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MEWALDT, S. P. AND M. M. GHONEIM. The effects and interactions of scopolamine, physostigmine and metham- 
phetamine on human memory. PHARMAC. BIOCHEM. BEHAV. 10(2) 205-210, 1979.--Seventy college age subjects 
learned and recalled a series of word lists prior to being injected with methamphetamine (0.2 mg/kg or 0.3 mg/kg), 
scopolamine (8 #g/kg), or a placebo. Following the injection subjects were tested for their free recall and recognition of the 
words and they completed a short-term digit recall task. Subjects who had previously received scopolamine were next 
injected with either methamphetamine (0.2 mg/kg or 0.3 mg/kg), physostigmine (32/zg/kg), or placebo, while other subjects 
received a placebo injection. The above memory procedure was then repeated with a second series of word lists. In 
addition, subjective feelings were measured with a questionnaire. Scopolamine and methamphetamine did not affect recall 
of information learned prior to injection. Scopolamine did, however, impair performance in both the digit recall task and in 
the second series of memory tests. Physostigmine and methamphetamine alleviated most of the memory deficits and 
sedation produced by scopolamine. Methamphetamine alone produced subjective arousal and a small improvement in 
recall of words learned after injection and a large increase in incorrect responding. 

Methamphetamine Scopolamine Physostigmine Memory Subjective moods Arousal 

PREVIOUS studies in our laboratory demonstrated that 
scopolamine impairs memory functions through interference 
with storage processes while the retrieval mechanisms are 
left virtually intact [10]. Physostigmine counteracted the 
memory defect produced by scopolamine [11] which led us 
to conclude that the latter drug probably affects human 
memory through cholinergic blockade. Physostigmine an- 
tagonized also the sedative effect of scopolamine; therefore, 
it is possible that at least part of the improvement in memory 
when the two drugs are used may be due to a general arousal 
effect leading to better acquisition of information. 

Methamphetamine is a strong central nervous system 
stimulant. It is closely related chemically and pharmacologi- 
cally to amphetamine but its central effects are more pro- 
nounced than those of amphetamine and are accompanied by 
less prominent peripheral actions [14]. It was hoped that its 
interaction with scopolamine on memory functions would 
elucidate the effects of adrenergic stimulation and arousal on 
antagonizing the actions of anticholinergic drugs. Another 
aim of the study was to investigate the memory effects of 
methamphetamine. Search of the literature revealed that in 

spite of the wide therapeutic use and abuse of amphetamines 
and related central nervous system stimulant drugs, there is 
paucity and conflict of data on the effect of these drugs on 
human learning and memory and their mechanisms of action. 

METHOD 

Subjects 

The subjects were 35 male and 35 female university stu- 
dents who served as paid volunteers. Their mean age was 
22.6 and ranged from 18 to 32. An informed consent for 
participation in the study was obtained from each subject, 
although to avoid bias the subjects did not know the specific 
treatment they would receive. Five male and 5 female sub- 
jects served in each of the drug treatments listed below. 

Treatments 

Each drug was administered intramuscularly in the dose 
listed: scopolamine (8 /zg/kg), physostigmine (32 /xg/kg), 
methamphetamine (0.2 and 0.3 mg/kg) and saline (placebo). 
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Design 

There were seven drug combinations as displayed in 
Table 1. The subjects were tested in groups of five and were 
assigned to conditions in an unbiased fashion. All subjects 
tested during a particular experimental session were given 
the same treatment. The order of the treatments was deter- 
mined by block randomization and the tests were adminis- 
tered under a double blind procedure. In order to familiarize 
the subjects with each experimental task a practice session 
preceded the actual experiment. Each of the following tests 
was then administered in the order displayed in Table 2. 

Subjective Rating Questionnaire 

Subjects marked their feelings on 16 scales, each consist- 
ing of an adjective pair connected by a 100 mm line. The 
adjectives represented the extremes of the feelings being 
rated. The pairs fell into one of four categories of feelings: 
mental sedation (e.g., alert-drowsy), physical sedation (e.g., 
strong-weak), tranquilization (e.g., calm-excited) and other 
feelings (e.g., interested-bored). Subjects marked their feel- 
ings by drawing a perpendicular line across the horizontal 
scale. The position of the vertical line was measured in mil- 
limeters and served as the dependent variable [16]. 

Immediate Recall of Lists in Set 1 

Subjects listened to a list of 16 words presented once by a 
tape recorder. Immediately following the presentation of the 
list subjects were given 1.5 rain to write in any order as many 
of the words as they could recall from that list. Retention of 
eight lists was tested in this fashion. The lists were presented 
at a rate of 2 sec per word. The words in each list were all 
nouns and had a frequency of 10-40 per million according to 
the Thorndike-Lorge word count [20]. 

Delayed Free Recall of Lists in Set 1 

Subjects were asked to recall in any order as many of the 
words as they could remember from the eight lists learned 
prior to injection. Recall was written and lasted 20 min. 

Delayed Recognition of Lists in Set l 

Each subject received a booklet containing 128 pairs of 
words. Within each pair one word was "o ld" ,  i.e., it was one 
of the words from the eight lists learned previously. The 
other word was "new" ,  i.e., it had not previously been pre- 
sented in the experiment. The subjects were asked to check 
the "old"  word of each pair. Ten minutes were allowed for 
completing the task. (Note: Subjects were not informed that 
any of the lists would be tested following injection and 
neither the delayed recall nor recognition task was included 
in the practice sessions.) 

Immediate Recall of Digit Sequences 

Subjects heard a nine-digit sequence presented by a tape 
recorder at the rate of two digits per sec. Following presen- 
tation of the last digit in each sequence a tone was sounded 
which served as a cue for recall. Subjects were then to write 
as many digits as they could remember from that sequence 
on an answer sheet which contained 24 series of nine inter- 
connected boxes. Twelve seconds were allowed for recall of 
each sequence. Recall of 24 random sequences was tested. 

MEWALDT AND GHONEIM 

TABLE 1 
TREATMENT GROUPS 

First Drug Second Drug 

1. Methamphetamine (small dose) Placebo 
2. Methamphetamine (large dose) Placebo 
3. Placebo Placebo 
4. Scopolamine Placebo 
5. Scopolamine Methamphetamine (smalldose) 
6. Scopolamine Methamphetamine (large dose) 
7. Scopolamine Physostigmine 

TABLE 2 
SCHEME OF THE EXPERIMENTAL PROCEDURES 

Elapsed time since first 
drug administration* Experimental Procedures 

30 min 

35 min 

55 min 

65 min 

75 min 

95 min 

115 min 

120 min 

140 min 

Subjective Questionnaire 1 

Practice session 

Presentation and immediate recall 
of first set of lists 

First drug or placebo administered 

Subjective Questionnaire 2 

Delayed recall test of first set 
of lists 

Delayed recognition of first set 
of lists 

Immediate recall of digit sequences 

Second drug or placebo administered 

Presentation and immediate recall 
of second set of lists 

Subjective Questionnaire 3 

Delayed recall of second set of lists 

Delayed recognition of second set 
of lists 

*Minutes from first drug administration to the beginning of each 
test. 

Immediate, Delayed, and Recognition Tests of Lists in Set 2 

A second set of eight lists similar in construction to those 
of Set 1 were presented and tested with the same procedures 
as described above. For the delayed recall test subjects were 
told to recall only those words from the most recent set of 
eight lists. None of the words in the lists nor the foils in the 
recognition test had been presented previously in the exper- 
iment. 
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TABLE 3 

MEAN NUMBER OF WORDS RECALLED AND THEIR CORRESPONDING STANDARD ERRORS FOR 
EACH RETENTION TEST FOR LISTS IN SET 1 AND 2 

Set 1 Immediate Delayed 
Recall Recall Recognition 

Methamphetamine (small dose)* - Placebo Mean 
S.E. 

Methamphetamine (large dose)t - Placebo Mean 
S.E. 

Placebo - Placebo Mean 
S.E. 

Scopolamine - Placebo Mean 
S.E. 

Scopolamine - Methamphetamine (small dose)* Mean 
S.E. 

Scopolamine - Methamphetamine (large dose)t Mean 
S.E. 

Scopolamine - Physostigmine Mean 
S.E. 

Methamphetamine (small dose)* - Placebo Mean 
S.E. 

Methamphetamine (large dose)t - Placebo Mean 
S.E. 

Placebo- Placebo Mean 
S.E. 

Scopolamine - Placebo Mean 
S.E. 

Scopolamine - Methamphetamine (small dose)* Mean 
S.E. 

Scopolamine - Methamphetamine (large dose)t Mean 
S.E. 

Scopolamine - Physostigmine Mean 
S.E. 

66.90 31.60 109.10 
5.29 4.45 2.83 

65.10 34.00 110.00 
4.11 3.47 3.00 

67.30 30.50 112.70 
3.79 2.56 2.53 

74.50 37.20 107.00 
3.29 4.40 5.12 

75.50 37.70 110.70 
6.48 7.93 3.83 

73.80 36.30 109.80 
4.64 4.97 1.39 

73.80 35.00 107.50 
5.19 5.97 3.23 

63.00 35.90 111.40 
3.02 1.51 2.00 

69.00 41.00 11 !.70 
4.87 3.30 2.12 

62.40 25.90 109.10 
3.11 3.34 3.34 

34.50 6.70 95.00 
3.45 1.23 4.23 

47.00 21.80 104.10 
5.88 4.49 3.26 

43.70 24.80 101.10 
2.65 3.46 3.86 

54.00 22.30 102.60 
5.24 4.39 3.67 

*0.2 mg/kg 
tO.3 mg/kg 

RESULTS 

The results for each of the memory tests for material 
learned in Set 1 and Set 2 were analyzed by means of  a 2x7  
(Sex x Drug) analysis of  variance. The means and standard 
errors for the immediate recall, delayed recall, and recogni- 
tion tests for these two sets of  tests are presented in Table 3. 

Recall o f  Lists in Set 1 

In order to determine whether the groups differed in 
learning ability prior to injection, an analysis was made of  
the total number of  correct responses made during the im- 
mediate free recall task. No significant differences were ob- 
served among groups (F<I) .  Recall tests administered fol- 
lowing the first drug injection, i.e., the delayed recall and 
recognition tests, also indicated there were no significant 
differences among the groups (F<  1 in each case). None of  
the Sex x Drug interactions were significant either, p <0.2 in 
each case. 

Recall o f  Lists in Set 2 

Following the second injection, as is apparent in Table 3, 
large performance differences were observed in immediate 
recall F(6,56)=8.06, p<0.001. Tukey 's  honest significant 

difference test indicated that scopolamine impaired perform- 
ance, as the scopolamine-placebo group recalled signifi- 
cantly less than the placebo alone and either of the 
methamphetamine-placebo groups. In addition, physostig- 
mine was found to antagonize the effects of  scopolamine as 
the scopolamine-physostigmine group recalled significantly 
more than the scopolamine-placebo group (p <0.05). A simi- 
lar but nonsignificant trend was observed for the 
scopolamine-methamphetamine treatments, for while the 
groups receiving methamphetamine after scopolamine did 
not perform significantly different from the scopolamine- 
placebo group, they also did not perform significantly differ- 
ent from the placebo alone group (p>0.05). 

The delayed recall test for retention of  the second set of 
lists also revealed a strong drug effect, F(6,56)=10.03, 
p<0.001. Tukey contrasts indicated that the scopolamine- 
placebo group recalled significantly less than all the other 
groups, (p<0.05) and the group receiving the large dose of 
methamphetamine followed by a placebo recalled signifi- 
cantly more than the placebo-placebo group (p <0.05). 

The main effect for drug treatment was also significant in 
the recognition test, F(6,56)=3.10, p <0.05. However,  while 
both the methamphetamine-placebo groups performed better 
than the scopolamine-placebo group (p<0.05), the compari- 
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son between the scopolamine-placebo and placebo-placebo 
group only approached significance (0.1 <p<0.05).  

Intrusion Errors in Set I and Set 2 

To further examine performance on the memory tasks a 
count was made of the number of times subjects made intru- 
sion errors on each of  the recall tests, i .e.,  " recal led"  words 
which were not in the lists. For  analysis of  Set 1 scores the 
four scopolamine treatments were combined into one group 
since they had been treated identically through Set 1. There 
were no significant differences in intrusion rate in the im- 
mediate recall tests for either Set 1 or Set 2. However,  a 
significant drug effect was observed in delayed recall of both 
Set 1 and Set 2, F(3,62)=4.53, p<0.01,  and F(6,56)=3.17, 
p<0.01,  respectively. The mean intrusion rate on Set 1 for 
the small and large dose of methamphetamine was 8.4 and 
8.6 words respectively. Both these scores differed signifi- 
cantly from the 3.9 intrusion rate in the placebo groups, 
p<0.05.  The scopolamine group mean was 4.0, which of 
course did not differ from the placebo. For  Set 2 the corre- 
sponding intrusion rate in the "smal l"  and " la rge"  metham- 
phetamine groups was 15.4 and 24.1 respectively. The mean 
for the placebo-placebo group was 4.3. The difference for the 
small dose approached significance, p<0 .1 ,  while for the 
large dose the difference was significant, p<0.01.  In the 
scopolamine-methamphetamine large dose group the intru- 
sion rate was 15.5, p<0.1  when compared to the placebo- 
placebo group, but the other three scopolamine groups aver- 
aged only 6.0 intrusions and did not differ from the placebo. 

Immediate Recall of  Digit Series 

The data were scored by both a serial position scoring and 
a free recall scoring criterion. According to the serial posi- 
tion scoring criterion, an item is counted as correct only if it 
is recalled in its proper position in the sequence. According 
to a free recall scoring criterion, a response to a stimulus 
item is correct if it occurs any place in the response se- 
quence. The first method scores for retention of both item 
and order information while the latter scores only for reten- 
tion of item information. The first three sequences and the 
last sequence were not scored. For  the remaining 20 se- 
quences the number correct at each position in the sequence 
was determined. Scores for each nonoverlapping set of three 
items were collapsed into one score in order to add stability 
to the serial position data. These scores were then analyzed 
in a 3 × 4 (Serial Position × Drug) analysis of variance. (Note: 
Because this test was conducted prior to the second injec- 
tion, the four scopolamine treatments were collapsed into 
one group for this analysis.) Results for the serial posi- 
tion scoring criterion are displayed in Figure 1. This figure 
makes apparent the significant serial position effect, 
F(2,132)=26.71, p<0.001,  resulting from the classic bowed 
serial-position curve. In addition, there was a significant 
main effect for drug, F(3,66)=4.75, p<0.01.  Follow-up 
analyses indicated that subjects who received scopolamine 
recalled significantly less than subjects in the other condi- 
tions, p <0.01, while none of the methamphetamine-placebo 
contrasts were significant. The same pattern of results was 
observed with free recall scoring. 

Subjective Questionnaire 

Due to the great variability inherent in subjective ratings, 
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FIG. 1. Mean percent correct for successive thirds of the nine-digit 
sequences. 

the data were analyzed by means of  an analysis of 
covariance. Scores following drug administration were ad- 
justed by the scores on the pre-drug questionnaire. Results 
for individual adjective pairs were collapsed to reflect the 
first three categories of  feelings described earlier and other 
pairs were analyzed separately. Except  where indicated all 
comparisons are with the placebo-placebo group. 

The analysis of  ratings following first drug administration 
indicated that scopolamine produced marked feelings of  
mental and physical sedation, p<0.001. On the other hand, 
both the methamphetamine treatments produced significant 
feelings of  mental and physical arousal when compared to 
the placebo, p <0.05. The methamphetamine treatments also 
generally increased feelings of happiness and friendliness or 
extroversion, p <0.05. 

The ratings following the second injection indicated that 
subjects who had received scopolamine still felt mentally and 
physically sedated compared to the placebo group, p<0.01.  
In addition, subjects receiving either physostigmine or 
methamphetamine after scopolamine felt less sedated than 
the scopolamine-placebo group, p<0.01.  However,  the 
scopolamine-physostigmine group still displayed some men- 
tal and physical sedation when compared to the placebo- 
placebo group, p<0.05.  

DISCUSSION 

According to a popular model of memory,  two memory 
systems are involved when retention is required over inter- 
vals greater than one second [2]. The first, called the short- 
term storage system, can hold a limited amount of informa- 
tion for only a short time, e.g., typically a few seconds to a 
few minutes. The second, the long-term storage system, can 
theoretically hold an infinite amount of information perma- 
nently. According to the model, information passes through 
the short-term store in order to reach the long-term store. 
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We previously suggested that scopolamine does not interfere 
with the retrieval of information from the memory stores, but 
does greatly impair the transfer of information from the 
short-term to the long-term store [ 10,11]. The present results 
are consistent with these interpretations. That scopolamine 
does not impair retrieval processes is indicated by the fact 
that scopolamine did not affect the postinjection recall of 
information learned prior to injection, i.e., delayed recall and 
recognition of  Set 1. On the other hand, recall of material 
presented following drug administration was greatly im- 
paired by scopolamine. Since both types of  immediate recall 
tasks employed here presumably exceed the capacity of  the 
short-term store, the fact that retrieval was not affected im- 
plies that the performance deficits following injection re- 
sulted from interference with the memory storage or transfer 
process. 

Physostigmine antagonized most of  the memory impair- 
ment and mood changes produced by scopolamine. 
Methamphetamine produced similar effects, although an- 
tagonism of scopolamine impaired performance on the im- 
mediate recall test did not reach statistical significance. The 
efficacy of methamphetamine in antagonizing the memory 
impairment produced by scopolamine is contrary to recent 
results reported by Drachman after finishing our experiment 
[6]. Drachman found that d-amphetamine had either no ef- 
fect or slightly increased the impairment on several cognitive 
tasks produced by scopolamine. There are several possible 
reasons for the difference between the two sets of results. In 
addition to employing different protocols and tests, the dos- 
age of drugs used and their route of administration are perti- 
nent. Drachman administered scopolamine (1.0 mg) sub- 
cutaneously and d-amphetamine (10 mg) orally. Since he did 
not report the weight of his subjects, assuming a 70 kg per- 
son, this would be a 14/xg/kg dose of scopolamine and a 0.1 
mg/kg dose of d-amphetamine. In contrast, we administered 
intramuscularly scopolamine in a dose of 8 /xg/kg and 
methamphetamine at 0.2 and 0.3 mg/kg. Methamphetamine 
is a stronger central nervous system stimulant than 
d-amphetamine. In addition, the latter drug was adminis- 
tered orally by Drachman without reporting the relationship 
between the time of  drug intake and the last meal taken by 
the subjects. Presence of  food in the stomach may delay 
absorption and attainment of a high blood level of the drug. 
We think that if Drachman had used a smaller dose of 
scopolamine (we achieved adequate memory blockade with 
8 /xg/kg) and a larger dose of amphetamine (our subjects 
tolerated more than 2 to 3 times the dose he used) his results 
would have been different. 

There are at least two mechanisms by which physostig- 
mine and methamphetamine may antagonize the memory 
impairment produced by scopolamine. The first is stimula- 
tion of specific memory processes in the brain. Both the 
cholinergic and adrenergic systems seem to be involved in 
memory processes. Deutsch has presented experiments from 
which he concludes that the cholinergic system is essential in 
information storage mechanisms [4]. Mandel and Ebel [15] 
found a highly significant cholinergic enzyme activity in the 
temporal lobes of  a strain of mice characterized by high 
levels of avoidance and maze learning as compared to a 
strain with poor avoidance and maze learning. Scopolamine 
is an anticholinergic drug that competes with acetycholine at 
cholinergic receptors. Physostigmine is an anticholinesterase 
agent that increases acetylcholine at cholinergic synapses. 
Various evidence also suggest that catecholamines are re- 
quired for memory storage. Thus, post-trial injection of re- 

serpine impaired memory consolidation of  an active 
avoidance task and this effect was reversed by dihy- 
droxyphenylalanine (dopa) [5]. fl-adrenergic blockade in the 
amygdala of  rats disrupted long-term memory formation in a 
passive avoidance task [8]. Methamphetamine releases 
catecholamines from presynaptic terminals and inhibits their 
uptake [12]. It also acts directly on postsynaptic norepineph- 
rine receptors [19]. There are also several effects on 
dopaminergic pathways, including increased release and in- 
hibition of uptake of dopamine and inhibition of  monoamine 
oxidase [9]. 

The second mechanism through which these drugs may 
interact is through a general arousal effect. Amphetamines 
produce cortical arousal or activation and promote wakeful- 
ness, actions which are well known and shown by subjects in 
the present study. Physostigmine tends to wake subjects 
from natural sleep [18] and may shorten the duration of  
postanesthetic somnolence [3]. Both methamphetamine and 
physostigmine were capable of  counteracting the sedation 
produced by scopolamine. The experimental literature on 
arousal and memory have been recently reviewed [7]. 
Arousal tends to improve the consolidation process and sub- 
sequently improves delayed tests of recall [22]. Our data do 
not allow us to determine if the scopolamine, physostigmine 
and methamphetamine interactions on memory are the result 
of specific transmitter mechanisms in memory tracts or a 
general behavioral arousal. 

A final purpose for the present experiment was to study 
the effects of methamphetamine on human memory. Al- 
though amphetamines have been widely studied in animals 
for their effect on learning and memory, the results of human 
experiments are far from conclusive. Weiss and Laties [23] 
concluded that amphetamine does not possess properties 
which improve intellectual functions except occasionally in 
those instances where normal performance is impaired by 
fatigue or boredom. However, as mentioned above some 
research has found that arousal in general has beneficial ef- 
fects upon performance [22] including studies which em- 
ployed amphetamines [ 13] or other stimulants [ 1]. In the pres- 
ent experiment methamphetamine was found to have no 
significant influence on retrieval of information learned prior 
to injection. It also did not affect performance in two types of 
immediate recall tasks. However, it produced a significant 
improvement in delayed recall of information which was ac- 
quired while the subjects were under the influence of  the 
drug. These results are similar to those of Hurst, Radlow, 
Chubb, and Bagley [13]. That methamphetamine would have 
a larger effect in delayed recall than immediate recall is con- 
sistent with Walker's theory of arousal [21]. However, 
Walker also predicts that immediate recall performance 
should be impaired by high degrees of  arousal. This did not 
occur. Eysenck [7] points out that frequently tests of 
Walker's theory which have employed a free recall task have 
failed to support this immediate recall prediction. 

One further result of interest in the present study is the 
effect of methamphetamine on subjects' production of incor- 
rect responses, i.e., intrusions in recall. While metham- 
phetamine produced a small increment in intrusions in the 
delayed recall of Set 1, the drug produced a huge increase in 
incorrect responses simultaneously with the improvement in 
correct performance in Set 2. Subjects who received the 
large dose of  methamphetamine produced almost six times 
as many intrusions as placebo subjects. This suggests the 
possibility that at least part of the recall improvement ob- 
served after methamphetamine may be an artifact produced 
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by the  sub jec t s '  r e sponse  s t ra tegy.  Sub jec t s  w ho  rece ived  
m e t h a m p h e t a m i n e  may have  displayed little inhibi t ion in thei r  
recall.  They  may  h a v e  " r e c a l l e d "  eve ry  word  tha t  occu r r ed  
to them.  N o r m a l  sub jec t s  typical ly  f i l ter  the i r  r e s p o n s e s  bet-  
ter .  They  may  only  recal l  words  they are  fair ly conf iden t  are  
cor rec t .  The  inc rease  in cor rec t ly  reca l led  i tems by  sub jec t s  
who  rece ived  m e t h a m p h e t a m i n e  then  could  be  i tems which  
nondrugged  subjec t s  had  ava i lab le  but  inh ib i ted  as r e s p o n s e s  
because  of  the i r  s t r ic te r  conf idence  cr i ter ion.  Schwar t z  [17] 
p rov ides  some  ev idence  that  high arousal  does  p roduce  this  
type  of  shift in r e sponse  s t ra tegy.  H o w e v e r ,  fu r the r  s tudies  
are  needed  to e luc ida te  the  effects  of  a rousal  on  sub j ec t ' s  

recall  and  r e sponse  bias  in o rde r  to tes t  this  proposal .  In 
addi t ion,  in v iew of  the  d i f fe rence  b e t w e e n  Se t  1 and  Set  2 
resul ts ,  fu tu re  work  should  inves t iga te  the  re la t ionsh ip  be- 
tween  r e sponse  bias  and  recal l  as a func t ion  of  drug adminis -  
t r a t ion  dur ing  s torage  or  re t r ieva l  p rocesses .  
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