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ABSTRACT

Significant post-mortem changes in peptide concentration occur within the previously unstudied timeframe, i.e. within 1 h, for the
proenkephalin A, proopiomslanoccortin, and tachykinin newropeptidergic systems in the pituitary. These data differ from data ob-
tained in other studies that concluded that peptides are stable for up to 72 h past-mortem. The post-mortem stability of the three
neuropeptides, methionine cnkephalin, substance P, and f-endorphin, was studied in the rat pituitary to test the hypothesis that
significant posi-moriem concentration changes of those three neuropeptides occur in the immediate post-mortem time period.

INTRCDUCTION

Neuropeptide precursors are synthesized in the
cell body of the neuron and are processed metab-
olically during their axonal transport. The result-
ing neuropeptides are stored within pre-synaptic
vesicles; they are released, diffuse across the syn-
aptic cleft, and bind to post-synaptic receptors,
followed by rapid metabolism and as a conse-
quence removal of the excess of neuropeptides.
The corticotrophs in the anterior pituitary are
one of the sites of synthesis of the proopiomela-
nocortin (POMC) neuropeptides [1], whereas the
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tachykinin and proenkephalin A sites of synthe-
sis are not as well established. Corticotropic cells
synthesize the POMC precursor, which yields the
peptide products adrenocorticotropic hormone
(ACTH), p-lipotropin (B-LPH), B-endorphin
(BE), and a-melanocyte-stimulating hormone (a-
MSH). Anatomical connections exist to other ex-
trapituitary tissues through which the neuropep-
tides can be transported.

Methionine enkephalin (ME) derives from the
proenkephalin A precursor molecule, and sub-
stance P (SP) from protachykinins. Proenkepha-
lin A contains four copies of ME, one of the hex-
apeptide ME-Arg-Gly-Leu, one of the heptapep-
tide ME-Arg-Phe, and one of leucine enkephalin
(LE); the LE sequence is also contained within
the dynorphin precursor molecule proenkephalin
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B. Tachykinin peptides share a common C-termi-
nal amino acid sequence, Phe-X-Gly-Leu-Met-
NH,, where X is an aliphatic or aromatic amino
acid, generally either Phe or Val {2]. In mamma-
lian tissues, two genes encode all the tachykinins.
The preprotachykinin A (PPT-A) gene encodes
for 8P, neurokinin A (NK-A), neuropeptide K
(NP-K), and neuropeptide y (NP-y) [3]. The
PPT-B gene encodes for NK-B [4].

This present study was prompted by the analy-
sis of neuropeptides in human anterior pituitary
tissues. For example, for studies of neuropeptides
in human tissues and fluids, it is important to
analyze accurately the content and stability of
neuropeptides contained within port-moriem tis-
sues [5-16]. Aithough the post-mortem stability
of neuropeptides is neither a major problem in
small animal studies nor in human post-surgical
studies because those tissues and fluids can be
acquired immediately, stability is, however, a sig-
nificant factor in human studies [16], where an
appropriate period of post-moriem time must be
considered. Many articles report the post-mortem
stability of several neuropeptides over several
days [5-7,12,15]. Those conclusions are being
questioned here.

Thus, this study was designed to investigate the
post-mortem cooling of the rat brain as a model
for corresponding studies with human post-mor-
tem brain samples [17]. Following reversed-phase
high-performance liquid chromatographic (RP-
HPLC) purification of individual neuropeptides
[18], the three neuropeptide immunoreactivities
were measured by radioimmunoassay (RIA).

The important new aspects of this study are the
analysis of peptide content during the ecarly,
more-rapidly changing part of the cooling curve,
a statistical comparison of changing neuropep-
tide content over the entire cooling curve, and the
finding of significant changes in the neuropeptide
content of three neuropeptidergic families.

EXPERIMENTAL
Chemicals

Synthetic peptides were purchased from Sigma
(St. Louis, MO, USA) and tritiated peptides
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(*Ha-[3.5-Tyr]-ME, 39.3 Ci/mmol; *H,4-[2,4-Pro-
(3,4)]-SP, 58.6 Ci/mmol) from Amersham (Ar-
lington Heights, IL, USA); these were HPLC-pu-
rified before use; nembutal was from Alco Health
Services (Paducah, KY, USA), acetic and formic
acids from Mallinckrodt (Paris, KY, USA),
triethylamine (TEA) from Pierce (Rockford, IL,
USA), acetonitrile from J. T. Baker (Phillips-
burg, NJ, USA), and trifluoroacetic acid (TFA)
from Fisher Scientific (Fair Lawn, NJ, USA).

A Packard 1900 CA liquid scintillation analyz-
er (Downers Grove, 1L, USA) and ScintiVerse II
scintillation fluid (Fisher Scientific) were used.

Rats

Sprague—Dawley rats (Harlan Sprague-Daw-
ley Co., Madison, WI, USA; 500 males, 50 fe-
males; 200-250 g each) were used, and appropri-
ate NTH laboratory animal guidelines were fol-
lowed.

Experimental protocol

In general, the overall experimental protocol
used in this study was as follows. Animals were
sacrificed by decapitation and their whole heads
were incubated according to the Spokes—Koch
model [17]; pituitaries were dissected and homog-
enized; the homogenate was centrifuged at 31 000
g for 30 min at 4°C; the supernatant was placed
onto an octadecylsityl (ODS) silica mini-car-
tridge [19]; the peptide-rich fraction was eluted
and the eluate was analyzed by RP-HPLC [18];
individual neuropeptide fractions were collected;
and neuropeptides were measured by RIA. Be-
cause amino acids sequences were not determined
in this study, the suffix*-like immunoreactivity”
is required for all peptide measurements [10].

The experimental protocol for tissue incuba-
tion was divided into two separate time regions:
time = (, and the series of times = 135 min, 30
min, 1 h,2h,4h,8h, 12h, and 72 h. The Spokes—
Koch post-mortems human brain time-temper-
ature cooling curve (Fig. 1) [17] was used for in-
cubating the decapitated rat heads. In brief, tem-
peratures were measured in the ventral thalamus
region (brain corec temperature) and below the
parietal cortex surface (superficial temperature)
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Fig. 1. Post-mortem time—temperature cooling curve used for incubation of rat pituitaries (Spokes and Koch, 1978). Arrows indicate the
incubation times (0 min, 15 min, 30 min, 1 h, 2h, 4 h, 8 h, 12 h and 72 h) used in this study. Individual dots indicate the manual

temperature changes (n = 66).

in two cadavers. Body temperature at death
(non-febrile) was assumed by those authors to be
37°C, and probe temperature was monitored af-
ter placing the cadaver in a 4°C mortuary refrig-
erator {one cadaver entered 3 h, and one 4 h after
death). The resulting brain cooling curves were
obtained, and were reproduced manually (see be-
low) in this present study. For the time = 0 pro-
toco! to determine initial peptide-like immuno-
reactivity, 100 male and 50 female rats were used.
The head was not decapitated, the rat was in-
jected with nembutal (40 mg/kg), and the pitui-
tary was quickly dissected, grouped into 10 pitui-
taries per group, collected in liquid nitrogen, and
stored at —70°C.

In the second set of experiments, the whole rat
head was immersed in saline and incubated for
the indicated times (see the eight arrows on the
curve in Fig. 1) with, for the first time, several
time-points located within the initial, rapidly

changing portion of the curve; the pituitary was
dissected, collected into liquid nitrogen, and
stored at —70°C.

For each incubation time, five sets of ten pitui-
taries were studied; each rat pituitary weighs ap-
proximately 8-10 mg. A saline bath (0.8%,
stirred, 4 1) was used for incubation of the tissue,
and the curve shown in Fig. 1 was followed, using
manual temperature control of the bath versus
time; temperature changes (# = 66) are indicated
by the dots on the curve (Fig. 1). Considerable
attention was focused on the accurate temper-
ature control and on the collection of several
samples during the early, rapidly changing por-
tion of the cooling curve to define precisely the
initial metabolism of the neuropeptides because
other studies did not focus on that area and be-
cause we hypothesized that rapid metabolism
would occur within that early posi-mortem time-
frame.
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Tissue processing

The grouped pituitaries (n = 10} were
weighed. The weight for the + = 0 sample was
79.0 = 1.5 mg (v = 10). Pituitary tissues were
homagenized in 1 M acetic acid (1%, w/v) and an
aliquot (2%) was taken for total protein mea-
surement. Rather than adding any enzyme inhib-
itors before tissue homogenization, acidification
plus rapid temperature lowering stopped enzy-
matic processing.

Sample concentration procedure

A Sep-Pak ODS cartridge (Millipore-Waters,
Bedford, MA, USA) was used to remove water-
soluble endogenous substances such as proteins,
saccharides, etc. from the tissue homogenate [19].
The entire supernatant from each experiment was
applied to the Sep-Pak cartridge, which was pre-
viously washed with 4 m1 of 0.1% TFA. The pep-
tide-rich fraction was removed with a bolus of
acetonitrile (3 ml, 100%). The cluent was evap-
orated, and the sample was lyophilized.

Reversed-phase high-performance liguid chroma-
tography

Gradient HPLC [18] was performed on a Var-
ian Model 5000 instrument (Palo Alto, CA,
USA). The analytical column (Millipore-Waters;
uBondapak Cig; 150 mm x 3.9 mm 1.D.) was
packed with ODS silica (particle size 10 um).
Sample was dissolved in 500 ul of the starting
buffer, triethylamine formate (TEAF)-acetoni-
trile (40 mM TEAF, pH 3.0, 12% acetonitrile),
and that entire volume was injected onto the ana-
lytical column, The gradient developed for this
study was composed of the following segments of
linear increases of organic modifier: 12-30% ace-
tonitrile between 0 and 70 min; 30-100% be-
tween 70 and 80 min; and 100% between 80 and
90 min. The organic modifier was returned to its
initial value (12%) within 10 min, and another 10
min were provided to re-establish UV baseline
stability.
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Determination of retention times for ME, SP and
BE

Synthetic peptides. The retention time of each
neuropeptide was determined in a separate study.
The HPLC column was cleaned by gradient elu-
tion, and solutions of synthetic ME, SP and BE
(1-2 ug each) were injected (n = 3 for each pep-
tide). The following retention times were ob-
served: 10.5 + 0.2 min for ME; 30.0 + 0.2 min
for SP; and 46.5 = 0.5 min for BE (see Fig. 2A).

After the injection of synthetic neuropeptides,
the column was cleaned by gradient elution (# =
5) of buffer and organic modifier only. Absence
of memory effects was verified [20] by collection
of fractions at the appropriate retention times
and by measurement of the peptide immunoreac-
tivity co-cluting at those retention times. All val-
ues of remaining immunoreactivity were <8
fmol of peptide immunoreactivity, and thus were
below the limit of detection.

Radiolabeled peptides and RIA. Two different
experiments were performed to determine accu-
rately the retention time of the endogenous neu-
ropeptides cluted from a tissue homogenate. In
one experiment (see Fig. 2B), a tritium-labeled
peptide (*H]ME, [*H]SP) was added to a tissue
homogenate, and the neuropeptide (exogenous
radiolabeled, endogenous unlabeled) was extract-
¢d and subjected to HPLC analysis. Liquid scin-
tillation counting of the tritium-labeled peptide
was used to determine the retention time of both
radiolabeled and endogenous neuropeptide. In a
second experiment (Fig. 2C), RIA was used to
determine the retention time of the specific endo-
genous neuropentide.

Two incubation samples (male rats M9 and
M10) were used for the RIA measurements. Sam-
ple M9 was used for the RIA study only, and
M10 was used for RIA plus the addition of
[*H]SP (0.2 uCi) and [PHIME (1 uCi). The pur-
pose of using sample M9 was to demonstrate that
the addition of tritiated peptides to M 10 would
not change the retention time. The radiolabeled
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Fig. 2. RP-HPLC pradient separation of synthetic neuropeptides. (A) UV absorbance (200 nm); (B) [*H]peptide (ME, SP); and <)
ME-L, SP-1i, and BE-Ii. The horizontal brackets in C indicate those HPLC fractions that were collected for measurement of neurcpep-

tide-li.

and RIA data that were used to locate the reten-
tion time of the endogenous neuropeptides (Fig.
2B and C) agreed closely with each other, but not
with the synthetic peptide elution data (Fig. 2A).
Therefore, the retention times determined in Fig.
2B and C were more appropriate for extracts
from biological matrices.

For the time-course incubation studies, frac-
tions at the different time intervals [6-10 for ME-
like immunoreactivity (ME-l), 30-34 for SP-li,
and 67-71 BE-li] were collected, for a total of a
5-min collection for each neuropeptide.

The 50 groups of samples (10 pituitaries in
each group) were injected onto the HPLC col-
umn, followed by an extensive column rinse after
cach injection of a biological sample [20]. RIA
performed on the post-column-cleaned fractions
demonstrated column cleanliness. All values were
< 10 fmol peptide-li.

Recovery of tritiated peprides from pituitary tissue
homogenate
Two  HPLC-purified

tritiated  peptides,

[*HIME (139 330 cpm) and [*H]SP (91 312 cpm),
were added to the tissuc immediately before ho-
mogenization. The samples were incubated for 3
h. Following RP-HPLC separation, 43.2% of
[PHIME (» = 3) and 55.8% of [PHISP (n = 3)
were recovered. However, because tritiated BE
was not available for this study, the RIA data
were not corrected for the percentage recovery of
peptide.

Commercially available RIA kits (IncStar,
Stillwater, MN, USA) were used to measure ME-
li, SP-li and BE-li. The cross-reactivitics of the
antibody in the ME kit towards synthetic pep-
tides were 2.8% for LE, (.10% for a-endorphin
(B-LPHg;_57), and <0.002% for SP, BE, porcine
dynorphin,_,3, and x-neo-endorphin. The cross-
reactivities of the antibody in the SP kit toward
synthetic peptides were <0.002% for ME, LE,
eledoisin, and physalemin and 0.008% for BE.
The cross-reactivities of the antibody in the BE
kit toward synthetic peptides were 100% for hu-
man and rat BE, 5.6% for human B-LPH, and
<0.1% for dynorphin, a-neo-endorphin. a-en-
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dorphin, LE, ME, «-endorphin (8-LPHsg, 76),
a-endorphin (8-LPHg,_77), ACTH, 39,
ACTH, ;4, >-MSH, f-MSH, prolactin, luteiniz-
ing hormone, follicle-stimulating hormone, thy-
roid-stimulating hormone, vasopressin, and ox-
ytocin.

Statistical analysis

The analysis of variance (ANOVA) according
to the General Linear Models (GLM) procedure
using SAS software (SAS Institute, Cary, NC,
USA) was performed on these data to test for
statistical significance. The null hypothesis (Hy)
is that no significant difference exists between any
sets of peptide measurements. The alternate hy-
pothesis {H) states that at least two means are
different. A significance level of p = 0.05 was
used for comparison of pairs of measurements
[21]. If H, were to be accepted, then all possible
probability values for the hypothesis H, were
evaluated.

0.7 1

ME-li SP=li

AUFS (200nm}

o,
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RESULTS

Reversed-phase liquid chromatography

Fig. 3 shows a representative example of the
HPLC gradient separation of the peptide-rich
fraction obtained from one of the post-mortem
rat pituitary samples (M 10). The three short hori-
zontal bars along the top of the chromatogram
indicate the HPLC fractions that were collected
for ME, SP and BE according to the retention
times determined in Fig. 2C. Because all samples
in this study were obtained from similar rat pitui-
taries, all of the chromatograms obtained in this
study are remarkably equivalent.

Even though several UV-absorbing peaks may
be collected within an individual HPLC fraction
(see, for example, the ME and SP fractions), RIA
provides an increased level of detection sensitiv-
ity (but not molecular specificity) [10-14,22,23]
towards each neuropeptide contained in that
fraction. The level of UV detection sensitivity is

BE-Ii
—_

¢ 3
0 20 40
Time (min)

60 80

Fig. 3. RP-HPLC gradient separation of the peptide-rich fraction obtained from rat pituitary posi-mortem sample M10. The three

indicated fractions were collected for analysis.
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TABLE I

ME-li, SP-li, AND BE-li MEASUREMENTS VERSUS POST-
MORTEM INCUBATION TIME

Values are averages + S.EM. (n = 35).

Time (min) ~ ME-li* SP-1i* BE1i*
0 124 + 8 126 + 10 148 + 11
15 667 + 154 160 + 18 21 + 26
30 363 + 89 155+ 10 22949
60 280 + 83 145 + 10 166 % 6
120 437 + 23 133 + 15 136 + 3
240 547 £ 52 103 + 22 138 + 4
480 329 + 19 132 + 25 152 + 8
720 105 + 29 101 + 5 152 + 11
4320 128 + 44 85 + 7 90 + 18

¢ fmol neuropeptide-lifmg protein.
¢ pmol neuropeptide-li/mg protein.

usually in the pico- to nanomole range, and RIA
sensitivity in the femtomole range.

Individual neuropeptide-li measurements

Table I summarizes the individual analytical
measurements of ME-li, SP-li and BE-li versus
post-mortem incubation time. The ME-li and SP-
li data are given as average £+ S.EM. fmol
(10713 mol)/mg protein and BE as pmol neuro-
peptide-li/mg protein (r = 5). The suffix (-1i) is
required in these data because no animo acid se-
quences have been determined [10,11]. ANOVA
demonstrated that significant between-group dif-
ferences occur in all three neuropeptide-li mea-
surements (7 < 0.0001 for BE-li and ME-li, p <
0.05 for SP-li). Table II contains the list of signif-
icant differences found (p < 0.05). The male ver-
sus female difference was significant for BE-li (p
< 0.0001).

Time-course profiles of neuropeptide-li measure-
ments

The individual neuropeptide-li data are plotted
over a short (0-300 min; Figs. 4A, 5A and 6A)
and a long (0-4320 min; Figs. 4B, 5B and 6B)
time-frame; the shorter range demonstrates clear-
ly the early, rapid changes that occur in neuro-
peptide-li concentrations. Each data point plots
average £ S.E.M. (n = 5). This report is the first
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TABLEII

LIST OF TIMES AT WHICH SIGNIFICANT DIFFERENC-
ES FOR INDIVIDUAL CONCENTRATIONS OF NEURO-
PEPTIDE-li WERE FOUND VERSUS TIME {

p = 0.05 is significant.

Time 1 (min) Time 2 (min)

ME-Ii* 0 15, 30, 120, 240, 480
15 0, 30, 60, 120, 480, 720, 4320
30 0, 15, 240, 720, 4320
60 15, 120, 240
120 0, LS, 60, 720, 4320
240 0, 30, 60, 480, 720, 4320
480 0, 15, 240, 720, 4320
720 15, 30, 120, 240, 480
4320 15, 30, 120, 240, 480
SP-li* 0 4320
15 240, 720, 4320
30 240, 720, 4320
60 240, 720, 4320
120 4320
240 15, 30, 60
480 4320
720 15, 30, 60
4320 (3, 15, 30, 60, 120, 480
BE-li* 0 15, 30, 4320
15 0, 60, 120, 240, 480, 720, 4320
30 0, 60, 120, 240, 480, 720, 4320
60 15, 30, 4320
120 15, 30, 4320
240 15, 30, 4320
480 15, 30, 4320
720 15, 30, 4320
4320 0, 15, 30, 60, 120, 240, 480, 720

? Male versus female not significant at time = 0.
* Male versus female significant at time = 0.

description of the changes observed during the
shorter time period, whereas the data from the
long-term observations correspond to previous
studies.

In the ME-li data (Fig. 4A), local concentra-
tion maxima occur at 15 and 240 min, and a mini-
mum at 60 min (se¢ also Table I). In the SP-li
data (Fig. 5A), 2 maximum occurs at 15 min and
a minimum at 240 min; and in the BE-li data
(Fig. 6A), local maxima occur at 30 min and at
480 and 720 min, and a minimum at 120 min. The
three plots of the longer incubation time indicate
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Fig. 4. Plot of ME-li versus time: (A) 0-300 min; (B) 04320 min
and temperatures.

rather gentle, long-term increases (ME-li) and de-
creases (SP-li and BE-li). These long-term data
are similar to those data published by others [5-
7,12,15].

DISCUSSION

Significant and rapid changes of the proenke-
phalin A, tachykinin, and POMC neuropeptide-li

. ME-li (fmol ME-lifmg protcin) was measured at the indicated times

contents in the pituitary are reported for the first
time to occur within 1 h post-mortemn (see Figs.
4-6 and Tables I and 1I). Relatively rapid in-
creases and decreases were found for those pep-
tides. The Spokes—Koch model for brain-cooling
was used to study post-mortem stability in the rat
pituitary of the neuropeptides ME-li, SP-li, and
BE-li. The tabulated (Tables I and I1) and plotted
(Figs. 4-6) data demonstrate clearly that signif-
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Fig. 5. Plot of SP-li versus time: (A) 0-300 min; (B) 0-4320 min. SP-li (fmol SP-li/mg protein) was measured at the indicated times and

temperatures.

icant changes occur in the neuropeptide-li mea-
sured in these post-mortem pituitary tissue sam-
ples, especially in the carlier, previously uninves-
tigated time period (<1 h). For example, the
ME-li data (Fig. 4A and B) demonstrate four
separate regions where a statistically significant
change in ME-li occurs: a rapid increase from 0
to 15 min, a rapid decrease from 15 to 60 min, a
slow increase from 60 to 240 min, and a slow

decrease from 240 to 720 min. Thus, it is evident
that various portions of proenkephalin A within
the neuropeptidergic system continue to undergo
post-mortern metabolism (de novo synthesis,
processing of higher molecular mass intermediate
precursors, degradation). For example, rapid
synthesis of ME (measured as ME-11) continues
for about 0-15 min, presumably due to a contin-
uing metabolic excision of ME from proenkepha-
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lin A and from variously sized ME-containing
precursors [23,24], From 15 to 60 min, degrada-
tion occurs, presumably from the action of vari-
ous aminopeptidases, enkephalinase, dipeptidyl-
carboxypeptidases. etc.

The slower increase in synthesis from 60 to 240
min seems to be somewhat surprising, yet may

arise from a second wave of metabolism of pre-
cursors, possibly from those precursors that re-
quired a longer time to travel the entire length of
the axon and that were located more proximal to
the cell body at the time of death. This last fea-
ture could only be observed owing to our experi-
mental design of keeping the pituitary within the
decapitated head during incubation in a bath,
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In addition to the statistically significant
changes found for the tachykinin system (SP), a
maximum of SP-li occurs at 15 min and a mini-
mum at 240 min. Those data probably indicate a
rapid (¢t = 0~15 min) increase in the post-mortem
synthesis of the tachykinin neuropeptide, SP. A
similar pest-mortem profile of SP-li, although dis-
placed later in time, was found in a study of the
mouse brain maintained at 28°C [15].

The POMC neuropeptide, BE, data demon-
strate three tegions of statistically significant
changes in BE-li concentration, a rapid increase
in synthesis (0-30 min), and two lower rates of
degradation (30-120 and 7204320 min).

These collective data also indicate the relative
expression of proenkephalin A, protachykinin,
and POMC, as represented by the three neuro-
peptides ME, SP, and BE measured in this study
as ME-li, SP-li, and BE-li, respectively. For ex-
ample, the ME-li concentration maximizes at 135
min to 667 + 154 fmol ME-li/mg protein (aver-
age £ SSEM., n = 5), SP-li at 15 min to 160 +
18 fmol SP-li/mg protein, and BE-li to 30 min at
229 + 9 pmol BE-li/mg protein. Assuming that
the three measured peptide-li represent only the
three corresponding neuropeptides, the total pi-
tuitary content of each neuropeptide equals the
sum of the individual measurements under the
corresponding amount versus time curve. On the
other hand, at the three curve maxima, the
processing of the proenkephalin A, tachykinin,
and POMC precursors to the three neuropeptides
studied is represented by the molar ratio
4.2:1:1400. It is important to realize that it is pos-
sible that the ratic among other intermediate
peptides within these three neuropeptide systems
would display a different ratio at different time-
points.

These conclusions differ from other studies
that conclude that neuropeptides are stable for
up to 72 h. For example, the post-mortem stabil-
ity of NK-A-li was confirmed for at least 48 h
after death, even when brains were left at room
temperature [5]. After 48 h, the NK-A-li de-
creased to a value of approximately 50%. The
authors speculated that the reason for that stabil-
ity might be due to the fact that neuropeptides
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are packaged in vesicles, and would therefore be
protected against cytoplasmic peptidase activity.
Post-mortem stability of SP-li showed a >30%
loss at 4 and 28°C [15]. The authors state that the
effect of the different temperatures on the post-
mortem content of the peptide is unexpected be-
cause lysis in post-mortem tissue would be expect-
ed to cause a gradual degradation of peptides,
and that the degradation should be slower at low-
er temperatures. They also state that it is theoret-
ically possible that a more immunoreactive frag-
ment of SP was generated during the process of
degradation, and that this fragment might be
more apparent at the higher temperature. ME
and SP were both studied in post-mortem human
brain, and those two neuropeptides showed no
significant change in contents over a 72-h period
[12]. Another study applied chromatographic
characterization of neuropeptides in post-mortem
human brain studies [8].

The post-mortem stability of neuropeptide Y-li
was studied in a rat model simulating human au-
topsy conditions. No significant differences were
found in the content within the cortex, hippo-
campus, and striatum at several time points (0, 1,
4, 8, 12, and 24 h). As indicated above, several
workers suggest post-mortem stability for several
neuropeptides. In a review [6], it was stated that
many studies show no correlation of peptide con-
centration with pest-mortem delay. Numerous
peptides such as SP, somatostatin, cholecystoki-
nin; g (CCK,-s), ME, thyroid-releasing hor-
mone (TRH), growth hormone-releasing hor-
mone (GRH), neurotensin, vasoactive intestinal
peptide (VIP), and neuropeptide Y were all
shown to be stable over time periods up to 72 h
post-mortem.

Microdialysis revealed a posi-mortem increase
in the release of opioid peptides, following neck
vessel severance, in the rat globus pallidus/ven-
tral pallidum [25].

Therefore, the data in this manuscript do not
agree with the conclusions of many of the previ-
ous publications. However, the differences are
relatively easy to rationalize. One explanation for
that difference is that in our study more samples
were taken during the initial rapid temperature
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decrease of the cooling curve and therefore, a
greater level of accuracy in monitoring the neuro-
peptide metabolism. For example, as indicated
above for SP, another paper indicated some de-
crease, but that timeframe was shifted to later
times compared to Figs. 4-6 [15].

The obvious limitation to the present study is,
for example, that HPLC plus RIA cannot deter-
mine the amino acid sequence of a peptide
[10,11], and thus molecular specificity has not
been optimized. However, our other experiments
aim towards that direction [10,11,13,14,22].

These present experiments demonstrate multi-
ple synthetic and degradation processing of three
neuropeptides within 0-12 h in a rigorously cali-
brated experiment. The SP-li and ME-li measure-
ments indicate a stability of those neuropeptides
between 12 and 72 h, whereas BE decreases (rate
of degradation > rate of synthesis) approximate-
ly 40% between 12 and 72 h. Thirdly, the ncuro-
peptide-li studied in this set of experiments was
HPLC-purified, and thus a higher level of confi-
dence is conveyed by these experiments that only
one neuropeptide may have been measured.

It is significant that, in experiments of less than
12 h incubation, it was easy to dissect the pitui-
tary away from the surrounding tissue. However,
the 72-h experiments indicated tissue degradation
because the tissue was softer, morphological
changes had started, and it was more difficult to
separate the meninges from the soft pituitary
mass.

The post-mortem stability data of neuropep-
tides reported in this paper are of fundamental
importance for our studies on the qualitative and
quantitative analysis of neuropeptides in human
pituitary tumors [9-11,13,14,22]. Thus, the ques-
tion addressed in this present study was the accu-
rate definition of the posi-mortem stability of
neuropeptides contained in tissues because many
enzymatic and chemical systems continue to
function. For example, even though death has
occurred, synthesis and processing of intermedi-
ate-sized precursors can continue within the cell
body—axon-synapse axis, and thus degradation
of the neuropeptides can proceed. With time, of
course, the latter reactions will dominate. Al-
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though some studies have suggested post-mortem
stability up to 72 h of the total immunoactivities
of several peptides [5-7,12,15], the limitations of
those studies are the lack of any HPLC purifica-
tion of individual peptides, the possible cross-re-
activity of the antibodies used to measure pep-
tide-like total immunoreactivity, and insufficient
data accumulated within the immediate post-
mortern time where more rapid metabolic (syn-
thetic and degradation) changes can occur.

The advantages of the present rat pituitary
study are: (1) the ready availability of rats and
the easy temperature control of post-mortem in-
cubation; (2) it is an appropriate reference for
human post-mortem pituitary (the study of posi-
ntortem stability of neuropeptides in human pi-
tuitaries is impossible generally within the initial
few hours, but it is possible to incubate the rat
pituitary as it remains within the decapitated
head, surrounding tissues, and connections); and
(3) human and rat pituitaries are similar because
both contain similar biologic mechanisms and
biochemical pathways. Also, HPLC purification
preceded measurement of neuropeptide immuno-
reactivity to minimize cross-reactivity problems.
The disadvantage for using the rat pituitary is
that species differences exist in the rat versus hu-
man pituitary (for example, the human lacks the
neurointermediate lobe).

It is important to rationalize the metabolic ba-
sis for the rapid changes of the amounts of the
three neuropeptides observed in these studies.
For example, the ME-li (Fig. 4) and the BE-li
(Fig. 6) increased and then decreased before
reaching an area of stability, These two neuro-
peptides are cleaved directly from their respective
precursors by the action of a trypsin-like activity
followed by a carboxypeptidase B-like activity
[26]. On the other hand, SP-li decreased then in-
creased before reaching an area of stability. It is
possible to rationalize that difference for the ta-
chykinin peptide by remembering that the pepti-
dylglycine-amidating monooxygenase (PAM) en-
zyme system required for the synthesis of SP
from its precursor uses a different type of peptide
processing, wherein trypsin-like activity produces
the N-terminus of SP, and another enzyme ami-
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dates the C-terminal portion of SP. That more
complicated carboxamide synthesis system re-
quires cupric ions (Cu?™), ascorbate, and molec-
ular oxygen. Incidentally, the ascorbate concen-
tration in the pituitary is very high [27].

These experimental data reject our null hy-
pothesis for the proenkephalin A, tachykinin,
and POMC neuropeptides. Thus, the alternative
hypothesis is accepted for the proenkephalin A,
tachykinin, and POMC neuropeptidergic systems
in the rat pituitary; namely, significant changes in
ME-Ii, SP-li, and BE-li, respectively, do occur in
the early, rapidly changing, portion of the posi-
mortem cooling curve.
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