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BODNAR, R. J., M. LATTNER AND M. M. WALLACE.  Antagonism of stress-induced analgesia by D-phenylalanine, 
an anti-enkephalinase. PHARMAC. BIOCHEM. BEHAV. 13(6) 829-833, 1980.--Methionine- and leucine-enkephalin 
produce mild and transient analgesic effects, presumably because of enzymatic degradation. Administration of high (250 
mg/kg) doses of D-phenylalanine retards the degradation process and elicits analgesia which is reversed by naloxone and 
which summates with electroacupuncture analgesia. The present study evaluated D-phenylalanine's dose-dependent ef- 
fects upon a non-opioid analgesic treatment, cold-water swims (CWS), and compared this with morphine. Following 
determination of flinch-jump baselines, three groups of rats received respectively either 25, 50 or 100 mg/kg of 
D-phenylalanine intraperitoneally in three conditions: alone, with CWS (2°C for 3.5 min), and with morphine (5 mg/kg, SC). 
Parallel controls with saline were also tested. Simultaneous exposure with each minimally analgesic dose of 
D-phenylalanine reduced significantly the analgesic, but not hypothermic effects of CWS. By contrast, morphine analgesia 
was unaffected by D-phenylalanine. These data provide further support that different pain-inhibitory systems mediate CWS 
and morphine analgesia and suggest that activation of one system is capable of exerting collateral inhibition upon the other. 
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THE two endogenous pentapeptides with opiate properties, 
methionine (met)-enkephalin and leucine (leu)-enkephalin 
[31,32], appeared to be ideal agents for pain relief. Yet, in- 
traventricular injections of high doses of each pentapeptide 
induced only mild and transient analgesic effects [2,28], 
presumably because they were degraded rapidly by such 
enzymes as carboxypeptidase A and leucine amino peptidase 
[15]. Development of more stable enkephalin analogues, 
such as (D-Ala)Z-met-enkephalin [33,39], induced more po- 
tent and longer-lasting analgesic effects [38,43]. Another 
method of prolonging the analgesic efficacy of these peptides 
is to selectively inhibit enkephalinase enzymes and thereby 
prevent degradation of enkephalins in the central nervous 
system. Administration of D-phenylalanine, which posesses 
anti-nociceptive properties in rodents and man [21], inhibits 
carboxypeptidase A and leucine amino peptidase in both 
mouse and guinea pig brain [22]. The analgesic effects of 
D-phenylalanine do not develop tolerance, but are reversed 
by high doses of the opiate antagonist, naloxone [23]. 
Moreover, D-phenylalanine analgesia and the endogenous 
content of endorphins in different mouse strains correlate 
positively [16]. The endorphin-rich Ob/Ob strain [35] ex- 
hibits greater analgesia following D-phenylalanine than nor- 
mal B6AFl/j mice which in turn display greater analgesia 
than the endorphin-poor CXBK strain [1]. 

Cheng and Pomeranz [18] also demonstrated that the an- 
algesic effects of D-phenylalanine and electroacupuncture 
summate, and that this effect is reversed by naloxone. These 
data support their contention that electroacupuncture 
analgesia (EAA) in mice is mediated by endogenous opioid 
processes. EAA, particularly in low frequencies [17], is re- 
versible by levo-naloxone and other opiate antagonists but 

not by dextro-naloxone [19]. Also, pituitary endorphins ap- 
pear to mediate EAA since hypophysectomy, dexa- 
methasone injections and 2% saline treatment reduce this 
analgesic effect [20,40]. 

Acute exposure to cold-water swims (CWS) in rats also 
elicits analgesia [5] which, like EAA, is attenuated by hy- 
pophysectomy [4]. The anterior lobe of the pituitary appears 
to be responsible for this effect since removal of the 
posterior lobe does not diminish CWS analgesia [26] while 
adrenalectomy potentiates this analgesic effect [27]. Yet, 
CWS analgesia and EAA display some important differ- 
ences. First, CWS analgesia is not reversed by low doses of 
naloxone with only partial effects at high doses [7]. Second, 
p-chlorophenylalanine, which blocks high-frequency EAA 
[17], does not affect CWS analgesia [11]. Third, 2% saline 
treatment does not affect CWS analgesia [10]. Therefore, to 
assess further whether endogenous opioid mechanisms are 
involved in mediating CWS analgesia, the present study 
examined in rats the effects of D-phenylalanine administra- 
tion upon CWS analgesia and also morphine analgesia. 

EXPERIMENT 1 

Method 
Twenty-four male, albino Sprague-Dawley rats (200-300 

g) were tested for flinch-jump thresholds using a modifica- 
tion of the Evans procedure [24]. Electric shocks were deliv- 
ered through a 30-cm by 24-cm floor composed of 16 grids by 
a 60-Hz constant current shock generator and an dec- 
tromechanical grid scrambler. Using an ascending method of 
limits of successively more intense shocks, the flinch 
threshold was defined in mA as the lowest intensity that 
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FIG. 1. Alterations in mean jump thresholds (-+SEM) following either administration of different doses 
(0, 25, 50, 100 mg/kg, IP) of D-phenylalanine alone, or in conjunction with either 2°C cold-water swims 
(CWS) for 3.5 min or morphine (5 mg/kg, SC). The asterisks denote a significant difference from saline 
baseline at the 0.05 level, while the crosses denote a significant difference from the cold-water swim (0) 
condition. 

elicited a withdrawal of a single paw from the grids. The 
jump threshold was defined as the lowest of two consecutive 
intensities that elicited simultaneous withdrawal of both 
hindpaws from the grids. Each trial began with the animal 
receiving a 300-msec foot shock at a current intensity of 0.1 
mA. Subsequent shocks occurred at 10-sec intervals and 
were increased in equal 0.05 mA steps until each nociceptive 
threshold was determined. After each trial, the current in- 
tensity was reset to 0.1 mA for the next trial until 6 trials 
were completed. Daily flinch and jump thresholds were each 
computed as the mean of these six trials. The experimenter 
conducting the flinch-jump test was uninformed of the pur- 
pose of the experiment. 

Based on the mean of four days of stable baseline 
thresholds, rats were assigned into three matched groups of 
eight rats each. Each group was exposed to the following six 
experimental conditions: (a) an injection of D-phenylalanine 
(Sigma: 25 mg/ml normal saline, IP) 30 min before the flinch- 
jump test; (b) an injection of an equimolar amount of saline 
30 min before the flinch-jump test; (c) an injection of 
D-phenylalanine 35 min prior to and a single 3.5-min CWS at 
2°C 30 min prior to the flinch-jump test; (d) an injection of 
saline 35 min prior to and a CWS 30 min prior to the flinch- 
jump test; (e) an injection of D-phenylalanine 35 min prior to 
and a single injection of morphine (5 mg morphine sulfate/ml 
buffered solution/kg body weight, SC) 30 min prior to the 
flinch-jump test; and (f) an injection of saline 35 min prior to 

and an injection of morphine 30 min prior to the flinch-jump 
test. The order of experimental conditions within each group 
was determined by a Latin Square design to control for order 
and carry-over effects with a minimum of 48 hr elapsing 
between each condition. The dose of D-phenylalanine varied 
across groups: group 1 received 25 mg/kg; group 2 received 
50 mg/kg; and group 3 received 100 mg/kg. Corresponding 
saline injections controlled for changes in volume across 
doses. 

Results 

Figure 1 shows that D-phenylalanine, CWS and morphine 
each increased jump thresholds relative to saline controls. 
However, when CWS was paired with each dose of 
D-phenylalanine, the analgesic efficacy of CWS was di- 
minished. By contrast, when morphine was paired with each 
dose of D-phenylalanine, the analgesic effects of morphine 
were unaffected. A two-way split-plot analysis of variance 
revealed significant differences across the baseline and ex- 
perimental conditions, F(6,126)=216.50,p<0.01, and for the 
dose by condition interaction, F(12,126)=2.50, p<0.01, but 
not across the three doses, F(2,21)=0.36. Pairwise Tukey 
post-hoc comparisons were made since each subject served 
as its own control. Firs t , jump thresholds following saline did 
not differ significantly from baseline values for any group. 
Therefore, all further comparisons were made between a 
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TABLE 1 
ALTERATIONS IN CORE TEMPERATURE (°C) FOLLOWING COLD-WATER SWIMS IN D-PHENYLALANINE 

AND SALINE TREATED RATS 

Post-swim (min) 

Group n BL 0 15 30 60 120 

D-phenylalanine 6 
(100 mg/kg) 

Saline 6 

D-phenylalanine 
vs saline 

mean 38.1 30.9 25.9 27.8 31.7 36.4 
SEM 0.1 0.6 0.4 0.6 0.9 0.9 

F vs BL --  99.7 604.9 237.2 35.3 2.6 
p --  <0.01 < 0 . 0 1  <0 .01  <0.01 NS 

mean 38.1 31.7 26.3 28.3 32.4 37.2 
SEM 0.1 0.6 0.4 0.5 0.5 0.3 

F vs BL --  77.7 620.6 232.1 74.8 6.6 
p --  <0.01 < 0 . 0 1  <0 .01  <0 .01  <0.05 

F 0.0 0.6 0.3 0.4 0.3 0.6 
p NS NS NS NS NS NS 

given experimental condition and the saline control. Second, 
D-phenylalanine produced small, but significant increases in 
jump thresholds as compared to saline at the 100 mg/kg, 
t(7)=1.93, 0.01>p>0.05, and 50 mg/kg (t=2.44, p<0.05) 
doses, but not following the 25 mg/kg dose (t=0.84). Third, 
jump thresholds were increased significantly following CWS 
paired with saline, t(23)=8.84, p<0.01, and with 
D-phenylalanine at doses of 25 mg/kg, t(7)=4.71, p <0.01, 50 
mg/kg (t=3.88, p<0.01) and 100 mg/kg (t=7.17, p<0.01). 
However, the analgesic effects of CWS were significantly 
diminished when the swims were paired with D-phenylalanine 
at doses of 25 mg/kg (t=2.89, p<0.05), 50 mg/kg (t=1.99, 
0.10>p >0.05) and 100 mg/kg (t =2.51,p<0.05) than when the 
swims were paired with saline. Fourth, jump thresholds were 
increased significantly following morphine paired with 
saline, t(23)=5.21, p<0.01, and with D-phenylalanine at 
doses of 25 mg/kg, t(7)=5.77, p<0.01), 50 mg/kg (t=2.07, 
0.10>p>0.05) and 100 mg/kg (t=4.03, p<0.01). No signifi- 
cant changes in morphine analgesia occurred following 
D-phenylalanine pairing. 

EXPERIMENT 2 

The finding that CWS analgesia is reduced significantly 
following D-phenylalanine administration can evoke many 
other interpretations other than D-phenylalanine's effects 
upon the analgesic system(s) activated by CWS. One strong 
possibility is that D-phenylalanine may alter the rat's per- 
ception of the stressful consequences of CWS. In previous 
studies where the analgesic effects of CWS have been di- 
minished by either adaptation [8] or hypophysectomy [4], we 
found that such reductions were not due to alterations in the 
animal's perceptions of hypothermia. Thus, if D-phenylala- 
nine is exerting its effects upon CWS by altering its efficacy 
as a stressor, then parallel alterations would be expected in 
core body temperature following CWS in D-phenylalanine 
treated animals. 

Method 

One group of six rats received an intraperitoneal injection 
of 100 mg/kg of D-phenylalanine 5 rain prior to CWS while a 
second matched group received a saline injection 5 rain be- 

fore CWS. Core body temperatures for each animal were 
determined before the injection and swim, and then 0, 15, 30, 
60 and 120 min following CWS. Core body temperatures 
were measured with the rectal probe of a Bailey digital ther- 
mometer (BAT-8). 

Results 

A two-way analysis of variance revealed significant 
differences across the pre- and post-CWS time course, 
F(5,60)=146.54, p<0.01, but not between groups, 
F(1,60)=2.81, or for the group by time interaction, 
F(5,60)=0.15. Table 1 summarizes the hypothermic time 
course of CWS for each group, and shows that at each post 
CWS temperature determination, the D-phenylalanine and 
saline groups did not differ in their hypothermic responses. 

DISCUSSION 

The present study demonstrated that pretreatment with 
the mild analgesic, D-phenylalanine, significantly reduced 
the analgesic response to CWS without affecting its 
hypothermic response. By contrast, morphine analgesia is 
unaffected by this particular dose range of D-phenylalanine. 
These data support previously-reported dissociations be- 
tween CWS and morphine analgesia, including: (a) lack of 
cross-tolerance [9]; (b) elimination of morphine, but not 
CWS, analgesia by naloxone [7,36]; (c)hypophysectomy's 
attenuation of CWS analgesia [4] and potentiation of mor- 
phine analgesia [6,30]; (d) elimination of CWS, but only at- 
tenuation of morphine analgesia in rats treated neonatally 
with monosodium glutamate [3]; (e) attenuation of morphine 
[11,41], but not CWS analgesia [ 11] following p-chlorophen- 
ylalanine administration; and (f) elimination of CWS, but not 
morphine analgesia in Brattleboro rats with diabetes in- 
sipidus [12]. 

Though CWS analgesia and EAA are dependent upon in- 
tact pituitary processes [4,40], the latter, but not the former 
treatment is apparently subserved by pituitary endorphins 
[17, 18, 19, 20, 40]. D-phenylalanine, by inhibiting car- 
boxypeptidase A and leucine amino peptidase [22], appear to 
prolong the lifetime of enkephalins and endorphins released 
by EAA, thereby enhancing its analgesic effects. Opiate re- 
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ceptor involvement is supported by naloxone reversal of 
D-phenylalanine's and electroacupuncture's summative ef- 
fect [18]. The present data indicated that morphine and 
D-phenylalanine doses of 25, 50 and 100 mg/kg did not sum- 
mate. However, this dose range, used primarily to indicate 
the CWS effects, is considerably lower than the 250 mg/kg 
dose employed to show D-phenylalanine's anti-nociceptive 
[21,22] and summative properties with EAA [18]. Alterna- 
tively, morphine analgesia and EAA may be subserved by 
different endogenous opioid sites since hypophysectomy 
potentiates the former effect [7,30] while attenuating the lat- 
ter [40]. 

The remaining question as to why the anti-enkephalinase, 
D-phenylalanine antagonizes CWS analgesia might be ex- 
plained in terms of the recent proposals [9, 14, 29, 37] that at 
least two pain-inhibitory systems exist. One system, re- 
sponsible in large part for the analgesic effects of morphine 
and electrical brain stimulation, consists of an interaction 
between the endogenous opioid systems and the descending 
bulbospinal serotonergic system [25]. The second system, 
apparently responsible for the analgesic effects of certain 
stressors, seems to be relatively independent of endogenous 
opioid functions [3, 4, 6, 7, 9, 11, 12] and consists in part of 
the anterior lobe of the pituitary gland and medial-basal 
hypothalamus. A possible third system in the spinal cord to 
mediate opiate analgesia has also been described [44]. The 
process by which these systems are activated may explain 
the present and other paradoxical results. Activation of all 
means of alleviating pain in response to a particular nocicep- 
tive stimulus would appear to be a maladaptive act since pain 
relief is an essential feature of an organism's survival. Use of 
all pain-inhibitory systems would leave the animal with no 

reserve capability. Therefore, it would be both adaptive and 
parsimonious if activation of one pain-inhibitory system re- 
sulted in the inhibition of other pain-inhibitory systems. The 
decision as to which pain-inhibitory system may be depend- 
ent upon the endogenous and exogenous environmental con- 
text of the nociceptive stimulus. As described in the classic 
studies of Cannon [13], nociceptive stimuli can evoke a large 
range of overall behavioral responses from defensive ag- 
gression to withdrawal and recuperation. The present data 
provide some support for concurrent inhibition in that the 
larger resultant available pool of enkephalins and endorphins 
following D-phenylalanine treatment may act to inhibit the 
stress-related pain-inhibitory system and thereby reduce the 
analgesic effectiveness of CWS. Conversely, removal of an 
integral component of one pain-inhibitory system should act 
to disinhibit the other systems. For instance, removal of the 
pituitary gland, an integral component of the stress-related 
pain-inhibitory system, potentiates morphine analgesia 
[6,30]. Similarly, p-chlorophenylalanine, which reduces 
brain serotonin [34] and removes an integral component of 
the opioid system, prolongs the analgesic effects of inescap- 
able foot shock [11,42]. Whether concurrent inhibition in- 
deed exists among pain-inhibitory processes is still highly 
speculative, but such a notion may hold great promise for 
possible treatments for pain relief and provide a workable 
model for analgesic processes. 
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