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Introduction

The purpess of this investigation was to ascertain the effect of
thyroxine and parathyroid extract on the flexure in the tail of a
flexed talled stirala of mice. It wvas considered possidble that these
hormones might affect the incidence of flexsd taile ia the offepring
of parent stock from a flexed tailed strain,

Two problems were studied: (1) the effect of increased meta-
bolism induced by thyrexine administration on the incidence of flex-
ure; and (2) flexure being partly a done anomsly, it was desiradle
to investigate the effesct of parathyroid extraat on flexure since
this hormone is so intizately eoncerned with mineral metadoliesm.

This investigation was condusted at the rodent eolony of the
Department 05 Zoology at Michigan State College.



Bistory

A flexsd-tall strain of the house mouse (Mus musculus) was devel-
oped by Dr, H. R. Hunt wvho discoversd the recessive gene mutation in
1927 in a stbock of aldino mice. The sbnormal animals are anemic at
Birth and davelop rigld flemres of the tail. Many individuals aleo
shov a vhite delly spot (Olark, 193%).

Nlexsd~tall is characteriszed by stiff, angular bemds or spirals,
or by rigid segments without flexnres. The charaster is very variable,
scme tails deing extremely bent while a few homesygous individuals can
ouly be distinguished from normals by bresding tests.

Bunt snd Persar (1925) foumd the character vas a resessive but
gave a ratic of 6.9 normals to 1.0 flexed tail im the F2. Hunt, Nix-
ter and Permar (1333) obtained %0.98 12 per ceat éf flexed-talled
mice ia & dackoross. In an effort to do away with postnatal &ifferen-
tial death rate, only undepleted litiers of seven or more snimale wers
thea ugzed, In thaso litters the per@tm of flexed-tailed mice vas
48.30 2 1,72, which s fairly close to the expscted 50 per esnt for
the backeross. Applying the same method to theiy F2 data, they in-
ereased the percentege of flexed mice from 16,17 ¥ .68 o 18.66 ¥ 1,08
per eat (25 per cent expected).

Norma) everlsp are phenoiypicslly normal individuals which are
homoxygous for the flexed or bhelly spot genes. Clark (1934) demone
strated that doth the belly spet and flexed tall types had a high per-
centage of normel everlaps, while anemia behaved as a typlcal Mendelisn
recessive vithout normal overlapping. This normel overlapping of the
flexed character has been reported by most investigators. Belly spot
was shown to be very elosely linked with the flexed-tail-anemia complex.



Kaaenoff's classical work (1935) clearly demomstrated the mechane
ism of tall flexure. The flexures consisted of unilateral fusions of
adjacent vertebras. If fusien were complete, straight #tiff seguenis
were produced. The immediate csuse of the fusion was failure of early
cartilage in part of the iavertedral disc to differentiate aorsally
into fibars about the fourteenth day of emdryonis 1life along with an
apparent reduction in the nusbers of cells in the abnorsal region (a
retardation of gmvth)‘. At period of flexure acoording to Kamenoff
the early cartilages peripheral to the nucleus pulposis is differea~
tiating in the normals inte fidbrous tissue by flattening and elonga-
tion of the cells tozether with s rapid mmltiplication inm the musber
of cells per unit volume, Vhere the flemre occurs this differenti-
ation is seem only on ons side. A beud in the notochord was often
ssen but was not the cmuse of the fusions, Two possibilities vere
discussed by Kamenoff as to how the gone esuscs tall flexures and ae
nenia., One is that anemia was produosd by the ssme retardation ia
growth vhich produces the flexures. The othar is that anexia appears
earlier than the flexing and produces the more geunsral retardatioa
evident Ly the smaller length of the vertedras. Xamenoff suggested
the snemia vas csnsed 1nossidly by e retarigtion of growth in g haemoe
poletic center such as the liver. This was supported by the prelimi-
nary study of Anderson (1332) and later in his owm investizations
Kamenoff found smemia vas due to a delay in the liver erythrogensis.

Kamenoff (1935) found the anemia together with the flexed tail
condition in the emdryo as early as fourteen days after fertilization.
This is before the dons marrow assumes a hasmopoietic function, which

is placed at the sixteenth day by De Aberle (1927).



Mixter and Runt (1933) demonstrated the transitory nawure of the
snemia vhich disappeared during the first few weeks of life. They found
the new-born individuals to be, on the averags, deficlant in the hemo-
glodbin and erythrocytes. Oruneberg (1942a), (1342b) descrided the ane~
mia as normogytie hypochreaic anemia, persisting during the first two
weeks after dirth, but having ceased at the deginning of the third week.
Pathological cells survive in the efrculation for at least two, Mt
not more than six weers after virth., Vith the disappearance of these
surviving eells the red blood picture of flexed mice Decame normal.
Mixter and Eunt (1933), Kamenoff (1935) and Grunederg (1942) have found
that adult flexed mice, following recovery, have bdlood csll counts at
least as high or higher than normal.

In a latter publication, Grunederg (1342) feund adnlt mice showing
an anomoly of red bleod cells. This was cavsed dy persistence of some
siderocytes into adult life. Othervise he found the Blood pleture quite
normal, Siderocytes are red cells of anemics containing considerable
amounts of free or easily detached ircn. These are not confined te
anenics. %They have been found in normal embryonic rats and mice, in
human embryoes and new-bora babiles. These siderocytes, which are haemo-
globin deficients, were the dasis for the anemia he now calls "sidero-
cyte snemia,” whioch is distinct from sll other known anemias. These
siderocytes were found 12 4ays befors dirth,

T2 gemerations and dackorosses made by Hunt and Permar (1928),
BEunt, Mixter and Permar (1933), Kamenoff (1335) and Olark (193%) pro-
duced a significant deficliency of flexed-tailed mice. Anemia has deen
mgzested as the diegnostic character rather than flexed or belly spot.
Kamsnoff (1335) endeavored to show that the deficienecy of the flexeds
tail class in the dackoross was due to faulty classification rather



than differemtial prenateal mortality, for only 13 per ceat prenatal
mortality was found in flexed-tailed mice as compared with 34 per
oent by MaeDowell (1924) in non-flexed. Maclowell's figure, howvever,
inclundes all mortality up to weaning time. Clark’s (1334%) and Grusne
verg's (1312) work strongly suggested the snemis is a more constant
and dep@ndable expression of the flexed gene than is the flexed tail
itselfs. . ’ .

Funt, Mixter and Permar (1933) mated tozether animals with the
sane type of flexure to see if the various degrees of flexure were
ocontrolled by genetic factors. They were unable $0 develop pure lines
of flexed animals dDecause of sterility due to indreeding. They found
the cosfficient of correlation between graies of flexures in flexed
parents and thelr offspring was +.243 & .029, which is a slight signi-
ficant correlation indicating that the degree of flexure is inherited
to some extent.

Reports of tail nutations in mice similar to the flexed-talled
strain of Funt's have not been uncommon. Plate (1910) descrided a
kinky tail mitation and concluded that its inheritance did not follow
Mendelian laws. An extensive study of the histology of Plate!s sutant
mice was made by Blank (1916).

(luecksohn-Schoenheimer (1938) in studying the development of two
tailless mtants in the mouse, found the talls decame constricted on
the proximsl end, resulting in necrosis and readsorption of the tail
distal to the constriction. BHe suggested a disturbance in the early
embryonic development. Both Plate'’s and Gluecksohn's explanations
resemble the 1dea presented by Kamenoff that the aﬁnorulity of Hunt'se
flexed~tailed strain was dus to an interference in the early general

metabolism of the emdryo.



Dann, Glueckeobn~Schoenheimer ard Bryson (13%40) reported a tail
mtation vhich was virtually a lethal dominant. In the heterosygous
| state there were either shert tails or no taile at all. Often shortened
or eroocked spines and a lowvered viability after birth were reported
in connection with this matation.

Dabrovelskais-Zavadskaia (1927a, 13276, 1928a, 1928b) and Dabrovol-
skaja-Zavadskala and Kobosleff (1327a, 1927v, 1928, 1930a, 1330b) des-
oaribed a mutation in the house mouse resulting in partial or complete
absence of the tail and in various flexnres and constrictions of the
tall remant encountered in X-ray experiments. 7This trait that Dabroe
volskala-Zavadskeia {1933) proved te be a dcminant lethal gme with
various flexures modifying genes was 1isolated by selectioa inte separ-
ate strains by Chelsey and Dumn (1936) (1937).

A similar character presented by Cespari and David (19%0) ocon-
sisted of kinky talls and abnormalities in the backdone and rids. It
behaved like an sutosomal domimant with high eor complete lethality in
the homosyzous ocondition.

A short-tailed mtant in the house mouse reported by Chelsey (1335)
was lethal in the homoxygous state. ZIEvidence was found in an exbrye.
logicel study that the normal development of the neural tubes was, in
part, dependsnt on the presence of a no;ma.l notochord.

Reed (1937) deseribed the inheritance and expression of a tail
metation, fused, which responded as a doninént.

In 1971 Crew and Auerback reportsed a tall atmormality "Pig-tail®
in the house mouss. This character closely resembles the flexed-tail
strain of Muntts. *"Pig-tall® is dne to a recessive gene with modifiers

and soms intrauterine condition affecting its penstration in the homo-

sygotes.



Flexsd-tail was desorided by Bestes and Barto (19%) in Peroxysous
maniculatug (deer mouse) as a genetic recessive. The gems expressed
iteelf in a shorteming and distortion of the caudal vertedrss with dls-
tortion of the invertedral Joint.

Iosnes and MacDowell (1342) reported a new tail mutation, "Screw-
$ail® in the houss mouss, |

~ *8tad" a sutation, was reported by Dumnn sad Glueeksohn-Schoenheimer
(1312). There was a reduction of the tall to s short stiff stub. It
acted as a recessive chovﬁc a great uniformity of all mutants.

By this survey ons can readily ses tail matations are aot umcozmon,
%ut few have the advaniages fewnd iz the flexsd tail strain of Buatly
where mach valuadle research has alrezdy been mndmi.



Methods

The snimals were kept in sheet metal cages, twelve inches square
end deep provided with a wvire mesgh top. Wood shavings were used as
1itter in the cages. Yater wvas supplied by gravity flow glass bottles
and tudbes. The diet of the mice was relatively constant, consisting
ef a ground feed of mixed grains and seeds fed in porcelain saucers,
end dog bismits suspended by 2 wire from the top of ths cage. JFood
snd water were oconstantly supplied. Sanitation consisted of weekly re-~
newing the wood shaving litter, washing the water<bottles and tubes and
replacing clean, dry porcelain dishes for the feed. The cages were
thoroughly washed and dried once a month. The tempsrature was held
constant at eighty dsgrees Fahrenheit by a thermostat regulation of
the steam heating system. The Building was new, made of cement dlocke
with concrete floors, a desiradle end sfficient place to work.

The statisties used to interpret the results odtained in the experi-
ments employed common and standard statistical methods.

The standard error of a percentage was obtained from the following
statistical formula where the sum of P and Q is one hundred per cent.

s o

S. B.% = Standard srror of a decimal fraction.

P = The fraction of the mice which are not flexed.

Q ® 1.P = The fraction of mice that are flexed.

n ® The total number of individuals used in calculating P and G.
The standard error of a difference was caloulated from the forsmla.

S. B. aurf. = f(83)2 + (55,2
8. R. aife. . The stsndard error of the differencs betwsen two

desimal fraationu.'



8. 3.1 s Standard errer of one decimml fraation.
S. 3.2 » Standard errer of another dsecimal frastion.

The #¢® -valu vas found from the formlag

t = Py-r
'éf"i.ofa?l-p;)

1"1 = The fraction of flexed in one group.
P, = The fraction of flexed in another group.
8. B. 4iff. = Standard errer of the difference.
The odds were obtained from the Tables of Pearson's Type III
Tunotion® Wy Salvora (1930).



Breeding Program

All the mice used as parent stock were nurbered serially, allowe
ing no duplicates. The numbering was acoomplished by removing toes.
The removal of toes caused no noticeadle inconvenieacs.

One male snimel was placed in a dreading cage with one %o four fe-
males. Vhen the females came into advanced pregpancy, they were removed
and placed in individual cages, where the young were born. Observations
were made dally until parturition. fThe newbora mice were individually
recorded as to number, sex, tall flexmre and date of birth. After the
firet day the newbdorn mice wers observed and reocorded weekly for at
least three weeks, or longer if the flexure eould not de definitely
determined, |

The female was returned to the sane breeding cage and male 21 days
after parturition. ZIach female was always mated to the sane male for
the osrtrol snd experimantal litters, to keep the contrel and experi-
men tal groups as genetically alike as possidle. Eomosygous, flexed
fenales wers always arossed with hemozygous flexed males (flgxod x

flexed) so that all the progeny vere homoxycous for flexed.
The first litter from each female was recorded as the gontrol

1litter; no injections were administered during the gestation, The
following 1itter or litters were experimental litters in that during

the tation period the f e received injections of thyroxine or

gmm 1d extract,

A system of classifying the degree (grade) of flexure was used

to designate by a nunber the smount of tall involvement produced by
the expression of the flexed gene. The msthod used was a modification
of Hunt, Mixter and Permar's (1933) classification.
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Like these writers the same fundamenial characteristics were used:
(1) the percentage of the tail length which was rigid and (2) the numder
and magnitude of the angles. The object was to grade the amount of tail
involvenent. The scale was as followes

Grads O. Noa-flexed and cannot be differentiated from a mormel
tail, By visual inspection and digital examination no fused vertedbrae
could dbe detected.

Grade 1. JNon-flexeld, a straight tail with some fused vertedrase.
This grade could not be distinquished from a normal tail Yy visual ex~
amination snd sometimes only with 4ifficulty could the fussd vertedrae
be found bty palpation.

Palpation consisted in grasping ths dzge of the tall as close to
the body as possidle between the thumd and forefinger, them, denlding
the tail at adout a sixty degree angle, the fingers were moved toward
the 4istal end of the tail, allowing the tall to bend and slide over
the end of the forefinger. 3By this method fusion involving oaly a fevw
vertebras ocould be detected.

Orade 2. Yo, or almost no, visible flexure. A slight enlarge-
ment oould be discernsd in a few. Digital examination easily reveals
a fusion incorporating several vertedrae in a straight stiff segment.
There may be more than one group of vertsbrae invelved.

Grade 3. Characterized Dy one welledefined flexure in the tail.
There aleo may be one or mores stiff, straisht porsions.

Grade % "Two o2 more promounced flsmres of the tail.

Orade 5. Tlexure aswumes the form of a spiral "cork-screv tail®
(Funt). 7Tall involvenent of the severest type, consisting of several
bends, extensive vertedral fusion and decided shortemning of the total
tail length.



In examining the tails for flexure in the control group, doudbtful
cases wers placed in the non-flexed catezory. Doudbtful cases in the
treated experinemtal groups were placed in the flexed group. ZFrrors
in elaniﬂéation thus reduced the difference detween ths two popula.

tions. - In spite of this procedure real differsnces detween the twe
groupe were obtalined.



¥aterial

A flexsdetalled strain of the house mouse, Mug musculus, was

obtained from Dr. H. R. Hunt in March, 1910. The mice were direst
descendants of Hunt's flexsdetalled strain recovered from the auxerous
outerosses perforzed by Dr. Eunt to insure a vigorous flexed-tailed
breeding stoek.

In order to obdtain sufficient numbers of breeding animels the
xice wers chosen and dred with no reference to the degres of flexure.
Thus, all variations in the degree of flexure were used, “ut no anie
mzls were bred unless they demonstrated a definite tall involvement.
Becanse of the low viadility of the flexecd-tailed mice, indreeding
was not ueed. (Hunt, Mixter, sand Permar, 1933). The mice vere prode
ably highly heterogyzous for gemes other than flexed, which increased
ths 4ifficulty 4in odteining valid and bizhly sigrificent resulte, es~

pecizlly in such a character as the degree of flexure.



LUMBERS OF SXPERIMZNT.L MICE

Controls
Control Oune
Thyroxine Control
Parathyroid Control

Total Controls

Thyroxine
Thyroxine .0015
Thyroxine .0025
Thyroxine .0050
Thyroxine .0050 « 7 days

Total Thyroxine « Experimental
(A11 Dilutions)

Parsathyroid
Parathyroid 2 wmits
Parathyroid 5 units

Total Parathyroid Experimental

Total aunber of indiviiuals

TABLI I

336
208

127
o7

117

37
148

360

86

136

671

360

1167
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OCoatrols

A oontrol group designated as "Control One,” wers offspring whose
parents wers never used in sny experimental capacity except to raise
s aumbey of eonirol litters. Three hundred thiriy-one offspring were
produced of which 5 were non-flexed. This 1s 1.4 per cent non-flexed
snd 98.51 2 .64 f/exed.

Mies Dorothy Permar (1928) in a study of the inheritance of flexed.
tail, dred fourtesn pairs of flexed snimals, which prodnced 127 young,
all flexed. Bussell Mixter (1930) crossed flexsd with flexad, secur-
ing 578 flexed (99%) and 6 mom-flexed (1% % 0.41%).

In this work the first litter from each female was a ocontrel.

Only during the gestation of sudsequsnt litters from the same females
were the hormones adninistered.

The thyroxine control group was composed of the first litter
from the females who received thyroxine injections in the following
litters. KNo thyroxine was adminiastered &uring the gestation of the
thyroxine eontrol group.

The thyroxine control mumdsred 208 individnals of which 0.X8 :
.UE% were non-flexed.

The perathyroid control group was composed of the first litters
fron the fenales whe received parathyroid injeotions in the subsequent
1itters. The parathyroid contrel group eomprised 127 effepring; of
thess thres were non-flexed, er 2.80  1.457. This group had a higher
peremtaze of non-flexed then smy other contrel group. The differences
betwesn these contrel greups, in the inclidencs of flexed tall, were all
due to chance, as the following statistical facts show. The *t" value
in comparing the parathyreid controls with the ®"Qontrol One® group was



1k

0.88. If ths odds s5ainst the chance causation of a Adifference ars
aanll, the odds m*ef its belng die t¢ chonce are large. The odds
ars 1.6% £ 1,00 against this differance being due to anythinz dut
chance, Tha *t* value for the dlfferenco between Permar's ond the
parathyroid gontrel is 1,23. Bere the odds are 3.57 to 1.00 against
the econyreucoe ef a chance devistion as zreat as or greater than the
cne obtalned. Ia cocparing Mixterls dstz with ths parathyroid controls,
the "t* vzluwe was found to be 0.38 -nl ths odds are 2.38 to 1.00 that
this was due 0 chunce. The "t? vyajue for the thyroxine controls =nd
parathyroid oonsrol 4s O.148 and the cdds ars 1.70 to 1.00.

All these values for "t" sre well below values indicating signi-
fleamt differences and this is true of the parathyroid controls as well
as others. The control groups ave, thorefore, esasmntially slike with
respect to the incidencs of flexed individunls,



Control One  $336
Permar 127
Mixter 578
Thyroxine cont. 208

Para., cont, 127

TABLE II

COITRCLS
Percent
Flexed

98.51 2 00.60
100.00 2 00.00
93.00
99.52 & 00.48

-

m' ulh

97.20 £ 01.46

"t* value
vhen com=
pared with
the para=-
thyroid
control for
the differ-
ence

0.88
1.23

0.38
0.u8

Odds againet

the occurrence
of a chance dife
ference vlen com=
pared with the
parathyroid cone
trol ss great es
or greater than
the designated
one.

1.64:1
35911
2.38;1
1.70:1



PERCENTAGE OF NON-FLEXED IN
THE CONTROL GROUPS

|. CONTROL ONE
2. PERMAR((1928)

3.MIXTER (1930)
4. THYROXINE CONTROL
5.PARATHYROID CONTROL

PERCENT

3.0,

20.

1.0,

ool 2 3 &5

FIGURE |
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Theery snd Objective ef Thyroxine Administration

Disturbanece in the rate of growth em produnce adanormalities.
Stockard (1921) by stopping the development of Fundulus emdbryos, pro=
duced a greater muxber of abtmormalities then in the coatrols. It was
only at certain eritical times that the shnormal embryos wers produced.
landaner (1932) in a study of the creeper fowl reported that slowing
down of growth affected the develepment.

Kanenoff (19735) postulates that two things sesm necessary for
prednetion of abnormalities dy modification of the grovth rate:
first, 2 slowving down or steppage of zrowth vhich may change the rela-
tive rates of growth, mnd second, a oritical point in dsvelopment
which is usnally a period ef rapid grovwth, These two oconditions be
found in the flexed~talled mouse. TFirss, the slowing of the growth
rate had occurred some time defors the thirtesnth day; second, the ver-
tebral colum was still growing rapidly at the thirteenth day.

In a careful embryological investigation of the flexed-tail strain,
Xamenoff found that until ths thirteenth day the development was ap~
pareatly normal. On the fourteenth and fifteenth days he observed
that the colls on the almormal side of the developing vertedra 4id notd
divide as fast as the normal, indicating a slower cell metadolimm.
That this was not merely a local manifestation was suggested dy the
constant sherter length of the proximal candal, and probably all, ver
tebrae. This shorter length may be dne to redncsd mate of mesenchymal
cell dikvision of the centra anlage in the early developmental stages.
The total number of cells per unit volume was the sane in flexed and
normaletailed mice, s0 the difference was undoubtedly due to the rate
of cell division. This difference in sise is clearly visidle at the

thirteenth day.
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The foetus was noted to be quite enemic at fourteem days. Vhether
the anemia s the primary camse of the retarded growth resulting in
lack of differentiation of the tall vertebras, or whether the retarda-
tion of zrowth is = eanse of the enenis snd the failure of the fibders
ef the intervertedral discs to differentiate, is undetermined. In
esither case, the aunthor endeavored to combat the retardation of grovth
and develop normal talls in the flexed-tall strain. This m done by
trying to increase the metadolism of the fetus by injections of the
thyroid hormone, thyroxine, into the mother. That the thyroid has
the capacity te increase metadolism and growth rate has been shown by
many investigators.

A synthetis thyroxine was obtained from Roche-Orgmmea, Inc.,
Nutley, New Jersey. Three dilutions were sdministered; 0.0050 mgm.;
0.0025 mgn., and 0,0015 mgms. %0 each female parent dally. The admine
fstration was bdegun at least five days before the females were placed
with the males to be bred, and centinued throuzh gestation wntil paturi-
tion, The amount of solution injected was 0.2 sc. subcutaneously for
all dilutions to minimisze and keep constant any effeet dus to quantity
of the diluting solution.

The amount of thyroxine was arbitrarily determined, the odject
being to give a sufficient dome. It was found that in the group eof
mo thers receiving the largest amount of thyroxine, five eut of tem
died snd no doudt others would soon have followed 1f the injections
had been continued. The surviving females wers mibjected to a lower
dilution and had normal gestations.

To another group of methers thyroxine at the level of 0.0050 mgm.
daily was administered for a period of seven days only. This perled
wag to begin four days after sating. The injectiens covered a period
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of geetation from the fourth to tha Swelfth dsy. The date of mating
was obtained by dally examination of each female in the dresding cages
for a vaginal plug. When this was found, the female was 1gsolated and
thyroxine injectiens degan on the fourth dsy of iwolatien.

The obJect of ths deviations from ths preceding experiment was
to adminlister an adequate dose of thyroxine for the fetus without kil.
ling the mother. The dose of 0.0050 mgms, per day, adminigtered for a
pericd of sixteen ﬁayn was found in previcus experiments to produce
severe cachexia, snd in some instances dsath., By the adainistration
of large doses for a short period it was hoped to increass the metabdole.
iem of the fetuses at the critical time, but to stop the administratien
before the mothers became emaciated mndi failed to produce young.

The injeetions were not carried begyond the twelfth day ef foetal
development becanse Kamenoff's odservations suggested that flsxmre is
die to a lowsred motabolism antedating thie day. It was assumed that
the time to prevent retarded growth was defore it had degun.
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Incidence of Flexurs in the Thyroxine Zxperizents

The thyroxine control litters were considered a compesite sontrol
group for comparing with litters borne by thyroxine treated mothers
in all the experiments, involving the three dilutions of thyroxine.
This 1s jJustifiable for the first litter of eash fexale was a eontrol
l1itter ( thyroxine controls); the second, third or fourth litters wers
borne after the femals had received thyroxine injection. Some ¢f these
femnles had received different doses previous % the dirth of Adiffereat
litters. JFrom 33 thyroxine control litters, 208 effspring were odbtained.
ne non=flexed tail was found, oconstituting O.4S T 0.48 per cent of the
population,

The *0ontrol One® group is composed of the offepring of shose
mothers were never used in any experimsntal capacity exsept %o raise
a gunmber of control litters.

The group of femnles receiving thyroxine at the level ef 0.0015 mgms.
daily, prodneed 77 flexed progeny (100 per cent flexed). The mothers
reseiving the thyroxine dose of 0.0025 mgme. per day had 98 effepring,
of which 2 were non-flexed (2.0% T 1,43 per cent).

The group having thyroxine adwinistered for several days at 0.C05,
and later at .0025 mgms. per day, had 37 flexed offepring (100 per cent
flexed).

The grouwp receiving thyroxine at ths level of 0.0050 mgms. for
seven days enly, prodnced 148 progeny with 2 non-flexed, or 1.37 &
0.95 per cent non-flexed.

All the offspring whose mothers received thyroxine in some dilue
ticn were oombined ints ens group, termed "thyroxine-all 4ilutiens,?®
waich had a total of 300 progeny. Four of these wers mon-flexed, or

1.11 £ 0.55 per cent.
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The percentage of non-flexed was ebserved te de O per cent in the
groups reesiving .0015 mgms. and 0050 mgms. daily; this is delow the
control group. The groups receiving thyroxine at the level of 0.0025
mgma. dally and .0050 mga. for 7 days had respectively 2.08 2 1.43 per
cmt and 1,37 2 0.95 per ot non-flexed. These were bdoth higher than
the thyroxine controls. By common statistical analysis these differences
were not found signifieant.

To ascertain whether any of the thyroxine experimental groups had
a significant difference the "t* value was computed for the difference
between each experimental group and the thyroxime control group. (Tadle
IV) The "t* value for the thyroxine control compared to group "Conmtrol
One” is 1.24. The odds against this 3difference deing due te anything
tut chance are 3.67 to 1.00. These are the greatest odds found in the
thyroxine experimsnis.

Thyroxine coantrels compared $te the group thyroxine 0.0015 has a
"t* value of 1.00. The odds agalnst this differemce being dne to
chanes are 2.16 %o 1.00.

The "t" value when computed for the difference Letween the thyroxine
0.0025 group and the thyroxine control greup is 1.04. The odds are
2.35 t0 1,00 against the difference being due to chance.

The thyroxine 0,0050 group compared to the thyroxine control group
has a "t* value of 2.16 %0 1.00 and the odds are 2.16 to 1.00 against
the difference deing dus to chance.

These figures are not statistically significant. A "t" wvalus to be
statistically significant has a value of 2.5 or adove. The odds mﬁct
any number below 21 1s usually mot considered statistically significans.

In eomparing the thyrexine control group %o the thyroxine 0.0050
for 7 days the "t® valus s 0.83. When the control group is compared
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to the eomposits group, thyroxine--all dilutions, the "t* value is
0.87. Jor both these two latter groups the odds ars 1.%6 to 1.00
and 1.60 to 1.00 then any difference would be dne to snything but
chance.

Added evidence that these were not significant 4ifferences wvas
odserved by noting the percentage of non-flexed in other control
listers. Oroup *Oontrol One's® percentage of non-flexed individuals
is 1.43 2 0.66, which 1s about the same as the 1.37 ¥ 0.95 per cent
of non-flexed in the progeng of the thyroxine group which received
0.0050 mgms, for seven days. The parathyroid control group possess
3 non-flexed. This s 2.80 £ 1.42 per cent, which was higher then
any thyroxine group, either control or experimemntal.

The degree (grads) of tail flexure was shown by Hunt (1933)
and others to be inherited to some extent. In our experimsnts no
effort vas made to mate mies with the same degree of $all flexure.
The parents® average degrees of flexnre were xostly in classes three
and four, tut individuals in all classes were used excspt Class O.
(Figure VIII)

The distridutions of degress of flomure in the offspring were
much the same as in the parents. (chart III) The offspring in
general differed only from the parents in that the extremes, Class
0O and Class 5 oontained higher percentages of individuals asong the
offepring, which iz dus to the segregation of genes modifying the
degree of flexure.

It 15 Justifiadble to conclude that there was no effect on the
incldence of flexed tall in the progeny from homoxygous matings of
Runt's flexed-talled strain dy the administration of thyroxine to the

pregnant females uamder the conditions of these experiments.
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THYROXINE
PERGENT NON-FLEXED

I. THYROXINE CONTROL
2.CONTROL ONE

3. THYROXINE .0050

4. THYROXINE .0025

5. THYROXINE .0015

6. THYROXINE 0050

(7 DAYS)
7. THYROXINE ALL DILUTIONS

PERCENT

2.0

1.0-

b

EACH GRADUATION EQUALS TEN ANIMALS

FIGURE 11



THYROXINE
DEGREE OF FLEXURE IN THE OFFSPRING

THYROXINE CONTROL ——
THYROXINE 0015 —
THYROXINE .0025 e
THYROXINE .0050  ~~eees
THYROXINE .0050 s
PERCENT {7DAYS)

2 3 4 5
DEGREE OF FLEXURE

FIGURE 1l
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Theory and Objective of the Parathyroild Bxperiment

The hormone of the parathyroid gland "parathamcne® regulates cal~
cluz and phowphate metabelism in the body. A deficlency lowers the cal-
cium level of the plasma snd tigsues., If the level falls low emough,
tetany results. Injections of the hormone result in mmscular and ners
vous sedation. Parathyroid horsone lowers the phocphato level and withe
draws calcium from tradecular done.

This intimste connection with calolum metabolisa suggested its use
for this experimsmt.

The psrathyroid preparatioa was odtained from Parke, Davis and
Company, Detroit, Michigsn. The trade name was "Paroidin.® Zach eudbie
centimeter contained one hundred waits. The amounts injected inte the
nice were two and five units, diluted with sterile water so that each
stbcntaneous injection totaled 0.2 ce. The solution was tested for pH
vith "Nitrasine paper® (2. R. Squidb and Sons, New York) and drought to
PE 7.0 with sodium carbonate. VYhen the pH wae mot adjusted, sterile
suboutaneous abscesses formed at the point of injection. Vhen adjusted
there wers no diffienlties.

The first litter recorded from a fenale served as a control litter.
The mothers of the saccesding litters roceived the extract. The injeo~
tions of the extract began two days after the females were put inte the
breeding cages with the male and continusd until the birth of the offspring.
The females were isolated from the males as soon as they were odserved to
Ye preznant.

The dosage was arditrarily dased on the suggested Gose for the dog
calculated by the animel's weight.
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Incidence of Ylexars in the Parathyroid Experimsnts

The offspring in the parathyroid control group numbered 127, of
which 3 were non-flexed or 2.80 2 1.46 per cent. This was a higher
percentaze than im any other control group. The offspring vhose pare
ents received two units of marathyroid extrast per day numbered 86;
of thess 11 were non~flexsd or 12.79 ¥ 3.50 per cent. Non-flexed off-
spring sppeared 4.57 more times in these litters than in the litters
of the parathyroid control group, end §.58 timee more oftem than in
the litters of group Control One.

As the parathyreid control group had the highest perceatage of
non-flexed individuals of any control group and was the logical cone
trol, the 4" values were derived by comron statistical methods from
oomparison of the data of the parathyroid ocontrols with the data from
those of fapring whose parents received parathyroid extract.

The "4{" value of the parathyroid group receiving two units daily
wvhen ecmpared with the parathyroid eontrel group was 2.57. This is a
slgnificant difference.

Among the 50 of fapring whose mothers received five units of para=-
thyroid extract daily, there were four non-flexed, or 8.00 X 3.80 per
cent. The non-flexed i{ndividuals were 5.37 times more prevalent than
tn the group, "Control One,® and 2.8G times more mumerous than is the
parathyroid contrel group. The "t" value for this group was found te
be 1.27. This group is then not signifieantly different from the parae
thyroid eontrols.

The parathyroid groups of five units end two units per day were
compered statistically. As there was no significant 4iffefence detween
the two groups the csomdination was valid. The "t" valus was 0.91. The
ooubined data of progeny whose parents received sither two or fife wnits
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of parathyrcid daily, total 136 of fgpring, TFifteen were non-flexed,
representing 11.03 per cent. The "t" value of this ocomdined group

as sgainst ths parathyroid controls was 2,69. This 1s significant.
The odds against this hppening again by chance were 181.85 to 1.00,
The odds against the occurrence of a deviation as great as or gratir
than the disignated are 93.00 to 1.00 for the parathyroid group of
two units and 3.90 to 1.00 for the parethyroid group of five units
daily,

Statistically, the effect of parathyroid extrast on the incidence
of flexure in tt;o flexedrtalled strain of Hunt's was significant.

The degrees (grades) of flexure in the parathyroid combined
group, two and five units, had a higher representation in the grades
sor& and one sand an apparent reduction.in the other extremes, grades
four and five. This deviation from the parathyreid controls, as ssem
in Tadble VI, was also observed whea plotted with other groups in Figure
Yi. This difference was again shown in Figure VTII where the average
degree of flexure of the parathyroid combined group, two and five
uaits, vas clearly shown below that of its controls and any other
group. The degree of flexure of the offspring wvhen compared to the
parents of the parathyroid groups is show in Figure I1X. TYor the off-
spring grade Qoro is possibly higher while grade 5 may de lower than
one would expect in mdoni bred populations. HNo conclusion can de
4dravn concerning the effect of parathyroid extrast on the grade of
flexure becmnse of the small aumber availadle for this study.

In observing Tables ¥V and VI a discrepancy is found in the per-
centage of non-flexed individuals in the parathyroid combined groups.
The percentage (15 per cen$) on Table VI is greater than the percentage
(11.03 per cent) on Table V. The data fyom which the percentages were
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odtained ia Tadle ¥V represent a fraction of the data in Tadle VI.
This diecrepancy is due to the fact that mot all the individnals
wvhich were sbserved for being flexed or m-ﬂoiod were recorded as
to the degree (grade) of flexure. While ene can determine whether
a $ail is flexed at an early age classification of the degree of
flexure was left until the animels were of vesning age (three wveeks)
or longer if necessary. In certain cases emtire litters died froa
dysentexry defore they were of weaning age. These litters werse re-
cerded for the presence of a flemire but mot for the degres of flex-
ure,

No data were incorporated in this thesis from say saimel that
died before the presence or absence of e flexure was definitely deter-
mined.

It is strongly indicated that there was a decreass in the inoidence
of flexed~tail in thobffupring from l_wnoqpus matings of Bunt'e flexed
tailed etrain by the administration of the parathyroid hormsone to the

pregnant female under the conditioms of these experiments.
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TATLE VI
PAGATHYROID AdD CCITROL PCITIATICLS

DEGETES OF FLUXURS e TR ZSTED I PERCTIUTAGES

Offenring
Dsgree of Flexure
o) 1 2 3 L

Control One 1.56 8.59 7.1 37.11  31.25
Parathyrold

Control 2.60  2.80 11.21 30.84  33.6u
Parathyroid

Combined 15.¢0  15.00 12.00 36.0C 1L,00
(2 end 5)

Farents

Parathyroid 0.0C 9.09 3.03  ug.ug  36.136

13.67

18.63

8.00

3.03



TABLI VII

PARATHYROID
Number of non-flexed
individuals found in
Percent the parathyroid growp
Lon-flexed for everyone found in
l. Ferathyroid control
2. Control one
Farathyroid Control
Control One
Parethyroid 12. 795 4.57 g.58
2 units
Parathyroid "
5 units 8.00% 2.86 5.37
Parathyroid )
. (2 and 5 unite; 11.03% 3.94 7. ko

conbined



TABLT VIII

PARATHYROID
Standard

error of the LA

dirference value
Parathyroid Con- 01.50 0.87
trol vs. Control
Cne
Parathyroid Con- 03.88 2.57
trol vs. Para=-
thyroid 2 units
Parathyroid Cone ok,11 1.27
trol vs, Para~
thyroid 5 units
Perathyroid 2 05.26 0.91
vnites vs. Para-
thyroid 5 units

trols vs, Para=-
thyroid 2 and §
units

Odde against the
ococurrence of a
deviation as great
as or greater than
the designated one.

1.6011

93.00:1

3.90:1

1.75:1

141,851



PARATHYROID
PERCENT NON-FLEXED

I. CONTROL ONE
PERCENT 2. PARATHYROID GONTROL
3.PARATHYROID 2 UNITS
4.PARATHYROID S UNITS
131 5. PARATHYROID
COMBINED (2 85)
12}
n}
o
9l
sl
7
6l
5|
4}
3}
2
1L
b i, 3. .als

EACH GRADUATION EQUALS TEN ANIMALS

FIGURE 1V



PARATHYROID
DEGREE OF FLEXURE IN THE OFFSPRING

PARATHYROID CONTROL ——

PARATHYROID COMBINED-——-
(28&5 UNITS)

PERCENT
40|

0 i 2 3 4 5
DEGREE OF FLEXURE

FIGURE V



PARATHYROID
DEGREE OF FLEXURE IN

THE OFFSPRING

CONTROLS PO
THYROXINE CONTROL -
PARATHYROID CONTROL —---
PARATHYROID UNITS =~

PERCENT THYROXINE S
| ALL DILUTIONS
40}
30}
20!

10t

(0] | 2 3 4 é
DEGREE OF FLEXURE

FIGURE VI



AVERAGE DEGREE OF FLEXURES

[ .CONTROL ONE
PARENTS 2. THYROXINE

| 3.PARATHYROID

[ 4 CONTROL ONE
5. THYROXINE CONTROL
OFFSPRING 6.PARATHYROID GONTROL

7.THYROXINE ALL DILUTIONS
| 8PARATHYROID 2/5 UNITS

DEGREE
OF FLEXURE

FIGURE VII



DEGREE OF FLEXURE OF THE PARENTS

CONTROL —
THYROXINE
PARATHYROID -

PERCENT
60 -

504

0 i 2 3 a 5 6
DEGREE OF FLEXURE

FIGURE Vil



DEGREE OF FLEXURE OF PARATHYROID

PARENTS AND OFFSPRING OF PARATHYROID
285 UNITS

RRATHYROID PARENTS —--—--

PARATHYROID
PERCENT 285 UNITS ——
50

I 2 3 4 5 6
DEGREE OF FLEXURE

FIGURE IX
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Macussion

The discussion conserniang the relative importance of heredity and
savirennant vas a major conflict at one time. In this experimeant, as
in many others dealing wish hersdity, the two factors work together.

The comuon osncept of a gene is that the gene is an entity influsneing
a process of 1ife rather than distating it. The enviroument modifies
the effects of geme ecction. In this experiment the only manifestatioa
of the flexed geme used was the more obvious one, the tail flexure.
Anemia, the belly-spot, and the lowered metcbolism were not invasti-
gated. The thyroid injections inte the pregnant females of this experi-
ment had no effect on the incidence of flexare in the offspring. Ine
Jestions of the parathyroid hormone into pregnant females produced a
significant decrease ia the percentage of flexed offspring. The iaves-
tigation did mot prove that the parathyreid extract aoted directly eh
the fetus. The effect may have deen indirect, through soms modification
in the metadolism of the pregnant sother.

The parathyroid hormene may reduce ths degree of flexure or inhibit
it altogether. The total funhibition of flexure was found in a limited,
at statistically significent, nusber of snimals. In general the average
degres of flexure was lees as a consequence of the injections. The re-
&otion effect of the degree of flexure was suggested by the fact that
in the parathyroid groups the grades sero, one and two had a higher repre-
sentation than in the ocontrols, and the -gradn four and five were lowver.
The character, flexed-tail, is highly variadle and there is oaly a slight
significant correlation in the inheritance of the degree of flexure,
thus larger numbers of offepring are needed defore any oonolusion caa

be dravn as to any reducing effect the parathyroid injectioms may have

had en the grade of flexure.
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One must coasider whether or not the hormone can pass through the
placemta from mother to fetus. One cannot assume such a passage. That
the thyroid hormone passes through the placenta from the foetal to the maternal
ciroulation vas given indirect support by the odservations of Splelwman,
Petersen and FPiteh (19hlL) on the dovine. Windle (19h0) suggested an ap-
parent lack of transmission of the thyroid hormone im the dovine. Im
the human it seems prodadle that ths thyroxine of the msther is availl-
able to the foetus, becmse it cen traverse the placental darrier. The
perathyroid hormone is aprarently unable %0 pass the placenta in dogse
(wWindle, 1940).

In studies concerning the placenta one must keep foremost in mind
thet the physiologic characteristics eof the placenta are not constant
throuzhout embryonie and fetal development, nor are they ths same in all
species of mammals. This is showm dy the density and numder of tissue
layers separating maternal and foetal dlood. The) type found ia rodents
consists only of & laysr of endothelium betwveen the maternal and foetal
circulations. ¥ith only a few cells between the foetzl and saternmal cire
culations it would seem that if a substance were to pass through the plae.
centa, this type would de advantageous. If the horsone ¢an pass through
t-n-:,“’ the foohﬂ’t{fhmtal circulation only after a certain stage in
the developmant of the placenta, it may have proved a darrier to the
action of the hormone when it may have been adble to produce its greatest
influence on the gene action in the developing emdryo. The riumg nay
have begun much earlier than the fourteenth day and de due to an earlier
lovered rate of metabolism. If this factor is the vital one, early inter-
ference with the process may be desirable.

With the methods used in this experiment early interferences with

the developing foetus may not have been generslly aceomplished with the
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exception of the suscessful cases vhere non-flexed individuals vere
obtained by parathyroid injections. On parathyroid administration
the phosphate lavel ¢f the dloed is reduced and calciuam is withdrawm
from the trabesular bone, the dlood plasma value of caleium is high.
The c¢alcium level of the blood and the meschanism of the nervous sysiem
are intimately associated. These changes msy aftét the foetus indirect-
1y by the change in the metalolism of the mother or directly by pla-
semtal transmission of a change in the eomposition of the maternal
dlood.

-The parathyroid hormone has a statistically significant effect
on the expression oé\kflo:odptanod gens, The fact that the hormone
d14 not produce all nermal tails leaves much to de investigated, dut
maggests that the parathyroid could be an important fector in the ex~

pression of the flexed-talled gene.
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