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SCOTTO,  G..  C. M A I L L A R D .  J. V I O N - D U R Y ,  G. B A L A N S A R D  A N D  G. JADOT.  Behavioral efJects resuhing from 
sub-chronic treatment ~t" rats with extract of.h'e.sh stabilized cola seed~. P H A R M A C O L  B I O C H E M  B E H A V  26(4) 
841-845, 1987.--The aim of our study was to compare the effects of a sub-chronic treatment with fresh cola seed extract 
and pure caffeine in the male rat. The activity tests (open-field) and reactivity (tail-tap, resistance to capture), show that 
fresh cola has an effect on behavior similar to that of caffeine. However, the effects of cola are more gradual than those of 
caffeine. Furthermore. cola administration leads to an increase in the fall latency observed during the grasping test. These 
results suggest that the fresh cola seed has both psychostimulating properties similar to those of caffeine, and an original 
effect on muscular tonus. 

Caffeine Fresh cola seeds Behavior Antifatigue effect Psychostimulant 

A certain number of natural substances are known to have a clinical observations II, 2, 6, 7] and particularly the phz 
stimulating effect on the behavior of mammals in general and macokinetic results obtained recently [15]. It has be 
man in particular. One of these, caffeine, has undoubtedly possible to show that the pharmacokinetic profile and [ 
been studied more than the others, from both a psychophar- rameters differ significantly when using pure caffeine a 
macological and biochemical standpoint [10]. On the other fresh seed extract on rats receiving acute or chronic tre 
hand, the cola seed, which is used in therapeutics because of ment [15]. The lack of experimental work on behavioral 
its psychostimulant effects due to the caffeine it contains, fects of the fresh cola seed led us to carry out a survey whi 
has been studied only rarely in the past and results of these could indicate the type of effect this psychostimulant has 
previous studies are based on poorly defined experimental behavior. After observing that the effects of fresh cola z 
procedures [2, 12, 13, 24]. more gradual than those of caffeine [2, 12, 13, 24] we carri 

The chemical study of seeds has shown the differences out a sub-chronic study of the behavioral effects of tl 
which exist between on the one hand the fresh seed or product. 
extract of fresh stabilized cola seeds and on the other hand 
the dry seed or caffeine [16]. METHOD 

Thus, the pharmacodynamic effects of dried seeds is lira- Plant and Caffeine Material ited to only the effect of the caffeine [5,17]. On the other 
hand, the fresh seed or cola extract has a more moderated The atomized extract of stabilized fresh cola seeds [Cc 
and longer-lasting effect than caffeine in the light of previous nitida (Vent) A. Chev.] was obtained using the Note meth, 

~Requests for reprints should be addressed  to Dr. C. Maillard, Laboratoire de Pharmacognos ie ,  Faculte de Pharmacie ,  27. Boulevard Je 
Moulin. 13385 Marseille Cedex 5, France.  
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T A B L E  I 

AVERAGE NUMBER OF SQUARES COVERED IN 5 MINUTES BY THE ANIMALS (n= 10) IN 
EACH GROUP (±S.D.) 

Treatment After Treatment 

Days 

Groups 1 4 9 14 18 22 

Control 83 30 23 40 39 31 
(__.14.4) (+6.2) (-+7.0) (-+9.7) (+-10.6) (-+7.03) 

235 124 103 107 73 51 
Caffeine (+-19.7) (+-14.1) (-+13.51) (+-10.6) (±12.58) (-+5.5) 

§# § § § * 

140 85 87 124 74 58 
Cola (+-8.2) (+-6.67) (+-6.23) (+-16.56) (+-11.66) (-+4.88) 

t ¶ + t t 

Statistical signification: Comparisons: *caffeine/control, tcola/control, ~.:caffeine/cola, 
p<0.05; §caffeine/control, ¶cola/control, #caffeine/cola, p<0.01. 

Average number of squares covered in 5 minutes by the animals In--10) in each group 
(+-S.D.). 

T A B L E  2 

AVERAGE RESISTANCE TO CAPTURE SCORE (n= 10, --S.D.) 

Treatment After Treatment 

Days 

Groups 1 4 9 14 18 22 
;. 

Control 0.7 0.7 0.4 0.5 0.7 0.9 
(±0.23) (+-0.23) (+-0.16) (-+0.16) (-+0.27) (-+0.26) 

1.8 1.3 1.6 1.5 1.4 1 
Caffeine (-+0.31) (-+0.22) (-+0.16) (-+0.16) {±0.23) (-+0.23) 

§ * § § # 

1.3 1.2 1.4 1.6 0.7 0.5 
Cola (-+0.24) (-+0.21) (+-0.16) (z0.16) (±0.22) (---0.23) 

Statistical signification: see Table 1. 
Average resistance to capture score (n= t0. __.S.D.). 

[20]. This technique makes it possible to obtain an ext rac t  a.m. (1 ml at 37°C) for two weeks.  The animals were rz 
which contains  the act ive  substances o f  the fresh seed with domly  divided into 3 groups of  10: the control  group w 
the fol lowing components :  caffeine (6.2%), theobromine  adminis tered 1 ml of  distilled water ,  the second group 
(0.9%), ca techine  (15%). Caffeine (Carlo Erba) is the refer- m g . k g - '  of  pure caffeine and the last group 320 m g . k g - '  
ence molecule .  Ex t rac t  and caffeine aqueous  solutions are cola extract  (i.e., 20 mg.kg -~ of  pure caffeine).  Behavior  
prepared fresh as needed,  observed  on the 1st, 4th, 9th and 14th days of  t reatment ,  

well as the 3rd and 7th day after t reatment .  Behavior  te~ 
Animals were carried out  one hour after the drugs were  administer  

The subjects were  30 adult male Wis ta r -AF genotoxenic  taking into account  the pharmacokinet ic  results (t 
rats, with an average  weight o f  300__-20 g, bred by I F F A  maximum concent ra t ion  of  caffeine and cola in the plasl 
C R E D O  (France) .  They  were  housed individually,  submit ted was obtained respect ively  about  1.5 and 1 hour) [15]. T 
to a natural dark light cycle  and were  maintained throughout  animals were  dealt  with at random so as to prevent  problel 
on food (U.A.R. )  and water  ad lib. of  circadian rhythm. 

Statistical Analysis 

Method Exper imenta l  values were  compared  using the Stud, 
Substances  were  adminis tered per  os be tween  9 and 12 test after compar ing  variat ions with the Snedecor  F-test .  
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TABLE 3 

AVERAGE "TAIL-TAP" RESPONSE SCORE (n=10. -*-S.D.) 

Treatment After Treatment 

Days 

Groups 1 4 9 14 18 22 

Control 0.2 0.2 0.2 0.2 0.3 0.5 
(±0.11) ( -~0 .11)  (__0.11)  (-0.11) (±0.14) (.-0.23) 

1.9 I 0.7 1.2 1 1 
Caffeine (±0.31) (±0.23) (+_0.22) (+_0.22) (+_0.29) I±0.24) 

~§ § § § +, 

0.7 0.5 1.2 1.6 0.7 0.6 
Cola (+_0.14) (+_0.16) (+_0.11)  (+_0.23) (+_0.22) (+_0.23) 

¶ ¶ 

Statistical signification: see Table 1. 
Average "tail-tap" response (n= 10, +_S.D.). 

TABLE 4 
AVERAGE LAPSE (IN SECONDS) BETWEEN THE MOMENT THE ANIMAL (nffi 10) IS SUSPENDED 

AND HIS FALL TO THE GROUND (+S.D.) 

Treatment After Treatment 

Days 

Groups 1 4 9 14 18 22 

Control 6 6.4 6.1 4.7 5.9 4.8 
(+_0.47) (+_0.5) (+_0.52) (+_0.46) (±0.57) (+_0.51) 

6.2 5.7 4.5 4.4 5.5 5.6 
Caffeine (+_0.95) (+_0.79) (+_0.64)  (+_0.70) (__-0.78) (+_0.91) 

# 

6.5 5.4 6.2 7.3 8.3 7 
Cola (+_0.64) (+_0.70) (+_0.61) (±0.6) (+_0.59) (±0.89) 

¶ 

Statistical signification: see Table 1. 
Average lapse (in seconds) between the moment the animal (n = 10) is suspended and his fall to 

the ground (+_S.D.). 

Behavioral Tests RESULTS 

Open-field test [26]. This test is used to study the animal's Motor Activity Test (Open-Field) 
exploratory, and locomotor activity in a brightly lit, squared 
area. During the 5 minute testing time (1) the number of Locomotion (Table I). During the 15 days of treatmer 
squares crossed and (2) the number of times the animal was the average number of squares covered by the rats treat~ 
erected on back paws presenting an exploratory behavior with caffeine or cola extract is significantly greater than th 
with sniffing ("rearing test"), were both counted, covered by the control group. However, on the first day 

Reactivity tests. (a) Resistance to capture test [21]: this experimentation the rats treated with caffeine showed 
test is used to assess, by way of a behavioral scale, the higher locomotor activity than the rats treated with col 
animals's reactivity when handled. This difference lessened from the 4th day. On the 9th day tl 

(b) Tail-tap test [21]: this test is used to assess animal difference was minimal and on the following days the co 
reactivity following a tap at the base of the tail. group showed a greater motor activity. Once administratk 

(c) Grasping test [3]: designed to study the myorelaxing ceased, the locomotor activity or the animals treated wi 
effect of certain psychotropic drugs such as ben- caffeine or cola extract remained greater than the contr 
zodiazepines. The main factor is the lapse of time between group. 
the moment the animal is suspended on a wire and the too- Rearing. There was no great difference between tl 
ment it falls to the ground, groups in this respect on the 1st day of treatment. Howeve 
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there seems to be a more rapid but no significant decrease in can be noted in tail-tap and grasping tests. This effect rail 
the number of times the control group reared than with the oe interpreted as difference in tolerance to caffeine indue 
rats from the two other groups, by the other compounds of the cola seed. Tolerance to c 

feine is known to develop quickly in animal [11] and in n7 
Reactivity Test [23], and the delay (4 days) observed in the reduction 

" locomotor activities in our experiment is compatible w 
Resistance to capture (Table 2). Animal reactivity re- this previous work. The reasons of this apparent differer 

mained stable throughout experimentation. From the 1st in caffeine tolerance between caffeine treatment and c( 
day, animals treated with caffeine showed a greater resist- treatment are not clear and perhaps involve cent 
ance to capture than those of the control group. This contin- adenosine receptors [41: yet, pharmacokinetic interactic 
ued until the 3rd day after treatment was stopped. The cola can' t  be discarded. 
group showed a later but more significant resistance to cap- The grasping test made it possible to bring to light 
ture from the 9th day onwards, original effect of cola. Indeed, the considerable increr 

Tail-tap test (Table 3). This test showed development (more than 50%) in the latency to fall after sub-chronic c~ 
similar to that noted during the resistance to capture test. administration, tends to indicate that this extract has a Sl 

Grasping test (Table 4). This test shows the lack of cific effect on muscular tonus even if. in man and rat. c 
myorelaxation effect with the animals treated with caffeine feine was demonstrated to have an antifatigue effect [8]. T1 
and the control animals. On the other hand, a notable in- original effect of cola seed could be similar to the antifatig 
crease in the latency to fall was observed with the cola group effect previously described by Barr in man [2]: this auth 
as from day [14]. This increase seemed to continue after noted an increase in the time taken to implement muscu 
treatment was stopped, effore more than an increase in force developed, under c( 

treatment. Other tests should be carried out in order to mc 
clearly define the way in which cola exhibits an antifatig 

DISCUSSION effect; but it would seem. after this experimentation, tt 
The oral administration of caffeine led to an increase in cola is a psychostimulant with some properties exhibited 

exploratory and locomotor activity, and the general reactiv- sembling those of caffeine. 
ity of the animal [10, 25, 26]. The administration of the cola Because of the caffeine it contains, cola could act 
seeds led to effects similar to those noted following treat- competitive inhibition of the link between adenosine and 
ment with caffeine. This similarity is.undoubtedly due to the cerebral receptors [28]. Nevertheless. the richness of t 
presence of caffeine in the cola seed. The main difference fresh cola seed in catechin derivates and amino acids [ 
noted in the effects of the two drugs is, as was suggested by could explain the more specific and original effect on mus( 
Chevrotier and Vigne [7], in the time taken for the drug to lar contraction, without it actually being possible to s 
take effect. Whereas the effects of pure caffeine are at a whether or not this takes place on a central or periphe 
maximum one hour after administration on all the tests from level. 
the first day onwards, the effects of the cola extract become In this point of view, metabolism [9] and physiologi, 
equal to those of caffeine only after 9 days of administration, activity of catechin and other bioflavonoids on seve 
Such differences can be explained by the combination of targets are well known: catechin induces a reduction of fi 
caffeine and catechin in fresh cola [16]. This combination, radicals production [27], and has a protective effect on blo 
present in vivo, clearly modifies the pharmacokinetic pa- vessels [18] and hepatocytes [22]. 
rameters of the caffeine contained in the cola extract used A recent paper has suggested that bioflavonoids might 
[15]. responsible for the antihypertensive effects of decaffeinat 

Indeed, during chronic administration of fresh cola, cat'- tea [ 14]. When it is assumed that open-field test is a stressi 
feine combined with catechin seems to bind more to the design, the differences observed in locomotor and explo 
plasmatic proteins than pure caffeine. In this way the free tory activities between cola and caffeine treatments mi~ 
fraction of caffeine is lower when administering cola (47 to also be related both to the increase sympathoadrenal activ 
59%) than when administering pure caffeine (65 to 87%). This under the influence of caffeine [29] and to the decrease 
would tend to suggest that central nervous effects of caffeine this same function due to the catechins contained in c( 
are weaker when administering cola than when administering [ 14]. This "'beta blocking like'" effect of catechins and t 
pure caffeine [15]. Nevertheless, repeated cola administra- possible action of these compounds on the activity of co 
tion could lead progressively to tissue concentrations of cat'- treated animals would be explained by reports of the se( 
feine similar to that obtained by administering pure caffeine, rive effects of catechins [ 191. Some results on EEG activ 
This could take into account the fact that the effect of cola after a cola treatment (Vion-Dury and Coll, submitted) 
treatment equals that of caffeine treatment starting from the also in agreement with this hypothesis. 
9th day of experimentation. Stlch pharmacokinetic charac- In conclusion, it seems that the fresh cola extract presel 
teristics could also take into account the existence of a an original and complex activity spectrum which is probat 
slightly greater residual effect after cola treatment as op- related to both presence of caffeine and catechins and it see: 
posed to caffeine treatment, that during cola treatment the catechins act adversely agaiz 

Another difference can be noted concerning the decrease caffeine action by indirect (pharmacokinetic) or direct (ce 
of the effects of the two drugs in the different behavioral tral action, changes in tolerance phenomenons) pathwa! 
tests during treatment. In the open-field test, the reduction of But the antifatigue action seems more specific and cot 
locomotor activities between the first day las 100~) and re- represent an interesting development of pharmacolo~ 
spectively the 4th and 9th days of treatment, is less in the properties of cola. News studies are under way in our labol 
Cola group ( - 4 ~ .  -38%) than in caffeine group ( - 4 8 ~ .  tory in order to determine the nervous and muscular effe~ 
-57%) or control one (-64%, -77%). A similar difference of catechins. 
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