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LORDEN, J. F., R. DAWSON, JR. AND M. CALLAHAN. Effects ofgoldthioglucose lesions on central catecholamine 
levels in the mouse. PHARMAC. BIOCHEM. BEHAV. 10(i) 165-169, 1979.--Male and female C57 BI/6J mice were 
injected with goldthioglucose (GTG) to induce an obesity syndrome. Significant increases in body weight were inversely 
correlated with pituitary dopamine (DA) levels. Significant reductions in hypothalamic norepinephrine (NE) and DA were 
also noted; however, these reductions did not appear to be related to body weight gain. The GTG injections did not produce 
any significant alterations in telencephalic NE or DA. The damage to catecholamine neurons is discussed in relation to the 
endocrine abnormalities of the GTG mouse and some current hypotheses on the control of food intake. 

Goldthioglucose Catecholamines Obesity 

IN THE mouse a single injection of goldthioglucose (GTG) 
can produce both severe obesity and disturbances in 
endocrine function [8,10]. The obesity syndrome which fol- 
lows GTG injections is associated with hypothalamic dam- 
age and is often assumed to be equivalent to the obesity 
which follows electrolytic lesions of  the ventromedial region 
of the hypothalamus [8]. Central nervous system damage 
following GTG injections is, however,  not restricted to a 
particular part of  the hypothalamus or  to the hypothalamus 
alone. Damage has also been noted in areas such as the 
hippocampus and medulla [9]. Thus, the anatomical sub- 
strate for the GTG-induced obesity has not been specified. 

Several lines of evidence implicate the catecholaminergic 
systems in the control of  food intake and body weight. 
Stimulation of  the hypothalamus with exogenous 
catecholamines and drugs that act on catecholamine- 
containing neurons has been effective in manipulating food 
intake in the rat [20]. Altered levels of central 
catecholamines have been reported in several types of  spon- 
taneously obese rodents [14, 15, 21]. Experimental depletion 
of hypothalamic norepinephrine (NE) has also been used to 
produce increases in body weight in rats [l]. Finally, 
catecholamine metabolism in the rostrai and dorsomedial 
hypothalamus varies with need state in the rat [38]. 

Catecholamine fluorescence is known to decline in the 
median eminence following GTG injection [19]. However,  
due to the difficulty of quantifying fluorescence [18], the 
magnitude of this effect is not known. Endocrine abnor- 
malities in GTG-obese mice [28, 35, 36] also suggest possible 
change to catecholamine neurons, since hypothalamic 
catecholamines are known to be important in controlling the 
release of anterior pituitary hormones [4,16]. The present 
experiment was designed to assess damage to catecholamine 
systems in GTG-induced obesity using quantitative biochem- 
ical assay procedures.  

METHOD 

Animals 

The male and female mice used in the study were bred in 
the laboratory from C57Bl/6J stock, obtained from Jackson 
Laboratories (Bar Harbor, ME). A total of 70 females and 95 
males were used. All animals were weaned at 21-23 days of 
age and housed in groups of 6 to 8. The mice were main- 
rained on an ad lib diet of Wayne Lab BIox and water 
throughout the experiment.  The temperature of the colony 
room was maintained at 23°C and a 12 hr light-dark schedule 
was in effect. 

Procedure 

At 60 to 90 days of age, 50 female and 67 male mice 
received a single injection of  GTG (80 mg/cc) in isotonic 
saline at a dose of 0.01 cc/g of body weight. An additional 20 
females and 28 males received equivalent volumes of 
isotonic saline. Following the injection all animals were 
weighed every five days. The animals were allowed to sur- 
vive for over 2 months in order to allow a significant degree 
of obesity to develop. 

After 68 days of observation, all mice were sacrificed by 
decapitation. The brains were rapidly removed and dissected 
into hypothalamic and telencephalic sections [21]. The ani- 
mals were sacrificed in three groups. Telencephalic sections 
were taken from the last two groups sacrificed. The 
pituitaries were carefully lifted from the base of the skull and 
placed in 300 p~l of 0.1 N perchloric acid. All sections were 
frozen in liquid nitrogen. The hypothalamic and reich- 
cephalic sections were weighed while frozen. 

The telencephaions were analyzed fluorometrically for 
catecholamine content by a modification of the method of 
Hogans [ 17]. Since the fluorometric techniques are not suffi- 
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ciently sensitive to measure the small amounts of dopamine 
(DA) present in the mouse hypothalamus and pituitary, these 
sections were assayed for catecholamine content by a 
radioisotopic-enzymatic technique [121. The Lowry method 
was used to determine the protein content of the pituitary 
samples [23}. Data were analyzed by analysis of variance for 
a 2 × 2 factorial design (Sex × Injection). 

R E S U I , T S  

Seventeen female mice t34'~) and 27 male mice (409~) 
survived the GTG injections. Seventeen of the 20 females 
and all 28 males injected with saline also survived for the 
complete observation period. Only the data from those mice 
surviving for a full 68 days has been included here. 

Both male and female mice injected with GTG exhibited a 
comparable and significant increase in body weight in com- 
parison with saline-injected controls (Fig. I). Within 20 days 
after the injections, both male and female GTG mice were 
significantly heavier than the saline-injected controls of the 
same sex (t~<0.01). These differences persisted until the time 
of sacrifice. Toward the end of the observation period, the 
body weights of the female mice in the GTG group began to 
reach a plateau. Male mice continued to gain at approx- 
imately the same rate. 

Of the animals surviving the GTG injections, 18% of the 
females and 33% of the male mice failed to become obese. 
]'hat is, the weight gain of these mice over the observation 
period did not exceed the range of weight gain in the same- 
sex saline-injected control group (Table I). 

A significant reduction in hypothalamic NE, 
Fll,74)= 12.15, p<0.01, was observed following GTG treat- 
ment (Table 21. There was a 29c/~ decrease in hypothalamic 
NE in the GTG-injected females and a 12% decrease in the 
males. Individual comparisons between treatment means 
indicated that the reduction in hypothalamic NE was statisti- 
cally significant only for female mice. An 18cA decrease in 
hypothalamic DA was observed in both male and female 
mice following GTG injections, F(1,75)=5.76, p<0.05: how- 
ever, this reduction was significant only in the males. 
Hypothalamic section weights were similar for all groups. 

TABLE 1 
CHANGE IN BODY WEIGHT FOLLOWING GTG INJECTIONS IN 

MICE 

.X Body Weight (g) 
Group Sex N (M +_ SD) 

GTG obese Female 14 16.1 -+ 7.7* 
GTG non-obese Female 3 2.0 +_ 1.7 
Saline Female 17 2.5 _+ 1.4 

GTG obese Male 18 18.2 +_ 6.0* 
GTG non-obese Male 9 3.9 *_ 2.4 
Saline Male 28 4.2 _+ 2.0 

*Differs significantly from same-sex saline control group, p <0.01. 

Telencephalic NE and DA levels were not significantly al- 
tered by GTG treatment (Table 2). There was, however, a 
sex difference in telencephalic DA. Females had signifi- 
cantly higher DA levels than males, F(1,46)=4.78, p<0.05. 
There were no significant differences in telencephalic section 
weights. 

The largest difference between GTG and saline-injected 
mice was observed in pituitary DA levels (Table 3). Pituitary 
DA was reduced to 60% of control values in females and 75% 
of control in males by the GTG treatment, F(1,83)=18.17, 
p <0.01. Of the amine measures reported here, only pituitary 
DA was significantly correlated with body weight change. 
Correlation coe~cients  o f - . 6 8  (p<0.001) for females and 
-.33 (,0<0.05) for males were obtained. No significant differ- 
ences in pituitary protein content were found. 

DISCUSSION 

Peripheral injections of GTG have been found to decrease 
central catecholamiine levels. The depletion of cate- 
cholamines caused by the GTG injection is not a general ef- 
fect. Hypothalamic and pituitary catecholamines were re- 
duced but telencephalic catecholamines appeared unaf- 
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FIG. 1, Mean body weight (g) in male (left panel) and female Iright panel) mice after injections of 
goldthioglucose (GTG) or physiological saline. 
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T A B L E  2 

HYPOTHALAMIC AND TELENCEPHALIC CATECHOLAMINE LEVELS IN GTG- AND SALINE- 
INJECTED C57BI/6J MICE 

Mean Brain Section Weight 
Section N (g _+ SD) 

Mean Catecholamine Levels 

NE (p.g/g ± SD) DA (~g/g ± SD) 

Hypothalamus 
Female GTG 17 0.013 ± 0.004 i.037 ± 0.398* 0.390 _ 0.202 
Female Saline 14 0.013 -+ 0.004 1.463 ± 0.278 0.477 +__ 0.198 

Male GTG 23 0.012 ± 0.002 1.313 _.+ 0.324 0.382 -,- 0.099* 
Male Saline 25 0.014 - 0.003 1.439 ___ 0.361 0.468 ~ 0.147 

Telencephalon 
Female GTG 13 0.221 ± 0.024 0.327 ± 0.084 1.513 _+ 0.392 
Female Saline 15 0.227 __- 0.017 0.295 _+ 0.076 1.452 _+ 0.278 

Male GTG 13 0.218 ± 0.019 0.306 _+ 0.093 1.316 ± 0.468 
Male Saline 20 0.226 ± 0.012 0.347 ± 0.072 1.094 ± 0.290 

*Differs from same-sex saline-injected control group, p<0.01. 

T A B L E  3 

PITUITARY PROTEIN CONTENT AND DA LEVELS IN GTG- AND SALINE-INJECTED 
C57B I/(xl MICE 

Mean Protein Content Mean DA Levels 
Group N (mg ± SD) (ng/g protein + SD) 

Female GTG 17 0.210 _+ 0.031 0.778 _ 0.553* 
Female Saline 17 0.212 ± 0.046 1.291 ~ 0.481 

Male GTG 27 0.220 ± 0.032 1.000 _+ 0.410" 
Male Saline 28 0.218 ± 0.031 1.331 -'- 0.375 

*Differs significantly from same-sex, saline-injected control group, p<0.01. 

fected.  Pituitary DA deplet ion was inversely correla ted with 
weight gain; however ,  no similar relat ionship be tween  
weight  gain and hypothalamic  amine levels  was noted.  

Using the his tochemical  f luorescence  technique,  Lefranc 
and his co-workers  [19] examined  changes in ca techolamine  
f luorescence  in the brains of  male mice 13 weeks  after a 
GTG injection. These  authors found a reduct ion in fluores- 
cence  in the median eminence  and the arcuate  nucleus.  A 
sharp decrease  in f luorescence  was noted in the region o f  
terminat ion of  the tubero-infundibular  tract but the aminer-  
gic innervat ion o f  the rest of  the hypothalamus appeared 
unchanged.  The results of  the present  study lack the anatom- 
ical resolution o f  f luorescence  his tochemist ry  but tend to 
confirm the findings of  Lefranc  et  al.  of  a fairly cir- 
cumscr ibed reduct ion in hypothalamic  ca techolamine  con- 
tent. In addit ion we report  that a loss of  ca techolamine  con- 
tent occurs  in females  as well as males and can be measured  
as early as nine weeks  after a GTG injection. 

Deplet ion of  DA in the tubero-infundibular  system as de- 
scribed by Lefranc et  al.  [191 could account  for the loss in 
hypothalamic  DA observed  in the data  reported here.  The 
loss of  pituitary DA may also represent  damage to the 
tubero-infundibular  system. The source of  pituitary DA is 
unknown;  but it is presumed to be of  neural origin. In the rat 

the tubero-infundibular  I)A system is known to innervate  the 
intermediate  and poster ior  lobes of  the pituitary [7,271. 
F luorescent  fibers have also been observed  in the infun- 
dibulum of  the mouse;  but few fluorescent  fibers appear  in 
the pituitary itself 16]. Howeve r ,  DA has also been measured 
in the capillaries of  the hypophysial  portal system [5]. DA of  
hypothalamic  origin can reach the pituitary through the 
blood as well as through a direct neural connect ion.  Thus,  
the reduct ion in pituitary DA following GTG injections may 
represent  damage to the tubero-infundibular  system at the 
level of  the hypothalamus or  median eminence .  The norad- 
renergic innervat ion of  the hypothalamus is provided by 
neurons with cell bodies in the poster ior  brain stem that send 
axons through the medial forebrain bundle [37]. The reduc- 
tion in hypothalamic  N E  observed  in GTG treated mice may 
reflect damage to the axons or  terminals of  the ventral  norad- 
renergic bundle. 

The changes in hypothalamic and pituitary 
ca techolamines  which follow GTG injection are interest ing 
in the light of  the endocr ine  abnormali t ies  which accompany  
GTG lesions. In the GTG obesi ty syndrome,  prolactin (PRL) 
and growth hormone (GH) secret ion are both substantially 
altered [28, 35,361. Serum levels of  PRL and GH are reduced 
as early as 2 weeks  after GTG injection. Pituitary levels of  
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PRL increase as obesity develops and administration of a 
DA receptor blocker causes the release of large amounts of 
PRL in comparisons with controls. Pituitary levels of GH are 
relatively unaffected by GTG; and PRL and GH release ap- 
proach normal "after weight reduction [361. These results 
suggest that some of the endocrine abnormalities of the GTG 
mouse are a consequence of obesity and not the cause. 
However, even in GTG-injected mice that do not become 
obese, some increase in the perphenazine-stimulated release 
of PRL can be observed. Thus, part of the response may be 
due to a change in hypothalamic control of PRL secretion. 
Many experiments suggest that DA functions physiologically 
as a PRL inhibitory factor (e.g., 113, 24, 25]) and both NE 
and DA are thought to be involved in control of GH [26]. The 
decreases observed in hypothalamic and pituitary DA in 
GTG-treated mice may contribute to the changes in PRL and 
GH release. It is also possible, however, that early hormonal 
changes brought about by GTG lesion damage to non- 
catecholaminergic systems may alter the synthesis and re- 
lease of catecholamines [3]. In future experiments on GTG- 
injected mice, the rate of amine turnover, the time course of 
changes in amine systems, and response of these systems to 
body weight reduction should be evaluated. 

Alteration of central catecholamine levels is not an un- 
common correlate of obesity. However, the pattern of 
changes associated with the GTG syndrome distinguishes 
GTG obesity from other obesity syndromes. For example, 
reduction in hypothalamic DA, but not NE, has been noted 
in rats made obese by neonatal injections of monosodium 
L-glutamate [291. In the Zucker fatty rat, a spontaneously 
obese rodent, no significant changes in hypothalamic DA 
have been observed; but NE is reduced in the paraventricu- 
lar nucleus [14,151. The genetic obesities of the obob and 
dbdb mice are characterized by elevations in hypothalamic 
N E in comparison with lean controls. The obob mouse also 
shows elevated levels of pituitary DA [22]. It is worth noting 
that in the obob syndrome, in contrast to the GTG syn- 
drome, both pituitary and serum levels of PRL are low and 
no PRL release can be stimulated with perphenazine 135[. 
The pituitary hormones have not been studied exhaustively 
in all of the different animal models of obesity; however, the 
different patterns of abnormalities in catecholamine levels 
may reflect the presence of unique patterns of endocrine 
disturbance. 

The diversity of changes and abnormalities in central 
catecholamine systems in different types of obesity makes it 
unlikely that any single unifying catecholamine hypothesis 
will be able to account for all forms of obesity. Nonetheless, 
lesions which deplete hypothalamic NE in rats are as- 
sociated with increases in food intake and body weight 11], 
although NE depletion alone has not been proven a sufficient 
cause [301. In addition, data from chemical stimulation ex- 
periments argue for the existence of hypothalamic NE feed- 
ing and both NE and DA satiety mechanisms [201. In the 
present study, a relationship was found to exist between 
pituitary DA and body weight. The failure to demonstrate a 
comparable relationship between hypothalamic NE or DA 
and body weight may have been due to the size of the sample 
measured. If, as one would predict on the basis of the chemi- 
cal stimulation studies, only particular nuclei are involved in 
feeding or satiety effects, a relationship between 
hypothalamic NE or DA and body weight could be obscured 
by the inclusion of other unrelated tissue. 

In some forms of obesity, abnormalities in central 
catecholamine systems may influence food intake and body 
weight indirectly by causing alterations in hormonal sys- 
tems. At least some of the catecholamine feeding effects 
appear to depend on the pituitary. Hypophysectomy blocks 
the obesity syndrome associated with NE depletion and also 
blocks NE-induced feeding 12,201. In the Zucker fatty rat, 
the obob mouse, and the GTG mouse, all syndromes in 
which altered catecholamine levels have been observed, 
hypophysectomy halts weight gain 132, 33, 34]. This is not 
true in other obesity syndromes such as the A~/a mouse or 
the ventromedial hypothalamic rat [11,311. The fact that 
hypophysectomy blocks weight gain in several types of 
obesity does not necessarily indicate a common etiology for 
all these syndromes. If pituitary DA proves to be a determi- 
nant of GTG obesity, another explanation may account for 
the obesity of the obob mouse in which pituitary DA levels 
are elevated 1221. 
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