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CALLAHAN, M. F., M. BEALES AND G. A. OLTMANS. Yohimbine and rauwolscine reduce food intake of genetically 
obese (obob) and lean mice. PHARMACOL BIOCHEM BEHAV 20(4)591-599, 1984.--Multiple behavioral and neurochemical 
abnormalities are found in the genetically obese mouse, obob, including hyperphagia, elevated hypothalamic norepinephrine 
(NE) levels, and increases a-1 receptor density. The obese mutant also responds abnormally to neuropharmacological 
agents. In the current study the a-2 receptor blockers yohimbine and rauwolscine were administered to food-restricted 
(6-hour food access) obob and lean mice. Yohimbine and rauwolscine significantly reduced the 3- and 6-hour food intake of 
both obob and lean mice. The obob mice were, however, more sensitive to this anorectic effect than lean mice. Effective 
anorectic doses of yohimbine did not affect water intake in water-deprived lean mice, suggesting a specific effect of the drug 
upon food intake. Low doses (50 and 100 tLg) of the a-2 agonist clonidine increased the l-hour food intake ofobob mice, but 
did not affect the food intake of lean mice. No differences were found between obob and lean mice in the number of 
ct-receptors in the hypothalamus. The results suggest that modification of NE release by manipulation of a-2 receptor 
can alter food intake, and that the obob mutant is particularly sensitive to this effect. 

Obesity Anorexia Food intake obob mice Genetically obese mice Yohimbine Rauwolscine 
Clonidine ct-2 Receptor blockers a-2 Receptors 

THE genetically obese mouse, obob, exhibits multiple phys- delayed and/or decreased depletion of  hypothalamic 
iological and behavioral abnormalities including hyperin- response to pharmacological manipulations [19,30]. 
sulinemia, hyperphagia,  hypothermia, hypo-activity, and results, in combination with the observation of  incl 
hyperglycemia [8,9]. Evidence from normal animals indi- numbers of  hypothalamic a-1 receptors,  indirectly s~ 
cates that hypothalamic mechanisms contribute to the regu- possible problems in NE release or activity. In this re 
lation of  many of  the conditions which are changed in the decreased NE release could lead to compensatory 
obob [26] and it has been suggested that a hypothalamic synaptic increases in a-1 receptors [41]. One way to in, 
defect m a y  be responsible for many of  the altered states NE activity is by administration of  a releasing agent s~ 
[9,11]. In support of  this hypothesis,  evidence of  hypotha- amphetamine. When this was done with obob mice thei 
lamic abnormalities in the obob is now available and includes intake was reduced [15]. In contrast,  whe 
increased numbers of  hypothalamic a - I  receptors [29], in- methyl-para-tyrosine was administered to obob mic 
creased hypothalamic norepinephrine (NE) levels [12,21], NE content [20], and presumably the synaptic availabi 
and decrease~l cell body size in several hypothalamic nuclei this transmitter, was reduced and the hyperphagl~ 
[5]. Although the relationship of  the physiological and behav- potentiated [4]. 
ioral conditions to the hypothalamic changes has not been Another  approach to altering NE release is via mar 
clearly established, the finding of  altered hypothalamic tion of the presynaptic a-2 receptor,  as it has been ,, 
noradrenergic systems does provide a link between the be- that activation of  this receptor can inhibit NE releas~ 
havioral and neurochemical variables. In this respect,  it has Interestingly, other work indicates that the alpha-2 a 
been shown that the intra-hypothalamic administration of  clonidine can increase food intake in normal rats [~ 
NE can substantially modify the food intake of  normal Thus, a-2 antagonists might be predicted to decreas~ 
animals [6, 17, 22]. Thus, a defect in hypothalamic NE sys- intake. In the current studies the c~-2 blockers yohimbit 
terns in the obob may lead to the hyperphagia exhibited by rauwolscine, as well as the ct-2 agonist clonidine, we 
this mutant, ministered to obob and lean mice in an attempt to 

Although the precise nature of the noradrenergic abnor- macologically manipulate the synaptic availability o 
mality is not known, it has been shown that the obob has a The effects on food intake were then determined. To 
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clearly assess any differential effects the drugs might have in animals were run (obob-drug, obob-vehicle, lean 
obob and lean mice, a-2 receptor density and alfinity were lean-vehicle). In Experiment 1 yohimbine-HC1 was ad 
also determined, tered to animals 2 months old at the beginning of  the e 

merit. The drug concentrations were prepared so th 
METHOD mice received a 0.1 ml injection for every 10 g of 

weight (0.21-0.46 mg/ml in Experiment 1). The foil 
Subjects were male C57BL/6j-ob mice (ob/ob) and their injection schedule was used: Days 1 and 2, obot 

lean littermate controls (OB/?) obtained from the Jackson lean=3.0 mg/kg; Days 8-11, obob=3.0 mg/kg, lea 
Laboratory,  Bar Harbor,  ME. Mice were maintained on a mg/kg; Day 13, obob=2.1 mg/kg, lean=3.0 mg/kg 
reverse day-night cycle (lights off 0900-2100 hours) in group differential doses administered on days 8--11 and day 1! 
housing conditions (7-8 mice/cage) with ad lib water access, used as a means of compensating for the higher tota 
The mice were 2 to 6 months old at the time of the various dose the obob mice received when the drug was ad: 
experiments,  but within any specific experiment the ages tered on a body-weight basis. Previous work compari~ 
were the same. Any animals that became ill during the effects of amphetamine in obob and lean mice indicate 
course of  a study were excluded from the study. In all this may be an important consideration [15]. Thus, th 
studies mice were randomly assigned to either drug or vehi- ferential dose represents an equivalent total dose trea 
cle treatment, in the lean and obese mice. 

For  the yohimbine and clonidine studies the mice were In Experiment 2 increasing doses of yohimbine-HC] 
acclimated to a six-hour food access schedule as described administered to 3 month old animals using the foil, 
before [15]. Briefly, at 0930 hours the mice were removed schedule: Day 1, obob and lean= 1.0 mg/kg; Day 3, obc 
from the group-housing cages, weighed, administered an IP lean=2.0 mg/kg; Day 7, obob and lean=3.0 mg/kg; D~ 
injection of distilled-deionized water  (0.1 ml/10 g body obob=2.78 mg/kg, lean=5.0 mg/kg. Three and 6 hour 
weight), and placed into individual cages. Thirty minutes intake was also measured in this experiment by weighi~ 
later they were given a pre-weighed amount of  food and food water bottles before and after food was made availabl 
intake was determined one, three, and six hours later by In Experiment 3 rauwolscine-HC1 was administer 
reweighing the food (to the nearest 0.01 g). The mice were animals 6 months old at the beginning of  the experi 
then returned to the group-housing cages (no food available). Both lean and obob mice were administered 0.5, 1.0, 2.q 
This process was repeated daily until food intake had 4.0, 5.0, 7.5, and 10.0 mg/kg doses in an ascending q 
stabilized (3 to 4 weeks). For  drug testing the specific drug Drug injections were separated by 5 to 10 days except t 
was substituted for the water injection, low doses (0.5, 1.0, 2.0), where injections were separa! 

For  the rauwolscine study a different food deprivation 1 to 2 days. 
and acclimation procedure was employed. For  the first nine In Experiment 4 clonidine-HCl was administered 1 
days of acclimation the mice were given six hours of f o o d  animals used in Experiment 2 following a drug-free per 
access and food deprived for 18 hours in their home cages 7 days. The same dose ofclonidine was administered tq 
under the group-housing conditions. On the next four days and obese mice according to the following schedule 
the mice were weighed, administered an IP injection of 1=500 /zg/kg; Day 10=50 /xg/kg; Day 14=100 t~g/kg 
water, returned to their home cage, and given 6 hours of food 17=200 ~g/kg. 
access. For  the next 10 days the animals were treated as in In a separate study (Experiment 5) the effects of y 
the yohimbine and clonidine studies (injected, given 6-hour bine on water intake in water-deprived mice were stud 
food access in individual cages, and then returned to home a group of  C57/BL-6J mice (Jackson Laboratories).  
cages). After the drug testing period had started the mice were given ad lib access to food but allowed only 6 
were occasionally given 48 hours of free access to food, and access to water (food present). Water  intake was meg 
subsequent testing was conducted following reacclimation to at 3 and 6 hours by weighing the water bottles befor 
the restricted 6-hour food access schedule. Using this proce- after water access. When the animals had acclimated t 
dure there were fewer problems with animals becoming ill as procedure and water intake had stabilized, yohimbin~ 
a result of the restricted food-access, and the animals rapidly was administered (3, 5 or 10 mg/kg) and the effect o~ 
readapted (usually within one to two days) to the 6-hour intake determined. 
feeding schedule following a period of  48-hour food access. 

The following drugs were studied for their effects on food Receptor-Binding Studies 
intake: yohimbine-HC1 (Sigma Chemical Co.), 
rauwolscine-HCl (Roth Chemic), and clonidine-HC1 The status of the a-2 receptor was studied in the i 
(Boehringer Ingelheim). At low doses yohimbine and thalamus, telencephalon, and brainstem of lean and 
rauwolscine are relatively specific a-2 receptor antagonists mice using the ligand aH-rauwolscine (New Englanc 
[2, 7, 37, 38] and clonidine is an a-2 agonist [36]. Maximum clear, Specific Activity=83.5 Ci/mmol) according to th, 
doses of  rauwolscine and yohimbine were determined by cedure of  Perry and U'Prichard [31] with minor moc 
preliminary studies which indicated that the doses used tions. In brief, fresh pooled tissue (8-9 hypothalami 
produced no overt signs of  locomotor depression or illness, brainstems or 2 telencephalons) was homogenized in 40 
For  yohimbine this dose was <6 mg/kg and for rauwolscine ice cold Tris-HCl buffer (0.05 M, pH=7.0  at 25°C) ant 
<15 mg/kg. Clonidine doses were selected on the basis of trifuged (35,000 g at 4°C). The pellet was resuspended 
published reports indicating an effect on food intake [24]. Tris buffer as a 20 mg/ml solution and 5 mg of  tissue (2 
Drugs were administered in a distilled-deionized water vehi- were added to tubes containing aH-rauwolscine in co 
cle. On non-drug days all animals received vehicle injections trations ranging from 0.6 to 33.4 nM. Four  tubes were rl 
in all experiments.  Drug doses were calculated as the salt. each tissue at each of six concentrations and one-half,  

Four separate experiments were conducted. In all exper- tubes contained yohimbine-HCl (10-rM) as a displac 
iments injections were administered IP, and 4 groups of  determine specific binding. The final incubation volum 
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T A B L E  1 

EFFECT OF YOHIMBINE ON THE FOOD INTAKE OF obob AND LEAN MICE 
(EXPERIMENT 1) 

Food Intake (g) (Mean -+ S.D.) 
Yohimbine 

Day Dose (mg/kg) Group N 3 Hour 6 Hour 

1 3.0 obob-drug 6 1.14 _+ 0.50*t 2.59 -+ 1.10" 
obob-vehicle 7 2.32 _+ 0.26 4.16 -+ 0.27 

3.0 lean-drug 5 1.88 _+ 0.33 3.39 -+ 0.71 
lean-vehicle 5 1.95 _+ 0.26 3.54 _+ 0.79 

2 3.0 obob-drug 6 1.37 _+ 0.25"t 3.54 -+ 0.40* 
obob-vehicle 7 2.04 _+ 0.22 4.15 +- 0.26 

3.0 lean-drug 5 1.96 _+ 0.50 3.86 -+ 1.03 
lean-vehicle 5 2.08 _+ 0.39 3.89 -+ 0.72 

8 3.0 obob-drug 6 1.42 _+ 0.28"t 3.29 -+ 0.59* 
obob-vehicle 7 2.05 _+ 0.35 3.92 -+ 0.28 

4.6 lean-drug 4 1.87 _+ 0.10" 3.98 -+ 0.15 
lean-drug 5 2.08 _+ 0.14 3.55 -+ 0.66 

9 3.0 obob-drug 6 1.40 _+ 0.22* 3.51 -+ 0.39 
obob-vehicle 7 1.91 _+ 0.29 3.86 -+ 0.29 

4.6 lean-drug 5 1.53 _+ 0.54 3.29 -+ 0.68 
lean-vehicle 5 1.89 _ 0.23 3.50 -+ 0.67 

10 3.0 obob-drug 6 1.11 + 0.59* 2.87 -+ 0.58 
obob-vehicle 7 1.83 _ 0.50 3.32 _+ 0.45 

4.6 lean-drug 5 1.30 _ 0.75 2.41 _ 1.36 
lean-vehicle 5 1.64 _ 0.26 2.96 -+ 0.49 

11 3.0 obob-drug 6 1.57 _+ 0.76 3.30 _+ 1.38 
obob-vehicle 7 2.12 _+ 0.58 3.78 +- 0.79 

4.6 lean-drug 5 2.17 _ 0.45 3.74 - 0.89 
lean-vehicle 5 2.30 _+ 0.93 3.65 - 0.57 

13 2.1 obob-drug 6 1.11 _+ 0.55"t 2.68 _+ 1.33 
obob-vehicle 7 1.74 _+ 0.37 3.73 +-- 0.81 

3.0 lean-drug 5 1.84 _ 0.35 3.53 - 0.67 
lean-vehicle 5 2.06 _+ 0.24 3.73 + 0.51 

*Differs significantly from vehicle-treated mice with same genotype, p<0.05. 
tDiffers significantly from drug-treated lean, p<0.05. 

270 /zl. Samples  were  i n c u b a t e d  in the  da rk  at  4°C for  90 was  t rue  for  all e x p e r i m e n t s  (1--4) and  indica tes  comp 
minutes .  T h e  i ncuba t ion  w as  s t opped  by  f 'dtering t h rough  food  in take  in the  an imals  a s s igned  to the  drug  and  
W h a t m a n  G F / B  fi l ters  us ing  a cel l  h a r v e s t e r  (Brandel ,  Gai th-  g roups  in the  a b s e n c e  o f  the  drug  t r ea tmen t .  F o r  the  
e r sberg ,  MD).  The  Filters were  immedia t e ly  r insed  3 t imes  b ine  and  r auwol sc ine  s tudies  the  re la t ive  effects  o: 
wi th  4 ml o f  the  ice cold Tr is  buffer .  The  r e c e p t o r  dens i ty  t r e a t m e n t  we re  s imilar  for  the  1-hour and  3-hour  food  
(Bmax) and  d issocia t ion  cons t an t  (Ka) were  de te rmined  using per iods .  C o n s e q u e n t l y ,  da ta  are  g iven  on ly  for  the  i 
an  inve r t ed  R o s e n t h a l  plot  ( b o u n d  vs.  bound/ f ree )  and  l inear  pe r iod  in o r d e r  to simplify p r e s e n t a t i o n  of  these  
r eg ress ion  ana lys is .  T h r e e  to four  sepa ra te  ana lyses  were  men t s .  
c o m p l e t e d  for  e a c h  b ra in  sec t ion .  T i ssue  f rom lean and  o b e s e  
mice  was  p r o c e s s e d  c o n c u r r e n t l y  in e a c h  assay .  Experiment 1 

Data  we re  ana lyzed  by  an  ana lys i s  of  va r i ance  wi th  The  effects  o f  y o h i m b i n e  on  food in take  are  p re se t  
fo l low-up c o m p a r i s o n s  m a d e  by  N e w m a n - K e u l s  test .  In  
some case s  specif ic  c o m p a r i s o n s  were  m a d e  by  m e a n s  o f  a Table  1. The  init ial  t r e a t m e n t  wi th  y o h i m b i n e  (3.0 J 

Days  1 and  2) p r o d u c e d  a s ignif icant  dec rea se  in thq t - tes t .  
in take  ofobob mice  at b o t h  the  3- and  6-hour  t ime po in  

RESULTS did not  r e d u c e  the  food  in take  of  l ean  mice  at  e i ther  
The  d rug- t r ea ted  obob mice  also a te  s ignif icant ly  les 

F o o d  in take  o n  the  day  immedia t e ly  p reced ing  d rug  d rug- t r ea ted  lean mice  at  the  3 -hour  point .  Veh ic le - t  
t r e a t m e n t  ( w h e n  all an ima l s  r ece ived  vehic le  in ject ion)  n e v e r  obob mice  a te  a m o u n t s  la rger  t han  or  c o m p a r a b l e  to th 
dif fered s ignif icant ly  b e t w e e n  mice  wi th  the  s ame  g e n o t y p e  veh ic le - t r ea ted  lean mice  at  the  3 h o u r  point .  
bu t  a s s igned  to the  veh ic le  or  d r u g - t r e a t m e n t  groups .  This  Fol lowing  a 6 day  drug-f ree  pe r iod  the  obob mice 
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TABLE 2 

DOSE-RESPONSE ANALYSIS OF THE EFFECTS OF YOHIMBINE ON FOOD INTAKE IN 
obob AND LEAN MICE (EXPERIMENT 2) 

Food Intake (g) (Mean _+ S.D.) 
Yohimbine 

Day Dose (mg/kg) Group N 3 Hour 6 Hour 

1 1.0 obob-drug 8 1.72 -+ 0.19 3.66 -+ 0.19 
obob-vehicle 7 1.63 _+ 0.22 3.50 _+ 0.43 

1.0 lean-drug 8 1.86 -+ 0.32 3.51 - 0.36 
lean-vehicle 7 1.94 _+ 0.22 3.40 _+ 0.37 

3 2.0 obob-drug 8 1.34 _ 0.28 3.12 +_ 0.17 
obob-vehicle 7 1.62 _+ 0.33 3.44 _+ 0.62 

2.0 lean-drug 8 1.53 _+ 0.24 3.10 _+ 0.25 
lean-vehicle 7 1.74 _+ 0.32 3.27 _+ 0.51 

7 3.0 obob-drug 8 1.21 _+ 0.19" 2.66 _+ 0.26* 
obob-vehicle 7 1.56 + 0.20 3.46 _+ 0.64 

3.0 lean-drug 8 1.32 -+ 0.10 2.70 _+ 0.15 
lean-vehicle 7 1.58 _+ 0.37 2.98 _+ 0.51 

11 2.8 obob-drug 8 1.29 _+ 0.15" 2.60 --_ 0.26* 
obob-vehicle 7 1.77 -+ 0.21 3.31 _+ 0.29 

5.0 lean-drug 8 1.25 _+ 0.45* 2.24 _+ 0.78* 
lean-vehicle 7 1.79 _+ 0.24 2.96 _+ 0.37 

*Differs significantly from vehicle-treated mice with same genotype, p<0.05. 

again administered the 3.0 mg/kg dose, while lean mice were food intake in response to the drug treatment. It also a[ 
administered a larger mg/kg dose (4.6). This differential dose that some tolerance to the anorectic effects of yohimbix 
resulted in the two groups receiving an equivalent total develop with repeated drug administration. 
amount of  drug (see the Method section). This time both lean 
and obob mice significantly reduced their food intake for the Experiment 2 
initial 3-hours of  food access, but drug-treated obob mice Since the results of Experiment 1 suggested an incr 
still ate significantly less than drug-treated lean mice. After 
6-hours of  food access only the obob mice showed a signifi- sensitivity to the anorectic effects of  yohimbine on th 
cant reduction in food intake compared to their vehicle- of  obob mice, in Experiment 2 a dose-response curv 

run in a different group of animals to determine whe 
treated controls, threshold might be. Water intake was also measured i 

To determine if tolerance would develop to the anorectic 
effects of  yohimbine, the differential dose treatment was experiment. 

Neither a 1.0 nor 2.0 mg/kg dose of yohimbine prodL 
continued for an additional three days (Days 9-11). With this significant effect on food intake (Table 2) in either 1~ 
schedule drug-treated obob mice ate less than vehicle- 
treated obob mice during the initial three hours of food ac- obob mice. Once again, however,  the 3.0 mg/kg dose s 
cess on days 9 and 10, but did not differ significantly from cantly reduced the food intake of  obob, but not lean, 

after 3 and 6 hours of  food access. Administration o f a l  
controls after 6 hours of  food access or at either time on Day 
11. Treatment of  lean mice with the 4.6 mg/kg dose of dose of yohimbine (5.0 mg/kg) to lean mice did reduc~ 
yohimbine did not produce a significant suppression of their food intake, and a similar suppression was found in 
food intake, compared to the vehicle-treated lean controls mice given a comparable total body dose (2.78 mg/kgl 

effects of  drug treatment on water intake paralleled thc 
when the drugs were administered on consecutive days. food intake (Table 3). 

Following a one day drug-free period, the lean mice were The results of  this experiment confirmed the findi~ 
administered a 3.0 mg/kg dose of yohimbine and the obob 
mice a 2.1 mg/kg dose, which also produced equal total doses Experiment 1 and indicated that on a body weight ba,, 

threshold dose for an anorectic effect of  yohimbine in 
in lean and obob mice. Once again the obob mice showed a mice was lower than that for lean mice. 
significant reduction in 3-hour food intake compared to both 
vehicle-treated obob mice and drug-treated lean mice, while Experiment 3 
drug-treated lean mice did not differ significantly from 
vehicle-treated lean mice. In this experiment the effects of another ct-2 bit 

In summary, the results of Experiment 1 indicate that drug, rauwolscine, were studied to determine if the ano 
yohimbine appears to have an anorectic effect in lean and effects seen with yohimbine were unique to that 
obob mice. This anorectic effect is more pronounced in the Rauwolscine is a structural isomer of  yohimbine bt 
obob mice, as the lean mice showed a significant reduction in more specificity for the a-2 receptor than yohimbine 
food intake on only one of  the testing occasions at the doses The characteristics of  the food restriction schedule wer 
being studied, while obob mice consistently reduced their modified in this experiment (see the Method section). 
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T A B L E  3 

EFFECT OF YOI-IIMBINE ON WATER INTAKE OF obob AND LEAN MICE 
(EXPERIMENT 3) 

Water Intake (ml) (Mean -+ S.D.) 
Yohimbine 

Day Dose (mg/kg) Group N 3 Hour 6 Hour 

1 1.0 obob-drug 8 2.02 __. 0.45 4.20 -+ 0.35 
obob-vehicle 7 1.87 ± 0.41 3.94 --- 0.65 

1.0 lean-drug 8 2.78 _ 0.33 5.43 -+ 0.57 
lean-vehicle 7 3.23 _+ 0.69 5.49 -+ 1.00 

3 2.0 obob-drug 8 1.60 +-_ 0.47 3.72 ± 0.36 
obob-vehicle 7 1.94 ± 0.70 4.23 ± 1.35 

2.0 lean-drug 8 2.43 __+ 0.36 5.02 --+ 0.76 
lean-vehicle 7 2.73 _+ 0.50 4.89 -4- 0.88 

7 3.0 obob-drug 8 1.50 _+ 0.34* 3.21 -+ 0.49* 
obob-vehicle 7 2.02 +-- 0.45 4.40 +-- 1.15 

3.0 lean-drug 8 2.09 _+ 0.25 4.21 -+ 0.67 
lean-vehicle 7 2.50 __+ 0.64 4.44 -+ 0.61 

I1 2.8 obob-drug 8 1.69 ± 0.42* 3.42 - 0.60* 
obob-vehicle 7 2.52 -+ 0.31 4.47 ± 0.58 

5.0 lean-drug 8 1.99 ± 0.66* 3.90 +-- 1.23 
lean-vehicle 7 2.80 _+ 0.21 4.62 ± 0.43 

*Differs significantly from vehicle-treated mice with same genotype, p<0.05. 

Exper iments  1 and 2, a compar ison  of  the food intakes o f  o 
drug- and vehic le- t rea ted  groups on the day pr ior  to drug- 
t rea tment  (when all groups rece ived  a vehicle  injection) indi- ol2c 
cated that in all instances there were  no significant differ- 
ences  in the food intake o f  these groups for e i ther  lean o r  g .c  

obese  mice.  !,0o 
Compared  to vehic le- t reated controls ,  rauwolscine treat- - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

ment  significantly decreased  3- and 6-hour food intake in 
both lean and obob mice,  but  the dose required to ach ieve  ~90 * 
this effect  differed in the two groups.  In Fig. 1 food intake in ~ * * * * 
drug-t reated lean and obob mice for the initial 3 hours  o f  food ~a~ 
access  is expressed  as a percent  o f  the food intake o f  their  o 
respect ive  vehic le- t rea ted  controls .  Fo r  obob mice,  three- "07o 
hour  food intake was significantly decreased  by doses  of  ~g 
rauwolscine as low as 1.0 mglkg, while a 4.0 mg/kg dose was g6Q 
required to see a significant effect  in lean mice.  Six-hour  ~ I ~ ~ ,~ ~ ~ ÷ ~ 
food intake was significantly suppressed in obob mice with a ~- R, uwo,scin. 0o,~ tmg/~) 
5.0 mg/kg dose,  while only the 10 mg/kg dose decreased  the FIG. 1. Rauwolscine treatment significantly reduced food il 
6-hour food intake o f  lean mice (Table 4). obob and lean mice in comparison to vehicle-treated contr~ 

The  results with rauwolscine are  comparable  to the re- threshold dose for this effect for obob mice (1.0 mg/kg) w 
suits found for yohimbine,  and again suggest that the obob fourth of that for lean mice (4.0 mg/kg). *Differs significant 
mice were  more  sensi t ive than lean mice to the anorect ic  vehicle-treated mice with same genotype, p<0.05 (Mean+--S 
effects o f  the drug t reatment .  Compared  to yohimbine,  the 
effects  o f  rauwolscine  on three-hour  food intake were  found 
to occur  at a lower  dose.  I f  the  anorect ic  effects are  related 
to a-2 b lockade,  this finding would  be consis tent  with o ther  c rease  food intake. Because  this effect  may  be br ief  [2 
reports  indicating that rauwolscine  has a greater  a-2 blocking intakes are repor ted  for the 1 hour  as well as the 3 and 
potency  than yohimbine  [38]. measurements  in this study. 

The  effects o f  clqnidine on i hour  food intake a 
sented in Fig. 2. At  the lowes t  dose  studied (50 

Experiment 4 clonidine produced  a small increase in the one  hot  
In this exper iment  the a-2 agonist  clonidine was adminis- intake o f  obob mice (0.05<p<0.07),  but did not affe 

tered to a group of  animals also used in Exper iment  2 follow- intake in lean mice.  A higher dose o f  clonidine (100 
ing a drug-free period of  7 days.  Al though the data  are  con- produced  a significant increase in the one-hour  food in 
flicting [3,33], some reports  indicate that clonidine can in- obob mice (+40%, p<0 .01) ,  but  again did not affeq 
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T A B L E  4 

EFFECT OF RAUWOLSCINE ON 6-HOUR FOOD INTAKE OF obob AND LEAN MICE (EXPERIMENT 3) 

6-Hour Food Intake (g) (Mean _+ S.D.) 

Rauwolscine obob lean 
Day Dose (mg/kg) drug (n=8) vehicle (n=7) drug (n=8) vehicle (n=7) 

1 0.5 3.10 --- 0.38 3.56 + 0.59 3.50 ± 0.31 3.60 ± 0.25 
3 1.0 3.17 +- 0.48 3.50 _+ 0.43 3.76 ± 0.61 4.00 ± 0.24 
6 2.0 3.16 ± 0.81" 4.08 _+ 0.51 3.62 _+ 0.61 3,91 _ 0.35 

17 3.0 3.21 +_ 0.39 3.36 _+ 0.47 3.32 +_ 0.98 3.90 _ 0.66 
23 4.0 3.31 + 0.44 3.60 _+ 0.67 3.46 ± 0.50 3.49 ± 0.24 
32 5.0 3.21 + 0.39* 3.93 _+ 0.35 3.23 _+ 0.46 3.46 ± 0.39 
38 7.5 3.36 ± 0.35* 4.21 + 0.45 4.16 ± 0.76 4.70 ± 0.72 
46 10.0 2.15 _+ 0.42* 3.22 _+ 0.42 2.38 _+ 0.22* 3,21 _+ 0.30 

*Differs significantly from vehicle-treated mice with same genotype, p<0.05.  

= 05o TABLE 5 

O EFFECT OF CLONIDINE ON 3- AND 6-HOUR FOOD INTAKE O 
O AND LEAN MICE (EXPERIMENT 4) 

"U 12~ Clonidine Food Intake (g) (Mean _ 
Dose 

~. (/zg/kg) Group N 3 Hour  6 Ho 
I 

.'~O [OC 50 obob-drug 8 1.82 ± 0.41 3.93 ± 
-~ obob-vehicle 7 1,72 _ 0.22 4.00 _+ q 
> lean-drug 6 1,78 _+ 0.48 4.30 -+ i 

.~ lean-vehicle 5 1,85 _+ 0.39 3,62 - I 

" ~  100 obob-drug 8 1.76 + 0.20 3.87 + q 
-~ obob-vehicle 7 1.89 + 0.18 4.14 + I 

lean-drug 6 1.64 _+ 0.44 3.36 _+ 
lean-vehicle 5 1.77 ± 0.53 3.31 _+ I 

"~ 50 
O 200 obob-drug 8 1.59 _+ 0.22* 3.68 ± q t~ 

I~. obob-vehicle 7 2.35 _+ 0.63 4.90 _+ I 
lean-drug 6 1.79 _+ 0.22* 3.67 ± ( 

-~ lean-vehicle 5 2.16 + 0.28 4.28 + ( 
O - -  - -  

-r- 2 5  
letll'l 500 obob-drug 8 0.80 _+ 0.25* 1.85 ± ( 

e- \Tb~0% obob-vehicle 7 1.73 _÷ 0.42 2.45 _+ ( 
O lean-drug 6 1.00 ± 0.24* 3.87 -+ ( 

ob lean-vehicle 5 2.03 ± 0.10 3.81 ± ( 

0 O 0  4 ) 
( ~ i g / k g )  *Differs significantly f rom vehicle- t reated mice with Clonidine Dose 

genotype, p <0.05. 
FIG. 2. At low doses clonidine produced an increase in the initial 
one-hour food intake ofobob mice and did not affect the food intake 
of  lean mice in comparison to vehicle-treated controls. Higher doses 
of  clonidine reduced the food intake of both obob and lean mice. 
*Differs significantly from vehicle-treated mice with the same 
genotype, p<0.05 (Mean___S.D.). 
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TABLE 6 TABLE 7 

EFFECT OF YOHIMBINE TREATMENT ON WATER INTAKE OF RECEPTOR DENSITY (Bmax)AND DISSOCIATION CONSTAN' 
WATER-DEPRIVED MICE VALUES FOR RAUWOLSCINE BINDING IN BRAIN AREAS O 

AND LEAN MICE 
Water Intake (ml) 

Yohimbine (Mean ± S.D.) Brain Area Group Bmaxt 
Dose 

Day (mg/kg )  Group N 3 Hour 6 Hour Hypothalamus obob 29.5 ± 5.4 (4)* 

lean 31.6 --_ 3.7 (3) 
1 0 Drug 6 1.69 -+ 0.45 2.48 _+ 0.55 

Vehicle 6 1.54 -+ 0.61 2.83 ± 1 . 3 0  Telecephalon obob 24.1 -+ 4.1 (4) 
lean 22.3 -+ 2.1 (4) 

2 3.0 Drug 6 1.79 -+ 0.36 2.81 ± 0.84 
Brainstem obob 20.4 -+ 5.4 (4) Vehicle 6 1.36 -+ 0.41 2.66 ± 0.94 

lean 17.3 - 3.4 (4) 
3 5.0 Drug 6 1.28 ± 0.43 2.71 ± 0.84 

Vehicle 6 1.55 -- 0.61 2.81 _+ 1.12 *Mean _+ S.D. (N). 
tBmx values are expressed as fmol bound/mg tissue, Ko 

10 5.0 Drug 6 1.77 -+ 0.68 2.80 ± 0.97 are nanomolar. 
Vehicle 6 1.73 -+ 0.51 3.15 _+ 0.76 

12 5.0 Drug 6 2.08 -+ 0.54 3.34 _ 0.90 
Vehicle 6 1.91 ± 0.67 3.15 _+ 1.22 

reduce foo~i intake (about 5 mg/kg in lean mice, Experi 
16 10.0 Drug 6 1.03 _+ 0.36 2.97 -+ 0.61 

1 and 2). Vehicle 6 1.88 - 0.85 3.82 _+ 1.17 
Receptor binding. No differences were found be 

18 10.0 Drug 6 1.10 ± 0.41" 2.82 ± 0.62* lean and obob mice in a-2 receptors in the hypothal 
Vehicle 6 2.53 ± 0.57 3.94 _+ 0.76 brainstem, or telencephalon as determined fron 

rauwolscine binding studies. This was true for both l 
*Differs significantly from vehicle-treated group, p<0.05, ceptor density (Bmax) and affinity (Ko) (Table 7). 

DISCUSSION 

intake in lean mice. Higher doses of clonidine eitfier had no The results of  the current study indicate that tl 
effect or significantly decreased 1 hour food intake in both blocking agents, yohimbine and rauwolscine, can i 
lean and obob mice. The effects of  clonidine treatment on 3 food intake in mice. The results also suggest that th~ 
and 6 hour food intake are presented in Table 5. The lower mutant may be more sensitive to this effect than it 
doses of  clonidine (50 and 100/zg/kg) had no effect on the littermate. Although the basis of  this potentiated ant 
food intake of either lean or obob mice, while the higher effect is not clear, these results are consistent with 
doses (200 and 500/zg/kg) decreased 3 hour food intake in work indicating altered drug sensitivity in the obob i 
both lean and obob mice, and decreased 6 hour food intake in [10,23]. 
obob mice. When drugs are administered on a mg/kg-basis, ho~ 

These results indicate that clonidine can produce a dose- it is difficult to determine whether a response at a '% 
dependent biphasic effect on food intake. Of particular rele- dose is the result of  an increased sensitivity on the part 
vance to the current study is the finding that at low doses obese animal or due to a higher drug level in the target 
clonidine produced either no effect (lean mice) or a moderate as a result of  the higher total dose of  drug administered 
increase (obob mice) in the food intake of  animals on the obese animal [15]. In the current studies an attemt 
restricted food access schedule. This suggests that drug made to deal with this issue by occasionally admini~ 
treatment does not inevitably reduce food intake solely on differential body-weight based doses which resulted 
the basis of a "nove l ty"  effect, administration of  equivalent total drug doses to the le~ 

obese mice. When this strategy was employed with 3 
bine in Experiment 1, it was found that drug-treated 

Experiment 5 animals still ate less than drug-treated lean animals (Ta 
In this experiment the effects of  yohimbine treatment on With rauwolscine a direct comparison of  equivalen 

water intake in water-deprived C57/BL-6j (lean) mice were doses was not made, but the dose-response curve ind 
examined to evaluate the possibility that yohimbine's inhibi- that the obese animals showed a significant effect o~ 
tory effects on food intake were the result of a more general intake at one-fourth the dose required for the lean mio  
depressant effect on all ingestive behavior. After 18 hours of  is substantially less than the differences in the body 
water deprivation, 3-and 6-hour water intakes of  yohimbine- for the two groups (less than a two-fold difference) 
and vehicle-treated mice did not differ significantly following again indicative of  an increased sensitivity to the drug 
treatment with either 3.0 or 5.0 mg/kg yohimbine (Table 6). on the part of  the obese mutant. 
At 10.0 mg/kg, however, there was a significant reduction in A second concern which developed during the cot 
the 3- and 6-hour water intake of  yohimbine-treated mice on the study was that any drug treatment might inhibit th 
one of  the 2 days that this dose was used. These results intake ofobob mice on a food-restriction schedule. Ind 
indicate that at higher doses yohimbine treatment can reduce had been previously shown that dissimilar agents sl 
fluid intake in water-deprived animals, but that the effect is amphetamine, fenfluramine, and naloxone could h~ 
inconsistent and requires doses higher than those needed to anorectic effect in food restricted mice [10, 15, 23]. 
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current study, however, treatment with low doses of  fect on post-synaptic a-2 receptors cannot be comF 
clonidine increased the food intake of  the obob mice, anddid excluded. If  this were the case, then the differentia] 
not alter the intake of the lean mice, indicating that reduced sensitivity found in obob and lean mice might be exp 
food intake was not an inevitable consequence of drug by differences in a-2 receptor density or affinity betwe( 
treatment, two groups. The failure to find such differences i 

At high doses,  clonidine treatment reduced the food in- rauwolscine binding studies, however,  indicates comp~ 
take of  both lean and obob mice. Work from other labora- a-2 status in the two groups and does not support a 
tories indicates that the effects of clonidine on the food in- synaptic a-2 effect by this mechanism. 
take of  normal animals are complicated, and are both time- In contrast,  if examined in conjuction with other 
dependent and affected by dose and frequency of  adminis- lished data, a drug effect upon presynaptic a-2 rec( 
tration [3,24]. This may be related to the finding that at could account for the enhanced behavioral effects seen 
higher doses clonidine can stimulate a-1 as well as a-2 recep- obob mice. In this respect, endogenous hypothalami 
tors [40]. Another possibility is that clonidine may affect levels are increased in the obob [12,21], and these incl 
both pre- and post-synaptic a-2 receptors depending upon are found predominately in the paraventricular nucleus 
the dose employed [39]. tromedial hypothalamus, and lateral hypothalamus 

It also appears that the anorectic effects of the yohimbine areas which have been shown to be involved in the r( 
and rauwolscine were not the result of a drug-induced gen- tion of feeding [13, 14, 18]. One possible explanation f 
eralized malaise or illness. This is inferred from the fact that increased levels is a decreased neuronal firing rate an( 
in preliminary studies the doses employed in the current sequent decreased release of NE. Since decreased tral 
study did not produce any obvious signs of  distress, and the ter availability has been shown to be associated wi 
finding that effective anorectic doses did not produce any creases in receptor number [27,41], this explanation i,, 
effects on water intake in water-deprived animals. Both of  sistent with the observation that a-1 receptor density 
these observations support the position that the anorectic creased in the obob. Under the conditions of increas( 
effects were a specific drug action. In addition, studies in ceptor number, administration of an agent which enh 
rats suggest that the doses administered in the current NE release would produce increased neurotransmitt( 
studies were below those which produce behavioral distrup- tivity in a "supersensi t ive"  area and could, therefore, 
tion [25], although cross-specie comparisons might be mis- an enhanced behavioral effect. 
leading. This hypothesis is dependent upon showing that tt 

The drugs employed in the current study were chosen for blockers will enhance NE release, and that NE will i 
their ability to affect the c~-2 receptor. None of  these drugs feeding. Studies have now shown that yohimbine w 
are, however, absolutely specific for this receptor. Clonidine crease the rate of disappearance of NE followil 
can decrease serotonin turnover [1], while yohimbine can methyl-para-tyrosine treatment, suggesting enhance( 
affect dopamine and serotonin systems [32, 34, 35]. It is, turnover and release [2,32]. In addition, preliminary r, 
therefore, interesting that the effects on food intake were from this laboratory (unpublished data) indicate 
found at relatively low doses, a condition which would favor rauwolscine treatment will increase NE release in obo 
selective interaction with the a-2 receptor [2, 38, 40]. A lean mice. Other work indicates that intra-hypothalarr 
comparison of  the effective threshold doses for eliciting the fusion of a-agonists can reduce food intake [22]. Thus 
anorectic effect for yohimbine and rauwolscine (Experi- of the necessary criteria for the a-2 antagonists to pr( 
ments 2 and 3) also provides indirect support for an action on their anorectic effect by enhancing NE release th  
the a-2 receptors. In this respect,  in the obob mice blockade of the presynaptic c~-2 receptors appear satL, 
rauwolscine had an anorectic effect at 1.0 mg/kg, while In summary, the results indicate an anorectic effect ( 
yohimbine had an anorectic effect at 2.8 to 3.0 mg/kg. Since antagonists in obob and lean mice. The effect appears 
yohirnbine and rauwolscine are structural isomors this specific for food intake, and obob mice demonstrate 
difference is not due to a dose difference as a result of differ- hanced sensitivity to the effect. The potentiated beha 
ent molecular weights. The difference is, however, similar to effect seen in the obob mutant may be a result of incr~ 
their differential potency at the c~-2 receptor in in vitro NE release in an area where chronic reduction of  NE r( 
studies [7,38]. Thus, the combination of  the low drug doses has induced supersensitivity. This in turn results in the 
administered, plus the order of  potency for the rauwolscine sensitive behavioral response. 
and yohimbine, suggest a relatively selective effect on the 
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