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ABSTRACT 

Electrolytic lesions were produced in various parts of the hypo

thalamus and septo-mesencephalic tract in three experimental groups of 

cockerels differing in age, hatch date, breed, and environmental 

temperature regime. Septo-mesencephalic tract lesions were correlated 

with a subsequent decrease in thyroid gland weight. Thyroid colloid 

area and acinar cell areas for follicles of a given size do not appear 

to be significantly different in lesioned animals; but radioiodine 

uptake and release by the thyroid is accelerated, and maximum uptake by 

the gland is increased. Cytological examination of the adenohypophysis 

in controls and tract lesioned animals did not reveal differences in 

the number or degree of granulation of thyrotrope cells. 

There appears to be a reciprocal relationship between gland 

weight and I*-** activity. The gland weight is relatively independent 

of TSH levels. If pituitary secretion of TSH was modified, the change 

1 •» 1 
was too small to be detected histologically. The increased I 

activity and decreased gland weight are incompatible with an explanation 

of differential sensitivity of these variables to TSH. If a minute 

increase in TSH is hypothesized to explain the increase in I 

activity, the decrease in weight is not explained. If a slight decrease 

in TSH blood level is postulated to explain the loss in gland weight, 

the increase in iodide activity is not accounted for. The existence 

of a separate thyroid "growth factor" is therefore proposed as a possible 

vii  
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explanation. The thyroid "growth factor" is postulated to be elaborated 

by the pituitary under the control of a hypothalamic releasing factor. 



INTRODUCTION 

A fundamental pituitary-thyroid relationship in birds was first 

described by Mitchell (1929) who reported a decrease in thyroid size 

following pituitary removal in immature chicks. Schooley et al. (1941) 

have shown that hypophysectomy of pigeons resulted in a 20% decrease 

in body weight and a 50% decrease in thyroid weight. Nalbandov and Card 

(1943) noted a decrease in thyroid size within two or three weeks 

following hypophysectomy. Injection of exogenous thyroid stimulating 

hormone (TSH) in birds results in an increase of thyroid size and 

follicular cell height (Adams and Beiman, 1942; Dvoskin, 1947). 

Administration of TSH also results in an increase in the synthesis and 

release of thyroxin (Larson et al.. 1945; Frey and Flock, 1958), in 

i I 
iodide uptake (Shellabarger and Godwin, 1954), and in iA-,i release rate 

(Bates and Cornfield, 1957). Inhibition of i^l uptake by the thyroid 

occurs after administration of thyroxin. This reduced uptake indicates 

that TSH secretion is inhibited by levels of circulating thyroxin 

(Shellabarger and Godwin, 1954). There is also evidence to indicate 

that the feedback mechanism between the pituitary and thyroid is not a 

simple one. Thyroid hormones may act directly on the thyroid to inhibit 

TSH action. When thyroid hormones are administered with TSH, the 

increases in thyroid weight and cell height are less than those produced 

by TSH alone (Shellabarger and Godwin, 1954). 

The fact that-different light regimes can alter thyroid activity 

in chicks (Kleinpeter and Mixner, 1947) is indicative of a central 

1 
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nervous system involvement with thyroid function. The anatomical 

relationships between the adenohypophysis and hypothalamus described by 

YJingstrand (1951), Farner and Okache (1962), and Benoit (1962) indicate 

a potential functional relationship between the brain and thyroid. 

Legait (1957) reports a reduction in the activity of the neurosecretory 

system produced by thyroid hormones. Findings by Egge and Chiasson 

(1963) indicate that certain hypothalamic lesions result in reduced 

thyroid weights. 

The present work describes the changes in various parameters of 

thyroid activity associated with electrolytic lesions in both the 

hypothalamus and in certain telencephalic areas. 



MATERIALS AND METHODS 

Experiments were performed on two groups of White Mountain 

Breeders and one group of White Leghorn cockerels. Water and broiler 

starter (University of Arizona, containing 0.5 ppm iodine; 0.4 ppm is 

considered as minimum for chickens) were available to all animals 

ad libitum, except during the counting period. Thyroid activity 

is affected by environmental temperature (Hahn et al.. 1966), 

seasonal variation (Stahl and Turner, 1961), age (Levey, 1962; 

Farrington and Mellen, 1967), photoperiod (Kleinpeter and Mixner, 1947), 

and breed (Stahl et al., 1962). All of these variables were considered 

in the present study (Table 1). 

Experimental animals were anesthetized with an intravenous 

injection of sodium pentobarbitol administered slowly to effect. 

Lesioning was performed with the assistance of a modified Stellar 

stereotaxic apparatus. Electrodes consisted of number 00 insect pins, 

insulated with clear fingernail polish. Electrode placement was 

facilitated by using the X ray technique described by Egge and Chiasson 

(1963). All birds were lesioned bilaterally, about 1 mm on either side 

of the midsaggital suture. A 5 ma direct current was applied for 

15 seconds to produce lesions. The indifferent electrode was inserted 

into the leg musculature. Sham-operated controls received identical 

treatment except that no current was passed through the electrode. All 

animals except untreated controls received an intramuscular injection of 

100,000 units of penicillin G (Lilly Co.) immediately after the operation. 

3 
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TABLE 1. Several variables that are known to affect thyroid activity 
in cockerels. 

Group Number I II III 

Breed White Mountain 
Breeders 

White Mountain 
Breeders 

White Leghorns 

Hatching Month September J anuary June 

Age at Lesioning 10 Weeks 4 Weeks 8 Weeks 

Age at Autopsy 14 Weeks 9 Weeks 12 Weeks 

Prelesion Exter
nal Temperature 

Natural 
last 8 weeks 
prelesion: 
7. High 30° C 
X Low 10° C 

Incubator 
at 27° C 

24° C 

Postlesion Exter
nal Temperature 

Natural 
X High 19° C 
X Low 4° C 

24° C to 8 days 
preautopsy, 2° C 
last 8 days pre
autopsy 

ON
 0
 

o
 

Prelesion Photo-
period 

Natural 
last 8 weeks 
prelesion 

Constant light Natural 

Postlesion 
Period 

Natural Natural to 8 
days preautopsy; 
12L : 12D last 
8 days pre
autopsy 

12L : 12D 



5 

Approximately one month after lesioning, 1 ml containing 20 juc 

1*51 131 
of carrier free Nal was injected intraperitoneally. Uptake of I 

by the chicken thyroid was determined at 5, 12, 25, 48, 72, and 96 hour 

intervals on a scintillation counter. External counts were made on un-

anesthetized birds by securing the chicken in a plaster of paris holder 

and positioning the holder over the scintillation well. The plaster 

holder was constructed for each of the three groups of birds by im

printing the form of a dead bird from each flock in wet plaster. This 

procedure assured a reproducible counting geometry. Withholding food 

for 12 hours prior to counting eliminated thyroid masking by crop 

stored food. Three one minute counts were taken and averaged, with the 

birds repositioned for each count. All counts were corrected for back

ground and decay. In order to compensate for geometry and tissue 

difference between birds, preserved thyroids, obtained at autopsy, were 

placed at a fixed distance from the scintillation crystal and counted. 

This _in vitro count was equated with the last _in vivo count. A 

standardization factor was calculated by dividing the neck counts by the 

in vitro counts. This factor was used to calculate the comparable 

standard values for the other in vivo counts. The assumption of a 

linear proportionality between standard _in vitro counts and neck counts 

is justified because of the relatively small difference between the 

minimum and maximum _in vivo counts. 

Animals were sacrificed by chloroform inhalation prior to 

autopsy. Pituitary, adrenal, thyroid, and testis weights were obtained 

with an analytical, balance, and body and comb weights were determined 

with a top-loading balance. Brains and thyroids were fixed in Bouin's 
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fluid for subsequent histological examination. Pituitaries were 

preserved in lCfA formalin saturated with mercuric chloride. All 

pituitaries were oriented on a paper strip with cephalic and caudal 

lobes in the same plane. 

Brains were serially cross sectioned at 10 jj and stained with 

haematoxylin and eosin. Lesion locations were verified using the neuro-

anatomical descriptions of Kappers, liuber and Crosby (1965), Van Tien-

hoven and Juhasz (1962), and MacDonald (1962). Sections containing por

tions of the septal nuclei were mounted and stained with aldehyde thionin 

(AT) to determine the presence of AT positive neurons (Paget, 1959). 

Thyroids were sectioned at 7 ju and stained with haematoxylin and eosin. 

i'ituitaries were sectioned at 4 ju and five or six sections were selected 

at equidistant planes through the gland and mounted. Periodic acid 

Schiff-haematoxylin (Purves and Greisbach, 1951a) and aldehyde fuchsin 

(Purves and Greisbach, 1951b) were used to stain the pituitary sections. 

According to Brown and Knigge (1958) avian thyrotropes (g^ cells) have 

staining properties similar to those found in mammalian species. 

Histological determination of thyroid activity is usually 

evaluated by measurements of follicular cell height. Colloid/cell ratio 

provides an additional index of activity (Turner and Turner, 1945). The 

use of this ratio assumes that it is a measure of activity independent 

of the size of the follicle sampled. In the present study it was found 

that irregular follicle shape prevented accurate measurements of colloid 

diameters, and follicular cell height variability did not allow the 

determination of meaningful average heights. In order to compensate for 

these difficulties, cell and colloid areas vere calculated by the 
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technique suggested by Turner and Turner (1945) with some modifications. 

Thyroid gland sections, magnified 500X, were projected onto a sheet of 

paper. The outer follicle and inner cell surfaces were outlined in 

pencil. The outlines were then cut out of the sheet of paper and the 

cell and colloid pieces were weighed separately. Cell and colloid 

areas were calculated by means of the following formula: 

area jj? - (6.556) (mg paper). 

The constant, 6.556, compensates for both the paper density and the 

magnification. The constant is calculated by the formula: 

(&)"* (measured weight) x 4 - k, 

in which 6 is the paper density and 4 is the magnification conversion 

factor. 

A methimazole ••activated" gland and a selected "inactive1' gland 

were compared to test the follicular size range over which the colloid/ 

cell ratios were validly different (Figure 1). The ratios are different 

in all cases, but remain a function of follicle size. Follicles with a 

2 total area of 1200 ju were easiest to measure accurately, and twelve 

such follicles were selected from each gland for analysis. 



I 1 1 I I I I 
200 475 650 875 1100 1325 1550 1775 2000 

FOLLICLE AREA (/X.2) 

FIGURE 1. Comparison of colloid/coll ratios In an active and an inactive thyroid gland. Tha actIt* 
folllcl* has loss colloid and aoro coll araa than doos tha inactive follicl*. 

00 



RESULTS 

Thyroidal 1*31 activity of the three groups of cockerels is 

plotted in Figures 2, 3, and 4. In spite of differences in age, breed, 

seasonal variation, temperature, and photoperiod, each of the groups 

exhibited parallel responses to the experimental conditions (Table 1). 

One lesioned subgroup in each of the three groups differs greatly in 

thyroid iodide metabolism from the values for untreated controls, sham 

controls, and other lesioned animals. All lesioned cockerels with 

hyperactive iodide metabolism had lesions disrupting the septo-

mesencephalic tract (Figure 5). Each of the three groups had lesions 

at different anterior-posterior levels of the tract. Group I animals 

had lesions in the plane labeled C, and group II lesions were in the 

anterior frontal plane labeled B. Group III lesions occurred in the 

"AH plane. In those areas where the septo-mesencephalic tract becomes 

bilaterally divided (as in B and C) a lesion in one of the lateral 

bundles was sufficient to produce increased thyroid activity. The 

majority of group III lesions were bilaterally situated in, or just 

ventral to, the septal areas. The three midsagittal lesions which were 

associated with disruption of the septo-mesencephalic tract were the 

only ones correlated with increased 1*31 activity. Median lesions 

anterior to the septal areas did not increase thyroid activity. 

On the basis of increased 1*3* activity, lesioned cockerels 

were placed in groups with "effective" or "ineffective" lesions. The 

body and organ weight data for each lesioned group were also arranged 

9 
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FIGURE 5. Stereodiagrams of the right anterior half of the 

chicken brain. Solid black areas represent the septo-mesencephalic 

tract. Effective lesions occurred within the stippled area in each 

section. Abbreviations: A.C., anterior commissure; L.F.B., 

lateral forebrain bundle; L. VENT., lateral ventricle; OLF. BULB, 

olfactory bulb; OP.C., optic chiasma; PIT., pituitary; SEPT. A., 

septal area; S-M. (B.C.), ramus basalis caudalis; S-M. (B.F.), 

ramus basalis frontalis; S-M. (DOR.), ramus dorsalis. See text 

for explanation. 
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in these categories. Tables 2, 3, and 4 include organ to body weight 

ratios that might be affected by lesions. All effectively lesioned 

animals show a decrease in both absolute thyroid weight and in thyroid 

to body weight ratio. Pituitary and adrenal weights do not appear 

significantly different within any of the groups with the possible 

exception of one group II animal (see below). Testes and comb weights 

are highly variable. There is some indication however that smaller 

testes and comb weights are associated with specific lesions in 

group II animals (Table 3). 

One effectively lesioned animal, designated tSM, LBW of group II 

(Table 3 and Figure 3), did not grow during the post-lesion period but 

did consume normal quantities of food. The lesions in this animal 

involved the septo-mesencephalic tract, part of the lateral forebrain 

bundle and adjacent hypothalamic nuclei in the midfrontal plane 

(Figure 5B). 

The reduction of thyroid gland weight appears to be correlated 

with septo-mesencephalic tract lesions. The reduced weight might account 

for the apparent increased 1*31 activity when reported on a per milligram 

basis, as in Figures 2, 3, and 4. Even on an absolute thyroid weight 

basis, effectively lesioned cockerels had at least equal if not higher 

131 
maximum I uptakes (Figure 6). Uptake and release rates independent 

of thyroid weight are also correspondingly higher in effectively lesioned 

animals. The histological examination of thyroids revealed no signif

icant differences in any of the histological indicators of thyroid 

activity (Table 5). The quantitative histological technique (see 



TABLE 2. Autopsy weights and ratios of several Group I endocrine glands. All ratios are in 

mg % ± standard error. 

Mean Weight 

Body Thyroid Thyroid/ Pituitary/ Adrenal/ Testes/ Comb/ 
(gm) (mg) BU BW BW BW BU 

Untreated Controls 2234 167 7.3 0.43 6.6 23.6 92 
(N = 7) ±92 ±13 ±1.1 ±.01 ±0.4 ±0.9 ±7 

Ineffective Lesions 2282 208 9.4 0.38 7.9 22.8 77 

(N - 4) ±26 ±8.1 ±0.4 ±.01 ±0.2 ±2.4 ±7 

Effective Lesions 2727 143 5.3 0.41 8.0 30.2 73 
(N = 3) ±53 ±12 ±0.5 ±.08 ±0.4 ±1.6 ±9 



TABLE 3. Autopsy weights and ratios of several Group II endocrine glands. All ratios are in 

mg % ± standard error. 

Mean VJ eight 

Body Thyroid 
(gm) (mg) 

Thyroid/ 

BVi 

Pituitary/ 

BW 

Adrenal/ 

BVi 

Testes/ 

m 
Comb/ 

BVJ 

Untreated Controls 

(N - 3) 
1777 

±75 

111 

±8 

6.3 

±0.7 

0.57 

±.02 

9.7 

±0.6 
34.3 

±8.5 

119 

±30 

Sham Controls 

<N = 5) 

1690 

±170 

96 

±2 

5.9 

±0.6 

0.53 

±.05 

8.0 

±0.9 

37.1 

±11 

134 

±27 

Ineffective Lesions 
(N = 8) 

1553 

±70 

91 

±13 

6.1 

±1.5 

0.51 

±.05 

9.3 

±0.3 

24.6 

±4.0 

119 

±25 

Effective Lesions 

(N - 3) 
1512 
±188 

59 

±11 

4.1 
±0.9 

0.52 

±.06 

10.7 

±1.4 

20.8 

±1.7 

81 

±24 

Effective Lesion with 

Low Body Weight 
(N = 1) 

596 30 5.0 1.38 12.0 22.6 67 



TABLE 4. Autopsy veights and ratios of several Group III endocrine glands. All ratios are in 

mg % ± standard error. 

Mean 

Body 

(gm) 

Weight 

Thyroid 

(mg) 

Thyroid/ 

BW 

Pituitary/ 

BW 

Adrenal/ 

BW 

Testes/ 

BW 

Comb/ 

BW 

Untreated Controls 

(N - 5) 
903 

±26 

72 

±9 

7.9 

±0.9 

0.81 

±.03 

12.5 1 1 

±0.6 | 

44.2 

±7.2 

128 

±28 

Sham Controls 
(N - 3) 

937 

±109 

73 

±5 

7.7 

±1.7 

0.70 

±.02 

13.8 

±0.4 

119.0 

±64.0 

146 

±19 

Ineffective Lesions 
(N = 8) 

991 

±61 

71 

±2 

7.1 

±0.4 

0.70 

±.04 

12.9 

±0.8 

65.1 

±11.4 

142 

±15 

Effective Lesions 
(N - 3) 

875 

±13 

47 

±12 

5.4 

±0.2 

.75 

±.05 

13.5 

±1.3 

34.5 

±2.7 

133 

±18 
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TABLE 5. Results obtained from the histological examination of 

thyroid glands. All values ± standard error. 

Cell Area Colloid Area Colloid/Cell 

Group I Untreated Controls 184 1018 5.6 

(N - 7) ±11 ±44 ±0.4 

Ineffective Lesions 162 1038 6.3 
(N = 4) ±7 ±28 ±0.1 

Effective Lesions 222 982 4.9 

(N - 3) ±15 ±34 ±1.1 

Group II Untreated Controls 244 958 4.0 

(N - 3) ±17 ±22 ±0.4 

Sham Controls 257 943 3.9 

<N - 5) - ±27 ±20 ±0.4 

Ineffective Lesions 221 966 4.6 
(N «* 8) ±16 ±60 ±1.2 

Effective Lesions 252 934 3.9 
(N = 3) ±35 ±41 ±1.1 

Effective and Low 

Body weight 244 960 3.9 
(N = 1) 

Group III Untreated Controls 189 1012 5.5 
(N = 5) ±4 ±21 ±0.4 

Sham Controls 164 1037 6.5 
(N - 3) ±19 ±41 ±0.8 

Ineffective Lesions 162 1026 6.1 
(N - 8) ±10 ±27 ±0.8 

Effective Lesions 185 1017 5.6 
(N - 3) ±14 ±25 ±0.5 



materials and methods) is not sensitive enough to reflect intra-group 

differences but does indicate inter-group differences. 

The cells of the pituitary are angular or polygonal in shape, 

and stain readily with both aldehyde fuchsin (AF) and periodic acid 

Schiff (PAS). In hypothyroid states, the g cells lose most of their 

glycoprotein and become both PAS and AF negative (D'Angelo and Traum, 

1958). In chickens, Mikami (1958) and Brown and Knigge (1958) found 

thyrotropin cells primarily in the cephalic lobe of the adenohypophysis. 

In the present study accurate cell counts were extremely difficult to 

make because the cells are unevenly distributed and their response to 

stains varied from very dark to unstained. However, cytological 

differences between animals within a group are too small to be detected. 

The maximum and minimum extremes for any cell type in the control 

groups appeared to overlap the cytological patterns associated with the 

effective lesions. It is assumed therefore that any physiological 

alteration of TSH production was too small to be detected by gross 

histological methods. 



DISCUSSION 

Septo-mesencephalic tract lesions appear to produce the following 

conditions in chickens: 1) increase in i*31 uptake and release rates, 

131 
2) increase in maximum I fixation, 3) unaltered thyroidal cell or 

colloid areas, 4) unaltered pituitary thyrotropin patterns, and 5) 

decrease in thyroid weight. These data are not in accord with the 

situation in mammals (Figure 7). Although the dual thyrotropin 

hypothesis of Greer (1952) has been rejected (Greer, 1959) for mammals, 

it appears to be a logical explanation of the circumstances in birds 

(Figure 8). Differential sensitivity to TSH does not explain the 

131 
simultaneously lowered thyroid weight and increased I activity in 

septo-mesencephalic tract lesioned cockerels. If thyroid weight decreased 

in response to a minute lowering of TSH blood level the activity 

would have to be activated by the decrease. This relationship of 

l*il 
thyroid weight and iA-'A activity to TSH is unlikely since chickens 

respond to thyrotropin in a manner similar to that found in mammals 

(Mussett and Perry, 1955). Thyrotropin causes thyroid hypertrophy in 

the chick (Zarrow and Yochim, 1964), and therefore thyroid weight loss 

cannot be explained if a minute increase in TSH produced a great 

increase in I^l activity. 

Impulses from the septal areas which pass through the septo-

mesencephalic tract are apparently required for the elaboration of a 

hypothalamic factor affecting a postulated "growth factor" release. 

The "growth factor" which is proposed here is thought to be required 
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for the maintenance of normal thyroid weight. The absence of aldehyde 

thionin positive cells or fibers in the septo-mesencephalic tract is 

evidence that neurosecretory cells are not present and lends support to 

the hypothesis that septal involvement with thyroid function is in the 

nature of a neural impulse. 

It does not seem likely that the "growth factor" could be 

released directly by the hypothalamus. If such a neurohumor were 

transported through the general circulation and acted on the thyroid 

directly, extreme thyroid atrophy would not be expected following 

hypophysectomy. However, the thyroid does atrophy following hypo-

physectomy in the chicken (Nalbandov and Card, 1943), and there is 

therefore no indication of a direct action by the hypothalamus on the 

thyroid gland. Fontaine and Lopez (1965) report finding two different 

mammalian pituitary substances affecting the thyroid gland. One of 

these, classical TSH, is more effective in increasing radioiodine up

take. The other, neterothyrotrope factor (HTF), has a greater ability 

to stimulate increases in follicular cell height. 

Radioiodine activity is increased in septo-mesencephalic tract 

lesioned animals independent of their thyroid weight (Figure 6). 

1 *s 1 
Consequently the smaller glands of lesioned birds have an absolute I 

activity at least equal to the much larger glands of the control 

animals. The normal cytology of the adenohypophysis and thyroid gland 

in septo-mesencephalic tract lesioned birds indicates that thyrotropin 

output by the pituitary is relatively normal. The significant increase 

in thyroidal I*-** activity in these animals might therefore be inter

preted as due to a greater sensitivity of the thyroid to slight changes 



in TSH. A small rise in TSH production might be considered a response 

to progressively lowered levels of thyroxin resulting from a reduction 

in the number of synthesizing compartments of the thyroid. The thyroid 

glands of I^l hyperactive and control animals are similar in histo

logical appearance. Weight loss is a volume rather than a density 

function. Consequently the reduction in thyroid weight is probably 

due to a reduction in the number of follicles. The increased I1"** 

activity in lesioned animals with smaller glands might be interpreted 

as a compensation by the system to produce nonnal levels of thyroxin with 

fewer synthesizing components. This would probably require a small 

but effective increase in TSH to stimulate the remaining thyroid 

follicles to produce thyroxin at a greater rate. 

The body weight data for groups II and III, in which controls 

have higher body weights than do lesioned birds indicate that 

somatotropin (STH) may be the "growth factor." However, group I 

animals present the reverse situation. Furthermore, those glands 

(adrenals, testes, and pituitaries) which should be affected by STH 

deficiency are not consistently altered. Only one bird (group II, 

tSM, LBVi) presented an organ weight pattern compatible with an STH 

deficiency. 

Figure 8 illustrates TSH and the "growth factor" as operating 

independently but this may not be the case. Since TSH causes thyroid 

hypertrophy (Zarrow and Yochim, 1964), the hormone might have a partial 

growth function. TSH-induced increases in thyroid weight may be more 

closely related to density changes than to follicle number. TSH-

1 
stimulated I metabolism is usually associated with greater absorption 



of the intrafollicular colloid by the follicle cells. This results in a 

reduced colloid area, and an increase in cell height reflects increased 

i'^ and transport from the colloid and/or accelerated synthetic 

activity by the cells. Other types of relationship such as synergism 

or a serotonin-mediated mechanism might also be involved. The 

depressant action of reserpine on the iodine trapping mechanism has 

been correlated with changes in serotonin content of the thyroid 

(Magus et jal., 1964). 
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