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WELLMAN, P J AND T L SELLERS Weight los~ mdu~ed by chronic phenylpropanolamme Anorerta and brown 
adipose 11~ ~ue thermogenesls PHARMACOL BIOCHEM BEHAV 24(3) 605-611, 1986 --The effects ofchromc treatment 
with phenylpropanolamlne (PPA) on body weight (BW), food retake (FI), and water retake (WI) and mterscapular brown 
adipose t~ssue (IBAT) thermogenesls in adult male Sprague-Dawley rats were evaluated in 2 experiments In Experiment I, 
rats were treated (IP) twice dady (0900 and 2100 hr) for 12 days with either sahne or 5, 10, or 20 mg/kg dI-PPA Rats treated 
with 20 mg/kg dI-PPA exhibited significant decreases in both FI and BW but not WI Basal IBAT temperature was shghtly 
increased m chronic 20 mg/kg dI-PPA rats and there was no evidence of tolerance to the acute IBAT thermogenlc effect of 
20 mg/kg dI-PPA In Experiment 2, rats were treated twice dally (0900 and 2100 hr) for 12 days with either sahne or 20 mg/kg 
of either d-PPA or I-PPA There was a 2-fold difference m the potency of these PPA isomers on FI, BW and IBAT 
thermogenesls Body composmon analyses revealed that I-PPA, but not d-PPA, reduced a slgmficant loss of carcass hpld 
w~thout s~gnlficant changes m carcass ash, water or protein levels These data suggest that the weight-reducing action of 
PPA may reflect a combined effect of this drug on both food intake and BAT thermogenesls 

Phenylpropanolamme Isomers Food intake 
Brown adipose tLssue thermogenesls 

Body weight Anorexm 

P H E N Y L P R O P A N O L A M I N E  (PPA) is a phene thylamlne  
that  induces  a modera te  reduc t ion  in body weight  [1, 5, 
16] Al though  the weight - reduc ing  act ion o f  PPA is well- 
establ ished,  the precise mechan ism by which PPA exer ts  an 
ant i-obesi ty effect  is unclear  Hoebel  and his coworkers  [5,6] 
have advanced  cogent  arguments  suggesting that the weight  
loss induced by PPA reflects a suppressive act ion of  this 
drug on lateral hypothalamlc  feeding mechanisms  More  re- 
cent ly ,  however ,  Wel lman [12] and Wellman and Marmon  
[14,15] argued that a port ion of  the weight-reducing acuvl ty  
of  PPA may reflect an action o f  this sympathomlmet tc  com-  
pound on peripheral  brown adipose tissue (BAT) ther- 
mogenesls  Rothweli  and Stock [10] demonst ra ted  that en- 
hanced heat product ion from this sympathet ic  tissue is suf- 
ficient to mlnlm~ze obesi ty  when rats overea t  calorically- 
dense  diets In support  of  a metabohc  interpretat ion of  PPA- 
induced weight  loss,  Wel lman [12] and Wellman and Mar- 
mon [14,15] demonst ra ted  that d l -phenylpropanolamme slg- 
mficant ly increased interscapular  BAT (IBAT) ther- 
mogenes ls  at dose levels that reduce food intake m short- 
term feeding tests [8,16] 

The  purpose of  the present  exper iments  was to further 

e x a m m e  the potential  role of  BAT thermogenests  m the re- 
duct ion of  body weight induced by phenylpropanolamlne  Of  
part icular  interest  was the effect  o f  ch romc  admlnlstrat~on of  
PPA on food and water  intake, body weight  and I B A T  ther- 
mogenes ls  An examinat ion o f  the chromc effects of  PPA on 
feeding and body weight  was deemed necessary  because  al- 
though the l i terature has consis tent ly observed  reduct ion in 
body weight in chronic  studies, the effects  of  PPA on food 
intake are typically measured using short - term feeding tests 
Moreover ,  the tests o f  I B A T  thermogenes ls  conducted  by 
Wellman [121 and by Wellman and Marmon  [14,15] evaluated 
the acute effects of  dI-PPA on IBAT thermogenests  m drug- 
naive rats Were the I B A T  thermogemc effect  of  dI-PPA to 
be subject  to the rapid deve lopment  of  tolerance,  a role for 
BAT thermogenes~s in PPA-mduced  weight  loss would be 
precluded Exper iment  1 therefore eva lua ted  the effect  of  5, 
10, and 20 mg/kg dI-PPA, given twice a day for 12 days,  on 
food and water  retake and on body weight On day 14, rats 
chronically treated with either saline or  20 mg/kg dI-PPA were 
t reated with ei ther  sahne or  20 mg/kg dI-PPA to examine  the 
possibility of  tachyphylaxls  (drug tolerance) for IBAT ther- 
mogenesls  m rats treated chronical ly with dl -PPA 

~The Thompson Medical Company and the Undergraduate Fellows Program of Texas A&M Umverslty generously provided funds to carry 
out this research project 

2parts of this manuscript are based on an Honor's Thesis submitted by the second author to the Department of Psychology, Texas A&M 
Umvers~ty 
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EXPERIMENT 1 

METHOD 

Antmal~  

The animals were 28 Sprague-Dawley albino rats (ob- 
tained from Ttmco I n c ,  Houston, TX) weighing 150-175 
grams at the beglnmng of the experiment The rats were 
housed mdwldually in standard wire-mesh cages in a 
temperature-controlled room (23 +_ l degrees C) under a 12/12 
hr hght-dark cycle (hghts on at 0900 hr) The rats were gtven 
continuous access to tap water from calibrated Wahmann 
drinking tubes attached to each cage front and to standard rat 
pellets (Purina Rat & Mouse Diet) placed on the cage floor 
Bedding (DACB pads covered with several layers of paper 
towels) beneath each cage was replaced daffy 

D r u g  s 

A drug vehicle (0 9% sahne) solutmn was prepared by 
dissolving 0 9% sodium chloride into sterile dlstdled water 
Phenylpropanolamlne solutions were prepared just  prior to 
inJection by dlssolvmg either 5, 10, or 20 mg of dI-PPA (Lot 
#3E7, obtained from the H Reisman Company) into sterile 
distilled water A urethane solution consisted of 1 2 g/10 ml 
urethane (Sigma Chemical) dissolved in sterile distilled 
water All solutions were calculated as the weight of salt and 
base per umt volume of the drug vehicle [1 I] 

P r o c e d u r e  

The rats were housed in the colony room for a 9 day 
acchmatlon period with free access to food and water The 
rats were weighed (to the nearest gram) at 0900 hr daily to 
accustom them to handling During Days 1-3 following the 
acchmatlon period, baseline food and water intakes were 
recorded for each rat During thts period, the rats were 
weighed at 0900 hr, injected with 1 ml/kg sahne vehicle and 
then offered a weighed amount of food pellets At 2100 hr, a 
second dally saline vehicle reJection was gtven Food in- 
takes, corrected for sptllage collected on paper towels placed 
beneath the floor of each cage, were recorded for each rat on 
the following morning at 0900 hr In addition, water Intake 
over 24 hours was recorded for each rat To compensate for 
spillage assoctated with cage movement, an extra bottle was 
placed on an empty cage, the difference In volume (typically 
1-2 mls) for this bottle between successive morning readings 
served to adjust the dally water intake of each rat for fluid 
spillage 

At the end of the 3 day basehne period, 4 groups (n=7 
each) were formed on the basis of comparable average group 
food intake, water intake and body weight and then ran- 
domly assigned to drug treatment condttlons The chronic 
drug treatment was carried out on Days 1-12 following 
basehne measurements Each rat was injected twice (0900 
and 2100 hr) dally with either saline or with 5. 10, or 20 mg/kg 
dI-PPA Body weights, food intakes and water intakes were 
measured dally at 0900 hr as dunng the baseline period 

A test of the effect of dI-PPA on IBAT thermogenesls was 
carned out on Day 14 To provide an estimate of the poten- 
tial tachyphylaxts associated with 24 mjecttons of dI-PPA 
uncomphcated by cumulative drug lnjecUons, no drug injec- 
tions were given on Day 13 Surgery and temperature meas- 
urements were made under anesthesia induced by injection 
(IP) of urethane (Sigma Chemical 1 2 grams/10 ml/kg) For 
each rat, the skin over the shoulders was shaved and a 3 cm 
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FIG 1 Mean group body weight (g) m rats prior to and during 12 
days treatment (2× dady) with either sahne or 5, 10. or 20 mg/kg 
dI-PPA 

longitudinal mClslon made over the mterscapular region 
After placement of the rat on a foam-insulated plasttc base, a 
thermoprobe insulated with slhcone (Strawberry Tree, 3 mm 
m length and 2 mm in diameter) was posmoned between the 
major lobes of IBAT and the skin over IBAT closed around 
the thermoprobe cable using hemostatlc forceps The tip of a 
second thermoprobe was positioned 4 cm into the rectum to 
record core temperature IBAT and rectal temperatures 
were recorded every minute to the nearest 0 1 degree CenU- 
grade using a mlcroc6mputer (Apple-liE) outfitted with a dual 
thermometer card (Strawberry Tree Computers, Inc ) 

Because of equipment llmltattons, the effects of saline or 20 
mg/kg dI-PPA treatment was assessed only m the sahne and the 
20 mg/kg dI-PPA groups The 5 and 10 mg/kg groups were not 
tested because tt was reasoned that were tolerance to de- 
velop to the thermic action of dI-PPA within IBAT. such a 
tolerance effect ought to be most easily detected m the 20 
mg/kg dI-PPA group Baseline temperatures were recorded 
for a 10 minute period prior to drug or sahne mjectlon (IP) m 
a room maintained at 24 0 (_+0 5) degrees C Rectal tempera- 
ture. at this room temperature, was stable (mean of approx- 
imately 36 3 degrees C) dunng the 10 minute period prior to 
injection Thus, an external heat source was not requtred m 
the present experiment Both 1BAT and rectal temperatures 
were recorded for a 30 minute period following mjectton 

Stans t t c  al  Anal_vL~ e,~ 

The data of this experiment were analyzed using spht-plot 
factorial analyses of variance (ANOVA) Body weight, food 
intake and water intake data were analyzed separately for 
basehne (Days 1-3) and drug treatment phases (Days 1-12) 
using Dose (0, 5. 10. and 20 mg/kg dI-PPA) as the between- 
group factor and Days as the within-group factor The IBAT 
and rectal temperature data were also analyzed separately 
using Chronic Drug (SAL or PPA) and Acute Drug (SAL or 
PPA) as the between-group factors and Time (after lnjecUon 
- 10, - 5 ,  0, 5. 10, 15. 20, 25. and 30 minutes) as the within- 
group factor Between- and within-group comparisons were 
made using a priori two-tailed t tests [7] after separate 
ANOVA's of the data 
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FIG 2 Mean group daffy food retake (g) m rats prior to (Basehne 
days I-3) and during 12 days treatment (2x daffy) with either sahne 
or 5, 10, or 20 mg/kg dI-PPA 
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FIG 3 Mean group dady water intake (ml) m rats prior to (average 
of Basehne Days 1-3) and dunng 12 days treatment (2× dady) with 
either 5, 10, or 20 mg/kg dI-PPA 

RESULTS 

Body Weight 

The influence of dI-PPA on mean group body weight is 
depicted in Fig 1 There were no slgmficant differences be- 
tween the drug groups on baseline Days 1-3. F(3,24)=0 1, 
p < 0  98 Normal growth was observed m rats treated twice 
dady with either sahne or 5 or 10 mg/kg dI-PPA as evidenced 
by comparable mcreases in body weight in these groups dur- 
ing Days 1-12 In contrast, rats treated with 20 mg/kg dI-PPA 
exhibited reduced body weight gain Analyses of variance 
revealed a significant drug × day interaction, 
F(36,288)= I 91, p < 0  002, but no significant effect of drug, 
F(3,24)=0 34, p < 0  79 Subsequent comparisons between 
group means revealed no sigmficant differences between the 
control and 20 mg/kg dI-PPA groups either in terminal body 
weight or in change in body weight over the 12 day treatment 
period 

Food lntal~e 

Figure 2 depicts mean group food intake over successive 
24 hour intervals prior to and during dady treatments with 
dI-PPA There were no s=gmficant d~fferences between the 
drug groups during the baseline period, F(3,24)=003, 
p<0  99 Analyses of variance of changes in food retake dur- 
ing Days 1-12 revealed significant effects of drug, 
F(3.24)=6 8 ,p<0  002, and of day, F(12,276)= 12 5 ,p<0  0001, 
but the interaction of drug and day was not statistically sig- 
nificant Comparison of mean group food intake (collapsed 
across the day factor) revealed that the food intake of rats 
treated with 20 mg/kg dI-PPA was significantly lower than 
that of the sahne control group, t(24)=3 9, p < 0  001 There 
were no significant differences in food retake between the 
saline group and ezther the 5 mg/kg or 10 mg/kg dI-PPA 
groups 

Water lntal~e 

The influence of dI-PPA on 24 hour water intake is de- 
p=cted in Fig 3 There were no significant differences be- 

tween the groups in water intake during basehne Days 1-3, 
F(3.24)=1 8, p < 0  17 Analyses of variance of water intake 
during chromc drug treatment revealed a s~gnlficant interac- 
tion between the factors of drug and day, F(36.288)=2 3, 
p< 0  0001, whereas the effect of drug was not statistically 
slgmficant, F(3,24)=1 2, p < 0  33 On Day 1 of drug treat- 
ment, there was a trend for the 10 and 20 mg/kg dI-PPA 
groups to consume less water than control rats but these 
d~fferences were not statistically significant The bas~s for 
the significant interaction between drug and day was the 
result of the increase in water intake exhibited by the 10 
mg/kg dI-PPA group A comparison of water intake on Day 
12 revealed a significant increase in water intake by the 10 
mg/kg dI-PPA group relative to the saline control group, 
t(24)=2 56, p < 0  02. but comparisons between the sahne 
groups and the other drug groups were not significant 

Temperature 

Figure 4 depicts the influence of chronic PPA treatment 
on basal IBAT temperature and of acute PPA on IBAT tem- 
perature Rats treated with 20 mg/kg dI-PPA (groups PPA- 
SAL and PPA-PPA) dunng Days 1-12 exhibited a slight but 
non-significant increase m basal IBAT temperature during 
the 10 minute baseline recording period on Day 14 relative to 
the respectwe chronic saline-treated groups (SAL-SAL and 
SAL-PPA), F(1,11)=3 4, p < 0  09 There was stability in the 
IBAT temperature exhibited by the acute sahne-treated 
groups (SAL-SAL and PPA-SAL) during the 30 minute 
post-injection period In contrast, rats treated with 20 mg/kg 
dI-PPA exhibited marked increases in IBAT temperature. 
F(8,72)= 126 2, p< 0  0001 There were no differences between 
the SAL-PPA and PPA-PPA groups in terms of the absolute 
change in IBAT temperature induced by 20 mg/kg dI-PPA, 
F(8.72)=2 0, p < 0  07 It should be noted that there was a 
trend toward a larger change in IBAT temperature m the 
PPA-PPA group relative to that of the SAL-PPA group but 
this dtfference was not statistically significant 

There were no differences between the groups in rectal 
temperature (not depicted) prior to drug treatment at Time 0 
Analyses of variance revealed significant effects of 20 mg/kg 
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FIG 4 Mean group changes in lnterscapular brown adipose tissue 
temperature (degrees C) over a 30 minute period In rats chromcally 
treated (prior treatment) with either saline or 20 mg/kg dI-PPA and 
then treated (at Time 0 of figure) with either sahne or 20 mg/kg 
dl-PPA 
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FIG 5 Mean group cumulative changes in body weight (g) Jn rats 
treated (2× dally) over a 12 day period with either saline or 20 mg/kg 
d-PPA or 20 mg/kg I-PPA 

dI-PPA on rectal tempera ture ,  F(8,72)=3 4, p < 0  05, but 
there was no interaction be tween  the pre t rea tment  and 
t reatment  factors  in that PPA induced comparab le  acute m- 
creases  in rectal  temperature  in rats chronical ly treated with 
ei ther  saline or  20 mg/kg dl-PPA 

DISCUSSION 

The results of  Exper iment  1 indicate that dl-PPA has sig- 
nificant effects  on body weight,  food and water  intake and on 
I B A T  thermogenes is  and that chronic  t reatment  with PPA 
does not result  in tolerance to the thermogenlc  action of  PPA 
within BAT The exper iment  did not, however ,  reveal  
whether  BAT thermogenes is  plays a significant role, If any, 
in the weight  loss induced by PPA In addmon  to the racemic 
mixture,  PPA exists as d- and l- isomers Wel lman and Mar- 
mon [15] noted that I-PPA reduces twice as much tempera-  
ture change wtthm IBAT as does  d-PPA The purpose  of  
Exper iment  2 was to compare  the po tency  of  d-PPA and 
I-PPA on food retake, water  intake, body weight  and IBAT 
thermogenes is  using the procedures  of  Exper imen t  1 with 
the hope o f  dissociat ing the effect  of  PPA on food intake 
f rom that of  PPA on I B A T  thermogenes is  Such an evalua-  
non would identify the relative contr ibution,  if any, of  these 
factors  to the weight  loss induced by PPA 

E X P E R I M E N T  2 

METHOD 

Ammal~ 

The animals were  28 male Sprague-Dawley  rats (Tlmco,  
Inc , Hous ton ,  TX) weighing 175-200 grams at the beginning 
of  the exper iment  The rats were  maintained as in Experi-  
ment  l excep t  that a different colony room was employed  
owing to a malfunction of  heating/air  condmon lng  equipment  
in the colony used in Exper iment  l The average ambient  
tempera ture  of  this colony room was slightly lower  (approx- 
imately 22_ + l degrees  C) than that used in Exper iment  1 In 
addit ion,  a Teklad chow diet was used in the present  experi-  
ment  This diet was identical in nutritional composi t ion to 

the Purina diet but was slightly different in pellet s~ze and 
texture 

P r o (  ('dill d~ 

The procedures  of  this exper iment  were  similar to those 
of  Exper iment  1 with the following except ions  In this exper-  
iment,  the rats were randomly assigned to one of  three 
groups control  (n=12),  d-PPA (n=8) and I-PPA In=8) 
These  groups were  comparable  in terms of  mean group body 
weight,  food intake and water  intake during the baseline 
period Because  of  time and equipment  constraints  for the 
final thermogenes ls  test on Day 14, the rats of  this experi-  
ment  were run in two squads,  each offset by one day The 
rats were  randomly assigned to each squad with the provi- 
sion that half  of  each drug group be assigned to a squad 
During Days 1-12, the rats were  injected, using the proce- 
dures of  Experiment  I. with either saline. 20 mg/kg d-PPA 
or 20 mg/kg I-PPA The 20 mg/kg value was chosen to pro- 
vide a compar ison  with the data of  Exper iment  I 

No drug injections were  given on Day 13 and the IBAT 
thermogenes is  tests were  carried out on Day 14 using the 
procedures  of  Exper iment  1 In this phase of  the exper iment ,  
the rats In the chronic saline group were  treated with ei ther 
saline (group S A L - S A L ) ,  20 mg/kg d-PPA (SAL-D) or 20 
mg/kg I-PPA (SAL-L)  In=4  per group) at Time 0 In con- 
trast,  the rats in the chronic  d-PPA group were treated with 
saline (D-SAL) or  20 mg/kg d-PPA (D-D) whereas  the rats 
chronical ly treated with I-PPA were treated with ei ther  sahne 
(L-SAL)  or l-PPA (L-L) (n=4  per  group) 

Fol lowing the thermogenesls  tests, it was decided to de- 
termine the effect  of  PPA isomer  t reatment  on body com- 
posit ion Each rat was shaved using electric clippers while 
under  deep anesthesia  induced by a second injection of  ure- 
thane Each carcass  was then decapi ta ted and the intestinal 
tract discarded Each carcass  was further cleaned of  hair 
using a cream depilatory agent (Nalr), scrubbed and then 
washed Each carcass was then blotted dry, weighed and 
f rozen (at - 2 0  degrees C) until analyses of  carcass composi-  
tion could be performed 
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FIG 7 Mean group temperature changes (difference between 
baseline and 30 minutes after injection in degrees C) within in- 
terscapular brown adipose tissue for rats chronically treated w~th 
either saline or 20 mg/kg I-PPA or d-PPA and then treated (at Time 0) 
with either sahne or 20 mg/kg d-PPA or I-PPA 

Each carcass was analyzed for ash, water, fat (lipid) and 
protein content using shght modifications of the procedures 
of Leshner, Llttvln and Sqmbb [9] Each carcass was frozen 
m hquld nitrogen and then blended to a fine powder All tests 
of this homogenous powder were run m duphcate for each 
rat 

RESULTS 

Body Wetght 

The influence of chronic d-PPA and I-PPA on body 
weight, here given as cumulative changes in body weight, is 
expressed In Fig 5 There were no significant differences 
between the groups during the basehne period Rats treated 
with d-PPA or I-PPA gained less body weight than sahne- 
treated rats over the 12-day period Rats treated with saline 
over the 12-day period exhibited an average gain in body 
weight of 38 grams (3 2 grams/day) In contrast, rats treated 
with 20 mg/kg d-PPA exhlbtted a reduced average weight 
gain of 26 grams (2 2 grams/day) whereas 20 mg/kg I-PPA 
reduced average weight gain to 13 8 grams (1 2 grams/day) 
These values were 68% and 36% respectively of the weight 
gains exhibited by the sahne group Analyses of variance of 
the changes in body weight revealed a slgmficant effect of 
drug, F(2,25)=26 2, p < 0  0001, and a significant interaction 
between the factors of drug and day, F(22,275)=12 6, 
p < 0  0001 Comparison of final weight changes on Day 12 
revealed that each group was significantly different from 
each other group, t(25) at least 4 4, p < 0  001 

Food lntal, e 

F~gure 6 depicts the effects of the PPA ~somers on mean 
24 hour food retake There were no differences between the 
groups in food intake during the baseline period, 
F(2,25)=0 6, p < 0  60 Commencing with the first day of 
chromc treatment, food intake was moderately suppressed in 
the isomer groups Saline-treated rats consumed an average 
of 23 grams/day whereas the d-PPA and I-PPA groups con- 
sumed an average of 20 and 18 grams/day, respectively 

These food mtake values were 87% and 78% of the sahne 
values Analyses of variance of the food retake data revealed 
a significant effect of drug, F(2,25)=20 3, p < 0  0001, and a 
slgmficant lnteracuon between the factors of drug and day, 
F(22,275)=1.6, p < 0  05 An esUmate of feeding efficiency 
(mllhgram body weight gamed/cumulaUve food intake, gram) 
was calculated for control rats m Experiment 2 This was 
approximately 11 94 mg body weight per gram of chow con- 
sumed We then extrapolated the predicted weight gain for 
the d-PPA and I-PPA groups given their mean group cumula- 
tive food intakes during drug treatment These values were 
10 7 mg/g and 9 69 rag/g, respectively Although the value 
predicted for the d-PPA group (10 7 mg/g) was remarkably 
close to their actual food efficiency (10 4 mg/g), the esti- 
mated weight gain for the I-PPA group (9 69 rag/g) was 45% 
larger than that actually observed (6 9 mg/g) Analyses of 
variance of the feeding efficiency ratios revealed a stgmficant 
effect of group, F(2,25)=9 9, p < 0  0006 Subsequent com- 
parisons indicated that the feeding efficiency of the I-PPA 
group, but not of the d-PPA group, was slgmficantly different 
from that of the saline group, t(25)=4 34 and 1 2, p<0  001 
and 0 30, respecuvely 

Water Intake 

The rats consumed an average of 30 ml of water per day 
(not depicted) dunng the baseline period with no differences 
between the groups, F(2,25)=0 4, p < 0  66 Rats treated with 
sahne or 20 mg/kg d-PPA slightly increased their dally water 
intake (35 8 and 33 7 ml, respectively) during Days 1-12 
whereas rats treated with I-PPA exhibited even greater water 
intake (41 7 ml) Analysis of variance of water intake dunng 
Days 1-12 revealed a significant effect of drug, F(2,25)=9 0, 
p < 0  0011 There were no mgmficant differences between the 
intakes of sahne and 20 mg/kg d-PPA groups whereas the 
intake of water by the 1-PPA group slgmficantly exceeded 
that of the saline group, t(25)=3 3, p < 0  01 

Temperature 

The effects of acute treatment of sahne, 20 mg/kg d-PPA 
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TABLE I 
INFLUENCE OF d-PPA AND I-PPA ON BODY COMPOSITION IN RATS 

Group N f~ Ash* ~ Water* ~ Llpldt ~ Protein 

Sahne 11 36_+03 6 7 4 + 0 4  225_+07 1 8 3 + 0 5  
d-PPA 8 32_+04 671_+04 228_+ 12 191_+06 
I-PPA 8 41_+08 659-+ 15 178_+ 12§ 186_+05 

*Based on percent wet sample weight 
abased on percent llpxd extraction from dried tissue sample 
:~Based on percent mtrogen content 
§Refers to a slgmficant difference between drug and control group, p <0 05 
Each value represents the mean + SEM 

or 20 mg/kg I-PPA on brown adipose Ussue thermogenesls is 
depicted in Fig 7 Rats treated with saline on Day 14 exhib- 
ated a shght decrease in IBAT temperature over the 30 min- 
ute post-reJection penod (Fig 7) There was no effect of the 
chronic drug treatment on basal temperature in the groups 
treated with saline There also was no evidence of tolerance 
d-PPA induced similar changes in IBAT temperature in rats 
treated chronically with saline or 20 mg/kg d-PPA Similarly, 
I-PPA induced comparable acute changes in IBAT tempera- 
ture in chronic saline or 20 mg/kg 1-PPA treated rats Be- 
cause there were no pre-treatment differences, the data were 
combined across pretreatment condlUons (data not pre- 
sented) There were clear differences between the PPA Isom- 
ers, I-PPA reduced approximately twice as much ther- 
mogenesls as d-PPA, F(10,100)=27 1, p < 0  0001 

Rectal temperature data (not depicted) indicated slgmfi- 
cant overall effect of PPA on rectal temperatures, 
F(2,23)=4 9, p < 0  01 Moreover, there was a slgmficant in- 
teraction between the factors of drug and time, 
F(10,115)=35 2, p < 0  0001, after the test injection Rats 
treated with saline exhibited a constant rectal temperature 
whereas the d-PPA and I-PPA groups exhibited changes in 
rectal temperature of 0 4 and 1 2 degrees C. respectively 
Thus, the interaction was produced by the large effect in- 
duced by i-PPA and the relative lack of effect of d-PPA 

Body Composmon 

The influence of d-PPA and I-PPA on body composition is 
depicted in Table 1 Data were not analyzed from one rat for 
the body composition analyses (this rat exhibited values that 
were >2 standard devlaUons from the control mean) 
Neither d-PPA nor I-PPA induced a pronounced or reliable 
effect on either ash content, F(2,23)=2 1, p < 0  15, water 
content, F(2,23)=1 0, p < 0  38, or protein content, 
F(2,23) =0 4, p <0 66 The l-isomer of PPA produced a slgmf- 
lcant reduction in carcass fat content, F(2,23)=7 7, p <0 004, 
but the d-isomer did not The body composition data 
demonstrate that although the I-PPA isomer induced greater 
water intake over the course of the 12 day treatment period, 
body water was normal Moreover, the composition data 
demonstrate that I-PPA induces weight loss vm loss of lipid 
These data confirm the observations of Arch et al [2] who 
noted that mice treated over a 28 day penod with dI-PPA 
exhibited slgmficant reductions in carcass lipid These data, 
however, demonstrate that I-PPA is the active isomer with 
regard to reduction of carcass lipid 

DISCUSSION 

Wellman, Malpas and Wlkler [13] demonstrated that rats 
treated with either 10, 20, or 40 mg/kg dI-PPA exhibited 
condmoned taste aversion and unconditioned suppression of 
water intake, outcomes that suggested that PPA reduced 
food intake and therefore body weight via some unspecified 
malaise mechanism Their conclusions, derived from short- 
term consummatory tests, were not supported by the present 
experiments Rats treated with 5, 10 or 20 mg/kg dI-PPA 
(twice daily) or with 20 mg/kg d-PPA or I-PPA exhibited 
either no change m feeding or a s~gmficant decline in feeding 
but either an increase or no change m water retake Th~s 
outcome parallels the dissoclaUon between the effect of PPA 
feeding and drinking ehcited by electrical sumulauon of the 
lateral hypothalamus [6] That the effect of PPA on feeding 
can be dissociated from that of PPA on water intake suggests 
that malaise is unlikely to explam PPA-lnduced anorexm and 
weight loss Moreover, the difference m outcomes points to 
the importance of using chronic drug tests rather than more 
convenient short-term (e g ,  30 minute durauon) consumma- 
tory tests 

The present study represents an addmon to a large htera- 
ture that documents the anorexic property of PPA [5] Al- 
though as little as 5 mg/kg dI-PPA induces a reduction m 
feeding in short-term tests [8], the present data suggest that 
sagmficant reductions m chronic feeding reqmre at least 20 
mg/kg (given twice per day) of dI-PPA Moreover. the pres- 
ent study as the first to examine the relative potency of the 
PPA asomers on daily feeding Rats treated (twace daffy) wath 
20 mg/kg I-PPA exhibited a reduction in food intake two-fold 
greater than that induced by 20 mg/kg d-PPA Over the 
counter (OTC) weaght loss formulations presently contain 
the racemic mixture of PPA Although it is tenuous to ex- 
trapolate from rat data to the human condition, at seems 
likely that a similar potency difference m the effect of the 
PPA asomers on human feeding and weight gain might be 
observed 

The primary purpose of the present experiment was to 
evaluate the working hypothesis that drug-reduced BAT 
thermogenesis may play a role in the control of body weight 
This hypothesis assumes that a drug such as PPA maght re- 
duce body weight, In part, by increasing energy expendature 
via increasing BAT heat production and that this effect may 
be dissociable from the effect of PPA on feeding [12] The 
outcomes of Expenment 2 illustrate the difficulty of evaluating 
this working hypothesis Here, d-PPA and I-PPA induced com- 



C H R O N I C  PPA T R E A T M E N T  611 

parab le  different ia l  ef fects  on  feeding,  I B A T  t h e r m o g e n e s t s  
and  body  wetgh t  gain Two-fold  d i f fe rences  m t somer  po- 
t ency  ( l>d )  were  no ted  for  e ach  effect  o f  PPA  Cons tde r lng  
j u s t  the  con t r i bu t ion  o f  feed ing  to weigh t  gain,  ca lcu la t ton  of  
feeding eff ic iency ra t ios  ( cumula t ive  weigh t  ga in /cumula t ive  
food mtake)  sugges ted  tha t  anorexlaper  se could  a c c o u n t  for  
the m o d e r a t e  weight  loss exh ib i t ed  by the  20 mg/kg d -PPA 
group but  no t  for  the weight  loss exh ib i t ed  by  the  I-PPA 
group  T h a t  ano rex ia  per se u n d e r e s t i m a t e d  the  p red ic ted  
weight  loss of  the  I-PPA group  suggests  tha t  a n o t h e r  f ac to r  
con t r i bu t ed  to the  weight  loss exh ib i t ed  by this  g roup  The  
r educed  feeding eff ic tency of  the I-PPA group  is compa t ib l e  
wi th  the  working  hypo thes i s  a d v a n c e d  above  It is t m p o r t a n t  
to no te  tha t  E x p e r i m e n t  2 also d e m o n s t r a t e d  tha t  ch ron ic  
d -PPA or  I-PPA t r e a t m e n t  does  not  resul t  m to l e r ance  to the 
acu te  effect  of  e i t he r  i s o m e r  of  PPA  on I B A T  the rmogenes l s  
Thus .  B A T  the rmogenes i s ,  a l though  not  d i rect ly  ~mpllcated 
by  these  data .  was  not  exc luded  as a po ten t ia l  f ac to r  

W h e t h e r  these  fac tors  are  d i ssoc lab le  is unc l ea r  f rom the  
p r e s e n t  da ta  Reduc t ions  in ca rcass  hptd  and in body  weigh t  
were  c lear ly  o b s e r v e d  only  in ra ts  exh lb l tmg  b o t h  m a r k e d  
r educ t ions  m feedmg and m a r k e d  inc reases  in I B A T  ther -  
mogenes l s  To isolate the  fac to rs  of  B A T  t h e r m o g e n e s i s  and  
a n o r e x i a  requi res  s tudies  in which  P P A - m d u c e d  weight  loss 
is eva lua ted  in ra ts  (a) w h o s e  food retake is " c l a m p e d "  at 
con t ro l  levels  us ing yoked  mt ragas t r i c  food infus ions ,  and (b) 
ch ron ica l ly  t r ea ted  with a be ta -ad rene rg tc  an tagon t s t  tha t  
p rec ludes  induc t ion  of  BAT t h e r m o g e n e s l s  by  PPA 
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