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SUMMARY

Sensitivity in the 10-100 pg range for enkephalins, f-endorphin, tyrosine (T),
tyrosylglycine (T-G) and tyrosylglycylglycine (T-G-G) was attained by using a high-
performance liquid chromatographic (HPLC) method with electrochemical detection
which is at least 100 times more sensitive than HPLC with UV detection. The chro-
matographic conditions on a reversed-phase C silica column were 50mM sodium
phosphate buffer (pH 2.1) (A) in acetonitrile-methanol (1:1) (B), isocratic mixture,
flow-rate 0.6-1 ml/min, UV detection at 205 nm, electrochemical oxidation potential
+1.25 V. The separation of T, T-G and T-G-G was obtained by using 10 %, B while
the separation of the pentapeptide, enkephalins required 40 9, B. Separation of en-
kephalins from f-endorphin was attained at a shorter retention time using 609,
acetonitrile. Under all of these different conditions the retention times did not exceed
15 min. This method can be used to determine tissue levels and pharmacodynamics of
enkephalins and S-endorphin. A highly specific measurement of the different enzymes
involved in the metabolism of enkephalin has been achieved.

INTRODUCTION

Analysis of the total opiate activity was initially performed without any speci-
ficity by a bioassay and radioreceptor binding assay!-%. The recent development of
radioimmunoassay (RIA) methods offered sufficient sensitivity for determining
normal biological tissue levels®**. However, despite the sensitivity of RIA, cross-
reactivity remains a significant problem unless RIA is coupled with high-per-
formance liquid chromatography (HPLC) for separation purposes®. Although the
separation of the specific peptides prior to RIA would improve specificity, it requires
extra time, expense and possible sample loss.

Earlier we reported a sensitive and specific HPLC method coupled with UV
detection (HPLC-UYV) for methionine (ME) and leucine enkephalins (LE)®. We now
report a method with improved sensitivity for enkephalins and B-endorphin, and also
the measurement of tyrosylglycylglycine (T-G-G), tyrosylglycine (T-G) and tyrosine
(T) using HPLC with electrochemical detection (HPLC-ED).
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The separation and detection of T, T-G and T-G-G is of great importance in
studying the pharmacodynamics of enkephalins and f-endorphin with reference to
the specific enzymatic activities involved in their degradation’.

EXPERIMENTAL

Chemicals '
HPLC-grade acetonitrile, methanol and sodium dihydrogen phosphate were

obtained from Fisher Scientific. Phosphoric acid (85% electronic grade) was obtained
from the Leheigh Valley Chemical Co. A 50 mM sodium dihydrogen phosphate
solution was prepared in water purified by deionization,adjusted to pH 2.1 with 85%
phosphoric acid and then the phosphate buffer solution was filtered through a Mil-
lipore 0.22 um filter (Type G.S.) and degassed with sonication.Methionine, leucine
enkephalins, T, T-G and T-G-G were obtained from Sigma. f-Endorphin was ob-
tained from New England Nuclear,

Chromatographic conditions

Chromatography was accomplished using a Beckman 332 gradient liquid chro-
matograph system equipped with a Model 420 programmer and a Model 155-00
variable-wavelength detector set at 205 nm. The Model 155-00 spectrophotometer
was equipped with a standard analytical flow cell (path length 1 cm and cell volume
20 pl). After the UV cell an amperometric detector with a glassy carbon electrode
(Model LC-4, Bioanalytical System) was set at an oxidation potential of +1.25 V
referenced to a silver—silver chloride electrode. Samples were injected on to a 5-um
Ultrasphere ODS column (250 x 4.6 mm 1.D.) obtained from Beckman using a
Model 210 injector with a 20-ul loop. The response was recorded on a Kipp and
Zonen dual-pen BD 41 two-channel recorder.

An isocratic mobile phase consisting of 50 mM sodium phosphate buffer (pH
2.1) (A) plus acetonitrile-methanol (1:1) (B) mixed in different ratios with a flow-rate
of 0.6-1 ml/min was used. The column was conditioned prior to use by passing the
mobile phase through the column until the baseline stabilized. Analysis was per-
formed with the column at room temperature (22-23°C). The column was washed
after every analysis with water-methanol as described previously®.

Enzymatic determinations

Serum aminopeptidase preparations. Male Sprague-Dawley rats (150-200 g)
were killed by decapitation, blood was collected in ice-cold tubes (all the following
steps at 0-5°C) and centrifuged at 2400 g for 30 min and aliquots of serum were
kept frozen until assayed for peptidase activity. The assay procedure for the serum
aminopeptidase activity was performed using ME or -endorphin as substrate; the
product, tyrosine, was determined by both electrochemical and UV detection. The
enzyme assay consisted of 20 ul (100 ng/ul substrate) + 20 ul of serum (enzyme
source) incubated for different times at 37°C; the reaction was terminated by adding
20 pl of 1 M hydrochloric acid. Tubes containing the reaction mixture were centri-
fuged at 2000 g for 15 min,the supernatant was carefully decanted and a 5-ul aliquot
was removed and analyzed by HPLC. The tyrosine released was measured by HPLC-
ED and HPLC-UYV and expressed in terms of ymoles of tyrosine formed/mg protein.
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Protein in the serum was measured according to the Lowry method®.

Brain aminopeptidase preparations. Rat brain was weighed and homogenized
using a cold glass, PTFE pestle homogenizer with 10 mA cold sucrose containing 10
mM Tris-HCI (pH 7.4) for each gram of brain. The homogenate was centrifuged at
100 g for 15 min and the supernatant was then recentrifuged at 17,300 g for 30 min.
The crude mitochondrial pellet was hypotonically lysed by homogenizing in 5 mM
Tris-HCI (pH 7.4) and centrifuged at 43,500 g for 30 min. The supernatant was used
as a source of aminopeptidases®.

Synaptosomal membrane enzyme preparations (endopeptidases). The pellet of
aminopeptidase preparation containing the crude synaptosomal membranes was
washed with 5 mM Tris-HCI (pH 7.4) and centrifuged at 56,000 g for 30 min. This
washing and centrifugation step was repeated three times. The pellet from the last
centrifugation step was taken up in 5 mM Tris—~HCI (pH 7.4), frozen in aliquots and
used as the stock endopeptidase preparation. This preparation retained only residual
aminopeptidase activity, which was overcome by adding an aminopeptidase inhibi-
tor, 0.1 mM p-hydroxymercuribenzoate (PHMB), prior to endopeptidase determi-
nations.

The in vitro effect of corticosteroid on aminopeptidase and endopeptidase ac-
tivity was examined.

Enkephalin metabolism by tissue peptidases

Assay procedure. The reaction mixture consisted of 20 ul of substrate, ME (100
ng/ul), 20 pl of 50 mM Tris—-HCI (pH 7.4) or the drug to be tested and 20 pl of serum
peptidases. The incubation mixture was incubated for different intervals of time at
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Fig. 1. Representative chromatogram of T, T-G and T-G-G standard. The upper chromatogram (HPLC-
UV) and the lower chromatogram (HPLC-ED) show the separation of 55 ng of T-G-G ( 1), 70 ng of T-G
(2) and 35 ng of T (3). HPLC conditions as described in the text; analytes were eluted using 109, B at 0.6
ml/min and detected at 205 nm (0.1 A) and +1.25 V oxidation potential (100 nA).
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37°C and the reactions were terminated by adding 20 ul of 1 M hydrochloric acid. The
rate of ME disappearance and the rate of metabolite formation were quantified by
HPLC-ED and HPLC-UV:

RESULTS

Separation and quantitation of T, T-G and T-G-G were attained by using 109
B at a flow-rate of 0.6 ml/min (Fig. 1). Detection was accomplished by using UV and
ED. Calibration graphs were obtained using chemically defined reference compounds
chromatographed under the conditions discussed before (Fig. 2). For the separation
of either T or T-G or T-G-G from ME and LE, 409, B was used to shorten the ME
and LE retention times. A calibration graph for ME was constructed using different
concentrations of ME (Fig. 2).

Several precautions have to be taken: (a) establish a calibration graph under
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Fig. 2. HPLC-ED and HPLC-UV calibration graphs for T, T-G, T-G-G and ME. HPLC conditions as
described in the text, using 10% B for T, T-G and T-G-G and 40 % B for ME.
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Fig. 3. Representative chromatogram of -endorphin (BE) standard. HPLC conditions as described in the
text; f-endorphin was eluted at a shorter retention time using 60% acetonitrile and detected using ED at
+1.25 V oxidation potential.

each set of experimental conditions; (b) polish the glassy carbon electrode with the
polishing kit at least once a day; (c) when using a relatively new C,, column, the
conditions for separation will be as described, but when using an old C,; column, the
percentage B might have to be reduced to even 5% to separate T, T-G and T-G-G;
(d) the pH should be kept acidic, the optimal pH for ED sensitivity being around 2-3.

The elution of f-endorphin with a relatively short retention time required the
use of 60 %, acetonitrile (Fig. 3). A calibration graph was constructed for picogram
levels of f-endorphin using ED (Fig. 4). These levels of -endorphin were not de-
tectable by UV detection.

Implications in enkephalin and B-endorphin metabolism
In vitro effects of corticosteroids on serum aminopeptidase activity. The effects of

100
75+
50

25+

PEAK HEIGHT AT InA x10 (mm)

T T L) T L
1000 2000 3000
J—ENDORPHIN (pg)
Fig. 4. HPLC-ED calibration graph for f-endorphin standard.
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TABLE I
IN VITRO EFFECTS OF CORTICOSTEROCIDS ON SERUM AMINOPEPTIDASE ACTIVITY

Values given are the means and ranges of two separate determinations.

Treatment* umol tyrosine formedimg proteinfh

control

serum Methionine enkephalin substrate f-Endorphin substrate
Buffer 1.50 + 0.11 0.28 + 0.01
Cortisone 1.37 + 0.04 0.27 + 0.01
Hydrocortisone 1.40 + 0.05 0.28 4+ 0.02
Dexamethasone 1.38 + 0.03 0.28 + 0.01

* Corticosteroids were cach at 1074 M.

corticosteroids on serum aminopeptidase activity using enkephalin or f-endorphin as
substrate was determined by measuring the tyrosine formed and expressing the data
as umoles of tyrosine formed/mg protein/h. The results showed no significant effect of
10~* M corticosteroids on aminopeptidase activity (Table I).

In vitro effects of corticosteroids on brain aminopeptidase activity. The effect of
corticosteroids in comparison with the effect of the classical peptidase inhibitors,
bacitracin or PHMB, on brain aminopeptidase activity was examined. The different
corticosteroids at a concentration of 10~* M did not to have any significant effect on
the brain aminopeptidase activity using either T-G-G or ME as substrate (Table 1I).

In vitro effects of corticosteroids on brain endopeptidases activity. The effect of
corticosteroids on the synaptosomal membrane endopeptidase enzyme was examined
by monitoring the T-G-G formed using ME as substrate. The data showed no signifi-
cant effect of corticosteroids on brain endopeptidase activity (Table III).

In vitro effects of corticosteroid on enkephalin metabolism. The effect of cor-
ticosteroid on degradation of ME was examined, the disappearance of the substrate
(ME) being monitored at different intervals of incubation. Neither corticosteroids nor

TABLE I
IN VITRO EFFECTS OF CORTICOSTEROIDS ON BRAIN AMINOPEPTIDASE ACTIVITY

Values given are means and ranges of two separate determinations.

Treatment* umol tyrosine formedimg proteinfh
Tyrosylglyeylglycine Methionine enkephalin
substrate substrate

Control: brain soluble

enzyme + buffer 1.13 £ 0.07 1.48 + 0.03
Bacitracin 0.72 + 0.05
PHMB 0.54 + 0.03
Cortisone 1.01 + 0.19 1.38 + 0.05
Hydrocortisone 1.21 + 0.04 1.32 + 0.05
Dexamethasone 1.11 + 0.08 1.40 + 0.06

* All drug additions were at 107% M.
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TABLE III
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IN VITRO EFFECTS OF CORTICOSTEROIDS ON BRAIN ENDOPEPTIDASES ACTIVITY

Values given arc means and ranges of two determinations,

Treatment*

nmol T-G-G formed{mg
proteinfh: methionine
enkephalin substrate

Control: brain synaptosomal membrane enzyme + buffer 201 + 8
Cortisone 197 + 9
Hydrocortisone 183 + 8
Dexamethasone 187 + 10

* All drug additions were at 10”* M and included PHMB in each assay.

morphine affected the rate of ME degradation relative to the standard peptidase
inhibitor, bacitracin (Fig. 5).

DISCUSSION

The separation of small and large peptides has been markedly improved by the
introduction of reversed-phase HPLC'%'2, This technique depends on the hydro-
phobic interactions between a hydrocarbonaceous column and the peptide to be
separated; the more lipophilic the compounds, the stronger is its retention by the
column. Strongly retained compounds are eluted with higher concentrations of or-
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Fig. 5. Percentage of enkephalin degraded as a function of incubation time. The effects of 107 M of
different corticosteroids, bacitracin and morphine on the rate of enkephalin metabolism are shown.
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ganic solvent, e.g., B-endorphin is eluted at 60 %, acetonitrile, ME or LE at 40 9 B and
T, T-G or T-G-G at 109, B.

The separation of peptides of various size can be achieved in a single run by
using a gradient of acetonitrile-methanol and 50 mM sodium dihydrogen phosphate
(pH 2.1) when using UV detection but not with ED. When using ED, an isocratic
mixture of organic and aqueous phases must be used and separation can be ac-
complished only in a separate run, as mentioned above.

The use of ED improved the sensitivity over UV detection and approached
that of RIA.

The chromatographic conditions selected allowed for complete separation of
T, T-G, T-G-G, ME and $-endorphin in less than 15 min.

HPLC-ED and HPLC-UV allowed the quantitation of amounts of opioid
peptides in biological tissue ranges® without the need for derivatization or extensive
preparative procedure or the use of RIA.

The technique described provides a means of studying specific enzyme ac-
tivities and enkephalin/endorphin metabolism.
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