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The post-translational processing of pro-opiomelanocortin (POMC) in brain remains controversial. Classically, there was thought
to be a single cell group in the arcuate nucleus with long projections through limbic structures. More recently, a second cell group was
discovered in the caudal medulla. This study addresses the question of POMC processing in this region. Steady-state analysis of acid
extracts of dorsal caudal medulla from rat and guinea pig CNS by gel filtration chromatography and radioimmunoassay indicated that
in both species the major POMC-related end products are a-MSH-sized material and g-endorphin-sized. In this tissue §-LPH and
ACTH represent minor end products. Analysis of the a-MSH-sized material from both species by reverse-phase HPLC indicated that
in the rat caudal medulla approximately 79% of the a-MSH-related material is acetylated, and in the guinea pig caudal medulla ap-
proximately 85% of the a-MSH-related material is acetylated. Analysis of the forms of S-endorphin isolated from the rat caudal me-
dulia by cation exchange chromatography revealed that acetylated and non-acetylated forms of f-endorphin are present in this region
of the rat CNS. Approximately 65% of the 8-endorphin in the rat caudal medulla is N-acetylated. Analysis of the forms of 8-endorphin
isolated from the guinea pig caudal medulla indicated that approximately 63% of the 8-endorphin is N-acetylated in this region of the
guinea pig CNS. These data indicate that the post-translational processing of POMC in the dorsal caudal medulla, the site of the nu-
cleus tractus solitarius POMC cell group, is distinct from the processing patterns that have been reported for POMC systems in the
mammalian anterior pituitary, intermediate pituitary and arcuate nucleus.

INTRODUCTION yield peptides related to 16 kDa fragment!”-?, N-ace-
tylated forms of a-MSH [N-acetyl-ACTH,_;sa-

End products derived from the post-translational mide]’®” and N-acetylated forms of p-endor-
processing of the polyprotein, pro-opiomelanocortin phin*182632-3+ a5 major end products. The conse-

(POMC), the common precursor for ACTH-related
and B-LPH-related polypeptides, are distributed
widely throughout the pituitary and brain (for re-
views see refs. 3, 27). As a result of differential post-
translational processing, POMC can be processed to
yield tissue-specific sets of end products. In cortico-
tropic cells of the anterior pituitary, POMC is proteo-
lytically cleaved to yield 16 kDa fragment (the N-ter-
minal third of the precursor), ACTH,_, S-lipotro-
pin and non-acetylated B-endorphin,_;; as major end
products’. In melanotropic cells of the intermediate
pituitary post-translational processing of POMC will

quences of differential post-translational processing
are particularly striking with respect to S-endorphin,
where N-acetylation results in a dramatic drop in
opiate receptor binding activity?’.

Studies on the distribution of POMC-related prod-
ucts in the brain have largely focused on the arcuate
nucleus system (for review see ref. 22). Steady-state
analyses of the forms of POMC-related products in
the arcuate region are in general agreement that: (1)
a-MSH-sized material and S-endorphin-sized mate-
rial are the major POMC products present in this re-
gion of the hypothalamus'®%; and (2) the a-MSH-
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sized material is predominantly non-acetylated
ACTH,_;;amide and the 3-endorphin-sized material
is predominantly non-acetylated p-endorphin;
(refs. 11, 14, 24, 25, 32-34). Thus at this level of
analysis the arcuate POMC system resembles the in-
termediate pituitary system in terms of the extent of
proteolytic cleavage, but differs from the latter sys-
tem in the degree of N-acetylation of the end prod-
ucts. In addition, recent dynamic in vivo pulse label-
ling studies of the arcuate nucleus indicate that al-
though the end results of proteolytic cleavage of
POMC in the arcuate system and the intermediate pi-
tuitary system are similar, the steps in the proteolytic
cleavage pathway appear to be unique for each sys-
tem?,

Although there is general agreement on the forms
of a-MSH and p-endorphin in the hypothalamus,
studies of the forms of these peptides in the remain-
der of the brain have yielded conflicting results. In
some studies, analysis of whole brain extracts have
revealed the presence of only non-acetylated forms
of a-MSH and B-endorphin!#*, whereas, other stud-
ies have reported acetylated a-MSH%*® and acetyl-
ated forms of B-endorphin® in extracts of brain. Gi-
ven the effects of N-acetylation on opiate receptor
binding activity and the implication this would have
on the ability of S-endorphin to function as a neuro-
modulator, it is essential to clarify which forms of 8-
endorphin are present in different regions of the
brain.

The issue of acetylated forms of a-MSH and 3-en-
dorphin has focused on the arcuate POMC system,
however, recent immunohistochemical studies on the
medulla oblongata have detected another POMC
perikarya network in the area of the nucleus tractus
solitarius (NTS)!*-21* In addition analyses of ex-
tracts of the brainstem have detected both acetylated
and non-acetylated forms of S-endorphin in this re-
gion of the brain®*. One of the functions of the NTS-
vagal complex is the regulation of cardiovascular
function and, accordingly, there is an extensive liter-
ature on the mixed effects of exogenously adminis-
tered opioids on cardiovascular regulation'®. Against
this background, it seems essential at this point to es-
tablish the molecular forms of the opioids present in
this region of the medulla. Based on these considera-
tions, the objectives of this study were to determine
the steady-state levels of POMC-related products in

the nucleus tractus solitarius (NTS) and surrounding
tissue, and to determine whether acetylated forms of
a-MSH and f-endorphin are present in the dorsal
caudal medulla. This study compares the distribution
of these peptides in two species of rodents: the rat
and the guinea pig.

MATERIALS AND METHODS

Dissection and processing of tissues

For these studies male Sprague-Dawley rats (wet
weight: 200-250 g) and male Hartley guinea pigs
(wet weight: 200-275 g) were purchased from
Charles River. The animals were held at 22 °C on a
11 h:13 h light/dark cycle. The animals were sacri-
ficed in the morning between 09.00 and 11.00 h by
decapitation and the brains were rapidly removed
and dissected on ice. The dorsal surface of the medul-
la oblongata was exposed by removing the cerebel-
lum and a section of the dorsal caudal medulla just
posterior to the obex was dissected for analysis. This
section included the NTS, as well as, the dorsal vagal
nucleus, the hypoglossal nucleus, the nucleus com-
missuralis, the nucleus gracilis, the nucleus cunifor-
mis, and the fasciculus cuneiformis, but excluded the
nucleus ambiguus, the nucleus tractus olfactorius lat-
eralis, the tractus corticospinalis, the nucleus raphe
magnus and the nucleus reticularis lateralis. For the
rat dissection the average wet weight of the tissue
was 95 mg, and for the guinea pig the average wet
weight of the tissue was 105 mg. For each dissection,
the tissue was placed on dry-ice, weighed, pooled and
extracted in 10 vols. of acetone/0.1 N HCI (3:1)
which contained 0.3% phenylmethylsulfonyl fluo-
ride. The homogenate was centrifuged at 10,000 rpm
for 60 min, and the supernatant was concentrated un-
der vacuum (Savant Speed Vac). The dried extract
was redissolved in 1.2 ml of 10% formic acid which
contained 0.01% bovine serum albumin and 0.1% 2-
mercaptoethanol. Control experiments with radiola-
belled polypeptides indicated that the recovery at
each step in this isolation averaged 88%.

Gel filtration chromatography

Tissue extracts were fractionated on a Sephadex
G-50 superfine column (1 x 100 cm; Pharmacia)
equilibrated in 10% formic acid/0.01% bovine serum
albumin/0.1% 2-mercaptoethanol buffer. The col-



umn was developed at a flow rate of 2 ml/h and 1.0 ml
fractions were collected. The void volume was mark-
ed with bovine serum albumin (1 mg/sample volume)
and the total volume was marked with
2-mercaptoethanol (75 ul/sample volume). Both of
these markers were detected spectrophotometrically
at A-280. The following standards were run on this
column: cytochrome C, synthetic human S-endor-
phin;_3;, and synthetic N-acetyl-ACTH,_;;amide
(a-MSH). Aliquots of column fractions were concen-
trated and separately analyzed by radioimmunoassay
(RIA) with antiserum specific for a-MSH, S-endor-
phin, and ACTH. The recovery of immunoreactivity
from this column averaged 88%.

Reverse-phase high-performance liquid chromato-
graphy

The fractions of immunoreactive material from Se-
phadex G-50 chromatography which corresponded
to a-MSH-sized material were fractionated by re-
verse-phase  high-performance liquid chromato-
graphy (HPLC) on a Beckman C-18 ODS ultra-
sphere 5 um column (4.6 mm X 25 cm) equilibrated
in 0.1% trifluoroacetic acid following the procedure
described by Browne et al.>. The system was eluted
with a 4-40% non-linear gradient of acetonitrile in
0.1% trifluoroacetic acid. The flow rate was 1 ml/min
and the fraction size was 0.5 ml. Aliquots of column
fractions were concentrated and analyzed with an
a-MSH RIA. The recovery of immunoreactivity av-
eraged 93%. Following the fractionation of the rat
and guinea pig material, the following synthetic pep-
tides were run as standards and detected spectropho-
tometrically at A-225: ACTH,_j;amide, N-acetyl-
ACTH,_j;amide, N,O-diacetyl-ACTH,_;;amide all
purchased from Bachem (Torrance, CA).

Ion exchange high-performance liquid chromato-
graphy

The fractions of immunoreactive material from Se-
phadex G-50 chromatography which corresponded
to B-endorphin-sized material were pooled, concen-
trated and fractionated by ion exchange HPLC on a
Bio-Sil TSK CM-2SW column (4.6 mm X 25 cm) fol-
lowing a modification of the procedure of Emen-
son'!. This ion exchange HPLC procedure has been
modified as described below. It was validated by
comparison to the established reverse-phase sys-
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tem!, and by simultaneous chromatography of the in-
termediate lobe with both systems, leading to identi-
cal conclusions about stored S-endorphin forms
(Akil, Ueda and Lin, in preparation). The column
was eluted with a linear ammonium formate gradient
in 30% acetonitrile at pH 2.5. For buffer A the am-
monium ion concentration was 1.3 mM and the for-
mate ion concentration was 22 mM. For buffer B the
ammonium ion concentration was 26 mM and the for-
mate ion concentration was 450 mM. The flow rate
was 0.6 ml/min and the fraction size was 0.3 ml. Al-
iquots of column fractions were concentrated and
analyzed separately with the f-endorphin RIA and
the N-acetyl-B-endorphin RIA. The recovery of im-
munoreactivity averaged 95%.

The TSK CM system, like the Sulfopropyl Sepha-
dex ion exchange system developed by Zakarian and
Smyth, takes advantage of the fact that synthetic
camel B-endorphin,_s; has a net positive charge of 7
at pH 2.5. Fig. 1 plots the retention times of four
forms of S-endorphin as a function of the theoretical
net positive change of each form at pH 2.5. This fig-
ure demonstrates that synthetic camel S-endor-
phin,_;;, N-acetyl-8-endorphin,_s;, S-endorphin;_,,,
and N-acetyl-8-endorphin;_,; can be readily sepa-

BE1.31
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Fig. 1. A plot of the retention times of various forms of B-en-
dorphin as a function of net positive charge at pH 2.5. Various
synthetic camel S-endorphin standards were chromatographed
on the TSK CM-2SW HPLC system as described in Methods.
The standards were detected spectrophotometrically at A-254.
Abbreviations: N-Ac-BE, ,, — N-acetyl-8-endorphin,_,;
BE,_j, — B-endorphin,_y,; N-Ac-BE,_;, — N-acetyl-B-endor-
phin,_y;; BE, 3, — B-endorphin, ;.



254

rated in this system. On the basis of theoretical
charge -endorphin,_,, should have the same reten-
tion time as N-acetyl-f-endorphin,_,;, and in our
hands these two standards eluted as overlapping
peaks in this system (data not shown).

Radioimmunoassays

Synthetic human ACTH,_y9, synthetic N-acetyl-
ACTH,_;amide, synthetic human f-endorphin,_s,
and synthetic camel N-acetyl-3-endorphin; ,; all
purchased from Bachem were used as standards.
Peptides were iodinated by the chloramine-T proce-
dure'. a-MSH, B-endorphin and N-acetyl-3-endor-
phin RIAs were done in 150 mM sodium phosphate,
0.1% bovine serum albumin, pH 8.2 buffer. ACTH
RIAs were done in 150 mM sodium phosphate, 120
mM sodium chloride, pH 7.6 buffer which contained
1% polylysine, 0.02% Triton X-100, and 4 mM
EDTA. The reaction volume was 0.2 ml. Assays
were incubated for 18-24 h at 4 °C and terminated by
the double antibody procedure.

B-Endorphin RIA. Antiserum Brenda (final dilu-
tion: 1:30,000) is specific for the middle region of
B-endorphin* (i.e. residues 17-31). This antiserum
recognizes pro-opiomelanocortin and S-LPH, and
has 85% molar cross-reactivity with S-endorphin;_,;,
but less than 0.1% molar cross-reactivity with a-en-
dorphin,_;¢ or Met-enkephalin. The midpoint of this
assay averaged 35 fmol/tube.

N-Acetyl-3-endorphin RIA. Antiserum Nancy
Beth (final dilution: 1:6000) is specific for N-acetyl-
ated forms of B-endorphin. This antiserum fully rec-
ognizes N-acetyl-8-endorphin;_s,, N-acetyl--endor-
phin,_,; and N-acetyl-3-endorphin;_,, and has only
approximately 12% molar cross-reactivity with non-
acetylated B-endorphin,_3;. The midpoint of the as-
say averaged 200 fmol/tube.

ACTH,_;y RIA. Antiserum no. 21 (final dilu-
tion: 1:80,000) is specific for the middle region of
ACTH,_j. This antiserum cross-reacts with ACTH
biosynthetic intermediate and pro-opiomelanocor-
tin. This antiserum has 10% molar cross-reactivity
with CLIP, but less than 0.1% molar cross-reactivity
with a-MSH. The midpoint of this assay averaged 45
fmol/tube.

a-MSH RIA. The a-MSH antiserum was a gener-
ous gift from Dr. Reiner Martin (Univ. of Ulm,
F.R.G.). This antiserum was used at a final concen-
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Fig. 2. Gel filtration profile of rat dorsal caudal medulla. An
acid extract of 31 rat dorsal caudal medullas (2.85 g wet weight)
was fractionated by gel filtration on a Sephadex G-50 column (1
x 100 cm) equilibrated in 10% formic acid/0.01% bovine se-
rum albumin/0.1% 2-mercaptoethanol as described in Meth-
ods. The solid line (closed circles) represents -endorphin-re-
lated immunoreactivity detected with antiserum Brenda. The
dashed line (open circles) represents a-MSH-sized immunore-
activity detected with the Martin antiserum. The total amount
of ACTH-sized material detected in fractions 65-75 with anti-
serum no. 21 appears in Table L. The standards, cytochrome C,
synthetic camel f-endorphin,_;, and synthetic a-MSH were run
separately.

tration of 1:30,000 and is specific for the C-terminal
of a-MSH. The midpoint of this assay averaged 180
fmol/tube.

RESULTS

Gel filtration analysis of extracts of rat and guinea pig
dorsal caudal medulla

Immunohistochemical studies of the rat brain, fol-
lowing pretreatment with colchicine, revealed peri-
karya in the NTS which contain ACTH-related,
B-LPH-related and 16 kDa fragment-related immu-
noreactivity'®-?*, Preliminary radioimmunoassay
analysis of pooled extracts of 5-10 caudal medullas
indicated that approximately 750 + 175 fmol (mean
+ S.D.; n = 4) of B-endorphin-related and a-MSH-
related material are present in this region of the rat
brain (data not shown). Given these low steady-state
levels, a pooled extract of 31 rat caudal medullas and



20 guinea pig caudal medullas were separately frac-
tionated by gel filtration on a Sephadex G-50 col-
umn.

Fractionation of the extracts of the rat caudal me-
dulla revealed several peaks of -endorphin-related
material (Fig. 2). Two minor peaks of immunoreac-
tivity were detected. These peaks corresponded to
precursor-sized material (K,, = 0.06), and 3-LPH-
sized material (K,, = 0.19). These peaks repre-
sented, respectively, 3% and 9% of the total S-en-
dorphin-related immunoreactivity. A broad major
peak of B-endorphin-sized immunoreactivity (K,, =
0.46) followed by a trailing peak of immunoreactivity
(K,, = 0.55) represented 88% of the total S-endor-
phin-related material. These results are summarized
in Table I where the data from Figs. 2 and 3 are ex-
pressed as pmol/NTS and pmol/gram NTS. In this ex-
tract the molar ratio of 8-LPH-sized material to §-en-
dorphin-sized material was 1:9.

Aliquots of the fractions depicted in Fig. 2 were
also assayed for a-MSH immunoreactivity and
ACTH immunoreactivity. A major peak of a-MSH-
sized material (K,, = 0.82) was detected. This peak is
roughly equimolar with the peak of S-endorphin-
sized material (Table I). Only trace amounts of
ACTH-sized material were detected in this extract
(Table I). The molar ratio of ACTH-sized material to
a-MSH-sized material in this extract is approximate-
ly 1:49. Thus in the rat caudal medulla, 8-endorphin-
sized material and a-MSH-sized material are major
end-products, and -LPH and ACTH appear to rep-
resent biosynthetic intermediates.

Fractionation of an extract of the guinea pig caudal

TABLE I

Summary of gel filtration analyses

Peak pmolINTS pmolig NTS
Rat

Precursor 0.020 0.260
B-Lipotropin 0.060 0.660
B-Endorphin 0.570 5.970
ACTH 0.020 0.140
a-MSH 0.660 6.880
Guinea pig

Precursor - -
B-Lipotropin 0.200 0.730
B-Endorphin 6.010 57.200
ACTH 0.050 0.430
a-MSH 4.840 46.100
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medulla (Fig. 3) also revealed multiple peaks of 8-en-
dorphin-related material. A minor peak of 8-LPH-
sized material (K,, = 0.12) represented 3% of the to-
tal f-endorphin-related material. A major peak of -
endorphin-sized material (K,, = 0.47) with a minor
trailing shoulder represented 97% of the total B-en-
dorphin-related material. In this extract the molar ra-
tio of 8-LPH-sized material to 8-endorphin-sized ma-
terial was 1:30 (Table I).

Analysis of the column fractions in Fig. 3 with
RIAs specific for ACTH and a-MSH revealed a ma-
jor peak of a-MSH-sized material (K,, = 0.82) and
only trace amounts of ACTH-sized material (Table
I). In the guinea pig caudal medulla extract B-endor-
phin-sized material and a-MSH-sized material were
present in roughly equimolar amounts. Thus at this
level of analysis, it appears that proteolytic proces-
sing of POMC in the caudal medulla of both species is
rather similar. However, a significant difference be-
tween the two species is that on a weight basis there is
approximately 8-fold more POMC-related material
in the guinea pig dorsal caudal medulla as compared
to the rat.

Guinea Pig NTS
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Fig. 3. Gel filtration profile of guinea pig dorsal caudal medul-
la. An acid extract of 20 guinea pig dorsal caudal medullas were
fractionated on a Sephadex G-50 column as described in the
legend to Fig. 2. The solid line (closed circles) represents §-en-
dorphin-related immunoreactivity detected with antiserum
Brenda, and the dashed line (open circles) represents a-MSH-
related material detected with the Martin antiserum. The total
ACTH-related material detected in fractions 65-75 with anti-
serum no. 21 appears in Table 1.
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Reverse-phase HPLC analysis of a-MSH-sized mate-
rial from extracts of the rat and guinea pig caudal me-
dulla

Based on the gel filtration analyses (Figs. 2 and 3),
the forms of p-endorphin-related material and
a-MSH-related material appear to be similar to what
has been observed in the arcuate nucleus'!'416:33-32,
In order to determine whether any of the a-MSH-
sized material isolated from the rat and guinea caudal
medulla are N-acetylated, aliquots of column frac-
tions corresponding to the peak of a-MSH-sized ma-
terial in Figs. 2 and 3 were separately pooled and
analyzed by reverse-phase HPLC.

The rat a-MSH-sized material could be fractio-
nated into three minor and two major peaks of immu-
noreactivity (Fig. 4). The major peaks had the same
retention times as synthetic N-acetyl-ACTH,_;;a-
mide and N,O-diacetyl-ACTH,_;;amide, respective-
ly. Collectively, these peaks represented 79% of the
total immunoreactivity recovered by this procedure.
A minor peak of immunoreactivity (9% of the total)
eluted with the same retention time as synthetic
ACTH,_j;amide. Finally, two minor peaks (12% of

-
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Fig. 4. Reverse-phase HPLC analysis of rat a-MSH-sized ma-
terial. Aliquots (0.8 ml) of fractions 100-110 from Fig. 2 were
pooled and concentrated under vacuum. The dried sample was
dissolyed in 0.08 ml of 0.1% trifluoroacetic acid and chromato-
graphed on a C-18 ODS 5 um column (4.6 X 250 mm) equili-
brated in 0.1% trifluoroacetic acid/4% acetonitrile. The col-
umn was eluted with a non-linear acetonitrile gradient at a flow
rate of 1 mU/min and 0.5 ml fractions were collected. Aliquots of
column fractions were analyzed with the Martin a-MSH RIA
(solid line/closed circles). The following synthetic standards
were run separately: ACTH,_;;amide, a-MSH (mono-acetyl-
ated) and di-acetylated-a-MSH.

the total immunoreactivity) eluted with retention
times of oxidized forms of a-MSH-related material.

Reverse-phase HPLC analysis of guinea pig
a-MSH-sized material also yielded multipie peaks of
immunoreactivity (Fig. 5). The major peaks of im-
munoreactivity have the same retention times as N-
acetyl- ACTH,_j;amide and N,O-diacetyl-ACTH-
,_i3amide, respectively. Collectively, these peaks
represented 85% of the total immunoreactivity reco-
vered. By contrast, the peak of immunoreactivity
with the same retention time as ACTH,_;;amide rep-
resented only 4% of the total immunoreactivity. The
remaining 10% of the recovered immunoreactivity
was distributed among minor peaks of apparently
oxidized a-MSH-related forms which had retention
times of 12.5, 14.5 and 25 min.

Ion exchange chromatography of B-endorphin-sized
material from extracts of rat and guinea pig caudal
medulla

The detection of acetylated forms of a-MSH in the
extracts of rat and guinea pig NTS raises the issue of
whether any of the forms of S-endorphin are acetyl-
ated in this region. The possible linkage between the
acetylation of a-MSH and S-endorphin in the NTS is
based on observations of the acetylation events oc-
curring in the mammalian intermediate pituitary.
Several studies suggest that the same or similar ace-
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Fig. 5. Reverse-phase HPLC analysis of guinea pig a-MSH-
sized material. Aliquots (0.1 ml) of fractions 100-110 from Fig.
3 were pooled, concentrated and chromatographed as de-
scribed in the legend to Fig. 4.
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Fig. 6. TSK CM-2SW cation exchange chromatography of rat
B-endorphin-sized material. Aliquots (0.5 ml) of fractions
71~86 from Fig. 2 were pooled and concentrated under vacu-
um. The dried sample was redissolved in 0.09 ml of 1% formic
acid and chromatographed on a TSK CM-2SW ion exchange
column (4.6 x 250 mm) as described in Methods. The column
was eluted with a linear ammonium formate gradient. The flow
rate was 0.6 ml/min and 0.3 ml fractions were collected. Aliqu-
ots of each column fraction were separately assayed with the
mid-portion directed S-endorphin antiserum (Brenda; solid
line, closed circles), and the N-acetyl specific f-endorphin anti-
serum (Nancy Beth, hatched areas). The following synthetic
standards were run separately: N-Ac-BE,_,, — N-acetyl-8-en-
dorphin,_,;; BE,_y; — f-endorphin;_,;; N-Ac¢-BE, 3, — N-
acetyl-8-endorphin,_;,; BE,_;; — f-endorphin, _j;.

tyltransferase activity may acetylate both a-MSH
and B-endorphin®’, in the rat intermediate pituitary.

Analysis of the S-endorphin-sized material from
the rat caudal medulla extract by cation exchange
chromatography at pH 2.5 on a TSK CM 2SW HPLC
system (Fig. 6) revealed multiple peaks of immuno-
reactivity. Using a mid-portion directed S-endorphin
RIA (Brenda), four peaks of immunoreactivity were
detected which had the same retention times as syn-
thetic N-acetyl-3-endorphin;_,;, 8-endorphin;_,;, N-
acetyl-B-endorphin,_;; and S-endorphin,_s;, respec-
tively. Analysis of aliquots of these column fractions
with an RIA specific for N-acetylated forms of §-en-
dorphin (Fig. 6) supported the conclusion that the
peaks of immunoreactivity with retention times of 21
min and 29 min represented acetylated forms of 3-en-
dorphin. The results of this analysis are summarized
in Table 1I. Approximately 65% of the total S-endor-
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TABLE II

Summary of ion exchange analyses

Form % of total immunoreactivity
Rat

N-Acetyl-g-endorphin;_», 39
B-Endorphin,_y, 9
N-Acetyl-g-endorphin,_s; 26
B-Endorphin, _,, 26
Guinea pig
N-Acetyl-8-endorphin,_,; 7
S-Endorphin,_,, 3
N-Acetyl-B-endorphin,_;, 59
B-Endorphin,_3, 31

phin in the rat caudal medulla is N-acetylated. In ad-
dition, approximately 48% of the total S-endorphin-
sized material is represented by S-endorphin,_,;-re-
lated forms. Thus both N-acetylation and C-terminal
proteolytic modification of 8-endorphin can be dem-
onstrated in the rat caudal medulla.

Analysis of the pool of 8-endorphin-sized material
from the guinea pig NTS extract yielded a similar, yet
distinct profile (Fig. 7). Peaks of immunoreactivity
corresponding to N-acetyl-3-endorphin,;_,,, S-endor-
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Fig. 7. TSK CM-2SW cation exchange chromatography of
guinea pig B-endorphin-sized material. Aliquots (0.15 ml) of
fractions 7185 from Fig. 3 were pooled and chromatographed
as described in the legend to Fig. 6. Aliquots of each column
fraction were separately assayed with the C-terminal S-endor-
phin antiserum (Brenda; solid line, closed circle), and the N-
acetyl-specific S-endorphin antiserum (Nancy Beth, hatched
area).
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phin,_,;, N-acetyl-8-endorphin,_y, and B-endor-
phin,_;; could be detected. However, the portions of
these peaks relative to the rat profile were distinct
(Table II). In the guinea pig caudal medulla, approxi-
mately 63% of the B-endorphin-sized material corre-
sponded to N-acetyl-3-endorphin,_,; and N-acetyl-8-
endorphin;_;,. The identity of these peaks were con-
firmed with the N-acetyl-8-endorphin-specific RIA
(Fig. 7). However, in the guinea pig extract only 10%
of the total g-endorphin was S-endorphin,_s;-sized.
Thus under steady-state conditions the conversion of
B-endorphin,_;, to S-endorphin,_,; does not appear
to be a significant event in the guinea pig caudal me-
dulla, whereas, the N-acetylation of S-endorphin in
this region does appear to be a major post-translatio-
nal event.

DISCUSSION

Anatomical studies have demonstrated that
POMC cell bodies are located in the nucleus tractus
solitarius'®-?1-*, In this study the steady-state levels
of POMC-related products were investigated in the
nucleus tractus solitarius and surrounding structures
in the dorsal caudal medulla. Gel filtration studies of
acid extracts of the dorsal caudal medulla of two spe-
cies of mammals, the rat and guinea pig, revealed
that B-endorphin-sized material and a-MSH-sized
material represent the major end products in this re-
gion of the brain; f-LPH and ACTH represented mi-
nor products. At this level of analysis, the proteolytic
processing pattern observed in the NTS region is sim-
ilar to the arcuate POMC system!®**?* and the inter-
mediate pituitary (for reviews see ref. 26). Post-
translational processing of POMC-related products
in the dorsal caudal medulla system is distinct from
the arcuate system in that mono- and diacetylated
forms of a-MSH and acetylated forms of -endorphin
are present in the caudal medulla. This is in contrast
to the arcuate system where non-acetylated forms of
these POMC end-products predominate!!:1423:32-34,

Based on the degree of acetylation of a-MSH, the
caudal medulla appears to be very similar to the in-
termediate pituitary POMC system!“?. However,
under steady-state conditions, the proportions of
B-endorphin-related material in the caudal medulla
as compared to the intermediate pituitary are dis-
tinct. In the intermediate pituitary, the major forms

of B-endorphin are N-acetyl-g-endorphin,_,,, N-ace-
tyl-B-endorphin;_,; and N-acetyl-8-endorphin,_s,: 8-
endorphin;_,; and B-endorphin,_;; are minor prod-
ucts" 18263233 1p the rat caudal medulla C-terminal
proteolytic cleavage and N-acetylation of S-endor-
phin,_;, to S-endorphin,_,; occurs, however, under
steady-state  conditicss, N-acetyl-8-endorphin,_;,
and fS-endorphin,_3;; are major products. In the
guinea pig caudal medulla, the N-acetylation of 8-en-
dorphin,_y; is a major event; however, under steady-
state conditions, the C-terminal proteolytic cleavage
of B-endorphin,_3, is a minor event. In both species of
rodents, N-acetyl-S-endorphin,_,; does not appear to
be a significant product. The mid-portion specific
B-endorphin RIA (Brenda) and the N-acetyl-specific
B-endorphin RIA (Nancy Beth) both recognize N-
acetyl-B-endorphin,_,s (ref. 4). lon exchange chro-
matography of both the rat and guinea pig caudal me-
dulla revealed only trace levels of N-acetyl-3-endor-
phin,_,c. These levels were very close to the limits of
sensitivity of the RIAs employed (data not shown).
Given the low levels of POMC-related products in
the caudal medulla relative to the pituitary, larger
quantities of tissue will be required to convincingly
demonstrate the presence of N-acetyl-G-endor-
phin;_,4 in this tissue.

The results of these steady state studies raises the
issue of the origin of POMC end products in the cau-
dal medulla. The most parsimonious explanation is
that the POMC cell bodies in the NTS are the source
of this material. The tissue that was analyzed in this
study included the NTS as well as other surrounding
processes and cell body regions in the dorsal caudal
medulla. In these extracts the molar ratio of 5-LPH-
sized material to S-endorphin-sized material in the
rat caudal medulla was 1:9 (Table I). Analyses of
three separate rat caudal medulla extracts gave com-
parable results (data not shown). The molar ratio of
these forms in the arcuate nucleus'® and the interme-
diate pituitary’ exceeds 1:50; thus it is unlikely that
the arcuate nucleus is the primary source of the
POMC products in the caudal medulla. Lesion stud-
ies on the arcuate POMC system!213 lend support
to this conclusion. Recent anatomical studies, how-
ever, indicate that although the NTS is probably the
major source of POMC material in the dorsal caudal
medulla, a small subset of POMC cell bodies in the
lateral arcuate region do project to the dorsal vagus



complex'’; a region of the dorsal caudal medulla in-
cluded in these studies. A re-evaluation of the arcuate
lesion paradigms should be useful in sorting out the
relative contributions of arcuate and NTS POMC
perikarya to the total content of POMC-related ma-
terial in the dorsal caudal medulla.

Another potential source for the POMC products
in the dorsal caudal medulla is the pituitary. There is,
for example, approximate 300 pmol of 3-endorphin
in the rat intermediate pituitary'’, as compared to
only 0.6 pmol in the rat caudal medulla. However,
the pituitary as a source of the medulla POMC prod-
ucts seems unlikely for several reasons. The immuno-
histochemical studies of colchicine-treated animals
have revealed a distinct subset of cell bodies in the
NTS that reacted positively to antisera directed
against various POMC products. If the pituitary was
the source of this material, via passage across the
blood-brain barrier, one would expect a random dis-
tribution of immunoreactivity throughout this re-
gion. Furthermore, studies of the uptake, by the
CNS, of iodinated a-MSH injected systemically,
have indicated that only minimal amounts of labelled
material were found associated with brain tissue®. Fi-
nally, it has been observed that hypophysectomy has
little effect on the distribution of POMC products in
the CNS*!. Hypophysectomy is a rather radical pro-
cedure that not only deprives an organism of POMC
products but all the other pituitary hormones as well.
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