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Another Rat: Effect of Methylglucamine Orotate 
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WETZEI,, W. AND P. V. SIMONOV. Avoidance reaction to pait~[id ~-timulation ~[ am~ther r,t: Effect ~f 
methylglucamine orotate. PHARMAC. BIOCHEM. BEHAV. 9(4) 401M.IM, 1978.--An avoidance reaction to painful 
stimulation of another animal was developed in rats. Two hundred twenty-five mg/kg methylglucamine orotate was injected 
intraperitoneally each day, I hr before the training session. The orotate treated rats showed an accelerated development of 
the avoidance reaction during 5 days of training. Depending on the experimental conditions, extinction of the reaction was 
delayed in orotate treated rats, compared to saline controls. The results from these experiments, using neither footshock 
punishment nor food reward as reinforcement, give further evidence for the improvement of long term memory by orotic 
acid. 
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AN AVOIDANCE reaction to the painful stimulation of an- 
other animal can be developed in rats which had never expe- 
rienced electrical stimulation [13, 14, 16-18]. By this 
method, unlike other learning experiments using footshock 
punishmenl or food reward, emotional reactions act as a 
reinforcement [15]. 

In previous investigations, we have found a memory im- 
proving effect of the RNA precursor orotic acid in one way 
avoidance experiments and in brightness discrimination 
learning [7, %i2] .  Because of the poor water solubility of 
orotic acid and sodium orotate, we have used in further ex- 
periments the good soluble compound methylglucamine oro- 
tate (Patent No. 116 036, VEB Fahlberg-List, Magdeburg, 
GDR). In the present experiments, we investigated the effect 
of methylglucamine orotate on the development and extinc- 
tion of the above-mentioned conditioned avoidance reaction 
to painful stimulation of another rat. 

METHOD 

We used 80 adult male Wistar rats, 200-300 g body weight. 
The training box (30 :<40 :< 30 cm), shown in Fig. 1, consisted of 
3 different compatlments separated from each other by trans- 
parent partitions [13]. A door between the big chamber (1) 
and the small chamber 12) was permanently open. Chamber 
3. provided with an electrifiable grid floor, communicated 
with Chambers 1 and 2 through small openings for improved 
sound conduction. 

For learning of the avoidance reaction, one rat was put 
into Chamber I and another rat. the victim, was in Chamber 
3. For the whole time the first rat was in Chamber 2, the 
second rat was receiving inescapable electric footshocks 

( I-2 mA). During each stay in Chamber 1, footshock was off. 
Each day, 1 training session of 5 min duration was per- 
formed. The total of time the rat was in Chamber 2 and the 
number of entries were recorded for each session. For 
further details, see [13,14]. Chi square tests [2] and Mann 
Whitney U tests were used for statistical evaluation of the 
results. Two experiments (Experiment I and Experiment 2) 
were performed. 

Experiment I 

During the first 5 training sessions (5 consecutive days, 
first week), for each learning rat one other rat was used as 
victim. From the sixth to tenth training session (5 consecu- 
tive days. second week), two victims, together in Chamber 
3, were used in order to have a stronger reaction to the 
foolshock stimulation. Two hundred twenty-five mg/kg 
methylglucamine orotate, corresponding to 100 mg/kg orotic 
acid, was injected intraperitoneally, I hr before each training 
session. Control rats received an equal volume of NaCI 
solution (1.0 ml/100 g body weight). During the third and 
fourth weeks, extinction of the learned avoidance reaction 
was tested daily using the same conditions as in training but 
without footshock stimulation. No injection was given. 

tL~pcriment 2 

In this experiment, 5 training sessions (first week) were 
performed similar to the second week in Experiment I. that 
means, with two victims in Chamber 3. Methylglucamine 
orotate was given I hr before each training session in the 
same way as in Experiment 1. Extinction was tested from the 
sixth to tenth day (second week), without injections. 
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I:IG. 3. Experiment 2. Effect of methylglucumine orotale I MG()) on 
the developmenl of an avoidance reaction Io painflH slimulation of 
another rat (median value~ of the groups). Abscissa and ordinale: 
same us in Fig. 2. Number of animals in parentheses. ~ • 

MGO learners; ~ - - - ~  control learners. *p- 0.05. 
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FIG. 2. Experiment I. Effect of methylglucamine orotate (MGO) on 
the development (left and middle parl of the figure) and extinction 
(right par~ of the figure) of an avoidance reaction to painfid ',timula- 
lion of another rat (median values of the groups). Abscissa: number 
of sessions. Ordinate: lime of staying in the small chamber It-2). 
Number of animals in parentheses. -~ • MGO learners: 
• - - - • control learners: MGO non-learner',: 

control non-learners. :'p. 0.05 (MGO learners versus con- 
trol learners). 

figure shows the time of staying in Chamber 2 (t-2) on each 
day for the different groups of  rats: 6 o f  the I0 control rats 
(learners) exhibited the conditioned avoidance, shown by a 
decrease of  t-2 during the first week of  training. The remain- 
ing 4 control rats (non-learners) persistenlly entered Chamber 
2 for 4-5 min each day during the whole training. Similarly, 
in the methylglucamine orolate (MGO) treated group, .5 of  I0 
ra ts  learned the avo idance  re sponse ,  whe reas  the o t h e r  5 
s h o w e d  t-2 's  of  4-5  min each day.  H o w e v e r ,  the MGO learn- 
ers  deve loped  the a v o i d a n c e  more  quickly  than the re la ted 
cont ro l  rats.  This  was shown  by signif icant  t-2 d i f fe rences  
be tween  MGO and con t ro l s  on second ,  third,  and four th  
t ra in ing  sess ions ,  respec t ive ly  (left part of  Fig. 2). During the  
second  week of  t ra ining,  t-2 values  of  lhe learners  of  the 
cont ro l  group reached  the  level of  the M G O  t rea ted  learners  
be tween  0 and I rain. Non- l ea rne r s  of  bo th  MGO group and 
cont ro l  group showed  nearly the same t-2 as in the  first 
week,  excep t  for 2 rats  which changed  to learners ,  1 of  them 
in each  group (middle  part  of Fig. 2). During ex t inc t ion  sex- 
s ions,  l ea rners  of  the cont ro l  group very  soon reached  the 
4-5  min level of  t-2, whe reas  the ex t inc t ion  of  the M G O  
learners  wax cons ide rab ly  delayed.  This  could be demon-  
s t ra ted  by signif icant  t-2 d i f ferences  on second ,  fifth, and  
eighth days  o f  ex t inc t ion ,  respec t ive ly  (r ight part  of Fig. 2). 

I:.~periment 2 

in Exper imen t  2, resul ts  s imilar  to those  of  the first week 
of  Expe r imen t  I were  found (Fig. 3). Seven  of  I0 cont ro l  rats  
showed  a dec rea se  of  t-2 dur ing  5 days  of  t raining.  H o w e v e r ,  
the MGO t rea ted  rats  (10 of  10) r eached  the same low t-2 
level af ter  3 days  of  t raining.  This  resul led in significant  t-2 
d i f fe rences  be tween  MGO and the cont ro l  g roup  on lhe sec- 
ond ,  third and four th  t ra in ing sess ions ,  respect ive ly .  During 
the ex t inc t ion  lesl ,  no d i f ferences  b e t w e e n  MG()  rats and  
con t ro l s  were found in this expe r imen l .  
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DISCUSSION 

In both experiments, a clear effect of methylglucamine 
orotate (MGO) on an avoidance response to footshock stimu- 
lation of another rat was shown. Burov and Speranskaya [3] 
used this behavioral method in psychopharmacological 
studies and they found different effects of some types 
of psychotropic drugs. For investigation of memory influenc- 
ing substances, this special avoidance method had not 
yet been used. In previous investigations, the memory- 
improving effect of orotic acid was shown in learning 
experiments using footshock, heat, water reward, or tape 
removal as reinforcement [1, 4-12, 19, 20]. In the present 
experiments, however, learning behavior was reinforced by 
pain stimulation of another rat. From the results, it can be 
concluded that the orotic acid compound MGO improve long 
term memory retention; moreover,  it seems to be a relative 
specific memory-enhancing effect. Such a conclusion is sup- 
ported by several facts: (1) On the first day of treatment, no 
t-2 differences between MGO rats and controls were found; 
but, on the following days, such differences appeared, prob- 
ably, due to memory differences. (2) The number of entries 
into Chamber 2 during each session was nearly the same for 
MGO rats and control rats; that means, the substance was 
not influencing locomotor activity which could interfere with 
the avoidance learning. (3) The number of  learners related to 
all animals of a group was not changed by MGO. Thus, the 
accelerated avoidance learning of the MGO rats is not due to 
changing of non-learners to learners. Moreover, the behavior 
of non-learners was not influenced by MGO. (4) Similar 
MGO effects on avoidance elaboration were observed in Ex- 
periment I ~tone victim) and Experiment 2 (two victims). 
Thus, the substance effect seems to be independent on the 
strength of reinforcement. (5) In Experiment I, the MGO 
effect could be detected both in the learning-relearning situ- 
ation as in the extinction p rocedure~a  further evidence for a 
memory-enhancing effect of the substance. In Experiment 2, 
however, no effect on extinction was observed. Possibly, 5 
days of MGO treatment during avoidance elaboration might 
not be enough for an effect on extinction. 

Looking at the extinction curve of the learners of the 
control group in Experiment 1 (right part of Fig. 2), one may 
raise a doubt about a real extinction process. However,  the 
figure shows median values of the group, giving not all the 
information on the behavior of the individuals. The following 
values, the number of control rats with t-2 smaller than 2.5 
min, demonstrate more clearly the development of extinc- 
tion: Whereas on the last day of training 7/7 animals showed 
t-2~2.5 rain, on the first and second day of extinction test 
3/7, on the third and fourth day 2/7, on the fifth day 1/7, and 
on the eighth day 0/7 animals, respectively, showed t-2<2.5 
rain. Moreover, on the first and second days of extinction 
there was a significant difference between median values of 
control learners and control non-learners, whereas there were 
no differences on the following days. 

If we speak about an "avoidance reaction to pain stimu- 
lation of another rat ,"  we must discuss also some other 
possibilities concerning the motivational aspect of such be- 
havior. Firstly, is the avoidance behavior in our experiments 
attributed to different levels of fear of the big compartment 
(Chamber I)? Then, one may expect also differences in open 
field behavior. But in the open field test, performed with the 
same rats after the end of Experiment I, we found no differ- 
ence between avoidance learners and non-learners both in 
the control group and in the MGO group and there were also 
no differences between control learners and MGO learners. 
For evaluation, number of squares crossed, number of rear- 
trigs, and number of boluses were used. Secondly, one may 
argue that the avoidance reaction described here might be 
escape rather than avoidance. However,  if we assume an 
escape behavior, the following question is unsolved: Why do 
not all rats of a group show the development of the reaction': 
Furthermore, in rats, which learned the reaction, a typical 
behavior, not consistent with escape, could be observed: 
Very often, the rat in Chamber 1 is sitting near the door and 
looks through the door for a long time, without going in. 
Concluding, we can state that the avoidance response to pain 
stimulation of another rat is a special behavioral method, 
suitable for getting further evidence for the memory improv- 
ing effect of orotic acid. 
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