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The ultrastructural localization of acetylcholinesterase and non-specific
cholinesterase activity has been studied in sections of ox adrenal
medulla by cytochemical methods. Non-specific cholinesterase activity,
identified by using butyrylthiocholine as substrate and ethopropazine
as inhibitor, occurs intracellularly in some adrenaline-containing
chromaffin cells: the reaction end-product is deposited within the
cisternae of the endoplasmic reticulum and in the nuclear envelope.
Reaction end-product of non-specific cholinesterase also occurs in the
endoplasmic reticulum of pericytes, around sinusoids and capillaries and
within smooth muscle cells.

Acetylcholinesterase activity, identified by using acetylthiocholine as
substrate and BW 284C51 as inhibitor, occurs in both the splanchnic
nerve and in chromaffin cells. Reaction end-product is found at the
following sites

(i) around myelinated and unmyelinated non-terminal axons of
splanchnic nerve, between the axolemma and the Schwann cell
membrane;

(i1) within the cisternae of axonal smooth endoplasmic reticulum;
sometimes these cisternac appear to be connected to the
axolemma;

(i) between the axolemmas of preterminal axons and the plasma
membranes of chromaffin cells;

(iv) between the axolemmas of nerve terminals and the plasma
membranes of chromaffin cells, including the synaptic cleft;

(v) within cisternae of rough and smooth endoplasmic reticulum,
and also within the nuclear envelope, of both adrenaline- and
noradrenaline-containing chromaffin cells;

(vi) between the plasma membranes of adjacent chromaffin cells, but
only when one or both of these cells contain reaction product
within the cisternae of its endoplasmic reticulum; these cisternae
sometimes appear to be connected to the plasma membrane.

These observations raise the question whether the acetylcholines-
terase activity released from the perfused adrenal gland might originate
from the cisternae of the endoplasmic reticula of splanchnic nerve
and/or chromaffin cell.
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IrTRODUCTION
Acetylcholinesterase (AChE) is known to ootur not only in cholinergio neurons
{Lewis & Shute 1g66), but also in non-cholinergic neurons (Brzin, Tennyson &
Duaffy 1gih) and even in non-nervons Lissve (Flinos & Bartos 1994).

Results reported in & previous paper (Chubb & Smith 1975b) have provided
evidence that thiz engyme can be released imto extracellular fluids. 1t was found
that one of the soluble iscenzymes of AChE present in the adrena] medulla eould
be releasad into the perfusate from the gland. The guestion of the origin of the
released isoensyme could not, however, be resobved by biochemios] experiments
{Chubb & Smith 1g75a). Thiz is becanee the structure(s) containing the soluble
ispenzymes appear fo be too fragile to withstand the preperative prooedures
required for the biochemical anslyzis of subcellular particles. A eytochemical
stucy of bovine splanchnie nerve axons and adrenal medulls haa, therefors,
been enrried out to obtaan some information on the disteibution of AChE activity
within these tizsues.

MATERIALS A¥D METHODS

Cattle (Bos faurus L) adrenal glande from three oxen about two years old, and
from two calves aged approximately 200 days were used for eytochemionl purposes.
The ox adrenal glande were obtained from the slaughter-house, while the calf
glands were removed Irom animals, anaesthetized with sodium pentobarbitone
and then bled to death, in the Department of Physiology, Cambridge.

Approximately 15-25 min after the death of the animal 1-2 mm?® blocles of
adrenal medulls from at least four different parts of the gland were cut with
a razor blade, and placed into ice-cold fixative eolution. Fixation was carried out
for 2-4 b at 4 °C, with constant agitation by immersion of tha bloclks in a solufion
containing 2 gf100 ml ghitaraldehyde and 2 gf100 ml formaldehyde buffered to
pH 1.3-%.4 with 0.1 s sodium caoodylate buffer. After fixntion, 40-60 pm thick
sections were eut vsing & Sorval TC-2 Bmith-Farquhar tissue chopper. Sections
eontaining large intramednllary nerve trunks were selected and washed by shaking
in 0.1 M sodinm cocodylste buffer pH 7.8-7.4 containing 0.2 m sucrose, at 4°C
for 2-2 h. The above washing solution was used throughout the procedure.

TFor demonstration of cholinesterases the thiotholine technique (Koella & Fried-
enwald 1945) was need as modified for elsctron microscopy by Idsn & Caillik {1966).
The thick saotions were inonbated for 30, 50 or 80 min &t room tempersture in
medin containing 78 mM sodiom acetmte buffer pH 5.5, 13.3 mu glyaine, 6.6 mm
CuS0y, 0.2 mu Ph (NQy),, together with either 8 mu S-acebylthiocholine jodide or
S-butyrylthiooholine odide (8 mst or 15 ms).

To establish the specificity of the reaction, the following incobations were
earried out

(1} Incubsation without substrate.

{2) Incubation in the presence of 10w ethopropazine hydrochloride

10-{ 2-diethyl-amino-r-propyl) phenothiazine hydrochloride
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{3) Ineubation in the presence of 10— w BW 284081 1,5, -bis-{4 allyldimethyl-

ammaoniumphenyl) pentone-3-one-dibromide

{4) Insubation in the presence of 10~2 3 BW 284051 and 10 u ethopropasine

hydrochloride.

(8) Incubation in the presence of 1.5 = 10-% M eserine sulphate.

When inhibitors were used, specimens were preincubated for 30 min st room
tomperatore in & washing solution containing the appropriste inhibitor

After inoubation specimens were wnshed for 2> 5 min and transferred into
!ﬂIMﬂHﬂ.ﬂﬂwhﬂjnmﬁmMﬂtpﬂdﬂdhm
7.0 and 7.5 with seetie scid) for 4-5 min; washed again 2« 5 min and postfixed
for 8 min in 0.5 %, Osl),, following the method of Palade (1952).

The sections ware dehydrated in aleohol and embedded into either Dureupan
(Fluka AG.) or Epon-Araldite (TAAB Laboratories Lid). Thin sections were
stained for 30 min with satursled aquecus oranyl acetate followed by lead citrate
{Reynolds 196y} for 2min and examined in Metropolitan-Viekers EM.4 or
Phillips 200 sleotron microscopes.

To study the effect of fixation on the sctivity of the individual iscenzymes in
sdrenal medulls, ebotrophoresis on polyscrylamide gels of a high-speed super-
matant from an adrenal medulls homogenate was carried out as previously
deseribed (Chabb & Smith 1g75a). After the run, the gels wore washed with water
2x Emin and the fixed with the cytochemical fixative for either 10, 20 or 40 min.
After & 30 min wash, the gels were incubated to reveal the ACAE isoentymes
{Chobb & Bmith 19754).

Acetylthiocholine jodide was obtsined from B.ID.H. Chemicals Ltd, butyryl-
thiocholine jodide and mserine from Sigma Chamical Corp., BW 284051 from
Wellcome Reagents Lid, sthopropazine hydrochloride from May & Baker Lud,
glutaraldehyide, formalishyde and Os0, from TAAB laboratories.

ResuvLnTs

Specifiity of the eytochemical renction

By the use of inhibitors and sppropriote controls, it s possible to establish the
spaaificity of the angyme reaction, After inoubsting without substeate, or in the
presence of sserine, we could not detect any reaction end-prodect, This result
ahowa that under our experimental conditions not only are there no delestable
levels of esterases other than cholinesterasss in the timaes studied, bul also that,
since the end-product of the reaction is & metal sulphide, there is very little non-
specific bindiug of the metal jon.

The reaction product obtained with either of the subwtrates was abaent when
both BW 284C51 (st low concentrations s specific inhibitor of ACHE) and
sthopropazine (st low concentrations an inhibitor of non-specific ChE) were in-
oorporated into the inoubation media. This was so even with extended (ap to
90 mn) incubation times. When BW 284C51 alone was used with scetylthioeholine
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as the substrate, no and-product was visible aftera 80 min noubation period, From
all of these yurious controls we concluded that by using acetylthioeholine aa the
subsatrate in the presencs of 10— u ethopropasine we would reveal sites of AChE

ity only, while use of butyrylthiocheoline together with 104 BW 284051
would only reveal non-specific ChE positive sites,

Finally, we examined the possibility that the fixative might seloctively inhibit
some of the ACKE isoenzymes. Wo incubated, first in fixative then in AChE in-
cubation medinm, polyserylamide gels on which soluble sdrenal medullury extracts
had been run. The fixative caused marked and progressive inhibition of enzyme
aotivity, but thers was no selective inhibition of any of the AChE jsoenzymes.

Localization of acetylcholineslernse activily
Since there was no apparont difference in the localization of the cholinesterases
in tissues obtained from adult or from young animals, results from both will be
doseribed together.

Intramedullary azons

Intramedullary nerve trunks, consisting of up to sveral dosen axons,
conlain myelinated and unmyelinated fbres. Cylochemisiry revealed resction
end-product dee to AChE activity botween the plasma membranes of Schwann
cells and axons (fgure 1).1 High magnification micrographs showed that the
precipitate i present belween the ouler membrano leaflols (figure 4). Intra-
axonally, end-product was found In tobules of smooth sadoplasmie reticulum
(figures 2 and 3), although only & minority of the axons contlained them. In some
of these axona, only cne or two enzyme-conialning tubules occurred, while In
others there were many (figure 3). In the same axon not all the csternas were active
and sometimes the snd-product was only present for part of the langth (figure 2).
When these tubules lie very close (o the plasma membrane, the end-product within
the cisternas seems to be comtinuoos with that deposited outside the plaams
membrane (figure 8).

{ Figure 1-2| appear on plaies 8-17.

Dﬂl'ﬂllﬂl'ﬂl OF FLATE K
AChE romclion

Fioves 1. Pari of &6 intremesdullary nerve Srmnk with teo myslineisd axons snd oos
unmyelnnied axon lmthd-pud—linhm-hm:mh-nmd
all aff the thres axons sl assosiated wilh membransus sroctoms within ﬂum

farpow ), (Magn. w $5000.)

Froves 2. ACHE sotivity in -mwdmmmmﬁmﬂ
nonr 10 & repion of mective axclemma. (Mugn. x 68000 )
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Nerve terminals

Unmyelinated preterminal axons running between chromaffin cells, either
individually or in groups and with or without a Schwann cell sheath, are sur-
rounded by end-product. The product is localized between the axolemma and the
plasma membranes of the chromaffin cells. Since it is present when the chromaffin
cells show no reaction intracellularly (see below) we conclude that the end-product
is associated with the axon itself. Similarly, reaction end-product is always found
around nerve terminals and within the synaptic gap (figures 14 and 15). When
adjacent chromaffin cells display AChE activity, the end-product associated with
the membrane of the nerve terminal is continuous with that around the chromaffin
cells. In contrast to the nerve axons, intracellular reaction product was never
found within nerve terminals, even after prolonged incubation (up to 2 h) with
substrate.

ACRE activity associated with chromaffin cells

In both adrenaline- and noradrenaline-containing chromaffin cells {Identlﬁed
by the characteristic appearance of the noradrenaline storage granules after
fixation in glutaraldehyde as described by Coupland, Pyper & Hopwood 1964),
reaction end-product was found within the cisternae of both rough and smooth
endoplasmic reticulum and in the nuclear envelope (figures 6-16). Elements of the
endoplasmic reticulum were often found running parallel to the plasma membrane
and frequently they approached it like sub-surface cisternae (figure 16). Occasion-
ally, these cisternae appear to be attached to the plasma membrane and then the
intra- and extracellular reaction product appears to be continuous (figures 11 and
12). Transitional elements of the endoplasmic reticulum, around the Golgi
apparatus, contain the end-product, but it can only rarely be observed within
the parallel saccules of the Golgi system itself (figure 8). Activity can also be
demonstrated between adjacent chromaffin cells, but this is only found when
either or both of the cells also show intracellular activity (figures 6, 11 and 12).

Of the two types of chromaffin cell, AChE activity is more characteristic of
the adrenaline-containing cell. Not only did we find that a higher proportion of
the adrenaline cells were active, but also that they showed a stronger reaction than

DESCRIPTION OF PLATE 9
AChI reaction
Freure 3. Longitudinal section of a myelinated fibre containing several AChE active smooth
endoplasmic reticulum profiles (arrows) in a comparatively small area. (Magn. x 18000.)

Treure 4. High power micrograph showing that the end-product is localized between the
outer leaflets of the Schwann cell plasma membrane and the axolemma. (Magn.
x 154000.)

Ficure 5. End-product within a tubule of smooth endoplasmic reticulum is continuous with
that around the axon (arrow). (Magn. x 48000.)
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the noradrenaline cells when in the same section. Examples of enzyme activity
in noradrenaline-containing cells are shown in figures 9 and 10. Within the same
adrenal gland we found that the AChE-containing cells are situated in groups. This
is unlikely to be due to lack of penetration of the substrate since we found this
pattern at any level in the one thick section.

The adrenaline-storing cells are polarized. They have an endopla.smlc reticulum-
rich nuclear pole and it is in this region that the nerve axons terminate — usually
very close to the nucleus. Thus, the area rich in AChE-containing endoplasmic
reticulum is close to the nerve terminals.

Clapillaries in the noradrenaline-cell area

We also found AChE activity which was apparently not associated with
neurons or chromaffin cells. This activity was associated with a certain type of
capillary blood vessel which was only found in the noradrenaline cell areas
(figures 18 and 19). These vessels consist of a layer of endothelial cells which, in
contrast to the sinusoids, are not fenestrated. Pericytes can be seen partially or
entirely surrounding the endothelial cells. The space between the chromaffin cells
and these blood vessels is filled out with a varying amount of connective tissue,
but sometimes both the endothelium and the pericytes are separated from the
noradrenaline-cells by just a single basal lamina.

The reaction product first appears between the basal lamina of either the peri-
cyte, the endothelial cell or the chromaffin cell and the respective plasma mem-
brane of these cells (figure 18). When the reaction is stronger (longer incubation
time) the end-product covers all the basal laminae filling out the space among
pericyte processes. Since the pericyte layer is not continuous, the end-product
occasionally fills the space between the endothelium and the noradrenaline con-
taining cells (figure 19).

Localization of non-specific cholinesterase (ChIi) activity

When acetylthiocholine was used as substrate, in conjunction with BW 28451
as inhibitor, we were unable to detect any enzyme activity, even after prolonged
(90 min) incubation times. However, when butyrylthiocholine was unsed, also in
the presence of 10-4 i BW 284C51, we were able to observe end-product which
we attributed to the activity of non-specific cholinesterase (ChE).

In contrast the AChE, non-specific ChE was only localized intracellularly; it

DESCRIPTION OF PLATE 10
AChE reaction

Ficure 6. Swrvey picture of the nuclear region of an adrenaline-containing chromaffin cell
area. AChE activity is evident in the endoplasmic reticulum ineluding the nuclear
envelope while the Golgl system (G) shows very faint activity. End-product is also
present between the chromaffin cells. (Magn. x 10000.)
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Froure 6. For description see opposite.

(Facing p. 270)






Localization of acetylcholinesterase 277

was found in the cisternae of the endoplasmic reticulum and nuclear envelope of
adrenaline-containing cells (figure 21). In case we had not revealed any extra-
cellular ChE activity because it was only present in small amounts, sections from
the same gland were incubated in a medium containing higher concentrations of
substrate (15 mm; the ChIE activity in homogenates increases at high substrate
concentration). However, we could only observe intracellular ChE activity
whatever conditions were used. The distribution of ChE was similar to that of
AChE in one respect in that only certain groups of cells were active but these cells
had no particular structural characteristics when compared with inactive cells.

We also detected activity of ChE in cisternae of endoplasmic reticulum of
pericytes (figure 20), around sinusoids and capillaries as well as in smooth muscle
cells around larger blood vessels (figure 17).

Discussion
Distribution of AChE in the adrenal medulla

Cholinesterases in the mammalian adrenal gland have been the subject of both
light and electron-microscopic studies ever since techniques for their localization
were developed. By using light microscopic methods, their localization in the
adrenal glands of the following species has been studied: cat (Koelle 1950, 1951;
Coupland & Holmes 1958; Palkama 1964), rat (Coupland & Holmes 1958; Eranko
1958; Eranks, Hopsu & Réisanen 1959; Drews 1965), hamster (Erianks, Hopsu
& Palkama 1962; Palkama 1964), dog (Pallkama 1964), rabbit (Coupland & Holmes
1958; Antopol & Glick 1940), pig (Antopol & Glick 1g40) and ox (Antopol & Glick
1940; Palkama 1964). However, the localization of cholinesterases has only been
studied by electron microscopic cytochemistry in the adrenal medulla of the rat
(Lewis & Shute 1966, 1969; Palkama 1967).

From the earliest studies with the light microscope, it is apparent that the bulk
of the demonstrable cholinesterase activity in the gland is localized in the medulla
rather than the cortex. The distribution of AChE (Koelle 1951; Erinko 1958;
Coupland & Holmes 1958 ; Palkama 1964) and the loss of the activity after denerva-
tion (Erankd et al. 1959 ; Eranko et al. 1962) led to the conclusion that the enzyme
is primarily associated with the nerve supply to the medulla.

DESCRIPTION OF PLATE 11
AChE reaction

Ficure 7. Extracellular activity around a cilium (C) which invaginates into the cell, and
intracellular activity in the nuclear envelope (arrowhead). (Magn. x 49000.)

Fieure 8. The outermost cistern (arrow) of the Golgi apparatus shows some activity in an
adrenaline-containing cell. (Magn. x 22000.)

I'tcures 9 anD 10. Noradrenaline-containing cells exhibiting activity in the endoplasmic
reticulum (arrow); end product is also present between the cells (arrowhead). (Magn. 9,
x 19000; 10, x 18000.)
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The existence of AChE in chromaffin cells is more controversial. Koelle (1950)
reported that cat chromaffin cells contained cholinesterases but later (Koelle
1951) attributed the staining to a diffusion artifact. In cat, rabbit and rat adrenals,
reaction in the chromaffin cells was also attributed to a diffusion of the end-
product (Coupland & Holmes 1958), but in studies on the hamster it was concluded
that the cells did contain the enzyme (Erankd ef al. 1962). The use of the electron
microscope has not clarified the position. Whereas Lewis & Shute (1969) could
find intracellular reaction product in adrenaline-containing rat chromaffin cells,
Palkama (1967), using the same species, could only find activity associated with
the plasma membranes of noradrenaline-containing cells.

Our results show that, in bovine adrenal glands, AChE is associated with the
nerve supply and with the chromaffin cells, both the adrenaline- and noradrenaline-
containing types. The activity in these tissues is both intracellular and extracellu-
lar; the latter probably associated with the outer leaflets of the plasma membrane.
However, we must emphasize that our results only apply to bovine glands, the
evidence summarized above and that of Palkama (1964) strongly suggest that in
different species AChE is distributed differently within the adrenal gland.

Our results confirm earlier light microscopic observations that adrenaline- and
noradrenaline-containing cells in the bovine adrenal medulla differ in several re-
spects such as location, vascularization, cell orientation and shape (Palkama 1964)
and add to them the fact that AChE is more characteristic of the adrenaline-con-

DESCRIPTION OF PLATES 12-14
AChE reaction

Fraure 11. (@) Two adrenaline-containing cells with end product throughout their endoplas-
mic reticulum as well as associated with their plasma membranes. At one point (arrow)
end-product within the endoplasmie reticulum is continuous with that between the two
cells. This area is shown, at higher magnification, in serial sections in figures 115, .
(Magn. 11a % 15000; 11b, ¢ % 34000.)

Ficure 12. Adrenaline-containing cell, Another example of continuity of end-product within
the endoplasmic reticulum and the extracellular space. (Magn. x 36000.)

Ficure 13. Adrenaline-containing cells are oriented towards a sinusoid which is surrounded
with fenestrated endothelial cells (arrows). Endoplasmic reticulum is not abundant in
this part of the cell but, when present, it also exhibits AChE activity (asterisk). End-
product can also be seen for short distances between the cells (arrowhead). (Magn.
x 7700.)

Freure 14. Longitudinal section of a nerve ending lying between three adrenaline-containing
cells. Several synaptic contacts, indicated by vesicle clusters, can be seen (arrowheads).
AChE aectivity occurs around the entire terminal and also in profiles of endoplasmic
reticulum of chromaffin cells. (Magn. x 23000.)

Freure 15. Higher power magnification picture of a terminal between two chromaffin cells
(C, and C,). The end-product: around the terminal is continuous with that between the
two chromaffin cells. Notice activity in smooth membraneous structures (arrow) near the
terminal in C,. (Magn. x 56000.)
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TF1cURE 16. Smooth endoplasmic reticulum which contains end-product due to AChE activity
runs parallel with the plasma membrane of a chromaffin cell (arrow). The Golgi region
(@) is inactive. Reaction product is present between a short segment of the plasma
membranes (arrowhead). (Magn. x 24000.)

Ticure 17. Non-specific cholinesterase (butyrylthiocholine as substrate) in smooth muscle
cells (S) in the wall of a large intramedullary blood vessel. Activity is demonstrated
throughout the endoplasmic reticulum. (Magn. x 4500.)
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taining cells. We have no explanation for the much rarer and weaker reaction of
the noradrenaline-containing cells.

ACRE activity associated with capillaries

AChE and butyrylcholinesterase have been reported to occur in capillary walls
in the central nervous system of several mammalian species (Koelle 1954; Croock
1963; Joé & Csillik 1966; Késa & Csillik 1966; Gwyn & Wolstencroft 1968;
Flumerfelt, Lewis & Gwyn 1973 ; Kreutzberg & Téth 1974). Our results show that
AChE can also occur in the capillaries in a peripheral tissue. Although we have
found activity associated with the basal laminae of either pericytes or endothelial
cells, the exact site of the activity remains uncertain due to the possibility of some
diffusion of the end-product. Equally, the origin of the enzyme is obscure since

. there is no intracellular activity in either of these cells. It has been suggested that

AChE activity in basement membrane and pinocytotic vesicles indicates transport
of the enzyme, secreted by neurons, through the endothelial cell (Kreutzberg &
Téth 1974). A similar transport process for enzyme secreted from either the
splanchnic nerve or the chromaffin cell could give rise to the results obtained. On
the other hand, transport in the reverse direction, i.e. from blood plasma, must
not be discounted. Bovine plasma contains AChE (see Augustinsson 1963) and
endothelial pinocytotic vesicles incorporating plasma could thus trap AChE
activity. However, we did not observe reactive pinocytotic vesicles.

Localization of non-specific cholinesterase

Although so little is known about the function of non-specific ChLl, a great deal
of work has been done on the localization of the enzyme.

In the adrenal medulla of the rat, this enzyme was found in the endoplasmic
reticulum of chromaffin cells (Lewis & Shute 1966, 1969; Palkama 1967). Palkama
(1967) also reported that the enzyme was associated with membranes of non-
myelinated axons and with plasma membranes of chromaffin cells. Lewis & Shute
(1966, 1969) did not, however, observe extracellular reaction-product and con-
cluded that non-specific ChEE was more characteristic of the endoplasmic reticulum
of supporting elements such as Schwann cells and endothelial cells. Our findings
in bovine glands also show that non-specific ChE is only demonstrable within
cells. Even after prolonged incubation periods and with high substrate concen-
trations we could not detect any extracellular reaction product.

Can intramedullary axons or the chromaffin cells be the origin of the released AChE?

The intramedullary axons can be characterized by their having a dual localization
of AChE, one at the axon surface and another within the axonal smooth endoplasmic
reticulum. This pattern seems to be a general characteristic of all nerves exhibiting
AChE activity (see, for example, Novikoff, Quintana, Villaverde & Forschirm
1966 ; Schlaepfer & Torack 1966; Kdsa 1968 ; Tennyson, Brzin & Duffy 1968; K4sa
et al. 1973).

18 Vol. 191, B.
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Kisa {1968) has shown that AChE-rich smooth endoplasmic reticulum sccamu-
lates above ligations plaoed around sclatio nerve axons, He hos also shown that
reactive tubules of endoplismic reticulum can, cemasionally, be sonnected to the
axon surface and thak, when they are, the end-prodect of the AChE maction in
continuous within and without the axon. Our observations on sections of the
splanchnic nerve show the sams phenomenon (see figure 5). If thess results mean
that the AChE on the axon surface is supplied from within the sxon, via the endo-
plasmic reticulum, then it might be expeoted that u proximedistal (decrensing)
gradient of AChE-rich endoplasmio retivulum could be ssen. Unfortumately, there
are too few active oistarnas to allow us to determing whother ench a gradient doea
ooour in these axons. 1t is interesting in this context, though, that we have never
bean able to show ACKE in any sirueture wilhin the nerve terminals. Thos, thers
oould be nn extraordinarily rapid removal of the enzyme from the terminal or,
altarnatively, it may never arrive there.

If our revalts really meas that there it no ACKE within the tarmisal, and nagative
eytochemion] experiments must always be interproted with caution, then it seems
unlilkely that the axon is the origin of the reksased ACKE. Although there is a strue-
tural basis for suggesting that release could occur, and we and Eisa (1968) might
have obsarved the prooess, it is likely that the diffusion of AChE released from any
axanal site other than from the terminal would be so limited by the Schwann eell
or myelin sheath that it would only slowly appear in the perfusate.

Chromaffis colly

The other major AChE-sontaining element of the ox adrenal medulla is the chro-
maffin cell, and it is apparent that the same structural basis for reloass is prosent
in these solls as is present in the axon ie tubules rich in AChE. Furthermaore, it
seamn very likely that the AChE assooiated with the plasms membranes (the ond-
product between adjncent chromaffin cells) in synthesized within one of the two
colls. We have pever fourud activity betwesn cells unless one of them contained
AChE-rich endoplasmic retionlum, The mechanism by which the intmosllular
enzyma gets batweon the oells could be as shown m figure 11 where we were able to

DESCRIPTION OF PLATE 16
ARG peardion

Frovms 18 (o] Afer & 30 mifs iseubalion pendad, snd protdust oan bs sen bitwen & poricyic
il en snidothelial oell, as wall ns batwesn processes of pencytes [nrrow), (b) At higher
mugmifisation it can boe ssen that the resction cocurs betwean the basal lamine wid the
plasms membrans, (Megn. {8) = L0000, (&) = 3000,

Froume 19, Afier prolonged imeubation (70 min) the snd-prodsct fls the extraeslluler space.
Boanuss of the long (noubation timo, sema of the eod-predioot his eryabellized and other
hina diffiossd. [Magn., = B80d.) P, pavioyte; B, endothalial call; HA, poredrenaiine-
conlaining ells; O, capillary homen; T, red bood eell
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abserve an apparent joining of the plasma membrans and a tobule of the endo-
plasmio retioulom. These ‘joins' sould represent lemporsry connexions between
the extraoellular space and the space within the tubule, If the AChE within the
tubule is soluble then part of it would, presumably, be fros to diffuse out of the tubule
and into the extracellular space whersupon it could diffuse through the intercallular
space (with the ald of canaliculil, see Grynszpan-Winograd 1471; Benedeczky
1967) and eventually, throogh the fanestrationa of the endothelie] cells, into the
blood eapillaries.

Thus, there are reasons for supposing that AChE could be relessed from both
the splanchnic axons and from the chromaffin celis which they innervate. However,
the temporal relation with the release of catecholamines (Chubb & Smith 19755)
suggnits Lthat, at least in the isolsted sdrensl preparstion, the chromaffin cells are
the primary souroe of the AChE in the perfusate.

Chromaffin cells are well known seereting cells, relessing catecholamines and pro-
tein from the chromaffin gramules by exooytosie (see Smith & Winkler 1g72). It now
soams ressonsble to attribute to this cell another property, that of protein secretion
direetly from the endoplasmic reticulum, Both types of secretion require depolarizs-
tion of the eell snd the presence of Ca®t ions but thers the similarities seem to end.
The chromaffin granule is formed in the Golgl apparatus, s system which very rarely
shows any AChE activity. Most of the intracallulnr stored granules wre in the supra-
nuclear oytoplism at the apical pole of the eell whereas AChE-rich endoplasmio
reticulum is around the nuelsns and along the latesnl plagma mambranes, The
hovine ehromaffin cell ks, therefore, specialized not only In the types of protein that
it secrebes but also in the spatial arrangement ol the different secretory proteins
within the cell as well as having quite distinct storage organelles for them.

The suthors wre very grateful to Dr R. 8 Comline and Dr M. Silver for the
removal of tissues from calves. This work was supported by grants from the Medical
Resparch Couneil, Wealleoms Trost and Smith, Kling and Fronch Poondation.

DEsORIPTION OF PLATR 17
Non-spenific ChE reaotlon

Fiaurae 20, With butyrylthiocholine os substrite, snd procducs ean be seen in the andeplasenis
reibmuluon (armow) of a perieyts. (Magn., ® [A000,)
P, periayis; E, sndothelial eoll; &, adranslins-sonisining eell; 8, snuscid Jumen.
Fiovan 31, An sdrenaling-containing coll ares whers non-apseifis CThE oan be shown through.
out Lhe enioplasmbs retecalum bot not on Lhe oall surfaces. Nots that ihe resckion end.
produst emphasives the paralle]l mrrangomant of endoplasmie reticubarn along the Interal
plasers. membranes (irisngies). (Magn. = 400639 |
-z
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