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Preparations A, B, C, and D and 
preparations R, S, and T were each 
injected into a group of mice. Repre- 
sentative fractions from various por- 
tions of each Sephadex G-200 peak for 
each fractionated preparation were 
pooled, and each pooled sample was 
injected into its respective group of 
mice. Each mouse received a single 
intraperitoneal injection of 1 ml of its 
respective preparation. All preparations 
were injected as freshly obtained and: 
proved to be noninfective. All mice 
were from 6 to 7 weeks of age at the 
time of injection. 

Fifteen weeks later, the animals were 
challenged intraperitoneally with 10 X 
106 mouse cells infected with P. ber- 

!.2 $"SOLUBILIZED" ISOLATED 
l PLASMODIUM BERGHEI 

1.0 

o.g. E2 E3 
0.8 

0.7 

0.6 

0.5 

0.4 

0.3 - 

0.2 :- 

e26 "SOLUBILIZED PLASMODIUM 24 [ BERGHEI AND MOUSE ERYTH- 
o 22 * ROCYTES 
SJ 20 

i ^ , C23 C 

14 

Z 12SOLUBILIZED NORMA 

32 T 
6 : ? - ' x : ~ --0g. 0 

0 10 20 30 40 50 60 70 
[0 MOUSE ERY- THROCYTES 

34 

FRACTION NUMBER 

Fig. 1. Optical density (280 nm) of 2 

Fifteen weeks later, the animals were 

0 10 20 30 40 50 60 70 

FRACTION NUMBER 

Fig. 1. Optic al dens ity (28 0 nm) of 
plasmodial fractions. (Top) Free plas- 
modia and plasmodial fragments; (cen- 
ter) infected mouse red blood cells; and 
(bottom) normal mouse red blood cells. 

Preparations A, B, C, and D and 
preparations R, S, and T were each 
injected into a group of mice. Repre- 
sentative fractions from various por- 
tions of each Sephadex G-200 peak for 
each fractionated preparation were 
pooled, and each pooled sample was 
injected into its respective group of 
mice. Each mouse received a single 
intraperitoneal injection of 1 ml of its 
respective preparation. All preparations 
were injected as freshly obtained and: 
proved to be noninfective. All mice 
were from 6 to 7 weeks of age at the 
time of injection. 

Fifteen weeks later, the animals were 
challenged intraperitoneally with 10 X 
106 mouse cells infected with P. ber- 
ghei NK65D. Three major infection re- 
sponses were exhibited. The weekly 
composite mean percentage parasite- 
mias for mice exhibiting each type of 

1118 

ghei NK65D. Three major infection re- 
sponses were exhibited. The weekly 
composite mean percentage parasite- 
mias for mice exhibiting each type of 

1118 

response appear in Table 1. Protected 
mice responded with transient low 
parasitemias, rapid disease resolution, 
and high survival rates (PS). Unpro- 
tected mice responded with severe pro- 
tracted parasitemias, a high mortality 
rate (NS), and a few eventual spon- 
taneous recoveries (NPS). These re- 
sponses conform to those reported 
(4, 7, 8) for protected and variously 
treated or nontreated unprotected 
control A/J mice. 

The protective response (PS) was 
limited to animals receiving crude plas- 
modial preparation A, B, C, D and 
partially purified plasmodial fractions 
C1 and El. Of a total of 42 animals 
receiving the above materials, 35 dem- 
onstrated response PS. Of these, 8 out 
of 10 receiving plasmodial fraction El 
exhibited a PS response (Table 2). 

None of the 99 mice receiving plas- 
modial fractions C2, C3, E2, E3, or any 
of the normal host cell preparations R, 
S, T, Ti, T2, and T3 demonstrated a 
protective response. Of the 99 animals, 
86 died (response NS) and 13 even- 
tually recovered after a severe infection 
(response NPS) (Table 2). 

The above results confirm the pre- 
vious finding that the artificial protec- 
tion against malaria noted here is in- 
duced by a particular fraction of 
plasmodia (4, 7, 8) rather than by host 
cell contaminants. The protective frac- 
tion is contained in the partially puri- 
fied plasmodial material contained in 
the Sephadex G-200 void volume 
eluates E1 and C1 (8). 

Although various plasmodial prep- 
arations have been evaluated for pro- 
tective properties (4, 7-9), the E1 
fraction prepared in our studies is the 
most highly purified material thus far 
shown to induce resistance to malaria. 
Moreover, in addition to its immuno- 
genic properties, the E1 fraction has 
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proved an excellent complement-fixing 
antigen. It is highly specific, sensitive 
in serological evaluations, and is free 
from serologically detectable amounts 
of host erythrocyte stromata (5, 10). 

Successful demonstration of the pro- 
tective properties of partially purified 
plasmodial fraction E1 opens the way 
for definitive studies of relations be- 
tween host and antigen in malaria, as 
well as final purification and charac- 
terization of potential malaria vaccine 
materials. 
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Marihuana and Temporal Disintegration 

Abstract. High oral doses of marihuana extract, calibrated for content of 
1 (-)-Al-tetrahydrocannabinol, significantly impaired the serial coordination of 

cognitive operations during a task that required sequential adjustments in reaching 

a goal. This disintegration of sequential thought is related to impaired immediate 

memory. 
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of THC induce temporal disintegration 
in normal subjects; (ii) the phenomenon 
stems partly from impaired immediate 

memory; and (iii) temporal disintegra- 
tion is associated with disorganized 
speech and thinking. 

Temporal disintegration was mea- 
sured by a task, termed the "goal di- 
rected serial alternation" (GDSA), 
which required that the subject simul- 
taneously hold in mind and coordinate 
information as well as mental opera- 
tions relevant to pursuing a goal (2). 
After giving the subject a starting num- 
ber between 106 and 114, we asked 
him to subtract 7, then add 1, 2, or 3, 
and repeat such alternate subtraction 
and addition until he reached an exact 
goal between 46 and 54 that we speci- 
fied for each trial. In this way, we ran- 
domly varied the starting point and 
goal from trial to trial so that different 
cognitive adjustments were necessary 
for each test session. We asked the sub- 
ject to recite his mental operations out 
loud and to work as rapidly and ac- 
curately as possible, without his using 
written props. The overall performance 
score for the GDSA gives equal weight- 
ing to the time taken in seconds to 
perform the task and to the number of 
mistakes made (3). Higher GDSA scores 
indicate greater temporal disintegration. 

We employed two other cognitive 
tasks that are relevant to short- and 
long-term memory functions (4) neces- 
sary for performing the GDSA. The 
"regular serial subtraction of sevens" 
required that the subject begin at a 
specified number around 100 (+ 4), 
which again was varied at random, and 
then subtract sevens serially until zero 
was passed. Each separate subtraction 
makes use of simple arithmetic opera- 
tions filed in long-term memory. Like 
that for the GDSA, the overall per- 
formance score on this task gives equal 
weighting to the time taken in seconds 
and the number of mistakes made (5). 
The tests of short-term memory, the 
"digit spans forward and backward," 
were measures of the number of digits 
that the subject could accurately repro- 
duce in the same or reverse order of 
presentation. The experimenter read a 
series of random digits at a steady rate 
of I/sec. He then recorded as the 
subject's digit span, forward or back- 
ward, the largest number of digits that 
the subject could reproduce without 
error on two successive trials. For all 
of these cognitive tasks, we measured 
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Table 1. Cognitive tasks and THC doses tested by analysis of variance (d.f. = 3, 21). Perform- 
ance on GDSA is measured as the time (seconds) + C times (1 + number of mistakes), 
where C equals 39. Performance on regular serial subtraction of sevens is measured as the 
time (seconds) + C times (1 + number of mistakes), where C equals 27 seconds. Performance 
on the "digit spans forward and backward" is measured as the number of digits that the 
subject could accurately reproduce in the same or reverse order of presentation. Not significant, 
N.S. 

Dose Performance in tasks (mean) 
of Goal-directed Regular Digit Digit THC serial serial span span 

(mg) alternation sevens forward backward 

Placebo 130.4 77.3 9.0 7.8 
20 194.6 87.9 8.2 6.9 
40 244.7 101.8 8.1 6.6 
60 294.9 111.9 7.9 6.4 

F 9.2 2.4 4.5 5.2 
P .001 N.S. .05 .01 

the upper limit of the subject's capac- 
ity for each testing session. 

Tetrahydrocannabinol was extracted 
from marihuana supplied by the Bureau 
of Narcotics and Dangerous Drugs. 
Thin-layer and gas-liquid chromatogra- 
phy of these extracts showed predomi- 
nantly 1(-)-A1-THC, with smaller 
amounts of cannabidiol and cannabinol. 
The oral doses used in this study, quan- 
titatively calibrated according to the 
content of l(-)-A1-THC, were 20, 40, 
and 60 mg of THC. The extract con- 
tained 20 mg of l(-)-A1-THC per mil- 
liliter of 95 percent ethanol diluted in 
water to an acceptable degree. We also 
used a placebo, composed of an ex- 
tract of marihuana from which vir- 
tually all of the cannabinoids had been 
removed. It retained the characteristic 
disagreeable taste of the active material. 
The 40- and 60-mg doses are probably 
considerably higher than those obtained 
from the usual custom of smoking 
marihuana in social settings. However, 
previous studies of equivalent oral doses 
of synthetic l(-)-A1-THC (6) suggest 
that the induced psychotomimetic ef- 
fects are clinically similar to those 
associated with smoking potent mari- 
huana. Thus, one need not be con- 
cerned about the relevance of studying 
the effects of ingested rather than 
smoked marihuana. The oral route of 
administration, at least at present, of- 
fers a far more precise way of regu- 
lating dosage. 

Using double-blind controls, we gave 
eight normal male graduate students 
the three oral doses of marihuana ex- 
tract or placebo in randomized order on 
four different test days separated by at 
least 1 week. Doses were ingested after 
at least an 8-hour fast. Subjects were 
tested before drug ingestion (base line) 
and then 1/2, 3/2, and 512 hours after 

ingestion. The same psychiatrist tested 
the same subject in an isolated, some- 
what austere room on each of the ex- 
perimental days. Both psychiatrist and 
subject knew that THC was to be 
given, but they were unaware of the 
sequence of the various doses and 
placebo. 

Increased doses of THC progressive- 
ly impaired GDSA performance (Table 
1). Also, there were significant differ- 
ences between performances on the 
GDSA at different doses. The poorest 
GDSA performances took place 1?/2 
hours after THC ingestion, but there 
was a significant interaction between 
dose and time of testing (P < .025), an 
indication that higher doses prolonged 
temporal disintegration as measured by 
the GDSA. For example, 5/2 hours 
after the 60-mg dose, scores still dif- 
fered 150 percent from base line. 

By contrast, performance on the "reg- 
ular serial subtraction of sevens" was 
not significantly impaired by THC 
(Table 1). Sustained attention and long- 
term memory operations, which are re- 
quired by the task (7), appear not to 
be affected by THC. On the GDSA, 
moreover, with increasing doses of 
THC, there were no significant increases 
in mistakes of long-term memory op- 
erations as reflected in miscalculations 
(that is, errors in addition and subtrac- 
tion). 

Short-term memory, however, was 
impaired by THC. Both forward and 
backward digit spans were significantly 
decreased by all doses of THC (Table 
1), although there were no significant 
differences between doses. Also, for all 
doses, digit spans returned to near base 
line at 3/2 hours. Thus, in contrast to 
the progressive and more prolonged 
GDSA difficulties, impairment of the 
digit spans was not augmented by high- 
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Table 2. Mistakes on the GDSA are com- 
pared, by the Wilcoxon matched-pairs signed- 
ranks test (two-tailed), with respect to the 
condition under which they occurred (non- 
drug versus drug) and with respect to the 
point at which they occurred-that is, early 
(before subject reached the number 80 in 
the test) compared to late (after subject 
passed 80). Mistakes made during 48 non- 
drug trials (placebo and base line) are com- 
pared to those made during 48 drug trials (all 
doses of THC at 11/ and 312 hours after in- 
gestion). Not significant, N.S. 

Serial immediate i 
Trial memory mistakes Miscalculations 

Early Late P Early Late P 

Non- 
drug 5 3 N.S. 16 18 N.S. 

Drug 20 65 .01 26 23 N.S. 
P .05 .01 N.S. N.S. 

er doses. This suggests that factors oth- 
er than the span of short-term memory 
may be involved in temporal disintegra- 
tion. 

Analysis of types of mistakes made 
during performance of the GDSA 
showed that, with increasing doses of 
THC, there were progressively more 
errors in the serial or "working" func- 
tions of immediate memory (P < .035, 
Wilcoxon matched-pairs signed-ranks 
test). Serial immediate memory errors 
include loss of place, failure to alter- 
nate between subtraction and addition, 
and blocking (3). Compared to the 
short-term retention of a list of items, 
as measured by the digit spans, serial 
immediate memory requires the subject 
to keep track of inputs at the same time 
that he manipulates them. Difficulties 
in this process appear to be involved in 
temporal disintegration, because during 
GDSA performance THC induced sig- 
nificantly more serial immediate mem- 
ory errors, as opposed to miscalcula- 
tions, when subjects got nearer to their 
goals-that is, when they had to begin 
making adjustments to reach their goals 
exactly (Table 2). In switching back and 
forth between their most recent opera- 
tion and the goal, in the attempt to 
temporally link the means to the end, 
the subjects frequently lost track of 
where they were in the serial process. 
To quote one subject, "I'd pick out a 
number now and then go ahead .... 
Coming back, I'd forget which number 
I just did or what I was supposed to do 
next." 

Furthermore, with increasing doses of 
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Furthermore, with increasing doses of 
THC, there were progressively more 
errors in reaching the goal. Of particu- 
lar relevance to temporal disintegration 
is the mistake of disregarding the goal, 
which occurred only under drug con- 
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ditions. Here, subjects kept going right 
past the goal until they later checked 
themselves when they realized they had 
not brought the goal, which they re- 
membered accurately, into awareness at 
the right time. 

This temporal incoordination of 
recent memories with intentions may 
account, in part, for the disorganization 
of speech patterns that occurs under 
marihuana intoxication (8). As one sub- 
ject remarked, "I can't follow what I'm 
saying . . . can't stay on the same sub- 
ject . I can't remember what I just 
said or what I want to say . . . because 
there are just so many thoughts that are 
broken in time, one chunk there and 
one chunk here." These difficulties are 
similar to the breakdown of goal-di- 
rected serial operations during perform- 
ance of the GDSA. In this regard, the 
construction of meaningful speech re- 
quires that words and phrases be hier- 
archically ordered in a goal-directed 
fashion (9). If there is a deficiency in 
immediate memory, the components of 
speech become poorly interconnected 
over time, and the person is apt to lose 
his train of thought (10). Hence, "loose 
associations" emerge, since ideas are 
determined primarily by very recent or 
current stimuli rather than by a more 
extended temporal context of what has 
already been said and what is intended. 
Lack of goal-directedness and loose as- 
sociations were common in the speech 
patterns of our subjects when they were 
under the influence of THC. 
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broken in time, one chunk there and 
one chunk here." These difficulties are 
similar to the breakdown of goal-di- 
rected serial operations during perform- 
ance of the GDSA. In this regard, the 
construction of meaningful speech re- 
quires that words and phrases be hier- 
archically ordered in a goal-directed 
fashion (9). If there is a deficiency in 
immediate memory, the components of 
speech become poorly interconnected 
over time, and the person is apt to lose 
his train of thought (10). Hence, "loose 
associations" emerge, since ideas are 
determined primarily by very recent or 
current stimuli rather than by a more 
extended temporal context of what has 
already been said and what is intended. 
Lack of goal-directedness and loose as- 
sociations were common in the speech 
patterns of our subjects when they were 
under the influence of THC. 
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Krueger (1) has reported unexpect- 
edly large atmospheric absorption (not 
due to ozone) near 3000 A from ob- 
servations made above an altitude of 
30 km. He concludes that the column 
abundance of the new absorbing spe- 
cies above 50 km is about 5 X 1016 
cm-2, assuming a fully allowed, ab- 
sorbing transition with a cross section 
equal to ~ 10-17 cm2. As possible can- 
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O2(alAg), and vibrationally excited 02 
near v = 11 in the ground state 
02(X3Vg-). 

There is strong evidence against all 
three candidates, which is based on 
rocket measurements of the dayglow. 
Although a theoretical estimate, quoted 
by Krueger, suggested that the abun- 
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