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CHAPTER I 

INTRODUCTION 

The rapid developments in molecular biochemistry 

during the past decade have been acclaimed by many individuals 

as the most creative since the rediscovery of Gregor Mendel's 

work in genetics at the turn of the century. Primarily, these 

advancements in molecular biochemistry have been due to a 

unique interdisciplinary approach involving many experimenters 

in such diverse fields as; biochemistry, biophysics, neuro

physiology, genetics, cytology, histology, and physiological 

psychology. Psychologists have recognized for some time that 

the process of learning must involve functional or structural 

alterations in the molecular biochemical properties of indi

vidual neurons. Only recently has the concept of biochemical 

change been used to explain learning and memory. For psycho

logists the most significant advances in this area have been 

the discoveries concerning the structure and function of 

deoxyribonucleic acid (DNA) and ribonucleic acid (RNA), 

According to recent biochemical theories reviewed by 

Watson (1968), the functional properties of all cells and the 

nature of their interaction with other cells are basically 

determined by protein synthesis. In turn, the type of proteins 
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manufactured and the rate of their synthesis are regulated by 

properties of DNA, DNA molecules act as "templates" in the 

manufacture of messenger RNA molecules (mRNA) inside the 

nucleus. These mRNA molecules then migrate into the cytoplasm 

and move over the ribosomes of the endoplasmic reticulum to 

serve as templates for protein synthesis. Soluble or transfer 

RNA molecules (sRNA) then transport specific enzymatically 

activated amino acids to appropriate sites along the messenger 

RNA, as determined by the base sequence of the mRNA. In this 

way specific chains of protein molecules are developed. The 

manufacture of a specific protein depends directly on the 

availability of the appropriate mRNA molecule. However, as 

Watson (1968) stresses, the rate-limiting factor in protein 

synthesis is the presence of sRNA and the availability of 

essential amino acids. 

If the sequence of bases of neuronal DNA and the appro

priate neuronal mRNA template does determine genetic poten

tialities of an organism, then these processes could function 

in information storage. This hypothesis has had a profound 

effect on a number of psychologists anxious to integrate the 

ideas and methods of psychology and related behavioral sciences 

with those from molecular biology. The area of psychobiologi-

cal research offers the possibility of determining a molecular 

basis for learning and memory phenomena. However, Gaito (1966) 

cautions researchers in this area to continue to consider the 

determination of correlations on a psychological, neurological, 



and biochemical level. 

Much of the effort to evaluate the ways in which 

exogenous RNA and DNA affects behavior in humans and lower 

organisms has been based on empiricism and on heterogeneous 

experimental procedures. Among the several techniques of 

experimentally controlling behavior used in psychobiology are 

those termed operant conditioning. In general, these tech

niques develop and maintain behavior by placing consequences 

on specific behavioral patterns. This experimental approach 

has been well described by Ferster and Skinner (1957), 

The principles of operant behavior have been useful 

in analyzing and controlling specific behavioral patterns 

under different schedules of reinforcement. Schedule-dependent 

influences are important because the responses made in antici

pation of reinforcement are objectively measurable and 

generally predictable. The schedule of reinforcement of some 

behavior (called a response) is a specification of the relations 

between the occurrences of responses and the occurrences of 

environmental stimuli; particularly those stimuli that affect 

the future frequency of occurrence of the response (called 

reinforcing stimuli). Occurrences of environmental stimuli 

can be made contingent on some numerical measure of responding; 

such as number of responses (ratio schedule), passage of time 

(interval schedule), or on some combination of response number 

and time. Ferster and Skinner (1957) have outlined sixteen 

chief classes of schedules within which there are many indi

vidual arrangements. Basic intermittent reinforcement 



schedules can be classified as ratio reinforcement or interval 

reinforcement. Both ratio and interval schedules may be fixed 

or variable. Because the ratio schedule v/as utilized in this 

study, a verbal explanation and a numerical example are appro

priate, A fixed-ratio schedule is one in which each rein

forcement occurs regularly on every n^^ trial (FR-n^^), For 

example, a FR-15 schedule is where every appropriate 15^^ 

response is reinforced. In this study an appropriate response 

has been defined in terms of the operation of all-or-none 

mechanical and electrical devices in a standard operant condi

tioning chamber. Various reinforcement schedules will be used 

to elucidate the effects of exogenous RNA on operant behavior. 

Purpose and Scope 

This research was an attempt to modify and analyze 

the behavior of unconditioned rats by injecting them with RNA 

extracted from the brains of rats which have been operantly 

conditioned. Biochemical techniques, histological methods, 

and the principles of operant conditioning will be utilized. 

The subjects in this research fall into the basic 

category of donor animals and recipient animals. The donor 

animals were divided into a conditioned group and an uncon

ditioned group. The conditioned group was magazine trained 

and placed on various fixed ratio water reinforcement 

schedules until a predetermined criterion was reached. The 

unconditioned group was adapted to the operant conditioning 



chamber for a specified time with no reinforcement. Both 

groups were sacrificed and RNA was extracted from their brains. 

The RNA pooled within each donor group was injected into the 

recipient animals. 

The recipient animals were divided into groups receiv

ing RNA from subjects either conditioned or unconditioned, A 

third recipient control group received saline only. All of 

these habituated groups were tested in an operant condition

ing chamber in two phases. During phase one a record of the 

number of magazine approaches upon presentation of auditory 

stimuli without reinforcement was taken. Phase two consisted 

of recording the number of bar presses over time during various 

fixed ratio schedules. The total number of magazine approaches, 

the total number of bar presses, and acquisition rates were 

statistically analyzed. 

Exploratory tissue slides were taken from an animal 

within each group to investigate the possible increase or 

migration of RNA in various structures of the brain. However, 

emphasis was placed on a behavioral analysis of terminal 

evidence. 

The hypotheses relating to groups across schedules 

were postulated as follows: 

I, Research Hypothesis: Animals injected with RNA 

extracts from trained animals will have the 

highest group mean response rate across all 

schedules. 



• II• Research Hypothesis: Animals injected with RNA 

extracts from untrained animals will have the 

second highest group mean response rate across 

all schedules, 

III, Research Hypothesis: Control animals injected 

with saline only will have the lowest group 

mean response rate across all schedules. 

IV. Null Hypothesis: There will be mo significant 

difference between group mean response rates 

across all schedules. 

H : A T — Xrv ~ Xr, 
O i ^ J 

The hypotheses relating to groups measured by maga

zine approaches were postulated as follows: 

I. Research Hypothesis: Animals injected with RNA 

extracts from trained animals will have the 

highest total magazine approaches. 

H* Research Hypothesis: Animals injected with RNA 

extracts from untrained animals will have the 

second highest total magazine approaches. 

Ill, Research Hypothesis: Control animals injected 

with saline only will have the lovzest total 

magazine approaches. 

IV. Null Hypothesis: There will be no difference 

between group total magazine approaches. 

^o' ^1 " ^2 " ^3 



Review of Previous Research 

While the possible relationships of ribonucleic acid 

to behavioral processes in animals have spav/ned an abundance 

of theories, direct experimental evidence implicating the 

role of RNA in learning and memory is still lacking. Approaches 

range from subjective observation of symptoms induced by 

injecting yeast RNA in untrained animals to objective studies 

of RNA effects on complex behavior of highly trained animals. 

Investigations have been fairly representative of the animal 

kingdom, subjects include man, monkey, bird, cat, dog, rat, 

mouse, fish, and flatworm. However, the bulk of research in 

the area of RNA and learning, and perhaps in the entire spec

trum of learning and memory, has primarily utilized rats and 

mice as laboratory subjects. 

The study of the effect of RNA on the behavior of 

living organisms has taken several directions. The pioneering 

efforts of Hyden (1959) suggested that RNA molecules might be 

modifiable by cellular activity and thus be capable of storing 

"memory traces," His approach led to considerable interest 

in the effects of learning upon the RNA content of neurons 

and glial cells. Also he was concerned with the possible 

ways in which coding might be carried out by analyzing exchanges 

at the molecular level. 

In an attempt to illustrate the complexity of the 

variables associated with this type of approach Hyden (1959), 

proposed the following: 
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The electrochemical environment of the nerve 
cell can be sensitively altered by the pattern 
of nerve impulses entering the cell which 
produces inverse changes in the base ratios of 
RNA in the neurons and glia. These novel RNA 
molecules direct the synthesis of new proteins 
which dissociate selectively, causing the 
release of transmitter substances at the synapse 
when the original bioelectrical pattern of 
excitation recurs. 

Directly related to the above functional hypothesis 

are two studies by Hyden that report changes in RNA content 

and base composition following exposure to a learning situa

tion, Hyden and Egyhazi (1962) trained a group of rats to 

climb a thin wire elevated at a forty-five degree angle which 

led to a platform where food was located. After one forty-

five minute session per day for four days the rats mastered 

this difficult task. A passive control group remained in their 

home cage. A second control group was rotated vertically and 

horizontally in a forty-five degree arc for the same length of 

time the experimental rats took to master their task. All 

animals were then sacrificed and the RNA in the Deiter nerve 

cells of the vestibular nucleus were analyzed. The experi

mental and active control groups showed an equal increase in 

total nuclear RNA content, but only the experimental group 

showed a significant increase in adenine and decrease in 

uracil. The authors suggested that the alteration in the 

adenine/uracil ratio showed task specificity for "learning" 

the wire-climbing task. 

Utilizing the same wire-climbing task Hyden and 

Egyhazi (1963) studied the differences in base amounts in glial 



cells. In the experimental rats the adenine content of glial 

RNA significantly increased while both uracil and cytosine 

decreased. Total nuclear RNA content increased equally in 

the cells of the active control and the experimental groups. 

No change in base composition resulted in either control group. 

All neuronal RNA base ratios replicated the base compositions 

reported by Hyden and Egyhazi (1962), The authors concluded 

that the content of RNA increases during stimulation in both 

neurons and glia. The rats involved in learning tasks produce 

specific changes in the RNA base ratios of both neurons and 

glia which indicate a "coding" process. 

In a comprehensive volume Hyden (1967) summarized his 

experimental data collected between the years 1959 and 1966, 

During those years Hyden and his co-workers have collected a 

tremendous amount of experimental data supporting his basic 

hypotheses. However, Hyden stressed that at the present time 

no comprehensive hypothesis exists that can consistently 

predict the complex phenomena of learning, long-term memory, 

and retrieval of information at the molecular level. 

The supportive evidence for Hyden's hypotheses will 

not be stressed in this review, for those who have followed his 

biochemical techniques have typically sought their terminal 

evidence in molecular and histochemical data rather than 

behavioral aspects. 

However, a number of psychologists inspired by Hyden's 

pioneering efforts perceived that RNA could be injected and 
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used as the independent variable and the learning task as the 

dependent variable. This method of studying the effects of 

RNA on learning has followed three distinct courses: 

1. Administration of purified yeast RNA to 

humans and lower organisms. 

2. Administration of agents to hydrolyze RNA 

e.g,, ribonuclease; or agents to prevent 

protein synthesis, e.g., puromycin, 

3. Administration of RNA brain extracts from 

trained animals to naive animals. 

Injections have been intraperitoneal, intravenous, 

intraventrical, intracisternal, and via permanently attached 

cannulae. A high degree of sophistication is needed to 

analyze the biochemical data. To obtain an objective view 

both positive and negative results will be presented within 

each section. 

Administration of Yeast RNA 

In a series of investigations Cameron and Solyom (1961) 

and Cameron, Sved, Solyom, Wainrib, and Barik (1963) adminis

tered RNA orally and intravenously to aged humans suffering 

arteriosclerotic or senile memory deficits. The arterio

sclerotic and senile patients were divided equally on the 

basis of administration of the RNA; either oral or intravenous. 

Appropriate control placebo groups were formed using a "double-

blind" procedure. On various post hoc psychological tests 



11 

(Wechsler Memory Scale, Memory Span, and Counting Test) all 

experimental groups relative to the placebo control groups 

yielded an average of 100 per cent improvement over previous 

scores. They reported that both oral and intravenous admin

istered RNA increased the rate of acquisition and retention 

of a classically conditioned galvanic skin response (GSR), 

The authors concluded that intravenous administration of RNA 

would be preferable, because less is required, but the shock

like effects (cramps and diarrhea) make such therapy imprac

tical. 

In a similar study Cook and Davidson (1963) injected 

intraperitoneally (I. P.) groups of rats daily for three days, 

one week, two weeks and one month. They used a pole-climbing 

avoidance task to test the effects of the injections. The 

authors reported the RNA groups were superior to saline 

controls in the acquisition of the avoidance responses at all 

treatment periods except the three day group. However, resist

ance to extinction was greater in the RNA groups for all 

periods. The experimenters suggested it was premature to 

conclude that the administered RNA directly affected learning 

because the behavioral changes could be the result of the 

interaction of the experimental parameters. 

Corson and Enesco (1966) examined the effect of I.P. 

injections of yeast RNA on two avoidance situations. In 

experiment one the RNA experimentals (injected v/ith RNA for*^ 

twenty days before and during the experiment) were required to 
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learn a spatial discrimination and reversal problem in an 

electrified two-choice discrimination box. The experimental 

group learned to avoid shock by running down a straight alley 

and entering the correct door. The correct door was then 

reversed and the rats were shocked upon entering the previous 

correct door. The results show that the RNA experimentals 

did not differ significantly from the saline group in revers

ing their behavior. 

In experiment number two the Cook et aj,. , (1963) study 

was replicated by Corson and Enesco and the results show that 

the animals given injections of RNA made fewer errors during 

acquisition and were more resistant to extinction than the 

saline controls. The authors concluded that the significant 

differences found by Cook e_t ajL, , (1963) were evidently a 

task specific avoidance situation. 

The Cook _et aĵ . , (1963) study was again replicated by 

Wagner, Carder, and Beatty (1966). They found the same posi

tive results. However, in a second experiment they found no 

general positive effects of yeast RNA injected rats trained 

on a food-rewarded discrimination task. The groups were 

injected with RNA or saline on the same treatment schedules 

as reported in Cook ejt ̂ . , (1963), The experimental groups 

received eleven daily training sessions of eight trials each 

on a Y-maze black and white discrimination task. In the 

initial training period half of the rats in each group were 

trained to go to the black arm and half to the V7hite arm of the 
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maze. The rewarded arms for each group were then reversed on 

the last day of injection. The correct responses and running 

speeds were recorded for the RNA experimentals and saline con

trols. There were no significant differences found for dis

criminations. However, there was a trend showing faster 

running speeds for the RNA experimentals. The authors concluded 

that RNA may increase general activity level, 

Ison and Taplin (1966) injected I.P. yeast RNA or 

saline into rats for forty-two days. On the thirty-first day 

the RNA experimentals were presented a series of Hebb-Williams 

detour maze problems two hours a day for eleven days. The RNA 

experimentals showed no general facilitation differences from 

the saline experimentals. However, a problem by injection 

interaction indicated that the injection led to better per

formance on the most complex mazes. 

Particularly germane .to the present study are a number 

of experiments evaluating the effects of RNA on rats in operant 

conditioning settings. Brown (1966a) conditioned rats to 

perform on a variable interval fifteen second (VI-15 sec.) 

food reinforced schedule following thirty consecutive days of 

daily I.P. injections with yeast RNA, A group of saline 

injected rats was similarly treated. Neither group received 

injections during conditioning. Fifteen consecutive sessions 

without an appreciable change in bar presses of one hundred 

reinforcements per session per day constituted asymptotic 

behavior. Both groups reached asymptotic behavior within the 
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same number of sessions; however, the RNA pre-treated rats 

developed nearly twice the lever pressing rate of the saline 

pre-treated group and were more resistant to extinction. The 

experimenter concluded that RNA has a stimulatory affect on 

performance by increasing the tendency to bar press; rather 

than to enhance learning. 

Using pigeons as subjects, Brown (1966b) studied the 

effect of RNA on reversal of a probability matching problem 

in an operant conditioning situation. The pigeons were condi

tioned to perform in a 70:30 probability of reinforcement 

situation in which the probabilities were cued on the basis of 

two different colored pecking keys presented simultaneously. 

The injection techniques, dosage amounts, and treatment periods 

were the same as Brown (1966a), A session constituted the 

pigeons receiving one hundred reinforcements on a FR-5 schedule. 

After reaching asymptotic behavior (ten days of consistent 

response ratios), the reinforcement probabilities were reversed 

for the two colors. Both groups reached pre-reversal asymp

totic at the same time; however, the RNA injected group had a 

significantly higher pecking rate. After probability reversal 

the RNA treated subjects required more than twice as many 

sessions, relative to saline subjects, to establish post-

reversal asymptotic. Surprisingly, the experimenter did not 

shift the subjects to an extinction schedule. Since the RNA 

treated subjects did not show a positive transfer of training, 

the authors hypothesized a purely stimulatory property of RNA, 
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Following Brown's findings, Siegel (1968) designed an 

experiment to assess the stimulatory properties of RNA on 

several components of an operant performance task. Pigeons 

were trained to respond to a VI-1 miinute food reinforced 

schedule during vzhite key illumination for thirty minutes. 

After a time out (TO) for one minute (no illumination), a FI-1 

minute food reinforced schedule during red key illumination 

was in effect for thirty minutes. After the subjects reached 

asymptotic, the drug phase was initiated. Half the subjects 

were injected with yeast RNA four hours before subsequent test

ing and half with saline. Then half the subjects in each group 

were designated as master birds and half were designated yoked 

birds. The master birds were again reinforced on the multiple 

VI-1 and FI-1 schedules while the yoked birds' reinforcements 

were dependent on the responses of the master birds. After 

yoked birds reached asymptotic (less than ten per cent change 

in responding) all animals were extinguished. All yoked birds 

showed a decrement in both VI and FI rates. Master RNA birds 

increased in overall FI rate and the VI rate remained at base

line. Unlike Brown's (1966b) study, the birds treated with 

saline were three times more resistant to extinction than the 

RNA group. Since there was neither an increase in VI perform

ance of the RNA master birds nor an increase in performance 

of the yoked birds, a generalized stimulatory affect was 

questioned by Siegel, 

Solyom, Beaulieu, and Enesco (1966) investigated the 



16 

effects of whole RNA as compared with hydrolyzed RNA on an 

operant conditioned task. One month prior to and throughout 

training the rats were given daily injections of whole RNA, 

hydrolyzed RNA, or saline. To facilitate training naive-

water deprived rats were placed in a Skinner box with rats 

already conditioned to bar press on a continuous reinforcement 

schedule (CRF) for thirty minutes each day until asymptotic 

was reached. After the naive rats reached an. asymptotic rate 

of responding (less than ten per cent variation) over five 

consecutive sessions, the master animals were removed for the 

duration of the experiment. All groups were then shifted to 

an average inter-reinforcement interval of two minutes (VI-2) 

for five days then extinguished for five days. The hydrolyzed 

RNA group revealed a significantly higher mean number of bar 

presses during CRF than the whole RNA or saline groups, with 

the latter two groups not differing. However, in both the 

VI-2 schedule and the extinction period the whole RNA group 

had significantly more mean number of responses than the 

hydrolyzed RNA or saline groups which did not differ from each 

other. The experimenter did not attempt to speculate whether 

the results should be attributed to increased activity, learn

ing, or motivation. 

Since DNA is similar in structure to RNA, differing in 

the sugar component of the molecular chain and the substitution 

of uracil for thyamine, it was hypothesized by Beaulieu and 

Solyom (1966) that DNA would facilitate acquisition. They 
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injected rats I,P. with DNA, DNA + RNA (at a 1:1 ratio), and 

saline daily beginning three weeks before the experiment and 

continuing until the duration of the experiment. The master 

training technique reported by Solyom et aj,., (1966) was 

utilized to obtain a faster acquisition of the bar pressing 

response. After master training all animals were exposed to 

four days of CRF and five days of a two-and-one-half-minute 

variable interval schedule (VI'-2%). No differences were found 

in acquisition of the bar pressing response in master training, 

the CRF schedule, or extinction. The only significant differ

ence found was the increase of mean number of bar presses of 

the DNA + RNA, relative to the other two groups, on the last 

two days of the VI-2% minute schedule. The experimenters 

speculate that a longer training period, a larger dosage of 

DNA alone or with RNA or both might reveal a significant effect 

The effects of exogenic RNA or its constituents are 

still highly speculative. However, there seems to be two main 

hypotheses around which data are collected. The first is a 

stimulatory effect which has been supported by Brown 

(1966a; 1966b) and Wagner e^ al.j (1966), These experimenters 

maintain that whole RNA acts as a behavioral stimulant result

ing in increased performance rate. The second hypothesis is 

formulated by Cook ejt ajL. , (1963); Ison and Taplin (1966); 

Solyom et aj.. , (1966); and Siegel (1967). All these experi

menters hypothesized that RNA has a short term facilitory 

affect upon acquisition of complex tasks. They cite Cameron 
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and Solyom (1961) and Cameron ej: ajL., (1963) for supportive 

evidence and generalizations to humans. However, Corson and 

Enesco (1966) maintain that RNA increases the "untrained 

likelihood" to respond, such as, the pole-climbing response 

of rats to avoid shock reported by Cook _et a_I. , (1963). 

Administration of Agents to Hydrolyze RNA 
or Prevent Protein Synthesis 

Earlier research on the flatworm by McConnell, 

Jacobson, and Kimble (1959) indicated that planaria could be 

classically conditioned to contract upon presentation of a 

light which had previously been paired with shock. After 

transection both the head and tail sections regenerated and 

retained the conditioned response. Corning and John (1961) 

speculated that RNA molecules might have been transmitted to 

the regenerating tissue. They conditioned planaria to contract 

(CR) upon presentation of a light (CS), The planaria were then 

transversely sectioned and allowed either to regenerate in 

pond water or a ribonuclease solution, which hydrolyzes RNA. 

After approximately sixteen days the tests for retention 

showed equal savings in worms that regenerated from head and 

tail sections in pond water and in head sections regenerating 

in ribonuclease. However, the tails that grew a new head in 

ribonuclease showed only random response. The authors 

suggested that the ribonuclease affected only the regenerating 

tissue; and this produced "memory" loss in the regenerating 

cephalic region. 
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In a subsequent study John, Wenzel, and Tschirgi (1961) 

found that when a ribonuclease solution was injected into the 

lateral ventricles of cats, a decrease in performance on 

pattern discrimination occurred. However, there was no decrease 

in the conditioned avoidance response to visual or auditory 

cues, 

Stevens and Tapp (1966), in an effort to replicate the 

study of John and his co-workers using rats, inserted cannulae 

into the lateral ventricles in the brains of rats which had 

previously been trained to discriminate visual patterns to 

obtain food or to avoid shock upon the presentation of a visual 

and an auditory stimuli. Solutions of highly concentrated 

ribonuclease were injected through the cannulae upon subsequent 

testing. Analysis indicated that there vjere no significant 

differences in number of correct discriminations, number of 

avoidance failures, or avoidance latencies follovzing ribo

nuclease injections. 

Davis and Agranoff (1966) reported that puromycin 

injected intracranially in goldfish produced gradual impair

ment of memory for a shock avoidance response. They conditioned 

the subjects to swim from a light to a dark compartment in a • 

shuttle box to avoid electric shock. After puromycin was 

injected intracranially the goldfish were retested for reten

tion. A significant decrease in avoidance responses, relative 

to placebo controls, were reported within thirty minutes after 

the last of twenty training trials. 
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Barondes and Cohen (1966) have reported similar effects 

of puromycin on memory in mice. Mice were injected bitempo-

rally with either puromycin or saline five hours before being 

conditioned to avoid shock by choosing the correct limb of a 

Y-maze, The mice were then divided into groups and retrained 

at 15, 45, 90, or 180 minutes. Puromycin-injected animals did 

not differ from saline controls in acquisition of the avoid

ance task within the first fifteen minutes. However, the 

puromycin groups tested at 45, 90, and 180 minutes all showed 

a significant progressive decrease in savings to less than 

seven per cent. The saline controls did not show any reten

tion loss. The experimenters concluded that their results 

and those of Flexner, J. B., Flexner, L. B., and Stellar 

(1963) showed no savings loss at an eight hour testing period, 

indicating a multiphasic memory storage process. 

Administration of RNA Brain Extracts 

The studies reported in this section involve the same 

parameters used in the design of the current study. As some 

studies are controversial, replications that present divergent 

results will be presented immediately after the original study. 

All other experiments that report.negative results will be 

presented at the end of this section. 

Using the classical conditioning paradigm of pairing 

light with shock, McConnell (1962) conditioned planaria (donor 

group) then individually ground them up and fed them to naive 
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2« ti^rina cannibal planaria (recipient group). When the 

recipient group vzas conditioned (light shock) they showed a 

significantly higher conditioned response rate during the 

initial trials than did controls which had ingested naive 

planaria. This difference tended to diminish as both groups 

neared asymptotic performance. The experimenter suggested a 

memory transfer hypothesis. 

Hartry, Keith-Lee, and Morton (1964) criticized the 

claim of McConnell that trained planaria fed to untrained 

planaria transfer to the untrained organisms a measure of 

their acquired abilities. Following McConnell's procedures 

Hartry and her colleagues substantiated his findings but did 

not find evidence of specific memory transfer. Instead they 

found that planaria which had cannibalized untrained planaria, 

exposed to photic stimuli only or handling only, also required 

significantly fewer trials to reach the conditioning response 

criterion of twenty-three correct responses out of twenty-five 

consecutive trials. The experimenters suggest that McConnell's 

work may be explained more parsimoniously by activation or 

sensitization, A number of researchers working independently 

with more common laboratory animals have reported similar 

transfer effects in the rat and mouse. 

In a pioneering study Fjerdingstad, Nissen, and 

Roigaard-Peterson (1965) tested the hypothesis that relates 

RNA and memory. One group of donor rats was trained in a 

two-alley runway in which the water reinforced response was 
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choosing a lighted alley rather than a darkened alley. The 

control group of donor rats were left in their home cages. 

To obtain the RNA preparations animals were killed quickly 

with a high concentration of ether, RNA was extracted from 

both groups following the phenol extraction method of Laskov, 

Margoliash, Littauer, and Eisenberg (1959). The RNA extracts 

were then injected intracisternally into two groups of 

untrained rats twenty-four hours before testing, A third group 

served as the control for anesthesia and handling. The 

recipient trained group required fewer trials to reach asymp

totic than either the recipient untrained group or the control 

group, in which no differences were found. The activity 

(trials per minute) across groups revealed no significant 

differences. The experimenters reached no definite conclusions, 

but reported that this particular design could be helpful to 

other researchers, 

Nissen, Roigaard-Peterson, and Fjerdingstad (1965) 

claimed that Fjerdingstad _et a^, , (1965) did not allow for the 

recording of variations in the RNA effect as a function of 

systematically varying the relations between primary training 

and test conditions. Using the same two-alley apparatus 

Nissen and his co-workers trained two donor groups to crite

rion (six errors or less in the sixty daily reinforcements 

for three successive days) on either light or dark preference. 

The RNA preparations were extracted using the techniques of 

Fjerdingstad ejt a_l,, (1965) and the same anesthetic control 
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group. The RNA extracts were injected into tv7o groups of 

animals, adapted and non-adapted to the apparatus. The 

results indicated that animals receiving RNA extract from 

rats trained to select the lighted alley reached criterion 

in fewer trials when reinforced for choosing the dark alley 

relative to the other group. The same inverse relationship 

was noted for the other recipient group. No interaction 

effects were noted for the adapted and non-adapted groups. 

The important contribution this study makes is to demonstrate 

that performance under test conditions is not determined by 

the RNA injection alone. 

In an experiment partly replicated in this study 

Babich e_t £Ĵ . , (1965) reported a similar "transfer of training" 

phenomenon. Donor rats were trained for 900 trials in a 

Skinner box to approach the food cup when a distinct click was 

sounded. A second group of donor rats were adapted to the 

Skinner box during the conditioning period. RNA was extracted 

from the brains of both groups using the procedure developed 

by Schneider (1957). Approximately eight hours later the RNA 

extract pooled within each group was injected into two groups 

of untrained rats. The recipient rats were tested for reten

tion at 4, 6, 8, 22, and 24 hours after injection. The rats 

receiving RNA extracts from the trained donors had signifi

cantly more total approaches to the food cup than the rats 

receiving injections of RNA from untrained donors. The 

experimenters cautioned that the improved performance sbouTd 
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not be considered direct evidence for the transference of a 

specific response. 

Gross and Carey (1965) failed to replicate the results 

of Babich and his co-workers in two successive attempts. They 

attribute their divergent results to some unknov/n procedural 

difference. They reported no intertrial trend for either group, 

Gordon, Deanin, Leonhardt, and Gwynn (1966) in a par

tial replication of the experiment by Babich et aJL. , (1965) 

reported negative results with no intertrial interval trend. 

However, Gordon and his co-workers used different apparatus, 

different strains of rats, fewer test sessions, different 

criteria for an "approach", and different biochemical extrac

tion techniques, Gordon and his colleagues claimed that the 

RNA extraction technique used by Babich contaminates the 

preparation with carbolic acid. The experimenters'activity 

scores for all animals before and after injections of RNA 

brain extracts were not significantly different. After get

ting negative results and acting on the possibility indicated 

earlier that the response observed by Babich and associates 

was attributable to increased activity, uridine and cytidine 

were injected I. P. Although uridine and cytidine have been 

reported to increase the electrical activity in the cat brain 

no significant increase in activity or responses to the click 

were noted relative to a saline injected control. 

Jacobson, A. L., Babich, Bubash, and Jacobson, Ann 

(1965) tested the theory that the transfer effect vras spe-

) 
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cific discrimination rather than general activity. Two donor 

groups were trained to approach the food cup upon presentation 

of a click or a blinking light. RNA was extracted from the 

brains of these rats after 900 trials using the same procedure 

as reported in Babich et aj,. , (1965). Approximately eight 

hours after extraction and four hours before testing, the RNA 

brain extract was injected into two groups of adapted untrained 

rats. The method of testing and the criterion of response V7ere 

identical to those used in the first experiment. There was a 

significant difference between the response to the click and 

the light. Furthermore, the animals receiving RNA from click-

trained rats responded significantly more times to auditory 

stimuli than did the animals receiving RNA from light-trained 

rats responding to visual stimuli. The authors suggest that 

since handling, nutrition, and adaptation in the Skinner box 

were matched for the two groups, the effect noted could be 

attributed to the transference of a specific response by RNA. 

In an attempt to demonstrate why transfer is appli

cable to other behavioral tasks, Jacobson, Babich, Bubash, 

and Goren (1966) designed a study involving a two-choice 

discrimination task. Two groups were reinforced with food 

for a correct choice in a two alley runway until criterion 

was reached. The correct choice was the "non-preferred" 

alley of a two alley runway being differentiated by a mesh 

screen floor and hanging colored beads (alley-A) or a strip

ped floor and colored jeweled lights (alley-B). After four 
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days of twenty-five reinforcements per day the animals were 

sacrificed and the RNA was extracted from the brains of each 

group following the procedure reported in Babich e_t aJL. , (1965). 

Approximately eight hours after extraction the RNA extract was 

injected I.P. into adapted untrained animals. The recipient 

groups were tested at 6, 9, 12, 22, and 25 hours after injec

tion for 25 trials. Rats injected with RNA from alley-A 

trained donors chose alley-A significantly more times than 

alley-B, The untrained recipients receiving RNA extracts from 

alley-B trained donors chose alley-B significantly more times 

than alley-A. The authors concluded that the specific train-

ing given to donor rats was a determinant of the subsequent 

choices of recipient groups. However, the experimenters made 

no effort to guard against place learning. 

In a massive series of experiments Rosenblatt, Farrow 

and Rhine (1966a; 1966b) and Rosenblatt, Farrow and Herblin 

(1966c) attempted to isolate the most significant variables 

affecting the "transfer of learning" phenomenon. These three 

reports analyzed data pooled from nineteen experiments. How

ever, Grossman (1967) has gleaned the.following tentative 

conclusions from this large number of experiments: 

The optimum effects of transfer were obtained 
when: the subject was required to respond to 
a definite cue (click) rather than to an 
unchanging aspect of the environment (lever); 
the task required a simple response (approach
ing a food cup) rather than a complex task 
(bar pressing); whole brain RNA extracts were 
injected instead of selected areas (cere
bellar); the brain extract was taken after 
the animal reached asyptotic performance; and 
when the RNA extract was pooled within each 
group. 
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As one can see, some of Rosenblatt's findings are 

disparent v/ith other published results. However, this report 

covers a wide range of behavioral tasks. 

Ungar and Oceguera-Navarro (1965) contributed toward 

the discovery of significant variables involved in the "memory-

transfer" by exploring the possibility of transferring habit

uation to repeated auditory stimuli by brain homogenate extracts 

They subjected rats to a loud 400 cps, tone until a habituated 

criterion (overt response to fewer than ten per cent of the 

stimuli) was reached. The brains were then removed and homog

enized. The brain homogenate from these animals was then 

injected I.P. into mice which had not been exposed to the sound. 

At the same time a control group of mice was injected with a 

similarly prepared homogenate of brain taken from non-habituated 

rats. Sixteen hours after injection the mice were tested by 

presenting 100 stimuli per session for fourteen days. Mice 

receiving brain extracts from habituated rats responded signif

icantly less frequently to the tone than mice receiving extracts 

from naive rats. 

Ungar's design and Babich's data should be evaluated 

in reference to the study reported by Carran and Nutter (1966) 

concerning the possibility that the transfer effect might 

vary with the degree of genetic homogeneity existing between 

donor and recipient animals. They trained donor mice of two 

strains to approach a food cup when a click was sounded. The 

mice were reinforced thirty-five times per session for four 
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sessions per day receiving a total of 600 reinforcements for 

four days. Activity level was recorded for all subjects. 

The animals from both groups were sacrificed and brain RT̂ A 

was extracted by the method reported in Babich et aj.. , (1965), 

Extracts from both strains of trained donors and from 

untrained adapted control donors were injected into untrained 

mice. Recipients of same-strain trained or different-strain 

untrained extract approached the cup significantly faster 

than those receiving either same-strain untrained or different-

strain trained extract. However, activity during a fifteen 

second interval between clicks was lowest for recipients of 

same-strain trained extract. The experimenters conclude that 

careful attention must be given to the reduction of genetic 

as well as environmental sources of error variance in further 

research of this type. 

The evidence for "transfer of training" is opposed 

by a very impressive array of negative results. Paramount 

among these studies is a massive project organized by 

W. L. Byrne and his colleagues at the University of California 

that replicated eighteen experiments in two independent labo

ratories. Byrne reports that not one of the eighteen "transfer 

of learning" studies supported the molecular theory of memory 

nor were there any definite favorable trends. However, as 

Byrne (1966) points out, "failure to reproduce results is not 

after all unusual in the early phase of research when all the 

relevant variables are as yet unspecified." 
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An attempt was made by Hoffman and Stewart (1967) to 

test the "RNA transfer hypothesis" by using a light-dark 

discrimination Y-maze task. One group of donor rats was food 

reinforced on seventy-two trials for choosing the lighted arm 

of a Y maze. The control groups consisted of: donor rats 

given a non-discriminative (reinforced fifty per cent of the 

time in each light or dark arm of the Y maze) task; donors 

maintained in their home cages; and a saline control group. 

After RNA extractions had been made and the recipient groups 

injected, the rats were tested for differences among groups 

in the Y maze. Results indicate that all groups did not 

differ significantly either in the number of errors made 

during training or in the number of trials necessary to meet 

a criterion of five consecutive correct responses. Neither 

a specific nor a general response tendency was transferred 

from the donors to the recipients. 

Branch and Viney (1966) evaluated the effects of 

RNA extracts on naive rats tested on a position discrimina

tion habit task. After fifteen successive food reinforced 

right turns in a double-alley maze, the rats were over

trained for thirty trials per day for three days. The donor 

untrained rats remained in their home cages and were given 

the amount of food that the trained rats received during 

reinforced trials. Using a phenol RNA extraction method 

similar to Babich et. aj.. , (1965) the pooled RNA preparation 

was injected I.P. into recipient groups. Four fifteen-
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minute test sessions were conducted at ten hours and twenty 

hours. Four recipients of extracts from each trained-control 

pair were rewarded for going to the right (an acquisition 

procedure) ; and the remainder of each group was not rewarded 

(an extinction procedure) regardless of the runway selected. 

Total correct and incorrect choices and running times revealed 

no significant group differences. Since the direction of the 

results consistently favored the "trained RNA extract" recip

ients, the experimenters suggest that future investigations 

should use more rigorous training for donor animals and 

larger RNA dosage levels for injections. 

Attempting to determine the significant variables 

involved in the "transfer of training" problem, Luttges, 

Johnson, Buck, Holland and McGaugh (1966) reported a series 

of experiments in which these conclusions were emphasized: 

Although the training schedules, extraction 
methods, and apparatus have proven very 
effective in other studies of conditions 
affecting learning and memory; findings of 
'transfer of learning' via RNA reported by 
others were not corroborated in our labora
tories. Furthermore, P32-Iabeled RNA was 
not found in the brain after intraperitoneal 
injections. Even intraventricular injections 
of nucleic acid produced no 'transfer effect'. 
Such negative findings suggest that the 
reported 'transfer effect', if it exists, 
is either a very limited phenomenon or a 
very difficult one to reproduce. 

This review of research concerning the effects of 

exogenic RNA on learning and memory makes it obvious that 

the variables involved are quite complex. The data tend to 

suggest that RNA is involved in the learning phenomena. 



31 

However, the question remains whether it has a general stim

ulatory action on cellular metabolism which in turn may 

heighten the activity level of the organism or whether it is 

specific and unique to the learning task. 



CHAPTER II 

METHODS AND PROCEDURES 

^ubjje£t^ 

Twenty-five 130 day old naive, male albino Sprague-

Dawley (Holtzman) rats were used in the experiment. The rats 

were housed, fed and watered in the Psychology Department's 

small animal laboratory. The weights ranged before water 

deprivation from 375 g. to 425 g. The weights at the begin

ning of conditioning and injection ranged from 325 g. to 

375 g. 

Apparatus 

The equipment used to collect the behavioral data 

consisted of two twenty-eight volt power supplies, two 

Lehigh Valley conditioning chambers, a Lehigh Valley control 

panel, a Forringer stepper and a Grason-Stadler cumulative 

recorder. The response bar was calibrated at twenty grams 

pressure needed to activate the dipper. The cumulative 

recorder was adjusted to twelve inches per hour and 100 steps 

per inch, resetting after five inches. The cumulative 

recorder plotted responses and reinforcements across time for 

each rat during the conditioning periods. Two non-resettin; 

counters were used to record bar presses during the adap̂ .a-

32 
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tion and conditioning periods. 

The biochemical and histochemical equipment included 

a cold sliding microtome, a quick tissue freezing CO^ plate, 

an evaporator, a Waring blender, and a 20,000 rpm. centrifuge. 

Pgpjggdures for Donor Groups 

The two donor groups consisted of five animals each: 

(1) RNA extracted from a trained rat (DT, Donor Trained); and 

(2) RNA extracted from an untrained rat (DU, Donor Untrained). 

Adapt in^ Q̂ _̂̂._.Tra in ing 

The ten donor rats were placed on a water deprivation 

schedule of twenty-three hours per twenty-four hours for one 

week. The rats were allowed to drink freely one hour every 

twenty-four hours. Five randomly selected rats received 

magazine training in a Lehigh Valley conditioning chamber by 

training them to approach the water dipper upon hearing a 

distinct click produced by the operation of the water dipper. 

The rats were hand "shaped" by successive approximations to 

press a bar in order to activate the water dipper. The 

animals were then shifted to a 100 per cent reinforcement 

schedule and later to fixed ratio (FR) schedules of FR-5, 

FR-10, FR-15, and FR-20. Each DT rat was conditioned to a 

daily criterion of 135 reinforcements for eleven days. The 

DT group received a total of 1500 reinforcements per rat in 

which fifty were magazine trainings; 325 were of 100 per cent 
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reinforcement schedule; and 1.125 reinforcements were fixed 

ratio schedules of FR-5, FR-10, FR-15, and FR-20. No addi

tional water was given to the DT group during conditioning. 

During the eleven day conditioning period each DU 

rat was adapted to the Skinner box with no reinforcement for 

one hour each day. The DU group was given a daily amount of 

water received by the DT group in its home cage. Both groups 

of donor animals were allowed unlimited access to Purina rat 

chow in their home cages. 

Sectioning; and Staining 

On the eleventh day of conditioning one rat was ran

domly selected from each donor group for brain tissue slides. 

In preparation for sectioning pressure was applied to the 

heart by grasping the chest area between the thumb and fore

finger. After the heart stopped beating the chest cavity was 

opened at the midline. Then 2 cc. of sodium nitrite were 

injected into the left ventricle to dilate capillaries in the 

brain. This was followed by 5 cc. of saline to wash the blood 

out of the brain. The rat was then decapitated by a gillo-

tine procedure. The brain, lacking the olfactory bulbs and 

medulla, was quickly removed and rapidly frozen on a CO2 block. 

The two brains were cut at the midline and both hemi

spheres of each brain were placed in a Carnoy fixitive for 

one hour. The brains were brought to five per cent ethyl 

alcohol (EtOH) vjithin four hours. Then fifty micron sagittal 
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sections were sliced from the left hemisphere. Davenport's 

(1960) technique of sectioning with a cold microtome provided 

helpful hints. 

As shown in Table 1, the tissue sections were selec

tively stained for RNA by utilizing the Methyl-Green-Pyronin 

Y method developed by Kurnick (1955). The only modification 

of Kurnick's method was the xylene and cedar oil reagents were 

combined at a 1:1 ratio for the final washing. The sections 

were then mounted in a synthetic resin (Permount). 

Extracting 

On the final day of conditioning the remaining eight 

brains, four from each donor group, were removed and frozen 

as quickly as possible. The brains of these animals were not 

perfused before removal. The frozen brains of the DT group 

were placed in a Waring blender with thirty ml. of cold ninety 

per cent phenol and thirty ml. of cold isotonic saline. The 

mixture was then homogenized for approximately three minutes. 

The remaining steps of the extraction technique developed by 

Schneider (1957) with modifications reported in Babich eX al,, 

(1965) are shown in Table 2. The extracted RNA was pooled 

within each donor group. 

Procedures for Recipient Groups 

The three recipient groups consisted of five animals 

each: (1) Naive rats injected with RNA extracted from trained 
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TABLE 1 

METHYL-GREEN-PYRONIN Y METHOD FOR STAINING RNA 
(KURNICK, 1955) 

Description of Procedure 

Preparation of Stain 
I, Make up a two per cent aqueous solution of Pyronin Y. 

II. Extract with CHClo by shaking in a separating funnel 
until the chloroform layer becomes colorless. 

III. Make up a two per cent aqueous solution of methyl 
green. , ; 

IV. Extract with CHClo as in step II. 
V. For use mix 12.5 ml. Pyronin Y solution and 7.5 ml. 

of methyl green with 30 ml. distilled water. 

Method 
I. Treat whole tissue in Carnoy fixitive." 

II, Bring to five per cent EtOH. 
III. Freeze and section. 
IV. Stain for six minutes in methyl green pyronin. 
V. Blot with filter paper. 

VI, Immerse in two changes of n-butyl alcohol, five 
minutes in each, 

VII. Immerse in xylene for five minutes. 
VIII. Immerse in cedar oil for five minutes. 

IX. Mount in Permount. 
Result 

Chromatin clear green, nucleoli bright red, cytoplasmic 
RNA bright red. Eosinophil granules and osteoid also 
stain bright red. 

^̂ Mix 100% EtOH and glacial acetic acid in a 3:1 ratio. 
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TABLE 2 

METHOD USED FOR EXTRACTING RNA 
(BABICH, et al., 1965) 

Description of Procedure 

I. Centrifuge homegenate (tissue, 90% phenol, isotonic 
saline) at 18,000 rev/min for 30 mins. at 0 C. 

II, Draw aqueous phase off carefully to- avoid contamina
tion with phenol or with the interphase. 

III. Bring aqueous phase up to a concentration of 
0,1M MgCl^. 

IV. Add two volumes of cold ethanol to precipitate the 
RNA. 

V. Centrifuge the suspension at 6,000 rev/min for 
15 mins, at 0 C. 

VI, Pour supernatant liquid off, 

VII, Evaporate off the remaining ethanol. 

VIII, Dissolve the RNA into the amount of isotonic saline 
desired for injection dosage, . 
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rats (RT, Recipient Trained); (2) Naive rats injected with 

RNA extracted from untrained rats (RU, Recipient Untrained); 

and (3) Naive rats injected with saline only (RS, Recipient 

Saline). 

Injecting 

The RNA extracts were injected into the RT and RU 

groups. The injection process was accomplished by dissolving 

the weighed RNA from the extraction groups into 2.0 ml. of 

.09 per cent saline. The amount injected into each rat was 

.4 ml. A controlled group was injected with equal volumes of 

.09 per cent saline only. Approximately six hours after 

extraction and four hours before the assigned period of test

ing all rats were injected and randomly assigned code numbers 

to designate RT, RU and RS groups. 

Sectioning and Staining 

Four hours after injection one rat was randomly 

selected from each of the three groups RT, RU and RS for com

parative tissue slides. Identical procedures were used for 

brain removal, sectioning and staining these brains as the two 

brains in groups DT and DU. 

Adapting and Testing 

Before injection all animals in the recipient groups 

were placed on a tv7enty-three hour water deprivation schedule 
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for one week. During the same week of water deprivation each 

rat was adapted to the Skinner box ten minutes each day for 

four days. The adaptation periods consisted of placing the 

rat in the Skinner box without the response bar, permitting 

two minutes to elapse, then delivering a series of empty 

magazine clicks spaced one per minute for eight minutes. The 

number of magazine approaches v/ere recorded to determine a 

baseline. The magazine approaches on the fourth day of adap

tation were used to compare magazine approaches after injec

tion. The criterion for an "approach" on a test trial 

consisted of the rat placing its nose inside a predetermined 

area surrounding the water dipper within five seconds of the 

click. No water reinforcement was given these rats during 

the adaptation sessions. 

The double-blind sessions of testing were divided 

into two phases. The first phase consisted of one session 

recording the "approaches" upon presentation of the empty 

magazine click. The same procedures were follov7ed as in the 

adaptation sessions. None of the animals received water as 

a reinforcement during phase one of testing. 

The second phase of testing began after the last rat 

was removed from the Skinner box and placed in his home cage. 

The response bar was inserted and calibrated to twenty grams 

pressure. The second phase consisted of each of the tv7elve 

rats being conditioned on various reinforcement schedules in 

the same sequence as in the magazine-approach test sessions. 
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The rats were placed on a 100 per cent reinforcement schedule 

contingent upon each rat's bar pressing rate without prior 

water reinforced magazine training. After twenty-five rein

forcements the rats were shifted to fifteen reinforcements at 

FR-5 and fifteen reinforcements at FR-10. If these criteria 

were met, the animals were extinguished for thirty minutes and 

removed from the conditioning chamber. If a period of thirty 

minutes elapsed with no bar presses at any period during the 

session, the animal v/as removed and the conditioning process 

was terminated. 

Experimental Design and Statistics 

The independent variables consisted of three injection 

groups and four reinforcement schedules. The three injection 

groups were: Recipient Trained (RT), Recipient Untrained (RU), 

and Recipient Saline (RS). The second independent variable 

consisted of four reinforcement schedules: 100 per cent, 

fixed ratio of five responses (FR-5), fixed ratio of ten 

responses (FR-10), and extinction (Ext.) 

Figure 1 illustrates the independent variables in a 

split-plot factorial (SPF-3.4) design (Kirk, 1968). Treat

ment effect (A) is the type of injection consisting of 

recipient trained (a-,), recipient untrained (a2) i and recip

ient saline (ao) groups. Treatment effect (B) is the type 

of reinforcement schedule consisting of 100 per cent (b-ĵ ), 

FR-5 (b^), FR-10 (b^), and extinction (b^) schedules. Kirk 
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(1968) states: "The main effects of treatment A are completely 

confounded with differences between blocks or sets of subjects 

which sacrifices power in testing treatment A effects." This 

design was chosen to utilize the inherent bias against treat

ment A to reduce the possibility of accepting group differences 

when they are nonsignificant. 

Table 3 shows the SPF design has two error terms. One 

error term corresponds to the pooled variation between sub

jects within injection groups (Sub w grps). The other source 

of error is the pooled interaction of schedule effects with 

subjects in each block (B x Subj w grps). Kirk (1968) states: 

"When testing for simple main effects of treatment A, the 

within cell error term should be utilized." Table 4 indicates 

the within cell error term consists of the two main effect 

error terms. 

The dependent variables consisted of responses per 

minute and total magazine approaches. The responses per 

minute were estimated from a cumulative recorder that plotted 

bar presses across time for each recipient animal. Group 

response means were calculated during reinforcement schedules 

to test for significant differences. The total magazine 

approaches of each recipient animal was recorded before and 

after injection. The Mann-Whitney U statistic was selected 

to test for significant differences in total magazine 

approaches between recipient groups. This statistical test 

was selected because an ordinal level of measurement was 



43 

TABLE 3 

ANALYSIS OF VARIANCE FOR MAIN EFFECTS 
TYPE SPF-p,q DESIGN 

Source 

1 Between Subjects 

2 Injections (A) 

3 Subj w grps 

4 Within Subjects 

5 Schedules (B) 

6 AB Interaction 

7 B X Subj w grps 

Total 

(P-

p(n-

df 

np-1 

p-i 

p(n-l) 

np(q-l) 

q-1 

-l)(.q-l) 

-l)(q-l) 

npq-1 

F 

(2/3) 

(5/7) 

(6/7) 



TABLE 4 

ANALYSIS OF VARIANCE FOR SIMPLE MAIN 
EFFECTS TYPE SPF-p.q DESIGN 

44 

Source df 

1 Between Subjects 

2 Between A at b 1 

3 Betv7een A at b, 

4 Between A at b, 

5 Between A at b 

6 Within Cell 

7 Within Subjects 

8 Between B at a 

Between B at a, 

10 Between B at a 

11 AB Interaction 

12 B X Subj w grps 

p-1 

p-1 

p-1 

p-1 

pq(n- l ) 

q-1 

q-1 

q-1 

( p - l ) ( q - l ) 

p ( n - l ) ( q - l ) 

(2/6) 

(3 /6) 

(4 /6) 

(5 /6) 

(8/12) 

(9/12) 

(10/12) 

(11/12) 

Total 
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apparent in the data and totals could be directly compared 

and contrasted. 

The chi square test for three independent samples 

was not utilized because of small expected frequencies. 

Siegel (1956) recommends; "Fewer than twenty per cent of the 

cells should have an expected frequency of less than five, 

and no cell should have an expected frequency of less than 

one." Tnis requirement was violated by these data primarily 

because of an insufficient number of subjects. 



CHAPTER III 

ANALYSIS OF RESULTS 

The only apparent overt ill health symptom in all 

animals during the entire adaptation, conditioning, and test

ing periods was an approximate body weight loss of fifteen 

per cent per animal. 

Donor Groups 

The RNA extracted from each donor group differed 

quantitatively. The average brain weight of DT animals was 

1.48 g. with an RNA yield of approximately .844 mg. per gram 

of tissue. The average brain weight of the DU animals was 

1.52 g. with an approximate RNA yield of .673 mg, per gram of 

tissue. The DU group showed only random infrequent bar press

ing during the adaptation period to the empty water dipper. 

The overt "startle response" diminished after three adaptation 

sessions. 

Figure 2 shows the relative response rates for the DT 

subjects during the final session of conditioning on the 

FR-20 schedule. Bar pressing rates did not differ signifi

cantly betv7een DT subjects on the day of extraction. 

The exploratory tissue slides yielded only rough esti

mations of RNA in specific brain structures of the DU and DT 

46 
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animals. The sagittal sections revealed a darker stain in 

the hippocampus of the DT animals than in the DU group. The 

hippocampal region of the DT rats was the only area that 

indicated a greater RNA density. Additional structures could 

not be clearly identified due to the fifty micron thickness 

of the tissue sections. 

Recipient Groups 

The mean RNA injection concentration was 2.043 mg. 

per ml, of .09 per cent saline for the RU group and 2.503 

mg. per ml. of .09 per cent saline for the RT group. 

Test Phase I 

The total magazine approaches out of eight possible 

approaches for each injected rat are presented in Table 5. 

It is evident that all animals increased their approaches 

after injection except RS subjects ten and twelve. Figure 3a 

shows that the trained and untrained recipient groups increas

ed and the saline control group decreased in total magazine 

approaches after injection. A series of Mann-l>/hitney U one-

tailed tests indicated the difference between the RT group 

before and after injection was significant at the .029 level. 

The RU group differed significantly at the ,057 level before 

and after injection. However, the RS group did not differ 

significantly in total magazine approaches before and after 

injection. 

Figure 3b illustrates the increase in differences of 
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TABLE 5 . 

TOTAL MAGAZINE APPROACHES BEFORE AND AFTER INJECTION 
FOR NAIVE RECIPIENT ANIMALS 

RT 

SI 

S2 

S3 

S4 

Tota 

Injection 
Before After 

1 

3 

0 

0 

1 4 

4 

6 

2 

5 

17 

RU 

S5 

S6 

S7 

S8 

Injection 
Before After 

1 

3 

0 

1 

5 

2 

5 

2 

4 

13 

RS 

S9 

SlO 

Sll 

S12 

Injection 
Before After 

0 

3 

0 

2 

5 

1 

1 

1 ' 

1 

4 

^ w a d l l 

SVX31 'louaani 
3931103 ivn«nni(iN»,.r,3i svxai 
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magazine approaches between groups after injection as com

pared with the magazine approaches prior to injection. All 

Mann-Whitney U one-tailed tests revealed no significant 

differences between groups prior to injection. After injec

tion each RT and RU group differed significantly from the RS 

group, both at the ,014 significance level. However, the RU 

and RT groups did not differ significantly in total responses 

at the ,05 level of significance. 

Test Phase II 

An analysis of variance on the number of bar presses 

per minute between RT, RU and RS groups across reinforcement 

schedules was significant as shown in Table 6. The main 

effect of schedules was highly significant. Because the 

group by schedule interaction was significant, the test for 

simple main effects was conducted. 

Table 7 provides a complete summary of the multivariate 

analysis of variance of all simple main effects and the group 

by schedule interaction. Group effects at the 100 per cent, 

FR-5 and Extinction schedules were all nonsignificant. How

ever, group effect at FR-10 was highly significant. The 

differences between groups at each schedule are illustrated 

in Figures 4 and 5. The RT group shows a highly significant 

increase in bar presses per minute at the FR-10 schedule 

while the RU and RS groups show a decrease in response rate. 

All injection groups show an increase in response rate V7hen 
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TABLE 6 

ANALYSIS OF VARIANCE FOR THE EFFECTS OF INJECTIONS 
UPON PERFOPvMANCE OF SCHEDULES 

Source SS df MS 

Between Subjects 965.81 11 

Injections (A) 635,38 2 317.69 8.65 .01 

Subj w grps 330.43 9 36,71 

Within Subjects 1175,46 36 

Schedules (B) 307.04 3 102.34 6.86 .001 

AB Interaction 465.85 6 * 77.64 5.20 .001 

B X Subj w grps 402.57 27 14,91 

Total 2141,27 47 
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TABLE 7 

ANALYSIS OF VARIANCE FOR THE EFFECT OF INJECTIONS 
UPON PERFORMANCE AT EACH SCHEDULE 
AND SCHEDULES UPON EACH GROUP 

Source 

Between Subjects 

Between A at b. 

Between A at b^ 

Between A at bo 

Between A at h. 

Within Cell 

Within Subjects 

Between B at a-i 

Between B at a« 

Between B at a^ 

AB Interaction 

B X Subj w grps 

Total 

SS 

42.55 

98.05 

906.94 

53.69 

733.00 

125.87 

591.00 

56,02 

465,85 

402.57 

2141.27 

df 

2 

2 

2 

2 

36 

3 

3 

3 

6 

27 

MS 

21.27 

49.02 

453.47 

26.84 

20.36 

41.95 

197.00 

18,67 

77,64 

14.91 

F 

1.04 

2.40 

22.27 

1.31 

• 

2.81 

13.21 

1.25 

5.20 

P 

N.S, 

N.S. 

.001 

N.S. 

.06 

.001 

N.S, 

.001 
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shifted to the FR-5 schedule. Figure 5 indicates an inter

action between the RT and RU groups at the FR-5 schedule. 

As shown in Table 7, the simple main effects of schedules 

upon groups reveal highly significant differences in sched

ules upon the RT group; a trend toward significant differences 

in the RU group; and no significant differences in the RS 

group. Figure 6 illustrates the group by schedule interaction. 

Tables 8 and 9 summarize a series of £ priori t tests 

conducted to reveal significant differences in orthogonal 

comparisons between group means at each reinforcement schedule. 

Table 9 shows all mean comparisons between groups at the 100 

per cent schedule are nonsignificant. The greatest number of 

significant differences between group means are at the FR-10 

schedule. The FR-10 schedule was the only schedule showing 

a significant difference between mean response rate of the 

RT and RU groups. A multiple comparison post hoc test devel

oped by Schefee reveals significant differences at the ,05 

level of significance when RT and RU group means are combined 

and contrasted with the RS group mean. 

Figure 7 illustrates cumulative responses across time 

for recipient groups during the entire testing period. The 

RT and RU groups required approximately the same amount of 

time to reach all schedule criteria. However, the RS sub

jects required approximately twice as long to complete the 

testing period. The ler.st total number of bar presses v/ere 

cumulated by the RS group. The RT group cumulate.] appro: i-
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TABLE 8 

GROUP MEANS AT EACH SCHEDULE 
BAR PRESSES PER MINUTE 

Schedules 

100% 

FR-5 

FR-10 

EXT. 

Total Means 

Trained 

7.60 

9.53 

21.01 

5.18 

10.83 

Untrained 

7.50 

10.55 

6.86 

2,69 

6.90 

Saline 

3.56 

4.04 

0.16 

0.00 

1.94 
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TABLE 9 

ORTHOGONAL COMPARISONS OF GROUP 
MEANS AT EACH SCHEDULE 

Schedules 

100% 

FR-5 

FR-10 

EXT. 

Total Means 

Mean 
Comparisons 

T-U 

T-S 

U-S 

T-U 

T-S 

U-S 

T-U 

T-S 

U-S 

T-U 

T-S 

U-S 

T-U 

T-S 

U-S 

t-test 
One Tailed 

0.03 

1.26 

1.23 

-0.32 

1.72 

2.04 

4.43 

6,22 

1.-78 

0.78 

1.62 

0.84 

1.83 

4.15 

2.31 

Level of 
Significance 

N.S. 

N.S. 

N.S. 

N.S. 

.05 

.025 

.001 

.001 

.05 

N.S. 

,06 

N.S. 

.05 

.001 

.025 
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mately 400 more total responses than the RU group. The 

significant increase in responses for the RT group was pri

marily during the FR-10 schedule. 

Figures 8, 9 and 10 illustrate subject variability 

within each recipient group across schedules. As shown in 

Figure 8, all RT subjects significantly increased in responses 

per minute when shifted to the FR-10 schedule. Figure 9 

illustrates that an increase in the RU group response rate 

at the FR-5 schedule was primarily attributed to subject 

eight. Relative to the RT and RS groups, the RU group showed 

the highest betvzeen subject variability across all schedules. 

The RS subjects that reached the FR-5 schedule criterion 

showed a significant trend to extinguish bar pressing behavior 

(Figure 10). Subject twelve was the only RS animal shifted 

to the FR-10 schedule. The remaining RS animals were removed 

because no responses were recorded V7ithin a thirty minute 

period. None of the RS subjects met the FR-10 schedule 

criterion. 

Figures 11 and 12 illustrate the relative response 

rates between groups at each schedule* Significant differ

ences in response rates between groups are more numerous at 

the higher fixed ratio schedule. The RT group has the highest 

response rate at all schedules except FR-5. The absence of 

a response rate for the RS group at the extinction schedule 

indicates all RS subjects were extinguished. 
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Fig. 11a,b -- Relative response rate of recipient groups 
(a) 100% schedule (b) FR-5 schedule. 
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CHAPTER IV 

DISCUSSION 

The most evident finding of this study was a predom

inant increase in total magazine approaches and bar presses 

per minute in rats injected with RNA extracted from the brains 

of rats trained to bar press or rats adapted to a Skinner box. 

A third group of animals injected with saline only did not 

show a significant increase in either total magazine approaches 

or bar presses per minute. As cumulative totals reveal in 

Table 5, page 49 and Figure 7, page 60, there was a fourfold 

increase in total magazine approaches and bar presses per 

minute for the recipient trained group and a threefold increase 

in performance for the recipient untrained group relative to 

the saline controls. 

A discussion of three possible interpretations of 

these data are presented. The first interpretation suggests 

that exogenous RNA has a general facilitory affect upon the 

acquisition of behavioral tasks. This view implies that 

RNA, regardless of its source, is a nonspecific "learning 

or memory enhancer." As discussed in the introductory chapter, 

Cameron et al,, (1961; 1963) administered RNA orally and 

intravenously to aged humans suffering arteriosclerotic or 

senile memory deficits. They found that comparing scores on 

67 
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various memory scales before and after administration of 

yeast RNA resulted in a 100 per cent average improvement in 

scores across all tests relative to placebo and test-retest 

controls. The study of Cameron and his co-workers indicated 

that yeast RNA exerted a generalized enhancement of memory. 

In a previously discussed series of experiments, Rosenblatt 

£t £1., (1966) reported that in cases in which a successful 

transfer did occur, the recipient trained group often acquired 

a few extremely high performance scores while the majority of 

the recipient trained and recipient untrained animals revealed 

a moderate increase in performance measures with no signifi

cant differences between groups. They indicated that RNA 

extracts, regardless of the source, produced a generalized 

learning effect. 

These data seem to support the view of a generalized 

facilitory learning effect of RNA because the total number of 

magazine approaches of the recipient trained group and the 

recipient untrained group did not differ significantly. In 

addition, the only significant difference in bar presses per 

minute between the recipient trained and recipient untrained 

groups was at the FR-10 schedule. However, the performance 

of the two groups during the extinction schedule poses prob

lems for this approach. If resistance to extinction is 

considered solely in terms of rate of responding, then the 

results of the present study would support the generalized 

facilitory RNA extract interpretation. Most contemporary 
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learning theories regard extinction as learning an alterna

tive response contingency, i.e., learning not to press the 

bar. If the extinction schedule is interpreted as the latter 

view, then the subjects receiving the higher concentrated 

dosage of RNA extract should be the least resistent to extinc

tion, i.e., lowest total responses and lowest response rate. 

These data do not support this assertion. Figure 12b, page 66 

illustrates that the recipient trained group acquired the 

highest response rate relative to the recipient untrained 

group during the extinction schedule. RNA must be considered 

a "learning depressant" if the general facilitory learning 

hypothesis is adopted to explain these data. 

A second approach that could be used to interpret the 

data is one supported by Corning and John (1961); McConnell 

(1962); Babich ejt al., (1965); Fjerdingstad et al. , (1965); 

and Jacobson jet ajL. , (1965; 1966), These experimenters 

hypothesized that a specific tendency to respond is transferred 

by brain RNA extracted from trained animals. As shown in 

Figure 12a, the significant difference in bar presses per 

minute at the FR-10 schedule between the recipient trained 

and recipient untrained groups could be attributed to a trans

ference of a tendency to bar press. If this approach is 

adopted, RNA extracted from trained donor animals should 

inhibit learning not to respond during the extinction schechile. 

This interpretation is supported by the data in Figure 12b 

which illustrates that the recipient trained animals recorded 
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the highest cumulative response rate. 

The specific response hypothesis predicts that animals 

receiving RNA extracts from untrained donors should not show 

an increase in a tendency to respond relative to recipient 

trained animals.and saline controls. The study of Babich 

et aJL,, (1965) showed that the ratio of total magazine 

approaches of the recipient trained group to the recipient 

untrained group was 6:1, respectively. In this study the 

ratio of total magazine approaches of the recipient trained 

group to the recipient untrained group was 1%:1, respectively. 

As shown in Table 5, page 49, the ratio of total magazine 

approaches of the recipient untrained group to the recipient 

saline group was approximately 4:1, respectively. Table 9, 

page 59 shows significant differences in mean number of bar 

presses per minute between the recipient untrained and recip

ient saline groups at both the FR-5 and FR-10 schedules. The 

recipient untrained group acquired a higher mean response 

rate than the recipient trained group at the FR-5 schedule. 

Possibly, the RNA extracted from the untrained donor group 

transferred an adaptation effect that•elicited an appropriate 

response from the recipient animals upon presentation of the 

"click" and the response bar. 

The third hypothesis, a particularly attractive 

interpretation, is consistent with most of these data. Brown 

(1966a; 1966b) and Wagner jet aJ,, , (1966) suggested that the 

reported "learning enhancement" effect of exogenous RNA 
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may reflect no more than "enhancement" of performance. This 

approach considers RNA to be a behavioral stimulant that 

increases the general activity level of the organism. If it 

can be presumed that RNA produces an activating affect upon 

behavior, then a possible explanation of these data can be 

afforded. The acquisition of the bar pressing response was 

obviously contingent upon the frequency with which the rat 

would emit operant behavior. The more active the subject was 

the greater the probability that the appropriate behavioral 

approximation to the bar would occur. Thus, the stimulus-

response (S-R) relationship of learning should develop more 

rapidly. Figure 7 indicates that after the 100 per cent 

schedule is completed both groups receiving RNA extracts showed 

a significant increase in response rate during the remaining 

schedules relative to the saline controls. If RNA is consid

ered as a behavioral stimulant, then the cumulative response 

rates shown in Figure 12b are predictable. Both groups showed 

a steady increase in response rate during the extinction 

schedule. The recipient trained group was the most resistant 

to extinction measured by total bar presses and responses per 

minute. 

In tasks requiring discrimination of a definite cue 

stimulus, such as the click produced by activation of an empty 

water dipper, activity level should not significantly effect 

change probability of a correct response. However, in the 

phase one testing period of this expei^iment both groups receiv-
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ing RNA extracts differed significantly in total magazine 

approaches from the saline controls. Unfortunately, no control 

data were available for evaluating the significance of random 

activity in this experiment, as distinct from the magazine 

approaching behavior. 

As discussed in the introductory chapter, numerous 

researchers failed to show a significant difference between 

the recipients of RNA extracted from trained or untrained 

donor animals. Many experimenters failed to report that a 

specific or a general response tendency was transferred from 

the donors to the recipients. Possible interpretations for 

these negative results are: (1) intraperitoneally injected 

RNA did not reach the brain in large enough quantities to 

produce an effect; (2) RNA reached the glial cells in an 

altered structural arrangement V7hich disrupted the experien

tial code needed to facilitate learning, or (3) the macromolecu-

lar RNA did not pass the brain-blood barrier. The exploratory 

brain tissue slides of the recipient groups revealed no dif

ference in density or location of stained RNA. A number of 

studies have corroborated these findings utilizing radio

activity labeled RNA tracer molecules (Eist and Seal, 1965; 

Sved, 1965; and Luttges et aJ.. , 1966), These studies have 

examined the question of whether macromolecular RNA or its 

breakdown products can be reutilized in cellular nucleic acid 

synthesis or how rapidly and in what form it is excreted from 

the body. Pertinc-ut to this stuciy ras the query, is exorenous 
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RNA directly incorporated into brain tissue. The results 

from previous experiments suggest that exogenous RNA injected 

into the blood is rapidly degraded to nucleosides, ribose 

phosphate, and free bases. The general technique was to 

inject either P^^ (phosphate) labeled yeast RNA or ribose-C^^ 

(sugar-carbon) labeled yeast RNA in 50 mg. daily doses for 

approximately six days. The animals V7ere then sacrificed at 

various intervals ranging from five hours to twenty-four hours 

after injection. An autopsy was performed to measure radio

activity incorporated into different tissues. 

The results indicated that the small amount of radio-

activity incorporated into the choroid plexus and the ependyma 

of the brain was considerably lower than the other organs 

tested. These organs, ranked by the amount of incorporated 

radioactivity, were: intestinal crypts, liver, kidney, spleen, 

and pancreas. Much of the administered radioactivity was 

found in the CO^ exhaled within five hours. The early high 

concentrations of radioactivity were rapidly cleared from the 

peritoneum and the blood and were excreted in the feces and 

urine. 

Because these studies labeled only the phosphate 

molecule or the carbon molecule of the ribose sugar, it vzas 

possible that the untagged purine and pyrimidine bases V7ere 

left free to pass into the glial cells untraced. Hov7ever, in 

a recent study, Enesco (1966) labeled the RNA bases with C2 

Co-RNA and corroborated the findings of the above studies 
o 
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using radioautographic techniques, Enesco offered this conclud' 

ing statement: "It is still possible that circulating free 

nucleotides or xanthine bases may act as brain stimulants, 

and are responsible for the pronounced effect of exogenous 

RNA on some types of learning in rats," 

Although the results of the tissue slides of this 

study support the RNA tracer findings, the behavioral data 

reveal that an injection effect did occur. The possibility 

should not be overlooked that other substances in the whole 

brain extract might have affected the performance of the 

recipient animals. , . 



CHAPTER V 

CONCLUSIONS AND RECOMMENDATIONS 

A variety of hypotheses advanced in the past decade 

has attempted to relate memory and learning to intracellular 

biochemical events. To many theorists this assumes that one 

can somehow establish a cause-effect relationship between 

events at one level of organization with those at another. 

In psychobiological literature there is much information on 

correlated or associated events, but very fev7 studies report 

cause-effect relationships. The present data did not allow 

any conclusions to be drawn as to causal relations. The aim 

of this study was to modify and analyze the behavior of uncon

ditioned rats by injecting them V7ith RNA extracted from the 

brains of rats which were operantly conditioned. The study 

was organized and designed to measure naive rat performance 

affected by injections of RNA brain extracts and to allow for 

any possible correlation between RNA and learning. 

All research hypotheses that related to injection 

affects upon group performance measured by bar presses per 

minute were accepted. The following conclusions were: (1) a 

group of naive animals injected V7ith RNA extracted from the 

brains of trained donor animals pressed a response bar at a 

significantly higher response rate across all schedules than 

75 
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groups of animals injected with RNA extracted from the brains 

of untrained donor animals or with saline only; and (2) a 

group of naive animals injected with RNA extracted from the 

brains of untrained donor animals pressed a response bar at 

a significantly higher response rate across all schedules 

than a group of animals injected with saline only. All 

research hypotheses measured by total magazine approaches 

were accepted with the exception that the recipient trained 

group and the recipient untrained group did not differ 

significantly. 

Although a stimulatory hypothesis seemed to predict 

most of the findings in this study, it is doubtful that RNA 

brain extracts should be considered strictly as a behavioral 

stimulant that affects the central nervous system which 

increases the general activity level of the organism. It 

appeared from the data presented that a specific "response 

tendency" was transferred via RNA brain extracts from the 

trained donor animals to the recipient trained group. The 

significant differences between the recipient untrained group 

and the recipient saline control group were attributed to the 

stimulatory effect of the RNA brain extract. The saline 

control group responded as animals improperly shaped to press 

a bar, i.e., short periods of rapid responding and long periods 

of no responding. 

The data indicated that performance under test condi

tions V7as not deterunn^cl by the RNA injection alone, Rathor, 
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it was the product of the injected RNA extract and the total 

past and present milieu of the subject. Other contributing 

factors may be variations in dosage and site of injection, 

undetected internal injuries resulting from injection, indi

vidual differences in threshold or sensitivity to the extract, 

and adaptation procedures. 

The negative findings of the exploratory brain tissue 

slides supported the RNA tracer studies. Contamination of 

the extraction by substances other than RNA may answer the 

queries created by these data. 

If biochemical concepts are to make a significant 

contribution in future psychological theories the .following 

interrelated questions must be answered: 

1. Does RNA have an effect? 

2. If an effect occurs, is it general or specific? 

3. What constituents-cause the effect? 

4. Where does the effect occur? 

A much firmer foundation of the biochemical processes 

involved in learning is necessary before attempting to explain 

such second-order phenomenon as the biochemical transfer of 

learning, 
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