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Pre- and Post-natal Development of the Spinal Cord : Increased 
Acetylcholinesterase Activity.* (31007) 

GABE J. MALETTA,~ ANTONIA VERNADAKIS AND PAOLA S. TIMIRAS 
(Introduced by Nello Pace) 

Department of Physiology, University o f California, Berkeley 

The onset of synaptic activity in vitro evi- 
denced by bioelectric signs has been correlated 
with the first appearance of synaptic vesicles 
in electron micrographs of spinal cord cul- 
tures. Functional and morphological signs of 
synaptic activity occurred 3 days after ex- 
plantation of 14-day fetal rat spinal cord ( 1 ) .  
Studies in vivo have demonstrated that spinal 
cord convulsions can be elicited by direct 
stimulation of spinal cord in rat fetuses at  
18 days of gestation (unpublished observa- 
tions). In this study, spinal cord acetyl- 
cholinesterase ( AChE) activity during fetal 
and postnatal development of the rat was 
investigated in order to elucidate further the 
development of synaptic activity. 

Materials and methods. Thirty pregnant 
Long-Evans rats were used. The presence of 
spermatozoa in the vagina was taken as cri- 
terion for fertilization, and the day in which 
they were found was considered day zero of 
gestation. The pregnant rats were given 
water ad libitum and were fed a white, syn- 
thetic diet developed in this laboratory to 
assure optimal nutritional conditions during 
gestation. After birth, offspring were kept 
with their mothers until weaning, a t  2 1  days 
of age. 

Although the uterus was examined daily for 
embryonal development, macroscopic identi- 
fication of the developing offspring could not 
be adequately achieved until day 8 of gesta- 
tion. From day 8 of gestation until 44 days 
after birth, an average of 6 animals per day 
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TABLE I. Chaiigc~s in Acetyleholiiiesterase Activ- 
ity aiicl Protciii Coiiteiit of Spinal Cord of Rats  

l luring Prc-  and Postiiatal Development. 

Age : days AChE actir-  Protein con- AChE activ- 
hefore ity, pM/niin tent, mg/g ity, pM/min 
hirth /g wet tissue met tissue /g protein 

8” .46 & . l o t  
9’ .51 f .I0 

10” .48 * .01 
11 .49 2 .05 
12 1.22 f .19 
13 1.62 2 .19 
14 2.22 f .29 
15 2.96 f -38 
16 4.11 2 .33 
1 7  6.03 f .25 
18 8.66 2 .17 
19 9. i0  f .48 

Age:  days 
a f te r  hirtli 

2 c: 15.13 & 3 0  
T 13.28 & .75 

9 C 1 . 6 6  51.13 
T 13.1’7 2 2 5  

TA 14.23 & .‘TO 

1, 9.82 k1 .26  
23 c 15.18 k 2 . 2 1  

T 13.89 k .58 
T l  15.68 2 .43 

44 c 9.65 f .47 
T 8.83 5 .51 
T, 10.86 2 .69 

4.4 21.1 
8.0 f .6 

10.4 f .3 
10.3 2 .6 
11.7 & .6 
13.7 2 .4 
15.7 & .3 
16.1 f .1 
16.7 2 .6 
18.7 f .G 
22.7 &1.1 
24.9 k 1 . 4  

33.2 _+ 2.0 
28.8 f 2.6 
31.5 & 2.1 
73.9 1.2 
73.9 f 1.8 
73.2 & 1.8 

110.0 k23.5  
114.0 2 9.9 
115.0 5 2.1 
105.0 5 8.9 
100.0 2 7.0 
105.0 2 6.9 

104 & 22 
63 k 15 
4 6 +  6 
4 8 f  5 

1 0 4 +  4 
118 & 14 
141 k 18 
184 f 24 
246 & 20 
322 2 13 
381 + 8 
389 f 19 

456 f 9 
461 f 26 
452 f 22 
1 7 1  + 15 
178 f 3 
134 & 17 
137 f 20 
122 & 5 
136 f 4 
92-t. 5 
8 8 &  5 

104 7 

* Activity of total embryo. 
t Mean % standard error (S.E.), each mean rep- 

Cervical (C) ,  thoracic (T) and  lumbar (L) seg- 
resents 6 animals. 

ments of spinal cord. 

was taken at  representative days (Table I). 
From day 8 to day 10, the entire embryo was 
used for determination of the enzyme ac- 
tivity. From day 11 to day 13, the spinal 
column separated from the surrounding tis- 
sues was used. At day 14 and thereafter, the 
spinal cord was removed from the decapitated 
animal by means of the “toothpaste tube” 
method of Pomerat(2). All samples taken 
after birth were separated into cervical, tho- 
racic and lumbar segments. Both gray and 
white matter of the spinal cord were used for 
enzyme determinations. 

AChE activity was determined on the same 
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day of sacrifice by a modification of a colori- 
metric technique( 3,6). Since protein content 
increases with age, the enzymatic activity of 
the spinal cord was expressed both as micro- 
moles of acetylthiocholine hydrolyzed per 
minute per gram wet weight and per gram 
protein weight. Protein content was measured 
in the same sample used for enzyme activity 
by a colorimetric method (4).  

Results. AChE activity expressed per 
weight of wet tissue increased progressively 
during fetal and postnatal development. Dur- 
ing fetal development? from the relatively low 
levels up to day 11 of gestation, the activity 
increased by 60% at day 1 2 ,  59% from day 
12 to day 15 and 51% from day 15 to day 
17. Enzymatic activity in all segments of the 
spinal cord reached its peak at  2 days after 
birth, remained at  this high level a t  9 and 23 
days of age, and was decreased at  44 days. 

Although protein content increased pro- 
gressively with age, when AChE was expressed 
per unit of protein, activity appeared to be 
decreased in the early prenatal (8  to 11 days) 
and postnatal (9 and 23 days) periods of 
development because of differences in rates 
of increase between protein content and en- 
zymatic activity a t  these periods (Table I). 

Discussion. The present data demonstrate 
a relatively high AChE activity in the spinal 
cord during late fetal development, while 
AChE activity in the whole brain has been 
shown to be low during this period( 5 ) .  Peak 
AChE activity of the spinal cord was attained 
a t  2 days after birth, whereas in other CNS 
areas the peak activity was reached about 24 
days after birth(5,6). Since AChE has been 
used as evidence for the presence of ACh 
( 7 ) ,  cholinergic systems must develop earlier 

in the spinal cord than in higher CNS cen- 
ters. 

I t  is not evident from these data whether 
the measured AChE activity is contributed 
primarily by neurons, glial cells or nerve 
fibers. Although it is known that AChE ac- 
tivity is highest in neurons (7 ) ,  the contribu- 
tion of glial cells and nerve fibers to the meas- 
ured AChE activity cannot be excluded. How- 
ever, bioelectric activity( l ) ,  appearance of 
synaptic vesicles ( 1 ) ? and presence of AChE 
activity a t  an early period of gestation sug- 
gest prenatal synaptic function. 

Summary. Acetylcholinesterase ( AChE) ac- 
tivity of the spinal cord in rats was deter- 
mined colorimetrically during pre- and post- 
natal development. The enzyme activity in- 
creased progressively from 11 days before 
birth to 2 days after birth. The presence of 
AChE activity at the early prenatal period is 
correlated with morphological and functional 
development of the synapse in the rat spinal 
cord. 
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