
Nonspecific Behavioral Effects 

of Substances from Mammalian Brain 

Frank, Stein, and Rosen (1, 2), have 
reported that mice injected intraperi- 
toneally with either brain or liver ho- 
mogenate from donors that had been 
shocked in a black box after escaping 
an intense light in a white box, or 
stressed by being tumbled in a jar, had 
longer latencies to enter the black box 
than recipients injected with homog- 
enate from control donors allowed to 
escape intense light but not shocked. 
These data were interpreted as indicat- 
ing that the interanimal transfer phe- 
nomenon reported by us and others 

may involve transfer of a nonspecific 
stress-associated factor unrelated to 
memory. 

Although we find ourselves in sym- 
pathy with the suggestion made by 
Frank et al., that some of the observed 
results from the transfer-type experi- 
ments, particularly in aversive training 
situations, may be attributable to emo- 
tion factors induced or released in 
donor animals during their training, we 
are not persuaded that the evidence in 
their report provides reliable support 
for this hypothesis, or is a relevant 
basis for criticism of other work with 
which it is compared. 

First, Frank et al. claim that "suc- 
cesses" reported by others have gen- 
erally involved the use of passive 
avoidance, while "failures" have fre- 

quently involved the use of positive 
reinforcement situations. To the best 
of our knowledge, there have been only 
two studies reported in which an at- 
tempt was made to transfer a true pas- 
sive avoidance task (3). Both attempts 
were unsuccessful, although Ungar and 
others (4) have reported considerable 
success with the use of an avoidance 
box somewhat similar to that used by 
Frank et al., but with a quite different 
donor training paradigm and recipient 
testing schedule. Frank et al. cite no 
actual experiments later than 1967: of 
the three early "successes" cited to 
make their point, none involved the 
use of a passive avoidance paradigm; 
rather, two used positive reinforcement 
(5) which Frank et al. incorrectly state 
generally leads to failure, and one em- 
ployed habituation (6). In point of fact, 
better than half of the successful stud- 
ies described have employed positive 
reinforcement, and "failures" have been 
reported at least as frequently with 
avoidance paradigms as with positive 
reinforcement paradigms (7). 
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Second, Frank et al. state that "in 
the avoidance task, an increase in la- 
tency of recipients when compared 
with those of donors is taken as evi- 
dence of . . . memory transfer." We dis- 
agree. The critical comparison is almost 
always between recipients injected with 
brain material from untrained or con- 
trol group donors and recipients in- 
jected with material from trained do- 
nors. Furthermore, active avoidance 
studies (8), in which a decrease in la- 
tency is taken as evidence of transfer, 
are ignored by Frank et al. 

Third, Frank et al. state that recipi- 
ents were tested 6 hours after injection 
of organ homogenate, by which time 
observation of animals in their home 
cages revealed "unequivocal" recupera- 
tion from incoordination and lethargy. 
Others, using objective measures of re- 
covery, have reported that intraperi- 
toneal injection of brain homogenate 
disrupts and depresses behavior for at 
least 24 hours (9). Frank et al. state 
that "increased latencies were observed 
for all recipient groups," compared with 
donors. This suggests failure of re- 
cuperation (since only two of the do- 
nor conditions were designed to involve 
stress or "stress substance") and thus 
clouds the interpretation of their main 
effects. 

Fourth, if one considers the actual 
events involved in the "nonshocked" 
control condition, an interesting recon- 
ceptualization of their design is pos- 
sible. In the "nonshocked" donor con- 
dition, intense light, an aversive stim- 
ulus for albino mice, was paired with 
the white compartment, while the black 
compartment was associated with relief 
from the light stimulus. If this associa- 
tion did indeed "transfer" in brain ho- 

mogenate, what sort of latencies might 
one expect in recipients from this con- 
dition? Plainly, in the context of the 
"memory transfer" hypothesis which 
Frank et al. were testing, in these re- 
cipients the expected result would, if 
anything, be one of shorter latencies. 
This is in fact what they report. 

Possibly the most interesting differ- 
ence between the Frank et al. study and 
the successful "memory transfer" ex- 
periments of others is that Frank et al. 
administered but one brief training trial 
to their donors. No one else has ever 
described a positive transfer effect us- 
ing one-trial learning paradigms to 
train donors; this problem has been dis- 
cussed (10). With intraperitoneal injec- 
tion, almost all investigators working 
on the transfer problem have re- 
ported that 1.5 to 2.0 brain equivalents 
of supernatant or extract (since 1967, 
whole brain homogenates have rarely 
been used) must be injected for an ef- 
fect to be obtained. For both these 
reasons, even the nonspecific effect re- 
ported by Frank et al. in their one-trial 
situation is quite surprising and of con- 
siderable interest. 

Their effect becomes less interesting, 
however, when their data are inspected 
closely. Table 1 shows, as reported by 
Frank et al., the percentages of animals 
in each group with latencies greater 
than 20 seconds, with the complement 
obtained by subtraction; also shown in 
Table 1 are the actual number of ani- 
mals corresponding to these percent- 
ages (11). These two halves of Table 
1 allow somewhat different views of the 
magnitude of the comparisons reported 
by Frank et al. to be significant. For 
the two "significant" X2 values reported 
in experiment 1, neither is significant 
when calculated correctly from fre- 
quencies instead of percentages (12), 
with the continuity correction for X2 
with one degree of freedom (13). Ac- 

Table 1. Frequencies calculated from percentages reported by Frank et al. (1), for the six 
groups in each of their experiments. Dichotomization within each group is at 20-second 
latency to enter black compartment. S, shocked donors; NS, nonshocked donors; Str, 
stressed donors. Latency greater than 20 seconds, >; latency less than 20 seconds, <. 

Reported percentages (1) Calculated frequencies: Recipient of: 
S NS Str S NS Str 

Experimuent I 
Brain > 25 15 33 5 3 7 

< 75 85 67 15 17 13 
Liver > 20 20 25 4 4 5 

< 80 80 75 16 16 15 

Experintent 2 
Brain > 45 10 35 9 2 7 

< 55 90 65 11 18 13 
Liver > 50 30 50 10 6 10 

< 50 70 50 10 14 10 
* Our calculations. 
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Table 2. Comparisons reported significant with published values of X2 from Frank et at. (1); 
actual values of x2 also are shown. S, shocked donors; NS, nonshocked donors; Str, 
stresed donors. For example, Brain: S versus NS indicates comparison between recipients of 
brain homogenate from shocked and nonshocked donors. 

Chi-square values 
Comparison- 

Frank et al. Actual* 

Experiment I 
Brain: S versus NS 9.6 t 0.16 
Brain: Str versus NS 7.9 t 0.12 

Experimnent 2 
Brain: S versus NS 26.3+ 4.51 ? 
Brain: Str versus NS 16.5 + 2.29 
Liver: S versus NS 7.5 t 0.94 
Liver: Str versus NS 7.5 t 0.94 

* Our calculation. t P < .01. 1 P < .001. ? P < .05. 

tually, in view of the small expected 
frequencies in these tables (the expected 
frequency is less than five in two cells 
of each table), the "Fisher-Yates" test 

(14) is more appropriate and defensible. 
This test also fails to reveal significance 
in these two tables, by a considerable 

margin. Of the four "significant" x2 
values presented by Frank et al. to 

support their conclusions in experiment 
2, only one is still significant when cal- 
culated correctly (Table 2) or when 
the 2 by 2 table in question is tested 

by the Fisher-Yates method. This sig- 
nificant comparison is between recipi- 
ents of brain material from "shocked" 
and "nonshocked" donors, the latter be- 

ing identified in the abstract of their 

report as a "control." 
Thus, of all the significant x2 values 

reported for both experiments, only one 
is actually significant-and this com- 

parison is one which, in the context 

provided by Frank, Stein, and Rosen, 
would be taken as evidence for "mem- 

ory transfer." However, considering 
the nature of this "control" condition, 
discussed above, and considering our 
other reservations (15) concerning these 

experiments, we are extremely cautious 
in accepting the evidence this com- 

parison offers (16). Needless to say, 
were we persuaded that the "control" 
condition was really a control, we 
would consider the demonstration of 

memory transfer by Frank et al. more 

convincing. 
In view of the foregoing considera- 

tions, it seems most inappropriate that 
Frank et al. attempt to relate their 
work to the interanimal transfer experi- 
ments. That both specific and nonspe- 
cific transfer effects exist has never been 
doubted by experimenters in the field, 
but adequate experimental design per- 
mits these effects to be disentangled. In 
their introductory discussion, Frank et 
al note that their procedure was em- 

ployed particularly to show nonspecific 
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phenomena that "may have only a 

marginal effect" on measures typically 
used in transfer experiments. We are 
inclined to agree that their procedure 
does have this characteristic. 

The transfer experiments are still 

controversial, primarily because those 
of us working in the field have not 
as yet been able to specify exactly all 
the factors affecting the phenomenon. 
Clearly, we share the interest of Frank 
et al. in determining additional factors 
that may confound the variables of in- 
terest in this type of research. To be 
of maximum value, such investigations 
should display care in experimental de- 

sign and statistical analysis, caution in 

interpretation and generalization, and 

familiarity with the experimental work 

already described. 
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Bryant et al. (1) have raised several 
criticisms of our own report (2). One of 
the major concerns seems to have been 
in regard to an erroneous chi-square 
analysis which appeared in one part of 
our report. Our error was acknowledged 
immediately after our report appeared, 
a correction statement was printed in 
Science, and a copy of the statement 
was sent to anyone requesting reprints 
(3). 

The first issue discussed by Bryant 
et al. concerned the appropriateness of 
our passive avoidance paradigm in 

evaluating interanimal memory trans- 
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fer. It is well known that tasks which 
employ reaction time or latency data as 
dependent measures are subject to large 
intragroup variability. Traditionally, this 
problem has been dealt with by either 
refining the experimental situation, in- 
creasing the number of subjects, or em- 
ploying a post hoc data transformation 
procedure. In our experiment, we con- 
sidered the first alternative the most 
appropriate, and thus we find ourselves 
in complete agreement with Rosenblatt 
(4, p. 199) who suggested using nega- 
tive reinforcement paradigms which 
have "the advantage that the rats 
need not be starved and consequently 
remain in better and more uniform 
condition throughout the experiment." 

On their second point, Bryant et al. 
argue that a critical comparison in trans- 
fer studies should be based on the dif- 
ferences between untrained, or control 
recipients and recipients who received 
material from trained donors. The im- 
pression they attempt to create is that 
we failed to make the appropriate tests. 
In point of fact, however, almost all of 
our comparisons were among the differ- 
ent recipient groups. We therefore find 
this criticism puzzling. 

Third, Bryant et al. claim that our 
choice of a 6-hour "recuperation" period 
after injections of homogenate was in- 
adequate and also suggest we should 
have used more "objective" measures of 
recovery. We are somewhat surprised 
by their comment that 6 hours are in- 
adequate since McConnell et al. have 
used this recovery period in several ex- 
periments (5, p. 132). We agree that 
objective measures of recovery from 
injections would have been more desira- 
ble, and we would have used them had 
they been available at the time our ex- 
periment was performed. Bryant et al. 
refer to two articles using objective cri- 
teria, but both have appeared since our 
experiments were published [references 
4 and 9 in (1)]. It is important that even 
with the 6-hour recovery period, which 
may, or may not, have been adequate, 
we were still able to demonstrate signif- 
icant differences among those animals 
receiving homogenates from trained or 
untrained donors. Bryant et al. suggest 
failure of recuperation, but do not give 
any reasons why subjects receiving 
homogenates from the trained donors 
should recuperate less rapidly than 
those receiving homogenates from the 
untrained. It is possible that Bryant et 
al. suspect the operation of either a 
two- or three-way interaction involving 
recovery period, tissue extract, or donor 
experience. While this remains an in- 
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triguing possibility, we are not aware of 
nor did Bryant et al. provide any 
evidence to substantiate this hypothesis. 
Bryant et al. next suggest that the 
amount of homogenate we injected may 
not have been adequate to produce a 
"true" transfer effect. This comment is 
paradoxical in light of Rosenblatt's (4, 
pp. 234 and 238) assertion that signif- 
icant transfer effects have been ob- 
tained with as little as 0.0008 portion of 
brain. While convention might dictate 
the injection of extracts comprised of 
1.5 to 2.0 brains as Bryant et al. claim, 
this would appear in view of Rosen- 
blatt's data to amount to a case of 
overkill. 

Bryant et al. also raise the possibility 
that the intense light we used in the 
white section of the alley may have 
served as an aversive stimulus in and 
of itself (and we agree with this observa- 
tion). They suggest that this could ac- 
count for the fact that nonshocked 
animals ran more rapidly into the 
dark portion of the apparatus. Un- 
fortunately, their notion cannot account 
for why the subjects receiving homoge- 
nates from tumbled animals remained 
in the white compartment significantly 
longer than controls and could not ex- 
plain our data on animals receiving 
liver homogenates. Thus, their attempt 
at a "reconceptualization" of the results 
from the nonshocked control group is 
not harmonious with all of our data. 

The primary concern of Bryant et al, 
centers on our use of the Mann-Whit- 
ney test, the reliability of the liver recip- 
ient data, and our justification of the 
use of one-tailed significance levels. 

1) As for one-tailed tests, we agree 
with Bryant et al. that our expressed ra- 
tionale for using one-tailed criteria in the 
analysis of recipient latencies was mis- 
leading. A justification such as we em- 
ployed, which was predicated on as- 
sumed donor-recipient differences, is 
untenable when testing for recipient- 
recipient differences. However, a donor- 
recipient comparison would not have 
been possible in our experiments since 
the "tumbled" donors were never placed 
in the shuttle runway and there were 
no latency scores obtained. Nonetheless, 
an inspection of our reported signifi- 
cance levels will indicate that the crit- 
ical recipient-recipient differences per- 
sist under two-tailed criteria. 

2) The comment by Bryant et al. of 
the use of the Mann-Whitney test is 
most puzzling. This test has been used 
in many transfer experiments (6) and 
has been specifically employed with 
one-tailed criteria by McConnell et al. 

(5, p. 250), Rosenblatt (4, p. 223), 
and Fjerdingstad et aL (7). 

3) Liver extrat reliability: Bryant 
et al, question the reliability of the ef- 
fects which we obtained from recipient 
groups that were given liver homogenate 
injections from shocked or nonspecific 
stress donors. The basis of this concern 
is elusive since the outcomes were sig- 
nificant with either one- or two-tailed 
criteria. Furthermore, Essman and 
Lehrer (8) found similar results with 
liver extracts from donors trained to 
escape from a water maze. 

Thus, there does seem to be some 
evidence that there are nonspecific 
transfer effects that may not be de- 
pendent upon RNA mechanisms. We 
stated this in our final paragraph as 
follows: "Since our studies were done 
with whole brain homogenates, no state- 
ment can be made regarding the effect 
of injections of pure RNA extract in 
interanimal transfer studies. We have 
shown, however, than an effect similar 
to that obtained with RNA can be 
demonstrated with stress-affected whole 
brain or liver substance" (2, p. 401). 
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