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ABSTRACT 

THE ANALYSIS OF METHIONINE AND LEUCINE ENKEPHALINS IN 

RELATIONSHIP TO THE IMMUNE RESPONSE IN TRAUMA PATIENTS BY 

HIGH PRESSURE LIQUID CHROMATOGRAPHY AND 

MICROSPECTROPHOTOMETRIC TECHNIQUES 

Ruth J. Green 

Master of Science 

Youngstown State University, 1988 
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Numerous reports on the affect of enkephalins 

(endogenous opiates) on the immune system have recently 

appeared in the literature. Most of these are studies which 

center on the site of production, effects on the nervous 

system, and their role in the modulation of pain. However, 

none of these studies report on the interaction and effect of 

these molecules on circulating lymphocytes. The present 

study presents data on serum methionine and leucine 

enkephalin levels and their affects on circulating 

lymphocytes. Twelve emergency room trauma patients were 

studied over a three day period. Serum enkephalin levels 

were assayed by means of high pressure liquid chromatography, 

while lymphocyte activity was accessed by measurements of DNA 

concentration and template activity coupled with protein 

synthetic activity. The latter studies were done by means of 

quantitative cytophotometry. 

Results of this study demonstrated that as levels of 

methionine enkephalin increased, DNA concentration, or 
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synthetic activity, and protein synthesis decreased. Leucine 

enkephalin had the opposite effect. This suggests that 

methionine and leucine enkephalins bind to different 

receptors on the surface of circulating lymphocytes. 

Emergency patients' response to treatment regarding post­

trauma stabilization of their condition significantly 

affected the levels of circulating enkephalins over the 

periods studied and thus the synthetic activity of 

circulating lymphocytes. 
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CHAPTER I 

Introduction 

Methionine and leucine enkephalins, recently discovered 

endogenous opioid peptides, are considered to be potent 

immunomodulators (Murgo et al., 1986). Conflicting evidence 

exists, however, as to their specific function. For example, 

in vivo studies in a normal control group of volunteers 

demonstrated that methionine enkephalin increased the numbers 

of active T-cells in the circulation, while at the same time 

increasing the activity of natural killer cells (Plotnikoff, 

1986). Jankovic and Marie (1987) suggest that the 

enkephalins have a dual effect on the humeral immune 

response. A large plasma concentration of enkephalins 

suppresses the immune reaction whereas a smaller amount 

enhances it. Wybran (1986) reported that there is no 

significant effect of the enkephalins on lymphocyte response 

to thymidine uptake or mitogenic activity at the site of 

their origin. However, data on whether enkephalins activate 

or depress the immune activity of circulating lymphocytes is 

lacking. The purpose of this study is to discover the 

effects of enkephalins on the activity of circulating 

lymphocytes in acutely traumatized patients. 

As previously stated, methionine and leucine enkephalins 

are naturally occurring endogenous opioid peptides. They 



originally thought to be synthesized in the pituitary 
were 

a common precursor which gives rise to alpha, beta, and 
from 

ma endorphins. The precursor was identified at that time 
gam 

as pre-proopiomelanocortin (Cox, 1982; Smyth, 1982). Recent 

evidence, however, disputes this. It is presently believed 

that the enkephalins and their precursors are formed in the 

chromaffin granules of the adrenal medulla (Cox, 1982). Two 

enkephalin precursors have been identified: pre-proenkepha­

lin A and pre-proenkephalin B. Pre-proenkephalin A contains 

six sequences of met-enkephalin and one sequence of leu­

enkephalin. Pre-proenkephalin B contains four sequences of 

leu-enkephalin (Evans et al., 1986). The structure of meth­

ionine and leucine enkephalins are Tyr - Gly - Gly - Phe -

Met and Tyr - Gly - Gly - Phe - Leu, respectively (Smyth, 

1982) . 

The enkephalins are thought to be released in response 

to stressful stimuli and may be associated with the release 

of catecholamines (Evans et al., 1986; Murgo et al., 1986). 

Once released they are distributed throughout the central 

nervous system as well as peripheral sites. The major area 

of concentration is the brain and pituitary (Evans et al., 

1986). Unlike catecholamines and other endorphins, the 

normal levels of enkephalins show no observable regular 

rhythm of release. There seems to be no relationship with 

time of day, food intake, or sleep (Shanks et al., 1981). 

The exact function of the enkephalins is not yet known. 

It has been variously suggested that they function as 

2 



r
otransmitters, neuromodulators, or as hormones (Cox and 

neu 

1982) They have been shown to participate in a 
saizman, • 

range of other activities such as analgesia, euphoria, and 
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thermoregulation. It is generally agreed that their effects 

are mediated through specific membrane receptors. Cells upon 

which they exert their effect are thought to vary as to the 

type and number of receptors they have on their surface. It 

is also believed that the opioids vary as to their binding 

affinities for the different receptors (Murgo et al., 1986). 

Five opioid receptors have been identified, namely, 

delta, epsilon, kappa, mu, and sigma (Murgo et al., 1986). 

Beta endorphin appears to be able to interact most 

specifically with delta, epsilon and mu receptors. Morphine 

appears to be specific for mu receptors. Enkephalins have 

the greatest affinity for delta receptors (Zukin and Zukin, 

1981; McIntosh and Faden, 1986; Murgo et al., 1986). 

Plotnikoff (1986) suggests that there may be two 

subpopulations of delta receptors - one for met-enkephalin 

and one for leu-enkephalin. It has also been suggested that 

met-enkephalin has a high specificity for mu receptors. This 

would account for the observed differences in the effects of 

the two types of enkephalins examined in this study. Since 

the enkephalins are specific for fewer receptors than beta 

endorphin, it is thought that the enkephalin function is more 

specialized (Zukin and Zukin, 1981). 

If, in fact, enkephalins behave as hormones, it is 

reasonable to assume that their activity would be relatively 
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iong-lasting. on the other hand, rapid degradation would be 

expected for neurotransmitter activity. It has been reported 

that the half-life for enkephalins in the plasma is a few 

seconds to 8 - 10 minutes (Hambrook et al., 1976). However, 

since blood is the carrier for these opioids Roda et al. 

(lg86) disagree and feel this hypothesis is contrary to that 

which is expected. Recently, three membrane-bound plasma 

enzymes involved in the degradation of the enkephalins have 

been identified: aminopeptidase, dipeptidylaminopeptidase, 

and enkephalinase. Their points of cleavage are shown in 

Figure 1 (Dickenson, 1986). The action of the aminopeptidase 

regarding cleavage at tyrosine is the most relevant since 

this step renders the peptide inactive (Roda et al., 1986). 

These conflicting reports present a dilemma concerning their 

function as reported in the literature, namely, that if 

enkephalins are, in fact, degraded so rapidly, how is it 

possible for them to exhibit their effect and how can their 

Aminopeptidase 

Dipeptidylaminopeptidase 

Tyr - Gly - Gly - Phe - Met (or Leu) 

Enkephalinase 

Fig. 1 Points of cleavage of the enkephalins by the three 
plasma enzymes. 



levels be measured accurately? By use of 
plasma 

tography and radioimmunoassay techniques, Shanks and 
chroma 
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workers (1981) had previously reported that the plasma 
hiS co-

enkephalin levels measured are intact peptides. They 

es ted that measurements of circulating enkephalin levels sugg 

reflect continuous secretion restoring the levels being 

degraded in the plasma. 

Roda et al. (1986) imply that there may be protective 

forces that prevent the enkephalins from being degraded. For 

example, they feel that in the adrenal gland where the enke­

phalins are produced, it would seem logical that the enzymes 

that break down the precursors would also break down the 

products, the enkephalins. It appears, though, that there 

are proteins and peptides within the chromaffin granule of 

the adrenal gland that the enkephalins bind to and are there­

by partially protected from hydrolysis. These proteins and 

peptides are released into the blood at the same time as the 

enkephalins are and possibly protect them from degradation by 

plasma enzymes. Once the enkephalins are in the blood, they 

may similarly bind to plasma components which carry them 

through the blood and prevent their hydrolysis. The most 

recent and generally accepted mechanism of enkephalin pro­

tection iri the blood proposes that there are other peptides 

in the plasma which compete for active sites on the degrading 

enzymes, therefore inhibiting their hydrolyzing effects on 

the enkephalins. However, most investigators agree that the 

turnover rate for these molecules is rather high. 



The goal of this study was to identify and quantify the 

1 
of methionine and leucine enkephalins that may be 

1eve s 

d by cardiac and trauma patients treated by the St. 
produce 

Elizabeth's Hospital emergency facility. This information 

then correlated with the activity of circulating was 
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lymphocytes at the same time period in order to determine the 

effects, if any, that the enkephalins had on these immun€ 

cells. 

Lymphocyte depression following trauma has been 

previously reported. Bauer et al. (1978) observed a decrease 

in circulating numbers of both T and B lymphocytes following 

trauma. The extent of the depression of the lymphocytes was 

related to the severity of the injury. Keane and associates 

(1983) recognized that lymphocyte blastogenesis and 

lymphocyte responsiveness to mitogens were also suppressed 

following trauma. Infection followed as a result of a 

compromised immune system. Consequently, it was reported 

that three out of thirty-one patients died during the course 

of this study. O'Mahony et al. (1984) support Keane's 

findings of decreased lymphocyte blastogenesis and 

responsiveness to mitogens. 

Infection due to immunosuppression following trauma is 

the leading cause of death in persons who survive the initial 

trauma (Levy et al., 1986). For this reason it is important 

to discover the cause of lymphocyte depression. It was 

formerly thought that cortisol was a major factor in 

irnrnunosuppression. Numerous studies contradict this theory 



. and Dale, 1974; Berenbaum et al., 1976; Keane et al., 
(Fauci 

1983
; o'Mahony et al., 1984). For example, Fauci and Dale 

studied the effect of cortisol on the number of circulating 

lymphocytes by the technique of rosette formation. After a 
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cortisol injection, the number of circulating rosette forming 

lymphocytes did, in fact, demonstrate a decrease, but only 

for a short period of time. The numbers returned to normal 

in less than 24 hours. This decrease was attributed to the 

redistribution of the lymphocytes out of the circulation and 

into other body compartments. This short-lived effect can 

not account for lymphocyte depression that could last up to 

15 -20 days after trauma (Keane et al., 1983). Berenbaum et 

al. (1976) showed that cortisol alone could account for only 

a slight suppression of lymphocyte response. O'Mahony et al. 

(1984) stated that while lymphocyte function was suppressed 

following trauma, cortisol was not the effector. 

In other studies, plasma beta endorphin levels were 

observed to increase following trauma while cortisol levels 

remained near normal (Shatney et al., 1985). Levels of beta 

endorphins have been shown to increase following trauma with 

a possible relationship to decreased lymphocyte 

responsiveness to mitogens (Levy et al., 1986). 

These studies demonstrate the need for additional 

studies which can demonstrate molecules which may affect the 

immune system in medically traumatized patients. _This study 

P0stu1ates that the enkephalins may be implicated in the 

Previously reported effects of lymphocytic activity following 

• ILL/AM F MA r; 
•ru I ,JGSTOWN. ST~ ·r J LIB.RARY 

' '
1 F Ur 11VERSfTY 

\ 



trauma-
wybran et al. (1979) demonstrated, as previously noted, 

of receptors on lymphocytes for morphine and the presence 

enkephalins. Here it was noticed that the addition of 

8 

h ·ne in vitro decreased the ability of the lymphocytes to 
morP 1 

r osettes with sheep red blood cells, whereas the form 

• of met-enkephalin increases rosette formation. The addition 

morphine blocked the sheep red blood cells from binding to 

the lymphocytes whereas the met-enkephalin increased their 

ability to bind. This was attributed to the presence of two 

different receptors, delta and mu, on the surface of the 

lymphocytes. 

Jankovic and Marie (1987) postulate that the enkephalins 

may exert a dual effect depending on their levels. High 

levels suppress whereas low levels enhance the immune system. 

Leu-enkephalin has been shown to increase thymidine uptake 

and mitogen response in developing lymphocytes, whereas met­

enkephalin showed no significant effect (Wybran, 1985). 

Relatively few studies have been done to correlate the 

levels of enkephalins with the activity of circulati"ng 

lymphocytes, especially after trauma. Whereas the majority 

of studies carried out on lymphocyte suppression involved the 

numbers of circulating lymphocytes and their ·responsiveness 

to mitogens, this study attempts to examine the effects of 

the enkephalins on measurable DNA activity and protein 

synthesis in circulating lymphocytes. 



9 

CHAPTER II 

Materials and Methods 

Blood was drawn in green top venoject tubes at St. 

Elizabeth's Hospital from cardiac and trauma patients 

admitted to the emergency room under the supervision of Dr. 

Howard White. Blood samples were taken from each patient at 

three separate intervals: one at admission, one at 24 hours, 

and another at 48 hours. The blood was then quickly centri­

fuged in order to separate plasma from the cells. The plasma 

was then placed in liquid nitrogen until examination by high 

performance liquid chromatography (HPLC), while the lympho­

cytes were isolated from the blood cells, affixed to slides, 

and prepared for quantitative cytophotometric analysis. 

Lymphocytes were separated from other blood cells in the 

following manner: two milliliters of the cells were layered 

on three milliliters of Histopaque (Sigma Chemical Company, 

St. Louis, Missouri). The preparation was then centrifuged 

at 2200 rpms for thirty minutes. The isolated lymphocytes 

appear as a white layer near the top of the centrifuged sol­

ution. The recovered lymphocyte layer was pipetted off into 

another 15 ml. centrifuge tube and washed three times with an 

8 • 5% saline solution. Smears were made on pre-albuminized 

s1 ·a 
i es representative of each time period previously 

mentioned, for each patient. The slides were allowed to dry 



e then fixed in 10% buffered formalin for 24 hours. 
and wer 

The S
lides were then washed in 70% ethanol for 24 hours. 

then removed and allowed to dry and were then 
TheY were 

· slide storage boxes for future quantitative placed in 

measurements of nuclear DNA and protein. 

§_tainin~ 

DNA 

Slides from each mentioned time period regarding each 

patient were stained for DNA measurements by means of the 

Feulgen nuclear reaction for quantitative cytophotometry. 

10 

The stain, under certain conditions, is stochiometric for DNA 

(Feulgen and Rossenbeck, 1924). 

The stain was prepared as follows: 

10 grams of Basic Fuschin obtained from Fisher 

Scientific Co. {Fair Lawn, New Jersey), dye lot #42510, 

and 22 grams potassium meta-bisulfite were added to one 

liter of 1 N HCl. This solution was wrapped with 

aluminum foil to prevent exposure to light and was 

stirred mechanically for two hours. The stain was then 

placed in a dark cabinet overnight. Five grams of 

activated charcoal from Fisher Scientific were added to 

the stain. The stain was suction filtered until it 

became a colorless solution. 

The staining procedure used is as follows: 

Since the slides were previously hydrated in 70% 

_ethanol, they wer~ placed directly into distilled 

water for five minutes and ,hydrolyzed in 5 N HCl for 45 
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minutes (Yemma and Therrien, 1972). Acid hydrolysis 

removes the purines at the level of the purine­

deoxyribose glucosidic bond of DNA (depurination), thus 

unmasking the aldehyde groups of deoxyribose, wherein 

lies the specificity of the reaction (Destefano, 1948). 

Hydrolysis is followed by the stain for two hours. The 

stain reacts with the exposed aldehyde groups left by 

hydrolysis. Before the slides are placed in the stain, 

it must be fortified with 10% potassium meta-bisulfite 

in a ratio of 4 parts stain to 1 part potassium meta­

bisulfite. Following staining, slides were rinsed in 

two changes of 10% potassium meta-bisulfite for five 

minutes each. The slides were then rinsed in distilled 

water for one minute and dehydrated in a graded ethanol 

series, consisting of 70%, 90%, and 100% ethanol for 

three minutes in each. Finally, the slides were cleared 

in xylene for 5 minutes and mounted. Controls and 

experimentals were stained simultaneously in order to 

eliminate any variation in staining. 

Protein 

Quantitative cytophotometric measurements for lymphocyte 

cytoplasmic proteins were made utilizing the methods of 

Deitch (1955). The procedure requires that tissues be 

stained with 1% Naphthol Yellows in 1% acetic acid. Both 

experimentals and controls were stained simultaneously. The 

st · ain was made up as follows: 
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The 
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g rams of Naphthol Yellow S (Sigma Chemical Company) 2.5 

added to 247.5 milliliters of distilled water and was 

5 milliliters of Glacial Acetic Acid. 2. 

f ollowing staining procedure was utilized: 

The slides were dipped in boiling water to remove any 

formalin fixative. The slides were then put in 1% 

Naphthol Yellow S stain for 15 minutes followed by 

treatment in 1% acetic acid for 18 hours for the purpose 

of tissue differentiation. They were then dehydrated in 

an ethanol series of 50%, 70%, 95%, and 100% for five 

minutes each. The tissues were cleared in xylene for 

five minutes and mounted. 

Microspectrophotometry 

A Zeiss Universal Type 01 Microspectrophotometer with a 

lOOX Planachromatic oil immersion lens was used for 

quantitative cytophotometric measurements of lymphocytic 

' nuclear DNA and cytoplasmic protein. DNA measurements were 

made utilizing the two wavelength method of Pataw (1952). 

The procedure is as follows. 

A maximum absorbing wavelength is selected. A second is 

then chosen so that 

Where: 

El = log I
0 

/ Is at 1' 1 (maximum wavelength) 

E2 = log I
6 

/ I 
5 

at 1\. 2 (half maximum wavelength) 
1o is background 11.· ght and Is is light passing though the 

spec_ imen. M . aximum and half maximum wavelengths chosen were 



"m and 505 nm, respectively (Yemma and Therrien, 1972). 
560 "'" 

After the two wavelengths have been selected, 

regions may be measured. The amount of dye inhomogenous 

the measured area, A, regardless of its 
(DNA) in 

distribution, is given as: 

M = KAL1 D 

13 

Constant (1/e), where e is the extinction coefficient at 
IC :: 

and may be disregarded for relative measurements, and was 

done in this study. Transmissions (T1 and T2 ) were taken at 

wavelengths 1 and 2 for each nucleus. From these values, L1 

and L
2 

were calculated. 

L
2 

= (1 - T2 ) = absorption where T2 = I
8
/I

0 
at 1'. 2 

D = L
2

/L1 (Correction factor for unoccupied space in the 

reading aperture) 

A = area of reading aperture 

M = amount of absorbing molecules in the measured area 

Quantitative measurements of cytoplasmic protein were 

made using the plug method (Swift, 1950). In this method, 

the amount of dye binding to tyrosine and lysine residues is 

quantitatively measured. 

In this study, a cytoplasmic area was measured (plug) 

for each lymphocyte, both experimentals and controls, so that 

Protein 1 = KEA pug 
k is the · extinction coefficient, and was disregarded since 

only relative measurements were made. The wavelength 

Utilized · in the measurements was 425 nm, since this gave 



absorption of bound dye molecules. 
•aximum 

E = the extinction at 425 nm 

A= area of the plug 

A =-R2 where R is the radius of the plug, an since ,, 

1 
reticule, having been previously calibrated, was 

ocu ar 
. 1 ·zed in order to obtain this value. Care was taken to 

utl l 

re that the measurements were small enough so that the ensu 

rounded surface of the sphere may be considered flat. A 

14 

control was run with each experimental in order to ensure 

that stochiometric values were obtained for all stained 

cells. All calciulations were done using an Amdahl mainframe 

computer and an American Telephone and Telegraph computer. 

All measurements were duplicated to ensure repeat­

ability. In order to ensure that measurements were 

randomized, it is important to note that the microspectro­

photometer pulses each cell 280 times per second. Thus the 

transmission or optical density reading obtained is actually 

the average of these pulses. In addition, the selection of 

measured cells was random. 

HPLC -
The measurement of methionine and leucine enkephalins 

was accomplished by using a Perkin Elmer series 400 

chromatograph equipped with a Model LC75 variable-wavelength 

detector set at 280 nm. 

The buffers used were A) 0.02 M phosphate buffer, pH 6.0 

4nd 
B) acetonitrile. The acetonitrile and the HPLC water 

used to make up the phosphate buffer were obtained from 



scientific Co. 
fisher 

The sodium phosphates, monobasic and 

were obtained from Sigma Chemical Co. 
dibasiC, 

Before each 

15 

the buffers were suction filtered through a 0.45 um pore 
use, 

f ilter (Pierce Chemical Co., Rockford, Illinois), and 
size 

enated with pure helium. deoxyg 
Blood samples were drawn in the emergency room at St. 

After Elizabeth's Hospital from trauma and cardiac patients. 

centrifugation, the serum was placed in liquid nitrogen and 

kept frozen until utilized. Prior to analysis, the serum 

samples were thawed at room temperature and filtered through 

a o.45 um filter (Gelman Sciences, Ann Arbor, Michigan) into 

a sample vial. Twenty microliters of each sample were 

injected onto a c1 ~ RP300 column (Pierce) using a Perkin 

Elmer ISS-100 injector with a 200-ul loop. 

The mobile phase was delivered as a linear gradient of 

100% A to 50 % A and 50 % Bin 20 minutes at a flow rate of 

1.5 ml/min. Following each run, the column was flushed with 

HPLC water for 10 minutes. An oven supporting the column was 

utilized in order to keep the system at a constant 

temperature of 30 degrees centigrade. 

Methionine and leucine enkephalin standards were 

obtained from Sigma Chemical Co. and were reconstituted to a 

concentration of 1 mg/ml. The standards were utilized as 

external standards in order to detect the serum enkephalin 

levels of experimental patients' samples. A Perkin Elmer 

75 oo Professional Computer was used to record and analyze the 

data. 



CHAPTER III 

Results 

Levels of serum methionine and leucine enkephalin were 

m1·ned for 7 cardiac and 5 trauma patients admitted to deter 
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st. Elizabeth's Hospital emergency room, by the technique of 

high performance liquid chromatography. This was coupled 

with quantitative cytophotometric measurements of DNA and 

protein concentrations of circulating lymphocytes for each 

patient. Results are shown in Figures 2 - 33. HPLC data is 

presented as graphs upon which are plotted retention time 

versus voltage. Cytophotometric data is illustrated by means 

of histograms upon which are plotted number of cells analyzed 

versus DNA or protein concentration. All are displayed in 

relative units. A summary of the data is listed in Table 1. 

Controls were prepared from pooled serum obtained from 

normal, healthy individuals (Figs. 2-4). Enkephalin levels 

of patients were compared first to a pure standard purchased 

from Sigma Chemical Co. in order to pinpoint their location 

as peaks produced by the HPLC. Chromatographic analyses of 

experimental serums were then compared to the normal control 

in order to determine their retention time or relative area. 

Enkephalin levels are reported in arbitrary units and 

represent the amount present when compared to normal levels 

in the pooled control. 



measurements were performed by stochiometrically 
DNA 

the lymphocytes by means of the Feulgen reaction 
staining 
coupled with quantitative cytophotometric measurements and 

ted in arbitrary units of concentrations. Histograms 
repor 

17 

were plotted for each patient showing the distribution of the 

easured nuclear DNA values. The mean, standard deviation 

The and standard error are reported for each histogram. 

results over a three-day span is shown for each patient 

studied. It is important to note that all histograms exhibit 

a unimodal distribution of DNA concentrations as would be 

expected for a non-dividing cellular population. Since the 

lymphocytes studied were circulating lymphocytes, no mitosis 

was seen. These lymphocytes may, however, exhibit an 

increase or decrease in template activity through an increase 

or decrease in diffuse DNA, resulting in a differential in 

dye binding which is measurable. This change should be 

reflected in slight increases or decreases in cellular DNA 

and thus protein levels. However, cells with a DNA 

concentration equal to a doublirig of DNA, as would be 

expected in a dividing cellular population reflecting the 

presence of a synthetic and G
2 

phase of the cell cycle prior 

to mitosis, should not normally be seen. The data presented 

here does, in fact, demonstrate slight changes in template 

activity, regarding some cells within the experimental 

P<>pulation but not equivalent to that which would be expected 

of synthetic or G2 phase cells. The DNA mean obtained from 

the Pooled control was 1.398. Controls along with 



r
imentals are presented in Figs. 3, 6, 8, 10, 13, 15, 

el<Pe 

2
l, 24 , 26, 29, 31, and 33. 

18, 
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Those patients for whom cytoplasmic protein measurements 

of the lymphocytes were made will serve to emphasize either 

l
·ncrease or decrease in DNA template activity. The 

an 
lymphocytes were stained with Naphthol Yellows and 

concentrations were determined by quantitative 

cytophotometric measurements. The correlation between DNA 

and protein synthesis was observed to be consistent in the 

patients studied. The mean for the relative protein 

concentration of the pooled control was 5.928 and is 

presented along with experimentals in Figs. 4, 11, 16, 19, 

22, and 27. 

Patient Tr - 9 7 

Serum samples for this patient were taken on days 1, 2, 

and 5. (Figs. 5 and 6) Days 1 and 2 show high levels of 

enkephalins which become undetectable by day 5. The 

concentration of DNA was slightly above normal upon admission 

but dropped by the second day. It then returned to normal by 

the fifth d ay. Notice the shift to the left of the histogram 

on day 2, as compared to that of the control, signifying a 

reduction in DNA template activity. This data indicates that 

DNA responses to enkephalin levels may be time dependent. In 

aaa · · ition, this data appears to support the contention of 

Jankovic and Marie (1987) which states that high levels of 

enkephalins may suppress the immune response, whereas lower 

l evels may have the opposite effect. 



Cr - 01 patient 
This patient had serum samples drawn on days 1, 3, and 
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,. Elevated levels of met-enkephalin are seen upon admission 

44 times normal) 
( 5. 

(Fig. 7) while the concentration of DNA 

nstrated lower demo 

(0.617) (Fig. 8). 

template activity during this period 

Leu-enkephalin is 1.55 times normal. Days 

Both 
3 

and 4 show undetectable levels of met-enkephalin. 

Ieu-enkephalin and the DNA concentration have increased over 

this two-day period. 

Patient Cr - 5 9 

Patient Cr - 59 had measurable DNA template activity 

near normal on the first day which subsequently dropped to 

almost half the normal value by the second day. (Fig. 10) 

The third day demonstrated a return to near normal levels. 

Protein synthetic activity decreased on the second but 

i ncreased by the third day. (Fig. 11) Serum methionine and 

l eucine enkephalin levels were relatively high on the first 

day, 5.03 and 1.80 times normal, respectively, and dropped to 

undetectable levels by the third day. (Fig. 9) A time 

dependent relationship between enkephalin levels and DNA 

synthetic activity appears operative. 

Patient Tr _ 41 

High levels of serum met-enkephalin levels were recorded 

on day one, 5.28 times normal. This slowly decreased to 3.26 

times normal by the third day. Leu-enkephalin appeared only 

n day 2. Mean DNA levels dropped from 0.898 to 0.620 over 
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three day period. This drop is reflected by the shift to 
the 

left of the histograms when compared with controls. 
the 

• 
5 

12 and 13) 
(F19 · 

patient er - 90 

patient Cr - 90 demonstrated undetectable serum levels 

of met-enkephalin for each of the three day serum samples. 

(Fig. 14) The level of leu-enkephalin upon admission was 

J.SS times normal. This level increased by the second day •. 

on the third day a slight decrease was observed, however, 

levels were still 2.20 times that of normal. DNA and protein 

concentrations were below normal on admission and correlated 

well with leu-enkephalin levels, demonstrating a decrease in 

synthetic activity. (Figs. 15 and 16) 

Patient Cr - 55 

Met-enkephalin levels were detectable only on day 2 when 

the DNA activity was recorded at the lowest level for the 

period measured. Leu-enkephalin was detectable at this time 

as well as the third day. (Fig. 17) DNA measurements of 

activity were near normal by the third day. Protein 

synthetic activity correlated well with this pattern of 

activity. (Figs. 18 and 19) 

Patient Cr - 02 

Levels of serum met-enkephalin were below detectable . 
levels in th h et ree serum samples that were taken. However, 
the level of leu-enkephalin was 2.32 times normal on day 1 

a
nd stabilized to 1.61 and 1.62 times normal for day 2 and 3, 
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ly (Fig. 20) 
respective . 

DNA concentration, or activity, was 

on the first day (0.583) 
10w 

but increased to a steady level 

the second and third day (0.609 and 0.605). (Fig. 21) 
for 

P
rotein concentrations demonstrated a similar pattern of 

The 

correlation. (Fig. 22) 

patient Cr - 16 

serum met-enkephalin levels were undetectable until the 

third day sample collection at which time it measured 6.26 

times normal. (Fig. 23) DNA activity gradually increased to 

near normal levels by the third day. (Fig. ·24) 

Patient Cr - 9 4 

Patient Cr - 94 demonstrated undetectable serum 

enkephalin levels until the third day. Levels on this day 

were 4.39 times normal for met-enkephalin and 1.48 times 

normal for leu-enkephalin. (Fig. 25) The DNA concentrations 

steadily decreased, demonstrating decreased synthetic 

activity, over the course on the three days. (Figs. 26 and 

27) Note that the DNA concentration is lowest when the 

enkephalin levels are highest. 

Patient Tr - 6 9 

Serum enkephalin levels were below detectable levels in 

this patient for each of the three day serum samples. (Fig. 

28 ) However, the concentration of DNA was almost half that 

of the normal on the first day, reflecting a decrease in 

synthetic activity, but returned to normal by the third day. 

(Pig. 29) 



Tr - 14 
patient 
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No measurable levels of serum enkephalins were detected 

f or anY 
of the three days sampled. (Fig. 30) DNA activity 

l
•nitially low and steadily increased over the three days. 

vas 

(fig. 31) 

patient Tr - 89 

This patient was recorded as having suffered extensive 

i njury to the brain and spinal cord, the result of a suicide 

attempt. Relatively no serum enkephalins were detectable. 

(Fig. 32) DNA activity as well as the number of lymphocytes 

dropped dramatically by the third day. (Fig. 33) This 

patient died soon after admission to the hospital. 

It is quite interesting to note that the results 

demonstrate good correlation between enkephalin levels, DNA 

template activity, and protein synthesis. This is supported 

by evidence that when serum met-enkephalins levels are above 

normal, DNA template activity and protein synthesis are below 

normal. In addition, when leu-enkephalin levels increase, 

DNA activity and protein synthesis correspondingly increase. 

These observations suggest that methionine and leucine 

enkephalins have opposite roles in regard to their effects on 

tbe lymphocytes and that this relationship appears to be time 

dependent. 



Figures 2 - 4 

Enkephalin, DNA, and Protein Data 

for Pooled Control 
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Figures 5 and 6 

Enkephalin and DNA Data 

for Patient Tr - 97 

27 



Chrornatographic Analysis of the 
Enkepha I ins 
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Figures 7 and 8 

Enkephalin and DNA Data 

for Patient Cr - 01 
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Figures 9 - 11 

Enkephalin, DNA, and Protein Data 

for Patient Cr - 59 
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Figures 12 and 13 

Enkephalin and DNA Data 

for Patient Tr - 41 
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Figures 14 - 16 

Enkephalin, DNA, and Protein Data 

for Patient Cr - 90 
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Figures 17 - 19 

Enkephalin, DNA, and Protein Data 

for Patient Cr - 55 

44 



Chromatographic Analysis of the 
Enkepha I ins 

Figure 17 

.a 2 

45 

--·---.... - ___ .-.• --..... ---~--_._ 
-··--.-.·.'-- --·--·· ··-.. - - - .•.·-____ .---- . - - ·•---.· -. ,._ ._ .... _____ .;>._!--~.-· ·-·-~ ____ ., _ _ .•-·~·-- --··-·--·--·---··--- -. 

Day three 

I 8 Day two 

•. ~ .. ···---- __ ;_. __ __ !. , .... _ ... _9'!_ • • .,,. .... ._,. ___ ._._ .. _._-~--.- -'-'-•...,.-_ __ __ __ :_•_•_:.- ·•.~ -- .... ________ , .~-...-- .--.-..-• ... -·"a ....._ .. ..__ . ._-.. ,--·--:.•-··--............... _ .. ____ ....J 

----. 
Day one 

i 
[__ 

I 10.0 10, 4 l0. 8 11· , l j I 6 
M . "·: L d, 

time (minutes) 

M = time where met-enkephalin should appear 

L = where leu-enkephalin should appear 



• 
' 
0 .. 
J 
E 
:I z 

46 
flistograms of Relative DNA Concentrations 

o.2 Arb it ra ry Units /Division 

40 

30 

20 

10 

0 
40 

30 

20 

10 

0 
40 

30 

20 

10 

1.0 

Figure 18 

2.0 3.o 

Day one 

x = 0.69339 

S.D. = o.2163~ 

S.E. = 0.03123 

Day two 

X = 0.51955 

S • D • = 0 • 14 04 7 

S.E. = 0.02071 

Day three 
X = 1.09906 

S.D. = 0.29~62 

S.E. = 0.04223 



• 

47 

tlistogram~ of Relative Protein 
Concentrations 

1.0 Arbitrary Unit/ Division 

· 16 

12 

8 

4 

0 

Figure 19 

' · 

Day one 

x = J.~2@ 

S.D. = 0.164 

S.E. = 0.037 

• I: -,. 
I • IC .. 
0 

~ • .. 
E 
~ • 

16 

12 

8 

4 

0 

16 

12 

8 

4 

0 

Day two 
X = 2.~26 

S.D. = 0.105 

s.·E. = 0.024· 

Day three 
X = J.903 

S.D. = 0.129 

S.E. = 0.029 

1 2 3 4 5 6 7 . 8 



Figures 20 - 22 

Enkephalin, DNA, and Protein Data 

for Patient Cr - 02 
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Figures 23 and 24 

Enkephalin and DNA Data 

for Patient Cr - 16 
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Chromatographic Analysis of the 
Enkephalins 
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Figure 24 
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Figures 25 - 27 

Enkephalin, DNA, and Protein Data 

for Patient Cr - 94 
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Figure 26 
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Figures 28 and 29 

Enkephalin and DNA Data 

for Patient Tr - 69 
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Figure 29 
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Figures 30 and 31 

Enkephalin and DNA Data 

for Patient Tr - 14 
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Figure 31 
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Figures 32 and 33 

Enkephalin and DNA Data 

for Patient Tr - 89 
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Table 1 

SUMMARY OF DATA 

Relative Relative 

patient 
NUJ!lber 

'Patient 
Type1 'Age loay 

IEnkephalin 
Levels

2 

I Relative 
DNA Cones. 

!Protein 
Cones. 

!Pooled 
Control 1.00,1.00 11.398!_0.58415.928!,0.192 

97 T I * 1 5.46,2.76 1.688.:t_0.455 
2 7.06,2.23 0.900.:t_0.222 
5 0,0 1.494.:t_0.413 

01 I C I 69 1 5.44,1.55 0.617.:t_0.245 
2 0,4.20 0.686!_0.129 
4 0,6.72 0.767+0.153 

59 I C I 51 1 5.03,1.80 1.002.:t_0.158 3.522±_0.199 
2 4.35,1.11 0.789.:t_0.248 3. 001.:t.O .183 
3 0,0 1.020.:t_0.350 4.328±_0.207 

41 I T I * 1 5.28,0 0.898.:t_0.207 
2 4.09,2.11 0.659!_0.349 
3 3.26,0 0.620:!:_0.133 

90 I C I 69 1 0,3.85 0.667±.0.149 3.368!_0.130 
2 0,3.93 0.975±.0.205 3.953±_0.152 
3 0,2.20 0.853±.0.190 2.994.:t_0.145 

55 I C I 75 1 0,0 0.693!,0.216 3.820:t_0.164 
2 1.29,1.61 0.520!_0.140 2.826!,0.105 
3 0,1.11 1.099!_0.299 3.903:!:_0.129 

02 I C I 96 1 0,2.32 0.583.:t,0.147 3.328:t_0.126 
2 0, 1. 61 0.609!_0.168 3.480:!:_0.201 
3 0,1. 62 0.605±_0.100 3.255:!:_0.164 

16 I C I 65 1 0, • 5 9 0.832.:t,0.150 
2 0,0 0.924±_0.264 
3 6.26,.52 1.029.:t,0.255 



Table 1 Cont. 

Relative 

patient 
Number 

!Patient 
Type 1 IAge loay 

IEnkephalin 
Levels

2 

94 C I * 

69 I T I * 

14 I T I * 

89 I T I * 

* - Data not available 

(1) T = trauma patient 
C = cardiac patient 

1 0,0 
2 0,0 
3 4.39,1.48 

1 0,0 
2 0,0 
3 0,0 

1 0,0 
2 0,0 
3 0,0 

1 0, • 24 
2 o.o 
3 0,0 

69 

Relative 
'Relative 

· DNA Cones. 
'Protein 
Cones. 

0.964.:t_0.231 7. 453 .~0. 559 
0.728.:t_0.222 3.928 !_0.326 
0.685.:t_0.346 5. 430 .!.0. 383 

0.787.±_0.224 
0.929.:t_0.662 
1.296.:t_0.213 

0.527.:t_0.085 
0.552.±_0.196 
0.703.±.0.253 

0.950±0.175 
0. 4 7 2.-t.0. 174 
0.228.±_0.039 

Enkephalin levels were determined by comparing the relative 
areas of the enkephalins in the patient serum to the area 
in a pooled normal control. Thus, if a patient has a level 
of 5.00, this indicates that the area produced by that 
enkephalin is 5.00 times greater than that in the pooled 
control. A level of 0 means that there were no detectable 
enkephalins in that sample. 
The first number in the pair for each day represents the 
level of met-enkephalin. The second represents the level 
of leu-enkephalin. 
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CHAPTER IV 

Discussion 

Impaired lymphocytic responsiveness as a result of 

trauma has been reported by various researchers (Bauer et 

al., 1978; Keane et al., 1983; O'Mahoney et al., 1984). This 

impairment leads to an increased susceptibility to infection, 

which is one of the major causes of death in traumatized 

patients (Bauer et al., 1978; Levy et al., 1986). These 

facts serve to illustrate the need for studies which can 

increase our understanding of the causes of lymphocyte 

depression and, just as importantly, the relative competency 

of circulating lymphocytes in the presence of high serum 

enkephalin levels. 

At various times, cortisol, beta-endorphins, and 

enkephalins have all been implicated as having some role in 

immunomodulation (Berenbaum et al., 1976; Shatney et al., 

1985; Wybran, 1985; Levy et al., 1986). However, studies 

have shown that plasma cortisol levels have no effect on 

immunosuppression (Fauci and Dale, 1974; Shatney et al., 

1985). Plasma beta-endorphin levels increase following 

traumatic injury, but no specific receptors for this opioid 

on circulating lymphocytes have ever been identified (Shatney 

et al., 1985; Wybran et al., 1985; Levy et al., 1986). 
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on the other hand, receptors for enkephalins on 

circulating lymphocytes have been well demonstrated (Wybran 

et al., 1979). This would indicate that the enkephalins have 

a direct effect on these immune cells and are potential 

mediators of immunomodulation (Murgo et al., 1986). It has 

also been suggested that the function of the enkephalins is 

more specialized than that of beta-endorphin (Zukin and ­

zukin, 1981). The objective of this study was to determine 

if there is evidence of a correlation between serum 

enkephalin levels produced as a result of trauma, DNA 

template activity, and thus protein synthetic activity in 

circulating lymphocytes. These studies were carried out on 7 

cardiac and 5 trauma patients over a three-day interval. 

Patients are discussed in a random order after their receipt. 

Patient Tr - 97 

High levels of met-enkephalin are observed on the first 

day, which increased during the second day. A decrease in 

DNA template activity was observed to occur on the second 

day. This can be explained by a delayed response to met­

enkephalin. It can be surmised from this data that a change 

in rnet-enkephalin levels is followed by a delayed response in 

the immune cells, i.e., the response exhibits a time depen­

dent relationship or effect. A fifth day sample readily sup­

ports this contention and predicts that a third day sample 

Would show a further depression in lyrnphocytic activity with 

an increase in rnet-enkephalin levels. It should also be not­

ed that leu-enkephalin decreases as DNA activity decreases 
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showing an opposite effect to that of met-enkephalin. 

patient Cr - 01 

High levels of met-enkephalin on the first day are 

observed and can be associated with depressed lymphocyte 

activity. On the third and fourth day, met-enkephalin levels 

are undetectable. However, leu-enkephalin levels are 

observed to increase and are accompanied by increased DNA 

template activity. This appears to indicate that.leu­

enkephalin is able to exert a noticeable effect on immune 

cells in the absence of met-enkephalin. 

Patient Cr - 59 

High levels of met-enkephalin on days 1 and 2 with a 

decrease in lymphocyte DNA template activity and protein 

synthesis on day 2 once again demonstrates and reinforces the 

hypothesis, previously stated, that a delayed response of 

lymphocytic DNA activity and protein synthesis to the 

presence of met-enkephalin does, in fact, occur. The 

correlation of leu-enkephalin with increased DNA activity on 

the third day can readily be observed. This data permits the 

observation that these two parameters are related .• When rnet­

enkephalin levels increase, DNA template activity decreases. 

When leu-enkephalin levels are elevated, DNA activity 

regarding synthetic activity also increases. 

Patient Tr - 41 

Even though rnet-enkephalin levels in this patient are 

shown to decrease over a three-day period, they are still 



73 

able to exert a suppressive effect, which is reflected in a 

steady decrease in DNA template activity. In addition, it 

appears that once the levels of met-enkephalin reach normal 

levels, the synthetic activity of the lymphocytes can also be 

expected to return to normal. 

patient Cr - 90 

Lymphocytic DNA template activity appeared to be half 

that of normal values upon admission, when compared to 

controls. However, this can possibly be attributed to 

patient delay in seeking treatment, which is common to many 

cardiac patients. It was observed that levels of leu­

enkephalin subsequently increased, as did DNA template 

activity and protein synthesis in later observations. This 

is suggestive of a leu-enkephalin stimulatory effect on 

circulating lymphocytes. 

Patient Cr - 55 

Initial depressed DNA template activity is observed with 

low or undetectable enkephalin levels, which is possibly due 

to patient delay in seeking treatment, as previously 

mentioned. Increased levels of enkephalins on the second day 

with accompanying further depression of DNA template activity 

are observed. This patient stabilized by the third day as 

shown by normal levels of enkephalins and DNA activity. 

Protein synthesis followed the pattern of DNA template 

activity and demonstrated suppression as was expected. 
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patient Cr - 02 

Met-enkephalin levels are shown to be below detectable 

amounts whereas low DNA activity is observed, and serves to 

reinforce the observation previously discussed which suggests 

that patient delay in treatment produces this affect. On day 

2 and 3 no met-enkephalin levels were evident. However, 

elevated levels of leu-enkephalin remained essentially the 

same over these two periods. DNA activity also remained 

consistent with previously reported findings. 

Patient Cr - 16 

As observed in preceding patients, this patient appeared 

to delay treatment during the initial period of trauma. 

Initial lymphocyte suppression is observed which, as 

previously presented data indicates, normally reflects the 

interaction of enkephalins, especially met-enkephalin. No 

substantial elevated levels of enkephalins were observed on 

the first two days and activity of the lymphocytes began to 

return to normal due to stabilization of the patient. The 

high level of met-enkephalin produced on the third day 

indicates that destabilization occurred as a result of 

possible reinfarction, or a worsening of the patient's 

condition. It is reasonable to assume on the basis of 

previous data presented that depression of DNA activity would 

have continued in this case. 

. I 
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patient Cr - 94 

Observation of DNA concentration, or synthetic activity, 

of lymphocytes indicates that there is a steady decrease of 

activity over the three-day period accompanied by 

undetectable levels of enkephalins during the first two days. 

This can be explained by the fact that enkephalins degrade 

quickly and readily demonstrates the necessity of rapid 

freezing of samples prior to analysis. In addition, high 

levels of met-enkephalin demonstrate9 on the third day 

supports this contention and indicates that prior samples 

did, in fact, contain elevated enkephalin levels but were 

possibly degraded prior to analysis. It should be noted that 

the activity of lymphocytic DNA exhibits the highest level of 

depression when met-enkephalin levels are the most elevated. 

Here it appears evident that met-enkephalin is implicated in 

the immunosuppression of these cells. 

Patient Tr - 69 

Measurements of lymphocytic DNA activity were seen to 

be, in this case, depressed in the absence of detectable 

enkephalin levels. However, it was assumed that there were 

enkephalin levels present before admission, but that they 

were not detectable at the time the patient's serum was 

analyzed. Since it was not possible in all cases to obtain a 

blood sample immediately following the trauma, it can be 

Postulated that this patient was possibly stabilized before 

~dmission to the hospital. DNA changes due to activity or 

inactivity, as the case may be ; are long lasting whereas 



enkephalins are not so (Hambrook, 1976)-. These facts would 

explain undetectable enkephalin levels and depressed DNA 

activity upon admission. It is important to note that 

enkephalins were not produced over the three-day period as 

DNA activity returned to near normal. 

patient Tr - 14 

76 

As observed in patient Tr - 69 the presence of 

undetectable enkephalin levels with initial DNA suppression 

once again tends to support the hypothesis that a delay in 

treatment, which resulted in a delay in the taking of the 

first serum sample, accounts for an initial unobserved 

elevation in enkephalin levels, particularly that of met­

enkephalin because of a high turnover rate in these 

molecules, especially when patient stabilization occurs. The 

fact that the DNA activity increased over the three-day 

period to normal levels, as a result of lack of stimulation 

from the enkephalins, attest to the fact that patient 

stabilization had, in fact, occurred. 

Patient Tr - 89 

This patient was determined by hospital personnel to be 

brain dead. It was observed, as expected, that no 

appreciable production of enkephalins took place over a 

three-day period. This data serves to demonstrate the 

importance of the cerebral function in the regulation of 

enkephalin production. 

' ·1· 1'1 
I • 

11 1 
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From the evidence obtained in this study, a correlation 

between the amount of enkephalins produced in cardiac and 

trauma patients and their effects on the activity of 

circulating lymphocytes can be postulated. Both methionine 

and leucine enkephalin appear to play a role in regard to 

effects on the immune system. When present at high levels, 

met-enkephalin appears to be a dominating force causing 

immunosuppression, similar to the effects produced by 

morphine. Leu-enkephalin, on the other hand, when present 

alone, appears to enhance the activity of lymphocytes. This 

data is supported by Wybran's (1979) findings regarding delta 

and mu receptors present on the lymphocytic cell surface. 

His studies have demonstrated that morphine is specific for 

mu receptors, whereas leu-enkephalin has specificity for 

delta receptors. Met-enkephalin has high affinity for both 

delta and mu receptors (Zukin and Zukin, 1981). If met­

enkephalin and leu-enkephalin bind to different receptors on 

the surface of circulating lymphocytes, this would explain 

the effects produced by met-enkephalin that are similar to 

morphine and the opposite effects reported in this study 

regarding leu-enkephalin. 

The findings in this study provide insight as to the 

relationship of the enkephalins to the immune system. 

However, it is evident that more research is needed in this 

area. It is interesting to speculate, for example, on a 

possible extension of this study, i.e., what is the mode of 

genetic activity or repression when enkephalin - receptor 
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interaction takes place, regarding immune cells? Hopefully, 

with more knowledge of enkephalin function, immunosuppression 

following trauma will be better understood. 
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