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SUMMARY

The COOH-terminal arnide of substance P was replaced with a methyl ester, and the
potency of this substance P methyl ester was compared with that of substance P and

substance P free acid in stimulating salivation in rats and in stimulating guinea pig ileum
contraction in vitro. Compared with substance P, substance P methyl ester was found to
be 30% as potent in stimulating salivation and equipotent in ileum contraction. Substance
P free acid was only 0.1% and 0.9% as potent as substance P in stimulating salivation and

ileum contraction, respectively. The results suggest that the hydrophobicity of the COOH-
terminal portion of substance P may be important for the molecule in its interaction with
the substance P receptor.

The substance P molecule (Arg-Pro-Lys-Pro-Gln-Gln-

Phe-Phe-Gly-Leu-Met-NH2) can be divided into two do-
mains according to physical and chemical properties and
biological activities. The NH2-terminal portion of the
molecule contains arginine and lysine residues and there-

fore is positively charged at physiological pH. The re-
mainder of the molecule is hydrophobic. With the excep-

tion of its chemotactic activity (1) and its neuroblastoma

growth-stimulating activity (2), which have been attrib-
uted to the NH2-terminal tetrapeptide sequence, all other
biological activities, including salivation (3-5), phospha-
tidylinositol turnover in the salivary glands (3), vasodi-
lation (6), intestinal contraction (6-8), and depolarization

ofmotoneurons (9), can be demonstrated with its COOH-
terminal hexapeptide.

The COOH-terminal of substance P is amidated.
Deamidation of the COOH-terminal amide decreases the
biological potency by two to four orders of magnitude (3,
5, 10, 11). The COOH-terminal of substance P free acid
is negatively charged under physiological conditions. It
is not known whether the significantly lower biological
potency of substance P free acid is due to the presence of
this negative charge on the free acid or whether the
amide group itself is required for potent biological activ-
ity. To distinguish between these two possibilities, we
evaluated the ability of substance P methyl ester to
stimulate salivation in rats and guinea pig ileum contrac-

tion. We have previously reported that substance P
methyl ester can inhibit the binding of an ‘25I-labeled
substance P derivative to the substance P receptor on rat
parotid cells (12).

Substance P methyl ester was custom-synthesized for

us by Bachem (Torrance, Calif.); substance P was pur-
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chased from Beckman Instruments Inc. (Palo Alto,

Calif.), and substance P free acid was purchased from
Bachem. High-pressure liquid chromatography (absorb-

ance at 210 nm) indicated that the purity of all three
peptides was greater than 98%.

The salivation assay was a modification (5) of the
procedure of Leeman and Hammerschlag (13). Peptides
were dissolved in 0.1 N acetic acid and were diluted in

0.15 N NaCl solution to the desired concentration im-
mediately before injection. Sprague-Dawley male rats
(body weight 300-350 g) were anesthetized with ether.
The peptide solution (0.1 ml) was injected via a tail vein

and saliva was immediately collected from the buccal
cavity with a Pasteur pipette over a period of 2 min. The

volume of saliva was measured by pipette. Three to five

rats were used at each dosage level. Basal release of
saliva was determined by injection of the vehicle alone.

The guinea pig ileum contraction assay was similar to
that previously reported (14) and modified as follows: A

2-cm strip of guinea pig ileum was attached to a trans-

ducer and was bathed in 10 ml of Krebs-Ringer bicarbon-
ate buffer aerated with 95% 02-5% CO2. Peptides were
dissolved and diluted in water to the desired concentra-

tion immediately before use. The peptide solution (0.25

ml) was added to the tissue bath and the contraction of
the tissue was recorded with a chart recorder. Between
doses, the tissue was rinsed with 10 ml of Krebs-Ringer
bicarbonate buffer seven times and then it was allowed
15 mm for recovery.

Figure 1 shows the stimulation of salivation in anes-
thetized rats by various dosages of substance P, its free

acid, and its methyl ester. Substance P methyl ester
produced maximal stimulation; however, the free acid at
the highest dosage tested produced only 30% of the
maximal stimulation produced by substance P. The val-
ues of ED�o and the relative potencies of these com-
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Peptide (nmole/lOOgbw)

FIG. 1. Stimulation of salivation in anesthetized rats by substance
P (SP), substance P methyl ester, and substance P free acid

Data are presented as percentage of the maximal substance P

response in individual experiments, and each point represents the

average of three separate experiments. The maximal stimulation by

substance P was 425 ± 58 �d of saliva/rat (mean ± S.D.) and the basal

saliva secretion was 3 ± 2 id/rat.

pounds are listed in Table 1. Thus, substance P methyl

ester and substance P free acid were 30% and 0.1%,
respectively, as potent as substance P in stimulating
salivation.

Figure 2 shows the titration of the stimulation of

guinea pig ileum contraction by these three peptides.

The values of EDw and the relative potencies of these
compounds also are listed in Table 1. The methyl ester

was 1 10% as potent as substance P and the free acid had
0.9% the potency of substance P in stimulating contrac-
tion of guinea pig ileum.

Hydrophobicity in the COOH-terminal portion of sub-
stance P appears to be an important characteristic for
the molecule to bind to and activate the substance P
receptor. This is indicated by our present observation
that both substance P and its methyl ester have a much
higher potency than substance P free acid in stimulating
salivation and intestinal contraction. We also previously

observed that they are more potent than the free acid in
displacing the binding of a ‘25I-labeled substance P deriv-

ative to the substance P receptor on rat parotid cells
(12). Replacement of the COOH-terminal amide with a
methyl ester maintains the relative hydrophobicity of

the peptide and only slightly increases the bulk of the
COOH terminus. The presence of the negative charge on
substance P free acid may hinder the interaction of this

peptide with the substance P receptor. In addition, the
free acid may be more susceptible than the amide to
degradation by carboxypeptidases.

TABLE 1

Relative potency ofsubstance P (SP), SP methyl ester, and SP free
acid in the stimulation of salivation in rats and ofguinea pig ileum

contraction

The doses required to give 50% maximal stimulation (EDw) were

calculated after regression analysis of the dose response data. The

relative potencies were calculated using the parallel line bioassay

technique (15). The 95% confidence limits of the relative potencies are

given in parentheses. The relative potency of substance P free acid in

the salivation assay is only estimated from the ratio of the values of

ED� , since the regression line for the limited number of data points for

the free acid was not parallel to the line generated by substance P.

Peptide Salivation Ileum contraction

EDw Relative EDw Relative
potency potency

nmoles/109g % M %
body wt

SP 0.076 100 1 x 108 100

SP methyl 0.26 30 9 x iO� 110

ester (23.5-37.8) (87.1-15t2)

SP free 91 -0.1 1 x 10� 0.9

acid (0.6-1.3)

The potency of the methyl ester is equal to that of

substance P in the guinea pig ileum assay, but it is
significantly less potent than substance P in stimulating
salivation. It remains to be determined whether this

difference is due to a greater sensitivity of substance P
methyl ester to circulating peptidases or to a different

substance P receptor population in the guinea pig ileum
and the rat salivary glands. As previously reported (5, 10,

Peptide (M)

FIG. 2. Stimulation of guinea pig ileum contraction by substance

P (SP), substance P methyl ester, and substance P free acid

Data are presented as percentage of maximal contraction stimulated

by substance P. Each point represents the average of data from 12

strips of guinea pig ileum for substance P and the average of data from

4 strips for the methyl ester and the free acid. The bars indicate

standard errors.
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11), the free acid is a weak agonist. Although the free

acid at the dosages that we tested did not produce
maximal stimulation, it has been reported to be a full

agonist in stimulating salivation (3), turnover of phos-
phatidylinositol in the salivary glands (3), and contrac-
tions in the guinea pig ileum (11).

Although many substance P analogues have been pre-
pared and their biological activities evaluated (16), to our
knowledge, substance P methyl ester has not been pre-
viously reported. A better understanding ofthe structural

requirements for receptor binding and for biological ac-
tivity should help in the design of substance P agonists
and antagonists.
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