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Abstract—Acting in a dose-dependent fashion in vitro, [-epinephrine caused rat peritoneal fluid cells
to hydrolyze substituted arginine (BAEE, TAME) and tyrosine (BTEE) esters. Cell activation was
complete within 5 min; repeated washing of activated cells did not result in loss of their BAEE-
hydrolyzing capacity. BTEE-hydrolyzing capacity fell to pre-activation levels within 10 min, even in the
absence of washing. This loss may be the result of an interaction of BTEE-esterase with cell-borne
inhibitory factors. 8-Br-cGMP or noradrenaline acted like epinephrine. diBu-cAMP was inactive but
inhibited cell activation by epinephrine or cGMP. Neither epinephrine, 8-Br-cGMP nor diBu-cAMP
released histamine. Exposure of peritoneal cells to a hypotonic salt medium caused histamine release
but not activation of esterase. However, hypotonically pretreated cells responded to epinephrine in the
same way as normal cells. Diisopropyl-fluorophosphate prevented esterase activity on TAME and
BTEE. Following differential centrifugation of peritoneal fluid cells, epinephrine-sensitive esterase was
found only in mast cells; eosinophils, lymphocytes and monocytes were inactive. Compound 48/80,
although less active than epinephrine, was also able to activate mast cells. The concentrations required
were ten times higher than those needed to cause substantial release of histamine. The appearance of
esterase activity in epinephrine-treated rat mast cells seems to be the outcome of cGMP-dependent
changes, associated with reversible morphological alterations, but not with the release of histamine.
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Much of the considerable research devoted to mast
cells is due to the recognition that they are sites of
origin of several mediators of allergic and inflam-
matory responses of tissues [1]. Most of these agents
are of low or intermediate molecular weight, and
although they may trigger enzymatic processes, they
have not been shown to have enzymatic activity of
their own. Nevertheless, mast cells obtained from
the peritoneal cavity of the rat have been shown to
contain a chymotrypsin-like enzyme [2], a ‘chymase’
[3], which has been purified, characterized, and
found to closely resemble pancreatic chymotrypsin
[4,5]. No role has been found for this enzyme in
histamine release in anaphylaxis [6] or by chemical
mediators [7].

Although a trypsin-like enzyme, capable of hydro-
lyzing substituted basic amino acid esters, has been
found in rat circulatory basophils [8] and in skin mast
cells of man and dog [9], a similar enzyme could not
be demonstrated in rat mast cells. We have, in part,
confirmed these findings, by showing that free mast
cells, extracted from the peritoneal cavity of the rat,
have only minimal hydrolytic activity on substituted
arginine esters such as BAEE or TAME.* This
activity, however, became clearly demonstrable fol-
lowing exposure of the cells to epinephrine. Very
significant increases in the ability of the cell to

* The following abbreviations are used in the text:
BAEE, N-benzoyl-arginine-ethyl-ester; BTEE, N-benzoyl-
tyrosine-ethyl-ester; TAME, N-p-toluenesulfonyl-argi-
nine-methyl-ester; BSA, bovine serum albumin; DFP,
diisopropyl-fluorophosphate; diBu-cAMP, N®-2’-O-dibu-
tyril-cyclic 3',5'-adenosine monophosphate; 8-Br-cGMP,
8 bromo-cyclic 3’,5’-guanosine monophosphate; and TCA,
trichloroacetic acid.
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hydrolyze substituted tyrosine esters, i.e. typical chy-
motrypsin substrates, were also induced by the cat-
echolamine. It was felt that characterization of a
process leading to the activation, by an ubiquitous
endogenous mediator, of latent tryptic and chymo-
tryptic mast cell enzymes might open new views on
the pathological and physiological roles of these cells.
Presented here are results of studies on time and
concentration dependence, cell specificity, relation-
ship to the histamine-releasing process, and reprod-
ucibility by cyclic nucleotides, of the activation of
mast cell esterases by epinephrine. These studies
complement previous results [10] showing that mast
cell-containing rat peritoneal fluid cells, after stimu-
lation by epinephrine and, to a lesser extent, by
compound 48/80, become capable of causing the
activation of a rat plasma arginine ester esterase with
kallikrein-like properties, as evidenced by its ability
to cause the consumption of plasma kininogen.

MATERIALS AND METHODS

Male, 180-250 g Wistar rats were used in this
study. Peritoneal fluid cells were collected by flushing
the abdominal cavity with 10 ml of Krebs-Ringer
phosphate buffer, pH 7.3, centrifuging (5 min, 900 g),
and resuspending the cells in adequate volumes of
buffer. Mast cells were separated from other peri-
toneal cells using a 38% BSA solution as a density
barrier against the penetration of such ceils during
controiled centrifugation [11]. Repeated washing of
mast cells contained in the BSA layer led to a partial
loss of their ability to respond to epinephrine. A
single wash using the recommended MCS buffer [11]
was, therefore, employed. Mast cells were quanti-
tatively recovered; in fifteen experiments, they com-
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prised 73 = 2 per cent of the cells of the albumin
fraction and less than 0.1 per cent of the cells which
collected at the albumin-buffer interface. The cells
of this fraction were also recovered in quantitative
yield. Upon differential count (Giemsa stain), they
were found to contain lymphocytes, eosinophils and
monocytes in the same relative distribution in which
such cells existed in the original peritoneal cavity
washings; this indicated that the fractionation pro-
cedure employed segregated only mast cells. To gen-
erate esterolytic activity, 5-10 x 10" purified or non-
fractionated mast cells were incubated for 5 min at
37° in 100 ! of Krebs-Ringer phosphate buffer,
pH 7.3, under air, in a Dubnoff metabolic incubator
at a shaking cycle of 125/min. To determine ester-
olytic activity, 100 ul of a suspension of control or
activated cells were added to 900 ul of 10 mM BAEE
or TAME substrates in 0.15 M Tris buffer, pH 7.8,
and were incubated for 30 min at 37° in the Dubnoff
shaker. None of the activators used, i.e. epinephrine,
48/80 or 8-Br-cGMP, affected the stability of the
ester substrates, when tested in the absence of cells.
Reactions were terminated by adding 10% TCA to
a final concentration of 4%. The extent of hydrolysis
was estimated by determining the percentage of sub-
strate remaining after incubation. The colorimetric
procedure recommended by Brown [12], based on
the hydroxamate reaction, was followed. Preliminary
trials using trypsin and chymotrypsin showed that,
for up to 50 per cent substrate consumption, the
extent of hydrolysis was a linear function of both
enzyme concentration and time. Experiments
employing cells were followed for a period yielding,
at most, hydrolysis of 30 per cent of the substrate
present. When BTEE was employed, incubation and
assay mixtures contained 50% (w/w) methanol; con-
siderable release of histamine, but no generation of
chymotrypsin-like activity took place under the
influence of this solvent. Histamine release was
estimated from the values of histamine remaining in
cells after incubation. The amine was quantitatively
liberated from the centrifuged cells by heating for
10 min at 90° in 0.1 M HCI, and was assayed on the
atropinized guinea pig ileum. Mast cells were
counted in a Neubauer chamber, after staining with
1:5000 toluidine blue in saline.

Drugs. [-Epinephrine, compound 48/80, diBu-
cAMP, 8-Br-cGMP, BAEE, TAME, BTEE, BSA
(fraction V), trypsin (Type III), and a-chymotrypsin
(Type II) were obtained from the Sigma Chemical
Co., St. Louis, MO, and DFP from the Aldrich
Chemical Co., Milwaukee, WI. Stock solutions of
epinephrine (1 mg/ml) were prepared by dissolving
the amine in 1 M HCl to pH 5-6. Appropriate dilu-
tions were prepared just prior to use. BSA was stored
in a vacuum dessicator in the presence of dry CaCl..
Its protein concentration was periodically controlled
by comparison with a standard of crystalline bovine
serum albumin (Sigma), using the biuret method.
DFP was dissolved in methanol and subsequently
diluted to the desired concentration with buffer,

RESULTS

Figure 1 shows that, within 2 min following the
incubation of peritoneal fluid cells with /-epineph-
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Fig. 1. Time course of the development of TAME and
BTEE hydrolyzing activities in rat peritoneal fluid cells
incubated in 2.7 X 1078 M l-epinephrine (@), or in butfer
(O). Results are averages of four experiments. An asterisk
(*) indicates a statistically significant effect of epinephrine.
Following activation for the periods shown, cells were
allowed to act on the substrates for 30 min.

rine, a marked ability to hydrolyze both the substi-
tuted arginine ester, TAME, and the substituted
tyrosine ester, BTEE, developed in the cell suspen-
sion. Both activities were maximal after 5 or 10 min
of incubation, but thereafter followed a different
course. While TAME-esterase remained unchanged
for a period of 40 min, BTEE-esterase activity was
lost within 10-20 min.

Figure 2 shows that the effect of epinephrine-
activated cells on either BAEE or BTEE followed
a non-linear course over the time interval examined;
cells not exposed to epinephrine were ineffective
with either substrate. The exponential character of
the lines describing hydrolysis by activated cells con-
trasted with the linear pattern of hydrolysis observed
(not shown) when trypsin and chymotrypsin were
tested on their respective substrates. The 30-min
period of activity of epinephrine-activated cells,
chosen for the remaining experiments, represents
the maximal time interval over which such activity
could be demonstrated.

Figure 3 compares the efficiency of epinephrine
with that of the histamine releaser compound 48/80,
in generating BAEE and BTEE hydrolysis in rat
peritoneal fluid cell suspensions following a 5-min
incubation period. The molarity units used for com-
pound 48/80 correspond to the content of the mono-
meric building unit, p-methoxyphenethyl methyl
amine, of this compound. Epinephrine was consider-
ably more effective as an esterase, activator than
compound 48/80 over the range of concentrations
examined.

To establish the nature of the cells contained in
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Fig. 2. Time course of the action on BAEE and BTEE of epinephrine pre-activated (5 min, 2.7 X 107°M

catecholamine) rat peritoneal fluid celis. Key: (O——0O) activity on BAEE (four experiments); and

(A-—-A) activity on BTEE (single experiment). Activities of cells preincubated 5 min in buffer (@)
were uniformly zero.

rat peritoneal fluid responsible for esterase genera-
tion, the cells were submitted to differential cen-
trifugation [11]. The results presented in Table 1
show that only mast cells could generate arginine or
tyrosine ester hydrolase activity following exposure
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Fig. 3. Esterolytic activity on BAEE (panel a) and on
BTEE (panel b) acquired by peritoneal fluid cells after
5 min exposure to different concentrations of epinephrine
(@), or compound 48/80 (O). Values shown are averages
of four experiments; they have been corrected for activities
shown by controls incubated in buffer, which were as fol-
lows: 0.25 + 0.25 per cent (N = 8) for BAEE, and 1.81 per
cent (N = 8) for BTEE. Concentrations of activators are
expressed in terms of the log of the molarity x 107 at which
these substances were present during incubation.

to either epinephrine or compound 48/80. Other
peritoneal fluid cells, employed at the same concen-
tration at which they had been present in incubates
of non-fractionated cells, were not activated by either
48/80 or epinephrine; differential counting had
shown that their qualitative distribution was not dif-
ferent from that prevailing prior to fractionation. A
surprising, unexplained finding shown in Table 1 was
the higher esterase activity with BAEE caused by
compound 48/80 in purified mast cells, compared to
corresponding activity in non-fractionated cells. It
is not clear to what this may be due. Although,
following fractionation, mast cells were washed to
remove excess fractionation medium, traces of this
fluid must have been added together with the cells
to the substrates. The fractionation medium which
was employed [11] contained bovine serum albumin
and heparin, which are a potential source of esterases
and a rat plasma esterase activator respectively [13].
Nevertheless, the enhanced activity of purified mast
cells cannot be caused by esterolytic effects of con-
taminating fractionation medium per se; additional
experiments showed it to be devoid of esterolytic
activity with either BAEE or BTEE. Also, had this
medium been, by itself, the cause of the observed
effect, one would expect it also to affect the control
or epinephrine-activated cells. The results shown in
Table 1 indicate that this was not the case, and one
is led to conclude that the purification procedure,
which was employed, specifically sensitized mast cells
to the esterase-generating activity of compound
48/80.

The effects on BAEE and BTEE of epinephrine-
treated peritoneal fluid cell suspensions bore a rela-
tionship to their mast cell content. Figure 4 illustrates
these findings and suggests that factors retarding the
process appear at higher mast cell concentrations.
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Table 1. Mast cell origin of the esterolytic activities generated by l-epinephrine or compound 48/80 in
rat peritoneal fluid cells*

Cells in incubates
Content per ml X 107

Activity (% hydrolysis)

Source Mast cells Non-mast cells Treatment BAEE BTEE

; Control 0.0 2.7x0.2
Ee"r‘i‘t:ﬁ;"‘eca‘l“’é"ggd 412+24 1287+60  Epinephrine  23.5%2.7t  14.6+2.1+
48/80 10.4 = 1.5% 6.9+ 1.9t

Control 74+ 1.1 3409
Albumin layer 41222 152 Epinephrine 27.2 £ 3.6% 22.5+1.07
48/80 44.5 £ 3.6% 25.0 = 1.07

Control 1.3+05 3.6 0.8

Interfacial layer 0.0 1275 = 55 Epinephrine 3.8+0.3 3807

48/80 7.4 = 1.0+ 34x09

* After centrifugation, the lower (albumin) layer was diluted 10-fold with MCM medium [11}], and
its cells were sedimented by a 5-min centrifugation at 60 g, washed once with fresh medium, and
suspended in the desired amount of Krebs—Ringer phosphate buffer. Non-mast cells, collected at the
interface between the albumin and buffer layers, were removed by careful aspiration, sedimented by
centrifugation, washed and resuspended in buffer. Esterolytic activity was generated by incubating the
different cell fractions for 5 min in the presence of epinephrine (2.7 x 107% M) or compound 48/80 (5.0
pg/ml). Results refer to averages of four experiments.

+ Statistically significant (P < 0.05) effect of epinephrine or of compound 48/80.

This effect appeared especially noticeable when the
hydrolysis of BTEE was followed. In view of these
results, and since epinephrine or 48/80-generated
esterase activities had been found to be associated
only with mast cells, further investigations were per-
formed with non-fractionated suspensions of rat per-
itoneal fluid cells.

Figure 5 shows that, although some of the ester-
olytic action on BAEE generated by epinephrine
in mast cells was lost into the medium during incu-
bation, the major part of it remained bound to the
cells in a manner firm enough to withstand removal
by repeated washing and centrifugation. The cen-
trifugation conditions employed in the present study

20
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Fig. 4. Relationship between mast cell content and activity

on BAEE (O) or BTEE (x) of peritoneal fluid cell sus-

pensions which had been incubated for 5min with

2.7 x 107%M epinephrine. Mast cells comprised between

2.3 and 8.3 per cent (mean 4.5 + 0.6; N = 12) of peritoneal
fluid cells present.

(5 min, 900g) were similar to those followed by
Lagunoff {14], and it is quite possible that, as pro-
posed by this author, mast cell esterases reside in
granules contained either within or adhering to such
cells. BTEE esterolytic activity in cells decreased
after each washing; since it was not recovered in the
supernatant fractions, it appeared to have been pro-
gressively inactivated during incubation. A similar
instability of this enzyme occurred in the absence of
washing (Fig. 1).

Figure 6 illustrates that, at concentrations capable
of generating cell esterases, epinephrine failed to
cause mstamine release from mast cells. Compound
48/80, on the other hand, produced a high release
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Fig. 5. Effect of washing by repeated centrifugation (5 min,

900g) and resuspension in fresh medium (1ml) on the

esterolytic activity on BAEE OJ or BTEE M of rat peritoneal

fiuid mast cells which had been incubated for 5 min with
2.7 x 1075 M epinephrine.
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Fig. 6. Histamine release from rat peritoneal fluid mast
cells after a 10-min exposure to different concentrations of
epinephrine (@), or compound 48/80 (O). Values presented
are averages of four experiments. Controls incubated in
the absence of activators failed to release measurable
amounts of histamine. Concentrations are expressed in
terms of the log of the molarity X 107 at which the active
substances were present during incubation. In the case of
compound 48/80, they are based on the content of p-meth-
oxyphenethyl methyl amine of the compound.

of the amine at concentrations generating slight
BAEE-esterolytic or BTEE-esterolytic activities.

The presence of epinephrine failed to inhibit the
histamine-releasing action of compound 48/80.
Additional experiments showed that, while 1 ug/ml
of 48/80 released 57.7 = 1.5 per cent of the amine
from mast cells, the presence of epinephrine
(2.7 x 107°M) caused this release to amount to
57.6 = 5.6 per cent (N =7), a statistically non-sig-
nificant difference. A 10-fold increase in the con-
centration of the catecholamine did not change this
result.

Table 2 shows that osmotic injury of mast cells,
caused by exposure to hypotonic medium (6.05 M
Tris buffer), resuits in appreciable loss of histamine,
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but the cells did not develop the capacity to hydrolyze
BAEE. Similarly (Fig. 7), treatment of mast cells
with amounts of compound 48/80, which caused
intense release of histamine and modest activation
of TAME esterase, did not prevent the cells from
showing additional esterolytic activity following
exposure to epinephrine.

Sensitivity to DFP is a characteristic property of
active serine-proteases such as trypsin and chymo-
trypsin. As shown in Table 3, the esterolytic activities
generated by epinephrine in rat mast cells were
inhibited extensively by 5 X 10~* M DFP.

Figure 8 shows that the bromine analogue of
cGMP produced considerable activation of BAEE
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Fig. 7. Generation of TAME-esterase and release of his-
tamine in rat peritoneal fluid mast cells treated in succession
with 5.0 ug/ml of compound 48/80 and 2.7 x 107°M epi-
nephrine. Bar 1: cells exposed only to 48/80; bar 2: cells
exposed only to epinephrine; and bar 3: cells exposed first
to 48/80 and then to epinephrine. Values are averages of
two experiments. Each drug was allowed to act on cells for
10 min.

Table 2. Effect of the permanence of peritoneal fluid mast cells in a hypotonic medium on
their histamine content and their esterolytic activity prior to and after subsequent incubation
with epinephrine*

Cells Histamine loss Esterolytic activity

Pretreatment Treatment (%) (% BAEE consumed)
Hypotonic medium,+
10 min, 37° 46.0 + 8.0 1.6x0.7
Hypotonic medium,t
10 min, 37° Epinephrine 20.0 = 1.8%
Isotonic medium,§
10 min, 37° 60+29 25+08
Isotonic medium,§
10 min, 37° Epinephrine 17.3 2.0t

* Following pretreatment (10 min at 37°), cells were centrifuged, resuspended in Krebs—
Ringer phosphate buffer, and incubated for 5 min at 37° in the presence or the absence of
epinephrine (2.7 X 107% M). Results are averages of six experiments.

+0.05 M Tris, pH 7.8.

1 Statistically significant (P < 0.01) effect of epinephrine.

§ 0.15 M Tris, pH 7.8.
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Table 3. Sensitivity to DFP of TAME and BTEE esterase activities generated
by epinephrine in peritoneal fluid cells of the rat*

Incubation

Activity
TAME BTEE
(% consumed)

Epinephrine (2.7 x 1075 M)
DFP (5 x 107> M) + epinephrine

20.2+3.4 23.
4.9 £ 1.4+

* Peritoneal fluid cells, suspended in Krebs—Ringer phosphate buffer, were
incubated for 15 min at 37°. After triple centrifugation and washing, esterolytic

activity was tested on each substrate.

T Statistically significant (P < 0.01) effect of DFP. Results are averages of six

experiments.

and BTEE peritoneal fluid cell esterases. In contrast,
the dibutyryl analogue of cAMP, while incapable of
generating such activities, inhibited their generation
by either 8-Br-cGMP or epinephrine. As shown in
Table 4, neither 8-Br-cGMP nor diBu-cAMP
released histamine from rat peritoneal fluid cells.
Additional experiments (not presented), employing
the fractionation procedure described in Table 1,
showed that esterase generation by 8-Br-cGMP was
only found in the mast cell fraction of rat peritoneal
fluid cells. Thus, the effect of 8-Br-cGMP on mast
cell esterases resembles that of epinephrine, regard-
ing both its independence from the histamine-releas-
ing process and its sensitivity to inhibition by cAMP.

Table 5 shows that, although capable of activating
rat peritoneal fluid mast cells, neither /-norepineph-
rine nor [-isoprenaline was as effective in this sense
as [-epinephrine; dl-isoprenaline was less effective,
even when employed at twice the concentration of
the endogenous amines.

No evidence identifying the action of /-epinephrine

il

%

Hydrolysis,

Fig. 8. Effect of 8-Br-cGMP, epinephrine and diBu-cAMP
on the generation of BAEE and BTEE esterase activities
in rat peritoneal fluid cells. Bar 1: cells exposed to diBu-
cAMP, 107* M; bar 2: cells exposed to 8-Br-cGMP, 107* M;
bar 3: cells exposed to epinephrine, 2.7 X 107° M; and bars
4 and 5: cells exposed to 8-Br-cGMP or epinephrine,
respectively, in the presence of diBu-cAMP. Values are
averages of four experiments. Each drug or pair of drugs
was allowed to act on cells for 5min at 37°. An asterisk
(*) indicates a statistically significant effect of diBu-cAMP.

as directed toward either alpha- or beta-adrenergic
receptors on the mast cell was obtained. The results,
shown in the second part of Table 5, indicate that

Table 4. Histamine content of rat peritoneal fluid cells
following incubation with 8-Br-cGMP, diBu-cAMP or com-

pound 48/80*
Histamine content}
Incubation (ug/ml)
8-Br-cGMP (107 M) 4.0£0.4 (6)
diBu-cAMP (107 M) 4.0x0.4 (3)
Compound 48/80 (1 ug/ml) 1.8£0.3f (3)
Buffer 4.0+0.4 (6)

* Incubations were performed in Krebs-Ringer phos-
phate buffer, for 10 min at 37°. Figures in parentheses
represent the number of experiments performed.

+ Expressed in terms of histamine diphosphate; cell sus-
pensions contained 2 X 1075 = 15% mast cells/ml.

} Statistically significant (P < 0.05) effect of compound
48/80.

Table 5. Effect of sympathomimetic agonists and antag-
onists on the generation of BAEE esterase activity in rat
peritoneal fluid cells*

Concn Activity
Drug M) (% BAEE consumed)
Control 1.9+£0.5(8)
Agonists
I-Epinephrine 2.7%x107¢ 22.0 = 1.87 (4)
I-Norepinephrine 2.7 x 107¢ 10.1 = 0.8} (4)
I-Isoprenaline 2.7%x10°¢ 15.9 = 1.0t (4
dl-Isoprenaline 5.4%10°¢ 8.5 1.17 (4)
Antagonists
I-Epinephrine 2.7x10°°
+ 3505t (3)
Phenoxybenzamine 1.8 x 1073
I-Epinephrine 2.7 %1078
+ 6.2 +0.6% (3)
Propranolol 1.8x 1073

* Cells were incubated for 5 min with adrenergic agonists;
antagonists were added 10 min prior to epinephrine. Figures
in parentheses refer to the number of experiments
performed.

+ Statistically significant (P < 0.05) effect of agonists.

t Statistically significant (P < 0.05) effect of antagonists
of epinephrine.
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either phenoxybenzamine or propranolol at equi-
molar concentration prevented the mast cell BAEE-
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esterase activaiing action of the catecholamine.

DISCUSSION

The present results refer to hitherto undescribed
Tesponses of rat peritoneal fluid cells to epinephrine
and compound 48/80, COi‘iS‘iSuus of esterolytic activity
toward aromatic and basic amino-acid esters. Since
the peritoneal cavity of the rat contains at least four
ceil types (lymphocytes, monocytes, eosinophils and
mast cells), an early objective of this study was the
identification of the cell or cells prov1dmg the acti-
vated enzymes. For this purpose, mixed peritoneal
cells were submitted to a fractionation procedure
which segregates mast cells from other cells by evok-
ing their selective sedimentation into a dense bovine
serum albumin solution. It could be clearly shown
that mast cells were responsible for the increased
ability to hydrolyze the BAEE or BTEE, which was
developed by peritoneal fiuid cells in response to
epinephrine or 48/80. Following fractionation in con-
centrated bovine serum albumin medium, mast cells
proved to be considerably more responsive in terms
of esterase activation, especially to compound 48/80,
than they had been prior to fractionation. Since this
effect was not due to the direct action of components
of the medium, alternative ways of explaining it have
to be sought. Mast cells harvested from the perito-
neal cavity of rats represent a mixture of pre-existing
free cells plus cells dislodged from loose binding to
the surface of the peritoneal membranes [15]. It is
conceivable that such cells present vacant protein
and/or heparin binding sites which, unless filled,
prevent cells from full interaction with compound
48/80. Exposure to the fractionation medium may
replenish such sites, thus enhancing the sensitivity
of the cells to the esterase- -activating action of com-
pound 48/80. This interpretation receives a certain
amount of support from the observations of Uvnis
and Thon {[16], which show that, unlike non-frac-
tionated cells, mast cells separated in a high density

medium (p}COI“ can nniy react to pnmpnnnd 4R/R0

with release of histamine when either cat serum or

human serum albumin is incorporated into the cell-
the

[ 23197

nnnnnnn Aire mmodisie

auapcuuius mieuiuiis.
reason for the activating effects of such apparently
quite unrelated proteins is unknown. Inhibitory
influences from non-mast cell sources, present to a
greater extent in non-fractionated peritoneal fluid
cell suspensions, may also be contributing to the
observed effects.

The mast cells are the most important site of
storage and release of histamine in the body. The
generation of esterase activity by epinephrine
occurred without a concomitant release of histamine.
Cells which had lost a substantial part of their bound
histamine after exposure to a hypotonic medium
were not esterolytically activated; they preserved
their esterases in a latent state. They could be acti-
vated by secondary exposure to epinephrine. The
esterases which are the subject of this study may
reside in hydrophobically shielded structures, pos-
sibly within lipoid membranes, unaffected by a
hypotonic environment. This suggestion receives

Ag inmn our aynarimantc
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support from results showing that, after activation

by epinephrine, the esterases are not easily detached
reneated wnchmo Unlike

from the cell even by

histamine, they are apparently fixed constituents of
the mast cell.

The relation between epinephrine-activated mast
cell chymotrypsin and mast cell ‘chymase’ [3] has not

been determined The latter is predominantly con-
tained in a granule-rich fraction of mast cell sonicates
or lysates [3, 5] which also contain most of the bound
histamine of the cell. Nevertheless, no evidence of
a concomitant release of histamine and chymase
from 48/80-treated or otherwise stimulated intact
mast cells seems to have been reported. Our results
clearly show that mast cell esterase activation and
histamine release are independent events; since elec-
tron-microscopic studies {17, 18] have suggested the
existence of at least two types of granules in mast
cells, the possibility that histamine and esterase
reside in different granules deserves investigation.
The release of histamine by compound 48/80 has
been considered not to involve proteolytic mast cell
enzymes, after it was shown [7] that DFP, a potent
protease inhibitor, failed to block the process. Evi-
dence of release of chymase from rat mast cells
exposed to polymixin B, a histamine-releasing agent,
has been reported [14]. The fraction of cell-bound
enzyme released, however, was small in comparison
to that of the histamine liberated. The release of
these two mast cell components thus appeared not
to be necessarily causally related. It has not been
possible to determine whether the esterase activity
arising in mast cells exposed to epinephrine, com-
pound 48/80 or 8-Br-cGMP results from the gener-
ation of enzymes from inactive precursors or from
an uncovering of active enzymes which, in the non-
stimulated cells, are masked or otherwise prevented
from gaining access to the substrate. The latter
alternatlve may be the more likely; recent results
(unpublished) have shown that morphological

changes evcked by epinephrine in rat mesentery

mast cells [19,20] are reversible once the cell is
removed from the influence of the catecholamine
Itis pGSSibie that revernibuu] may € L/Al_llalll the p pro-
gressive loss of esterase activity observed in certain
instances in epinephrine treated cells. However,
inhibition b by products of hydrolysis or by other fac-
tors present in the incubates may also be occurring.
It is of interest to note in this regard that mast cells
seem o be the storage site of the Kunitz anti-protease
also described under the name of Trasylol [21]. Fur-
ther work will be required to clarify the reasons for
the peculiar kinetic behavior of esterolytic factors
arising from activated mast cells. Unless such data
become available, resuits as clear-cut as those orig-
inating from work with soiubie, pure mast ceil
enzymes dispersed in a homogeneous medium [4, 5]
will not be obtained.

Although our results indicate the activation of a
trypsin-like enzyme together with a chymotrypsin-
like entity in rat mast cells, the existence of tryptic
activity in such cells is not generally accepted [2].
This is to be expected; unstimulated peritoneal fluid
cells do indeed have low to undetectable levels of
arginine ester esterase. Darzynkiewicz and Barnard
[22] have shown that tritiated DFP is preferentially
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bound to sites located near or within the granules
of the mast cell. These sites were considered to be
the active centers of a chymotryptic enzyme, since
considerable inhibition of labeling occurred in
experiments in which DFP was employed together
with chymotrypsin substrates such as BTEE or
ATEE (N-acetyl-tyrosine-ester). Intercstingly, the
binding of DFP was also markedly reduced when,
instead of these substrates, basic amino acid esters
or amides, such as BAEE, TAME or BAA (N-
benzoyl arginine amide), were used. Although these
compounds are rather specific trypsin substrates, the
findings did not lead the authors [22] to conclude
that a trypsin-like enzyme exists in mast cclls.
Rather, they stated that the inhibitory effect of the
substituted basic amino acid esters was due to the
non-specific binding of substituted arginine sub-
strates to the active center of mast cell chymase via
the aromatic, N-benzoyl part of their molecules.
Since in these experiments BAEE and TAME were
more effective than either ATEE or BTEE in dis-
placing labeled DFP, the binding of the basic amino
acid esters must have been more intense than that
of the chymotrypsin substrates proper. While this
possibility cannot be disregarded, it seems equally
valid to consider that the findings of Darzynkiewicz
and Barnard [22], like ours, reflect the existence of
tryptic enzymes in rat mast cells.

The effects of epinephrine were not reproduced,
but were rather inhibited by diBu-cAMP, a com-
pound considered to substitute adequately for
endogenous cAMP in cell systems [23]. Sullivan er
al. [11] have shown that increased levels of cAMP
are achieved only after exposure of peritoneal fluid
mast cells to concentrations of epinephrine 10- to
100-fold higher than those shown to be sufficient for
the activation of mast cell esterases. Thus, although
the most frequently described effect of epinephrine
on cell metabolism is stimulation of adenyl cyclase
[24], leading to increased levels of cell cAMP, this
does not appear to be responsible for mast cell
esterase activation.

In contrast to the cAMP derivative, the 8-bromo
analogue of cGMP, reported [23] to be an adequate
substitute for endogenous cGMP, reproduced the
effect of epinephrine on mast cell esterases; like the
catecholamine, its action was inhibited by diBu-
cAMP. Changes in mast cell levels of cGMP, or
perhaps of cGMP/cAMP ratios [25], may initiate
effects of epinephrine leading to esterase activation.
Measurements of changes in mast cell cyclic nucleo-
tide levels, accompanying the action of epinephrine,
will be required to substantiate this hypothesis.

Although changes in cyclic nucleotide-dependent
enzymes seem to be involved in the histamine-releas-
ing process {26}, no report of an initiation of this
event by exogenous cyclic nucleotides or their ana-
logues has been published. The present resuits con-
firm this by showing that neither diBu-cAMP nor
8-Br-cGMP treatment of mast cells led to the release
of histamine. These results emphasize the biochemi-
cal differences existing between the esterase-acti-
vating and histamine-releasing processes of the mast
cell.

Compound 48/80 was able to partially reproduce
the esterase-generating effect of epinephrine or 8-

Br-cGMP. Different authors [27, 28] have shown
that, along with its histamine-releasing action, com-
pound 48/80 induces a lowering of mast cell cAMP
levels. It is possible that, by causing an imbalance
of cGMP/cAMP ratios, compound 48/80 creates a
condition to which the cell responds with activation
of its tryptic and chymotryptic esterases. This effect
is less complete than that of epinephrine, since cells
pretreated with 48/80 were shown to generate addi-
tional amounts of esterases following exposure to
the catecholamine.

I-Norepinephrine and /-isoprenaline were capable
of activating mast cell BAEE esterase, although less
efficiently than l-epinephrine; dl-isoprenaline was
nearly inactive. The action of epinephrine was sen-
sitive to inhibition by either phenoxybenzamine or
propranolol. In previous studies [10] related to those
presently reported, the action of epinephrine was
examined in a system composed of rat plasma ren-
dered reactive to the catecholamine by the presence
of mast cell-containing peritoneal fluid cells. Epi-
nephrine caused cell-mediated consumption of rat
plasma kininogen and activation of plasma arginine
ester hydrolase. These effects were partially repro-
duced by norepinephrine, but not by dl-isoprenaline;
they were inhibited by propranolol and, somewhat
more effectively, by phenoxybenzamine. The
absence of a clear-cut defintion of the alpha- or beta-
adrenergic nature of mast cell receptors for epi-
nephrine was considered to reflect the none-too-
selective pharmacological activity of propranolol,
which includes the ability to affect the alpha-adre-
nergic receptors [29]. In view of the present results,
it is probably best to admit that mast cell targets of
the action of epinephrine behave like mixed alpha-
beta receptors [30], presenting slight predominance
of alpha-adrenergic properties.

Newball et al. [31] reported recently that human
peripheral leukocytes can be immunologically acti-
vated to release a BAEE-splitting enzyme which
cleaves bradykininogen yielding kinin. In a prelimi-
nary report [32], we have shown that human whole
blood acquires kininogen splitting activity following
contact with epinephrine. Since blood basophils are
in some respects the circulatory counterparts of tissue
mast cells, it appears that the investigation of con-
ditions leading to the activation of basophilic or mast
cell esterases may reveal hitherto unknown functions
of these cells, resulting not only from pathological
stimuli, like the antigen—antibody reaction, but also
from physiological influences, e.g. a catecholamine
discharge.
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