of Resultse

The factors modifying the results in the first series of six
rebbits have been pointed out previously and for this reason the information
is of relatively little value. Certain date recorded during the course
of the experiments may be of interest and have some bearing on the
more complete Series 2. Rabbit No. III of Series 1 at term showed =
significent elevation of the basal metabolic rate. The per cent
inerease corresponds very well with the figures for rabbits receiving
multiples of physiologic iodine in Series 2. The thyroid gland removed
at term is histologically insctive, presenting another point of similarity.
The greatest per cent inecrease in this group was that of Rabbit No. V.
dying of an infection. The histologic picture in this case is that of a
very active gland, simulating the thyroids of the control rabbits of
Series 2. The curve plotted, representing the basal metabolic rates of the
control rabbit does not rise with the other curves, indicating rather
definitely that the elevation must be due to the difference in condition
of the animals rather then some common factor,

Although the second series is small, it is quite complete, and
shows certain uniform definite trends. The rabbits receiving iodine
exhibit lower B.M.R's, smaller per centage increase over the average, and
less histologic evidence of thyroid activity. The aninals ingestiﬁg more
than the physiologicel optimum iodine within certain 1imits; show less

metabolic response to pregnancy, judging from the retes recorded and the

microscopic structure of their thyroid glandse. These statements become
obvious when the composite B.M.R. table No. VIII.and the curves on
Chart II are examined. The per centage increase of the basal
metabolic rate, in this latter group, and of R-III of Beries 1, is in

every case less than 28.0 per cent. R-I of Series 2 is slightly higher,



being 32.2 per cent. However those animals not receiving iodine show
rates 10 - 12 per cent higher, and the corresponding thyroid glands
are without doubt much more cctivee.

Tn view of the foregoing results there would appear to be
limited but definite evidence that in rabbits lodine has a sustaining
effect on the thyroid gland during pregnancy, and also possibly lcﬁers the
metabolic shock incident to the pregnant state, The above assertion is
based upon the lower basal metabolic rates and less active thyroid glands

recorded for the animals receiving iodine daily.
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Summary.

Clinical observations indicate that there 1s an increase in
metabolism during pregnancy but a review of the literature

has failed to reveal any animal experiments supporbting this
beliefs
With the object of testing out the validity of the above
mentioned belief, two carefully controlled series of rabbits
were studied.

The results obtained in the first series were not satisfactory
but those of the second group allow of certain conclusions,.

The basal metabolic rates and histologic picture of the
thyroids,kindicate that from 1 to 5 times the physiologiec

iodine reéuirement, stab;lizes the B.M.R. and the thyroid

gland during and following pregnancy.

The control rabbits, receiving no iodine, show high per centage
increase in mebtabolism and more histologic evidence of increased

thyroid activity, compared with those recelving ilodine.
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In this study two seriecs of sgix and seven rebbits each were usad.
These animels were givem multiples of physiclogie iodime requirements
deily. Pregnancy wes induted in os many animals as poseible end these
were followed through pregnemey and puerperium with frequent basal motebolie
readings. AL term omo lobe of the thyroid was remeved surgleslly, The
remaining lobe was removed at the end of lactation. The histologle structure
of these glands wus studied and compared with the B.M,R. recordings and the
iodine dosspe.

The results of the first serles of six rabbits were modified by
sterility and infection and for this reasen the informetien is c;i‘
relatively 1ittlo value, Certain data recorded during the course of the
oxperiments may be of interest and have some bearing on the more scmplete
Series 2., Rabbit No. III of Serles 1 at term chowed e significant
elevation of the bassl metabelic rates The »er cent inerezse corresponds
very well with the figures for rabbits reeeiving multiples of physiologie

lodine in Series 2. The thyroid gland removed at term is histelogieally



insctive, presenting another point of similerity. The greatest per cent
ineresase in this group was that of Rebbit Ho. V. dying of an infestion.
The histeologie picture in this case is that of & very sobive gland,
simaloting the thyroids of the control rabbits of Beries £, The surve
plotted, representing the temel ‘m@"tzaﬁmlm rates of the combrol rabbit
dees not rise with the other swrves, indleating rather definitely that
the elevation must be due Yo the difference in condition of the enimals
rether than some comon faotor.

Although the second series is small, it ls quite complete, and
shows eertain uniform definite trends. The rabbits receiving iodine
exhibit lower ﬁ.ﬁaR's, smaller per senbage inerease over the average, und
less histologle e’ﬂﬂmee of thyreid astivity. The snimels ingesting more

then the physiological optimum ilodine within certein limits, show less
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motabolia response bto nregnemey, Jdudging from the
microscopie structure of their thyroid glendes These statoments become
cbvious vhen the composite B.M.R. table No. TIII and the ocurves on
Chart II are examined, The per cenbtupe ineorease of the bassl mebabolie
rate, in this latber group, and of R-III of Series 1, is in every ocnse
less than 28.0 per cent. B~I of Serles 2 is slightly higher, being 32,2
per cents However those animals not receiving ilodine show rebtes 10 - 12
per eont higher, and the corresponding thyroid glands are without doubb
mugh more soebives '

In view of the foregoing results thers would eppesr 4o be limited
but definite evidence thut in rabbits iodine has a sustaining effect
on the thyroid glend during pregnaney, and also possibly lewers the
metabolic sheck ineident bo the pregnant stete. The above assertion
is based upon the lower basal metsbolie rates and less aetive thyroid

glands recerded for the animls recelving lodine daily.
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RARBRBIT NO. VI, one of the control animals of this series, was
treated similar to the other five rabbits but received no iodine.
This was & young healthy animal which beceme pregnent in the second month
of the experiment and delivered six young early in the third month. The
young were not properly cared for and all diede For this reason only
the thyroid at term was studied. This is grossly unchanged. Microscopically
this gland is made up of small ecini lined with cuboidal and colummar
epithelium. The colloid is dark and moderately vacuolated. It vpresents
definite evidence of increased activity. The mierophotograph is given
on page 57, Fig. 16, The B.M.R. table and remarks are given'in Table

XI¥ page 56.



