
Fig. 1. A group of thyroid follicles within 
multilocular fat near, but not immediately 
adjacent to, the aorta. Hematoxylin and 
eosin stain (x 90). 

Fig. 1. A group of thyroid follicles within 
multilocular fat near, but not immediately 
adjacent to, the aorta. Hematoxylin and 
eosin stain (x 90). 

floor of the pharynx to its normal 
cervical position, or from its descending 
beyond its normal adult location (1, 2). 
In the first case aberrant thyroid tissue 
may occur at any median point from 
the tongue to its normal position and 
in the second case it occurs caudal to 
the normal position to include its loca- 
tion within the thoracic cavity. In man 
the thoracic thyroid has been described 
in the mediastinum behind the sternum, 
adjacent to the aorta, within the upper 
part of the pericardium, and in the 
interventricular septum of the heart 
(2). Another form of aberrant thyroid 
is the result of an anomaly of develop- 
ment of the fetal tissues as a whole. 
In man this is most common in the 
ovary and is considered a teratoma (3). 
Aberrant thyroid has been described in 
the rat (4), guinea pig (5, 6), dog (7), 
rabbit (6), and baboon (8). I am not 
familiar with any reports of its occur- 
rence in the mouse. 

It is of importance to recognize the 
occurrence of aberrant thyroid tissue in 
experimental animals, for, as in man, 
unusual clinical pictures and thyroid 
function tests can result from the 
presence of aberrant tissue. In labora- 
tory animals aberrant thyroid must be 
considered when unusual results are ob- 
tained from extirpation or other experi- 
mental procedures. Complete removal 
of the thyroid gland does not insure 
removal of all functional thyroid tissue. 

Microscopic examination of tissues 
representative of all organ systems was 
conducted on 2634 mice of the 
BALB/c strain (without the milk fac- 
tor) and 1033 mice of the Strong A 
strain. The heart of each mouse was 
serially sectioned from the apex to the 
base including the great vessels enter- 
13 SEPTEMBER 1963 

floor of the pharynx to its normal 
cervical position, or from its descending 
beyond its normal adult location (1, 2). 
In the first case aberrant thyroid tissue 
may occur at any median point from 
the tongue to its normal position and 
in the second case it occurs caudal to 
the normal position to include its loca- 
tion within the thoracic cavity. In man 
the thoracic thyroid has been described 
in the mediastinum behind the sternum, 
adjacent to the aorta, within the upper 
part of the pericardium, and in the 
interventricular septum of the heart 
(2). Another form of aberrant thyroid 
is the result of an anomaly of develop- 
ment of the fetal tissues as a whole. 
In man this is most common in the 
ovary and is considered a teratoma (3). 
Aberrant thyroid has been described in 
the rat (4), guinea pig (5, 6), dog (7), 
rabbit (6), and baboon (8). I am not 
familiar with any reports of its occur- 
rence in the mouse. 

It is of importance to recognize the 
occurrence of aberrant thyroid tissue in 
experimental animals, for, as in man, 
unusual clinical pictures and thyroid 
function tests can result from the 
presence of aberrant tissue. In labora- 
tory animals aberrant thyroid must be 
considered when unusual results are ob- 
tained from extirpation or other experi- 
mental procedures. Complete removal 
of the thyroid gland does not insure 
removal of all functional thyroid tissue. 

Microscopic examination of tissues 
representative of all organ systems was 
conducted on 2634 mice of the 
BALB/c strain (without the milk fac- 
tor) and 1033 mice of the Strong A 
strain. The heart of each mouse was 
serially sectioned from the apex to the 
base including the great vessels enter- 
13 SEPTEMBER 1963 

ing and leaving the heart. In seven 
BALB/c mice (five female, two male) 
aberrant thyroid tissue was observed 
at the base of the heart (Fig. 1). In 
six of these, the tissue occurred within 
the multilocular fat at the base of the 
heart near but not immediately adja- 
cent to the aorta. In the other animal 
the tissue was within the pericardium 
at the base of the heart. In each of 
these mice a thyroid gland was present 
in the normal adult position. The 
aberrant tissue was identical in micro- 
scopic structure to normal thyroid tissue 
and in all probability was functional. 

It is of interest that aberrant thyroid 
tissue was observed only in the BALB/c 
strain. In a comparison study on the 
normal thyroid gland of the two strains 
of mice, it was observed that in both 
strains the capsule is extremely thin 
or inapparent. In the Strong A mouse 
the thyroid gland is well confined and 
ends abruptly on all surfaces whereas 
in the BALB/c the thyroid is more 
loose and frequently strings out at the 
anterior and posterior poles of the 
gland. Small groups of follicles and 
occasional single follicles are frequently 
seen at either pole away from the body 
of the gland separated by multilocular 
fat and occasionally by striated muscle. 
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Deformability and resilience are ma- 
jor properties of articular cartilage that 
provide shock absorption and reduce 
friction in the functioning of joints. 
The elastic behavior of cartilage is, to 
a large extent, dependent upon mechan- 
ical extrusion and repenetration of tis- 
sue fluid, and is influenced by the con- 
centration of salts in the milieu (1, 2). 
In this study, the disarticulated heads of 
the tibias from 38 freshly killed dogs 
were used to test the effects of various 
ions and the viscosity of the immersion 
medium on the elasticity of the carti- 
lage. 

The cartilage was first equilibrated in 
physiological saline solution at 37 ? 
1?C for 75 to 90 minutes. A compres- 
someter (1, 3) was then used to apply 
a static load of 83 g/mm2 to the surface 

Deformability and resilience are ma- 
jor properties of articular cartilage that 
provide shock absorption and reduce 
friction in the functioning of joints. 
The elastic behavior of cartilage is, to 
a large extent, dependent upon mechan- 
ical extrusion and repenetration of tis- 
sue fluid, and is influenced by the con- 
centration of salts in the milieu (1, 2). 
In this study, the disarticulated heads of 
the tibias from 38 freshly killed dogs 
were used to test the effects of various 
ions and the viscosity of the immersion 
medium on the elasticity of the carti- 
lage. 

The cartilage was first equilibrated in 
physiological saline solution at 37 ? 
1?C for 75 to 90 minutes. A compres- 
someter (1, 3) was then used to apply 
a static load of 83 g/mm2 to the surface 

This may indicate that portions of the 
thyroid anlage of the BALB/c mouse 
frequently do not descend with the en- 
tire structure or descend beyond the 
normal adult position. 

Unfortunately, tissues were not re- 
moved from the pharynx or the base 
of the tongue, hence it could not be 
determined if lingual thyroid masses 
were present. 

RONALD D. HUNT 

U.S. Army Medical Research and 
Nutrition Laboratory, Fitzsimons 
General Hospital, Denver, Colorado 
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of the cartilage for 12 minutes. Linear 
deformation was recorded as a function 
of time, as was recovery when the load 
was removed. The measurements were 
repeated thereafter at the same site 
after the cartilage had again been equili- 
brated in the different solutions. The 
solutions, except where noted, were iso- 
tonic, calculated (4) as NaCl equiva- 
lents without correction for activity 
coefficients. The divalent cation solu- 
tions were 0.11M CaC12, BaCL2, and 
MgC12; the trivalent solutions were 
0.085M AIC13, LaC3, FeCl, and 
[Co(NH3)6] Cl3 (5). Monovalent cati- 
onic substitutes for Na+ were 0.15M 
KCl, LiCl, and NH4Cl. Tetramethyl 
ammonium chloride was used to pro- 
vide a large cation that would be less 
firmly bound to the polyanions (6) of 
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Elasticity of Articular Cartilage: 
Effect of Ions and Viscous Solutions 

Abstract. The deformability of articular cartilage is increased by cations, more 
so by polyvalent than monovalent ones. Trivalent cations also depress elastic 
recovery. Failure of viscous solutions to alter the elastic behavior suggests ultra- 
filtration by cartilage as a possible mechanism in synovial lubrication. 
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the cartilage than the preceding cations. 
Monovalent (I and Br-) and divalent 
(SO=) salts of sodium were used for 
testing the effects of anions. Isotonic 
D-mannitol was used as a nonelectro- 
lyte. Two- and 3-percent solutions 
of dextran (7) yielded viscosities of 21 
to 62, relative to water at 37?C. Meas- 
urements were also made in bovine 
synovial fluid before and after treat- 
ment with testicular hyaluronidase 
(7 = 8.6 and 1.2, respectively). 

In the first test, the average deforma- 
tion for 38 tibias, in 0.9-percent NaCI 
solution and after 12 minutes of load- 

ing, was 0.303 ? 0.013 mm. Twelve 
minutes later, the recovery was 98.3 +? 
0.4 percent of the deformation. The 
mean ratio of the area under the curve 
of recovery to the area under the curve 
of deformation, as a function of time 
(Fig. 1), was 1.03 ? 0.01, because 
initially the elastic recovery was slightly 
more rapid than the deformation (8). 
Although the baseline deformations of 
the cartilage in 0.9-percent NaCI 
showed considerable differences be- 
tween different animals, measurements 
made at the same site, on cartilage 
from the same animal, were readily 
reproducible. Changes in the extent 
of deformation and recovery in the 
test solutions are therefore presented 
(Table 1) as A(percent) of the origi- 
nal baseline deformation and recovery 
values in normal saline solution. With- 
in each class of solute, the findings 
were consistent; for this reason the data 
were pooled. 

The deformations in physiological 
salt solution approach, but do not usu- 

ally reach, an asymptote between 12 
and 18 minutes of loading (1). The 
shorter period was used in the pres- 
ent experiments for practical reasons. 
A few tests that were made over 18- 
minute periods gave results similar to 
those obtained at 12 minutes. These 
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Fig. 1. Time curves of deformation and 
recovery in one experiment. Left to right: 
original deformation and recovery in nor- 
mal saline solution; increased deformation 
and diminished recovery in cobalt; partial 
restoration of elastic properties in 0.9-per- 
cent NaCl. 

observations, as well as the magnitude 
of the differences observed in the vari- 
ous groups of solutes, indicate that the 
principal changes in deformability rep- 
resent changes in the "final saturation 
value" rather than simply changes in 
the rate of reaching it. 

Removal of cations by distilled water 
or replacement by the N(CH).,+ re- 
sulted in smaller deformations of the 
cartilage without diminution of elastic 
recovery. The several monovalent cat- 
ion solutions yielded data comparable 
to those obtained from cartilage in 0.9- 
percent NaCl. Conspicuous changes oc- 
curred in the solutions of polyvalent 
cations. Divalent cations caused marked 
increases in the extent of deformation 
of the cartilage with little elastic loss; 
the changes were largely reversed when 
the divalent cations were replaced by 
0.9-percent NaCl. Trivalent cations 
caused shrinkage of the tissue, in- 
creased deformability, and caused a 
marked decrease in recoverability of the 

cartilage. Except with [Co(NH:)O]+, 
these effects were not reversible in 

Table 1. Changes in deformability and recoverability of cartilage in various solutions (mean ? 
standard error). 

Original No. 
deformation Second of A Deformation A Recovery 

in 0.9% NaCI solution experi- (%) (%) 
(mm) ments 

0.331 ?r0.042 0.9% NaCI 5 0=1 0.4 0.8 0.3 
.271 4 .062 3.4 % NaC1 3 27.3 i4 3.4* --0.3 i 1.1 
.277 r .028 H20, non-electrolytes 5 -17.3 =E 4.3 0.2 z? 1.7if 
.305 ?: .042 N(CH3)4C1 4 -8.3 ? 2.2* -0.2? 2.1 
.235 ? .004 Monovalent cations 5 4.2 ?= 1.8 0.4 1. 6 
.280 =? .003 Divalent cations 7 34.1 ?: 4.4* --1.3 =1 0.8 
.365 =? .025 Trivalent cations 9 29.4 ? 7.8* -34.1 ? 4.31 * 
.306? .025 Anions 4 2.4 ? 1.7 0.6 ? 0.4 
.288? .065 Viscous, salts 3 1.5 t 1.6 --1.9 1.8 
.383 Viscous, nonelectrolyte 1 -12.8 3.1 

* P < .01 f Four experiments only. 
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physiological saline solution. The vis- 
cosity of the immersion medium did 
not influence the findings appreciably. 

These observations may have a triple 
significance. The mechanism by which 
cartilage acquires its elastic properties 
has not yet been established conclu- 
sively (9). The protein-polysaccharide 
materials of the interfibrillar matrix, so 
far as is known, are viscous solutions 
rather than elastic gels. Nevertheless, 
the loss of rigidity of cartilage when 
its chondroitin sulfate is depleted by 
papain (10) indicates that the poly- 
saccharide plays an important part. On 
the other hand, evidence has recently 
been presented that matrix polysaccha- 
rides do not contribute to the me- 
chanical properties of rat tail tendon 
although the noncollagenous, interfi- 
brillar proteins do (11). The present 
experiments show that anionic groups 
of the cartilage are involved in its phys- 
ical properties; presumably the sulfate 
and carboxyl groups of the matrix 
polysaccharides and proteins are the 
principal anions concerned. The reduc- 
tion in the electrostatic charge by the 
cations must, in some way, reduce the 
size of the colloid aggregates and there- 
by permit greater deformation and ex- 
trusion of water when the cartilage is 
compressed. Chondroitin sulfate binds 
counterions more like a polyelectrolyte 
solution than like an ion exchange resin, 
as has been suggested. The binding of 
counterions in such solutions becomes 
more pronounced when the cations have 
a higher valence (9), which is in ac- 
cordance with the present findings. The 
relative reversibility of the cobalt-in- 
duced loss of elastic recovery of carti- 
lage parallels the known competition 
between this cation and sodium for 
binding chondroitin sulfate. Whether 
the irreversible decrease in elastic re- 
covery induced by the other trivalent 
ions is a salt effect or the result of pro- 
tein denaturation of another type re- 
mains to be determined. The proteins 
of cartilage matrix presumably com- 
bine with cations. Certain trivalent 
metals also cross-link the collagen. 

In speculations about the possible 
significance of cations in the patho- 
genesis of chondromalacia, the possi- 
bility that the presently unexplained 
degeneration of joint cartilage in hemo- 
philia may result from presence of iron 
salts derived from the degradation of 
hemoglobin is attractive. Intra-articular 
injection of blood has been reported to 
produce degenerative changes in carti- 
lage, although the specificity of the 
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lesion may be questioned. Trace metal 
content of synovial fluid has also been 
reported as being elevated in rheuma- 
toid arthritis (12). 

The prompt recovery of the cartilage 
following removal of load in the vis- 
cous media suggests that the tissue 
selectively excluded the long-chain 
polymers while allowing water and 
electrolytes to enter the tissue; that is, 
the tissue acts as a rapid ultrafilter. 
This may provide a mechanism for 
concentrating synovial mucin at the sur- 
face of the cartilage, thereby increasing 
the effectiveness of synovial fluid as a 
lubricant. It has been suggested (13) 
that the ground substance in vascular 
and certain other connective tissues may 
regulate ultrafiltration. 

In an attempt to see whether the 
various ions caused swelling or shrink- 
age of the ground substance, paraffin- 
embedded sections were made of dog 
rib and rabbit ear cartilage that had 
been immersed for 2 hours in dis- 
tilled water, isotonic Na+, Ba+, La3', 
and 3.4-percent NaCl. They were sub- 
sequently fixed in the same solutions to 
which formalin was added. No histo- 
logic changes in cells or matrix were 
detected in hematoxylin-eosin, periodic 
acid-Schiff, reticulum, or Rinehart prep- 
arations, with the exception of the chon- 
drocytes which appeared less crenated 
following immersion in lanthanum 
than in the other solutions. 

LEON SOKOLOFF 
Laboratory of Experimental Pathology, 
National Institute of Arthritis 
and Metabolic Diseases, 
Bethesda 14, Maryland 
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Tanning in the Adult Fly: A New 
Function of Neurosecretion 
in the Brain 

Abstract. Tanning in the newly 
emerged fly is induced by a hormone 
secreted by neurosecretory cells situ- 
ated in the pars intercerebralis of the 
brain. The same hormone is contained 
in the compound ganglion of the thorax, 
in concentrations six times as high as 
in the brain. This hormone is believed 
to act directly on the effector organ, 
and not through the secretion of ecdy- 
son or a corpus allatum hormone; its re- 
lease is effected through nervous im- 
pulses reaching the brain by way of 
the ventral nervous system a few min- 
utes after the fly has emerged from the 
puparium. The hormone appears to be 
different from both the prothoraco- 
tropic and the gonadotropic hormones. 

In a previous communication (1) 
we described an endocrine mechanism 
which triggers off "tanning," the dark- 
ening and hardening of the adult fly 
after its emergence from the puparium. 
When the head is ligatured immediately 
after emergence the rest of the body 
never tans, but it can be induced to tan 
by injection of "active" blood from a 
30- to 60-minute old fly. Simultaneous 
with the appearance of our report, a 
series of papers came out by Cottrell 
(2) dealing with exactly the same topic 
and with similar conclusions, but there 
were considerable differences in ap- 
proach and details of technique. At the 
time of our earlier communication we 
had not succeeded in localizing the 
source of this hormone, but we con- 
cluded that it was not ecdyson, and 
did not originate from the corpus al- 
latum or the brain. Similarly, Cot- 
trell's experiments failed to identify the 
site of origin of this hormone. We 
now present evidence that, contrary 
to our earlier conclusions, the hor- 
mone is, indeed, a product of neuro- 
secretion in the brain. Extracts from 
whole brains of newly emerged flies, 
which have inactive blood, or of 1- 
hour old flies, which have active blood, 
induced tanning in ligatured newly 
emerged flies, but extracts from the 
brains of flies aged 1 day or more 
were entirely inactive. There was little 
or no difference between the activity 
of brain extracts from newly emerged 
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Abstract. Tanning in the newly 
emerged fly is induced by a hormone 
secreted by neurosecretory cells situ- 
ated in the pars intercerebralis of the 
brain. The same hormone is contained 
in the compound ganglion of the thorax, 
in concentrations six times as high as 
in the brain. This hormone is believed 
to act directly on the effector organ, 
and not through the secretion of ecdy- 
son or a corpus allatum hormone; its re- 
lease is effected through nervous im- 
pulses reaching the brain by way of 
the ventral nervous system a few min- 
utes after the fly has emerged from the 
puparium. The hormone appears to be 
different from both the prothoraco- 
tropic and the gonadotropic hormones. 

In a previous communication (1) 
we described an endocrine mechanism 
which triggers off "tanning," the dark- 
ening and hardening of the adult fly 
after its emergence from the puparium. 
When the head is ligatured immediately 
after emergence the rest of the body 
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(2) dealing with exactly the same topic 
and with similar conclusions, but there 
were considerable differences in ap- 
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cluded that it was not ecdyson, and 
did not originate from the corpus al- 
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now present evidence that, contrary 
to our earlier conclusions, the hor- 
mone is, indeed, a product of neuro- 
secretion in the brain. Extracts from 
whole brains of newly emerged flies, 
which have inactive blood, or of 1- 
hour old flies, which have active blood, 
induced tanning in ligatured newly 
emerged flies, but extracts from the 
brains of flies aged 1 day or more 
were entirely inactive. There was little 
or no difference between the activity 
of brain extracts from newly emerged 
flies and 1-hour old flies. Extracts from 
the compound ganglion in the thorax 
were about six times more active than 
the brain extract from the same fly. 

flies and 1-hour old flies. Extracts from 
the compound ganglion in the thorax 
were about six times more active than 
the brain extract from the same fly. 

The compound thoracic ganglion from 
older flies was entirely inactive. Ex- 
tracts from the entire ganglionic sys- 
tem, including the brain, of feeding 
larvae, prepupae, untanned pupae, or 
1-day old pupae, showed little or no 
activity, while extracts from the brain 
or thoracic ganglion from pre-emergent 
flies taken from the puparia were al- 
ready active. 

The hemolymph (blood) of newly 
emerged flies was already considerably 
active 2 to 3 minutes after emergence, 
as shown by a full tanning reaction 
in flies ligatured at that time. Fifteen 
minutes later the activity was so great 
that blood taken at that stage could be 
diluted up to 30 times with Ringer's 
saline and still cause full tanning when 
injected into ligatured flies. Evidently, 
at the height of activity in the blood, 
there is enough hormone present in 
one fly to induce tanning in over a 
hundred flies. Since the activity is so 
much greater in the thoracic compound 
ganglion than in the brain, it is as- 
sumed that most of the activity in the 
blood is derived from the thoracic 
ganglion. The disappearance of activity 
from the ganglion within a day indi- 
cates its release into the blood. This 
release must be triggered by an action 
of the brain, because it did not occur 
in the fly ligatured at the cervix. 

The removal, at the time of emer- 
gence, of the median neurosecretory 
cells of the pars intercerebralis of the 
brain, by the technique of Thomsen 
(3), had the same effect as decapi- 
tation: tanning no longer took place. 
Extracts of brains from which the 
neurosecretory cells had been removed 
were entirely inactive. The activity of 
extracts made from the cells was about 
equal to that of an intact brain, al- 
though the section of the brain re- 
moved in the preparation of the ex- 
tracts was probably less than one 
hundredth of the weight of the brain. 
However, implantation of intact cells 
had no effect at all, indicating that the 
activity is not released readily from the 
isolated cells. Corresponding experi- 
ments with the lateral neurosecretory 
cells indicated that they are probably 
not involved in this reaction. 

In view of the much greater hor- 
monal activity of extracts from the 
thoracic compound ganglion, and the 
fact that neurosecretory regions had 
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not involved in this reaction. 

In view of the much greater hor- 
monal activity of extracts from the 
thoracic compound ganglion, and the 
fact that neurosecretory regions had 
never been described from this organ, 
we proceeded to search for such struc- 
tures. Two groups of large cells which 
stain prominently with methylene blue 

1057 

never been described from this organ, 
we proceeded to search for such struc- 
tures. Two groups of large cells which 
stain prominently with methylene blue 

1057 


