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DAVIS, J. L. AND A. CHERKIN. Retro~,,rade amnesia in chicks and mice induced by 3,4-dehydro-DL-proline, a proline 
a/talog. PHARMAC. BIOCHEM. BEHAV. 10:(5) 643-645, 1979.--L-proline induces retroactive amnesia without causing 
brain seizures or isoelectric activity. 3,4-dehydro-DL-proline, a proline analog containing a double-bond in the 5-membered 
ring, has similar effects at a smaller dose. Three experiments describe the amnestic qualities of 3,4-dehydro-DL-proline in a 
chick memory paradigm, the retrograde quality of this amnesia, and its existence in a mammalian (mouse) preparation. 
Finally, EEG records show that chicks injected with amnestic doses of 3,4-dehydro-DL-proline do not exhibit seizure 
spiking or abnormal electrical activity. 

Amino acids 3,4-dehydro-DL-proline L-proline Retrograde amnesia Chicks Mice  Memory 

PREVIOUS studies have demonstrated the effect of proline the masking background white noise level was 76 
[10] and proline-related compounds on memory. Beginning 0.0002 dynes/cm 2. Chicks were acclimated to thei 
with the description of proline-induced retrograde amnesia vidual cartons for 2 hr prior to training. All traini~ 
(RA) in chicks [3] the retrograde effect has been shown to be testing occurred between 10:00 a.m. and 11:45 a.m. A 
stereospecific in both chick [1] and mouse [4]. Some parent plastic cover with a 3-cm circular aperture wz 
proline-related compounds have been shown to be ineffec- tered over each carton. Chicks remained in this envir¢ 
tire in producing RA, e.g., L-azetidine-2-carboxylic acid [2] and were not fed or watered throughout the experimer 
whereas other analogs, e.g., L-baikiain (Fig. 1) produce RA injection solutions were blind coded. In addition, five 
at lower doses than does L-proline [5]. Neither L-proline nor after training all chicks were individually blind co¢ 
L-baikiain depend for their amnestic effects on EEG seizures being placed randomly in different cartons. Thus, 
or depression [7,8]. These results suggest that the L- menters knew neither which solution theywereinject i  
configuration and proper molecular size are essential for which solution the chick they were testing had receive, 
L-proline-produced RA. We believe that molecular geom- earlier. 
etry may also play an important role, which led us to exam- The training was one-trial avoidance conditioning, 
ine the amnestic effects of 3,4 dehydro-DL-proline (DHP), ing the chick's spontaneous tendency to peck a small, 
an analog of both L-proline and L-baikiain. object. The training target was a 3-mm stainless stee 

fixed to the end of a 25 cm wire. The bead was made a~ 
EXPERIMENT 1 by dipping it into liquid methyl anthranilate just prior t 

Procedure training presentation. The methyl-anthranilate-coate~ 
was passed through the aperture of the cover and h~ 

Neonatal cockerels (N=150, Strain DeKalb XL, proximately 1 cm in front of the chick's beak. A tim, 
Pace/Setter Products, Alta Loma, Ca., 44_+ 10 hr old) were started when the chick oriented towards the bead, ty 
housed individually in 1-qt disposable white cartons, 8.5 cm within 0.5 sec. Ten sec later, the bead was withdraw 
dia. × 18.5 cm tall. The temperature in the cartons was 32.5 latency of the first peck and the total number of pecks 
to 34.5 C °, the ambient relative humidity was 40 to 46% and 10-sec period were recorded. Chicks not respondin~ 



644 DAVIS AND CHE 

TABLE 1 TABLE 2 
AMNESTIC EFFECTS OF VARIOUS DOSES OF 3,4-DEHYDRO-DL- RETROGRADE AMNESIA PRODUCED BY 3,4,-DEHYDr 

PROLINE, L-PROLINE, AND D-PROLINE IN CHICKS PROLINE IN CHICKS (3.0/xMOLS/CHICK 

Dose/Chick Avoidance Peck Score Training Injection Peck Scor 
Compound (/zmols) N Score (%) (~,p ___ SD) Interval (min) N (~p ___ SE 

DHP 1.5 57 47.3 1.29 ± 1.54 1 28 1.39 +_ l.z 
DHP 3.0 49 12.2 2.48 _+ 1.35 59 28 0.71 +_ 1.~ 

L-PRO 3.0 39 51.3 0.93 ±_ 1.15 239 28 0.74 ± 1.1 

L-PRO 6.0 304 34.5 1.59 ± 1.49 
D-PRO 6.0 296 56.1 0.77 +_ 1.15 

Uninjected - -  50 60.0 0.72 ± 1.09 TABLE 3 
RETROACTIVE AMNESIA PRODUCED BY 

3,4-DEHYDRO-DL-PROLINE IN MICE (1.Sp.MOLS/MOUSI 

Injection Median Latency 
Compound Interval (min) N (sec) U 

than 2%) were injected to preserve the timing rhythm of the 
experiment but the test data were excluded from the DHP 1 13 20,0 26.5 
analysis. Saline 1 ! 3 158.0 

Chicks were injected 1 min after the start of the 10-sec DHP 60 9 184.0 45.0 
training period. Each chick was removed from its carton and Saline 60 10 151.0 
restrained in a headholder precalibrated to guide the 27 ga 
needle of a Hamilton microliter injection syringe into each 
forebrain hemisphere. This injection method [6] produces a 
high percentage of lateral ventricle distribution of drugs. Each 
chick received 10/xi/hemisphere of 150 mM L-Pro (N=40) or Results 
DHP (N=60), or 75 mM DHP (N=50). All solutions were 
buffered, if necessary, to pH 7.2+_0.2 with NaHCO.~. Reten- A t-test comparison (two-tailed) of 1 min vs 59-n7 
tion of the avoidance response was tested 24 hr later using 239-min training-injection intervals (Table 2) shows in 
the uncoated dry target; reduced avoidance scores (percent- at the 1-min interval to be significantly more amnesti 
age of chicks that do not peck during the retention test) and injection at the 59-min interval (p<0.05). The differer 
increased peck scores indicate impaired memory retention, tween the 1-min and 239-min intervals apprt 
Peck scores represent the mean of the square root of the significance (p<0.06), but the difference between the 
number of pecks in 10 sec; the square-root transformation and 239-min intervals was non-significant. Thes~ 
was used to normalize distributions, suggest a retrograde effect of post-training injecti, 

DHP. The avoidance scores at the 1-, 59-, and 239-mii 
Results vals were 39.3, 60.7 and 64.3 respectively. The diff 

between the 1-min score and each of the later scores 
The results (Table 1) demonstrate that DHP is an effective reach significance at the 0.05 level. Previous work wi 

amnestic agent at a dose (3/zmols/chick) which is below the paradigm has indicated the peck score to be more se 
amnestic dose of L-proline (6 /~mols/chick). Data for 6.0 than the avoidance score as a measure of retention. 
Izmols of L- and D-proline, and for chicks receiving no injec- 
tion, obtained in previous experiments, are tabulated here EXPERIMENT 3 
for comparison. For DHP and L-proline at 3.0/zmols, the 
avoidance scores (p<0.001, ×2 test) and peck scores Procedure 
(p<0.0001; t-test) differ significantly. The amnestic effect of Mice (Swiss HLA-sw-ICR males, 50-65 days ok 
1.5 p.mols of DHP is significantly less than that of 3.0/zmois body weight, Hilltop Laboratories, Chatsworth, CA 
of DHP (peck score, p<0.0001) and not significantly greater acclimated to the laboratory for at least seven days 
than that of 3.0 ~mols of L-proline (p>0.23). D-proline in- random assignment to one of four treatment groups wt 
jected chicks do not differ significantly from uninjected experiments began. Bilateral cannulae were stereota 
chicks (peck score, p>0.7;  avoidance score, p>0.7); thus, implanted to deliver solutions into the third ventricle 
D-proline injected chicks serve as an appropriate non- week was allowed for recovery, and cannulae location 
amnestic control group, experimental animals were histologically verified at t 

of the experiment. Training and testing occurred bet, 
and 3 p.m., using a one-trial passive avoidance appara 

EXPERIMENT 2 comprising a small, lighted compartment connecte 
Procedure larger dark compartment, both trough-shaped and cc 

When the mouse enters the dark compartment, it inter 
Training, injection, blind-coding and testing procedures photobeam and receives foot shock (0.8 mA, 2 sec) tl 

were as described in Experiment 1, with the exception that parallel plates on the floor. Twenty-four hr later, late 
3.0/zmols/chick of DHP was administered at either 1, 59, or enter the dark box is determined by measuring the ti: 
239 min after training (N =28/group). tween placing the mouse in the light box and interrup 
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the photobeam. Decreased latency of  entry indicates mem- PROLINE AND ANALOGS 
ory disruption. 

DHP or saline was injected into mice 1 or 60 min after 
training. Each mouse received 5/zlhaemisphere of 150 mM 
DHP (1.5/zmols per mouse) or of saline, then was tested 24 
hr later. Data from 4 animals, in which histological verifica- ~ ~ , ,  
tion of both cannulae could not be determined,  were ex- 
cluded. COOH CC 

H H 

Resu l t s  PIPECOLIC ACID PROLINE 

As shown in Table 3, DHP injected 1 min after training 
significantly (p<0.01; Mann-Whitney U-test) reduced the 
entry latency compared to saline, indicating an amnestic ef- 
fect. A comparison of  entry latencies between mice given 
saline or DHP 60 min after training did not show a significant ~ ' x  1 
difference between the two groups (p>0.05). That is to say, %,,,,, 
delaying the injection for 60 rain abolished the amnestic ef- COOH CO H H 
fect observed with the 1 min delay suggesting the amnesia to 
be retrograde. BAlK IA IN 3,4-DEH YDROPROI 

FIG. 1. Proline and its next higher (pipecolic acid) homolo! 
SUMMARY AND CONCLUSIONS baikiain (4,5-dehydro-L-pipecolic acid) and 3,4 dehydro-DL- 

contain a double bond and are amnestic. 
The major behavioral result of the chick experiments is 

that DHP produces retrograde amnesia similar to that pro- 
duced by L-proline but at a smaller dose (i.e., 3.0 vs 6.0 [2] and L-baikiain block glutamate-dependent spreadi 
p.mols). DHP then appears similar to another proline analog, pression in the chick retina. The findings presented h~ 
L-baikiain, which produces amnesia at a dose of  1.5 ttmols consistent with the Van Harreveld and Fifkova [10] mt 
[5]. There is a further similarity in that at amnestic doses, glutamate-dependent memory formation, although ot] 
baikiain and DHP do not produce seizure spiking or isoelec- terpretations can be made. Van Harreveld and Fifkm 
tric activity in electrophysiological recording of  multiple-unit demonstrated the amnesic effect of L-proline after sy: 
activity and raw EEG records of  chicks, administration. The intraperitoneal administration of 0 

DHP resembles both L-baikiain and L-proline in struc- of  300 mM L-proline (an amnestic dose) resulted in a 
ture. We have not been able to acquire the L-form of  DHP, brain concentration of 0.74 mM L-proline one hr after 
which our comparisons of L-proline with D-proline indicate istration. We are now involved with experiments to 
may be selectively efficient in producing amnesia. The pres- further details of  amnesia produced by proline analog 
ence of a double bond in the ring (either 5 or 6-membered) 
may be a factor in increasing the amnestic potency of  these ACKNOWLEDGEMENTS 
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