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Localization of neurons containing pro-opiomelanocortin-related p~tides in 
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Immunohistochemical analyses of the lizard brain, following colchicine pretreatment, revealed two populations of POMC-produc- 
ing cell bodies located in medial-basal hypothalamus and the mesencephalic tegmentum. Analyses of extracts of lizard brain regions 
by radioimmunoassay and gel filtration chromatography indicate that fl-endorphin-sized and a-MSH-sized peptides are the major 
POMC-related end products. Evidence is presented for region-specific processing of fl-endorphin in the lizard brain. 

The post-translational processing of pro-opiomela- 

nocortin (POMC),  the common precursor for 

ACTH-rela ted and fl-LPH-related end products has 

been extensively studied in the mammalian pituitary 

and brain (for reviews see refs. 1 and 18). Studies on 

POMC in the brain have focused primarily on the cell 

body/terminal field network originating from the ar- 
cuate  nuc leus  2,9,14,21. However,  recent anatomical 

studies on the rat brain have detected a second group 

of POMC cell bodies in the nucleus tractus solitarius 
(NTS) 15,17,2°. The presence of two distinct POMC 

cell body groups in the rat brain is not unique to this 

species. In this study we present anatomical evidence 

demonstrating POMC cell bodies in the hypothala- 

mus and mesencephalic tegmentum of the lizard, 

Anol i s  carolinensis. Furthermore,  analyses of ex- 

tracts of lizard hypothalamus,  forebrain and mid- 

brain indicate that immunoreactive forms of fl-endor- 
phin undergo differential processing in these brain 

regions. 
Previous studies on the pituitary of A .  carolinensis 

have shown that in corticotropic cells of the anterior 

pituitary, the major  POMC-related end products are 
A C T H  and opiate-active fl-endorphin 4,8, while in the 

intermediate pituitary the major  end products are a- 
MSH-sized peptides, CLIP and two forms of opiate- 

active fl-endorphin 5-7. Of the latter products, the ma- 

jor form of fl-endorphin has an apparent molecular 
weight of 3.2 kdalton, and the minor form has an ap- 

parent molecular weight of 3.5 kdalton. Biosynthetic 

experiments indicate that the 3.5 kdalton form gives 

rise to the 3.2 kdalton form as a result of COOH-ter -  

minal proteolytic cleavage. Thus. although the over- 

all processing of lizard POMC is similar to the proc- 

essing pattern observed in mammals lz, the lizard pi- 

tuitary POMC systems do differ from the mammalian 

model. For example, in the anterior pituitary of 

mammals, the molar ratio of/4-LPH to fl-endorphin is 

approximately 2:11k In contrast, in the lizard ante- 

rior pituitary, the molar ratio of fl-LPH to fl-endor- 
phin, under steady state conditions, is 1:404,~. Fur- 

thermore, in the intermediate pituitary of mammals,  

the major forms of fl-endorphin are alpha, N-ace- 
tylated and hence lack opiate bioactivity 24. The 

forms of fl-endorphin in the lizard intermediate pitu- 
itary are non-acetylated opiate active peptides, 
Given the distinct features of the lizard P O M C  pitu- 
itary system, we set out to determine whether the 

POMC system in the lizard brain also showed charac- 

teristics distinct from the mammalian model. In this 
study we focused on two issues: the localization of 
POMC cell bodies in the lizard brain, and the steady 
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state levels of fl-endorphin and a-MSH in different 

regions of the lizard brain. 
lmmunohistochemical anatomical studies were 

carried out on adult male Anolis carolinensis (aver- 
age wet wt., 4 g) purchased from Carolina Biological 
Supply. Ether-anesthetized animals were injected 

with 4 mg/ml colchicine solution (maximum dose: 20 
ug) and allowed to recover for 48 h. After this period, 
the animals were re-anesthetized and sacrificed. To 

ensure adequate tissue fixation, the cardiovascular 
system was first flushed with cold normal saline fol- 
lowed by pre-fixing with 50-100 ml of cold buffered 
4% paraformaldehyde. The brain was removed, 
post-fixed for 2 h and then transferred to a 15% su- 
crose solution for 24 h at 4 °C. Frozen brain sections, 

20/~m thick, were mounted onto subbed glass slides 
and stored at -70 °C. 

lmmunocytochemical analyses were done by the 
peroxidase-antiperoxidase procedure as previously 

described > utilizing rabbit antisera specific for either 
the middle region of ACTH, the COOH-terminal of 
#-endorphin, the COOH-terminal of a-MSH or 16 

kdalton fragment (antiserum Georgie; kindly pro- 

vided by Dr. Elizabeth Eipper, The Johns Hopkins 
School of Medicine). Previous studies have shown 
that all of these antisera react positively with POMC 
perikarya in the rat brain e-~. 

In the brain ofAnolis, fl-endorphin, ACTH and a- 
MSH immunoreactivities were localized to perikarya 
of two distinct neuron groups in the hypothalamus 
and midbrain (Figs. 1 and 2). In the hypothalamus 

(Fig. 2A), ACTH immunoreactive parvocellular 
perikarya (5-10,um) were situated in the medial-bas- 
al region which would correspond to the POMC-im- 
munoreactive perikarya in the arcuate nucleus of the 
rat hypothalamus2,14,:i. This same group of perikarya 
was also immunoreactive for fi-endorphin and a-MSH 

and all 3 immunoreactivities could be blocked by pre- 
incubation with the appropriate peptide (data not 

shown, but see Fig. 2D). A second group of neurons 
in the mesencephalic tegmental area were immuno- 
reactive to ACTH antisera (Fig. 2B) and fl-endor- 
phin antisera (Fig. 2C). This group of neurons also 
reacted positively with antisera directed against a- 

MSH (data not shown). All immunoreactivity could 
be blocked by preincubation of the primary antise- 
rum with I uM concentration of the appropriate pep- 
tide (Fig. 2D). This latter group consisted of large hi- 
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polar neurons (15-20 urn), which are apparently 

without any equivalent representation in mammals. 
Neither POMC cell body group reacted positively 
with the 16 kdalton fragment antiserum. 

The fiber projections from the hypothalamic peri- 

karya were extensive, innervating several dienceph- 

alic and telencephalic limbic structures. These in- 

cluded the medially situated hypothalamic nuclei, 
preoptic area. midline thalamus, nucleus accumbens, 

septum, bed nucleus of stria terminalis, olfactory tu- 
bercle, amygdala area and medial cortex. In con- 

trast, immunoreactive fibers from the midbrain teg- 
mentum neurons appeared to project to the mesen- 

cephalic central gray and other brain stem reticular 
and raphe nuclei (Khachaturian et al., submitted). 

Although the anatomical studies clearly demon- 
strate that fi-endorphin-related and ACTH-related 
immunoreactivity are present in discrete neuronal 

pathways in the lizard brain, this level of analysis can- 

not unequivocally establish which forms of those pep- 
tides are predominant in lizard brain. For example, 

several studies on the distribution of fl-endorphin in 

the rat brain indicate that the proteolytic processing 
of POMC in the mammalian brain resembles the pro- 
teolytic processing events observed in the mamma- 
lian intermediate pituitary~,lmZ3. In the hypothala- 

mus of the rat, the major form offi-endorphin is fl-en- 
dorphinl_3124, while in the terminal field regions the 

major forms are fl-endorphinl_~7 and /%endor- 
phin~ >13 (Akil et al., in preparation). In general, 

these studies indicate that the levels of acetylated 

forms of fi-endorphin in the brain are much lower 
than in the intermediate pituitary. Thus, the major 
post-translational modification of fl-endorphin in the 
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Fig, 1. Schematic diagram of lizard brain in parasagittal sec- 
tion. 
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Fig, 2. Immunohistochemical staining of lizard brain. Panels A and B show ACTH-immunoreactive perikarya (arrows) in sccli~ms of 
lizard brain in (A) the region of the arcuate nucleus and (B) the mesencephalic tegmental area. The inserts in A and B are higher mag- 
nifications of two specified neurons to demonstrate perikaryal morphology and size. Note that the arcuate perikarya are parvocellular. 
while the mesencephalic neurons can be classified as magnocellular. Panel C depicts fl-endorphin (fi-END) immunoreactive neurons 
in the mesencephalon while in an adjacent section (D) this immunoreactivity was blocked by preadsorption of the primary antibody by 
1 #M synthetic camel/3-endorphin~ 31. V3, third ventricle; bars, 50~m; inset bars, 12.5 urn. 

rat brain is COOH-terminal proteolytic cleavage. 

In order to further characterize the immunoreac- 

tivity forms of/~-endorphin-related and ACTH-re- 

lated material in the lizard brain, extracts of hypo- 

thalamus, forebrain, midbrain, and intermediate pi- 

tuitary (Fig. 1) were separately fractionated on a Se- 

phadex G-50 column equilibrated in 10% formic 
acid. Aliquots of column fractions were analyzed by 

radioimmunoassay with heterologous antisera specif- 
ic for either the COOH-terminal of mammalian/3-en- 
dorphin (antiserum Brenda; final dilution 1:30,000) 

or the COOH-terminal of mammalian a-MSH (pro- 
vided by Dr. R. Martin, University of Ulm West Ger- 
many; final dilution 1:30,000). The column was cali- 
brated with the following radiolabeled lizard stand- 
ards: [3H]arginine-labeled POMC, [3H]arginine-la- 
beled/3-LPH, [3H]tyrosine-labeled 3.5 kdalton/%en- 

dorphin, [3H]tyrosine-labeled 3.2 kdalton fl-endor- 
phin, and [3H]typtophan-labeled c~-MSH. These pep- 

tides were prepared by biosynthetically labeling liz- 

ard intermediate pituitaries in primary cultures as 

previously described 5-7. The Sephadex G-50 chro- 

matography system was selected because under de- 

naturing conditions the 3.5 kdalton and the 3.2 kdat- 
ton forms of lizard fl-endorphin can be resolved as 
two distinct overlapping peaksT. Fig. 3, panel D, de- 

picts the elution of immunoreactive fl-endorphin-re- 
lated and (~-MSH-related substances, isolated from 
an extract of lizard intermediate pituitary as com- 

pared to the elution of the radiolabeled lizard stand- 
ards. As expected from previous studies 7, the major 
peak of fl-endorphin-sized material eluted with the 
same mobility as the 3.2 kdalton/3-endorphin stand- 
ard. Minor peaks of immunoreactivity which corre- 
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Fig. 3. Gel filtration chromatography of lizard intermediate pituitary and brain. The intermediate pituitary, hypothalamus, forebrain 
and midbrain were obtained from 10 male lizards and separately acid-extracted. Brain dissections were done as outlined in Fig. 1. 
Each acid extract was concentrated, dissolved in 400¢d of 10% formic acid, 0.1% bovine serum albumin buffer and separately chroma- 
tographed on a Sephadex G-50 (fine) column equilibrated with the same buffer. The fraction size was 600/d and the flow rate was 1 
ml/h. Aliquots of column fractions were concentrated and redissolved in 150 ul of 50 mM sodium phosphate buffer, pH 8.2, 0,1% bo- 
vine serum albumin buffer for analysis by radioimmunoassay. The V 0 was marked by bovine serum albumin and V t was marked by 2,fl- 
mercaptoethanol, both detected at A2sl). The following biosynthetically labeled lizard standards were run separately: (A) POMC, (B) 
fl-LPH, (C) 3.5 kdalton fi-endorphin, (D) 3.2 kdalton fl-endorphin and (E) a-MSH. The recovery of immunoreactivity following gel 
filtration averaged 90<4. 

sponded to lizard POMC and fl-LPH were also de- 

tected. The a-MSH antiserum (Martin) detected a 

single peak of a-MSH immunoreactivity which was 

approximately equimolar to the peak of fi-endor- 

phin-sized material. 

Analysis of the lizard brain suggests a similar proc- 

essing pattern. Fractionation of an extract of the hy- 

pothalamus (Fig. 3, panel A)  revealed one major 

and two minor peaks of fi-endorphin-related materi- 

al. The minor peaks correspond to lizard POMC and 

fl-LPH and represent, respectively 3% and 1% of 

the total immunoreactivity.  The remaining 96% of 

the immunoreactivity eluted as a major peak corre- 

sponding to 3.5 kdalton fl-endorphin. A shoulder on 

the trailing edge of this peak was also detected which 

would correspond to 3.2 kdalton fi-endorphin. A 

peak of a-MSH-sized material roughly equimolar to 

the fl-endorphin-sized material was also detected. 

This profile is analogous to the profile for fl-endor- 

phin in the rat hypothalamus 24. 
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In the lizard forebrain, an area rich in fl-endorphin 
fibers (Khachaturian et al., submitted), a shift in the 
fl-endorphin immunoreactivity profile was observed 
relative to the profile for the hypothalamus. This 

shift was in favor of lower molecular weight forms of 

immunoreactive fl-endorphin (Fig. 3, panel B). In 
the forebrain extract, fl-endorphin-sized material can 

be resolved into 3 overlapping peaks. The major 

peak (K d = 0.59) co-eluted with 3.2 kdalton fl-endor- 
phin. A shoulder of immunoreactivity on the leading 
edge of this peak (K~l = 0.51) corresponded to 3.5 

kdalton fl-endorphin. A second shoulder on the trail- 
ing edge of this peak (K~t = 0.63) corresponds to ma- 
terial with an apparent molecular weight between 2.5 

kdalton and 3.0 kdalton. The peaks of fl-endorphin- 
sized material were roughly equimolar to a peak of 

immunoreactive a-MSH-sized material ( K j  = 0.78). 
This profile is clearly distinct from the profiles of im- 

munoreactivity observed for either the lizard inter- 
mediate pituitary or hypothalamus. These data 

would suggest that as fl-endorphin is transported 
from the cell bodies in the hypothalamus to terminals 
in the forebrain, the material is proteolytically 

cleaved to lower molecular weight forms. 

Analysis of an extract of lizard midbrain yielded a 
third distinct fl-endorphin profile for the lizard brain 
(Fig. 3, panel C). In this region 3 minor peaks and 

one major peak of immunoreactive fl-endorphin 
were detected. The minor peaks corresponded to liz- 

ard POMC, fl-LPH and 3.5 kdalton fl-endorphin and 
represented, respectively, 16%, 5%, and 9% of the 

total fl-endorphin immunoreactivity. The major peak 
of immunoreactivity (K, = 0.65) represents 70% of 

the total fl-endorphin immunoreactivity and has an 
apparent molecular weight of 2.6 kdalton. The total 

fl-endorphin related immunoreactivity is roughly 
equimolar to a peak of a-MSH-sized material (K,I = 

0.76). At present, it is not possible to determine how 
much of the immunoreactivity in the midbrain origi- 
nates from the hypothalamic POMC cell bodies as 
compared to the mesencephalic POMC cell bodies. 
However, it is tempting to propose that the hypothal- 
amus/forebrain represents one processing pattern 
and the midbrain another processing pattern. In 
terms of the overall content of fl-endorphin in the liz- 
ard brain relative to the intermediate pituitary, after 
correcting for the milligram wet wt. of tissue, there is 
100-fold less fl-endorphin-related immunoreactivity 

in the hypothalamus, 260-fold less m the forebram, 
1320-fold less in the midbrain and 1650-fokt less i~ 
the hindbrain. 

In summary, the POMC system in the lizard brain 
exhibits some features in common with the mamma-- 

lian brain, as well as several unique characteristics, 
Anatomically, two POMC cell body groups are pres- 

ent in the lizard brain. As in mammals and other non- 
mammalian vertebrates that have been studied ~.~¢~ a 
major cell body group is present ill the arcuate region 

of the hypothalamus. In the rat brain, a second 
POMC cell body group has been detected in the dor- 
sal medial medulla15,17,20. In contrast, in the lizard. 

we have noted a previously undetected POMC cell 
group in the ventral mesencephaton. I 'hese midbrain 

POMC cell bodies have not been observed in the 
brain of other vertebrates. In terms of post-lransla- 
tional processing, the lizard brain is similar to the 

mammalian brain in that fl-endorphin-sized and (z- 
MSH-sized peptides represent the major forms of 
POMC end products. In this respect, post-translatio- 
nal processing of POMC in the brain of vertebrates is 
more similar to the proteolytic processing events ob- 
served in the vertebrate intermediate pituitary rather 

than the anterior pituitary. Although the immunohis- 
tochemica[ studies indicated that antisera directed 
against the middle region of ACTH reacted positive- 
ly with POMC-related cell bodies m the lizard brain, 

analysis of brain region extracts by radioimmunoas- 
say detected only trace levels of ACTH-sized materi- 
al (data not shown). Further studies are needed to 

clarify the nature of the ACTH-related immunoreac- 
tivity in the lizard brain. 

Based on these gel filtration studies it appears that 
in the lizard brain the trend is to proteolytically 

cleave fl-endorphin to lower molecular weight forms 
in the terminal field regions. Further characteriza- 
tion of the forms of lizard fl-endorphin in the brain by 
ion exchange chromatography and the determination 
of the opiate bioactivity of these forms awaits future 

analysis. 
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