We have shown that *H-N-SP when
applied extracellularly in vivo can label
intracellular proteins with no apparent

deleterious effects on cell function. In-

addition to providing a unique view of
axonal transport, *H-N-SP and other re-
lated agents (7, 8) can be used as radio-
active vital stains to investigate a variety
of biological phenomena. This vital stain
has the additional unique feature of po-
tentially providing information about the
nature of the proteins involved.
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Substance P: Does It Produce Analgesia or Hyperalgesia?

Abstract. In the hot plate test, substance P given intravenously at doses of 5 X
1075 and 5 X 10~* gram per kilogram caused analgesia, while lower doses caused
hyperalgesia. The influence of substance P on nociception depended on the individ-
ual mouse’s sensitivity to pain (control response latency). Analgesia was produced
by substance P administered to mice with high sensitivity to thermic stimulation,
whereas hyperalgesia occurred in mice whose control latencies were longer than
normal. This result is interpreted as an indication that substance P is capable of

Substance P (SP) produces potent,
long-lasting analgesic activity in mice as
determined by the hot plate technique
(I, 2). Substance P was found to be a
long-lasting analgesic also in the tail-flick
test of rats to which it had been intra-
cerebrally administered (3). Oehme et al.
4) reported, in contrast, that SP pro-
duced hyperalgesia. Frederickson et al.
(2) have partly resolved those conflicting
observations by showing that SP has a
dual action on nociception; their studies
indicated that SP in small doses pro-
duced analgesia in mice and that this an-
algesic effect was blocked by naloxone.
With higher doses of SP the analgesic ac-
tivity was lost and hyperalgesia occurred
when the higher doses were given in
combination with naloxone. Frederick-
son et al. (2) concluded that very small
doses of SP probably released endor-
phins, while higher doses caused direct
excitation of neuronal activity in noci-
ceptive pathways. Our experiments sug-

. normalizing responsiveness to pain and could be classified as a regulatory peptide.

gest that the capability of SP to produce
analgesia or hyperalgesia may depend al-
so on the responsiveness of the animals
to pain (as indicated by response la-
tency) before the SP is administered.
We tested SP for its action on nocicep-
tion by means of the hot plate procedure
and acetic acid-induced writhing ).
ICR standard mice (18 to 22 g) were
used. The temperature of the hot plate
was controlled thermostatically at 57°C.
A plexiglass cylinder (10.0 cm in height,
20.5 cm in inner diameter, and with open
top) was used to confine the mice to a
restricted area of the plate surface. Sub-
stance P was administered intra-
peritoneally or intravenously. Control
mice were given isotonic saline. The
time, in seconds, from first contact with
the plate to first hind-paw licking was re-
corded as response latency. Control la-
tencies were estimated 1 day before test-
ing and also 15 minutes before SP treat-
ment. The values 15 minutes before SP
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treatment were averaged to provide the
mean control latency. For writhing stud-
ies, mice received intraperitoneal injec-
tions of acetic acid. The saline-treated
control mice writhed 30 times on average
during the first 12 minutes after injection
of acetic acid. In this test, analgesic ac-
tivity was indicated by inhibition of
writhing during the same period. The SP
was injected intravenously 20 minutes
before acetic acid treatment. The P val-
ues were calculated by Student’s z-test
for the hot plate experiment and by the
Mann-Whitney U test for the writhing
experiment. Earlier experiments showed
that, in hot plate testing, response la-
tencies were reduced (hyperalgesia) by
SP ). When conducting those experi-
ments @), we were under the impression
that the action of SP differed in mice de-
pending on whether they had shorter or
longer control response latencies. There-
fore, a selection procedure was applied
in our experiments whereby mice were
grouped according to their control re-
sponse latencies.

Mice with control response latencies
below 15 seconds were put together in
group 1; group 2 included mice with la-
tencies between 15 and 29 seconds, and
group 3 included those with latencies be-
tween 30 and 44 seconds. The response
latencies of the three groups were mea-
sured again 30, 60, 90, and 120 minutes
after injection of SP. The latencies re-
corded 60 minutes after SP treatment are
given in Table 1. The response latencies
of the three groups were altered in dif-
ferent ways by SP treatment. In group 1
(short control response latencies) SP
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Fig. 1. Analgesic activity of SP in the writhing
test.

caused analgesia and the latency be-
tween first contact and first hind-paw
licking was prolonged. In group 3 (long-
est control response latencies) the re-
sponse latency was reduced by SP, a
sign of hyperalgesia. In group 2 (control
response latencies between those of
groups 1 and 3) response latencies were
also depressed by SP treatment, al-
though less than with group 3. These re-
sults suggest that the action of SP on
nociception depends on the responsive-
ness of the mice prior to SP administra-
tion. Madden et al. (5) presented evi-
dence that the level of endogenous
opioids in the brain can be correlated
with responsiveness to pain. It has been
postulated (2), furthermore, that SP pro-
duces analgesia by the release of endor-
phins. Applying the above to our results,
we suggest that SP was capable of releas-
ing endorphins only in mice of group 1,
that is, those with short control response
latencies. For the other two groups,
those with longer control response la-
tencies, SP may have produced hyper-
algesia through direct excitation of neu-
ronal activity in nociceptive pathways as

Table 1. Changes in mean response latency (seconds) of mice with different control values prior
to intravenous injection of SP (500 ug/kg). N.S., not significant.

Change in latency

Group N
Latency < 15 seconds
Control 40
SP-treated 74
Latency 15 to 29 seconds
Control 40
SP-treated 75
Latency = 30 seconds
Control 20
SP-treated 50

(mean = S.E.M.) P
-09+ 59 N.S.
+ 5.0 = 20.1 < .05
- 0.7 £ 21.5 N.S.
- 6.7 = 14.1 < .001
- 7.2 %323 N.S.
- 16.6 = 19.1 < .001

Table 2. Mean response latencies of mice before and 60 minutes after treatment with SP. The

test procedures were as in Table 1.

Response latency (seconds)

Before SP

After SP

Group
Mean = S.E.M. N Mean = S.E.M. N
S'H(;r};er - 11.53 = 0.27 74 16.47 = 2.29 74
Medium 22.28 + 0.53 75 16.00 = 1.59 75
Longer 34.32 = 0.68 50 17.10 = 2.54 50

suggested also by Frederickson et al. (2).
Thus, the same dose of SP would be ca-
pable of producing different effects, anal-
gesia or hyperalgesia, depending on the
responsiveness, probably related to
endorphin levels, of the mice involved.
We observed, furthermore, that 60 min-
utes after SP administration the mean re-
sponse latencies of all three groups were
almost identical (Table 2). Thus, SP was
capable of modulating or normalizing re-
sponsiveness to pain.

Frederickson et al. (2) reported that
SP produced a bell-shaped dose-re-
sponse curve in the hot plate test. Maxi-
mum analgesia was observed after ad-
ministration of 2.5 ng per mouse (1.25 x
1077 g/kg). Analgesia was also found (2)
to occur after administration of 50 ng per
mouse (= 2.5 X 1076 g/kg). In our pres-
ent experiments, we found the capability
of SP to produce analgesia or hyper-
algesia to be dose-dependent, as did
Frederickson et al. (2). Yet there were
differences between the two works since
in our experiments higher SP doses (5 X
10°and 5 x 107* g/kg or I and 10 ug per
mouse) produced analgesia and lower
doses (5 X 1077 to 2.5 X 107> g/kg or 10
to 500 ng per mouse) produced hyper-
algesia. This difference may be attrib-
uted, however, to differences in experi-
mental conditions. For our experiment,
we used mice with control response la-
tencies below 15 seconds while Freder-
ickson et al. used mice with an average
latency of 23 seconds and we used a 57°C
hot plate, whereas Frederickson et al.
used a 52°C hot plate.

We also used acetic acid-induced
writhing to assess the action of SP on
nociception. A bell-shaped dose-re-
sponse curve to SP was also obtained
with this test (Fig. 1). We attributed this
again to the dual action of that peptide,
release of endorphins, and direct neuro-
nal excitation as first postulated by Fred-
erickson et al. (2). In an attempt to test
this, mice were first treated with nalox-
one (0.4 mg/kg, given intraperitoneally,
for 30 minutes) before evaluation of the
analgetic effect of SP. Indeed, naloxone
antagonized SP analgesia, as would be
predicted by the above postulation.

Thus, in confirmation of the earlier re-
port of Frederickson er al. (2), SP has
two actions on nociception; it can cause
either analgesia or hyperalgesia depend-
ing on the dose of SP and the initial re-
sponsivity of the animal. High respon-
siveness to thermal stimuli can be re-
duced, and low responsiveness can be
increased. Such action results in ‘‘nor-
malization’’ of individual responsiveness
to pain. In rats under stress by immobili-
zation or noise, SP restored disorders in
blood pressure, sleep, or avoidance



learning (6, 7). Different doses of SP can
produce different effects also. Freder-
ickson found that smaller SP doses,
alone, produced analgesia, while higher
doses, given after prior treatment with
naloxone, resulted in hyperalgesia. We
also observed dose-dependent analgetic
or hyperalgetic effects of SP. We found,
furthermore, as did Frederickson et al.
and others, that SP analgesia was revers-
ible by naloxone. This supports a role for
endogenous opioid peptides in this ac-
tion. A dual action of SP on nociception
suggests that there might be more than
one receptor type for SP (2). Some fur-
ther evidence for the possible existence
of such different receptors has been pro-
vided by Bergmann et al. (7) who investi-
gated SP action on smooth muscle. The
presence of several signatures in one
molecule determining different functions
is referred to in information theory as the
principle of ambiguity or indeterminancy
of effect. That principle can be biologi-
cally important when molecules have
conformationally flexible structures,
such as the linear flexible SP undecapep-
tide @).

Thus we suggest that the dual actions
of SP result from this flexibility of the
molecule and that both the dose of the
peptide and condition of the animal de-

termine which configuration and effect
predominate. Thus, the resultant effect is
a ‘‘normalization’’ of the responsivity of
the animal to painful stimuli. Accord-
ingly, we propose that the term regula-
tory peptides or ‘‘regulides’’ be applied
to such peptides.
PETER OEHME
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Institute for Drug Research,
Academy of Sciences of the G.D.R.,
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Cadmium Increases Tissue Factor (Coagulation Factor III)

Activity by Facilitating Its Reassociation with Lipids

Abstract. The coagulant activity of partially purified and delipidated tissue factor
(TF) (coagulation Factor I11) has previously been recovered by dialysis of the apo-
protein after addition of mixed brain lipids and deoxycholate. Inclusion of cadmium
chloride in the relipidation mixture greatly increases the recovered activity of highly
purified TF from human placenta by promoting incorporation of TF into phospho-
lipid vesicles; TF that had not been incorporated into vesicles showed no coagulant
activity. Thus, TF must be present in a lipid bilayer for expression of coagulant
activity. In vitro, cadmium induces fusion of lipid vesicles and may contribute to the

incorporation of proteins in membranes.

The proteolytic activation of coagu-
lation Factor X by Factor VIla (/) is de-
pendent on the presence of calcium and
is accelerated by tissue factor (TF) (co-
agulation Factor III) complexed with
phospholipids (2). The activity of TF pu-
rified from human placenta (3, 4) is lost
as lipids are removed during fractiona-
tion, but can be recovered by relipida-
tion of the apoprotein. The coagulant ac-
tivity of TF (5), reactivated by dialysis
with a lipid preparation from bovine
brain in deoxycholate (6), is increased by
adding CdCl, to the protein-lipid mix-
ture. The CdCl, does not replace cal-
cium, which is required for the inter-
actions of vitamin K-dependent clotting
enzymes with phospholipids.

Since the TF-accelerated cleavage of
Factor X is the first of several enzymatic
steps leading to coagulation in the two-
stage clotting assay (5), we determined
the rate of activation of Factor X (7) by
measuring the time-dependent release of
the activation peptide. When TF was re-
lipidated in the presence of cadmium, the
rate of Factor X activation was greater
than it was in the absence of cadmium
(Fig. 1). Furthermore, the difference in
activation rate increased as TF was add-
ed to the reaction, demonstrating that
cadmium had specifically increased the
TF activity.

Tissue factor activity recovered after
relipidation depends on the amount of
phospholipid prfegent in the relipidation

mixture (2). We therefore conducted ex-
periments to determine whether cad-
mium affected the optimum concentra-
tion of mixed brain lipids for recovery of
TF coagulant activity. In the absence of
cadmium, the optimum lipid concentra-
tion was near 0.3 mM [determined as
phosphate (6)], resulting in a TF activity
of 6.8 U/ml. This lipid optimum was not
measurably different when CdCl, was in-
cluded at 10mM, 15 mM, or 20 mM, al-
though the TF coagulant activity was in-
creased tenfold after relipidation with 10
mM CdCl,. In addition, the CdCl, opti-
mum remained constant between 5 mM
and 7 mM when the relipidation mixture
contained (determined as phosphate) 0.1
mM, 0.2 mM, 0.3 mM, or 0.4 mM mixed
brain lipids. Thus, lipids and cadmium
have distinct effects on the recovery of
TF activity which are amenable to inde-
pendent optimization.

The three primary components of the
relipidation mixture (TF, mixed brain
lipids, and CdCl,) were dialyzed together

_in various combinations to ascertain

whether cadmiu n was acting on the apo-
protein or on th: lipids. Incubation and
dialysis of CdCl, with either TF or mixéd
brain lipids, prior to addition of the third
component and a second dialysis, failed
to increase the TF activity. Thus cad-
mium was not removing potential inhib-
itors (such as sulfhydryl compounds)
from either component, nor was it selec-
tively activating the apoprotein or alter-
ing the state of the lipids to increase their
ability to promote coagulation. Further-
more, functionally significant amounts of
CdCl, were not being retained by either
the lipids or TF apoprotein, since dial-
ysis of CdCl, with either component
failed to increase TF activity. Increased
activity was observed when CdCl, and
TF were added to dialyzed lipids, or
when CdCl, was added to TF dialyzed
with lipids, followed by additional dial-
ysis. This series of experiments indicat-
ed that the incre:ised activity was the re-
sult of interactizns between apoprotein,
cadmium, and lipids.

The conditions we use for TF relipida-
tion produce phospholipid vesicles §);
we therefore used sucrose density-gradi-
ent ultracentrifugation to examine the ef-
fect of CdCl, on the TF-phospholipid
complexes. After centrifugation, activity
in the preparations relipidated with and
without cadmium was present in the top
half of the density gradient (Fig. 2).
However, the TF relipidated with CdCl,
produced a sharp peak of activity be-
tween 13 and 16 percent sucrose, which
was not observed in the sample relipi-
dated without CdCl,. Relipidation of
each density-gradient fraction with addi-
tional lipids and CdCl, produced addi-
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