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SUMMARY 

A specific method is presented for the assay of leucine-enkephalin (Leu-Enk) and its 
metabolites by reversed-phase high-performsnce liquid chromatography on a rgondapak 
C,, cohmm with a mobile phase of methanol-water and 0.005 M tetrabutylammonium 
phosphsk The four substances are resolved by a linear program from 8 to 70% methanol 
in 25 min_ Detection is achieved by monitoring the absorbance at 280 nm. Time of anaiysis 
can be reduced by means of a new highspeed liquid chromatography package. 

This method allows the study of the effect of Phe-Ala on the cerebraI metabolism of 
Leu-Enk_ For this purpose, membrane preparations from rat striatum were incubated in 
the presence of [‘HJLeu-Enk with different concentrations of Phe-Ala from lo-’ to lo-’ 
M during 1 h at 37°C. Ccllected eluates were counted by liquid scintilhvtion. The results 
suggest the presence of three membrane enzymes which generate the tbme metabolites, 
m, TyrClyCIy and ‘&nGly, in order of abundance_ Mkimum inhibition of [‘HI Leu-Enk 
degradation is obtained tit a concentration of lo-” Af Phe-Ala_ 

INTRODUCl’ION 

In 1975, Hughes et al. [l] isolated from pig brain two peptides with mor- 

phine-like activity at the opiate receptor level. Both of their structures cor- 
responded to related pentapeptides differing only in the C-terminal amino 
acid and were accordingly named methionine- and leueine-enkephahn. Sub- 
sequently, Larsson et al. [2] demonstrated that these two peptides are lo&- 
ized in separate neurones in brain and intestine, Also, .different studies carried 
out at the bioIogical and pharmacological level suggest the occurrence. of 
multiple types of opiate receptors: the socailed mu receptors which cor- 
respond preferentially to morphine whereas the delta receptors show a higher 
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affinity for certain enkephalin derivatives, such as (D-Ala=-D-Leus)-enkephalin 
133. Their different localization in various brain structures, all of them related 
to the cerebral cortex and Iimbic system, point to the possible mediation of 
analgesic actions by the mu receptors and emotional behaviour by the delta 
receptors. On the other hand, these and related peptides appear to act as 
neurotransmitters, being localized in specific neuronal populations where 
they modify neuronal activity 143 through their release upon membrane 
depolarization. 

The identification of a mechanism responsible for the specific enzymatic 
inactivation of these putative neurotransmitters would provide a better knowl- 
edge of their function, especially since no specific uptake system has been 
found to terminate their interaction with the opiate receptors. Along these 
lines, it is known that both Met-enkephahn (Tyr-Gly-Gly-Phe-iMet) and Leu- 
enkephalin (Tyr-Gly-Gly-Phe-Leu) can be variously cleaved by different en- 
zymes. Soluble and membrane-bound aminopeptidases cleave the Tyr-Gly 
bond, carboxypeptidases work on the Phe-Met or Phe-Leu bonds whereas 
membrane-bound dipeptidylcarboxypeptidases, enkephalinase A [ 51 or ACE 
[6] cleave the Gly-Phe bond and a dipeptidylaminopeptidase (enkephalinase 
B) cleaves the Gly-Gly bond. Very recently, two membrane-bound amino- 
peptidases have been solubilizecl and characterized in rat brain [7] . 

Nevertheless, it is still not clear which of these enzymes, if any, may specif- 
ically inactivate both of these neuropeptides at the synaptic level, For this 
purpose, it would be helpful to be able to study in some detail the resulting 
metabolic breakdown products of the enkephalins and corresponding turn- 
over, as well as the effects of different drugs on the activity of the responsible 
enzymes. This requires an analytical approach based on the isolation and 
unequivocal characterization of the precursor peptide and its metabolites. In 
this regard, high-performance liquid chromatography (HPLC) may be specially 
suited. The separation and analysis of a variety of neuropeptides by HPLC 
on reversed-phase columns has been described [S, 9]_ However, no comparable 
work has been done on the application of these techniques to neuropeptide 
turnover studies, which to date have been approached through the more 
restrictive use of thin-layer chromatography (TLC) [lo], and incomplete 
HPLC separation 173 _ 

This work addresses the practical problems related to the separation of 
Leu-enkephalin from its metabolites; tyrosine (Tyr), tyrosine-glycine (Tyr-Gly) 
and tyrosine-glycine-glycine (Tyr-Gly-Gly). Cue to their structural similitude, 
the di- acd tripeptide are especially difficult to resolve chromatographically 
and, in fact, their separation has not been described in the literature. The 
significance of the separation of the parent neuropeptide and its metabolites 
would lie in the possibility of having access to a practical means of evaluating 
which of the enzymes that reportedly act on these peptides may do so speclf- 
ically at the synaptic level_ 

The HPLC system described has been initially applied to the study of Leu- 
enkephalin degradation in the presence of different concentrations of the 
dipeptide Phe-Ala, a potent enkephalinase inhibitor. 
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EXPERIMENTAL 

Chemicals _ 
Tyrosine, tyrosine-glycine, tyrosine-glycine-glycine as well as leucine-enke- 

phalin and phenylalanine-alanine were purchased from Sigma (St_ Louis, MO, 
U.S.A.). The methanol and Pit A (commercial 0.005 M tetrabutylarnmoniurn 
phosphate solution for paired ion chromatography) were from Scharlau 
(Ferosa, Barcelona, Spain) and Waters Assoc. (Milford, MA, U.S.A.), respec- 
tively. 

Instrumental conditions for HPLC 

Leuenkephalin was resolved from its metabolites in two different HPLC 
systenls_ 

The first separations were carried out on a reversed-phase PBondapak Cls 
column (30 cm X 3.9 mm I.D., 10 ym particle size) mounted on a Model 
6000 A solvent delivery system, with Model U6K universal injector and a 
Model 660 solvent programmer, all of them from Waters Assoc. Elution was 
monitored with a UV absorbance detector Model 400, also from Waters, 
operated at 280 run_ 

Results were subsequently confirmed on a Perkin-Elmer Model 3B liquid 
chromatograph equipped with an LC-85 UV detector with a 2.3*1 flow-cell 
for high-speed HPLC [ll] _ Elution was also monitored at 280 run. In this 
case, the column was an RP-18 (10 cm X 4.6 mm I.D., 3 pm particle size). 

Chromatographic conditions 
In the usual HPLC system, the four components are completely resolved by 

means of a 25-min linear gradient from 8 to 70% methanol. Flow-rate was 
adjusted to 1.5 ml/min. 

In the high-speed HPLC system equipped with the 3+m particle column, 
the low-strength eluent was prepared by adding 10% methanol to the 0.0005 M 
solution of tetrabutylammonium phosphate_ The high-strength eluent was 
methanol. ln this case a 4-min linear program was run from 15 to 50% of 
high-strength eluent at a flow-rate of 1.5 ml/mm 

Prepamtion of the sample for HPLC 
A membrane preparation of rat striatum was obtained according to the 

following scheme [7] _ All striata of Sprague-Dawley rats were homogenized 
in 10 volumes of 50 mM Tris-HCl pH 7.4. The homogenates were centrifuged 
at 19,000 g for 20 min. The pellet was repeatedly washed with Tris-HCl 
buffer, resuspended and homogenized in a glass-glass potter_ 

The sample was centrifuged again in identical conditions as before and the 
pellet resuspended in 2 X 500 ~1 of Tris buffer and then homogenized using 
the same potter. 

Volumes of 200 ~1 of the final-homogenate were incubated at 37°C for 60 
mm in. the presence of. [ T~I--~H] leucine-enkephalin and varying concentrations 
of Ph&_Ala (10-7-10-3 M)_ 

Incubation is interrupted with 1 M. hydrochloric acid and after. centrifuga- 
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tion the supernatant is ready for direct injection in the HPLC system. The 
colkcted eluate fi-actions corresponding to the retention volumes of the pep- 
tide and the three metabolites are counted in a liquid scintillator. 

RESULTS AND DISCUSSION 

Fig_ 1 illustrates the HPLC profile obtained using a conventional reversed- 
phase lO+~m particle size column. As shown, the separation of a mixture of 
Tyr, Tyr-Gly, Tyr-Gly-Gly and Leu-Enk is excellent but it takes more than 
25 min, This, in practice, could become a disadvantage in the assay of a large 
series of biological samples since to the approximately 27 min of the separa- 
tion one has to add the time needed for the reversed program and re-equilibra- 
tion to the initial conditions, estimated at an extra 15 min per run, so that 
the total time comes to 42 min per injection. On the other hand, the colkction 
cf fractions for liquid scintillation counting can be substantially speeded up 
by resorting to a double injection of each sample, so that in the second injec- 
tion Leuenkephalin is eluted much earlier under stronger eluent conditions. 
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Fig. l_ HPJX profile from a sample containing !snown amounts of Tyr (T), TyrC;ly (TG), 
TyrGlyGly (TGG) and Leu-Enk (L-E) standards. Cohmn: PBondapak C,*. Linear pro- 
gram: 8% B to 70% B in 25 min. Flow-rate adjusted to 1.5 mllmin. Solvent A: Pit A/water_ 
Solvent B: methanol_ 

Fig- 2- (A) HPLC profile from a biological sample containing added amounts of Tyr (T), 
‘IYrGIy (TG) and TyrGiy-GIy (TGG) standards. Column: WBondapak C,,. Iaocratic con- 
ditions: Pit A/water-m ethanol (90rlO). Flow-rate adjusted to 1.5 ml/min. (B) HPJLC 
profile from a sample of authentic Leu-Enk (L-E)_ Column: SBondapak C,,_ Isocratic cop- 
ditions: Pit A/water--methanol (35:65). Flow-rate adjusted to 1.5 mIjmin. 
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For instance, Fig. 2A shows the separation achieved injecting a biological 
sample spiked with Tyr, Tyr-Gly and Tyr-Gly-Gly.. The eluent in this case 
is a mixture of Pit A with 10% methanol. Fig. 2B, on the other hand, shows 
the elution profile of a standard of Leu-enkephalin. The elution time has been 
shortened to less than 4 min by increasing the proportion of the methanol to 
65%. Under these isocratic conditions (Fig. 2) the two assays can be carried 
out in a total combined time of 20 min, thus cutting in half the time required 
for the complete separation in a single injection under gradient conditions. 

Consequently, a suitable scheme for the work-up of biological samples 
would be to divide the samples into two batches, collecting the metabolites 
in a first series of injections and the undegraded peptide in a second series of 
injections of the same samples. 

The chromatographic reproducibility of retention volumes for Tyr, Tyr-Gly, 
Tyr-GlyGly and Leu-Enk, which is of importance for the appropriate collec- 
tion of the corresponding eluate fractions, was calculated as 4.89 f 0.07 ml, 
13.87 i O-09 ml, 16.71 a 0.21 mland 4.57 + 0.16 ml(Z+ s, n=16), respec- 
tively. 

The HPLC procedure herein described was applied to the study of the 
catabolism of Leuenkephalin in rat brain in the presence of variable con- 
centrations of Phe-Ala (10-7-10-3 M). For this purpose, rat striatum mem- 
brane preparations were incubated with [WI--‘H] Leuenkephalin and Phe-Ala. 
The incubates were directly injected in the liquid chromatograph and the 
eluent fractions corresponding to the parent peptide <and metabolites were 
collected for radioactivity counting_ The results thus obtained demonstrate 
the formation of three metabolites: Tyr, Tyr-Gly and Tyr-Gly-Gly. No radio- 
activity response could be obtained for the tetrapeptidic metabolite Tyr-Gly- 
Gly-Phe. Although the abundance of the three metabolites relative to the 
parent enkephalin varies somewhat according to the concentration of Phe-Ala, 
their ranking in terms of predominance does not change, as illustrated in Fig_ 3. 

Tyrosine, the major metabolite, invariably shows relative abundances greater 
than 50% in all cases, followed by the tripeptide Tyr-Gly-Gly with relative 
abundances of the order of 9-15% In contrast, the dipeptide Tyr-Gly does 
not amount to more than 6% of the total radioactivity_ Also, depending on the 
concentration of Phe-Ala, the recovery of unchanged Leu-enkephalin stays 
within ll-27%. 

Another interesting observation is that these variations are. not uniform 
across the whole concentration range of Phe-Ala. For instance, Leu-enkephalin 
degradation to Tyr increases when the concentration of Phe-Ala is increased 
from 10-‘-M to 10WG M, whereas the change from lo-” M to 10e3 M results in 
less degradation with increased formation of the tripeptide. This is illustrated 
in Fig. 3, which depicts the individual variations of the relative amounts of 
each compound_ 

The assay of these enzymatic activities in. four replicate samples run for 
each one of thd inhibitor (Phe-Ala) cqncentrations. shown in Fig_ 3, gave 
coefficients of variation for the variOus metabolites~ of the -order of 3-15%, 
reflect!ng a. &iequ& in&-&say variability for biologicat applications. 

An mteresting alternat& for the more rapid separation of these compounds 
would lie in the possibilities afforded by the modem technique of high-speed 
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Fig, 3_ Percentage recovery of Tyr (T), *Gly (TG), Tyr-GlyY(;Iy (TGG) and Leu-Enk (L-E) 
in a rat brain membrane preparatian from striatxun incubated with different concentrations 
of an enkephalin= hhibitor (Phe-AIa)_ 

liquid cohmn chromatography 1111 carried out on specially designed in- 
strumentation and columns of conventional diameter packed with 3_ctm par- 
ticles. 

The results obtained by application of this new Methodology to the prob- 
lem posed by the separation of these four compounds are illustrated by the 
profire of Fig, 4, Note the substaatial reduction in total analysis time, which 
is now of the order of 6 min plus 1 min re-eqtibration of the system to initial 
conditions, compared to the 42 min in the conventional system; that is, a 
ret&z&ion of time by a factor of seven. In this manner we can inject, separate 
and collect the eluates corresponding to these peptides in only ‘7 min. 

Nevertheless, Che technique at present is still not free from some practical 
limitations like the restricted capacity of these small columns. On the other 
hand, this type of chromatography requires special instrumentation regarding 
the detector and connecting tubes in order to reduce extra column bandwidth 
to a level compatible with the very high efficiency of the 3-5-ctm particles 
used to pack the columns. 

The data herein presented demonstrate the convenience and speed of EWLC 
for the separation of Leuenkephalin and its metabofites in biological samples. 
The method simplifies significantly the necessary purification process, being 
rno= speciEc, rapid and reliable than conventioaat TLC methods, Also, the in 
dividual fractions are more readiiy coilected and counted, although pzesumabl5 
a radioactivity counter for TLC couId also be used, Nevertheless, the speec 
of the HPLC method facilitates the assay of a large number of biological sam 
pies which would aUow an stensive study of this particular topic in the nea 
fi&ure_ 
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Fig- 4- HPLC profile from a sample containing Tyr (T), Tyr-Gly (TG), Tyr-Gly-Gly (TGG) 
and Leu-Enk (L-E) standards. Columu: RP-18 (3-m particle size)_ Linear program: 15% 
B to 50% B in 4 min_ Flow-rate adjusted to l-5 ml/min_ Solvent A; Pit A/water--methanol 
(9O:lO). Sobznt B: methanol. 

The first results obtained in this fashion seem to confirm the absence of the 
tetrapeptide that would be generated by the action of a carboxypeptidase, 
demonstrating that the major metabolites present in these incubates are Tyr 
and Tyr-Gly-Gly [12]_ However, the relative abundance of these two metab- 
elites is appreciably modified by the concentration of the added Phe-Ala 

The dipeptide Tyr-Gly is always a minor component. Also, the observed 
predominance of Tyr indicates a greater activity of aminopeptidase compared 
with enkephalinase A [13] _ 

Finally, the method is equally applicable to the study of the metabolism of 
Met-enkephalin since the metabolites in this case would be identical. 

ACKNOWLEDGEMENT 

This work was supported under a research program by the Consejo Superior 
de Investigaciones Cient?!cas. 

We thank Perkin Elmer Hispania, Barcelona, for the facilities provided for 
the high-speed HPLC instrument. 

REFERENCES 

1 J_ Hughes, T-W_ Smith, H-W, Kosterlitz, L. Forthergill, B.A. Morgan and HX Mar% 
Natum (London), 258 (1975) 577. 

2 Ll. -n, S-R, Childers and SJX Snyder, Nature (London), 282 (1979) 497. 
3 C, Pert, I). Bowie, B_T_W_ Fang aud J, Chang, in H-W. Kosterlitz (Editor), Opiates and 

Endogenous Opioid Peptides, North-Holland, Amsterdam, 1976, pp- 79-86- 



122 

a 

5 

6 
7 
8 
9 

10 
11 
12 
13 

T-W_ Smith, J_ Hughes, H-W. Kosterlik and RP- %E=% in H-W- Kc&e&z (Edit&, 
Opiates uld Endogenous Opioid Peptides, North-Holland, Amsterdam, 1976, P- 57. 
J-C_ Schwartz, S_ de la Baume, B_ M-y, G. Patey, R. Perdrisot, JP. Swerts, M-C. 
Fourre-zaluski, G_ Gacel and BP_ Roque.s, in E. Costa and M. TrahUCdli (EditorS). 
NeUronal Peptides and Neuronal Communication, Raven Press, New York, 1980, 
pp- 245-264. 
H-Y-T_ Yang and NH_ Neff- J_ Neurochem_, 19 (1973) 2443. 
LB. Hers&, Biochemistry, 20 (1981) 2345. 
HR. Morris, A-T_ Etienne, A. Dell and R. Albuquerque, J. Neurochem., 34 (1980) 574. 
JR_ McDermott, A-I. Smith, 34. Biggins, M_C_ Al-Noaemi and J_A_ Edwardson, J_ 
Cbromatogr-, 222 (1981) 371. 
E.G. Erdos, AR. Johnson and N-T_ Boyden, Biochem. Pharmacol., 27 (1978) 843. 
J_L_ Di cesare,M_W. Dorig and LS. Ettre, Chromatographia, 14 (1981) 257_ 
SH. Snyder, Science, 209 (1980) 976. 
JM_ Hambmok, BA_ Mogul, l&J_ Rance and CP_C_ Smith, Nature (London), 262 
(1976) 782. 


