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MOS, J , B OLIVIER AND R VAN OORSCHOT Maternal aggression towards different sized male opponents Effect of 
t hlordtazepoxtde treatment of the mothers and d-amphetamine treatment of the intruders PHARMACOL BIOCHEM 
BEHAV 26(3) 577-584, 1987 --Lactating female rats vigorously attack equally sized conspeclfic males introduced into 
their home cage Under conditions of such high aggression, the previously reported pro-aggressive action of a low (5 mg/kg) 
dosage of chlordlazepox~de (CDP) ~s hardly detectable When opponents are large, the intensity of the aggression ~s less 
than what IS seen with small ones In this situation treatment of the females w~th CDP increases aggression levels 
substantially The importance of intruders evoking aggression was further investigated by treating different sized oppo- 
nents with d-amphetamine d-Amphetamine treatment did not lead to major changes m the defensive capacities of either 
types of intruder The data demonstrate that drug effects, such as pro-aggressive actions, may be observed using larger 
sized opponents that are not so easily defeated and show more adequate defense than small ones The subtleness of the 
dyadic interactions in maternal aggression indicates that drug effects should be considered carefully before extrapolation to 
other conditions 

Lactation Aggression Rat Opponent size Attack topology Defense strategy 
Chlord~azepoxlde d-Amphetamine Female 

IN general, some type of 'standard' opponent is used ~n 
laboratory tests for aggression in rodents Such an opponent 
should evoke a rehable level of aggression but should not w~n 
the contest, since losing affects the subsequent behawour of 
the experimental animal, as ~s also the case with the experi- 
ence of  w~nmng [15,16] Under natural condlUons, experi- 
ence is also of  v~tal ~mportance and largely determines 
whether an ammal fights or flees [2]. Laboratory aggression 
tests ~n rodents usually offer httle opportumty for the 
animals to flee Adequate defense mechamsms ~n the ~n- 
truder, however, are of paramount ~mportance Moreover, 
the behav~our of opponents ~n itself ~s of great ~nterest be- 
cause it Influences the behav~our of the resident and, espe- 
cially after drug admlnlstraUon, the dyadic ~nteract~on ap- 
pears to be an ~mportant variable in which the behawour ~n 
the ~ntruders counts [6] 

We have studied aggression m lactating female rats and 
found that maternal aggression during the first two weeks 

postpartum ~s characterized by a short latency to the first 
attack and by high levels of b~te attacks dunng the first five 
m~nutes of a test session [ 14]. These h~gh levels of  aggression 
in females, especially of the $3 strain, renders slightly 
smaller male intruders wrtually defenseless. Although the 
predictable h~gh levels of  aggression are advantageous in the 
testing of ant~-aggress~ve drugs, they may be less appropriate 
~n other studies We have recently found that low doses of 
chlord~azepox~de (5 mg/kg PO) had pro-aggressive effects ~n 
lactatmg females, but only when the basal level of aggression 
was not too high [12] Apparently, the facd~tatory effect of 
CDP depends on the basal level of aggression. 

From these findings, the ~dea emerged to use both large 
and small ~ntruders ~n maternal aggression tests and to re- 
cord the behavlour of the females towards these different 
s~zed intruders. In analogy to experiments on prey of  differ- 
ent size [1], ~t was hypothesized that CDP m~ght exert ~ts 
faclhtatory effect on the aggressive behawour of  females 
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FIG 1 (a) Mean frequencies (-+SEM) of the major behawoural categories Exploration, Avoidance, Introductory Social 
Behavmur (ISB) and Aggression of the lactating females under the d~fferent CDPhntruders test conditions Groups that are 
s~gmficantly d~fferent (p<0 05) from a particular intruder/drug condition are connected and md~cated by an asterisk For 
detailed description of the behav~oural elements of the categories, see the Method section (b) Mean frequencies (_+ SEM) 
of Bite Attacks, Lateral Threat, Upright Posture and On Top by the lactating females under the different treatment regimes 
Groups that are s~gmficantly different (p<0 05) from a particular ~ntruder/drug condition are connected and ~nd~cated by an 
asterisk 
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confronted with heavy male intruders, but not at all or to a 
lesser degree towards the usual light partners. On the basis 
of  previous experiments [12,13] we selected a dose of  5 
mg/kg of CDP which was shown to rehably increase aggres- 
sion. 

To extend these observations,  we treated light and heavy 
intruders with a single dose of amphetamine in a second 
experiment.  Amphetamine treatment of  opponents induces 
increased aggression by the resident [6]. Whether or not this 
is caused by increased locomotor activity of  the opponent 
0 e ,  less prolonged submissive postures,  less freezing) is not 
clear In any case, it is intrlgmng to study whether am- 
phetamine differentially affects the defensive capabilities of 
opponents of varying size and consequently affects the ag- 
gressive behavlour of  the females One single dose (4 mg/kg) 
was chosen on the basis of some preliminary studies (Ohvier 
and Mos [14]) In both experiments we recorded ~n detail the 
behaviour of  the maternal females 

METHOD 

Maternal aggression of  pnmlparous $3 female rats was 
studied under the same conditions as described previously 
[12,14] Briefly, twelve (CDP-treated) and sixteen (d- 
amphetamine-treated) females (250-350 grams, 4-9 months 
old) were placed together with a breeding male in their 
polycarbonate cage (30×20× 15 cm) A gauze wire cloth was 
placed on the bottom of tbas cage which enabled the collection 
of e.laculatlon plugs 

After ejaculation plugs were detected, the male was left 
for a further week with the female, after which she was 
placed in the observation cage (40×30×30 cm) where she 
remained for the rest of the experament. This cage was pro- 
wded with nesting material and food and water were freely 
available These cages were housed in an observation room 
with a reversed day-mght rhythm (12L/12D) with night start- 
lng at 7 00 a m The date of parturition was regarded as 
postpartum day 0 

Tests were performed early in the dark peiaod (between 
8 30 a m and 12 30 p m.) under red light conditions Tests 
for the CDP experaments were performed on days 4, 6, 8 and 
10 postpartum and for the amphetamine experiment on days 
11 to 13, during which time aggression had not yet di- 
mlmshed 

Intruder males were group housed and weighed 
176.7+_7.3/422.8_+6 3 (mean+_SEM light and heavy group re- 
spectively, CDP experiment) and 169 7+_3 2/377.2+_11.5 
(mean_+SEM light and heavy group respectively,  am- 
phetamine experiment) A male intruder was placed in the 
female 's  home cage for 5 min The ongoing behav~our was 
videotaped and later analysed Each intruder was used once 
and sacrificed immediately after the morning sessions with 
an IP overdose of pentobarbltal.  In the second experiment 
(amphetamine), this was followed by shaving and describing 
the Iocahzation of the lesions on wound charts [10]. 

As an ethogram, we used 32 elements dmvided over 7 be- 
hawoural categories The behawour of the female was 
scored using the methods described by Ohvier and Ohvler et 
al [11,12], where a more extensive description of most ele- 
ments can be found Briefly, Exploration includes attention, 
sniffing, rearing, locomotion, marking, digging, carrying and 
picking up of food particles Introductory Social Behavlour 
(ISB) comprises moving towards the partner, sniffing the 
intruder, social grooming and "crawling under " 

The following elements belong to Aggressive Behavlour 

bite at tack on head, bite at tack on body,  lateral threat,  up- 
right posture, teeth chattering, nipping, pulhng, clinch, kick- 
ing, lunge and "on top ."  Avoidance Behaviour includes 
moving away and "keeping off." 

Drugs 

Clordiazepoxide-HC1 (Hoffman-La Roche, Basle) was 
suspended in tragacanth 1% and given orally in a volume of 5 
ml/kg body weight one hour before testing (5 mg/kg) 
d-Amphetamine (4 mg/kg) was dissolved in water and given 
intraperltoneally in a volume of 2 ml/kg bodyweight thirty 
minutes before testing 

Statistical Analysis 

All statistical analyses were performed using non- 
parametric statistics since the data were distributed asym- 
metrically or the structure of the data did not always warrant 
a symmetrical or known distribution. 

Balanced randomised block designs were employed for 
the experiments which were analysed by Friedman analysis 
of variance followed by multiple comparison tests (as de- 
scribed by Conover [4]), to compare the effects of  body size 
or drug treatment The females served as their own controls 
and intruders were used for only one test. The wounds on the 
different parts of  the body were expressed as a percentage of 
the total number of wounds. However,  if a female caused no 
wounds, no percentage could be calculated and this value 
had to be omitted. A Kruskal-Walhs analysis of variance 
was apphed to the wound pattern data which were consid- 
ered as unrelated samples. All other "s ingle"  group com- 
parisons were made with the Mann-Whitney U-test  

RESULTS 

CDP Treatment of  the Resident Females 

Figure 1 summarizes the results of  CDP or vehicle treat- 
ment of the female in combination with light or  heavy oppo- 
nents Only frequencies are given though duration data gen- 
erally follow the same pattern 

Exploration was decreased under CDP conditions, inde- 
pendent of the size of  the opponent,  X2(3)=14.7, 15 1, 
p - -0  002 and 0 0017, frequencies and durations, respectively 
Avoidance (p<0.3), as well as Introductory Social Be- 
haviour (ISB), were unaffected by either CDP or the type of 
intruder, Xz(3)=4.4, 5.2,/9 =0 22, 0 16, frequencies and dura- 
tions, respectively. Aggression was lowest in frequency and 
duration when the opponent was heavy and the female under 
vehicle conditions, ~2(3)---10 9, 19.8,/9=0 012, 0 0002, fre- 
quencies and durations, respectively. However  latency to 
first attack did not differ, X2(3)=3 2,/9 =0.36 CDP was able 
to " res to re"  the aggression level to that displayed towards 
the light intruders As in earlier experiments,  we did not 
observe an increase in the frequency of bite attacks and 
other aggressive elements after CDP if the opponent was a 
weaker, light-weight male (Fig lb). However,  the duration 
of total time spent on aggression was significantly enhanced, 
a feature not detectable when only bite attacks are recorded 
(data not shown). The differentiation between the various 
aggressive acts (Fig. lb) demonstrated that the topology of 
aggression differed according to the size of the intruder. 
Under vehicle conditions and when using large intruders, 
bite attacks and "on  top"  were less, while lateral threat and 
upright posture were Increased These data are based on the 
absolute frequencies of occurrence, which is not the most 
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BITE ATTACKS ON TOP LAT THREAT UPRIGHT 

FIG 2 Relative ~mportance of the duration of the various aggressive elements expressed as percentage of total time spent 
on aggression under the various CDP/intruder conditions Most t~me ~s spent dunng On Top poslt~on under the hght 
mtruder condition, followed by B~te Attacks When confronted with heavy opponents the female ~ncreased the relative t~me 
spent on lateral threat and Upright Posture CDP treated females spent relatively less t~me on B~te Attacks when compared 
to vehicle conditions, although the frequency of attacks is not changed (F~g lb) The size of the opponent does not 
influence the proportion of t~me spent on b~te attacks, m contrast to the frequency Friedman analys~s revealed an overall 
s~gnfficant effect for On Top, X2(3) = 19 5, p =0 0002, Upright Posture, X2(3)= 15 6, p =0 0014, Lateral Threat, X2(3)= 19 3, 
p=0 0002, and B~te Attacks, X2(3) = 13 0, p=0 0005 Groups that are significantly different from another condition are 
connected and indicated by an asterisk 

appropriate measure to compare the ~mportance of individ- 
ual behavloural elements. Because the different testing con- 
ditions do not result in equal levels of aggression it ~s better 
to compare the relative duration of behawoural elements. 

Therefore, data were also expressed as percentage of the 
total time spent on aggression (Fig. 2) Introduction of heavy 
opponents (under vehicle conditions) resulted in a relative 
increase of the duration of lateral threat and upright posture. 
Heavy intruders, however, were less held down on the back 
when compared to light wenght Intruders and bite attacks 
were also decreased CDP effects were again most marked 
when heavy intruders were used The duration of "on  top" 
increased, though was still well below what was seen w~th 
hght mtrnders. The relative duration of bite attacks was not 
increased by CDP treatment. 

d-Amphetamine Treatment of  the Male Intruders 

Figure 3a summarizes the overall results for the maternal 
females expressed in the behavioural categories: Explora- 
tion, Avoidance, ISB and Aggression. Since Inactivity and 
Pup care hardly occurred during the test period, they were 
omitted from the figure. 

Exploration remained at the same level, both in frequency 
and duration, under the different intruder conditions and 
treatments, X2(3)=7.1, 6.4, p =0.07 and 0.09, frequency and 
duration, respectively. Introductory Sooal Behaviour was 

not significantly different in frequency and duration, 
X2(3)=4.2, 6.2, p=0.24 and 0 10, respectively. To our sur- 
prise this also held for the total frequency and duration of 
aggression. The variance was so large that Friedman analysis 
failed to reveal significant overall effects, X2(3)=3 4, 2 2, 
p =0.34 and 0.54, frequency and duration. However, aggres- 
sion tended to be somewhat lower when the females were 
confronted with a large opponent Latency to first attack did 
not differ, X2(3)=2.9, p =0 41 

Figure 3b summarizes the differences in the composition 
and topology of the aggression by the females when faced 
w~th the different intruder males Under heavy intruder 
condmons, bite attacks and "on  top" decreased greatly, 
both in frequency and duration. 

Concomitantly, lateral threat and upright posture in- 
creased when heavy intruders were used. d-Amphetamine 
treatment had no effect which suggests that amphetamine 
treated intruders do not use a different defense strategy 
Moreover, bite targets and number of wounds d~d not vary 
significantly with type of ~ntruder or with amphetamine 
treatment (Table l). Only a tendency to an increased number 
of wounds on small, amphetamine treated intruders was 
found Analysis of the target areas for biting failed to reveal 
any differences, dlustrating that the defensive capacities re- 
main intact after amphetamine treatment A similar analysis 
on the relative contribution of ~nd~vidual aggresmve acts as 
performed for the CDP experiment ~s given in Fig 4 It 
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FIG 3 (a) Mean frequencies-+SEM of the behavioural categories Exploration, Avoidance, Introductory Sooa! Behavlour 
(ISB) and Aggression d~splayed by the lactating females versus hght and heavy, amphetamine or vehicle treated ~ntruders (b) 
Mean frequencles_+SEM of B~te Attacks, Lateral Threat, Upright Posture and On Top by the lactating females under the 
various treatment condmons Groups that are s~gmficantly d~fferent (p<0 05) from a particular intruder/drug condition are 
connected and indicated by an asterisk 
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T A B L E  1 

PERCENTAGE OF TOTAL NUMBER OF WOUNDS ON THE INTRUDERS IN THE 
AMPHETAMINE EXPERIMENT 

Kruskal-Walhs 

0/Light 4/Light 0/Heavy 4/Heavy H p 

No of wounds 210 --_ 5 9 34 7 -+ 9 5 13 4 ± 3 0 15 9 ± 4 3 x2=l 3 p=0  72* 
head 4 5 9 ± 6 5  3 5 3 ± 5 5  431- -_59  3 7 2 ± 5 8  118 076 
upper back 37 1 ± 57  502 ± 64  405 ± 59 455 ± 61 145 069 
lower back 1 9 ± 0 8  1 2 ± 04 1 4 ±  05 3 7 ±  1 2 139 071 
upperbelly 1 7 ± 0 6  2 2 _ + 0 6  3 6 _ + 1 5  0 8 - + 0 5  424 024 
lower belly 0 9 ±  05 0_+ 0 02  ± 0 2  0 ± 0  638 009 
forepaws 9 9 ± 2 5  1 0 1 ± 2 7  8 1 ± 2 1  1 1 5 ± 7 2  361 031 
hindpaws 23 ± 0 9  1 1 _+ 06  3 1 ± 24 07  ± 0 4  301 039 
g reglon/tml 0 ± 0 0 ± 0 0 ± 0 0 ± 0 not done 

*Friedman analysis of variance Kruskal-Walhs analysis of variance was applied to the percentage of 
wounds made on the different body areas No overall slgmficance was observed between the different sized 
or drug treated opponents confronted with the maternal females 
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FIG 4 Relative importance of the duration of the various aggressive acts, expressed as percentage of the total time spent on 
aggression under various d-amphetamine/intruder conditions With light opponents, On Top takes most time, followed by 
Bite Attacks. Large intruders evoke more Lateral Threat and Upright Posture, while On Top and Bite Attacks decrease 
somewhat in their relative importance Notice the discrepancy between the data of On Top expressed as duration or 
frequency (Fig 3b) Friedman analysis revealed an overall significant effect in the percentages of time spent On Top, 
×2(3)=25.3, p<10 -4, Upright Posture, X~(3)=32 1, p<10 -4 and Lateral Threat, X2(3)=21 1, p=0  0001 Subsequent multiple 
comparison tests demonstrated slgmticant effects ot opponent size, but not of amphetamine treatment Groups that are 
significantly different Ip<0 05) from a particular intruder/drug condition are connected and indicated by an asterisk 
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seems to be a matter of physical strength; heavy tntruders 
are better equipped to maantain an upright posture and avoid 
the full submissive posture. Tlus was successful in the sense 
that fewer bite attacks were sustained. The females used an 
alteruatlve strategy of attack, i.e., lateral threat and side- 
ways approach to be able to bite the back and push over the 
opponent. Upright posture by the female may serve the pur- 
pose of bringing about the on the back posture in the in- 
truder This upright posture of the female appeared to be 
more often followed by jump attack, a feature never seen in 
the intruders. In summary, a similar attack/defense strategy 
is used In the CDP and amphetamine experiment, although 
mtnor differences exist. Amphetamine treated ~ntruders 
showed no marked change in defensive capabiht~es com- 
pared to similar sized control intruders 

DISCUSSION 

The present paradigm for the study of psychoacUve drugs 
on maternal aggression reveals two important aspects. First, 
the dis~nhib~tory effects of low doses of chlordlazepoxlde on 
aggression can be made more readily manifest when the 
females are confronted with a more dtfficult task, 1.e., a 
larger intruder Second, the changed attack patterns of the 
females indicate that heavy ~ntruders use a different strategy 
to withstand the fiercely attacking females. The differential 
behavloural strategy of lactating females against d~fferent 
sized male intruders ~s at variance with the notions of Rod- 
gers et al [17] who suggested that lactating females do not 
respond to social postures of the intruders nor on restrictions 
to bite targets. 

Customary practice tn aggression research is to use 
smaller and weaker ammals as opponents. Bra~n and co- 
workers [3] studied various types of ~ntruders in mice and 
found that they reduced different patterns of fighting depend- 
lng upon their size and previous experience Moreover, they 
reacted with other patterns of defense and were differentially 
successful ~n avoiding bites on certatn areas of the body. 
They concluded that ~t may be d~fficult to extrapolate be- 
tween tests using intruders of different experience. Testing 
drugs tn randomized block designs requires a consxstent ex- 
perimental situation, or more specifically, the same motiva- 
tional state of the tested animals In that respect, there are 
many arguments in favour of using weaker animals, since 
defeat (an ulUmate consequence of more matched intruders) 
has a pronounced, negative effect on aggressive behav~our ~n 
subsequent tests [15,16] However, subtle drug effects are 
sometimes hard to detect s~nce the intruders are defeated too 
easily and do not show acttve defensive behaviour. 

In the present experiments it transpired that heavy in- 
truders are also defeated, although the total time spent on 
aggression is somewhat reduced. What mechamsm causes 
this reduction remains unclear The latency to first attack is 
not changed, ~ndlcating that a general reducUon m the 

propensity to attack does not seem likely After the first 
attack, the females learn that it is harder to bite the intruder 
and consequently have to adopt other strategies, which they 
do quite well. Bite attacks and on top may become sup- 
pressed, perhaps by mcreased fear. Flannelly and Flannelly [5] 
suggest that larger males evoke fear and that fear reduces 
offense. In their experiments, most females no longer at- 
tacked the larger intruders. Our females were more experi- 
enced fighters and did attack, but increased fear may well be 
present. Mlczek and O'Donnell,  and Apfelbach suggest that 
CDP treatment increases aggression and predatory be- 
havlour that were suppressed [1,9]. In our experiments, the 
suppression may result from the difficulties that the lactating 
females meet when confronted with males that are hard to 
bnng  to a full submissive posture. 

In view of previous results of Miczek [6,7] and Mtczek 
and O'Donnell [8], we expected that d-amphetamine treat- 
ment of the mtruders would have influenced their defensive 
capabdlt~es Mlczek observed that d-amphetamme-treated 
animals are more readily and consistently attacked, and that 
d-amphetamine-treated mtruders escape more than vehicle- 
treated intruders, although Mlczek [7] suggests this to be a 
direct effect of the attacks, rather than a direct effect of 
d-amphetamine on escape behaviour. Although we found ht- 
tie effect of d-amphetamine on the level of aggression, there 
was a shght mdicatton that amphetamme-treated mtruders 
sustained more b~te attacks, resulting m signtficantly more 
wounds in light, amphetamine-treated intruders. However, 
the dtstributlon of these wounds was similar under all condi- 
tions, a findtng which is at variance with data of Brain et al 
[3] wtth different types of tntruder mice. 

Slmdar to the CDP experiments, the defending strategy of 
the heavy ~ntruders was markedly different from light ~ntrud- 
ers Recording only bite attacks as the matn parameter of 
aggression would have led to erroneous conclusions as m the 
CDP experiment. 

The finding that m both experiments light and heavy m- 
truders adopt different strategies m agonistic interactions 
stresses the need for a complete ethological analysts in de- 
scribing drug effects. Extrapolations between experiments 
with different types of intruders should be done very cau- 
tiously. However, the manipulations of the defenstve 
capabilities of intruders also opens new perspectives to de- 
scribe drug effects, most notably pro-aggresswe actions and 
adaptive defensive strategies. 
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