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The Maudsley Reactive and Nonreactive Strains of 
Rats: A Survey I 
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Experiments with two strains of rats, the Maudsley Reactive and 
Nonreactive, developed in London, England, and which were performed 
during 1964-1974 by a variety of investigators are summarized in a table. It 
is concluded that the results support the strains' standing as exemplars of dif- 
ferences in emotional reactivity. 
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INTRODUCTION 

A program of bidirectional selection for extremes of emotional elimination 
in the restandardized open-field test of Hall (1938) was started in 1954 
(Broadhurst, 1957, 1958a) and led to the foundation of the Maudsley 
Reactive and Nonreactive strains of rats, MR and MNR, respectively, to 
use the now generally accepted nomenclature (Festing and Staats, 1973). It 
hardly needs reiterating that the strain designations "reactive" and 
"nonreactive" relate solely to defecation scores in the open field for which 
selection was practiced. The progress of this selection experiment was 
reported by Broadhurst (1958b, 1960, 1962) through the fifteenth 
generation of selection ($15), and incidental presentation of results to S2o 
may be found in, for example, Broadhurst (1963, 1964, 1966, 1967, 1970), 
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Broadhurst and Eysenck (1965), Eysenck (1965), Gray (1971), and Rick 
and Fulker (1972). Their main importance lies in the demonstration that 
relaxation of selection from $18 onward occasioned no reversion toward the 
parental values of the foundation population. 

Ten years after the strains had been founded, the outcome was 
surveyed by Eysenck and Broadhurst (1964) in terms of the extent to which 
the phenotypic differences in open-field defecation and in the inversely cor- 
related ambulation scores, now stable and reliable differentiating features 
of the MR and MNR strains (see Table I, items 1-31), underlie the many 
other differences, physiological as well as behavioral, which characterize 
them. Our earlier review of over 50 different measures of all sorts taken 
from the two strains led us to the conclusion that the manifold differences 
detected pointed to a very real differentiation in their general emotional 
responsiveness brought about by the selection for high and low defecation 
in the open-field test. Now, a further 10 years later, the strains have been 
exported to other laboratories in both Britain and North America and over 
70 further studies using them had been reported up to early 1974. 

The purpose of the present paper is to review this new body of evi- 
dence, again with the intention of assessing its bearing on the prediction 
that the reactive strain will behave in a more fearful, emotional manner, 
relative always to the nonreactive. Attention is drawn to other surveys of 
some of this material, not always arriving at similar conclusions (Robinson, 
1965; Bene~sovfi and BenCs, 1968; Archer, 1973). 

RESULTS 

The main presentation of the relevant data is the tabular summary 
given in Table I, which is modeled closely on that'published in 1964 (Ey- 
senck and Broadhurst) in order to provide continuity and to facilitate com- 
parison with the older work. Some notes on the principles governing the 
construction and interpretation of the table follow. 

First, the survey is focused on strain comparisons only, so that studies 
which reported results from only one of the two strains are excluded, 
together with the few which did not separate the data or which used num- 
bers too small to permit comparison. No emphasis is laid on the effect of 
other variables, either constitutional, especially sex differences, or experi- 
mental, that is, treatment variables. It has, however, not always been 
possible to avoid taking such results into account in evaluating the strain 
comparisons, noted in the column headed "Difference," since they some- 
times determine outcomes in interaction with strain differences. Where 
such differences do not reach a conventionally accepted level of signifi- 
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cance, the letters "ns,"indicating "no significant difference," are entered in 
column 5. 

Second, it is obvious that any interpretation of the impact of the 
results on the general hypothesis under test will be a subjective matter. 
Policy here has been to adopt a conservative approach, so that the sum- 
mary symbol + in the penultimate column of the table headed "Evalua- 
tion," meaning that the strain difference reported appears to support the 
notion that the strains represent a valid dichotomy with respect to general 
emotionality, is used rather sparingly, with recourse being had in case of 
doubt to the 0 symbol, which is otherwise generally reserved for outcomes 
which appear to have little or no bearing on the question. A minus sign ( - )  
is used when the results go counter to what might be expected on the basis 
of an emotionality hypothesis. Apparent idiosyncrasies in these respects 
can often be related to experimental details in the published report which 
render dubious what might appear to be an obvious interpretation or to the 
crucial bearing the results have on some argument in the literature about 
the hypothesis in question. The outraged reader is invited to consult the 
reference concerned, but may still disagree! 

Third, the table is subdivided somewhat arbitrarily into four rather 
broad topic areas, behavioral, psychophysiological, psychoendocrin- 
ological, and psychopharmacological. This separation was made in order to 
facilitate comparison between experiments, but, as before, it has necessarily 
resulted in multiple entries in cases where a single publication reports 
results bearing on several topic areas. The headings used in the table are 
also sometimes inappropriate to the detailed subject matter, so that "Test" 
in column 2 must sometimes be interpreted as "situation" or even "drug." 
Similarly, it has not always been possible, given the need for economy of 
wording in a table of this kind, to specify precisely the details of mensu- 
ration in column 3. A question mark (?) has been entered, especially in 
column 4, in cases where a necessary item of information is not available 
from the report, or was not supplied by the author of the present paper or 
by authors of the papers in question, many of whom have been kind enough 
to respond to these and other queries in correspondence. 

Finally, the meshing of this survey with its predecessor (Eysenck and 
Broadhurst, 1964), which likewise sought to be as contemporary as possible 
in an expanding field and hence also referred to unpublished material, 
presented a problem which has been resolved as follows. While a few items 
previously missed have been included, none of the previous material is 
repeated, except in a case where it was accidentally misquoted (item No. 
122) and a few other cases where a published reference is now available for 
what was previously attributed to a "personal communication." 



302  B r o a d h u r s t  

0~ 

b~ 

o 

o 

a3 

+ + + + + - F - F +  ~ F - F ~ - § 2 4 7  I § 2 4 7  -F 

~ "~. ~ ,..~ .~ ,~ 

N ~ c ~ a ~  

§  + + - F - F  + 

O O O O O o  

o o  o o o o  o o o o o o  ~ o ~ a ~ a ~  

N N N N N N N N  N N N N N N ~ N N  N N ~ N N N N N  

el? 

0 0 

b~ 

c~ 

" ~  



The Maudsley Reactive and Nonreactive Strains o| Rats: A Survey 303 

o ,~ 

�9 ~ " ~ " ~  ~ O~t '~ -  ~' ~ - ~ t  ~ -  ~ 0"~ 

~o ~ ~ ~ ~.~,--~,.~ ~ ~ ~ . ~ , ~  ~ o o o ~  

~ ~ o o | o o o | o . ~ . ~ . ~  o 

-F + +  I + + +  I + I I + I + I + I I I + + + + 1  + 1 o  I o + 1  I 

aD e.-. e-, ~ .  ~ 

o _ = o  ~ . ~ o  

,.~ | "~ g '~  



304 Broadhurst 

�9 
�9 

0 

o 

~ o 

" ~  ,-~ ,.~ ~ o ~" o .~ c~ 
l~,-~ o ~  ~ ~ ~ ' ~  ,~ . , ~ # - ~  ,-~-~-~ ,~ , ~ . ~  
,-~ . ~ ~ , , ~ l , - ~  ~ ~ ~ " ~ , - . . ~ , ~  0"~ ~ ~0 ~_,,"c~,-c3 

~>~ ~::~ ,..~ ,-~ ,.-~ ~ ,~ , ' ~ , - ~ , . . ~  ~ ~ , . ~  1"~ , '~ ~ ~ ~ , ' ~  ,-~i " ~  - ~  ' - ~  

0~ ~ o o o ~ o ~ + ~  0 o ~  ~ ~ o ~ - - ~  ~ : . " ~  ~::I ~" o o ' 4 ~  0 " ~  
~ ~ ~ ~ ~ '~ ~ ~ O "~ ~ O O C~ ~ 

o o o  I + I I + I o o + + + +  I I o + + + +  I + I + o  

~ o o o o o o  ~ ~ ~ 

. ~  O O O  

Z Z Z Z Z Z  ~ N ~ N ~  Z Z Z  
~N ~ ~N ~ ~N ~ ~ ~ N N N N  ~ ~ N N N N N  ~N ~ N N  

~0 

~ ~  

hi3 

�9 

o 

o 

~ o  ~ 



The Maudsley Reactive and Nonreactive Strains of Rats: A Survey 305 

"D 

~ ~ ~ ~ -"-2, 

r o 0 0 0 0 

o o o + o o +  + + o o 

~- ~ ~.T.~ .7] 

o o o++ + o oo i o 

o ~ ~ ~ 

Z mm m ~ z ~ 

oo ~ ~ +~ 



306 Broadhurst 

�9 
~D 

O 

~o 

O 

�9 

G3 

i 

~ ~ ~ ~ o  ~ o o ~ 

rJ2 ~ .  ~/~ ~ OQ~- .  OQG'~ 0r2 0r~ 9'1 G'2 

�9 ~ . . . .  | �9 ~ ' ~  ~ ' ~  ~ 

g 

~  ~  

~  

~ a~ rn �9 



The Maudsley Reactive and Nonreactive Strains of Rats: A Survey 307 

# ~ 4 4 

O~Ob 

o o ~ ~ : ' ~ ' ~  o 

0 0 � 9  

N ~ N N  

oo oo 

~ 4 N2NNN N =~=~ N 

o o  ~ ~ o o o  + c o c o +  + 

~ Z N N Z  
N N N N N N N  

[13 OQ 

�9 

~8 

Ot~ CIQ ~Q Og ~. OQ ~ ~Q 

"S 

�9 ~.~ ~.~ ~ 
~.~ ~ 

rf2 rar2ry9 OQ r_~ [ [ j  

b~3 o i 

~ . ~  "~ .,~ 

�9 .~ ~ ~ ~ ~ ~..~ ~ ~ ~ ~ 

Z4 m ~m ~ m ~|174 

o 

o 

o ~a ~ ~ o ~ ~ 

~4 



308 Broadhurst 

�9 

L) �9 

~oo~ 

++o 

O~ 

~.~ ~ ~ 

~ . ~  ~ ~  

-~- ~ , ~  ~ - I -  0 ~ ~  

. ~  o o o ~ ~ 

~ .  ~ ~ ~ . ~  ~ ~ ~ ~ ~  

~ ~ ~o~o ~o ~ o  ~ 

"Ft 



The Maudsley Reactive and Nonreactive Strains of Rats: A Survey 309 

�9 

0"~ ob . -q  

v ~ qD 

~ ~ ~ ~ ~ "~ " ~  o="~- 

o o - F + +  o 1 - F + o  1 o I 4- o o  o o o  

� 9 1 6 9  

O 0  

o 

v v v  

~ 0  0 0 ~  

o + § 2 4 7  

o~ ~ o  ~ o  o ~  ~ 

N ~ N N N  ~ ~ N N N  ~ N N N  ~ ~ ~ N N  

bs 

o 
I 

o = . .  ~ ~ ~ . .  

% %  

�9 ~ ~  . ~  .~ .~ 

~ . ~  ~ 

o 

�9 

- ~ 4 ~  . ~  , ,Z~  ~ 

�9 

~ ~ ..~ 

| 

O O  



310 Broadhurst 

m 

�9 
�9 

~D 

i 

"-~.o 

0 

~D 
�9 

o + o  + o o +  + I o I I o + + o  

�9 ~ ~ ~ 0 ~  

oo 



The Maudsley Reactive and Nonreactive Strains of Rats: A Survey 31 

~ ~ ~ ~ 0 ~ ~ 

~ o o  o o  _ o o ~ o o  . . . .  ~ ~ ~ ~ ~ ~ ~ ~ 

o o o o  o o  o + o o  l o  o o o o o  o +  + 

OQ ~r2 or/ OQ 

~= ~ ~ |  = ~ ~ 

OQ e-, OQ ~r~ O Q O Q  OQOQ OQ 

o +~ ~* 
o ~ | ~ ' ~  .~ -~ o ~ . ~  

o 

o ,= 



312 Broadhurst 

0 
o 

T 

0 

�9 

C~ 

o o '-4 "3 '-3 

o~ 

M ~  N ~  c~ ~ N 

~ ~ ~  

o~ o . ~ o ~  o o |  
~ " "~ oog " Z ~ . o ' "  g o  " |  o 

�9 ~ . ~ ' ~  ~ , .~ ~ ~ ' ~  ~ . ~  ~ ,  ~ ~ ; ~  ~,.~ ~ ~ ~ ~ ' -  

~ ' ~  

, .~  0 o - o 



The Maudsley Reactive and Nonreactive Strains of Rats: A Survey 313 

o + o + I ~ I + + o o + o + + + 

o ~ ~ o o o ~ ~ ~ ~ ~ ~ ~ ~ ~ o . -  

o o ~ ~ 

b~ oo 

~ ~ ~ o ~  ~ ~ ~ ~ ~ o O  ~ ~ 



314 Broadhurst 

�9 
�9 

�9 

0 

t '~ t '~ t--- 

: ~  ~.~ 
C/3 m 

0 0 0 ~ ,  

�9 

o . ~  

~ ~ 0 

t'--. oO 



The Maudsley Reactive and Nonreactive Strains of Rats: A Survey 315 

C O N C L U S I O N S  

The conclusions arrived at as a result of this survey are briefly stated. 
They echo those Eysenck and Broadhurst expressed in 1964 and point to 
the massive support the many findings lend to the status of the two 
Maudsley strains as representing extremes of expression of a behavioral 
phenotype arrived at as a result of artificial selection. Despite a fair 
number of instances where differences which might reasonably be expected 
to correlate with the bidirectional selection have not appeared, there 
continues to be considerable evidence that the strains differ in several fun- 
damental ways relating not only to behavior but also to associated func- 
tions which are putative substrates of it. 

Differences are one thing, but interpretation is another, and the evi- 
dence in this respect is perhaps less conclusive, though still strong. A 
construct of emotionality still "seems to be supported by the differences 
noted, despite exceptions for which in many cases, though not all, certain 
extenuating circumstances can be found. It is concluded therefore that the 
strains continue to be characterized by relatively stable differences in a 
generalized trait of emotional reactivity which expresses itself in many and 
various ways. 
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