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tritiated thymidine. The proportion of la-
beled cells was low prior to and for the first
2 days following initiation of inflammation.
Beginning on the 3rd day the proportion of
labeled cells gradually increased reaching a
maximum on or about the 7th day in the
non-sensitized mice. In animals previously
sensitized to the Diphtheria toxoid, the in-
crease in labeled cells occurred more rap-
idly, reaching a maximum on or about 5th
day of inflammation. However, number of
cells capable of DNA synthesis in both
groups appeared to be identical. The origin
of inflammatory mononuclear cells was dis-
cussed. Only a small proportion of the cells
originate by division of cells suspended in
the inflammatory exudate. The majority of
cells, both ‘granulocytes and mononuclear
cells, migrate into -the inflammatory area
from the blood vessels and possibly from ad-
joining tissues.

1. Speirs, R. S., Speirs, E. B, Jaunsen, V., Proc.
Soc. Exp. Biol.. AND MED., 1961, v106, 248,

2. Hughes, W. I.., Bond, V. P., Brecher, G., Cron-
kite, E. P., Painter, R. B., Quastler, H., Sherman,
F. G., Proc. Nat. Acad. Sci., 1958, v44, 476.

3, Taylor, J. H., Woods, P. 8., Hughes, W. L.,
ibid., 1957, v43, 122,

4. Hughes, W. 1., Kinetics of Cellular Proliferu-
tion. Ed. by F. Stohlman, 1959, Grune & Stratton.

255

5. Bond, V. P., Fliedner, T. M., Cronkite, E. P.,
Rubini, J. R., Brecher, G., Schork, P., Acta.
Haemat., 1959, v21, 1,

6. Burke, W. T., Brotherston, G., Harris, C., 4m.
J. Clin. Path., 1955, v25, 1226.

7. Joftes, D. L., Lab. Invest., 1958, v8, 1931.

8. Boyd, G. A., Autoradiography in Biology and
Medicine, 1955, Academic Press, N. Y.

9. Speirs, R. 8., Dreisbach, M. E., Blood, 1956,
v11, 44.

10. Speirs, R. S., Wenek, U., Dreisbach, M. E.,
ibid., 1956, v11, 56.

11. Sieracki, J. C., Rebuck, J. W.; The Lympho-
cyte and Lymphocytic Tissue, 1960. Ed. J. W. Re-
buck. Paul B. Hoeber.

12, Speirs, R. 8., Reticulo-Endothelial Structure
and Function, Chap. 7, 1960. Ed. by J. H. Heller,
Ronald Press, N. Y.

13. Spriggs, A. L, Lajtha, L. G., Brit. J. Cancer,
1959, v13, 132.

14. Roberts, J. (., Dixon, F. J., Weigle, W. O,,
AM.A. Arch. Path., 1957, v64, 324.

15. Speirs, R. 8., dAnn. N. Y. dcad. Sci., 1958,
v73, 283.

16. Dixon, F. J., Burkantz, 8. C., Dammin, G. J.,
Talmage, D. W., The Nature and Significance of
Antibody Response, Chap. 11, 1951. Ed. by A, M.
Pappenheimer, Columbia Univ. Press, N. Y.

17. Hill, M., Nature, 1959, v183, 1059.

18. Roberts, J. C., The Lymphocyte and Lymph-
atic Tissue, Chap. 7, 1960, Ed. by J. W. Rebuck.
Paul B. Hoeber.

Received October 10, 1960. P.S.E.B.M., 1961, v106.

In vitro Histamine Release from Rat Mast Cells by Chemical and Physical

Agents.*

RonNarp E. Brav!? anp Paur P. VANARSDEL, JR.

(26302)

(Introduced by R. H. Williams)

(With the technical assistance of Miss Eliza Mooers)
Department of Medicine, University of Washington, School of Mcdicine, Seattle

A variety of simple chemical compounds
capable of in vive and in vitro histamine re-
lease from cells has been investigated during
the last 13 years(1). Most studies, particu-
larly with compound 48/80, have utilized
disruption and degranulation of tissue mast
cells as an index of histamine release(1-6).
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Observations on mast cell degranulation may
not be adequate for quantitative study of
48/80 and histamine release; indeed, hista-
mine release may occur without degranula-
tion(7). Furthermore, there is almost no
quantitative information concerning other
chemical releasers. Accordingly, we made
direct measurements of histamine released
after addition of various concentrations of
compound 48/80 to rat peritoneal mast cells,
and compared these effects with those of sev-
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eral other substances including 1935L, a sub-
stituted butylamine(8).

Method and materials. A. Source of mast
cells. The method of Padawer and Gordon.
modified slightly, was used to obtain suspen-
sions of intact rat peritoneal mast cells(9).
Sixteen ml of a modified Tyrode’s solution
(no glucose) was warmed to 37°C and in-
jected into the peritoneal cavity of male
Sprague-Dawley rats weighing from 250 to
400 g. The abdomen of each animal was
gently massaged for about one minute after
injection. The animal was then exsangui-
nated rapidly by decapitation. The abdomen
was opened and 10 to 12 ml of fluid with-
drawn into a 20 ml siliconed* syringe with
an 18 gauge needle. A 10 ml aliquot was
added immediately to 20 ml of modified Ty-
rode’s solution in a siliconed beaker kept at
37°C. The resulting 30 ml suspension of
mast cells was termed the reference cell sus-
pension, and will be referred to as such be-
low. We found that the mast cell suspen-
sions could be handled easily without addi-
tion of any anticoagulant.

B. Determination of mast cell concentra-
tion. Mast cells were counted by mixing one
part of 0.19% dimethyltoluthionine chloride
(toluidine blue) with 19 parts of the refer-
ence cell suspension in a standard white-cell
counting pipette. The mixture was shaken
vigorously and total number of nucleated
cells was then counted in a hemocytometer
with a counting chamber depth of 0.2 mm.
All cells staining metachromatically with tol-
uidine blue were assumed to be mast cells.
These were easily recognizable because of
their large size and typical intracellular gran-
ules.

C. Release of histamine by compound 48
80 and other substances. Two ml aliquots
were taken from the reference cell suspension
and placed in separate 12 ml siliconed centri-
fuge tubes. After the samples were warmed
to 37°C various amounts of 48/80| in 0.05

1 All glassware used in contact with mast cells was
freshly siliconed with Desicote® obtained from Beck-
man Instrument Co., Fullerton, Calif.

|| Obtained through the generosity of the late Dr.
J. S. deBeer, Burroughs, Wellcome and Co., Tucka-
hoe, N. Y. o

ml volumes were added to different aliquots
to provide the final concentrations indicated
in Table I. The solutions were mixed by
gentle tapping of each tube 10-12 times.
Each animal provided a volume of reference
suspension adequate for at least 6 determina-
tions (each one being run in duplicate).

After 45 minutes incubation at 37°C and
gentle agitation every 10 minutes, the suspen-
sions were centrifuged at 350 g for 15 min-
utes to separate the cells. One ml of each
supernatant solution was mixed with an
equal volume of 10% trichloroacetic acid
(TCA) and allowed to stand for 20 minutes
at room temperature. The samples were
then centrifuged at 1100 g for 8 minutes and
one ml of the resulting 5% TCA supernatant
solution used for histamine analysis.

Other agents, 1935L.,7 4-4’-diamidinostil-
bene isethionate (Stilbamidine), protamine
sulphate, and n-octylamine were likewise in-
troduced in 0.05 ml volumes to give the con-
centrations shown in Table I. Other sub-
stances were tested at the single concentra-
tion indicated in Table II. The effects on
pH of each concenrtation of each substance
were also noted. D. Effect of mast cell dilu-
tion on release of histamine by 48/80. The
reference cell suspension was diluted with an
equal volume of modified Tyrode’s solution
and aliquots were subjected to 3 low concen-
trations of 48/80. The fraction of histamine
released was compared with that produced
from undiluted suspensions by these concen-
trations. E. Effects of physical changes on
release of histamine by compound 48/80.
Different aliquots of the reference cell sus-
pension were brought to 4°, 20°, and 40°C.
After 15 minutes, 0.05 ml of 48/80 was
added to each (final concentration 10°M)
and the same temperature maintained. After
20 minutes all samples were centrifuged at
67C to separate the cells and the supernatant
solutions were prepared for histamine assay
as before. Investigation of osmotic effects
was accomplished by diluting aliquots of ref-
erence suspension with one and 2 volumes of
distilled water -and measuring extracellular

“IKindly supplied by Dr. B. N. Halpern, Hosp.
Broussais, Paris, France.
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TABLE 1. The Chemical Releasers of Histamine.
48/80 19351, Protamine Stilbamidine Octylamine
Molar cone, Meant Mean Mean Mean Mean
of releaser N*  +8.D. N + S.D. N -+ 8.D. N +8.D. N + S.D.
107 5 05 + .02 2 15
2 X 1077 10 .32+ 12 2 .01 3 .20+ .19
4 X 1077 8 B8 4+ .07 2 .07
107 28 76 4+.10 3 .66 .05 1007
2 X 10-° 3 82+ .12 ¢ 4 .48 + .07 2 05
5 X 10-¢ 8 .49+ 15 3 74 = .07
105 8 92 + .10 4 55 +.09 3 88 + .03 3 16 =+ .07 1 .08 pH8.28
2 X 107° 4 .70 .07 2 1.0
5 X 10 6 94 + .07 3 45+ .16 1 .08 pHS8.3
10 4 1.0 =x.10 10 .73 .07 3 .58+ .18
2 X 10+ 3 1.0 =x=.10 3 .77 = .06 1 .78 pH 84
5 X 107 6 .78 + .08 4 .85+ .12 2 .80 pHS8S5
1.6 x 102 3 1.07 +.06
pH 8.9

* N = No. of duplicate determinations.

histamine as before. F. Control samples. In
conjunction with each study, duplicate 2 ml
aliquots were taken from the reference cell
suspension and carried through the various
procedures without addition of releaser or
inhibitor.  Also, total available histamine
(cellular and free) of the reference suspen-
sion used for each study was measured by
adding 1 ml of 10% TCA to duplicate un-
centrifuged 1 ml aliquots. These prepara-
tions were mixed and centrifuged as above
and the supernatant solutions, being rich in
histamine, were diluted 5-fold. One ml ali-
quots were then used for histamine analysis.
G. Measurement of kistamine. All of the
final solutions (containing 5% TCA). from
the above experiments were buffered with
1/10 volume of 4M sodium acetate and his-
tamine content measured chemically by the
method of Lowry et al.(10). Each group of
samples was analyzed along with duplicate
standard solutions containing 0.25 ug of his-
tamine base. All solutions were prepared
using triple glass-distilled water and all glass-
ware was meticulously cleaned and rinsed
with triple distilled water before use.

" Results. A. Cell counts and histamine
values. A differential count of the reference
suspensions from 74 rats (mean weight of
312 g) yielded 48 =+ 21.mast cells per cubic
mm, 5.8% of the total nucleated cells. Red
cells were rarely seen. These reference sus-

t Fraction of available histamine released.

pensions contained 1.38 == 0.51 pg/ml of in-
tracellular histamine and 0.06 & 0.02 pg/ml
of free histamine. Calculating histamine per
mast cell for each animal separately, we ob-
tained the value of 29 = 10 ug of histamine/
10¢ mast cells, assuming that the other nu-
cleated cells contained no histamine(11).
Because of the biological variation, all data
on histamine released have been expressed
in terms of the fraction of available cellular
histamine released rather than in absolute
values.

B. Histamine releasers. A  significant
amount of histamine was released by 2 X
10-"M 48/80 (Table I). Histamine release
increased greatly with 48/80 concentrations
up to 10°M. The release of histamine by
48/80 was found to be independent of mast
cell concentration; the proportion of hista-
mine released from diluted cellular suspen-
sions was identical to that from the standard
reference suspension after incubation with
107%,2 X 107 or 4 X 10"M 48/80.

Compound 1935L was also an effective his-
tamine releaser but less potent than 48/80
(Table I). Concentrations of 4 X 10°"M
and below released no appreciable histamine.
A small increment (to 10°M) resulted in a
marked rise in amount of histamine released
but higher concentrations did not release as
much “available’” histamine as 48/80.

Both protamine sulfate and n-octylamine
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TABLE 1T, Other Releasers of Histamine.

Substance Concentration  Release®
Paraehloromercuribenzoate 10-m .88
Formaldehyde 10-%a1 40
5-hydroxytryptamine 3 X 107°n .39
Phenol 10-*nr 16
Tannic acid 10 52
Ammonium oxalate 1075\ 31
Ethanol 35% 1.00
Methanol 509 1.00

* Fraetion of total available histamine released.

released more histamine than 19351, but
higher concentrations of stilbamidine were
required and it exhibited a less abrupt rise
in percentage of histamine in relation to in-
creases in concentration. Other substances
treated for their histamine releasing capaci-
ties are listed in Table II. Although we first
used parachloromercuribenzoate as a poten-
tial inhibitor of histamine release, it released
significant amounts of histamine at 10 "M
concentration so was not studied further.
Both d-tubocurarine and toluidine blue pro-
duced high blank readings on histamine as-
say, so could not be studied.

The nature of our experiments required the
pooling of data obtained by study of many
animals; thus the ranges of values in Table
I represent mainly the degree of biological
variability. Large numbers of determina-
tions were carried out at certain concentra-
tions of releaser, particularly 48,80 (Table
I). Most of these were control values for
further studies concerning the inhibition of
histamine release, to be reported later. The
effects of pH change were not studied per se.
None of the agents used altered the pH of
the system significantly except for tannic
acid (pH of 6.6) and octylamine (Table I).

As expected, several physical procedures
caused release of histamine. Both {reeze-
thawing and heating to 62°C released cellu-
lar histamine completely. When an equal
volume of distilled water was added to a
mast cell suspension no histamine release oc-
curred. However, addition of 2 volumes of
water released 60% of the total histamine.

At 4°C, 10°M 48/80 released insignificant
amounts of histamine. Histamine release by
48/80 occurred to about the same degree at
20°C, and 40°C as at the usual temperature
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of 37°C. However, as the temperature was
increased above 40°C spontaneous release of
histamine (control values) increased signifi-
cantly.

Discussion. Qur finding that 5.8% of the
total number of peritoneal cells were mast
cells is comparable to the 3.5% found by
Padawer(12) and 5.2% by Lagunoff and
Benditt(11). The histamine content, 29 ug/
10% mast cells is surprisingly close to that
reported by others(11,13).

Among the agents studied, compound 48/
80 was the most effective histamine releaser
on a molar basis; a concentration of 10°M
released a majority of cellular histamine. Our
observations with 48/30 are similar to those
reported by Norton, who used degranulation
of mast cells as an index of histamine release
(4). Accordingly, histamine release and
mast cell degranulation by 48/80 seem to be
comparable quantitatively as well as quali-
tatively. There is little comparable quanti-
tative information concerning the degranula-
tion effects of the other agents studied.

Small concentrations of the more effective
substances released a majority of available
histamine, yet large increments were neces-
sary to release the remainder. Indeed, large
concentrations of 1935L and stilbamidine
were not capable of releasing all “available”
histamine. Some mast cells may have been
more resistant to release than others; mast
cells do not comprise a uniform population,
varying in size, staining reactions, and sensi-
tivity to drugs(4,5). Certain “mast” cells
might be totally resistant to the effects of
1935L and stilbamidine. Octylamine was
relatively weak, and a high concentration
was required to produce total histamine re-
lease. Although the pH was high, it was not
high enough to induce spontaneous histamine
release(14,15). Mongar has demonstrated
that only the non-ionized form of octylamine
is active; this requires an alkaline pH, since
the pKa of octylamine is 10.8(14). Thus,
histamine release required a concentration of
2 X 10*M of total octylamine but the non-
ionized form had a concentration of only 7.9
X 107 at pH of 8.4. Thus, this base is ac-
tive in the same range as 48/80.

Protamine was also potent in terms of
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molar concentration. However, this large
polypeptide has a molecular weight of 5600;
the concentrations used would be meaningful
only if there is just one histamine-releasing
site on each molecule.

The proportion of histamine released was
dependent on the concentration of 48/80 but
independent of the concentration of mast
cells (and thus, the amount of available cel-
lular histamine). The number of molecules
of histamine released by one molecule of
48/80 thus would be proportional to the
amount of cellular histamine. With 4 X
10"M 48/80, 58% of the intracellular hista-
mine was released or about 0.8 ug of base
(7.2 X 10® pmoles) from 1 ml of reference
cell suspension. Thus, 1 molecule of 48/80
would release up to 18 molecules of hista-
mine, and might have released more from
more concentrated suspensions.

Summary. Release of histamine from sus-
pensions of rat peritoneal mast cells under
various conditions has been measured di-
rectly by a microchemical technic. Com-
pound 48/80 released histamine in a con-
centration as low as 2 X 10°"M and was the
most potent substance investigated. Several
other substances released histamine; the ef-
fects of compound 19351, protamine, n-octyl-
amine and stilbamidine were evaluated at
several concentrations and compared with
those of 48/80. Stilbamidine was consider-
ably less potent than the others. As ex-
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pected, certain physical changes released his-
tamine, and low temperatures prevented 48/
80 histamine release. Qualitative variations
in response of these mast cells to different
releasers suggested that mechanisms of hista-
mine release vary considerably among the
chemical agents now being investigated.
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Acute Effects of Guanethidine on Myocardial Contractility and
Catecholamine Levels.*t (26303)
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Recent  pharmacological  reports  de-
scribe guanethidine, [2-(octahydro-l-azoci-
nyl)-ethyl]-guanidine sulfate, as a potent
antihypertensive agent(1,2). An immedi-
ate period of adrenergic-like stimulation—
manifested by hypertension, increased car-
diac output, and positive chronotropism—
exists after the agent is acutely administered
to dogs(3). The objects of this study were

to determine the initial changes in heart con-
tractility and in plasma and tissue catechola-

* This study supported in part by grants from Nat.
Heart Inst. and South Carolina Heart Assn.

t Preliminary report in: Symposium on Guane-
thidine, Ciba Pharmaceutical Products, Inc., 1960,
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