BEOO00=E

; ‘0-4051 765  LETTERMAN ARMY INST OF RESEARCH SAN FRANCISCO CALIF F/6 6/20
FIXED RATIO PERFORMANCE IN RATS FOLLOWING MASSIVE TRANSFUSION We=ETC(U)

JAN 78 P A O'MARA» F DEVENUTOr» 6 ESGANDARIAN

JNCLASSIFIED LAIR=46

NL

| o |




”' T =

— T
T
——

| e
22 flis e

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU

OF STANDARDS -1963-.1




"\
NN =

LAIR REPORT NO. 46

FIXED RATIO PERFORMANCE IN RATS
FOLLOWING MASSIVE TRANSFUSION
WITH CELL-FREE RESUSCITATING SOLUTIONS

0
O
e
—
0
&
T
==
<<

# = DEPARTMENT OF BIOMEDICAL STRESS
j (i
J1
‘e o DEPARTMENT OF SURGERY
= .. JAN 1978
) famd
<7 T

LETTERMAN ARMY INSTITUTE OF RESEARCH PRESIDIO OF SAN FRANCISCO CALIFORNIA 94129

l . |




REPRODUCTION OF THIS DOCUMENT IN WHOLE OR IN PART IS PROHIBITED
EXCEPT WITH THE PERMISSION OF LETTERMAN ARMY INSTITUTE OF RESEARCH,
PRESIDIO OF SAN FRANCISCO, CALIFORNIA 94129. HOWEVER, DDC IS
AUTHORIZED TO REPRODUCE THE DOCUMENT FOR UNITED STATES GOVERNMENT
PURPOSES.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE
ORIGINATOR.

THE OPINIONS OR ASSERTIONS CONTAINED HEREIN ARE THE PRIVATE VIEWS OF "
THE AUTHORS AND ARE NOT TO BE CONSTRUED AS OFFICIAL OR AS REFLECTING
THE VIEWS OF THE DEPARTMENT OF THE ARMY OR THE FEPARTMENT OF DEFENSE.

CITATION OF TRADE NAMES IN THIS REPORT DOES NOT CONSTITUTE AN OFFICIAL
ENDORSEMENT OR APPROVAL OF THE USE OF SUCH ITEMS.




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
REPORT DOCUMENTATION PAGE BEFORE ETING FORM
Y. REPORT NUMBER ==t . . A 2. GOVT ACCESSION NO.| 3. RECIPIENT’S CATALOG NUMBER
(AL ALK = |
/)
4. TITLE (and Subtitle) ) ) 5. TYPE OF REPORT & PERIOD COVERED

| FIXED RATTO BERFORMANCE IN RATS FOLLOWING mssivﬂ
| TRANSFUSION WITH GELL-FREE RESUSCITATING SOLUTIONS

/ 6. PERFORMING ORG. REPORT NUMBER

7. AUTHOR(s) , ®. CONTRACT OR GRANT NUMBER(®)
‘Peter /0'Mara, Ph D., CPT, MS
Frank eVenuto, Ph.D

Gail/ésgandarfan, B.S.

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PﬂggR.AM ERLKE“SINTTNPRMOBJEEST TASK
Military Stress Division, SGRD-ULB-MS iy e ~
Department of Biomedical Stress PROJECT‘#bM762772A812
Letterman Army Institute of Researd‘, PSF, CA 94129 WORK UNIT #024

11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

(s

4 397
U.S. Army Medical Research and Development Command "ﬁ%o; pgcgs
Washington, DC 20314 16

T4 MONITORING AGENCY MAME & ADDRESS(!f ditferent from Controlling Office) 15. SECURITY CLASS. (of thie report)

UNCLASSIFIED

15a. DECL ASSIFICATION/DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

THIS DOCUMENT HAS BEEN APPROVED FOR PUBLIC RELEASE AND SALE: ITS DISTRIBUTION
IS UNLIMITED

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse eide if necessary and identify by block number)

Transfusion, Psychopharmacology, Behavioral Toxicology, Albumin, Hemoglobin

t

l |
{

4

. ABSTRACT (Continue on reverae side if necessary and identify by block number)

Rats were trained to perform a fixed ratio (FR) bar press task in order to ob-
tain food reinforcement. FR operant behavior was then examined daily following
65 percent exchange transfusion with bovine serum albumin (BSA), stroma-free
hemoglobin (SFH)or a mixtured of those materials. A fourth group of rats
(controls) was subjected to identical surgical and anesthetic procedures, but
was not transfused. Average FR response rates of all transfused groups were
significantly depressed in comparison to surgical controls 24 hr after exchange

transfusion. The degree of this initial respons
DD ax'7s 1473  EOITION OF 1 NOV 68 IS OBSOLETE 1 UNCLASSIFIED i,

oy 4 1

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)




L UNCLASS LF LED

ECURITY CLASSIFICATION QF THIS PAGE(When Data Entered)

related to baseline FR response rates. Histograms of interresponse times (IRTs)
were also derived. Following exchange transfusion, there were increases in the
relative proportions of long IRTs and a slowing of IRTs representing fast res-
ponse sequences.’' Changes in FR response rates and in IRT distributions also
depended upon the type of transfusion solution employed. Rats transfused with
MIX were least affected although the differences between this group and the BSA
group were not significant. Rats transfused with SFH showed the greatest initiaﬂ
response decrement. The recovery of the SFH group was also significantly longer
than those of the control and MIX groups. There were no significant between-
group differences in FR performance by the second week of recovery.

7 v

i1

_UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE(When Data Entered)




ABSTRACT

Rats were trained to perform a fixed ratio (FR) bar press task in
order to obtain food reinforcement. FR operant behavior was then
examined daily following 65 percent exchange transfusion with bovine
serum albumin (BSA), stroma-free hemoglobin (SFH), or a mixtured of
those materials. A fourth group of rats (controls) was subjected to
identical surgical and anesthetic procedures, but was not transfused.
Average FR response rates of all transfused groups were significantly |
depressed in comparison to surgical controls 24 hr after exchange trans- !
fusion. The degree of this initial response depression was inversely |
related to baseline FR response rates. Histograms of interresponse
times (IRTs) were also derived. Following exchange transfusion, there
were increases in the relative proportions of long IRTs and a slowing
of IRTs representing fast response sequences. Changes in FR response
rates and in IRT distributions also depended upon the type of trans-
fusion solution employed. Rats transfused with MIX were least affected
although the differences between this group and the BSA group were not
significant. Rats transfused with SFH showed the greatest initial
response decrement. The recovery of the SFH group was also signifi-
cantly longer than those of the control and MIX groups. There were no

significant between-group differences in FR performance by the second 1
week of recovery.
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PREFACE

In conducting the research described in this report, the investi-
gator(s) adhered to the Guide for Laboratory Animal Facilities and Care

as promulgated by the Committee on the Guide for Laboratory Animal Faci-
lities and Care, of the Institute of Laboratory Animal Resources,
National Academy of Science - National Research Council.
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| FIXED RATIO PERFORMANCE [N RATS
FOLLOWING MASSIVE TRANSFUSION
WITH CELL-FREE RESUSCITATING SOLUTIONS

INTRODUCTION

. A fixed ratio (FR) schedule provides reinforcement (RF) for every
n response emitted by the subject. FR performance is easily estab-
lished in a wide variety of species and produces readily quantified
stable patterns of behavior. Two features of FR responding, specifically
the temporal characteristics of reinforcement-response and response-
response intervals, have been extensively studied. The duration of the
period of non-responding between a reinforcement and the first post-
reinforcement response has been related to ratio size (1-3), effects of
food deprivation (1), drugs (4), brain damage (1), and to the effects of
complex schedules (5). In contrast to the highly variable nature of
the post-reinforcement pauses, the series of responses which precede
reinforcements may occur at a remarkably uniform rate. These episodes
of characteristically stable, rapid responding are relatively unaffected
by ratio size (2,5), levels of food deprivation (6), delay of reinforce-
ment (7), magnitude of reinforcement (8), and drugs (4).

Previous studies conducted in this laboratory have shown that fixed
ratio response rates slowed following massive transfusion with cell-free
resuscitating solutions. It was evident when observing subjects that
reductions in overall response rates were due to primarily to long
periods of non-responding. It was also found that even severely affected
subjects were apparently able to sustain responding at moderately high
rates over short periods of time. However, it was not possible on the
basis of the gross response rate data available from these preliminary
studies to determine whether or not such brief periods of sustained
responding were comparable to those observed under control conditions.
The purposes of the present experiment were to replicate the results
of earlier work and to examine critically changes in portions of interval
histograms of inter-response times (IRTs) corresponding to maximum FR
responsge rates.

FERSTER, C.B., and B.F. SKINNER, New York: Appleton-Century-Crofts, 1957
/. FELTON, M., and D.O. LYON, J Exp Anal Behav 9:131, 1966
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METHODS

‘iuh__l ects

The subjects were twenty-one male outbred Sprague-Dawley rats
weighing an average of 317 g (range 262-368 g) at the time of transfusion.
Rats were maintained under constant temperature and humidity and in a
reversed 12 hr light-dark cycle, i.e., with the rats' dark cycle cor-
responding to normal laboratory work hours. Throughout the experiment,
subjects were provided water ad libitum while in their home cages. Food
deprived rats obtained food as reinforcement during operant testing and
were given a supplemental 20-25 g food ration immediately following
each session. Additional food rations were provided on weekends to
compensate for food not obtained during daily FR sessions. None of the
anlmals used in the present experiment had been used for previous studies.

Apparatus

Seven modular small animal test cages obtained from Coulbourn
instruments were used in this experimsmt. Each cage was housed in an
isolation cubicle equipped with an exhaust fan which provided both venti-
lation and background masking noise. Operation of a response lever
dispensed 45 mg Noyes food pellets into a trough located next to the
lever. The response lever was located 3 cm above the cage floor. Each
cage was illuminated with a No. 1819 bulb which remained on throughout the
sesslons. Operant devices in the seven test cages were independently
controlled by solid-state digital logic devices. Binary code pulses
uniqueiy identified response or reinforcement events for each box. These
were recorded on FM magnetic tape for subsequent analysis with a PDP-12
computer.,

Preliminary training of rats to lever-press for food required
approximately three days. All rats were operating on a continuous rein-
forcement (one food pellet/response) schedule by the end of the first
week of training. During the second week, the ratio of responses per food
pellet was changed to 20 and maintained at this level throughout the
experiment. Subjects were run for 30 min, 5 days per week during 8 weeks
of training and daily for 10 days before and after treatment. Post-
treatment sessions were then continued on the 5-day/wk schedule for one
month. The ten-day pre- and post-treatment sessions were designated
"baseline' and 'recovery' periods for purposes of analysis. Following
training, the twenty-one subjects were divided into four groups of five
rats (with one extra subject) with each group assigned to one of four
treatment conditions. Three groups were designated to receive transfusions.
‘he fourth group was exposed to identical surgical and anesthetic procedures
but was not transfused.




Trapsfusion

Seven percent solutions (in kidney dialysis fluid) of bovine serum
albumin (BSA), stroma-free hemcoziobin (S¥ll) or a mixture (MIX) containing
7% SFH and 74 BSA were used as transfusion materials. The formulation of
BSA and SFH solutions used have been described previously (9,10). Prior
to transfusion, subjects were anesthetized with diethyl ether. The right
jugular vein was then expo-=»d and a PE 90 polyethylene catheter was
inserted through the vein into the right atrium. The catheter was
attached to two syringes via a 3-way, sterile, nonpyrogenic stopcock. One
syringe contained donor material and the other served as a reservoir for
blood removed from the recipient. Exchange transfusion was then accom-
plished in 1 ml increments until an approximate 65 percent reduction in
hematocrit was observed. The transfusion process required about 15 min
to complete. Following transfusion, the catheter was removed and the
jugular vein ligated. Subjects were returned to their home cages where
rapid recovery from anesthetic effects occurred. All rats were allowed
to recover 24 hr and were then returned to the laboratory for routine
daily behavioral testing.

Data Analysis

The first 14 bing could therefore be used to categorize IRTs of less than
derived IRT distributions were then quantified.

i. DEVENUTO, F. et al, Transfusion (in press), 1977

Response totals were routinely collected from subjects during each
experimental session. Baseline response rates were obtained from each
subject by averaging the response totals obtained during the 10 consecutive
daily sessions preceeding transfusion or surgical control procedures.
baily recovery response totals were converted to "output ratios' by
expressing scores as a percentage of each subject's mean baseline response
rate. The resulting data were the principle source of information
concerning overall effects of the experimental conditions on gross FR
response rates. Output ratios or percent change scores facilitate
comparison among subjects or groups but do not always compensate for pre-
treatment differences in response rates. This is due in part to the
existence of rate-dependent effects in which the level of baseline
responding partially determines the magnitudes of changes in recovery
response rates. The occurrences of such effects had been suggested in
earlier pllot studies of FR performance and transfusion. Provisions were
therefore made for detailed study of this phenomenon in the present i
experiment through use of regression techniques. ’

Further data reduction was accomplished with the use of a PDP-12
computer. The program performed several operations. For each subject
mnd session, interval histograms of the IRTs were derived by categorizing
each response-response interval into one of 15 time bins. Since the
present experiment was concerned with the temporal characteristics of
rapid response sequences, maximum resolution of short IRTs was desirable.
in order to accomplished this, histogram bin widths were set to 20 ms.

Observations greater than 280 ms were accumulated in the 15th !
nterval regardless of IKT duration. Several features of the computer

s

DEVENUTO, ¥. et al, J Lab Clin Med 89:509, 1977




The percent of IRT observations fallinpg within the 230 ms limit
wias routinely calculated. This index provided a convenient method
of precisely specifying the amount cf response data being catagorized
as a result of the fast IRT selection procedure. The occurrence of a
well-defined peak in the distribution oi fast IRTs permitted the identi-
fication of a modal response interval. This peak was identified by

scanning IRT distributions to locate relative maxima within the first 14
intervals. It was further required that there be a dip in the freauen -
cies of observations between the interval containing the modal fast IRT
and the 15th bin which contained the '"overflow' observations. These
requirements ensured identification of an isolated peak IRT and not a
gimple buildup in response frequencies in the vicinity of the 15th
interval. The midpoint of the IRT interval within which the cumulative
five percent of the fastest IRT observations fell was arbitrarily
selected as an index of the upper limits of responding. Observations
corresponding to post-reinforcement pauses were not included when
deriving the fastest five percent measure or when determining the
percent of response data accounted for by the IRT analysis. Specifically,
total reinforcements were subtracted from the total responses and the
result used as a denominator in calculating the percent indices. This
simple correction was appropriate since post-reinforcement pauses were
considerably longer than any of the fast IRT observations.

Baseline values for each of the above performance variables were
obtained by averaging measures obtained during the 10 days preceeding
exposure to transfusion or surgical control procedures. For each
dependent variable, behavioral recovery was defined as the number of days
required for recovery performance scores to reach or exceed baseline
levels.

A one-way analysis of covariance (BMDP1V) (11) was used to evaluate
overall treatment effects. The analysis of covariance (ANCOVA) provides
a2 method of evaluating and statistically controlling possible sources of
axperimental error. The linear regression analyses performed in con-
junction with ANCOVA permitted study of the relationships between the
selected covariates and dependent variables as a function of the
experimental treatment conditions. In this experiment baseline values
of the performance variables and the amounts of blood replaced were
selected as covariates. Dependent variables were output ratios, fastest
(cumulative 5 percent) IRTs, modal IRTs ( <280 ms), and the percents of
rasponse data falling within the range of the IRT interval histogram.
ANCOVA was applied to the test scores obtained during the seven
consecutive days following transfusion or surgical control procedures.
Separate analyses were performed on recovery data, i.e., the days required
for each dependent variable to return to baseline levels. The signifi-
cance of differences between treatmen: groups were evaluated by using
the palrwise comparison procedure provided with the BMDP1lV program.

I'ne significance of within group differences in performance between
baseline and initial (+24 hours) recovery sessions were evaluated by
using t-tests for correlated data. The P <0.05 level was used for all
tests of significance.

11, DIKON, W.J. (editor), Los Angeles: University of California Press, 1977




RESULTS

Two rats died during surgical procedures. Fifteen of the remaining
subjects were equally divided among control, BSA, and SFH conditiomns.
The remaining four rats were transfused with the hemoglobin-albumin
mixture. The average percent reductions (and ranges) in hematocrits for
the three transfused groups were: BSA, 66.4 (65-68); SFH, 65.6 (63-68);
MIX, 69.5 (67-75). Generally, animals were active and appeared alert
within a few hours of transfusion and there were mo obviocus differences
in the appearance or behavior of subjects immediately before operant
testing 24 hr after treatment.

Response Rates

The 8 week training period was sufficient to produce high, stable
rezponse rates in all experimental groups. The average baseline rate for
all groups was 3177 responses per 30 min session. The average 30 min
baseline response rate and corresponding range for each group was as
follows: Controls, 2897 (2417-3706); BSA, 3154 (1668-4566); SFH, 3722
(2362-5455); MIX, 2875 (2491-3591). The difference between baseline
group means were not significant. The 24 hr recovery response rates for

SFH, BSA, and MIX groups were all significantly less than their respective

baseline rates based on t-tests for correlated data. The response rate
of the surgical control group did not differ significantly from the
baseline rate.

The initial (24 hr) effects of each experimental condition on output
ratios was significantly influenced by baseline response rates. In
addition, for transfused rats the behavioral effects of the transfusates
were significantly related to the amounts of blood replaced. The
influence of the baseline response rate covariate was most dramatic
during the first post-treatment test session. The slope of the linear
regression equation relating this covariate to the 24 hr output ratios,
was 15.90 * 4.45 percent S.E. per 1000 baseline responses. This
relationship did not differ significantly between groups. Thus the
recovery performance of a rat (or group) with a baseline level of 4000
regponses would be approximately 16 percent better than a subject
{or group) with a base rate of 3000 responses regardless of the experi-
nantal treatment condition. The influence of this covarilate necessitated
the adjustment of the 424 hr group means in order to compensate for
proup differences in baseline performance. The response rate covariate
did not significantly influence recovery performance beyond the +24 hr
test session. In contrast to this finding, the blood replsacement
covariate significantly influenced performance through the fifth daily
recovery session. At 24 hrs there was an additional 5.93 # 2.20 percent

.l.. drop in performance for each additional one percent increase in the
amount of blood replaced. By the fifth day this coefficient had declined
to anproximately three percent. There were no significant differences in
the blood covariate regression coefficients between transfusion groups.
Ad justments of group means to correct for difference in average blood
raplacement levels did not appreciably affect the relationships between
the B55A and SFH groups since they were closely matched with respect to




this variable. The corrected relative performance of the MIX group was
improved with respect to BSA and SFH since the MIX group had received a
preater average blood replacement.

Baseline response rates were not significantly related to the time
required to reattain baseline performance following transfusion or
surgical control procedures. However, blood replacement did influence
recovery times. A delay of approximately 0.488 days * 0.28 days S.E.
was added for each one percent decrease in hematocrit.

ANCOVA of the output ratio data are presented in conjunction with
Fig 1. In this figure output ratio data are corrected for the influence
of performance and blood replacement covariates. Individual data points
represent group averages and group codes are identified in the legend
provided with the illustration. The results of the ANCOVA showed that
the output ratios of all transfused groups were significantly depressed
in comparison to the surgical control group 24 hr after transfusion.
During this initial session the SFH group also made significantly fewer
responses than either the BSA or MIX animals. Differences between
control and MIX curves 1llustrated in Fig 1 were not statistically
significant after the first day. The performance of BSA transfused
animals was lower than the control group through the third post-trans-
fusion session. The output ratios of the SFH group remained signifi-
cantly lower than control and MIX groups through the 4th day of
testing. Dbifferences between the BSA and SFH groups illustrated in
Fig 1 were significant during the lst and 4th days and approached
significance (P =0.0511) on the second day. The output ratio recovery
time in days (not illustrated) of the SFH transfused group (7.5 * 1.2 S.E.)
was significantly longer than that of control (1.75 * 1.03 S.E.) and MIX
{2.76 £ 1.43 S.E.) groups. The BSA group required 4.68 *+ 1.09 S.E.
days to recover baseline response rates and did not significantly differ
from any of the other groups.

IRT Distributions

All subjects developed well-defined peaks in their interval histo-
prams of inter-response times. The peaks of the IRT distributions were
typically well within the 280 ms analysis range used in the present
study. An average of 62 percent of the IRT observations (less post-
reinforcement pauses) fell within the 280 ms range. The average modal
value of the fast IRT distributions was 154 ms and the mean of all
cumulative 5 percent cut-off points was 113 ms. The temporal locations
of the modal and fast IRT portions of the IR « 'stributions were often
found to stabllize before response rates. T} 299re, although the
proportion of observations falling within the .{ v ms analysis interval
incressed with training, the location of the modal fast IRT was likely
to remain unchanged.

Fig 2 illustrates the baseline and recovery IRT distributions of
four transfused subjects. In this figure, data points of eich IRT
dlstribution are plotted as proportions of total responses (less IRTs
nasoclated with post-reinforcement pauses). This method of presentation
facilitates comparisons among IRT distributions independent of the total

umbers of IRT observations. The uppermost distribution for each
subject, identified as "Base', 1s the normalized averaged IRT distribu-
tion derived from the 10 baseline sessions. The lower five distributions




are from the five consecutive recovery sessions of each subject. Data
points are located at the midpoints of successive 20 ms intervais. The
range of values covered in Fig 2 1s approximately 280 ms. The treatment
condition for each subject is given immediately below the letter identi-
fication code of each rat.

In the present experiment it has been established that there were
considerable reductions in total responses following transfusion. The
data presented in Fig 2 show that fast IRT peaks corresponding to epochs
of fast responding are still present although characteristics of the
distributions are changed. The IRT distributions of subjects H and S in
Flg 2 are typical of many of the transfused subjects. For rat H, BSA
transfusion produced a 35 percent drop in mean response rate 24 hr after
treatment. However, the percent of IRTs falling within the analysis
range only dropped from 81 percent to 76 percent. The relative
stability of the normalized IRT distributions of this subject is evident
in Fig 2 where the most obvious change is the shift to the right of the
entire distribution. Three days were required for the mode of the IRT
distribution of rat H to return to the baseline values. The treatment
related changes in the normalized distributions of rat S are similar
to those of rat H, although somewhat more pronounced. For rat S, the
proportion of IRTs less than 280 ms dropped from 66 percent to 52 percent
24 hr after MIX transfusion and the modal fast IRT slowed 40 ms. Four
days were required for the modal IRT of this rat to return to baseline
values and nine days for the proportion of fast IRTs to reach baseline
levels. Rats B and T were among the worst performers following treatment.
The total responses emitted by rat B dropped 92 percent, 24 hr following
MIX transfusion. Total responses for rat T declined 74 percent, 24 hr
after SFH transfusion. In spite of these marked changes in overall
response rates, both animals were capable of producing responses at
moderately high rates as evidenced by the well-defined peaks of the IRT
distributions of Fig 2. However, the characteristic shift in the modes of
the distributions are more pronounced in these subjects, and longer
racovery times are evident. The modal IRT for rat T returned to normal
gix days after transfusion, two days after the proportion of IRTs falling
within the analysis interval returned to baseline levels. For rat B
the proportion of IRTs faster than 280 ms returned to baseline within
4 days and total responses recovered by the sixth day. However, the
mnode of the fast IRT distribution for rat B had still not returned to
its baseline value at the end of the 10 day recovery period.

Based on the results of the within group t-tests for paired
observations, the slight changes in IRT distribution characteristics
occurring 24 br after surgical control procedures were not significant in
comparison to baseline values. In contrast to this finding, transfusion
produced significant + 24 hr reductions in the proportions or IRTs
falling within the analysis range and significant changes (slowing)
in the modal and fast IRT indices. However, the analyses of covariance
performed upon the dependent variables derived from the IRT distributions
disclosed few significant differences between transfusion conditions.

The proportions of IRTs falling within the 280 ms analysis range
dropped approximately 20 percent (range, 19-21 percent) in comparison




to baseline values in transfused groups and improved slightly (5 percent)
for the surgical control group. Overall group differences, observed

24 hr after treatment, were significant (F = 5.05, P =0.0140).
Although all transfused groups were signifié&gtly different from control
subjects, there were no significant differences between transfusion
groups. Similar relationships were observed between control vs. trans-
fusion throughout the seven day recovery period, but differences between
groups were not statistically significant. Approximately 5 days were
required for the proportions of fast response IRTs to return to normal
for transfused subjects. Recovery times were not differentially affected
by transfusion conditions. The results of the analyses of covariance
also demonstrated significant relationships between covariates and
recovery changes in the proportions of fast IRTs. Relative shifts toward
slow IRTs were less pronounced in subjects who had established high
proportions of fast IRTs. IRT shifts were slightly greater blood replace-
ments although the effects of this covariate were less important in
comparison to characteristics of the IRT distribution before transfusion.
Neither covariate appeared to be related to the recovery times of trans-
fused animals.

The 24 hr recovery modal IRT of transfused groups slowed 24 ms
(16 percent) in comparison to baseline levels (t = 2.54, P <0.025).

All transfused groups were slower than the control rats through the third
recovery session. There were, however, no significant differences
between transfusion groups or between transfusion groups and the control
group during each of the seven recovery sessions. Changes in modal IRTs
did not appear to be related to baseline values of the same variable.
Amounts of blood replaced were directly related to shifting of the modal
IRTs. This relationship was the greatest during the 2nd recovery session
where each 1 percent decrease in hematocrit produced an additional 6.94
ms slowing the modal IRT. Recovery times for modal IRT data obtained
from transfused rats were unexpectedly long, and in some cases extended
beyond the 10 day recovery period during which this variable was routine-
ly quantified. Since accurate recovery data were unavailable for some
subjects, it was not possible to statistically evaluate recovery of

modal IRTs.

The average value for the cumulative fast 5 percent IRT variable
increased 20 ms or 17 percent over baseline values 24 hrs after trans-
fugsion (t = 3.53, P <0.01) compared to a 1 ms (0.8 percent) increase
in the control group (t = 0.01, P >0.05). Overall group differences
failed to reach significance (F = 2.40; d.f. = 3,14; P = 0.1114)
during the lst post-treatment session. Specific comparisons of the 24 hr
group means showed that the greatest differences were due to the relative
slowing of the BSA (P =0.0590) and SFH (P =0.0230) groups in comparison
to surgical control animals. Significant overall group differences were
observed during the 2nd and 3rd sessions. All transfused groups were
slower than the control group on day two. BSA and SFH groups were slower
than control and MIX groups during the 3rd test session. There were no
significant differences between groups after the 3rd recovery test
segsfon. There were no significant differences between groups after
the Jrd recovery test session. The effects of experimental conditions
were not Influenced by baseline fast 5 percent IRT levels, but were
strongly influenced by percent reduction in hematocrit during transfusion.
[he influence of blood replacement level was greatest 24 hr after trans-
fusion. During the 24 hr session, fast IRTs were slowed an additional
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9 ms for each 1 percent reduction in hematocrit. The influence of the
blood replacement covariate was statistically significant through the
5th day of testing. Appropriate analyses of fast 5 percent IRT recovery
data were prohibited due to the failure of some transfused subjects

to return to their baseline performance levels.

DISCUSSION

A general pattern of performance changes was observed in all groups
of transfused rats. Specifically, there were reductions in mean response
rates, increases in the relative proportions of long IRTs and a slowing
of IRTs representing fast response sequences. All of these factors
contributed to the overall reductions in response rates following trans-
fusion. The results also showed that transfused rats were still capable
of organizing responses into high rate sequences although such episodes
were slower and probably of shorter duration than comparable baseline
activity. Interruptions of responding and increases in the durations of
post-reinforcement pauses were the principal factors underlying the
marked reductions in mean response rates. This explanation is supported
by treatment related changes in IRT distributions and through direct
observation of the performance of individual rats. Treatment related
disruptions in well established patterns of FR behavior have been
observed by other investigators. Welss and Gott (4) proposed that these
disturbances and changes in post-reinforcement pauses are the principal
source of variability in FR experiments.

The results of the present study show that even those IRTs
representing maximum response rates were affected by transfusion. This
result differs from published reports (2,4,5,7,8) suggesting that this
feature of FR performance 1is relatively unaffected by treatment variables.
The results of the present study do not provide a clear explanation of
this descrepancy. These differences may be due to properties of the
transfusates and to blood replacement levels which produced unusually
severe effects. Similar behavioral changes could perhaps accompany more
extreme manipulation of other treatments variables. Alternatively, there
may be a basic qualitative difference between the effects of transfusion
and effects obtained following other experimental manipulations.

E The results of the present experiment also demonstrate strong

# relationships between pre-treatment mean response rates and effect of

s transfusion materials. During the initial (+24 hr) test session the
variation in output ratios related to pre-treatment response rates was

in fact greater than that due to treatment effects. Such rate-dependent
effects have been commonly observed in drug studies (12-14). Frequently,
there is an inverse relationship between baseline and recovery response
rates, 1.e., performance of high-~rate tasks is suppressed and performance
of low-rate tasks is enhanced as a result of treatment effects. The data
presented in this report do not support this general finding. Rats

with the highest pre-treatment performance were least affected by

surperv or transfusion, while the performance of those subjects who were
less proficlent were most severely disrupted. Had this source of

7. KLLLEMER, R.T., and W.H. MORSE, Ergebn Physiol 60:1, 1968
L. BELUHER, M.D., and JACKSON, D.E., Psychopharmacologia, 46:307, 1976
L4, SANGER, D.J., and BLACKMAN, D.E., J Pharmacol Exp Ther 194:343, 1973




variability not been recognized and properly controlled, the interpre-
tation of the results could have been different since apparently non-
significant pre-treatment group differences were translated into
substantial post-transfusion effects. Moreover, the effects of indivi-
dual differences in performance were not overcome by expressing data

as a percent of baseline values since changes in output ratios were
directly related to the pre-treatment performance levels.

Reduction in mean response rates and changes in IRT distributions
followed exchange transfusion with each of the materials used in this
gtudy. In addition to these general effects, there were differential
affects which depended upon the amount and type of transfusion solution
amployed. The amount of blood replacement and, therefore, oxygen carrying
capacity of the blood, was directly related to the degree of behavioral
change under all transfusion conditions. The degree of exchange
transfusion was most strongly related to recovery of performance (in
contrast to baseline performance, which was related to initial effects
of transfusion). The relatively strong influence of this variable may
have been peculiar to the extensive replacements used in this study.
Further studies will be required to define precisely the relationships
between extent of blood replacement and operant behavior and to
determine the mechansisms of behavioral affects.

In the present study, all transfused groups were significantly worse
than surgical control animals 24 hr after treatment. Animals transfused
with MIX were least affected although the differences between this group
and the BSA group were not significant. Rats transfused with SFH showed
the greatest initial response decrement. The recovery time of the SFH
group was also significantly longer than those of the control and MIX
groups. The apparently poorer performance of the SFH group must be
interpreted with caution for the following reasons. First, SFH was
nearly completely excreted at the time of initial behavioral testing.
Second, the performance of the MIX group which also received hemoglobin
wag virtually identical to the group transfused with BSA alone. Finally,
the stroma-free hemoglobin solution which was used was an experimental
formulation. Changes in the methods of preparation or administration
might result in different behavioral effects. Therefore, it would be
desirable to reevaluate SFH solutlons as new variations are made
available.

Tentatively, it might be proposed that tissue hvpoxia following
hemodilution accounted for some of the dose dependent transfusion effects
observed in this study. Illypoxia 1s believed to depress food and water
consumption through modification of the brain neurochemical mechanisms
mediating appetite behavior (15). In the present study, reduced
motivation to obtain food could account for lower response rates during
performance of the food reinforced operant task following exchange
transfusion. The behaviorial effects of hypoxia are, however, complex
and hypotheses formulated exclusively on the bas#s of hypoxia are not
cogent in explaining rate dependent effects or differences between

transfusion groups. The additional behavioral deficit observed in the

5FH group could be related Lo transient hypovolemia or hypoproteinaemia
following the rapld excretion of large amounts of extraerythrocytic
hemoglobin.

fffﬂudﬂERTi-ji., New York: Plenum Press, 1975
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The mechanisms of behavioral affects following transfusion will be
studied in future investigations. .

RECOMMENDATIONS

Additional studies should be conducted to examine parametrically the
behavioral effects of massive transfusion with standard crystalloids,
colloids, and banked whole blood.

Dose-response studies should be initiated, in which changes in
behavioral indices will be related to amounts of blood replaced. The
resulting data would be useful for comparative evaluation of resuscitating
solutions and procedures.

Behavioral testing should be extended to include evaluation of both
more elementary and more complex forms of behavior following transfusion.
The use of alternatives to food reinforcement should be explored in
future operant conditioning experiments.
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Fig 1

Fig 2

APPENDIX A

FIGURE CAPTIONS

Recovery of FR response rates. For each recovery session the
response score for each rat was expressed as a percent of the
corresponding baseline rate. Figure 1 illustrates the group
averages of the percent response scores obtained daily during
a one week recovery period. Each data point has been adjusted
to compensate for the influence of the baseline performance
and blood replacement covariates.

FR interresponse time (IRT) distributions. Elapsed times between
successive responses (IRTs) were measured to the nearest ms.
Histograms were then obtained by depositing individual observa-
tions into one of 14 successive 20 ms wide intervals. A
separate IRT distribution was obtained from each rat during each
30 min session. Distributions obtained from four rats are
illustrated in Figure 2. The 'base' plot represents the average
of 10 consecutive baseline sessions. Individual IRT distribu-
tions obtained during five successive recovery days are presented
below the "base" distributions. Each data point represents

the proportion of data falling within each interval. The
location of the midpoint of each 20 ms interval 1is given
immedicately below the “+5" day distribution. A separate pro-
portion and time scale is also provided as an inset.
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