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LEVIN, B. E , K COMAI AND A. C SULLIVAN Metaboh¢ and ~ympatho-adrenal abnormahttes tn the obese Zuckel 
pat Effe¢t of c hrom~ phenoxybenzamtne treatment PHARMAC BIOCHEM BEHAV. 14(4) 517-525, 1981.--The obese 
Zucker rat manifests a number of physiologic and metabolic abnormahtles which are controlled or modulated by the 
sympatbo-adrenal system The interrelationship of these was examined by subJecting 3--4 month old male, homozygous 
lean and obese Zucker rats to various stresses which are known to activate the sympatho-adrenal system, and by chromc 
(16-19 days) phenoxybenzamme (PBZ) treatment to block c~-adrenerglc receptors. Both obese and lean PBZ treated rats 
gamed only 1% and 10% of the body weight of their respectwe control rats during the treatment period, while only the lean 
rats had a slgmflcant reduction (20%) m food intake Control obese rats failed to mamtam rectal temperature after 4 hr at 
7°C and thear relative output of plasma catecholammes (CA) to cold stress, as measured from lndweUmg atrial cannulae, 
was decreased PBZ treatment &d not alter this rectal temperature response although at was assocmted with increased 
basehne norepmephrine levels (at ambient temperature 21-22°C) and relative output of CA m the obese rats, suggesting that 
sympathetac neural actavaty was increased under these orcumstances No abnormalities of sympatho-adrenal function, as 
reflected in plasma CA levels, were found m treated or control obese rats after ~mmobllazataon for 1 hr followed by 
decapitation Simultaneously obtained basehne plasma glucose levels were similar m untreated lean and obese rats, but 
insulin and glycerol levels m the obese rat were 1350% and 213% of lean values, respectively Dunng sequential stresses, 
the obese rats became markedly hyperglycemac and hyperglycerolemic compared to the lean rats, while insulin levels were 
depressed more m the obese than lean rats (12-15% versus 34-35% of controls, respectively). PBZ affected msuhn levels 
only in the obese rats, reducing their baseline levels by 4-fold and stress induced levels to those seen m the lean control rats. 
These results suggest that some of the metabohc and physlologac abnormahtaes of the obese Zucker rat which are mod- 
ulated by the sympatho-adrenal system can be normahzed by procedures whach increase sympatho-adrenal actlvaty 
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Sympatho-adrenal system 

T H E  o b e s e  Z u c k e r  ra t  has  d i so rde r s  o f  b o t h  cen t ra l  and  
pe r iphe ra l  c a t e c h o l a m m e  (CA) me tabo l i sm.  Bra in  levels  of  
C A  [10, l l ,  32] and  the i r  syn the t i c  e n z y m e s  [31] are abnor -  
mal ,  and  base l ine  and  s t r e s s - induced  p l a s m a  levels  o f  CA are 
a lso a b n o r m a l  in the  7-8  m o n t h  old male  obese  Z u c k e r  ra t  
[33]. M a n y  of  the  me tabo l i c  and  phys io logic  abnorma l i t i e s  
found  in the  o b e s e  Z u c k e r  ra t  are in s y s t em s  w h i c h  are 
modu la t ed  by  the  pe r iphe ra l  s y m p a t h o - a d r e n a l  sys tem.  
T h e r m o g e n e s i s  [23,35], c a r b o h y d r a t e  [15, 40, 43, 50] and  
lipid [1, 19, 45, 49] m e t a b o l i s m  all d e p e n d  on  the  sympa tho -  
adrena l  sys tem,  and  the  obese  Z u c k e r  ra t  has  well  desc r ibed  

defec ts  in t h e r m o g e n e s l s  [20, 33, 47], oxygen  c o n s u m p t i o n  
[4,26], c a r b o h y d r a t e  [13, 44, 48, 53], and  lipid me tabo l i sm [5, 
9, 46]. All of  these  defec ts  may,  the re fo re ,  be  potent ia l ly  
l inked to abnorma l i t i e s  in s y m p a t h o - a d r e n a l  func t ions  in the  
Z u c k e r  rat .  

The  p r e sen t  s tudy  was u n d e r t a k e n  to inves t iga te  the  in- 
t e r re l a t ionsh ip  b e t w e e n  the  s y m p a t h o - a d r e n a l  sys tem and  
some  o f  the  o t h e r  sy s t ems  w h i c h  func t ion  a b n o r m a l l y  in the  
obese  Z u c k e r  rat .  Severa l  phys io logic  s t resses  were  used  to 
ac t iva te  the  pe r iphera l  s y m p a t h o - a d r e n a l  sys tem.  P l a sma  
n o r e p i n e p h r i n e  (NE)  levels  we re  used  as an  ind ica tor  of  

1Request for reprints should be sent to Dr. B. E Levln, Neurology Service (127), V A Medical Center, East Orange, NJ 07019. 
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sympathetic neural activity, epinephrine (E) as an indicator 
of adrenal-medullary activity, and dopamine (DA) as an indi- 
cator of the activity of both systems [27,37]. Simultaneous 
determinations of plasma glucose and insulin levels were 
used as an index of carbohydrate metabolism, and glycerol 
as an index of lipolysis [6,39]. 

Further manipulation of the sympatho-adrenal system 
was carried out using phenoxybenzamine (PBZ), a haloal- 
kylamine which irreversibly blocks c~-adrenergic receptors 
[24]. In acute experiments PBZ increases the stimulus 
evoked outflow of NE [8, 12, 24, 29, 30], presumably causing 
increased sympathetic activity. While PBZ acts primarily on 
the post-synaptic a~ receptor [14], it also has less speofic 
presynaptlc effects [8, 12, 24], as well as effects on serotonm 
and acetylcholine receptors [38] and prostaglandin E syn- 
thesis [25] It was our intention that through the use of var- 
ious procedures which increase sympatho-adrenal activity 
we would ~mprove some of the abnormalities of the obese 
Zucker rat. 

METHOD 

Antmal~ 

Groups of 3-4 month old male Zucker homozygous, lean 
(Fa/Fa) and obese (fa/fa) rats were individually housed on a 
12 hr light-dark cycle at room temperatures of 21-22°C for 
the duration of the study. All ammals were fed a synthetic 
diet composed of corn od (10%), glucose (60%) and protein 
(23%) [9]. Different groups of 10 obese and lean animals each 
were fed either the diet (control) or a dietary admixture of 
phenoxybenzamine (PBZ: 40 mg/kg body weight, kindly 
supplied by Smith-Kline and French Pharmaceuticals). 
Animals were treated for an average of 16-19 days prior to 
testing and food intake was measured every 2-3 days over 
the first 10 days of treatment. 

Catheters were implanted m the right atrium of all rats 
through a jugular vein 2 days prior to testing and brought to 
the outside of individual cages through stainless steel springs 
[33]. All experiments began between 0730-0900 hr; rats were 
randomly selected so that at least one rat from each treat- 
ment group was tested on each day. Animals were allowed 
free access to the control diet or PBZ admixture and water 
throughout the test period. 

Stre~s~ Expervnent,s 

Blood samples (2.0 ml) were drawn from undisturbed 
animals followed by measurement of their rectal tempera- 
tures (Electro-therm Digital Thermometer, Cole-Palmer) at 
an ambient temperature of 21-22°C. These and subsequent 
samples were placed in heparlnized tubes on ice and the 
cannulae flushed with 0.5 ml heparinized saline (10 U/ml) 
[33]. Rats were then placed in the cold (7°C) for 4 hr after 
which 2.0 ml of blood and rectal temperatures were taken. 
Animals were then restrained at an ambient temperature of 
21-22°C for 60 rain m the supine position [33] and an addi- 
tional 0.5 ml and 2.0 ml of blood were obtained at 5 and 60 
mln, respectively. Rats were then decapitated and 3-4 ml of 
trunk blood collected All red cells were resuspended m 
normal saline equal to the amount of plasma removed, and 
reinfused after each sampling period (except the last) to 
maintain blood volume [33] 

Assay of Plasma Constituents 

Plasma was separated from all blood samples, the protein 

precipitated with perchlonc acid, and the supernatant frozen 
at -70°C untd assayed within 1-3 weeks. Catecholammes 
(CA) were assayed in 50 ~l aliquots of the acid soluble 
supernatant of plasma by radioenzymatic method [33]. 

Plasma insulin levels were determined by radiolm- 
munoassay [51] and plasma glucose and glycerol levels by 
automated procedures 

Statl,S tt~ ,~ 

All treatment groups were compared by unpawed Stu- 
dent 's t-test (two-tailed). Changes between tests within the 
same rat were compared by paired t-test (two-tailed) and 
correlations were performed using a Pearson's correlation 
coeffioent (r) test. 

RESULTS 

Food Consumptzon and Body Weight Change 

Two separate groups of lean and obese, control and 
treated rats were tested, 1 month apart. One group of rats 
was 12-14 days older than the other so that initial body 
weights (410 _+ 16 g, obese, 379 -+ 5 g, lean) were approx- 
imately 100 g higher in the older rats for all groups than for 
the younger rats (292 +_ 19 g, obese: 265 _+ 13 g, lean). There 
were also minor differences m food retake between the two 
groups although weight change figures were virtually identi- 
cal, as were all other parameters measured (plasma con- 
stituents, temperature responses and carcass composition). 
Figure 1 represents the data from the older rats and shows 
that the lean control rats consumed 8% less food than the 
obese controls (p <0.1). PBZ produced a significant decrease 
of 2(~c in food intake m only the lean rats after 10 days of 
treatment (Fig 1A), while weight gain was severely retarded 
in both the obese (1% of control) and lean rats (10e~ of con- 
trol) after 16-19 days of treatment. Therefore, obese treated 
rats faded to gain weight normally without any change m 
food retake, while lean rats did show a significant decrease in 
food intake associated with their weight loss. Although 
food retake was measured during only the first 10 days of 
PBZ treatment, there was no alteration in the rate of changes 
m body weight during the final 6-9 days of treatment. This 
suggests that no significant alteration in PBZ intake occurred 
during this later period. 

Temperature CoJmol 

All groups of rats had comparable baseline rectal tem- 
peratures at ambient temperatures of 21-22°C (Fig. 2). How- 
ever, after 4 hr at 7°C both treated and control obese rats 
decreased their body temperatures significantly below 
baseline. While there were no significant changes in rectal 
temperature induced by cold stress in treated or control lean 
rats (Fig. 2A), the PBZ treated rats did have a significantly 
higher rectal temperature than controls after 4 hr at 7°C 
However, when expressed as percent change from baseline, 
PBZ did not significantly affect the temperature response of 
lean rats to cold stress. As previously described in older (7-8 
month) male obese Zucker rats [33], there appeared to be 
two groups with respect to defense of body temperature (Fig. 
2B) Approximately one-third had little or no significant 
change after 4 hr of cold exposure (~< 1.4°C decrease in rectal 
temperature), while two-thirds had a much greater change 
(>1.4°C). This finding was not altered by PBZ treatment 
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FIG. 1 Food consumption and change in body weight Lean and obese. PBZ (40 mg/kg body weight) treated or control rats m groups of 5 
rats each had their food retake (mean grams _+ SE) measured over the first 10 days of treatment (Panel A), and change m body weight (mean 
grams _+ SE) was determined over the entire 14-17 day treatment period (Panel B) **=p<0 01 when control rats were compared to treated 
rats of the same genotype .J..A-=p<0 01 when obese treated rats were compared to lean control rats 

P l a s m a  C a t e c h o l a m m e s  

Baseline levels o f  p lasma CA were  similar in the obese  
and lean contro l  rats,  while PBZ t rea ted  obese  rats had s~g- 
nificant e levat ions  of  p lasma N E  levels compa red  to both  
obese  and lean cont ro ls  (Fig 3). P lasma CA were  generally 
higher  than basehne  levels for  all subsequen t  s t resses  in both  
lean and obese  rats. Af ter  4 hr o f  cold s t ress  both  obese  
control  and t reated rats had significantly higher  levels o f  
p lasma N E  and E when  c o m p a r e d  to the lean rats.  Also,  PBZ 
t rea ted  obese  rats had significantly higher N E  levels than 
their  obese  cont ro ls  and also t ended  to have higher  E and DA 
levels• 

There  was  a l inear re la t ionship (Table 1) be tween  rectal  
t empera tu res  and p lasma CA levels for  all cont ro l  rats excep t  
for  E levels m the lean rats.  The s lopes  of  these  lines 
represen t  the relative levels o f  CA reached  per  degree  of  
decline in rectal  t empera ture•  Fo r  NE,  the obese  rats showed  
a relative deficit  m levels reached ,  i .e. ,  the slope was  4.6-fold 
higher  in the obese  than lean rats,  indicating that  a much 
grea ter  drop  in t empera tu re  was  r eqmred  m the obese  rats to 
p roduce  comparab le  levels o f  N E  in the lean rats. This  ratio 
was 9.7 for DA levels m the obese  versus  lean rats ,  whxle 
there was no corre la t ion b e t w e e n  E levels and tempera ture  
m the lean rats.  PBZ t r ea tmen t  t ended  to cor rec t  this defic]t 
for all CA m the obese  rats.  N E  levels reached  were  57% 
grea ter  in t rea ted  than obese  contro l  obese  rats,  whde  E 
levels were  33%, and DA levels were  57% greater  than obese  
control  rats.  Therefore ,  while PBZ t rea tment  &d not im- 
prove  the abihty of  obese  rats to wi ths tand  cold s t ress ,  it d~d 
increase  the levels o f  CA reached  in r e sponse  to cold.  Fur-  
the rmore ,  PBZ el iminated the linear relat ionship b e t w een  
N E  and DA and rectal  t empera tu re  in the lean rats primarily 

T A B L E  1 

CORRELATION OF RECTAL TEMPERATURE 
AND PLASMA CATECHOLAMINES 

Lean Lean Obese Obese 
Control PBZ Control PBZ 

NE 
slope - 0  57 -0.05 2 65 - 1 14 
mtercept 37 1 ° 37 0 ° 38.8 ° 38 3 ° 

r - 0  77 - 0  19 -0.70 0 90 
p <0 001 NS <0.025 <0 05 

E 
slope - 0  89 0.20 - 6  60 - 4  40 
intercept 35 9 ° 36 9 ° 38.1 ° 37 3 ° 

r - 0  18 0.12 -0.61 -0.98 
p NS NS <0.05 <0 001 

DA 
slope -0.89 - 0  90 -8.57 -3.68 
intercept 36.9 ° 37 2 ° 38 6 ° 36.9 ° 

r 0 62 -0.42 -0.60 -0.62 
p <0.025 NS <0.05 <0.05 

Rectal temperatures and simultaneous plasma CA levels were 
measured m groups of 7-8 rats at ambient temperatures of 21-22°C 
and after 4 hr of exposure to 7°C. A hnear regression of these points 
was calculated and the slopes g~ven as °Cng-' ml ', and intercepts as 
°C. r=Pearson's correlation coefficient and p represents the 
probabdity of the data falhng on a given hne where NS is p>0.05 
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FIG 2 Rectal temperatures before and after cold stress. Four 
groups of 7-8, lean and obese, PBZ treated or control rats had their 
rectal temperatures (°C + SE) measured at an ambient temperature 
of 21-22°C ("Basehne") and again after exposure to 7°C 1"4 hr 

cold"). Panel A compares the results from all 4 groups Panel B 
compares the temperature responses m those obese rats which had a 
fall m rectal temperature of less than or equal to 1 4°C (upper 2 hnes) 
and those with a fall of greater than 1 4°C (lower 2 lines) Numbers m 
parentheses are the number of rats m each group **p<0 01 when 
control rats were compared to treated rats of the same genotype, 
+p<0.05 when obese controls were compared to lean controls, 
,k-*,kp<0.001 when obese treated rats were compared to lean con- 
trols, $p<0.05, Z-:~p<0.01 when basehne values were compared to 4 
hr cold values in the same ammals 

because they had no change in temperature during cold 
stress. 

There were no significant differences between CA levels 
in the obese and lean control rats after 5 min or 60 mm of 
immobilization or after decapitation. PBZ did not alter these 
responses, except for the decapitated, PBZ treated lean rats 
where NE levels were higher than in any of the other groups. 

Plasma Glu~ o,~e and lnsuhn 

Baseline plasma glucose levels were comparable in lean 
and obese control rats (Fig. 4). However,  only the obese rats 
had significant elevations of plasma glucose (290% of 
baseline) after 4 hr of cold stress. While lean rats did have 
significant increases above baseline in plasma glucose after 
immobilization (54%) and decapitation (92%), the obese rats 
exhibited two-fold greater increases than the lean rats under 
both these conditions. This relationship was not changed 
appreciably by PBZ treatment except that post-decapitation 
levels of  glucose were reduced toward lean control levels in 
the obese treated rats. 

While obese control rats had normal baseline glucose 
levels, their insulin levels were 1350% of lean control values. 
Cold stress produced no significant change m insulin levels 
in lean or obese control rats, but immobilization and decapi- 
tation produced significant depressions of insulin levels in 
the obese (15% and 12% of baseline, respectively) and lean 
(34% and 35% of baseline, respectively) control values. PBZ 
treatment reduced basehne insulin levels significantly (by 
4-fold) in the obese rats to 318% of lean control values, as 
compared with 1350% in the untreated obese rats. Stress- 
induced insulin levels in the obese rats were significantly 
reduced towards lean control levels by PBZ treatment, while 
there were no significant changes m the lean rats. Therefore, 
there was an inverse relationship between plasma glucose 
and insulin levels during serial stresses in both lean and 
obese rats, but the obese rats showed an approximately 
2-fold greater increase in glucose and 1.3-fold greater de- 
crease in insulin levels than the lean animals. PBZ treatment 
tended to correct only the hyperinsulinemia m the obese 
rats 

Plasma Glycerol 

Baseline glycerol levels m the obese control rats were 
213% of those in the lean control rats (Fig. 5). Glycerol levels 
increased by 122% in the obese control rats after 4 hr of cold 
stress, but there was no change in the lean controls which 
maintained glycerol levels at significantly lower levels (23%) 
than the obese control rats. There were no s~gnificant 
changes with immobihzatlon compared to baseline levels of 
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FIG. 5 Plasma glycerol levels. Four groups of 7-8 lean and obese. PBZ treated and control rats had glycerol levels (mean mg/100 ml _+ SE) 
measured in plasma samples from mdwelhng atrial catheters under varying condMons (see Fig. 3). Symbols are the same as Figs 1,2 and 3. 

glycerol in lean or obese rats, while the obese rats had a 53% 
increase above baseline after decapitation. Glycerol levels 
reammed higher in the obese rats than lean rats after im- 
mobilization (394%) and decapitation (359%). PBZ treatment 
did not significantly alter these responses although there was 
a tendency towards higher baseline glycerol levels in the 
PBZ treated obese rats. Therefore, the obese Zucker rats 
were hyperglycerolemic under all conditions tested and PBZ 
treatment did not appreciably affect this metabolic abnor- 
mahty. 

D I S C U S S I O N  

This study emphasizes the important interrelationships 
between sympatho-adrenal function and several of the 
metabolic and physiologic abnormalities of the obese Zucker 
rat. The abnormalities m sympatho-adrenal function In the 
3-4 month rats used in the current study were related 
primarily to relative defects in the levels of plasma CA 
reached during cold stress (Table I). Unlike the 7-8 month 
old obese rats previously studied [33], the current group 
showed no deficits in CA levels after 60 min of immobiliza- 
tion (Fig. 3), nor were CA levels different after 5 mln of 
Immobihzation. However, preliminary studies in 3--4 month 
old lean and obese rats fed on standard lab chow have shown 
lower plasma CA levels in obese rats after 5 min of immobili- 

zatlon (unpubhshed results). Since rats in the present study 
were fed a 10% polyunsaturated fat diet, it is possible that 
this dietary difference might also have affected sympatho- 
adrenal activity [28]. In an attempt to correlate defects of 
sympatho-adrenal function with other abnormalities in the 
obese Zucker rat, we simultaneously determined plasma CA 
levels and plasma glycerol, glucose and insulin levels during 
sequential stresses designed to activate the sympatho- 
adrenal system PBZ was also used because of its known 
ability to increase NE outflow [8, 12, 24] and because an- 
other c~-blocker, phentolamlne, had been reported to de- 
crease the fat content of epldldymal fat pads [3]. 

We were, however, surprised to find that PBZ virtually 
eliminated weight gain in both lean and obese rats, while 
producing no change in food intake of the obese rat (Fig. 1). 
The reason for this lack of weight gain is uncertain. One 
possibility is that lowered insulin levels produced this change 
although it is equally as plausible to assume, conversely, that 
the weight loss itself was the cause of the decreased plasma 
insulin levels. PBZ does delay gastric emptying in rats [18] 
but the expected depression of food intake from this effect 
was unimpressive in the obese rats. PBZ might also have 
produced malabsorption of ingested food by reducing the 
output of the exocrine pancreas via its c~ blocking effect [38] 
or via its inhibitory action on pancreatic lipase [42]. How- 
ever, no increase in fecal fat was found in the treated animals 
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(unpublished results). A further possibility is that a PBZ in- 
duced increase m sympathetic activity might have caused an 
increased metabolic rate. This coupled with c~ blockade of 
skin vasoconstriction, could have caused a net loss of body 
heat and weight. While Grzanna and Coyle [21] did not find 
that 11 days of PBZ treatment elevated plasma CA in trunk 
blood of Sprague-Dawley rats, there was an increase in 
baseline NE levels in the PBZ treated obese Zucker rats in 
our study (Fig. 3). Although changes in baseline plasma CA 
levels do not necessarily imply parallel changes in sympa- 
thetic neural activity, increased sympathetic activity as a 
mechanism for weight loss in the obese rats remains a rea- 
sonable possiblhty. 

PBZ did not alter the ability of either the lean or obese 
rats to withstand cold stress (Fig. 2), but it did increase the 
relative sympatho-adrenal response to cold stress in the 
obese rats (Table 1). However, since increasing NE levels by 
intravenous mfusions did not protect 7-8 month old obese 
Zucker rats against cold stress [33], it is not surprising that a 
relative increase in plasma CA levels would have had little 
protective effect on the obese rats in the present study. Fur- 
thermore, regulation of body temperature is complex and is 
modulated by both central c~ receptors [7] and peripheral a 
and/3 receptors [17,23] and PBZ could have acted at either 
site. Although it is not generally believed that c~ receptors 
play an inhibitory role in lipolysis in the rat [1, 45, 49] as they 
do in man [2], it is interesting that PBZ IS strongly concen- 
trated in brown, but not white adipose tissue in the rat [36]. 
Brown adipose tissue plays an important role in nonshivering 
thermogenesls in the rat [16], especially the obese [41] and 
cold adapted rat [16, 22, 23] 

L~ke thermogenesls, glucose, metabolism in the rat is 
strongly influenced by adrenerglc agonlsts. In vlvo glucose 
levels m the rat, such as those determined in this study, 
reflect a complex series of metabolic steps, many of which 
are modulated by the sympatho-adrenal system. These in- 
clude stimulation of hepatic glycogenolysis [34,43] glucone- 
ogenesis, glucose production from muscle lactate, increased 
glucagon release [15,34], alterations in insulin release under 
both a(Inhibitory) and fl(facilatory) [40,50] control and the 
insulin facilitated uptake of glucose by muscle [13]. Others 
have reported that obese Zucker rats are euglycemic and 
hyperinsulinemic as determined from trunk blood [44, 48, 
53]. While baseline levels from cannulated rats were compat- 
ible with these findings In the present study, we also found 
that the obese rat had an exaggerated response to stresses 
which activate the sympatho-adrenal systems. They became 
markedly hyperglycemic and their insulin levels were mark- 
edly depressed, while levels of glucose and insulin in the lean 
rats were less affected (Fig 4). 

PBZ did not change glucose levels but further reduced 
baseline insulin levels and brought stress-induced insulin 
levels in the obese rats to those seen in the lean rats. Whde 
the glucose and insulin responses in the stressed, untreated 
obese rats were in the expected direction [50], the changes in 
insulin levels seen after PBZ treatment were opposite to 
those expected after release of inhibition of insulin secretion 
by c~ blockade [40]. These results are difficult to explain and 
any explanation would be further complicated by the 
nonspecific pharmacologic effects of PBZ and by the lack of 
a similar finding in the lean rats. 

Basal, and in particular, stress-induced hpolysis (Fig. 5) 
as reflected in plasma glycerol levels [6,39], showed exag- 
gerated responses in the obese rat, similar to those seen for 
glucose and insulin. In  v t tro E induced lipolysis rates gener- 
ally have been found to be normal or exaggerated In the 
obese rat [52] suggesting that no defect in this fl-adrenerglc 
medmted [1,49] mechanism exists The lack of a significant 
PBZ effect was not unexpected, therefore, since the rat 
probably has no a mediated inhibitory receptor in white 
adipose tissue [1,45]. Nevertheless, the increased basal and 
stress induced glycerol levels suggest that either some inhibi- 
tory mechanism is defective in the obese rat or that this 
response is an attempt to deplete their elevated lipid stores 
I52]. 

In conclusion, the obese Zucker rat has abnormalities of 
hpld and carbohydrate metabolism which were corrected 
(hyperinsulenemia), induced (hyperglycemia) or exaggerated 
(hyperglycerolemta) by stress-induced activation of the 
sympatho-adrenal systems. Chronic treatment w~th the 
c~-adrenergic blocking agent, PBZ, appeared to increase 
baseline sympathetic activity in the obese rat and led to a 
marked improvement of its hyperlnsuhnemta. Weight loss, 
with no decrease in food intake, accompanied these changes 
in the obese rats, while lean rats had a significant decrease in 
food intake assocmted with their weight loss. The present 
results and others [33] suggest that the sympatho-adrenal 
system in the obese rat is abnormal and that some of the 
metabolic abnormalities of the obese rat may be related to 
this dysfunction. 
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