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Abstract- Although acetylcholinc (ACh)-like activit\i was demonstrated in human placental cxtrncta 
by a number of invcstipators. substances rcsponsiblc for this activity acre not identitied. WC found 
by gas chromatographic techniques that the major component of the ACh-like activity of the term 
placenta was ACh (112 i 7 nmolcs,g of wet tissue). These results were confirmed by the beparatlon 
of ACh from other quaternary ammonium compounds by column chromatography using Amberlite 
CG-50 resin. The placenta could be stored at 4 for a number of days without significant loss of 
ACh. Freezing and thawing of the placenta destroyed ACh. This indicates that ACh is bound within 
m~rnbr~ln~s. There at’rc high c~~nccntr~ttl(~ns of ACh in all segments of the placenta. The Afh conccn- 
irations in the concentric segments next to the periphery and the umbilical cord wcrc kowcr th;tn 
ACh concentrations m other acpmcnts. The cc~ncentrations of ACh in I-to:ttin, Tilli and thr basal 
plate, which included the anchoring vi&. were about 322 and 210”,,. respectively. of that of the chorionic 
plate. There was variation in AC’h content with gestational age: the highest concentration was found 
at about 22 weeks (wk) of gestation (nmoles’g:-at 9-12 wky 129: 13: I6 wk. 342 k 31: 17~20 wk. 

317 + 32: 21-24 wk. 723 + 63: 2.5 2X wk. 231; 29 32 wk. 249: 33 36 wk. 153 + 15: 37 40 wk. IO5 + 7: _ - _ 
and 41-44 wk. 88 f 5). These observations associate ACh with syncytiotrophoblast. Choline acct) Itrans- 
ferase (ChA) has a similar pattern of variation with gestational age. The placental cholinergic bystem 
(as indicated by ChA ACh) was fully formed at the early fetal period of histogcnesis and functional 
maturation. during which the fetus cxhlblts the fastat rate of grow,th. 

A number of investigators have reported the occur- 

rence of acetylcholil~~ (ACh)-like activity in the ex- 
tracts of human placenta using bioassay preparations 
[i--7]. However, the components of the ACh-like ac- 
tivity in placental extracts were not identified. 

It was shown by Comline [S] in 1946 that there 
is choline acetyltransferase (ChA) in human placenta. 
The placental homogenates of the guinea pig, dog. 
cat, mouse, horse and cow were shown to synthesize 
ACh in the presence of exogenous acetylcoenzyme A 
[9]. These homogenates synthesized other products 
besides ACh. Human placental homogenates required 
exogenous acetylcoenzymc A as well as choline for 
synthesizing ACh. A number of investigators have ob- 
tained partially purified preparations of ACh from 
human placenta [lt&l2]. Recently. it has been shown 
that brain ChA and placental ChA will synthesize 
ACh by the same enzyme mechanism, namely the 
Theorell Chance mechanism [12-l 5). 

The presence of cholinesterases in human placenta 
has been indicated by a number of in\,estigations 
[16 -1 S]. The human placental enzyme has been char- 
acterized as acetylcholinesterase (ACM) by Ord and 

-.____ 

* Preliminary reports of this investigation were prc- 
sented at the meetings of the Federation of American So- 
cieties for Experimental Biology, Atlantic City. N. J. April, 
1973 (f;& PRK. 32, 7424. 19731, and the Twenty-sixth 
lntern~~~i~nal Congress of Phy~iolo~i~ll Sciences. New 
Delhi, October, 1974 (abstr. p. 319). 

Thompson [ IY] and by Koshakji hi (II. [ZO]. Acctyl-(i- 
inethyl-choline is a specific substrate for the placental 
AChE, which does not hydrolyze benz~)ylc~~(~line to 
a significant degree. 

The above observations indicate that the three 
components of the cholinergic system. ACh-like ac- 
tivity, CRA and AChE. arc prcscnt in the human pla- 
centa. Since the placentae of man and animals lack 
innervation, a question arises as to whether the pla- 
cental cholinergic system is in any way similar to that 
of the brain cholincrgic system. Human placental 
ChA and AChE have been characterized. In the pres- 
ent study. WC are interested in the ch~u-acteriratjon of 
the components of the ACh-like activity of the human 
placenta by gas chrol~~~to~r~lphy. its ~~istrib~lt~~)n, the 
nature of its occurrence and its v~lri~~tion with gcsta- 
tional age. The present study indicated that the major 
component of the ACh-like activity of human term 
placenta is ACh (112 nmoles,‘g of wet tissue). which 
is localized mainly in the syncytiotrophoblast layer. 
The placental ACh levels during the second trimester 
of pregnancy were higher than the ACh Icvcls during 
the first and the third trimesters of pregnancy. 

MAI‘EKIALS AND MEI-HODS 

Cdlrctim of’ /~umtrr~ p/oce~t~ar. Human placentae 
were collected after therapeutic abortions during the 
first trimester, after spontaneous and therapeutic 
abortions during the second trimester of pregnancy 
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and after therapeutic deliveries during the third tri- 
mester of pregnancy. Each placenta was placed in a 
plastic bag immediately after delivery and cooled in 
an ice bath. It was processed immediately or kept 
in :I cold room at 4 for processing 1 or 2 hr later. 
The ACh content remained constant even when the 
placenta was stored for several hr at 4 

Eutw~tion trntl e.stimrrtion of‘ ACh rrnd other ywtrrn- 

rrr~’ mwn~oniun~ c~ornpmds fi.om plrrcwtrr. One radial 
segment (unless otherwise specified) of the placenta 
was sliced. cleared of blood as much as possible and 
homogenized for 2min with a solution of trichloro- 
acetic acid (2”~ in acetonitrile (14 ml/@1 g of wet tis- 
sue), using a Sorvall Omni-Mixer. The homogenate 
(l(Y’,,) was ccntrifugcd at 2500 rev.!min for IO min. 
The sediment was discarded. The supernatant was di- 
luted with an equal volume of distilled water. The 
aqueous supernatant MS extracted twice with equal 
volumes of diethyl ether. The ether extracts contain- 
ing the lipids were discarded. The residual ether in 
the aqueous supernatant was removed by bubbling 
a gentle stream of nitrogen gas through it. An aliquot 
of the aqueous supernatant (2 ml) was diluted with 
an equal volume of dilute HCI (2 ml, pH 4.3). To 
the diluted supernatant (4 ml). 0.05 ml tetramethylam- 
monium iodide solution (I2 mg/lOO ml) and 0.15 ml 
potassium iodide (20”,,tiodinc (I 8”“) reagent wcrc 
added. The resulting mixture was stirred on a Vortex 
mixer and allowed to stand at 4 for 30min. It was 
centrifuged. and the supcrnatant was removed by as- 
piration. The precipitate containing quaternary am- 
monium compounds (precipitate QC) was subjected 
to pyrolysis gas chromatography. ACh and related 
quaternary ammonium compounds wcrc converted 
into their tertiary amincs during the pyrolysis and 
the resulting tertiary amines were assayed by gas 
chromatography 1211. 

PJYY~/J~S~S $/(I:, c,hlorllr/toy/rr~/~~~~, of’,4 Ch rrrd other ylrtr- 

terntrry cwwnoniur~~ cwmpountls. ACh determinations 
were made according to the method described by 
Schmidt ct trl. 1221 using a Hewlett-Packard model 
5750 gas chromatograph and a Barber Coleman mo- 
del 5180 pyrolyzer. The column of 20”,, Carbowax 
6000 on Chromasorb W (HMDS) (Applied Scientific 
Co.) was prepared according to Schmidt ct trl. [X3]. 
The column was run at 140 under a flow of nitrogen 
gas at 80 ml;min. Propionylcholine iodide was added 
as an internal standard to all tissue samples (20 
nmolesi 100 mg of wet tissue). 

Septrrrrtion of’ pltrcrnttrl ACh fiw~ other qtrtrternar!’ 

~un~~miwn compomds 11). cdumn chromtrtogrrrpl~~,. Am- 
berlite CG-50 resin (3 4g) was washed with distilled 
water (3 x 30ml) and the washed resin was soaked 
in distilled water (50ml) overnight. The suspension 
of the resin was used to prepare a column (15 cm) 
in a 20-m] burette. The column was further washed 
with potassium phosphate buffer (100 ml. 0.5 M. pH 
6-9). After the fluid was drained off the column. :I 

solution (0.5 ml) of quaternary ammonium com- 
pounds (precipitate QC) from the placental extract 
was poured over rhe top of the column. After the 
sample was adsorbed by the column, the column was 
eluted with potassium phosphate buffer. During the 
elution period, about 2 ml of fluid was maintained 
over the column and 2-m) samples of the eluate were 
collected at ;I rate of 1 ml;min in an automatic frac- 

tion collector. The quaternary ammonium com- 
pounds in each fraction were extracted with acetoni- 
trilc. and ACh, choline and compound X were ana- 
lyzed by pyrolysis gas chromatography. 

In a separate experiment. [“C]ACh (OG? AtCi) I\;IS 

subjected to separation by column chromatography. 
[‘%‘]ACh in the elution fractions wab counted ac- 
cording to the procedure dcscribcd clscwhcrc [I?]. 

KKbl 1.1’S 

Occurrrncr qf AC/z tmrl of/w yucltcrrur~’ ~umnw~iw~~ 
c~~rnpod.s iu phcw~trrl c’.xtrtrc/. The pyrolysis gas 
chromatogram of a placental extract is shown in Fig. 
1. During pyrolysis. the quatcrnury ammonium com- 
pounds are concerted into their corresponding tcr- 
Gary analogs. Peak B has been identified as ?-dimeth- 
ylaminoethyl acetate. formed from exogenous AC-h. 
The height of the peak could bc incrcascd quantita- 
tively by the addition of known quantities of ACh to 
the placental extract. Peak B disappcarcd when the 
placenta) extracts wcrc sub.jccted to m alkaline 
hydrolysis (Fig. 2). 

Peak A was due to 2-dimcthylaminocthylpro- 
pionate. formed from propionqlcholinc which was 
added to the placental extract LIS an internal standard. 
Peak A was absent when placental extracts w’ere ana- 
lyzed without the addition of propionylcholine. Peak 
C was due to 2-dimethylaminoethanol. formed from 
choline in the placenta. Peak C wxs not affected by 
alkaline hydrolysis. 

The compound responsible for peak X w’as not 
identified in our studies. It may be an amine present 
in placental extracts or formed during pyrolysis. Alka- 
line hydrolysis of the pluccntal extracts had no elf‘cct 
on peak X. Peak X had a consistently longer retention 
time than peaks A. B and C. 

Sc~porrrtion of’ yfrtrferntr~~~ ~1u11110/zifw~ c~onpxim/s from 

the p/trcw~ttr/ e.Wrw/ hj, c~o/~tmn c,hrorlltrtollrtrpllr,. It is 
possible to separate the quaternary ammonium com- 
pounds into two components using the cationic ion 
exchange resin Amberlite CC-50. In the clution chro- 
matogram. the first component LYUS collected in frac- 

C 

A -_I I:r? 0 

X 

76543210 
minutes 

Fig. I. Gas chromatogram of the quatcrnurq ammomum 
comt7ounds sep,aratcd from the humiin placenta and suh- 
jetted to pyrilysis. Peak A: 2-dirncthylaminoethyl pro- 
pionate formed from proplonqlcholine N hich wx added 
as an internal standard. Peak B: Z-dimethylaminoethyl 
acetate formed from endogenous AC‘h. Pwk C‘: 2-dimethyl- 
aminoethanol formed from cndogenous choline. Peak X: 
an cndogcnous amine or :i compound fbrmcd during 131 ro- 

Iysis which HX not idcntiticd. 



CHROMATOGRAM AFTER ALKAL 
HYDROLYSIS 

Human placental ACh 
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Fig. 2. Gas chromatogram of the quaternary ammonium 
compounds from the human placenta before and after 
alkaline hydrolysis. CLA: chromatographic locus of 2-d;- 
methylaminoethyl acetate formed from cndogenous AC%. 
which is indicated by peak B. Peak B was absent in the 
gdS chromatogrdm of the endogcnous quaternar! 
ammonium compounds Irhich WCI’C sublectcd to alkaline 
hydrolysis. Peak B: ~-dimcth!I~~minocth)l acctatc formed 
from endogenous acetylcholine of the placental extract 
during pyrolysis. Peak C: 3-dimcth~lnminoct~~~~~~ol formed 
from cndogenous choline. Peak X: the compound which 

was not Identified. 

tions 6-12 and the largest amount was collected in 
fraction 9 (Fig. 3). When authentic [“C]ACh was 
chromatographed under identical conditions. the lar- 
gest amount appeared again in fraction 9 (Fig. 3). 
The pyrolysis gas chromatogram of fraction 9 exhi- 
bited a prominent peak. with a retention time of 
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Fig. 3. Separation of the quaternary ammonium com- 

pounds from the placenta by chromatography on a column 
of Amberlite CG-50. The relative amounts of ACh. choline 
and compound X were analyrcd by pyrolysis gas 

chromatography. 
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FIN. 3. Panel a: pyrolysis gas chromatogram of the qua- 
ternary ammonium compounds collcctrd in fraction 9 of 
Fig. 3. Panel h: Pyrolysis gas chromatogram of the qua- 
ternary ammonium compounds collected in fraction I5 of 
Fig. 3. The tuo chromatograms were run at diffcrcnt elec- 
tromcter settings. Peak A: 2-dimethq laminoethyl propio- 
natc formed from the internal standard. propionylcholine. 
Peak B: 2-dimcthq Iaminocth! I acctatl: formed from endo- 
genous ACh. Peak C: l-dimethylaminoethanol formed 
from cndogenous choline. Peak X: the compound which 

was not identifcd. 

3% min (Fig. 4a). This peak was identitied as that of 
2-dimethylaminoethyl acetate. which was formed 
from ACh during pyrolysis. Therefore, the quaternary 
ammonium compound in fraction 9 was identified as 
ACh. No peak for the presence of 2-dimethyla- 
minoethanol was observed. No significant peak for 
the presence of compound X was observed. Therefore. 
fraction 9 contains ACh. and is free from choline and 
compound X. 

In the elution chromatogram. a second component 
was collected in fractions l&18, and the largest 
amount was collected in fraction 15 (Fig. 4b). The 
pyrolysis gas chromatogram of fraction I5 indicated 
the presence of two prominent peaks. with retention 
times of 2.9 and 6.3 min. Pyrolysis of an authentic 
sample of 3-dimethylaminoethanol (or choline) gave 
a single peak with a retention time of 2.9 min on the 
gas chromatogram. The peak with the retention time 
of 6.3 min was due to the unidentified compound in 
the placental extracts. 

According to the above experiment. fractions 69 
contained ACh. Choline and the unidentified com- 
pound could not be detected in these fractions. Frac- 
tions 12-18 contained choline and the unidentified 
compound X. Fractions 11 and 12 contained all three 
compounds: ACh, choline and the unidentified com- 
pound X. Therefore. our experiments support the 
existence of ACh in human placenta. 

C‘O/I~OH~ 01’ -1C.h irk f~m Inrrt~rrn p/ccc.rr~ftr. The ACh 
contents from ten term human placentae, collected 
after therapeutic deliveries, are shown in Table 1. 
There are significant differences in the concentrations 
of ACh from placenta to placenta. The reasons for 
these differences are not known. Some of these differ- 
ences might be explained by the clinical histories of 
the mothers. the mode of delivery and the duration 
of labor, etc. According to our data from 34 deliveries. 
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Table I. ACh in human term placenta* 

t Mean (M,) + S. E. for the above first group of ten 
placentae: 98.66 & 966 nmoles,‘g of wet tissue. 4 second 
group of 24 term placental samples (representative radial 
sections) was analyzed for ACh. Mean (Mz) + S. E. for 
the second group: 117.63 f 9.06. There was no significant 
difference (P < 0.05) between M, and ML. The overall 
mean for 34 placentae of both groups was 
112.05 + 7.08 nmoleyg of wet tissue. _ 

$ Mean (M,) k S. E. for the above first group of placen- 
tae: 16.28 & 2.84 nmoles .ACh equivalents/g of wet tissue. 
Mean (M4) i S. E. for the second group of placentae: 
14.07 i 1.68. There *as no significant difference (P < 0.05) 
between M3 and M,. The overall mean for compound X 
from both groups of placentae = 15.75 i 1.83. 

9 The values in parentheses indicate the number of ali- 
quots analyzed from each placental extract. 

human term placentae contained I 12.05 * 7.08 
nmolesjgofwettissue.The samegroup ofplacentaecon- 
tained an unidentified compound X in small amounts 
(15.75 k 133 nmoles ACh equivalents/g of wet tissue). 
This compound could be detected in 97 9X per cent 
of the placentae analyzed. 

Dist~ihrtion of AC% in the trm humn pltrcmtcl. The 
three major regions (chorionic plate. villus region and 
basal plate) were dissected for ACh determinations 
as shown in Table 2. The relative distribution of ACh 
in various concentric segments of human placenta is 
shown in Fig. 5A. In order to determine this. each 
placenta was cut into six concentric segments and the 
segments were analyzed separately for ACh. The ACh 
concentration in theconcentric segment next to the peri- 

phery or the umbilical cord was lower than the AC’h 

concentration in the other segments. This SLI~~CQZ 

that there are higher concentrations of ACh whet-c 
the placental villi arc located. In ordet- to \crifj this 
we have dissected floating \ illi. the bahal plate along 

with anchoring \itli. the trophoblast layer and the 
chorionic plate (Fig. 5B). The total surf:tcc arca 01 
the trophoblast in the floating villi and the anchoring 
villi ought to be larger than the trophoblast l:t~et 
of the chorionic plate. Therefore, one can associ;tlc 
ACh with the syncytiotrophoblast. 

Ir$/~rc,rtc,c~ of’coltl .s/oJu/~’ (4 ) trml~wcrimg cm p/~~~~w 
ttrl ,4Ch umt~wr. When ii human placenta w;15 fro/en 
for 48 hr and then warmed lo laboratory temperature. 
the cntirc amount of ACh had decomposed (Figs. 6 
and 7). There W;IS no change in the concentration 
of the unidentitied compound X. even alicr freezing 
a placenta for 16X hr (Fig. 7). When ;I plxwta u;ts 

kept for 77 days at 4 . about 30 per cent of the A(‘h 
remained in the tissues. These obscriations SLI_C~A 

that ACh was bound within tnembranc~. l-‘ree/ing 
breahs the membranes and liberates ACh. which is 
subsequently hydrolyzed by AChE. The unidcntitied 
compound X mtght not contain an cstcr bond. II hich 
would explain why it W;I~ not d’ecteci by freci-ing 
or AChE hydrolysis or alkaline hydrolysis. 

Vtr,.itrriort oj’ tltc (‘ortc~crlf,‘olio,t 01’ /llrrtliUl /‘/trcY’/lrc// 
AC/I us (I fim.ticm of’th q~~.~t~//ior~ pcriorl. Human pla- 
centae collected frotn X? cases of therapeutic abor- 
tions. spontaneous abortions and thcrapcutic dcli\cr- 
its were analyzed for ACh content (Table 3). A(% 
value\ fat- the first X we&s of prcgnanc!, could not 
be quoted. hccause the placenta i:, not clcarl! delined 
until the third month. The gestation period could bc 
assessed within ;I range of +2 weeks. Thercfot-e. Ihc 
ACh values for 3 consecuttie wcchs of prcgnanc) 
were pooled. The Latues in Table 3 indicate that the 
ACh concentration ~21s lower during the firxt and 
third trimesters of pregnancy than it \z;I~ dut-tttg tttc 

second trimester of pregnancy. The peak \alue\ f()t 

ACh concentration wcrc found during week\ 21 21 
of pregnancy. 

According to Chang [25]. the ACh-like activity 01 
term placental extracts is equi\atcnt to about 

Table 2. Distribution of ACh in specific placental tissue 

10 42 24643 i 3 X2 107 ?? / 6 xi 24, 40 + 28 Y1 IV, 23 i hli: 

* Mean i SE. from a minimum of three determinations for each tihsuc 
sample. 

t The villi contained about 3. 22 + 0.39 times hlnher conccntratlon of AC‘h ~ 
than that in the chorionic plate; the basal plate c&tamed about 2.10 i 0.73 
times higher concenlration than that in the chorionlc plate. 
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CONCENTRIC 

SEGMENTS 
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122,02 + 0.07 
120.30 +_ 0.07 

117.00 +_ 0.04 
121.72 ” 0.07 

76.79 +_ 0.01 

Fig. 5. Panel A: Concentrations of ACh (nmolesig of wet tissue) in various concentric segments of 
placenta. Each value is the mean + S. E. from three determinations. Panel B: a modified schematic 

diagram [34] of the term placenta 

C 
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MINUTES 

Fig. 6. Gas chromatogram of the quatcrnary ammonium 
compounds which were separated from the placenta. after 
freezing it for 4X h, and subjected to pyrolysis. Peak A: 
2-dimethylaminoethyl propionatc formed from propionyl- 
choline which was added as an internal standard. Peak 
B: 2-dimethylaminoethql acetate formed from ACh. The 
height of this peak was not significant. Peak C: ‘-dimethyl- 

aminoethanol formed from choline. 

180-230 nmoles ACh/‘g of wet tissue. Our results indi- 
cate that term placenta contains about 112nmoles 
ACh;g of wet tissue. Therefore, about 55 per cent of 
the ACh-like activity of the placental extracts could 
be identified as ACh. 

THE EFFECT OF COLD STORAGE 14°C) ON 

PLACENTAL ACh CONCENTRATION 

. ACh 
. 

n Unidentified 
compound 

THE EFFECT OF FREEZING_ Qy T!iE~_STnB!LlTY 

OF_FlACENTAL ACh_ 

,68-HOUR 
TISSUE FREEZINC FREEZING 

Fig. 7. Influence of cold storage. and freezing and thawing 
on the stability of placental ACh. Each point is the mean 
k S. E. from three determinations. When the S. E. is too 

small to indicate on figures. it is omitted. 
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* Gcstational age could be assessed within it_:! weeks. 
t 4 representative radial section of the placenta \v;ls ana- 

lyzed for AC%. 

The unidentified compound in the term placenta 
was no1 hydrolyzed by alkali. It could not be separ- 
ated from choline by ion-exchange chromatography 
using the ion exchange resin Amherlitc CG-SO. The 
source of this unidentified ~ornp~~und is not known. 
that is, whether it exists in placental extracts or 
whether it is formed by dealkylation from another 
compound. 

Our investigations indicate that placental ACh is 
bound within membranes. When human placenta was 
frozen for 48 hr and warmed to laboratory lempera- 
ture, the entire amount of AC’h decomposed. When 
the placenta was kept for 77 days at 4 . about 30 
per cent of it remained in the tissues. The formation 
of ice crystals in the frozen tissue destroys the mem- 
brane structure and ACh is released. which is then 
hydrolyzed by ACRE. Similar results with brain tissue 
have been reported in the literature [XJ. 277. Freezing 
and thawing of brain tissue bring about the release 
of tissue-bound Afh, which is destroyed by AChE. 
According to some estimations [I?, 251, a major por- 
tion of ACh-like activity (95 per cent) in human pla- 
centa is in a bound form. 

The available evidence indicates that ACh is loca- 

lized in the villus tissue of the human placenta. There 
are 20-M large viltus trunks which correspond to the 
cotyledons (lobes) arranged in a circle around the um- 
bilical cord 1241. The concentric segments next to the 
umbilical cord and the peripheral segmcnl have lower 
concentrations of ACh than the central concentric 
segments. This suggests that high ACh concentrations 
are found at positions where villi are localized. The 
ACh collcent~tions in the various sections of the pla- 
centa could be arranged in the following order (Fig. 
SB): villus tissue > basal plate (containing puts of an- 
choring villi) z chorionic plate. The surface Breas of 
the trophoblast in the above sections could be ar- 
ranged in the same order. 

The syncytiotrophoblast layer is Mly formed by 
about 4 months and the cytotrophob~ast disappears 
1241. At about this time, high concentrations of ACh 
are found in the placenta. The full) developed villus 
contains only three layers. syncytiotrophohlast. con- 
nective tissue and vascular fetal endothelium [24]. In 
histological studies, certain granufes can be localized 
in the syncytiotrophoblas~ by a special fixative (I”,, 
ammoniunl reineckate in lo”,, fornl~~idehyde or X0’,, 
alcohol) which precipitate3 ACh and many other 

amincs [XJ. These granules were locali~d along the 
free border of the s~ncytiotrophobl~~st. Electron 
microscopic studies have de~noll~(I-~~t~d that thcrc ;I~C 
vesicles at the base of the microtilli of the sqncytio- 
trophoblast 129, 301. The surface arcas of the sync!‘- 
tiotrophoblast could be arranged in the follo~~ing 
order: \,illus tissue 2 basal plate which contains ;IIJ- 

choring villi > chorionic plnlc [24]. Tho ACh con- 
centrations in these tissues could be arranged in the 
same order. These observations indicate lhat ACh is 
possibly localized in (hc ~yn’ytiotrophoblasl. How- 
c\cr, it has ycC to bc denionstra(cd that A(‘li is con- 
tain& in vesicles. 

There bias a \ariation in the ACh concentration 
with gestational agi: of the plaCCIltii. The highest 
values for ACh ~ot~centr~~~i(~n wet-c found during weeks 
21 24 of pregnancy. The variation in f’hA acti\ it? 
shows ;I pattern similar to that seen for AC’11 131. 321. 
This pattern remained the same when CIA acti\it! 
was expressed per unit weight of the tissue or protein 
[31]. There was peak CIA activity at about I6 70 
MCCOY of gestation and a 4-fold dccrcwc in acti\itl 
at l~~trtitritio~i as well as at X I? w&s of (~c~cl~)~~l~~c~i~ 

[31iJ. The ~~~~,~i~~p~~i~~~~ of the placental chol incrgic 
system, as indicated by ACh--ChA. foilo~;\x the dc~cl- 
opment of the syncy;ic,trophobIast [24] during the 
first h months of pregnancy. The reasons l’or the dc- 
crease in ChA ACh concentrations in the (erm pta- 
centa are not known. 

There are two pI.iIi~i~~~~l stages in the ~l~v~i~~p~~~~~~l, 
XI cmhryonic period (1 --7 monthsi and a fetal period 

(2 9 months) [24]. Neither the s~ncvtiolrophobl~lst 

nor the plac&tal cholincrgic system (ChA ACh) i\ 

full), developed during the embryonic period. Man) 

substxtces [13. 341 (e.g. ~-aminolsohut~ric acid [i_‘] 

and diphcn~lh~ciar~toin [SF]) cros\ the $xental bar- 
rier with relatiw ease. The dcgrcc of the t~r~tt~~~enic 

scnsiti~ity of the human fetus to chcmiczls I-caches 

the highest levels during ttii5 period 1341. 1Itirinp the 

lirst part of the fetal period (2 6 monthsl. the organs 
undergo littlc more than maturation (histogenesisl :tt 
the histological leyct. The size of the human fetus in- 
creases by aboui 2511 times during this period. C‘hemi- 

cals do not cro5s the p,Iaccntal harrier a’i casiiy 35 
they did during rhe embryonic period: their transport 

does seem to be regulated [IQ. 341. The placental cho- 
linergic s~stcm is full> dcvolopcd during this pcrwd. 

During the latter part of the fetal period. functionat 
maturation of the fetus is achieved. The pl;~ccntal Ic- 
I els of C’h&/ZCh ha\c decreased. Chemicals do seem 
to cross the placental barrier more easily than they 
did during the mid-lrestatictn period r33. 34, 361. 

These observations indicate that the placenlal cho- 
linerpic system may play ii significant role in Ihc rcgu- 
lution of the transport of ntitricnts and chemical\ xc- 
ross the syncytiotrophobl;~st and thereby rcgulateu rhc 
fetal growth. Studies on the inter--rclationship~ bc- 
twern placental Iransport and fetal growth during the 

manipulation of the placental chnlincrpic sjstcm us- 
ing pharmacological agents (e.g. inhibitors of A(‘hF: 
and ChA) may provide an answer for thl: role of ACh 
in the placenta. 
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blood cells 1371. spermatozoa [38]. cornea 139,401, 
and many other structures [41]. Just like in the pla- 
centi. relationships between some activities of these 
tissues and the occurrence of the components of a 
cholinergic system in them have been described in 
the published literature 137 411. However. concrete 
evidence is not available about the role of the cho- 
Iinergic sq’stcm in placenta or these tissues. 
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