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KOYUNCUOGLU, H., K. BERKMAN AND H. SABUNCU. Feeding, drinking, urine osmolality in D1 Brattleboro 
rats: Changes by morphine, naloxone, D-amino acids, prolyl-leucyl-glycinamide (PLG). PHARMACOL BIOCHEM 
BEHAV 20(1) 2%33, 1984.--Brattleboro rats placed in metabolism cages were injected with morphine (Mor), naloxone 
(Nal), D- and L-aspartic acid (D- and L-Asp), D-phenylalanine (D-Phe), D-leucine (D-Leu) and prolyl-leucyl-glycinamide 
(PLG), alone and in suitable combinations. Food and fluid intake, urine outflow, faeces weight, rectal temperature and 
urinary osmolality were determined at the end of seven hours period of time. Mor, Nal, D-Asp and PLG alone caused a 
significant decrease in food and fluid intake, urine volume and faeces weight and a significant increase in urinary osmolality 
being the osmolality of the Mor, D-Asp and PLG injected groups higher than 300 mOsmol/kg. The combination of Nal with 
Mor, D-Asp and PLG appeared to intensify the changes induced by Mor, D-Asp and PLG whereas L-Asp antagonized the 
majority of changes caused by Mor or PLG. The results were discussed in the light of the previous experimental findings. 

DI Brattleboro rats Food intake Fluid intake Urine volume Faeces weight Rectal temperature 
Urine osmolality Morphine Naloxone D- and L-Aspartic acid D-Phenylalanine D-Leucine PLG 

IT has been hypothesized that opioid systems may take part an inhibitor of leucine aminopeptidase have been shown to 
in the regulation of behaviour in relation to acquisition of produce analgesia. The analgesia produced by these 
nutrients and in the conservation and expenditure of energy D-amino acids has been attributed to inhibitory effects on the 
[40]. Several studies have provided some supporting experi- degradation of endogenous opioids in other words through 
mental results showing that naloxone (Nal), an opiate endorphinergic system since D-Phe and D-Leu produced 
antagonist, suppresses food and fluid consumptions under a analgesia was naloxone reversible. Moreover, a clear cross- 
variety of experimental conditions [3, 4, 10, 15, 41]. In tolerance between the analgesic actions of D-Phe and D-Leu, 
favour of the hypothesis by Margules [40] morphine (Mor) and Mor has been shown [8, 12, 13]. In addition to these 
and other opiates have been reported to increase eating and D-aspartic acid (D-Asp) has been found to cause a decrease 
drinking behaviours [1, 17, 39], but several other studies in food and fluid intakes, urine outflow, rectal temperature 
have generally found a decrease [7, 15, 36, 42]. The results and an increase in urine osmolality [26, 29, 35]. All the effects 
obtained from the experiments performed on Brattleboro caused by D-Asp have been abolished by the concomitant 
rats, animals suffering from severe diabetes insipidus, have administration of L-Asp [26, 29, 35] which can antagonize 
also shown that Mor agonists and antagonists have a sup- some acute effects of Mor [32] including those on the activity 
pressive effect on water intake [5, 6, 22]. On the other hand it of L-asparaginase [33], the development of physical depend- 
has generally been accepted that Mor and its surrogates ence on and tolerance to morphine [30,34], the morphine 
cause antidiuresis most probably by the release of vasopres- withdrawal and levallorphan-precipitated abstinence signs 
sin from hypophysis [2, 14, 25, 38, 44] as was first claimed by [31]. 
DeBodo [12] although they have not unanimously substan- On account of the relationships between vasopressin re- 
tiated the mechanism of action underlying the release of vas- lease and endogenous as well as exogenous opioids [2, 6, 11, 
opressin [16, 18, 21-24]. 14, 21, 22, 23, 25, 44] in general, the enormous amount of 

The systemic administration of D-phenyla!anine (D-Phe), water consumption and the lack of urine concentration ca- 
an inhibitor of carboxypeptidase A and D-leucine (D-Leu), pacity even despite of water deprivation in particular, 

'Requests for reprints should be addressed to H. Koyuncuoglu at his present address: Department of Pharmacology and Clinical Phar- 
macology, Istanbul Faculty of Medicine, (~apa-IstanbulFFurkey. 
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TABLE 1 
THE SCHEDULE OF THE EXPERIMENTS 

l0 ml/kg IP 1 ml/kg SC I ml/kg SC 
Groups injection injection injection 

Control 5c~ glucose 0.9e// saline 0.9'5~ saline 
MOR 5% glucose 0.9e~ saline 2.5 mg/kg MOR 
NAL 5% glucose 0.9e/¢¢ saline 10 mg/kg NAL 
MOR+NAL 5~ glucose 2.5 mg/kg MOR 10 mg/kg NAL 
MOR+L-Asp 200 mg/kg L-Asp 0.9~ saline 2.5 mg/kg MOR 
D-Asp 200 mg/kg D-Asp 0.9% saline 0.9% saline 
D-Asp+NAL 200 mg/kg D-Asp 0.9% saline 10 mg/kg NAL 
D-Phe 200 mg/kg D-Phe 0.9°/~ saline 0.9a/, saline 
D-Phe+NAL 200 mg/kg D-Phe 0.9% saline 10 mg/kg NAL 
D-Leu 200 mg/kg D-Leu 0.9% saline 0.9e~ saline 
D-Leu+NAL 200 mg/kg D-Leu 0.9% saline 10 mg/kg NAL 
PLG 5% glucose 0.9c7~ saline 3 mg/kg PLG 
PLG+NAL 5c~ glucose 10 mg/kg NAL 3 mg/kg PLG 
PLG+L-Asp 200 mg/kg L-Asp 0.9% saline 3 mg/kg PLG 

MOR--Morphine; D-Asp--D-Aspartic acid; NAL--Naloxone; D- 
Phe--D-Phenylalanine; L-Asp---L-Aspartic acid; D-Leu--D-Leucine; PLG-- 
Prolyl-leucyl-glycinamide (MIF). 

Brattleboro rats suffering from severe hereditary diabetes third injections (at 16.00 o'clock) the experiments were 
insipidus were considered as suitable experimental animals stopped, and rectal temperature, body weight, food and fluid 
for short-lasting experiments like ours where the effects of intakes, faeces weight, urine output and osmolality were de- 
Mor, Nal, D- and L-Asp, D-Phe, D°Leu and PLG (the termined. Food consumed, weight of faeces collected, water 
C-terminal tripeptide of oxytocin, prolyl-leucyl-glycinamid, drunk, and volume of urine excreted during seven hours 
MIF), which has been reported to facilitate morphine de- period of time were expressed as gram (g) and mililitre (ml) 
pendence [43] on food and fluid intakes, urine outflow, pre 100 gram body weight (g/100 g BW, ml/100 g BW), re- 
amount of faeces, rectal temperature and urine osmolality spectively. 
were aimed to investigate. The results on food and fluid intakes, urine volume, 

faeces weight, rectal temperature and urine osmolality were 
METHOD analysed by the Kruskal-Wallis' analysis of variance and 

The experiments were performed on 140 male homozy- subsequent between group comparisons were made with the 
gous Brattleboro rats (Central Proefdierenbedrijf, Zeist, Hol- Mann-Whitney U-test provided the analysis of variance indi- 
land) weighing 180-200 g at the beginning of the experiments, cated a significant effect (p<0.05). 
Before and during the experiments the rats were kept in a 
room at 22-23°C on a 12 hours light/dark cycle (6.00 a .m.-  RESULTS 
6.00 p.m.) and they had always standard powdered food and 
drinking water available. The results of the experiments are shown in Table 2. 

Nal was a gift from Endo Laboratories (NY, USA). Mor Mor significantly reduced fluid intake, urine volume and 
and other chemicals were obtained from Sandoz (Basle, faeces weight whereas it significantly increased rectal tem- 
Switzerland) and Sigma (St. Louis, USA), respectively, perature and urine osmolality. The increase in urine osmo- 
Mor, Nal and PLG solutions containing 250 mg Mor, 1000 lality was over the physiological plasma osmolality (280-290 
mg Nal and 300 mg PLG in 100 ml 0.9% saline were prepared mOsmol/kg). Nal caused a significant decrease in food and 
fresh daily. The concentration of the L-Asp, D-Asp, D-Phe fluid intakes, urine volume and faeces weight and a signifi- 
and D-Leu solutions were 2 g%. The osmolality and pH of cant increase in core temperature and urine osmolality. Also 
the latter solutions were adjusted to 290 mOsm/k and 7.4 in the group injected with Mor and Nal together the food and 
with glucose and 1 N.NaOH, respectively. Rectal tempera- fluid intakes, urine volume, faeces weight were found to be 
ture was measured by means of a ~'Tele-thermometer" significantly lower than control. On the other hand the rectal 
Model 46 TUC (Yellow Springs Instruments, OH, USA) by temperature increased in the Mor group appeared to be nor- 
placing its lubricated probe (2 cm) into rectum. The osmolal- malized. When Mor was administered together with Nal, 
ity of the solutions and urines was estimated by Knauer os- antagonizing and intensifying effects by Nal on rectal tem- 
mometer (Berlin, FR Germany). perature and urine osmolality, and on food and fluid intakes 

One day before the treatments given in Table 1 the rats respectively were found. The administration of L-Asp with 
which would have been subject to the experiments were Mor antagonized the decreasing effect of Mor on fluid intake 
placed into metabolism cages for the acclimatization. On the and urine volume, the increasing effect of Mor on urine os- 
following day after weighing the rats received three injec- molality. No antagonistic effect was observed in the in- 
tions according to the schedule shown in Table 1 at 8.30, creased rectal temperature and decreased faeces weight 
11.00 and 13.30 o'clock respectively. The estimation of food which is considered rather as a peripheral effect of Mot in 
and fluid intakes, the collection of faeces and urine were the Nor + L-Asp group. 
started at 9.00 o'clock. One hundred and fifty min after the D-Asp caused a significant decrease in food and fluid in- 
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T A B L E  2 

THE MEAN VALUES ~+STANDARD ERRORS) OF THE FOOD AND FLUID INTAKES, URINE VOLUME, FAECES WEIGHT (EXPRESSED PRO 
100 g BW), RECTAL TEMPERATURE AND URINE OSMOLALITY IN BRATFLEBORO RATS AFTER THE ADMINISTRATIONS OF MORPHINE 
(2.5 mg/kg), NALOXONE ( 10 mg/kg), L-ASPARTIC ACID (200 mg/kg), D-ASPARTIC ACID (200 mg/kg), D-PHENYLALANIN E (200 mg/kg), D-LEUCIN E 

(200 mg/kg) AND PLG (3 mg/kg) ACCORDING TO THE SCHEDULE SHOWN IN TABLE I 

Rectal Urine 
Food Intake Fluid Intake Urine Volume Faeces  Weight  Tempera ture  Osmolali ty 

Groups (g) (ml) (ml) (g) (°C) (mOsmol/kg) 

Control 2.30 _~_ 0.26 17.17 + 1.33 15.62 z 1.32 1.34 +_ 0,17 37.39 + 0.07 175.50 _+ 7.28 
(10 

Mor 2.82 ± 0.29 9.30 ~ 1.28" 7.58 ~ 1.17" 0.52 + 0.11" 38.05 _+ 0.21" 340.50 + 24.27* 
(10 

Nal 0.10 ± 0.10" 5.92 _± 0.78* 11.80 = 1.02" 0.80 + 0,06* 38.03 _+ 0.09* 218.00 + 5.73* 
(10 

Mor + Nal 0.25 ± 0.11"+ 4.06 ± 0.79*+ 5.44 = 0.75* 0.60 ± 0.13" 37.62 ± 0.19+ 271.50 ± 15.67"¢ 
(10 

Mor + L-Asp 2.13 ± 0.29 18.66 + 1.235 17.47 :: 1.265 0.44_+ 0.1" 38.01 _+ 0.19" 198.00 + 9.52% 
(10 

D-Asp 0.90 ± 0.22* 7.32 _+ 1.33" 7.51 ~ 0.96* 0.80 + 0.18" 36.57 +_ 0.11" 343.50 + 19.49" 
(10 

D-Asp + Nal 0.12 -+ 0.06* 2.46 +- 0.98*+ 6.89 :: 1.14" 0.76 ± 0.14" 36.68 -+ 0.14" 377.50 + 26.32*+ 
(10 

D-Ph, 1.28 ± 0.06* 19.50 + 1.04 17.23 + 1.15 0.91 ± 0.09* 37.26 ± 0.11 213.00 + 7.34* 
(10 

D-Phe + Nal 0.33 ~ 0.06*+ 7.18 ± 0.98*+ 10.21 ~ 0.29*+ 0.60 -+ 0.08*+ 37.46_+ 0.14 215.00 + 6.83* 
(10 

D-I,eu 0.80 ± 0.09* 19.76 ± 2.26* 20.08 :: 1.45" 1.10 + 0.08 37.81 ± 0.45 220.00 +_ 11.92" 
(10 

D-Leu + Nal 0.36 ~ 0.04*+ 10.36_+ 0.98*+ 13.10 ~ 0.83*+ 1.02 +_ 0.17" 37.89 + 0.19 224.00 + 7.68* 
( 10 

PLG 0.72 ~ 0.09* 4.38 ± 0.52* 5.20 + 0.72* 0.69 + 0.08* 37.36-+ 0.12 316.00 _+ 7.14" 
(10 

PLG + Nal 0.03 = 0.005*+ 4.26 ± 0.17" 5.76 ~ 0.55* 1.42 ± 0.08+ 37.99 + 0.13"+ 308.00 + 14.10" 
(10 

PLG + L-Asp 0.99 ~ 0.08":i 18.82 ± 1.795 19.94 + 1.91":i: 0.61 ± 0.08*$ 37.40 _+ 0.65 193.50 + 7.19 *+ 
(10 

The figures in brackets  indicate the number  of  animals in each group. 
*Significantly different from the control values,  p at least <0.05 Mann-Whi tney  U-test.  
+Significant difference between drug + halo×one and drug, namely Mot  + Nal to Mor, D-Asp + Nal to D-Asp,  D-Phe + Nal to D-Phe, 

D-Leu + Nal to D-Leu and PLG + N~d to PLG, p at least <0.05 Mann-Whi tney  U-test.  
:i:Significant difference between drug + L-Asp  and drug, namely  Mor + L-Asp to Mor and PLG + L-Asp  to PLG. p at least <0.05 

Mann-Whi tney  U-test .  

t a k e s ,  u r i ne  v o l u m e ,  f a e c e s  w e i g h t ,  a n d  r ec t a l  t e m p e r a t u r e ,  A d d i t i o n a l l y  th i s  c o m b i n a t i o n  s h o w e d  a d e c r e a s i n g  e f f ec t  o n  
a n d  a s i g n i f i c a n t  i n c r e a s e  in u r i n e  o s m o l a l i t y  b e i n g  h i g h e r  f a e c e s  w e i g h t .  
t h a n  t he  p h y s i o l o g i c a l  p l a s m a  o s m o l a l i t y .  T h e  a d m i n i s t r a t i o n  P L G  e x h i b i t e d  a s i g n i f i c a n t  d e c r e a s i n g  e f f ec t  o n  f o o d  a n d  
o f  Na l  t o g e t h e r  w i t h  D - A s p  s i g n i f i c a n t l y  i n t e n s i f i e d  t h e  de -  f lu id  i n t a k e s ,  u r i ne  v o l u m e  a n d  f a e c e s  w e i g h t ,  a n d  a s ignif i -  
c r e a s e  in f lu id  i n t a k e  a n d  t h e  i n c r e a s e  in u r i n e  o s m o l a l i t y  c a n t  i n c r e a s i n g  e f f ec t  o n  u r i n e  o s m o l a l i t y .  W h e n  P L G  w a s  
f o u n d  in t h e  D - A s p  g r o u p ,  a d m i n i s t e r e d  t o g e t h e r  w i th  N a l ,  t he  f o o d  i n t a k e  h a d  a f u r t h e r  

In  t he  g r o u p  r e c e i v e d  D - P h e  t h e  f o o d  i n t a k e  a n d  f a e c e s  d e c r e a s e ,  t h e  d e c r e a s e  in f a e c e s  w e i g h t  s i g n i f i c a n t l y  di- 
w e i g h t  s i g n i f i c a n t l y  d e c r e a s e d ,  t h e  o s m o l a l i t y  o f  u r i n e  s igni f -  m i n i s h e d  a n d  t he  r ec t a l  t e m p e r a t u r e  a p p e a r e d  to be  s ignif i -  
i c a n t l y  i n c r e a s e d .  T h e  a d m i n i s t r a t i o n  o f  N a l  t o g e t h e r  w i th  c a n t l y  h i g h e r  t h a n  c o n t r o l .  T h e  c o n c o m i t a n t  a d m i n i s t r a t i o n  
D - P h e  a p p e a r e d  to  c a u s e  f u r t h e r  d e c r e a s e s  in f o o d  i n t a k e  o f  L - A s p  w i th  P L G  in t u r n  a b o l i s h e d  t h e  d e c r e a s i n g  a n d  
a n d  f a e c e s  w e i g h t  a n d  it s h o w e d  a d e c r e a s i n g  e f f ec t  o n  f lu id  i n c r e a s i n g  e f f e c t s  o f  P L G  o n  f o o d  a n d  f lu id  i n t a k e s ,  u r i n e  
i n t a k e  a n d  u r i n e  v o l u m e  w h i c h  w e r e  c l o s e  to t h e  c o n t r o l  v o l u m e ,  a n d  u r i n e  o s m o l a l i t y ,  r e s p e c t i v e l y .  
v a l u e s  in t he  D - P h e  g r o u p .  N o  s i g n i f i c a n t  c h a n g e  in b o d y  w e i g h t  o c c u r r e d  d u r i n g  t h e  

D - L e u  e x e r t e d  a d e c r e a s i n g  e f f ec t  o n  f o o d  i n t a k e  w h e r e a s  e x p e r i m e n t s  in all t h e  g r o u p s .  
it s i g n i f i c a n t l y  i n c r e a s e d  f lu id  i n t a k e ,  u r i n e  v o l u m e  a n d  u r i n e  
o s m o l a l i t y .  T h e  c o m b i n a t i o n  o f  Na l  w i t h  D - L e u  a b o l i s h e d  DISCUSSION 

t h e  i n c r e a s e  a n d  c a u s e d  f u r t h e r  s i g n i f i c a n t  d e c r e a s e  in f luid B e c a u s e  o f  t he  r e l a t i v e l y  l ow  h y d r o s o l u b i l i t y  a n d  h igh  
i n t a k e  a n d  u r i n e  v o l u m e  o n  o n e  h a n d ,  a n d  it s i g n i f i c a n t l y  n e c e s s a r y  q u a n t i t y  o f  a m i n o  a c i d s  u s e d  in t he  e x p e r i m e n t s  
i n t e n s i f i e d  t h e  d e c r e a s e  in f o o d  i n t a k e  o n  t he  o t h e r  h a n d .  L - A s p  w h i c h  h a s  b e e n  f o u n d  to a n t a g o n i z e  t h e  e f f e c t s  o f  
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D-Asp [26, 29, 35] was not given intraperitoneally together effective enough to elevate the osmolality over the osmolal- 
with D-Asp to avoid any possible chemical interference with ity of the normal plasma as that of Mor, D-Asp and PLG 
each other and unusual amount of intraperitoneal solution (Table 2) in spite of its much higher doses (10 mg/kg) than 
injection. The parenteral administration of the drugs was that of Mot (2.5 mg/kg). The second group contains Mor, 
considered to be more suitable and advantageous than oral D-Asp and PLG the first two of which inhibit both ACE and 
administration before and during the experiments in order to the brain L-asparaginase whereas the latter inhibits only the 
make sure of the quantity of the drugs which could have been brain L-asparaginase. The durgs of the second group also 
different from animal to animal when administered orally cause a decrease in drinking, eating, urine volume and faeces 
even though the animals had to receive 36 ml/kg of water weight, and an increase in urinary osmolality over the phys- 
(containing easily metabolized substances) within seven iological plasma osmolality which is not usually seen in the 
hours which should negatively have effected some results absence of vasopressin despite water deprivation (The unef- 
such as fluid intake, urine volume and urine osmolality, fectiveness of the deep decrease by Nal in fluid intake seen 

In addition to the fact that DI Brattleboro rats consume in the present experiments may also take account for it). As a 
much more water than normal ones and the osmolality of result it can be said that the ACE activity through the con- 
their urine cannot reach the physiological plasma osmolality version of angiotensin I into angiotensin I1 and the brain 
in spite of water deprivation the main reason of using DI L-asparaginase activity via some mechanism(s) unclarified 
Brattleboro rats as experimental animal in this study was to yet plays an important role in drinking, eating, urine forma- 
provide some more supporting findings on the mechanism(s) tion, amount of faeces, thermoregulation and concentration of 
of the increase in the urine osmolality observed in a previous urine. The mechanism of action of Nal, which can, at least 
study of ours [26]. The increase in urine osmolality in the partly, be attributed to the inhibition of ACE, may differ 
normal rats might have depended on the decrease in fluid from those of Mot, D-Asp and PLG which are possibly re- 
intake. Instead if an increase in urine osmolality had been lated to the inhibition of both ACE and brain L-asparaginase 
found in DI Brattleboro rats after some of the treatments activities and the inhibition of the brain L-asparaginase ac- 
used in the experiments it would have been much more tivity, respectively. The intensifying effect of Nal on the 
meaningful and promising, effects of Mor, D-Asp and PLG can be considered as further 

The decreasing effects of Mot and Nal on food and fluid supporting evidence for our point of view and it can also be 
intakes seen in the present study are quite cofisistent with interpreted as a finding showing that opioid receptors have 
some previous ones [5, 6, 7, 15, 24, 36, 42]. Rather small less importance in the regulation of eating and drinking than 
dose of Mor (2.5 mg/kg) did not inhibit food intake as its they are believed to. 
higher doses do it. However it caused a decrease in faeces D-Phe and D-Leu, whose mechanism of action is 
weight presumably due to its peripheral constipatingeffect, analgesia is via the inhibition of endogenous opioid degreda- 
The increase in urinary osmolality by Mor might be, to some tion, did not show similar effects to those of Mot, D-Asp and 
extent, independent from the decrease in the fluid intake PLG. Furthermore, their decreasing and increasing effects 
since there was no correlation between the decrease in fluid on food and fluid intakes, urine volume, faeces weight and 
intake and urine volume, and no dehydration was found, urinary osmolality were not antagonized by Nal. Since 
Furthermore the increase in urinary osmolality found in the D-Phe and D-Leu have been postulated to act through 
Nal group was not as high as that observed in the Mor group endorphinergic system their failure in showing the parallel 
in spite of the less water consumption in the Nal group, effects to those of Mot may support the idea that the seen 

It has recently been shown that Mor, Nal and D-Asp sup- effects of Mot are not related to the stimulation of opioid 
press the in vivo and in vitro activity of angiotensin convert- receptors. As it has recently been shown that both D-Phe 
ing enzyme (ACE) which catalyzes the conversion of and D-Leu cannot inhibit the activities of the ACE (our un- 
angiotensin I into a very strong dipsogenic angiotensin I1 published observation) and the brain L-asparaginase [27] the 
[28]. Mor, like D-Asp [27,37] possesses an inhibitory effect uneffectiveness of these two D-amino acids may be taken 
on the brain L-asparaginase activity which is antagonized by into consideration as other supporting evidence that the 
L-Asp [33]. Additionally PLG which exerts very similar ef- brain L-asparaginase and ACE activities have an important 
fects to those of Mor on food and fluid intakes, urine volume, role in eating and drinking behaviours, and in the regulation 
faeces weight and urine osmolality is an inhibitor of the brain of urinary osmolality. 
L-asparaginase [27] but not of the ACE (our unpublished The increasing effect on urine osmolality by Mot, D-Asp 
observation). The effects of PLG are, to a great extent, an- and PLG which inhibit the brain L-asparaginase activity 
tagonized by L-Asp just as those of Mor are (Table 2). But suggests that these drugs may have something to do with the 
Nal does not show any antagonistic effect on them. In con- biosynthesis and/or release of vasopressin even in DI 
trast Nal appears to intensify them (Table 2). Now, there Brattleboro rats. The results of our previous experiments 
appear to be two different groups of drugs inhibiting fluid [26] performed on the normal rats may, to some extent, sup- 
intake and urine outflow, increasing urinary osmolality. Nal port this idea. However, our experiments on DI Brattleboro 
represents the first group which has an inhibitory effect on rats in connection with the determination of plasma vaso- 
ACE in addition to its suppressing effects on drinking, eat- pressin level (the manuscript in preparation) after the long- 
ing, urine volume and faeces weight, and its increasing effect term administration of Mot, D-Asp and PLG may be lighting 
on urinary osmolality. But the latter does not seem to be as this point remained obscure at the moment. 
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