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aiAPTER I 

INTRODUCTION 

Purpose 

Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) have 

been demonstrated to be implicated in the storage of genetic infor>-

mation. Of late, the relatively stable DNA has been thought to be 

involved in memory storage, although most researchers suggest that 

the more labile RNA may serve this function better. 

In order to better understand the role of RNA in the memory 

process, the effect of increasing task complexity in a three-lever 

operant conditioning chamber on cerebral RNA will be studied on twenty-

five hooded male rats. The animals will be divided into five groups, 

each of which will be trained on a chained operant conditioning task, 

each lying on a response continuum of increasing complexity. The low 

end of this continuum constitutes a single lever pressing response and 

the high end consists of a four-membered chained operant response, namely, 

pressing three levers in an ABAC order. Stable behavior will be induced 

by continuing the daily fifteen-minute training sessions for a period 

of twelve days after the animal has attained the criterion of fifteen 

correct responses. Then, quantitative RNA determinations will be made 

on four cerebral areas using the orcinol and diphenylamine reaction for 
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spectrophotometric analysis of the pentose sugars of the nucleic acids. 

Mixed analysis of variance designs and EUncan's multiple range 

test will be used to test the effects of increasing response complexity 

on cortical and subcortical RNA concentration. 

General Orientation 

One hundred years hence, when the history of the midtwentieth 

century psychological investigation of behavior is written, a prominent 

chapter will undoubtedly be devoted to emphasizing an important change 

in investigatory trends and theoretical formulations. It will be noted 

that this "young" science, within the short span since its historical 

inception in the middle nineteenth century, had made a tremendous ad

vance. From the initial preoccupation with psychophysical problems and 

the attempts to explain and to predict human behavior with early paper 

and pencil tests, to the somewhat neglected and often misapplied break

through by Pavlov, et al., the work of men like Lashley, Hull, Koch, 

Guthrie, Skinner, Harlcw, Estes, Brunswick, Postman, Olds, Akert, Pribram, 

Lindsley, Brady, R. Cattell, N. Miller, Stevens, Sidman, Eysenck, Guil

ford, Rosenzweig, Krech and many from related fields, such as Hyden, 

r̂ Drrell, Jasper, Hess, Penfield, Delgado, Morruzi and many others, will 

be perceived as having inaugurated a new era of behavioral investigation. 

In 1964, only a few psychologists were left who still, explicitly or 

implicitly, deny the fact that psychology is a biological science and 

that for every behavioral expression there is a concomitant activity 

on a physiological or molecular level. 

There are also psychologists who tacitly accept these concomi

tant changes by relying excessively on intervening variables or hypo-



thetical constructs. The latter, a residue from the often denied par

entage of philosophy, has been immensely useful at times, to wit, I,Q,, 

motivation, etc, Unfortionately, their tenacity in remaining in the 

foreground of theory-formulation outweighs their initial usefulness. 

The pendulum of psychological investigation swings from the 

"social science" end to Hebb»s "pure biological" opposite. For a long 

time, it seem.ed to have had only two extremes at which to stop. At 

times it rested at the stimulus end and, at other times, at the res

ponse end of the S-R path of theorizing. Woodworth, in 1932, gave it 

a middle position at which to rest, for he added the "organismic var

iable" and from then on S-O-R was used by psychologists, at least on 

the verbal level. On a conceptual level, the "0" variable was divided 

into a molar and molecular realm, and the latter was usually subsumed 

under vague definitions such as "interoceptive cues," "movement-produced 

stimuli," or "covert responses". This area was often left to the 

physiologist and neurologist who, although using the term "behavior", 

meant the functioning of organs or systems. Later, due to the pioneer 

work of Goltz, Hitzig, Fritch, Hess, Lashley and many others, the covert 

realm of behavior was studied in terms of ablation, implantation and 

neuroelectrophysiological methods. Much excitement was generated and 

many, many animals sacrificed in order to study cerebral localization. 

Soon, however, it was recognized (Wikler, 1957) that too many of the 

neurophysiological theories were based on three major, unproven assump

tions: (1) That if destruction of a given anatomical locus in the ner

vous system results in a specific functional deficit, the function in 

question resides in the locus, (2) That drugs produce behavioral change 
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by "stimulating" or "depressing" circumscribed loci in the central 

nervous system in a manner identical with that effected by surgery or 

electrical stimulation, and (3) Ihat a given locus has "a" function 

which it exercises, regardless of the history of the organism, the object 

of its activities, the stimulus arrangements and the conditions of the 

internal and external environment, Wikler*s formulation was followed 

by a more cautious interpretation of data; the "double blind study" 

paradighi was used more and more, Postsymposia recommendations included 

statements expressing a need and desire for interdisciplinary research. 

From Lashley*s (1922) bold ablation and cortical undercutting 

experiments to the most refined techniques of EEG implantation during 

the last ten years there was a tremendous step, only to be further com

plicated by the discovery of a new frontier, intraneuronal cellular 

mechanisms and biochemical activities on a microcellular level. 

• Thudichum's (1884) neurochemical approach to behavior had to 

wait almost sixty years before utilization and recognition by others. 

It is true that biochemists worked consistently and successfully on 

neurochemical problems, but they studied "behavior" of cells, of organ 

systems, and were not concerned with the multidimensional phenomena 

of complex behavioral interactions. 

Although this study deals with some biochemical correlates of 

behavior, and the general orientation will be a psychophysiological 

one, it is realized that there are many facets of behavior, and no app

roach can claim infallibility. 

Review of the Literature 

In the area of neurochemistry related to psychological behavior. 



it was only quite recently that Ihudichum's highly original work re

ceived its proper recognition in terms of vigorous continuation 

throu^ the work of: Russell (1954); Kr^ch et al. (1956, 1958, 1960); 

Pierce (1959); Rosenzweig et al. (1958a,b,c); Morrill (1961a,b); 

Rash (1961); McConnell (1959); Lieberman (1962); Flyden (1961a,b); 

Hyden and Pigon (1960); Brattgard and Hyden (1954); and Coming and 

John (1961). 

The interest and work of these men to find biochemical corre

lates of behavior can be divided into two main approaches. One ap

proach is the study of enzymes and metabolites of neuronal tissues, which 

is exemplified by Rosenzweig's California group, and the other, of single 

neuronal cells, which is best represented by Hyden, et̂  al_,, at the Uni

versity of Gttteborg, Neither of these groups is the founder of its 

particular approach, but they provided the impetus, direction and, most 

of all, outstanding results. The California group used the findings of 

many workers that change of behavior is somehow associated with changes 

of chemical activity in a synaptic level. Ihey investigated, at first, 

cholinesterose (ChA), an enzymatic inhibitor of acetylcholine (ACh), 

and of late (Rosenzweig, et al., 1962), acetylcholine directly, as it 

is modified by psychological variables. Hyden and others were aided by 

the findings and theoretical formulations of Pauling and Weiss (in 

Jeffress, 1951), who expressed the idea that memory involves a mole

cular change in certain tissues. Katz and Halstead (1950), and Hal-

stead (1951), favored originally the hypothesis that nucleoproteins 

were the substances which had the ability to act as templates on which 

replica molecules were formed. Recently, however, Dingrran and Spom 

(1961), Gaito (1961) and Hyden (1954) showed that nucleic acids, rather 



than the protein molecule, are implicated in memory mechanism. Thus 

they, as well as other researchers, suggest that deoxyribonucleic acid 

(DNA) and ribonucleic acid (RNA) nay function as the molecular mech

anism by which experimental events are recorded. 

Hyden, in particular, deserves fullest recognition because 

of the quality and quantity of his work in this area. In 1954, Bratt

gard and Hyden perfected instrumentation that allowed them to demon

strate the striking capacity of single neurons to increase their pro

duction of RNA when experimentally stimulated. Hyden (1951) showed 

that, in rats subjected to angular acceleration for only twenty-five 

minutes per day for six days, nerve cells in Deiter*s vestibular nuc

leus show a marked increase in the production of respiratory enzymes 

(cytochrome and succinic oxidase) and in ribonucleic acids (RNA), as 

well as proteins. 

The increase of RNA as a function of extra-organismic stimu

lation at an early developmental stage was strongly implicated by the 

work of Weiss and Krantz (1958), Lieberman (1962) and Rasch et al. 

(1961), who found deficiencies in RNA production of the retinal ganglion 

cells of kittens reared in the dark. M̂ iCOnnell et al, (1959), as well 

as Coming and John (1961), demonstrated RNA involvement in the capa

city of flatworms (Planaria) to learn. 

Hyden*s unique microbiochemical approach led, over a thirteen-

year period, to a set of postulates which stated that RNA and proteins 

are produced in the nerve cells at a rate which is a function of neu

ronal activity. The nerve cell fulfills its function under a steady 

and rapidly changing production of proteins, with the RNA as an acti-



vating and governing molecule. Furthermore, he perceived that memory 

involved a change in the sequence of bases in the RNA nolecule thrx)ugh 

frequency modulation by which one or more bases are exchanged with the 

surrounding cytoplasmic materials. Geito and Zavala (1964) stated 

Hyden*s theory in less technical terms: 

A nerve cell responds differentially dependin;̂  on whether the 
pattern of impulses it receives is novel or familiar, as v/ell 
as on the pattern itself. No protein will have the correct 
configuration if the incoming pattern of impulses is new; there
fore, no dissociation of the protein can occur. The electrical 
pattern must first shape a new K̂ IA molecule, which in turn 
shapes a protein molecule that can dissociate. The molecule 
fragments and then reacts with a complementary molecule, causing 
the triggering of a sijbstance (excitory or inhibitory) across 
the synapse. If, on the other hand, the incoming impulse is 
familiar, protein molecules will already be present that are 
capable of dissociating rapidly. Each cell irny perpetuate with
in itself a large number of unique patterns of RNA and protein, 
A giant RNA molecule could accomodate along its length irany diff
erent sequences shaped by different impulse patterns that have 
coursed through the neuron. (C^ito and Zavala, 1964 p. 51) 

Furthermore, recent findings cited by Landauer (1964) give 

strong suggestion of RI^ involvement as a function of cortical stimu

lation. For instance, Hyden and Egyhaze (1962, 1963) and Hyden and 

Pigon (1960) are reported to have found that RNA decreases in the glia 

and increases in neuronal cells during central nervous system activity. 

In addition to this tremendously important finding, Hyden's group was 

able to demonstrate an alteration in the base ratio of pyrimidines 

and purines which occurs only when the stimulation is part of a learn

ing process. This latter finding, hardly emphasized in the literature, 

constitutes perhaps the most significant recent advance in neurochem

istry because, if substantiated by other findings, the major attack 

on the problem of the nature of the experiential code can be launched 

more specifically. This is due to the strong implication that memory 
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storage may be sought in altered sequences of specific bases. 

Theoretical :Jeuro-Cellular Specificity 
Related to Memory Storage 

In search of the neuronal basis of memory storage, the pendu

lum, after two decades of electrophysiological investigations concerned 

with allied memory processes, seems to move toward more specific chemi

cal investigations. Katz and Halstead's (1950) paper suggested that 

the necessary properties required for such complex functions as memory 

storage could only be provided by large iMcromolecules polymerized 

from a set of individual monomer species (proteins have some twenty 

amino acid monomer types). Hyden (1959, 1960), Morrell (1961a,b, 1962) 

and Gerard (1960, 1961) suggested the nucleic acids. The most recent 

nB-jor change is that by John (1960) and Corning and John (1961), vho 

provide four mononucleotide types as potential memory storage units. 

The storage potential of such a polymer can be readily understood if, 

according to Schmitt (1962), it is realized that even a relatively 

small polymer, containing but a thousand residues, is capable of pro

ducing 20^000 combinations for proteins, and 4^°^° for RNA, Although 

such numbers have meaning only in terms of analogies, they readily 

illustrate the fact that giant polymers could readily account for the 

10 to 10̂ *̂  bits of information thought to be processed in the course 

of a seventy-year human life, as was hypothesized by Von Neunann (1958). 

Schmitt (1952)', although, perhaps, somewhat over-enthusiastically assum

ing n^re concrete evidence than is at present available, distinguished 

between three processes in biochemical memory recording: (1) the fix

ation of experience, (2) the delocalization and long-term storage of 

this infonration and (3) the recall or read-out of the information in 



terms of conscious, cognitive behavior. 

Fixation of Experience 

Empirical evidence for the fixation of experience is only indi

rectly available. The so-called critical or classical experiments are 

still lacking, 

Schmitt believes that the fixation of experience involves a 

transduction of sensory inputs into stable iracromolecular forms. This 

transduction, so it is hypothesized, is from an electrical signal, e.g. 

a characteristic flux of ions or other charge carriers as some function 

of time, to a modification of the sequence of monomer species in a large 

linear nacromolecule. Most of the evidence for this type of fixation or 

recording of experience comes frem the field of genetics and from inrnu-

nology, which in the antigen-antibody relationship, deals with the long-

term chemical memory of the body and provides defense against disease. 

The specific transduction of the coded information of the chromosomal 

DNA for the chemical operation of protein (enzyme) synthesis is thought 

to occur by an "instructional" process. In this process, a particular 

length of DNA is precisely, though complementarily, copied by an equiva

lent length of RNA which, after detaching from the DNA, carries the in

structional message to the cytoplasmic sites of synthesis in the ribon-

somal nucleoprotein, where the code is read out as a specific sequence 

of amino acid residues in the synthesized protein (Brenner et al. 1961; 

Jacob and Monod, 1961). In the iirmunological processes, the mechanisms 

are thought to be "selectional" because the antigen selects, from the 

innumerable possible variations produced by the cell, one configuration 

which functions thereafter as a specific antibody for that antigen 

(Lederber^, 1960; Gitlin, 1962). 
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These two processes, instructional and selectioral, can be 

applied to neuronal processes as well, at least on a hypothetical plane. 

From peripheral impulses, the electrical effects nay be exerted upon 

a biosynthetically active steady-state system: either (1) in an 

instrumental manner, through a "qualitative" alteration by changing 

the "sequence" of the constituent residues which nay be either nucleo

tides, in the case of RNA, or amino acids, in the case of proteins, which 

firally will be incorporated into the macromolecule from a pool of pre

cursors at the moment of transduction, or (2) by a selectional method, 

through a "quantitative" alteration by cl"anging the length of the 

nacromolecule synthesized at the moment of transduction without chang

ing the residue sequence in the synthesized fragment, 

Hyden (1959, 1960) suggested a mechanism and, in 1961, 1962 

and 1963, provided some experimental evidence for a possible instruct

ional type of experiental storage. He proposed that the ion flux 

generated by the incoming action waves over sensory neurons affects 

the ionic equilibrium in the cytoplasm and, therefore, changes nucleo

tide bases incorporated at certain sites. Thus, particular bases 

are exchanged for others in the surrounding pool. Since Hyden (1963) 

observed an increase in neuronal RNA with a concomitant decrease of J^IA 

in the glial cells, the nucleotide bases of these cells nay also be part 

of a conmon pool available to the neuronal sites where the bases are 

incorporated. The RNA specification is thereby altered, which in turn 

alters the protein biosynthesized under the influence of RNA, The 

protein or its complement is deposited in the postsynaptic structure, 

where it is alleged to cause the neuron to fire on arrival of a subse-
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quent modulated frequency input identical with that which originally 

triggered the formation of the specific RNA and protein macromole-

cules. Without giving details of the mechanisms by which a transduc

tion could be affected, Hyden goes on to suggest that any cell having 

in its synaptic membrane a macromolecular engram, which is the code 

for a specific bit of sensory information, would respond in read-out. 

It is of interest to notice that this highly hypothetical scheme 

avoids strict localization within brain cells; individual neurons may 

participate as subunits of many neuronal circuits. 

In this context of "fixation of experience," it is of utmost 

importance to consider the psychological evidence for a critical mini

mum time needed for an integration of experiential events. This 

"fixation process," called "consolidation" in psychology, has been 

subject to considerable experimental analysis by psychologists. 

Evidence from psychopathological cases has indicated that 

severe head injuries often produce retrograde amnesias. Memory traces 

appear to require time to "fixate" or to consolidate in the central 

nervous system. This pjhenomenon was studied in psychological labora

tories, where retrograde amnesia was produced by administering electro

convulsive shock to animals, Pribram (1963) summarized the evidence 

and concluded that there is considerable indication that the sooner 

after an experience the convulsion occurs, the greater is the inter

ference with later performance relative to that experience. Duncan 

(1949) found a naximum effect when the convulsions followed an avoid

ance trial within fifteen minutes; the effect is practically absent 

when an hour intervenes between the conditioning trial and the convul

sion, Brady (1951) made one of the most outstanding contributions in 
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this area with the developnent of his "conditioned emotional response." 

With this technique, a subject is tau^t to press a lever for a food 

reward presented at intervals which are determined by the particular 

reinforcement schedule being used. Ihis part of training, often temed 

"instrumental conditioning," is soon followed with a classical con

ditioning procedure, in that a signal is turned on during the subject's 

perfomance on the instrumental conditioning sequence. Ihis signal, 

the conditioned stimulus (CS), is invariably followed after a certain 

time by a shock, the unconditioned stimulus (UCS), administered throu^ • 

the grid. Very quickly, the subject's responses, in terms of pressing 

the lever, diminish and finally cease altogether while the signal (CS) 

is on. A normal rate of response is resumed once the shock has been 

experienced and 1he signal is off. Once a subject is conditioned to the 

CS-UCS sequence, a series of electroconvulsive shocks is administered at 

various intervals, and, upon retesting, it is found 1hat all those which 

were convulsed within an hour period failed, upon retesting, to show 

their preccnvulsicn inhibition of bar-pressing behavior when the CS was 

present. 

In reply to repeated suggestion by C^ons and Miller C1960), 

Hays (1948) and Siegel (1943) that the retrograde amnesic effects of con

vulsions can be totally ascribed to the production of "fear" in the sub

jects, Madsen and McGau^ (1961) replied with a most outstanding experi

ment. Ihey placed rats in a box on a raised platform. Both box and 

platform were covered with metal. When the platform was lowered and 

the rat stepped off, the circuit was closed and the rat received a 

shock. Then half of the rats were given a convulsion within five 

seconds of the time they stepped off the platform. Ihe crucial finding 
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is that after twenty-four hours, when all rats were again placed on 

the platform and the platform lowered, almost all of the convulsed 

rats stepped off, whereas only about half of the controls did so. 

Pearlman et al. (1961) provided similar evidence for a definite tine 

lapse needed to show later benefit from a particular experience, 

Ihey induced convulsions with metrazol and, again, the convulsed 

animals were unable to benefit from previous experience, in terms of 

an avoidance learning situation, provided that the convulsion occurred 

within ten seconds after the UCS, a painful shock. 

A most interesting conclusion offered by various studies in 

this area was that by McC^ugh et al. (1954), using the same training 

procedure to demonstrate a critical tine period needed to benefit from 

previous experience. Ihe results demonstrated that of two genetically 

different strains of rats—one strain "bright" in learning nazes and 

the other rather "dull"—the maze-dull rats were dull because they 

took longer to consolidate the effects of each trial experience as 

experimentally demonstrated. Pribram believes that these experiments 

form an impressive body of evidence that some consolidation process 

must occur in laying down the memory trace. Thus, it is evident that 

fixation of experience, or consolidation of a memory trace, requires 

a minimum period of time, which probably varies not only as a function 

of the position on the phylogenetic scale, but also as a function of 

the task complexity. However, in these two areas, critical experi

ments are still lacking, although the aforementioned experiment by 

McGaugh points out that genetic differences within species nay have 

their origin in central nervous system differences in terms of rate 

of reaction, which in turn may be dependent upon the rate of 
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metabolic activities or even protein synthesis by nucleic acids. 

Storage of Memory and Replication 
with Concomitant Delocalization 

Schmitt made an important observation in reply to numerous 

recent suggestions that DNA, rather than RNA, may be the unit of 

memory storage. He pointed out that, if the memory trace is a 

specific configurational and constitutional variant of a particular 

macromolecular soecies, the fact that such traces nay persist for 

many years would require that either the engram is extraordinarily 

stable to metabolic attack or changes, or that it has the capability 

of self-replication which would imply indefinite survival. This 

concept of self-replicability could explain a frequently found 

implicit phenontenon, that the necessary unit does not seem to remain 

localized to the neuronal set in which it was first laid down, but 

becomes widely distributed in the brain (Lashley, 1950). It is 

interesting to note that even though Lashley stated this point some

what indirectly, he nevertheless anticipated many later findings in 

immunology and microbiology, where self-replication of DNA and RNA 

has been found. Morrell's (1961a,b, 1962) experiments have provided 

some constructive evidence which could be used to fortify this 

replication and delocalization concept. In his experiments, a chronic 

epileptogenic lesion produced in a small area on the lateral part of 

the cerebral hemisphere caused, within a few days, the appearance of 

epileptiform neuronal firing in the homotopic region of the opposite 

hemisphere. A "mirror" focus was produced. This secondary discharge, 

at first dependent on the firing in the primary or original lesion, 

appeared to have become independent because neurons untouched by 
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known anatomic pathways had acquired the capacity to alter their 

behavior. Histochendcal studies showed that alternations in RNA 

accompanied this acquired change. In this context. Coming and 

John's (1961) experiment is most relevant, since they have found 

that ribonuclease may, under certain conditions, remove or destroy 

learned or conditioned memories in flatworms. 

Read-Out (Recall) 

The mechanisms by which macromolecular memory representations 

may be recalled is one of the least understood processes. Hyden 

(1959, 1960) is actually the only one who has some hypotheses as to 

the potential prxDcesses involved. He briefly suggests that the syn

aptic membranes facilitate the firing of these neurons when again 

confronted with the stimulus originally causing the engrams to be 

formed. Although seemingly deceptive in its simplicity, this very 

brief speculation has much to offer. This is especially true when 

considering the well established property of replication of nucleic 

acid molecules. Furthemore, £f it can be demonstrated that there 

is an immediate modification of nucleic acids in response to external 

stimulus configurations, then the question of whether or not the same 

stimulus configurations may call forth or interact with a replicated 

nucleic acid or protein conplex which was produced earlier can be in

vestigated. 
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Psychological Implications of RNA 

Although the cheĵ iical sciences have been tremendously con

cerned with th^ role of nucleic acids as exemplified by the consider

able increase in publications in the two journals Science and 

Scientific American shown in Table 1, psychology has only recently 

begun to concern itself with the role of the nucleic acids as po

tential storage systems of memory and general psychochemical corre

lates of behavior. There are actually very few experiments conducted 

by psychologists, such as McConnell, to which can be safely attri

buted the distinction of having focused specific interest of psy

chologists on the role of nucleic acids in memory mechanisms. However, 

despite the fact that there are very few experiments in this rela

tively new area, theoretical attention has not been lacking, as evi

denced by the excellent reviews which were written during the last 

few years, such as::Briggs and Ditto (1962); Gaito (1961); John (1952); 

Gaito and Zavala (1964); Dingman (1961); Zelnan et al., (1963); 

Cameron (1961); and the most recent as well as highly original article 

by Landauer (1964). These recent, predominantly psychological arti

cles concern themselves in a detailed fashion with the utilization 

of empirical evidence and current biochemical thinking in order to 

formulate a psychophysiological theory of learning. This recent 

interest in nucleic acids, apart from the earlier experiments mainly 

conducted by neurochemists and a few psychophysiologically trained 

psychologists have had their foundation upon Mandel, Harth and 

Borkow^ki's (1951) finding that RNA is found in unusually great 

anounts in the grey areas of the central nervous system. Rirthermore, 
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TABLE 1 

NUMBER OF PUBLICATIONS SINCE 
1950 IN SCIENCE PERTAINING 

TO NUCLEIC AQDS 

Year Number of Papers 

1950 3 
1951 4 
1952 5 
1953 5 
1954 2 
1955 0 
1956 3 
1957 • 2 
1958 . 6 
1959 5 
1960 4 
1961 • 6 
1962 10 
1963 31 
1954 24 

Total until 7/31/64 108 
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Cameron and Solyom (1961) have shown that RNA concentration in nervous 

tissue increased and decreased with age corresponding with changes 

in learning ability. Rirthermore, Hyden's work (1962) suggests that 

supplementation of RNA may retard the memory loss associated with age 

in humans. Hyden reported that induction of increased RNA synthesis 

in psychopathological individuals apparently improved psychological 

performance. Unfortunately the evidence presented is only indirect, 

since adequate methodological controls were lacking. However, from 

studies with aninals it has been found that supplementation with RNA 

appears to be capable of improving learning and retention in rats 

(Cook, Davidson, Davis, Green, and Fellows, 1963). Chemicals which 

affect RNA utilization have been found to affect memory trace for

mation in planaria, mice, and rats (Chamberlain, Rothschild, and 

Gerard 1963; Coming and John, 1961; Dingnan and Spom, 1961; Flexner, 

Flexner and Stellar, 1963). In this context the study by Zelnan, 

Cabot, Jacobsen, and McConnell (1963) has provided some very sug

gestive evidence that injection of planaria with RNA extracted from 

other conditioned flatworms, as compared with RNA from untrained 

aninals, facilitates conditioning. However, as mentioned earlier, 

the mechanism of psychological function-inducing properties of nucleic 

acids renains entirely problematical, Schmitt*s earlier discussed 

hypotheses of these mechanisms cover most of the field, essentially, 

as they involve changes in base sequences reiterated by Gaito (1961), 

enzyme reduction with respect to transmitter substances (Briggs and 

Citto, 1961; Smith, 1962) changes in protein of terminal vesicles of 

synapses (Hyden, 1961) and changes in ionic binding which influence 
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firing rates (John, 1962), From a psychological point of view the 

critical features to be sought are the mechanisms that provide a means 

by which RNA of selected neurons can be altered by experience and, 

furthermore, a way in which altered RNA would give rise to changed 

behavior, Landauer (1964) proposes a mechanism which is constituted 

in the proposal of two interlocking hypotheses, a learning hypothesis 

and a retrieval hypothesis. Although the general gist of these two 

hypotheses, learning and retrieval, do not differ from the earlier 

mentioned one by Schmitt, what is different is the use of concomitant 

psychological data plus a new concept applied to the biochemical 

phenomena, namely that of electrophoresis. Landauer believes that 

a possible explanation would be available if impulse conduction re

sulted in the passage of new forms of RNA into neurons. If new RNA, 

representing in some nanner the conditioned stimulus (CS), were 

produced in the glia surrounding a neuron for short periods following 

the CS but entered only neurons which then conducted impulses, new 

RNA would be incorporated by just those neurons activated by an uncon

ditioned stimulus (UCS). Therefore, if the result of incorporating 

new RNA which represented the CS were to alter the recipient cell so 

as to make it more likely to fire in the presence of the CS, the basic 

difficulty in this hjrpothesis of biochemical correlates of the con

ditioning process lies in the fact that nacromolecules such as RNA 

do not readily cross cell membranes, although there are reported a 

few instances in which they seem to do so (e.g., Mannick and Egdahl, 

1962; Schwartz and Rieke, 1962). In order to overcome this objection 

to Landauer*s hypothesis, the latter invokes the fact that there are 
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dramatic changes in the membrane during impulse conduction which are 

alleged to promote such migration. Landauer goes on to cite some 

specific facts based upon the potential across the ment)rane of the 

squid axon which goes from approximately 60 millivolts negative in

side, to approximately 40 millivolts positive inside, the positive 

or overshoot portion of the impulse lasting about .5 milliseconds 

(Tasaki, 1959). This represents a change from a resting potential 

gradient across the A thick membrane as determined by Eccles (1959) 

of 1.2 X 10 volts per centimeter. Detailed evidence is provided 

to suggest that this change in forces should be capable of promoting 

passage of RNA into the neuron. This is accomplished by using the 

well known electrophoretic mobility of yeast RNA, provided by Chargaff 

and Zamenhof (1948), from which it can be estimated that RNA in a 

gradient of 5.1 x 10 volts per centimeter, as present during 

impulse conduction, could migrate tcwards the positive pole of an 

electric field at a rate of just over 6 centimeters per second in a 

specific medium and, over the 15 milliseconds of the reverse poten

tial, would travel approxinately .003 centimeters or some 6,000 times 

the thickness of the membrane. From these possible and, in part, 

demonstrated mechanisms, the hypothesis is proposed, similar to 

Hyden (1962), that glial cells are highly specialized to provide RNA 

which, if it enters a given neuron, will produce an alteration such 

that the neuron will become more sensitive to the events going on in 

the brain at the time the RNA was produced. These theoretical formu

lations are not far removed from an empirical possibility. This is 
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due to the fact that ordinarily a barrier, consisting of a potential 

gradient and membrane impermeability, prevent the passage of new RNA 

into neurons. However, this barrier is replaced upon the firing of 

a neuron. This is due to the formation of a potential gradient 

which actively promotes migration of RNA into the neuron. Thus, 

conducting neurons, and only conducting neurons, incorporate the 

newly available RNA. There is embedded in Landauer's reasoning a 

simple elegance, because if, at the time of conduction, the events 

going on in the brain were only those associated with the US, the 

incorporated RNA could be expected to be no different from that 

already present, and therefore no changes in the RNA content inside 

the neuron would result. However, if a new stimulus, a CS, has been 

acting very recently, new forms of RNA would be produced and incor

porated, and thus the number of RNA types in the conducting elements 

of the neuronal network would be altered as a result. 

Landauer*s contribution, although somewhat removed from the 

scope of this study by its theoretical orientation and the untestable 

hypothesis posed by it, was discussed in a more detailed fashion to 

show that psychology can develop and contrihute towards an inter

disciplinary utilization of all available data in order to understand 

behavior. 

In summary, repeated experiments have demonstrated that RNA 

content in neuronal tissue changes as a function of psychological 

stimulation. Thus, increasing the complexity of a learning situa

tion, resulting in quantitative and qualitative changes of stimuli 

parameters, should also be expected to increase cerebral RNA. 
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Furthermore, the increase should be greater in those cortical areas 

which can be expected to be primarily involved in the learning task. 

Consequently, a task sequence involving mainly aggregate functions 

of motor and discriminatory behavior should show a concomitant focus 

in terms of increased nucleic acids in one or two of the cortical 

areas being studied. The necessary predictions for the possible 

hypotheses are obvious, but what is less obvious is the high prob

ability that these predicted increases are not detectable on a 

global level, although they can be detected in a single cell. This 

is based on Hyden's (1963) most recent work concerning the shift of 

RNA from tissue surrounding the glia cells to the glia cells them

selves, and from there to the cytoplasm of neuronal cells proper. 

Ihis shift, demonstrated by Hyden and coworkers to occur as 

a function of a learning task, does imply a relative, or only local, 

increase of SNA in neuronal cells, but not necessarily an increase 

for the whole brain. There nay be a quantitative change on a local 

level, e.g., within a "cell assembly" or "phase sequence" which, on 

a molar level, is balanced out by the reciprocal action of the meta

bolic system. Rirthermore, this RNA concentration shift is undoubt

edly contingent on time, and can be detected only within a given 

period. The duration of this time is dictated by the rate of RNA 

synthesis and deconposition. However, a longer period of time 

(between a learning activity and subsequent chemical analysis) nay 

not allow detection in mere quantitative terms because of subsequent 

metabolic changes. The total RNA content may not change because of 

the overall cyclic nature of the metabolic processes. Experimental 
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demonstration of either possibility, micro versus macro level 

changes, would allow a modification of existing CNS biochemical 

learning theories and, consequently, provide new pathways for dif

ferent approaches. 

This study is restricted to changes in RNA and DNA levels 

at the macro level in cortical and subcortical areas as a function 

of various learning tasks lying on a response complexity continuum. 

Problem Areas and Hypotheses 

A review of the literature indicates a need for experiments 

providing answers to the following problems: 

1. If cerebral nuclei and individual neuronal cells show an̂  

increase in RNA content upon stimulation, is there also 

an increase of RNA in any given area of the cortex as a 

function of increased response complexity? 

2. Do different cortical areas show different increases in 

RNA as a function of increased response conplexity? 

3. Is there a concomitant RNA increase in the subcortex? 

4. Is there a change in the ratio of cortical to subcortical 

RNA? 

5. VlhaX type of unit of RNA measurement is most sensitive 

to possible quantitative cerebral RNA changes? 

Ihe research and null hypotheses pertaining to these five 

problem ar^as were formulated as follows: 

I, Research Hypothesis: The cortical RNA content of groups 

trained on tasks on a response complexity continuum will 
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differ significantly from that of the control group. 

Null Hypothesis: There will be no difference of cortical 

RNA content between the control and experimental groups. 

H Q : MI=M2=M3=M4=M5 

II. Research Hypothesis: There will be a significant dif

ference of RNA content between four cerebral areas 

analyzed. 

Null Hypothesis: There will be no difference in RNA 

content between cortical areas. 

Ill. Research Hypothesis: The RNA content of the subcortex 

will show a significant difference between treatment 

groups and the control group. 

Null Plypothesis: There will be no difference of sub

cortical RNA content between treatment groups and the 

control group. 

Hg: M^=M2=M3=M^=M5 

IV. Research Hypothesis: There will be a significant dif

ference between the three measures of RNA in sensitivity 

of detecting treatment effects. 

Null Hypothesis: There will be no difference between 

the three measures of RNA. 
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aiAPTER I I 

MEÎ IOD 

Psychological Method 

Subjects 

Fifteen 70-day-old naive, male hooded rats bred at the Texas 

Technological Psychology Department's aninal colony were divided randomly 

into five groups. Due to a shortage of animals of similar age, ten 

additional, 130-day-old male hooded rats, all of which had been trained 

in the Lashley III naze and had been used as surgical controls in another 

study, were also randomly assigned to the five groups so that age and 

experience were equal in each group. The five groups consisted of a 

control group (C), an experimental group (E ) which was trained to 

perform a single-lever-pressing response; an experimental group (E2) 

trained to perform a two-member chained operant response involving the 

pressing of two levers in a sequence; a third experimental group (E-) 

trained to perform a three-member chained response; and finally an ex

perimental group (E ) trained to perform a four-member chained response. 

Thus, the sequence of bar pressing for the four experimental groups, 

according to the lever position, has been: 

E2 AC 
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^3 ABC 

E4 ABAC 

All conditioning was performed under positive and continuous rein

forcement while at 80% of body weight. The control animals were 

also maintained on an 80% deprivation schedule in order to exclude 

any biochemical effects attributable to metabolic differences. 

ADDaratus 
, i n 

The apparatus consisted of a three-bar operant conditioning 

chamber equipped with three levers spaced according to Figure 1. 

The "C" lever operated the pellet dispenser which was programmed by 

a variable control unit to give reinforcement only when it was activ

ated by the correct response sequence. This control unit allowed 

the selection of different response sequences, l^enever the animal 

pressed a lever in an incorrect sequence, the control unit reset 

automatically and the aninal had to start anew. The sequence selector 

switch selected the sequence of C, AC, ABC, ABAC - etc.. Above each 

lever a six volt light was visible when that particular lever was 

to be pushed. Each subsequent light cue was triggered by the preced

ing response to a correct lever. 

The responses were recorded by a five-pen relay operated 

recorder v;hich allowed the determination of the number of times each 

lever had been pressed, the sequence of responses, number of rein

forcements received as well as the latency between the responses. 

Trainincr 

All experimental animals were trained for fifteen minutes 
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per day. The criterion consisted of fifteen correct responses for 

any animal on any successive approximation, starting with nagazine 

training. Animals in multimembered chained response groups were 

placed in the next higher response paradigm the following day after 

performing to a 53% criterion, e.g., eight correct responses out of 

the minimum fifteen. Only adherence to the respective lever se

quence brought about reinforcememt. The reinforcement which was 

counted as the correct response was delivered after the "C" lever 

had been pressed, which activated a standard Davis pellet dispenser. 

EXiring the initial training period, the pellet dispenser was manually 

operated whenever needed for reinforcement purposes. Each reinforce

ment consisted of a .097 gram pellet of rat chow. Upon attaining 

criterion, the daily training sessions were continued for a period 

of twelve days in order to insure a stable performance. On the day 

following the completion of the twelve-day perfomance series, 

standardized biochemical analyses were performed in the biochemical 

laboratory of the Texas Technological College Chemistry Department. 

Experimental Design and Statistics 

The independent variables consisted of five conditions of 

treatment and four divisions of the CNS. The five conditions of 

treatment were: (i) Control group—no lever pressing 

(ii) Experimental group 1—one lever pressing (C) 

(iii) Experimental group 2—two lever pressing 
in AC order 

(iv) Experimental group 3—two lever pressing 
in ABC order 

(v) Experimental group 4—four lever pressing 
in ABAC order 
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The second independent variable consisted of: visual cortex (V), 

motor cortex (M), somesthetic cortex (S) and the remaining Q̂ IS 

tissue above the foramen magnum, defined as the subcortex. 

The dependent variables consisted of three types of nucleic 

acid measurements: RNA-P per unit volume of tissue, expressed in 

micrograms per 100 milligrams (mcg/lOOmg.) of tissue, the ratio of 

RNA-P/DNA-P and the ratio of the respective cortical to subcortical 

RNA-P (C/SB.c), e.g., visual, motor, and somesthetic to subcortex. 

The dependent variables and analysis of variance design were 

the same for the various DNA-P determinations. 

It is important to point out that in the case of the specif

ically defined subcortex, as a sublevel of the independent variable, 

the cortex in the cortical/subcortical ratio consisted of an average 

nucleic acid content of the three cortical areas. This averaging 

was performed in order to keep the relative ratio of the three other 

cortical to subcortical unit volume measures similar in terms of a 

volume ratio. Subjects were randomly assigned to each of the five 

groups, and sex, age, weight and diet were held constant for each 

group. Subjects constituted Lindquist*s (1956) pseudo replication 

factor. The multivariate design for each nucleic acid determination 

was a 5 x 5 x 4 x 3 , four dimensional mixed analysis of variance 

design (ANOVA) with two between and two within factors. (See 

Table 2.) Ihe error term for the "between subjects" effects con

sisted of a pooled error term of the sums of squares for the replica

tion factor and its interaction with the treatment variable. The 

error term for the "within subjects" effects consisted of a pooled 

error term of all interactions of the nain and higher order 
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TABLE 2 

FOUR DIMENSIONAL 5X5X4X3 MIXED ANALYSIS 
OF VARI/^CE DESIGN 

Source df Error^ Term 

Total 299 

Between Subjects 24 

Treatment (A) 4 (AB)+(B) 

(Replication) (B) 4 

Error b (AB+B) 16 

Within Subjects 274 

Cterebral Areas (C) 3 Error^ 

Units of Measurement (D) 2 Error^ 

CD 6 Error^ 

AC 12 Errorv; 

AD 8 Error\̂  

ACD 24 Errorv; 

Err>3r̂  219 

•̂ Since the replication factor is a between subject 
source of error varicince, Lindquist*s "pseudo replication" 
procedure (1956, p.294) was used for testing the sig
nificance of any effect not involving replication (R) by 
testing against its interaction with R. 



31 

interaction effects of the replication factor. 

The unit of measurement evaluation was performed with the 

same ANOVA design except for eliminating the "units of measurement" 

factor (D), which reduced the aforementioned design to a three dimen

sional 5 x 5 x 4 mixed ANOVA design with still two "between subjects" 

variables and only one "within subjects" variable, namely, cerebral 

areas (C). In this design, each respective unit of measurement 

became, then, the dependent variable. 

IXincan*s New Multiple Range Test (Edwards. 1950) was used to 

evaluate the group and sublevel means in addition to calculating a 

correlation matrix between number of days in training and the amount 

of nucleic acid in mcg./lOOmg. for each cerebral area. 

Biochemical Method 

Analysis of Nucleic Acids 

Based on the thorough reviews by Leslie (1955), Volkin and 

Cohn (1954), Dische (1955), Schneider (1957), Schmidt (1957) and 

Davidson (1960); Steel et al. (1948) and Ceriotti«s (1955) micro 

nodification of Schneider's (1945) pioneer method of nucleic acids-

determination was selected for use in this study. 

Ribonucleic acid (RNA) and deoxyribonucleic acid (DNA) are 

perceived not as two single chemical compounds of known and unvary

ing composition but as two classes of polynucleotides. This view is 

necessary in order to keep in mind that it is not known whether all 

molecules of RNA and DNA in a tissue have the same composition, even 

though it is well known (Davidson, 1960) that the relative proportions 

of bases vary widely in nucleic acids from different sources, and 
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even in nucleic acids from the same source under different metabolic 

conditions. 

All chemical methods used in nucleic acids determination ar^ 

based on quantitative measurement of: (1) phosphorus, (2) total or 

reactive ribose or deoxyribose, or (3) purine and pyrimidine. Thus, 

accuracy is limited by variations in percentage content of phosphorus, 

total ribose, etc., between nucleic acids from different sources. In 

all aforementioned methods, the homogenized tissue is extracted with 

acid [trichloracetic acid (TCA), perchloric acid (PCA) or sulfuric 

acid], followed by organic solvents. The residue contains acid-

insoluble nonlipid phosphorus, which is made up mainly of RNA-P and 

DNA-P, together with phosphoprotein and other phosphorus compounds. 

MA and DNA can then be estimated by measuring the amount of pentose, 

base, or phosphorus products. 

iWo Major Procedures 

The Schneider (1945) and Schmidt and Thannl^user (1945) pro

cedures constitute the two TOaln methods from which at least thirty 

modifications have been developed. 

The Schneider Procedure. The nucleic acids are extracted by 

treatment of the acid-insoluble non-lipid fraction with dilute TCA 

at 90° for fifteen minutes, whereby the nucleic acids are split off 

as soluble products in the acid extract (Fraction III in Table 3) 

which can then be submitted to colour reactions for sugars without 

danger of interference from protein. Phosphoprotein phosphorus and 

other non-nucleotide phosphorus compounds remain attached to the 

protein residue. The advantages of this method are its speed and 
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TABLE 3 

IV /̂0 MAJOR MEIHODS FOR DETERMINING R ÎA AND EilA^ 

Fraction Description of Procedure P Compounds 

Schneider's (1945) Procedure 

Fresh Used inmediately or stored at -10°; tissues 
Tissue-* homogenized in ice-cold water. 

I Four extractions in ice-cold 5-10% TCA. 
II Combined extracts of tissue residue. 

VIII Tissue Residue 
IX Extract of VIII with 5% TCA at 90° for 

15 min.: two acid washings 
X Insoluble residue from VIII 

All acid-soluble 
P-lipids, RMA,DNAP 
RNA-P, DNA-P, + 
RTNIA-P, DNA-P, some 
concomitant P 
Phosphoprotein: P+ 
concomitant P 

Schmidt and Thannhauser's (1945) Procedure 

Fresh, ̂  
Tissue -' 

I 
II 
III 

IV 

VI 
VII 

Same 

Same 
Same 
Alkaline digest formed by overnight incubation RNA-P and DNA-P 
in N NaOH at 37° of tissue residue from II and concomitant 
(1 ml. alkali/100 ml. fresh tissueX nonnucleotide P 
Supernatant formed by addition to III of HCl RNA-P, concomi-
S TCA to give final cone, of 5-10%. ^Ppt. tant P 
centrifuged down @ 0°, washed twice in 5% TCA. 

V Precipitate of inorganic PO^ from IV. Phosphoprotein or 
concomitant P 

Precipitate from TCA treatment of III . DNA-P (8 protein) 
Extract of VI with 5% TCA @ 90° for 15 min.; D M for ultra-
two washings with 5% TCA . violet absorp

tion. 

•̂ Abstracted from Leslie (1955). Logan et al. (1952) stated that 
while the method of Schmidt and Thannhauser gave good estuiates of the 
concentration of DNA, that method gave gross overestimates of the RNA 
concentration, and both the color reactions and the phosphorus estima
tions of the Schneider procedure also gave results that v/ere too high. 
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Tissue 

Cold dil. TCA or 
PCA or H^SG^ and 
lipid solvents 

Acid-sol. + 
lipid fractions Residue 

Alkaline digestion 
(Schmidt and Thannhauser) 

Acidification 

Hot TCA or 
PCA 
(Schneider) 

Acid-sol. Fraction 
(Containing 

RNA 

Residue Extract 
Containing Containing 

Residue 

DNA RNA+DNA 

Fig. 2. Schemata of IWo Methods of Nucleic Acids Extraction. 
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sinplicity. There are several modifications which make this method 

applicable to a few milligrams (Ceriotti, 1955; Steele et al. 1948), 

or even to a few micrograms of tissue (Patterson and Dackeman, 1952), 

Ihe Schmidt and Thannhauser Procedure. In this procedure 

the extracted tissue residue containing acid-insoluble non-lipid 

phosphorus (AINLP) is incubated overnight with warm dilute alkali 

which breaks down RNA into acid soluble nucleotides without affecting 

DNA in the same way. Some phosphoprotein phosphorus is split off 

at this stage as inorganic phosphate. When the alkaline digest is 

acidified, DNA is precipitated along with a large amount of degraded 

protein (Fraction II in Figure 2) and nay be determined as DNA-P. 

The acid soluble supernatant fluid (Fraction I) contains the nucleo-. 

tides derived from RNA, which therefore can be determined as RNA-P. 

Phosphoprotein phosphorus, if present, may be determined by precipi

tating the inorganic phosphate from the acid supernatant fluid. The 

difference between inorganic phosphate and total phosphate in the 

acid supernatant fluid should give the amount of RNA-P. 

Ihe main advantage of this method is that RNA and DNA are 

separated and can therefore be estinated by determination of phos

phorus, or sugar or purine and pyrimidine. The nain disadvantage 

is that the RNA Fraction I contains phosphorus compounds other than 

nucleotides. Hence, estimates based on phosphorus analysis tend to 

give values which are too high. The non-nucleotide P compounds in 

Fraction I nay account for 25 per cent of the total P of the frac

tion in liver (Davidson, 1952), or 80 per cent in nervous tissue 

(Logan 1952), and include phosphopeptides and inositol phosphates. 

Furthermore, there exists a tendency in certain tissues for some 
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DNA to break down and to appear in the RNA fraction (Drasher, 1953). 

This tendency varies according to the tissue and the species. 

The combination of methods selected for this study, both of 

which were micromodifications of the Schneider method, was due to a 

number of considerations such as procedural simplicity, range of 

RNA expected and applicability to brain tissue. LogaA et al. (1952), 

conducting a series of comparative studies between the two nain pro

cedures, found good agreement between the Schmidt-Thannhauser and 

the Schneider procedures as applied to pancreas, spleen, thymus, 

white blood cells and reticulocytes, but found wide discrepancies 

between parallel determinations on brain or nerve tissue. Phospho

protein, an inositide-P complex, and unspecified chromogenic mater

ials are apparently present in substantial amounts in nerve tissue 

and interfere with the determinations. Leslie (1955) recommended a 

combination of the two procedures for determining RNA and DNA involv

ing ultraviolet absorption measurement of Fractions VII and IX (Table 

3), which proved to be most reliable in dealing with the aforemen

tioned shortcomings of either method when working with CNA tissue. 

The amount of DNA can be obtained directly from Fraction VII. 

Mpdified Micromethod for Nucleic Acids 

Neither of the two micromethods found in the literature was 

directly applicable to this study. Steele's et al. (1949) proce

dures were developed nainly for the study of samples of pollen mother 

cell naterial from plant anthers. The 1 to 3 mg. (vjet weight) sam

ples contained from 1.6 to 15.1 meg. DNA and from 8.6 to 58.0 meg. 

RNA, or approxijrrately 4.66 meg. DNA/mg. sample and 16.60 meg. RNA/mg. 
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sample. 

Ihe R̂ IA range seemed to be applicable to the findings in the 

cortex of the rat according to interpolated data from various sources 

and methods used. For instance, according to Rosenzweig's et al. 

(1958) data, their total cortical area weighed 60 mg. +_ 10 mg.; Les

lie (1955) cites the findings of five studies which give total brain 

(1.52 g.) RNA ranging from 1.3 meg. to 5.2 mcg/mg.. Schneider 

(1945), in his pioneer study, found an average RNA content of 1.95 

mcg/mg. from whole brain analysis. Due to the greater density of 

nuclei in the grey matter, these values have been found to increase 

considerably when the cortex alone was analyzed for KJA. 

IVJO difficulties found were related to the sample weight 

difference, e.g. sample size of 1 to 3 mg. in the Steele et al. 

micro-method versus the expected 10-20 mg. in the different parts of 

1he rat cortex, e.g. motor, somesthetic or visual, in addition to the 

h i ^ e r concentration of R'̂ IA (by a factor of ten) in pollen from plant 

anthers. Iherefore, empirical adjustments were made according to 

Schneider's (1945) method, based on a 20% homogenate. These adjust

ments involved primarily the optical density (O.D.) range which ini

tially gave a reading of only .18 O.D. with the highest concentration 

of an RNA standard solution in orcinol (143 meg. RMA/ml./cm.). After 

a systematic variation of orcinol and the nucleic acid extract, a 

satisfactory O.D. range between .21 - .58 was obtained with a .2 ml. 

nucleic acid extract and .5 ml. of orcinol reagent. A similar prob

lem existed in regard to the diphenylamine reaction. A maximiim O.D. 

range was finally obtained with a .3 ml. nucleic acid extract and .4 

ml. diphenylamine reagent. 
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Surgical Procedure 

The aninals were anaesthetised with a sodium nembutal solu

tion of 5 meg./100 gm. body weight, injected intraperitoneally. Then 

the heart was rapidly exposed and a 21-guage scalp infusion catheter 

inserted into the left ventricle. Ice-cold .25 M. sucrose solution 

was injected via an infusion tube connected by a three-way valve 

connector to a 1000 cc, intravenous bottle, catheter and 20cc. sy

ringe. When excessive intravascular pressure became noticable in 

both internal jugular veins, both were severed and the cerebral vas

cular system was flushed until a clear liquid emerged. With the 

transfusion catheter still in the left ventricle, the aninal was 

placed on a modified freezing microtome base and inmediately frozen 

with carbon dioxide. The brain was exposed within a 1.5 minute per

iod with the help of a number 10j inch diameter^dental circular saw. 

The calvarium was cut beginning.at the external occipital crest along 

the dorsal saggital suture to the region of the nasal cavities. The 

semi-frozen skull was separated with a pair of number 9 dental ele

vator probes, and a modified angular hemostat was inserted in the 

frontal part of the calvarium; by separating the whole skull struc

ture, the brain was quickly exposed. Rosenzweig's (1962) ingenious 

tenplate was fitted and, with use of a surgical microscope (Leitz 

Otoscope), the cortex was sectioned into three cortical areas, vis

ual, motor and somesthetic. 

In order to obtain the largest tissue sample possible, 

Rosenzweig's et al. (1962) method was modified, in that the saggital 

cortical nappings were extended so as to include portions of the lat

eral cortex. This method not only yielded greater cortical samples. 
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e.g. .078 g. - .148 g. compared to .025 g. - .050 g. of Rosenzweig's 

et al. sanples, but provided also a greater representative cortical 

sampling technique, according to Zubek's (1951) cortical napping. 

The remaining CNS tissue, defined as subcortex, was then removed by 

severing the spinal nerves inmediately posterior to the XII cranial 

nerve or in the region of foramen nagnum. 

The subsequently excised, semi-frozen tissues were placed 

upon non-absorbent paper on two centimeter thick dry ice from which 

they were removed to a Mettler quick read-out balance and weighed to 

a 1/lOth of a milligram. Upon weighing, the cerebral sections were 

placed into a pre-cooled micro-homogenizer^ and homogenized at 1500 

RPM for a standard one-minute period with an amount of distilled 

water added needed to make a 20% homogenate. The subcortex V7as homo

genized with an S 23 pestle. The whole process of removing Ĉ S tissue 

samples was practiced so that, between circulatory - respiratory 

arrest and freezing of the exposed cortex, not more than 1.5 minutes 

elapsed. Figure 3 shows the surgical equipment set-up used. Figure 4 

a catheter implantation, and Figures 5,6 and 7 the various steps in 

the surgical procedure. Table 4 shows the means and standard devia

tions of milligrams of CNS tissue per cerebral area and total cere

brum. From the extremely low standard deviations, it is evident that 

Rosenzweig's et al. mathod is extremely useful and can be replicated. 

•4he micro-homogenizer was a "Tri-R Teflon Tissue Homogen-
izer", consisting of an S 20 pestle with a working range of from .2-20 
ml., and an S 30 tube. VJhen assembled, the "clearance" range was 
.004" - .006". The homogenizer was obtained from Tri-R Instruments, 
Inc., 144-12 Jamaica Ave., Jamaica, N.Y.. 
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TABLE 4 

MEANS AND STANDARD DEVIATIONS OF >:iLLrGRAMS OF 
CNS TISSUE PER CEREBRAL AREA AND TOTAL CEREBRUM 

Groups 

Y 
^1 

SD 

^ 

E2 
SD 

7 
E3 

SD 

X 

^4 
SD 

7 
C 

SD 

Visual 

.199 

.030 

.106 

.010 

.113 

.007 

.116 

.012 

.121 

.027 

Motor 

.146 

.020 

.135 

.027 

.148 

.040 

.159 

.032 

.120 

.014 

Somesthetic 

.118 

.033 

.115 

.007 

.138 

.038 

.130 

.014 

.136 

.014 

Subcortex 

1.589 

.070 

1.522 

.106 

1.702 

U09 

1.723 

.069 

1.667 

.113 

Total 

1.976 

.101 

1.881 

.053 

2.102 

.065 

2.109 

.045 

2.086 

.160 
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However, it should be n^ntioned that all reasurements were based 

upon unit volume so that the absolute amount of tissue sample plays 

only a relatively minor role in the final results of the nucleic acid 

deterrainations. 

Procedure for ̂ .ucleic Acid Determinations 

1. The tissue was removed while the brain was in a semi-

frozen state and kept, at all tijres until hĉ nogenized, in this state. 

2. The weighed tissue sample was homogenized in an S 20 pes

tle with an amount of distilled water needed to nake a 20% honogenate, 

at 1500 RPM, for one minute. 

3. Ihe acid soluble phosphorus compounds were removed as 

follows: A .25 ml. homogenate was mixed with .6 ml. cold 10% TCA 

and centrifuged for 10 minutes at 0-2° C in a refrigerated centrifuge 

at 3000 RPM. The precipitate was resuspended in the same amount 

of 10% TCA and again centrifuged at the same speed and for the same 

time. 

4. The phospholipids were removed as follows: The tissue 

residue from step 3 was suspended in .35 ml. of distilled water and 

mixed with 1.0 ml. of 95% ethyl alcohol and centrifuged for a stan

dard 2 minutes at 1500 RPM. Ihis step was repeated with 1.0 ml. ab^ 

solute alcohol and twice with the same amount of ether. 

5. Nucleic acids were brought into solution as follows: 

Ihe residue from step 4 was suspended in .3 ml. distilled water, 

mixed with .3 ml. of 10% TCA and the mixture was heated to exactly 

90°C for 15 minutes, with occasional stirring. Upon cooling of the 

heated mixture, the insoluble protein residue was centrifuged off 
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for a 2 minute period, again at 1500 RPM, and washed with .6 ml. of 

5% TCA. Both extracts were combined, and constituted the nucleic 

acids fraction—DNA and RNA. 

6. Estimation of RNA using the orcinol reaction : Ceriotti 

(1955) recommended that 3 parts of nucleic acid extract be diluted 

with 10 parts water. An empirically derived combination of .2 ml. 

of nucleic acid extract and .5 ml. of orcinol reagent was found to 

yield the desired range of optical density. The nucleic acid ex

tract with the orcinol reagent was heated for 20 minutes in boiling 

water and the intensity of the green color was read at the maximum 

absorption wave length at 660 m;i. From each sample of nucleic acids, 

two orcinol determinations were made; both were read in Beckman DB 

Spectrophotcmeter, and the results were averaged. All spectrophoto

metric determinations were made with 0.9 ml. microcuvettes with a 1 

cm. light path. 

7. Estimation of DNA: From the renaining nucleic acid ex

tract, .3 ml. were mixed with .4 ml. of diphenylamine reagent and 

heated for ten minutes in boiling water. The intensity of the blue 

color was read at 600 npu, the wave length of maximum absorption. The 

diphenylamine reaction was also replicated on each sample, and the 

results wer^ averaged. The equation for calculating meg. DNA-P/ml. 

was: DNA-P/ml. = [O.D. at 600np]/CO.D./mcg.DM-P/ml] 

2 
This reagent was made frcm a highly purified commercial pro

duct obtained from Cal Biochem, Box 5482, Los Angeles 63, Calif.. 
Before each color determination, 200 mg. Orcinol was dissolved in 
concentrated HCl and 10 ml. of .004 M. CuCl^'H 0 was added and the 
.volume made up to 100 ml. with concentrated HCl. It is important 
that this regeant be freshly prepared before use as it was found 
to deteriorate within three hours. 
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The O.D./mcg./ DNA-P/ml. was determined frod a standard curve of O.D. 

versus meg. of DNA-P per ml.. The volume is that of the solution at 

the stage of the nucleic acid extract. 

8. Calculation of RNA-P. A purified ribonucleic acid sample 

with an assayed phosphorus content of 9.5% was used as a standard. 

According to Figure 8, the extinction coefficient for RNA-P in orcinol 

was .0554 O.D./mcg. RNA-P/ml./cm. at 660 n?i., for DNA-P in diphenyla

mine, .03493 O.D./mcg. DNA-P/ml./cm. at 660 mp, and for DNA-P in 

orcinol, .00673 O.D./mcg. DNA-P/ml./cm at 660 np.. Fran Figure 9, 

it is evident that the two wavelengths for nucleic acids in orcinol 

and diphenylamine reagent^ used in this study, as suggested by Schneider 

(1945), represented maximum absorption points. 

The RNA-P was calculated as follows: 

ncg. RNA-P/ml.=(O.D. -O.D. )/(O.D./mcg. RNA-P ml.) 
^ DNA 

where O.D. =optic::al density of the RNA-P sample as determined in the 

orcinol raction, and O.D. =part of the O.D.Q due to DNA-P. There-

fore the O.D.̂ ,,̂  is calculated: 
DNA 

O.D. =(mcg. DNA-P/ml.) (O.D./mcg. DNA-P/ml.). 
DNA ^ 

The meg. E«̂ A-P/ml. is determined in step 7 above, and the O.D./mcg. 

DNA-P/ml. from the DNA-P stanc3ard in or>cinol obtained frĉ m Figure 8. 

This formula is a general one which can be applied in all cases in 

which nucleic acid extracts exist as a mixture of RNA and DNA, whose 

sugar components, namely ribose and deoxyribose, react with orcinol 

^Diphenylamine reagent: 1 gm. of purified diphenylamine was 
dissolved in 100 ml. of glacial acidic acid and 2.75 ml. of concentra
ted HoSOî . Since the diphenylamine did not have a white color, but 
instead, was greyish-black the compound was steam-distilled over HeKane 
and recrystalized from boiling 95% ethanol. RNA was obtained from 
Sigma Chemical Co., 3500 DeKalb St., St. Louis, 18, Mo.. 



^9 

E 

w 

£ 

Q) 

•H 
Q 

I 

O 

c 

•H 

L Q 

o 
CO 

> 

o 
•H 
•P 

O 
CO 

00 

bC 
•H 

AiiSNaa i v o i i d o 

rEXAS TECHNDLDGICAL CDLLEGa 
LIBI7/\RY 



50 

y 

/ 

/ 
y 

\ 

\ 

\ 
\ 

\ 
\ 

< 

Z Z ^ 
I 

w u o. 
Of tt -
0 0 0 

c c c 

< < < 

Z Z Z 

I i 

m 

\ 
\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

+ ^ 

A l I S N 3 a TV 3 1 I d O 

CD 

LU 

UJ 

<D 

•a 
•H 
Q 
T3 

O 

CO 

•s 

•M 
CO 

Q 

4-1 
O 

2 
U 

CO 

C 
O 

•H 

+-> 
& 
O 
to 

en • 
CO 

• +-• 
bO C 

• H QJ 
tM bO 



51 

oi.d diphenylamine. In this particular study, a .25 ml. sample of a 

20% homogenate was used for the separation procedure. This anount 

is equivalent, volumetrically, to 50 mg. of tissue. Therefore, since 

the final nucleic acid extract volume was 1.2 ml., as a condition of 

this particular extraction procedure, the results of either the DNA-P 

or RNA-P determination was multiplied by 1.2. Since 1.2 ml. extract 

represented only 50 mg. of tissue, and the results were expressed in 

terms of micrograms per milliliter, the total was multiplied by 2 in 

order to obtain the RNA concentration in terms of 100 mg. tissue 

sample. Ihis correction factor of 2.4 and its concanitant application 

was used for the DNA-P determination in step 7 above. 

Units of Biochemical Measurements 

Leslie and Davidson (1951) as well as Thomson et al. (1953), 

pointed succinctly towards the common but highly misleading practice 

of expressing results of nucleic acids determination in terms of con

centration per unit weight of tissue. This practice is unfortunate, 

due to the fact that both DNA and RNA concentrations differ within 

tissues, within organs and even between species. In the case of DNA, 

Leslie (1955) points out that the concentration of DNA per urdt of 

fresh weight will be high in tissues with little cytoplasm and extra

cellular material, and low when the proportion of cytoplasmic nater

ial is relatively large. Furtheiinore, on the basis of the proportion 

of chromosomal material in cells, different tissues have striking dif

ferences, e.g. the thymus has about 250 ncg. DNA-P/lOO mg of tissue, 

the pancreas has 45 mcg./lOO mg. and the brain about 10 meg. or less. 

In the case of RNA concentration, the relationship is 
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somewhat different, since it is related to activity. 

In line with the purpose of this study, the following meth

ods of expressing results were used: (1) the ratio of cortical to 

subcortical RT^-P, (2) the ratio of R:IA-P/DMA-P and (3) mcg./lOO mg. 

fresh tissue, sL-rply because cortical ablations of the visual, motor 

and somesthetic areas are relative, at best. Furthermore, all determ

inations were expressed relative to the phosphorus content of the 

standards used, and all findings were also relative to the experi

mental procedure employed. Another point to consider is that dif

ferent procedures of nucleic acid determijiations as demonstrated by 

Logan et al. (1951) yield different absolute measures of nucleic acids 

which, however, does not affect any study employing control groups. 
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CHAPTER III 

RESULTS 

Multivariate Analysis 

The data was analyzed with seven separate analyses of vari

ance; two analyses were four-factorial mixed designs and the renain-

ing five were three-factorial designs in which the measurement fac

tor was eliminated and the respective measure became the dependent 

variable. Ihis method of analysis was prompted by three consider

ations: first, this study was concerned with not only determining 

the treatment effects, but also in finding that unit of measure 

which is most sensitive to any treatment effects in terms of varia

bility of the individual scores obtained; second, at present there 

exists no conputer program which is capable of analyzing the inter

action as well as main effect of specific sublevels, per se; third, 

the "sort order" of the factors used allowed the dropping of the 

"Measurement Factor" without extensive rearrangement of the data in

put. The data was processed at the Texas Technological Computer Cen

ter on the IBM 1620 Conputer, using a completely generalized ANOVA 

program for analysis of variance, written especially for the IBM 1620 

Computer by Heath (1962). In the two multivariate analyses of vari

ance, the within-subject error term consisted of a pooled error term 

of any interaction involving the replication factor. In the remain

ing analysis, each within main-effect and first order interaction effect 
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was tested by its interaction with the replication factor. Since, 

however, analyses of the variability or fluctuation of scores around 

their respective group means is only one approach to testing treat

ment effects and does not provide an answer to the significance of 

the difference between individual sublevel neans, Duncan's Hew 

Multiple Range Test was used. Ihis test allows an evaluation of 

significant differences of all means needed to determine the effect 

of treatment upon nucleic acids between groups and bet̂ /een various 

cortical areas. Finally, an intercorrelaticn matrix was calculated 

to determine the effect of the length of time in training upon 

various nucleic acid concentrations. 

Table 5 provides a complete summary of 1he multivariate 

analysis of variance of all main effects and interactions concerned 

with RNA-P content and their respective units of neasurement. From 

this table, the treatment effect (A), a between-subject variable, is 

seen not to be significant. However, the main effect of cerebral 

areas is highly significant at the ,005 level. Furthermore, a 

tremendously high F ratio indicates a significant difference at the 

.001 level within the units of measurement. From the treatment by 

cerebral areas (AC) interaction, significant at the .05 level, it is 

evident that treatment, although not significant as a main effect, does 

interact with cerebral areas. From the nonsignificant interaction 

of treatn^nt by measuren^nt (AD) it is evident that the treatment 

does not interact with units of measure, per se. However, from the 

significant cerebral area by neasurement interaction at the ,001 

level of significance, it is indicated that different cerebral areas 



TABLE 5 

AI.^YSIS OF VARIA ĴCE FOR THE EFFECTS OF 
RESPONSE COMPLEXITY (TRI :AT;-E\T) UPON 

CERE3PAL RIvIA-P C0:;TE:.T AMD THREE 
UNITS OF BIOCHEMICAL MEASURES 

55 

Source df Sum of Mean 
Squares Square 

Between Subjects 

Treatnent (A) 

Error ̂  

24 

4 

20 

211,793 

36.507 

175.286 

9.127 1.041 

8.764 

NS 

VJithin Subjects 

Cerebral Areas (C) 

Units of 
Measurenent (D) 

AC 

CD 

ACD 

Error 

274 18172.22 

12 

8 

24 

104.155 34.718 4.91 

15785.653 7892.827 1117.17 

151.873 

63.197 

295.585 

224.314 

w 
219 1547.444 

12,656 

49,264 

1.79 

7.899 1.11 

6.97 

9.346 1.32 

7.065 

.005 

.001 

.05 

NS 

.001 

NS 

Total 299 18384.014 
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are interacting with the measurem.ent factor, suggesting that 

different units of measurement do in fact provide a variable meas

urement of RNA-P content in these area. Thus, in summary, multi

variate analysis of variance of the treatment effects with different 

units of measurement of cerebral RNA-P content indicates that, 

although treatment is not significant as a nain effect, it does in 

fact interact with cerebral areas. Furthermore, the significant main 

effect of cerebral areas indicates that RNA-P content does vary in 

various cerebral areas in additon to the significant treatment by 

area interaction, which indicates that there is a treatment effect 

upon some cerebral areas. Lastly, the highly significant area by 

measurement interaction indicates that different cerebral areas ars 

measured to a different degree by the three units of measurement 

employed. 

Table 6, concerned with the multivariate ANOVA of the 

cerebral DNA-P content as a function of treatment and three units of 

biochemical measures, also indicates that the treatment effect is not 

significant as a main effect and, furthermore, does indicate that 

the DNA-P content in the four cerebral areas shows a main effect 

at an even higher degree of significance, namely, .001, compared to 

the RNA-P content on the same variable. However, the treatment by 

area interaction (AC) is not significant, suggesting that there is 

no variability in DNA-P content of cerebral areas as a function of 

the treatment. From this analysis it is also evident that, whereas 

the treatment by measurement interaction (AD) in the RNA-P analysis 

was not significant, it is highly significant in the DNA-P multi

variate analysis, indicating that treatment does interact with units 
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TABLE 6 

ANALYSIS OF VARIAN:CE FOR THE EFFECTS OF 
RESPONSE COMPLEXITY (TPEAir-EMT) UPON 

CEREBRAL KIA-P CaNTTENT AND THREE 
UNITS OF BIOCHEMICAL MEASURES 

Source df Sum of Mean 
Squares Square 

Between Subjects 

Treatment (A) 

Error -^ 

VJilhin Subjects 

Cerebral Areas (C) 

Units of 
Measurement (D) 

AC 

AD 

CD 

ACD 

Error ̂  

Total 

24 

4 

20 

274 

3 

2 

12 

8 

6 

24 

219 

299 

174.828 

27.055 

147,773 

6664.178 

200.439 

4270.000 

55.584 

183.599 

498.261 

107.573 

1348.722 

6839.005 

6.764 .92 

7.3878 

66.813 10.85 

2135.000 346.70 

4.632 .75 

22,949 3,726 

83,043 13,49 

4.482 .73 

6.158 

NS 

.001 

.001 

NS 

.001 

.001 

NS 
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of measurement to provide increased variability. Again, the area 

by neasurement interaction (CD), significant at the .001 level, in 

addition to providing a higher F ratio than in the K-IA-P analysis, 

indicates that different units of DNA-P neasurements are more 

variable in certain cerebral areas. In comparison wilh the KIS-? 

analysis, the DL\'A-P einalysis differs in that there is no significant 

treatment by area interaction, indicating a greater stability of DMA, 

Furthermore, there is a significant interaction between treatment 

and units of measurement (AD), which suggests, in the absence of a 

significant AC interaction, that treatment does seem to produce in

creased variability across all units of neasurement without, however, 

affecting any one area in particular, thus having no theoretical 

interest as far as this paper is concerned. 

Analysis of Units of I-teasurement 

ihe analyses for determining the detection sensitivity of 

RIA-P changes as a function of the treatment was performed in three 

separate 5X5X4 mixed analysis of variance designs, again using 

replication as an error term. However, in order to obtain the 

snallest possible error term the within-subjects effects were tested 

not against a pooled error term but against their interaction with 

the replicatim factor. As evidenced in Tables 7, 8, and 9 the RNA-P 

mcg./lOOmg neasurerrent indicated a highly significant main effect of 

cerebral areas at the .001 level 1hus indicating that this type of 

ireasurenent is highly sensitive to any RNA-P differences in the 

four cerebral ar^as. The treatnent by area (AC) interaction effect 

was only significant at the .20 level. 



TABLE 7 

A : ^ \ L Y S I S OF VARI/J ;CE FCR DE'n:R:^G:::i:;G 
DETECTION-SENSITIVITY OF TrZ RNA-P 

(mcg/10u:rg TISSUE) I-Z/"^SURE>Z::T OF 
n •»•)••"* ft rry\ r~^-t -r- i "r^ 'T^r-^--^ r>mc>t 

59 

SC'JRCE df SuTi of Mean 
Square s Square i 

Between Subjects 24 

Treatment (A) '^ 

617.32 

94,52 23.63 ,46 NS 

Error 20 522.80 51.34 

AC 

ALC 

: ts 75 

IS (C) 3 

12 

12 

48 

1926.21 

392.54 

366,82 

136.12 

1030.73 

130.85 

30.57 

11.34 

21.47 

11.53 

1.42 

.001 

.20 

Total 99 2543.58 
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T/3LE 8 

ANALYSIS OF VARIANCE FOR DETERMINING 
DETECTION SENSITIVITY OF THE P.IA-P 

CORTEX-SUBCORTEX RATIO OF 
TREATMENT EFFECTS 

Source df Sum of Mean F 
Squares Square 

Between Subjects 

Treatment (A) 

Error K 

24 

20 

3.019 

.402 

2.617 

.10 .769 NS 

.130 

VJithin Subjects 

Cerebral Areas (C) 

AC 

BC 

ABC 

75 

3 

12 

12 

48 

3,017 

.05 

.797 

.172 

2.043 

.016 

.066 

.014 

,042 

1.14 

1.57 

NS 

NS 

Total 99 6.082 
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TABLE 9 

ANALYSIS OF VARIANCE FOR DETERMINING 
DETECilOM-SDISITIVITY OF THE 

R\'A-?/n^IA-P RATIO OF 
TREATMENT EFFECTS 

Source 

Betvjeen Subjects 

Treatnent (A) 

Within Subjects 

Cerebral Areas (C) 

AC 

3C 

ABC 

df 

24 

4 

75 

3 

12 

12 

48 

Sum of 
Squares 

1413,44 

477.24 

3460,89 

715,36 

856,22 ' 

347,93 

1541,38 

Mean 
Square 

119,30 

74,54 

238.45 

71.35 

28.99 

32.11 

F 

1.50 

8,22 

2.22 

P 

NS 

.001 

.025 

Total 99 4874.33 
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The second type of measure used, POIA-P cortex/subcortex, as 

Table 8 indicates, is highly insensitive to any treatrent effects or 

differences in R'lA-P content between cerebral areas. However, as 

indicated in Table 9 the RNA-P/D::A-P unit of measurement shows a 

greater "between subjects" sum of squares, a relatively sraller error 

term compared to the other two analyses of units of measurenent in 

addition to indicating a higher treatment by area (AC) interaction 

effect. Ihus the results of the units of iTeasurement evaluation in 

regard to R'JA-P determination suggest that of the three units of 

measurenent, mcg./lOOmg. unit and the RIA-P/DNA-P ratio, bo1h sha^ 

sensitivity to detect interarea differences of cerebral R\̂ A-P with 

the ratio measure showing promise to be somewhat more sensitive to 

treatnent effects as defined by this study, Ihe absence of any 

significant effects when using the K^A-P cortex/subcortex measure 

indicates most strongly the insensitivity of this measure. 

In the unit of measurenent evaluation of KNJA-P changes as 

a function of treatment, a most interesting change in the degree of 

significance of the sane units of measurement is evidenced in the 

analysis of variance Tables 10 and 11. While treatment effects are 

not significant, the cerebral area (C) main effect is highly 

significant as evidenced by the extrenely h i ^ F ratio far exceeding 

the available significance level of .001 when using mcg./lOOmg, 

measurenent and when using the cortex/subcortex ratio it is still 

significant at the ,05 level, VJhereas in the mcg/lOOmg. measure 

analysis the treatment by areas (AC) interaction is significant at 



TABLE 10 

ANALYSIS OF VARIANCE FOR DETERMINING 
DETECTION-SENSITIVITY OF IHE DMA-P 

(mcg/lOOmg TISSUE) ME/-SUREME:rT OF 
TREATMENT EFFECTS 

63 

Source 

Between Subjects 

Treatment (A) 

Error 
b 

Within Subjects 

Cerebral Areas (C) 

AC 

BC 

ABC 

Total 

df 

24 

4 

20 

75 

3 

12 

12 

48 

99 

Sum of 
Squares 

327.57 

45.39 

282.28 

1070.92 

685.72 

95.11 

56.47 

122.61 

1398.59 

Mean 
Square 

11.34 

25.03 

228.57 

7.93 

4.71 

4,87 

F 

,45 

48,52 

1,62 

P 

NS 

.001 

.05 
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TABLE 11 

ANALYSIS OF VARIANCE FOR DETERT^MING 
DEIECTIOM S S J S I T I V I T Y OF IHE QNIA-P 

COKTEX-SUBCORTEX RATIO OF 
TREATME"̂ >rT EFFECTS 

Source 
• 

Between Subjects 

Treatment (A) 

Error, 
D 

Within Subjects 

Cerebra l Areas (C) 

AC 

BC 

ABC 

Tota l 

df 

24 

4 

20 

75 

3 

12 

12 

48 

99 

Sum of 
Squares 

5.375 

1.096 

4.279 

1.647 

.231 

,477 

,135 

,804 

7,023 

Mean 
Square 

,274 

,495 

.077 

.039 

.011 

.016 

F 

.55 

7.00 

2.44 

P 

NS 

.005 

. 0 1 
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the ,05 level the cortex/subcortex r a t i o i s s ignif icant a t the .01 

l eve l . Tnus t h i s par t of the study indicates by comparison with the 

same uni ts employed in the RNA-P analysis in which the cortex/subcortex 

r a t i o of KIA-P was insens i t ive t o any changes, the DMA-? cortex/sub

cortex r a t i o i s extrenely sens i t ive as i s the ncg./lOOmg. neasure. 

Iherefore the R\̂ A-P cortex/subcortex r a t i o does not change or show 

v a r i a b i l i t y e i t h e r betiween cerebral areas or in a treatment by 

cerebral area in terac t ion (AC). Ihe DiIA-P cortex/subcortex r a t i o , 

hcwever, shews a very acute s ens i t i v i t y as far as the treatment by 

area in te rac t ion i s concerned and s t i l l greater s ens i t i v i ty for 

in t e ra rea v a r i a b i l i t y . 

In summ«£iry (see Table 12) , the evaluation of the sens i t i v i ty 

of three un i t s of measurement, namely mcg./lOOmg., RMA-P/DNA-P r a t i o , 

cor t ical /subcort ic :a l r a t i o for changes of cerebral nucleic acids as 

a function of t reatments , indicated tha t : (a) the conventional 

micg./lOOmg. t i s sue neasure i s sensi t ive t o changes of both nucleic 

acids as determined by separate analyses of variance within the 

condition of t h i s study, (b) the cor t ica l / suboor t ica l r a t i o neasure 

i s insens i t ive to any changes in KIA-P but h i ^ l y sens i t ive t o 

changes in DNA-P, and (c) the RIA-P/DMA-P r a t i o neasure compares 

favorably with both mcg./lOOmg. measures. Of greatest significance 

in t h i s pa r t of the study i s the s t r i k ing difference between the 

ins ign i f i can t r e s u l t s obtained with ^e RNA-P cor t ica l / subcor t ica l 

measures compared with the highly s igni f icant r e su l t s obtained with 

the sane neasure when analyzing for n^IA-P. Ih i s s t r i k ing difference 
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seems to warrant further investigation, as it appears to be indica

tive of different, if not opposing, treatment effects upon RNA-P and 

DNA-P ratios in the cortical areas, 

Ĉ rouD and Sublevel Differences 

According to Tables 13 and 14, the nonsignificant correlation 

coefficients indicate that there is no association between days in 

training and cerebral R::A-P and DNA-P concentration. Furthermore, 

from the correlation natrix in Table 13 concerned with RNA-P measures, 

it is evident that all intercorrelaticn coefficients are non-signifi

cant. In Table 14 the correlation matrix shows one significant 

correlation coefficient at the ,05 level, namely that of somesthetic 

cortex with subcortical DNA-P. Both correlation matrices were cal

culated in order to show whether or not number of days in t̂ raining 

are associated with nucleic acid concentration in the cerebral areas. 

It is tlierefore indicated that, although the E3 and E^ groups had 

three and four times longer training periods respectively than E]_ or 

E2 (see Figure 10), there exists no association between nucleic 

acid concentration and number of days in training. 

Analysis of the first order interaction between the concen

tration of RNA-P and DNA-P in mcg./lOOmg, central nervous tissue in 

four cerebral areas, as a function of increasing response complexity, 

was performed in response to the consistently found highly significant 

treatment by area interaction. This analysis was performed on the 

data obtained with the mcg./lOOmg. measure because of two considera

tions: first, although the various analyses of variance indicated 
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TABLE 13 

MEANS, STANDARD DEVIATIONS, A\'D CORRELATION 

coEFFicierrs OF NUIQER OF DAYS LNI 
TRALNLMG AMD RMA-P CCNCENTRATIQN 

OF FOUR CEREBRAL AREAS 

69 

VARIABLE 

(1) 

(2) 

(3) 

(4) 

MEAN 

STAI^ARD 
DEVIATION 

Days 
(1) 

25.65 

8.92 

Visual 
(2) 

- . 1 2 

15.9 ' 

3.7: 

Motor Somesthetic Subcortical 
(3) (4) (5) 

.12 

-.37 

-.23 

-.14 

-.04 

-.22 

-.04 

-.07 

.22 

14.93 17.01 

4.45 5.37 

20.22 

5.89 

N=20 



TABLE 14 
MEANS, STANDARD DEVI/^TIO: : S , A O CORRELATION 

COEFFICIENTS OF ::i7-3ER OF DAYS LJ 
TRAINLIG AND DMA-P CONC^^nRA^I0N 

OF FOUR CEREBRAL AREAS 

70 

VARIABLE 

(1) 

(2) 

(3) 

(4) 

Days Visual Motor Sones the t ic Subcor t ica l 
(1) (2) (3) (4) (5) 

.25 - .03 

.36 

. 2 1 

.32 

22 

- . 0 5 

.21 

.10 

.45"' 

ME A J 25.65 8.87 6.71 7.91 13.13 

STANDARD 
DEVIATION 8.91 2.49 2.28 2.17 3.76 

N=20 
•S ign i f i can t a t pa- .05 l e v e l 
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that other units of measure provided an even higher significant treat

ment by area interaction effect, all measures of nucleic acids reported 

in the literature are given in this unit; secondly, although the analy

sis of variance results indicate an equally, and in two cases an even 

higher, significant treatment by area interaction, the various mean 

differences revealed in the three cortical areas over all treatment 

groups do not show as large a mean difference from the values of the 

control group. Another important consideration lies in the nature of 

the mcg./lOOmg, measure, vhich is the only one of the three which meas

ures R.NA-P per unit volume of tissue. From Figure 11 it is evident that 

the effects fron increased response complexity do not influence the 

cerebral RNA-P concentration to an equal degree, as indicated by the 

mean difference in the RNA concent3?ation in various cerebral areas. 

Table 15 lists the means, standard deviations and the standard errors 

of the means for each of the five groups for each of the four areas, 

as well as the total RNA-P mean concentration, standard deviation and 

the standard error of the mean for all groups for each of the four 

cerebral areas. The significance of the mean difference for each 

tireatjnent group for each cerebral area, as needed to interpret the 

complex results in Figure 11, was established with Duncan's New Multi

ple Range Test. In Table 16, the significantly different means at the 

.05 level can be read off from the horizontal line of numbers ranging 

from 1 to 20. Each of these twenty numbers represents a rank ordered 

mean, increasing in numerical value from the left to the right. The 

respective means can be identified according to treatment group member

ship and cerebral area involved by finding its number in the mean 
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TABLE 15 

MEANS ST^WDARD DEVIATIONS AND STANDARD ERRORS OF MEAJS OF 

^pnriL^TSg i ^ . " ^ - "^^^^^^ ^ ^ CONTROL AND EXPEFJMEI^AL 
GROUPS AND TOTAL FOR EACH CEREBRAL AREA OVER ALL GROUPS 

Groups 

^1 

^2 

^3 

^4 

C 

To ta l 

r 
SD 
SD-

X 
7 
SD 
SD-

X 
7: 
SD 
SD-

X 
X 
SD 
SD-

X 
X 
SD 
SD-

X 

X 
SD 
SD-

X 

Visual 

14.792 
2.941 
1.315 

19.684 
4.397 
1.966 

14.534 
1.859 
0.813 

14.888 
2.406 
1.076 

13.540 
3.793 
1.696 

15.487 
3.901 
0.780 

Nbtor 

13.118 
3.093 
1.383 

13.844 
4.125 
1.844 

16.350 
2.507 
1.121 

16.426 
4.936 
2.666 

14.548 
3.626 
1.621 

14.857 
4.275 
0.855 

Sones the t ic 

20.824 
8.088 
3.617 

14.766 
2.282 
1.020 

15.874 
0.419 
0.219 

16.588 
4.206 
1.881 

15.082 
1.363 
0.609 

16.626 
4.883 
0.976 

Subcortex 

20.890 
2.372 
1.060 

24.800 
9.369 
4.190 

17.824 
1.275 
0.570 

17.398 
1.401 
0.626 

19.045 
4.557 
2.038 

19.995 
5.665 
1.133 



1^ 

CO 
fH 

OS 

H 

< o 

°6 
CN KH 

CO U, 

O 

C/D 

CO < 

- . w 

o 
CN 

CD 

00 

CO 

LO 

CO 

CN 
f H 

C31 

CO 

(£> 

\n 

CO 

CN 

X 

8 
CO 

o 
0) 

CO 

•:3 

CT> O 
CN 

lO 

00 CO 

CO 

CO 

CO o^ 

CN LO 

00 CN 

H CM CO : ^ 

w w w w I 

• 
^ - N 

o CD 
CO 
i H 
v-^ 

CO 
•g 

• 3 
^ 
-\ 

H 
^ 
> 
(1) 

i - l 

LO 
o 

• 
Al 

< 
CM 



75 

identification table in the lower half of Table 16. Those means differ

ing significantly from each other can be read off by noticing the four 

lines underscoring different means. Any two means underscored by the 

same line do not differ significantly. Thus, any two means not under

scored by the same line do differ significantly. Thus, v^ereas mean 

number 20 does not differ from either 18 or 19, each of these three 

underlined means do differ significantly from the means numbered 1 to 9, 

The results indicated in Figure 7 bespeak a large variability, 

and indicate a significant increase in RNA-P as a function of response 

complexity in tihe Ê ^ and E2 groups, where none was expected, and an 

absence of intercerebral area difference, or even an increase in, RNA-P 

where it was expected. An analysis of the RNA-P content of each 

cerebral area over treatment groups, or response complexity, indicates 

an immediate and steady, as well as significant, increase in subcort

ical RNA-P concentration in E-̂  and E2 groups, with a rapid decrease 

in the E3 and E^ groups. The same phenomenon is also found in the 

RNA-P content of the visual cortex. Both cerebral areas show the same 

phenomenon of a steady and significant increase over that of the con

trol groups on the first two response complexities. Thereafter, both 

decrease rapidly to a level equal to that of the control group. Another 

outstanding characteristic revealed in this analysis is the trend 

exhibited by the RNA-P content of the somesthetic cortex, attaining 

its highest concentration on the first level of response complexity, 

as indicated by the significant difference from the somesthetic nucleic 

acid (content of experimental group E;ĵ  compared with that of the control 

group. 
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In regard t o the DNA-P changes over response complexities, i t 

i s d i f f i c u l t t o make any accurate i j i terpretation of the data ava i l 

able on Figure 11 without a ccxiplex se r ies of trend analyses. I t i s , 

never theless , i n t e r e s t i n g t o notice that the subcortical DNA-P concentnra-

t ion shows a s ign i f icant difference from the mean values of the cor t ica l 

niA-P concentrations over the range of complexity. 
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aiAPTER IV 

Discussion 

There has hardly been any topic of scientific investigation, 

save the widely publicized space effort, which has received as much 

general attention within the last four years as nucleic acids. 

This can be encountered in public schools, where easy-to-read books 

are available on IHA and RNA, The nation's greatest magazine refers 

to it as "the key to life". Of the biochemical substances it is 

undoubtedly the best known outside the field. This tremendous 

interest is found not only in non-academic circles but also in 

professional circles, as exemplified by the interdisciplinary 

publication Science, in which the number of papers relating to 

nucleic acids within the last three years was almost twice the 

number published from 1950 to 1960. Whereas at first the majority 

of papers related to nucleic acids were concerned with pure chemical 

problems, e.g. isolation, synthesis etc., and, in biology, with 

pure genetic problems, more and more it is found that the significance 

of these particular two nucleic acids extends over a wide field, 

embracing many disciplines. 

The molecular weight, size, unique structure and most complex 

intramolecular arrangement affords a persistent target of many theory-

building models. In the area of memory theories there has been a 

surge of interest, both theoretical and experimental in what Dingman 
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and Spom (1963) called "the molecular basis of memory," 

Undoubtedly the most spectacular successes of recent investigations 

of the molecular basis of transmission of genetic information 

suggested to many that there may be analogous nolecular mechanisms 

capable of stirring and utilizing exper^tial infomation during 

the life of the individual. Throughout this paper numerous 

hypotheses, models, and theories were presented, most of which 

seemed to be eager to ascribe specific processes to these acids as 

to how they could possibly "store," "fixate," "dislocate," etc. 

Piatt (1962) wrote a most interesting chapter called "A bcx)k model 

of genetic inforroation — transfer in cells and tissues." In a 

most skillful manner he conveys the impression that certain types 

of RNA and DNA can indeed "read-in" or "read-out" infomation in 

terms of particular base sequence rearrangements. However, from 

a sometimes predictable behavior of a mosaic virus or a particular 

culture in a test tube to a most complex reciprocally innervating 

structure such as the central nervous system in anijnals on a 

higher phylum covers a tremendous distance. Most theories which 

all too readily invest RNA with memory storage or memory mcxiifying 

capability are based on earlier reported studies, especially that 

by Hyden (1962), who showed that there occurs not only a signifi

cant increase in the intracelluar amount of RNA as a function of 

stimulation, but furthermore, significant change in the base 

composition of nuclear RNA in the nerve cells of Dieter's nuclei 

occur when a rat learns a balancing task. A most important 

discovery was made quite incidentally in that the adenine-to-uracil 
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ratio of the nuclear RNA of the nerve cells was found to 

increase significantly and that this change persisted for at 

least 48 hours after the end of the learning experiment. However, 

although a large number of papers reported in the earlier part of 

this study found a significant increase in RNA to be associated with 

a particular type of behavior there are scientists who disagree 

with the interpretation of the results from these studies. Dingman 

(1964), Spom (1963), Briggs and Kitto (1962) who, while not 

denyLng the facts of these associations, do however, point out 

that the evidence that RNA molecules are specific memory traces 

is highly circumstantial at the present. In particular they 

believe that a change in the base ccamposition of RNA in neuronal 

cells involved in a learning task does not necessarily signify 

that these RNA molecules are permanent memory traces or that 

these changes have attributes of memory. Instead it is said that 

it may signify that they are a transient intermediates in the for^ 

mation of perinanent traces or that these changes in RNA occur con

comitantly with learning. However, no matter hew cautiously exist

ing data in the area of memory storage is being interpreted, it is 

accepted by almost all researchers that there is little doubt that 

RNA is modified by psychological behavior or does not respond to 

extra-organismic stimulation. Accepting this, they also stress that 

RNA metabolism is an iinportant parameter of neuronal function 

and that a deficiency of RNA, like other metabolites, may hinder 

learning. On the other hand, a certain amount of excess RNA may 
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perhaps facilitate learning. This was suggested by the study of 

Creaser (1956) who found that 8-azaguanin§ a purine analogue 

which can cause formation of non-functional RNA, has been 

found to depress a rat's ability to learn a new maze without 

impairing its ability to traverse and to recall a previously 

well-learned maze, Egyhazi and Hyden (1961) found that a 

particular pharmaceutical drug appeared to increase the RNA 

.concentration on neurons and moreover shortened the interval 

required for "fixation of experience". Cameron and Solyom (1963) 

engaged in a long term aciministration of yeast RNA and reported 

to have found a subsequent improved memory function in human 

subjects with cerebral arteriosclerotic and presenile dementia. 

This stnicily had its counterpart in Cook, et̂  al. (1963) who 

similarly found that long term treatment With yeast RNA in

creased the rate at which the animal acquired a behavioral response 

motivated by shock. 

As Dingman and Spom (1964) reported any atrtempt to shew 

that the specific destruction of a particular set of molecules 

results in the permanent loss of an already established memory trace 

would appear to be beset with great experimental difficulties. In 

orxier to denonstrate their point they stated two so-called 

alternative hypotheses which biochemistry, at present, is not 

capable of either confirming or denying experimentally: (1) RNA 

molecules, like many other molecules, are important constituents 

of the nervous system v^ose structural and functional state may 
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change clramatically during a learning experience but they do 

not function as permanent memory traces, (2) RNA molecules 

occupy a unique role in the nervous system, that of serving as 

the final engram of experiential memory, the permanent menory trace. 

These inseparable alternatives are indicative of studies 

which could be constructively criticized as being too "goal 

directed" or as trying to shed light upon a new area too fast and too 

soon. Many disciplines have provided science with vast amounts 

of matericil in regards to the primary memory storage center, the 

central nervous system. Cerebral localization could aid and 

in turn be aided from known relationships of cerebral nucleic acids 

to external behavioral events. 
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CEREBRAL EFFECTS 

The results of this study can be divided into two main areas: 

(a) the investigation of the effect of a particular psychological be

havior, varying on a continuous dimension of response complexity, upon 

a biochemical corTpelate, namely, nucleic acids, and (b) a unit-of-

measurement study concerned with evaluating three different units of 

biochemical measures as to sensitivity to treatment effects and their 

interaction with various cerebral areas. These two nain areas c:an be 

divided into multi-dimensional sub-units accx)rding to the five pro

blem areas studied. This is due to the fact that two nucleic acids,-

RNA and DNA, were concurrently investigated, as well as four cerebral 

areas and five cx)nditions of treatment. Discussion of the complex 

interaction between treatment, measurement and cerebral areas effects 

requires a brief rec:apitulation in relation to the five major points 

of interest. A discussion of the results according to the first and 

second problem areas and their concomitant research hypotheses will 

center around the question of whether or not the RNA in different 

cortical areas varies as a function of increasing response complexity. 

This problem area is most vital, since it nay lead to cerebral locali

zation studies on a biochemical level. Furthermore, analysis of the 

particular behavior involved in the performance on a response complex

ity continuum, ranging from a simple chained operant conditioning task 

to a four membered chained operant response, such as pressing three 

levers in an ABAC order, suggests that no single cerebral area can 

coordinate all behaviors involved. Problem areas 3 and 4 are concerned 

with providing an initial answer to the question as to whether 
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psychological behavior affects a concomitant and unidirectional RNA 

increase in the subcortex, or if there exists a multidimensional rela

tionship of subcortical RNA changes compared to cortical RNA changes 

over areas as a function of treatments. These combined problem areas 

will be discussed in terms of the results obtained from the cortical/ 

subcortical nucleic acids measures from four cerebral areas. 

The last problem area is concerned with a measurement problem, 

namely, an evaluation as to which biochemical unit of measure is most 

sensitive toward psychological trreatment variables. 

Cerebral Nucleic Acids — Changes 

Within the limitations of this study, as was more explicitly 

stated in the previous chapter, the null hypothesis in regards to the 

first research hypothesis was accepted. According to Table 12 and 

Figure 11, increasing response complexities did not produce a signifi

cant difference between experimental groups, but, instead, produced 

a variability in terms of a complex interaction between response com

plexity and cerebral areas involved. Thus, there does not seem to 

exist a simple, one-to-one relationship between the degree of response 

complexity tested and amount of cerebral nucleic acids. This absence 

of a verification of the implicit expectation that the more difficult a 

given task, with its concomitant increased demands upon CNS activity, 

the greater the quantitative RNA changes, does not follow a uni-

dimensioral direction. However, the repeatedly found interaction be

tween various cerebral areas and treatment effects suggests that 

different cerebral areas are affected to a differing degree by the 
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same treatment conditions. This finding which is true for both cere

bral RNA and DNA, when using the mcg./lOO mg, of tissue measurement, 

is actually only a verification of general cerebral localization 

theories. Nevertheless, it vas demonstrated that the evidence ob

tained in pharmacological and neurophysiological studies of intra

cerebral functional differences, in terms of localization concepts, 

appears to also be true on a biochemical level, as far as RNA and DNA 

are cx)ncemed. Another seemingly important finding of this study is 

the highly significant "cerebral areas" main effect for both nucleic 

acids vhen expressed in mcg./lOO mg measure, which is highly suggest

ive of the fact that both nucleic acids differ in the four areas 

studies. Whether this unique difference of RNA and DNA content in 

various cerebral areas, three cortic:al and one subcortical, bespeaks 

an organically determined difference or merely indiĉ ates a different 

metabolic rate can not be answered. 

When viewing the role of nucleic acids in the central nervous 

system as one of protein synthesizers or as being simply involved in 

overall metabolic processes, this finding appears to be merely sug

gestive that different areas show a variable metabolic activity. On 

the other hand, when accepting the implicit suggestion throughout the 

recent literature ascribing "memory storage functions or participation" 

to these nucleic acids, then this finding can be interpreted as being 

suggestive of inter-area differences in these hypothetical properties. 

Since only four areas were sampled, three of which were cortical, this 

inter-area difference in nucleic acid concentration, possibly hrer-

ditary or organically determined, can only be held true for these four 
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areas. It does suggest, however, a new avenue of appraoch in applying 

biochemical studies to the problem of cerebral localization. 

The same finding can also be viewed as being indicative of a 

different neuronal density in various cortical areas, since, as 

Chargraff and Davidson (1955) indicated, DMA is a hi^ly stable neas

ure of the number of nuclei. These findings suggest that there is a 

very high variability among the four areas studied, not only in terns 

of the bicx:hemically stable DNA, but also among the PNA components of 

the central nervous tissues. In regards to the treatment by area 

interacrtion, this seems to pose a similar problem such as was pronounc

ed and discussed earlier by Dingman and Spom. Here, too, are two al

ternatives with whicih these findings c:an be interpreted: (1) the large 

intercortical area variability evidenced in Figure 11, along with the 

hi^ly signific:ant inter-treatment group differences, in terms of 

cortic:al area by treatment interacrtion (Table 12), may be suggestive 

that nucleic acids in any one of the four c:erebral areas may be more 

responsive to, or effected by, these particular treatment conditions, 

or (2) there are pre-existing differences in nucleic acicjs concen

trations which interact with "a" particular treatment or behavioral 

sequence studied. Ihis c:ardinal question whether or not the dependent 

variable determines the independent variable, or vice versa, is by no 

means an artificial issue. Ihis is due to the fact that existing 

differences in CNS nucleic acid ccsicentration, whether associated with 

storage or merely metabolism, can influence considerably the behavioral 

sequence of an animal in a learmng situation. On an empirical level 

the area by treatment interaction for both nucleic acids (figure 11) 
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indicates a most interesting finding. The greatest variability and 

significant mean differences per area per group is found in the two 

treatment groups which were involved in the easiest learning situation 

and having been subjected for the shortest time to the treatment con

ditions. The obvious lack of significant mean differences among the 

control groups and E^ and E groups on either nucleic acid indicates 

that the two relatively most difficult task problems, requiring the 

longest period of time to learn, had no effect on either RNA nor DNA 

concentration in any of the four cerebral areas measured. The increase 

in RNA concentration as a function of response complexit?/ for the E, 

and E2 groups as'far as subcx)rtical, somesthetic, and visual cortical 

RNA were involved along with a rapid decrease concomitantly with an 

increase in response complexity seems to suggest that neuroral RNA 

content varies as a function of neuronal activity and not in response 

to external stimulus configuration. Thus it may follow that RNA is 

subject to previous experience of the organism in terms of the con

trol exerted upon it by the stimulus selection and integration by the 

CNS. The subcortical RNA c:hanges are suggestive of an inc:reased sub

cortical neuronal involvement during the initial stages of the response 

complexity continuum. 

The same is true for the RNA concentiration of the visual cor

tex, indicating a similar neurophysiological phenomenon. The corres

ponding behavioral sequelae can be understood when considering the 

task problon. It is apparent that, as far as the first response ccm

plexity is concerned, the visual cortex is very little involved in the 

behavior during the training period on one lever. However, at the 
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second stage of tihe response complexity continuum, the light stimulus 

serving as a cue is probably exerting a far greater influence than 

during the earlier trial. This influence is accentuated by an in

creasing visual exploratory behavior based upon a sudden series of 

non-reinforcements bec:ause of an initial response generalization. 

This cx:curred as a consequence of adding "A" lever (Figure 1) to the 

series. 

The absence of any treatment effects on both most difficult 

task problems of visual cortex RNA involvement may have its basis in 

the concept, "learning to learn." However, this is not to imply that 

the relatively more difficult behavior required in the 1±ird and 

fourth stages of training is learned easier — there is no criterion 

or measure for this available — but the novelty and perhaps excessive 

reliance on the visual cue has been modified by the learning to learn 

mechanism. This latter concept is in accordance with numerous neuro

physiological findings which indicated that the degree of cortical 

desynchronization as a function of repeated stimulus confrontation 

becomes less and less and is embedded in Gastaut's (1958) well danon-

strated "aging of a novel stimulus phenomenon. 

In regards to the somesthetic RNA changes as a function of 

treatment it is somewhat easier to understand vhen considering the 

behavioral variables involved in the conditioning chamber. The imm

ediate and only increase of its RNA content between the control group 

and the E;j_ group suggests that this area becomes immediately and 

maximally involved in the task, Behaviorally this is v^at actually 

happens because bar pressing, an extremely novel situation for the 
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animals, is one stimulus or task which cannot be ignored, since it, 

alone, leads to reinforcement. Once the relatively simple task has 

been mastered, the degree of somesthetic-cortical involvement can be 

expected to be minimal. The only data which could be expected to fol

low predictions (assuming a relationship between specific behavior 

and cortical RNA) is that of the motor-cortex. Although not signif-

iĉ ant in terms of mean differences, the suggested trend does follow 

a direction that could be expected. In the execution of the first 

training task, very little motor activity is involved. However, the 

more conplex the task, the greater the activity observed in all 

animals. 

Ihe units of measurement study (see Table 12) found that dif

ferent units indeed shewed different degrees of sensitivity to treat

ment effects. Rirthermore, this phenomenon is still more complica

ted by the cerebral area by measurement interaction, indicating that 

one unit of measurement may be very sensitive to a given treatment 

effect in one cerebral area, but not in another. It is important to 

note that the cortex/subcortex ratio measure was the most sensitive 

in detecting treatnent by cerebral area interaction when DNA-P was 

measured, but showed no significant effects in the RNA-P measure. 

Rosenzweig et al. (1962) found this ratio measure highly sensitive in 

his acetylcholine studies. Considering that this ratio measure was 

the most sensitive used to evaluate treatment effects, in terms of 

changes in DNA-P, yet was insensitive on all variables in the RNA-P 

determination, a cx)gent indication emerges that there may be two dif

ferent changes involved in cortical and subcortical RNA-P. These 
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changes may be mutually confounding and thus decrease variability 

when measured by the ratio method with ANOVA. 

From the findings in this study, several new problem areas 

emerge. The most urgent problem involves the concept of the critical 

time period beyond which initial quantitative changes in RNA-P as a 

function of treatments dissipate, due to metabolic activities and a 

turnover in biochemical substnrates initially employed in protein syn

thesis. This process was discussed and pointed out as a limiting 

factor in Chapter I, and it is highly significant that a study by 

Hyden and Egyhazi (1963) (which became available only at the time of 

writing this c:hapter) did find such a "critical time pericxi." It was 

found that the increased adenine-to-uracil ratio of the nuclear RNA 

as a function of treatment persisted for at least 48 hours after the 

end of the learning experiment. 

Another problem area involves the basic design of this study, 

which, in a new study, should be changed so as to incorporate a 

larger number of subjects per group and to increase the response 

complexity continuum. 

Finally, one area of investigation was suggested indirectly by 

the findings in this study. This involves the effects on nucleic acid 

changes as a function of the number of reinforcements. Subjects in E^ 

and E , due to the relative simplicity of these tasks, as compared to 

that of Eo and E^, receive a larger number of reinforcements per 
O *T 

session (40-60) than the subjects on the two other most difficult 

problems. Ihis difference in total reinforcements per session and 

over total time needed to reach criterion may be responsible for the 
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effects found in this study, rather than response complexity, per se. 

However, if it is found that such might be the case, the findings of 

this study, as well as of others, will not be invalid, although the 

independent variables will have to be reexamined and, in the case of 

this stnady, "response complexity" will have to be viewed as having 

been confounded by number of reinforcements. 
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CHAPTER V 

UMMAror AND CONCLUSIONS 

Deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) have 

been demonstrated to be implicated in the storage of genetic informa

tion. Of late, the relatively stable DNA has been thought to be 

involved in memory storage, although most researchers suggest that 

the more labile RNA may serve this function better. 

In order to better understand "che role of RNA in the memory 

process, the effect of increasing task complexity in a three-levered 

operant conditioning chamber on cerebral RNA was studied on twenty-five 

hcxxied male rats. The animals were divided into five groups, each of 

which were trained on a chained operant conditioning task, each lying 

on a response continuum of inĉ reasing complexity. The lew end of 

this continuum constituted a single lever pressing response, and the 

high end consisted of a four-member chained operant response, namely, 

pressing of three levers in an ABAC order. Stable behavior was in

duced by continuing the daily fifteen minute long training sessions 

for a period of twelve days after the animal had attained the criter^ 

ion of fifteen cxjrrect responses in one session. Quantitative nucleic 

acids determinations were then made on four cerebral areas with the 

use of the orcinol and diphenylamine reactions for spectnx)photometric 

analysis of the pentose sugars of the nucleic acxlds. 
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Five problem areas were investigated: (a) changes of nucleic 

acid concentration in the cortex as a function of response complex

ity, (b) changes of nucleic acid concentration in different cerebral 

areas as a function of specific behavioral sequences associated with 

the chained operant conditioning task, (c) subcortical changes in 

nucleic acid concentration due to treatment effects, (d) changes in 

cortex/subcortex ratio of nucleic acids due to treatment effects and 

(e) evaluation of several bicx:hemic:al units of measurement most 

sensitive to the treatment effects. 

Treatment by cerebral area analysis of both nucleic acids' 

mean concentration as a function of response complexity indicated 

no significant mean differences in DNA in the four cerebral areas 

over response complexity, whereas, for RNA, a large variabilitiy was 

evident. An unexpected finding was obtained, in that subjects on 

the first and second most difficult tasks shewed no differences in 

RNA concentration in the four cerebral areas from the contzol group, 

although aninals on the third and fourth most difficult tasks showed 

relatively large differences. Subcortical and somesthetic and visual 

cortical RNA concentration over response ccmplexity reached, respect

ively, their peaks at the first and second most difficult task, after 

which all three cerebral areas shewed a rapid decrease.. Only the 

RNA content of the notor cortex showed an increasing trend as a 

function of task complexity. 

Ihus, these results suggest that an increase in response 

complexity, separated at extremes by a ciifference of thirty days 

needed to reach trials to criterion, does not result in a concomitant 
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nonotonic increase in RNA concentration. Protein shift from glial 

to neuronal cells, critical time limits beyond which response-

produced RNA changes cannot be detected, as well as "the learning 

to learn" phenomenon were all invoked to account for these unexpected 

findings. 
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