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There appears to be a possible relationship
between blood fibrinolytic activity and endo-
genous histamine release in a wide variety of
conditions, In humans, following various
forms of shock there is increased fibrinolytic
activity (1) and depletion of cellular hista-
mine(2). In dogs, endotoxin injection re-
sults in increased fibrinolytic activity(3) and
plasma histamine(4). In mice increased tis-
sue histidine decarboxylase activity follows
stress, including endotoxin and epinephrine
injection which tend to increase fibrinolytic
activity (5).

To study the relationship between hista-
mine and fibrinolysis we have determined
fibrinolytic activity of blood in dogs follow-
ing intravenous injection of histamine.

Materials. (1) Histamine phosphate USP
(Burroughs Wellcome), dissolved in pyrogen-
free water to a concentration of 0.5 mg/ml,
or histamine phosphate USP (Abbott), 1
mg/ml in isotonic saline; (2) Bovine fibrin-
ogen (Behringwerke, Marburg/Lahn, Ger-
many); (3) Bovine Thrombin Topical
(Parke-Davis), 50 NIH units/ml in buffer;
(4) Bovine chloroform-activated plasmin
(Parke-Davis), 10 Loomis units/ml in buf-
fer; (5) Veronal-HCI-NaCl buffer, pH 7.35,
according to Owren(6).

Metkods. Histamine phosphate was given
intravenously in a single dose (50-200 pg/
kg) to 17 healthy mongrel dogs (14-23 kg)
of either sex without anesthesia or sedation.

The euglobulin fraction of plasma was pre-
cipitated from a mixture of 1 ml plasma

* This investigation was supported by research
grant from Nat. Inst. Health, P.H.S.

with 15 ml distilled water by adjusting the
pH to 5.7 with 1% acetic acid solution. The
euglobulin fraction was isolated by centrifu-
gation and resuspended in one ml of buffer.
All these steps were carried out at 4°C.

Fibrinolytic activity of the euglobulin frac-
tion was determined on standard bovine fi-
brin plates, prepared according to a modifica-
tion of the method of Astrup and Miillertz
(7). Four and a half ml of bovine fibrinogen
solution, 240 mg% in buffer, were added to
4.5 ml of 0.05 m CaCl, solution and the mix-
ture clotted in a standard Petri dish with
0.1 ml thrombin solution. One drop (30
lambda) of euglobulin sample was placed on
the fibrin layer. After incubation at 37°C
for 20 hours the area of the lysed zone, ex-
pressed as the product of two perpendicular
diameters, was measured. For each sample
3 separate determinations were made and the
mean area determined.

Euglobulin lysis times were performed in 3
experiments. A volume of 0.9 ml euglobulin
solution was clotted by addition of 0.1 ml
thrombin solution and the time required for
complete lysis at 37°C was recorded.

The antiplasmin activity of the plasma
stored at 4°C for 24 hours was determined
as follows. Two-tenths ml of plasma was
mixed with 0.8 ml plasmin solution. After
incubation of this mixture for 1 hour at
37°C, the residual fibrinolytic activity was
determined on standard fibrin plates.

Glutamic-oxalacetic transaminase (GOT)
in plasma was determined with the Sigma
Chemical Co. reagents.

Protein content of the euglobulin fraction
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TABLE I. Effect of Intravenous Injection of Histamine Phosphate on Fibrinolytic Activity of Blood.

Dose of No.
histamine of
(ng/kg) exp  Controll Control 2 5 min.} 10 min. 20 min. 30 min.
Fibrinolytic activity of euglobulin fraction as mm? of lysis
(mean + S.E.)

50 5 364 + 26 361 =+ 33 578t + 76 4921 + 34 408 =+ 26 368 -+ 29
100 7 312 =+ 28 316 = 30 6031 + 42 5141 + 18 433*% 421 375 + 28
200 5 343 + 44 343 + 40 7101 + 36 570t + 22 480t =+ 36 427% + 24

Fibrinolytic activity of plasma as mm?® of Iysis
(mean and range)

50 3 0 0 37 (9-72) 5 (0-12) 0 0
100 5 0 0 19 (9-30) 2 (0-9) 0 0
200 4 0 0 26 (6-56) 12 (0-49) 0 0

Euglobulin lysis time in min.

50 1 80 82 12 18 30 45
100 1 45 45 5 8 14 20
200 1 105 100 10 25 50 55

* Mean significantly different from control means at 5% level.
t Mean significantly different from control means at 1% level.

t Time after injection of histamine,

was determined by the biuret method(8).

At the start of each experiment, a control
blood sample was obtained. Isotonic saline,
in an amount equal to the volume of hista-
mine solution to be administered (0.75-8.9
ml) was injected intravenously. Five minutes
later, a second control blood sample was col-
lected and the histamine phosphate solution
was injected. Blood was obtained 5, 10, 20
and 30 minutes after injection of histamine.
Nine volumes of blood were mixed immedi-
ately with 1 volume 0.129 M trisodium citrate
solution and centrifuged. Citrate concentra-
tions were adjusted according to hematocrit
so that all plasma samples contained equal
amounts of citrate.

Statistical analysis. For determination of
the significance of differences between the
activity of pre- and postinjection samples,
the standard error of the difference between
any 2 of the means of serial samples was cal-

52
culated as *-Ze- where s2 is the mean square of

the error given by the analysis of variance of
the data. Use was made of Dunnett’s mul-
tiple comparisons test for testing a number of
treatment (postinjection) means against the
mean of the two control (preinjection) val-
ues(9).

Results. None of the dogs had serious side
effects after injection of histamine. “Flush-

ing” over the exposed part of the skin oc-
curred following injection of histamine (200

pg/kg) in 2 of 5 dogs.

Table I summarizes results of the study
of fibrinolytic activity. A significant increase
in fibrinolytic activity of the euglobulin frac-
tion of the plasma occurred in all 17 dogs
following intravenous injection of histamine,
regardless of the dose. This increase was max-
imal in blood samples collected S minutes
after injection. Comparison of the effects ob-
tained with the 3 doses of histamine indi-
cates that the extent and duration of the
fibrinolytic effect are dose dependent. The
fibrinolytic activity of whole plasma on the
fibrin plate was much less than the activity
of the euglobulin fraction prepared from the
same plasma. Plasma collected 5 minutes
after injection exhibited a slight activity on
the fibrin plate; occasionally there was some
effect with the 10 minute samples. The eu-
globulin lysis time was shortened after injec-
tion of histamine. The shortest lysis time
was obtained with the euglobulin fraction of
blood samples collected 5 minutes after in-
jection but englobulin lysis was still accel-
erated 30 minutes after injection.

The level of GOT in the plasma rose con-
sistently following injection of histamine
(Table II). However, it attained its maximal
increase later than did the fibrinolytic activ-
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TABLE II. Effect of Intravenous Injection of Histamine Phosphate on Level of GOT in Plasma.

Dose of No.
histamine of
(ug/kg) exp Control 1 Control 2 5 min.} 10 min. 20 min. 30 min.
GOT level in Karmen units per ml of plasma
(mean + S.E.)
50 5 15.4 + 3.0 15.6 = 2.6 17.4 + 3.2 21.0* + 3.3 23.8t 4.0 224t 4.1
100 7 17.6 + 3.2 174 3.1 20.4 + 3.5 25.4* + 4.0 25.7* = 5.1 24.3* 5.1
200 4 9.0 + 2.0 8.5 + 1.9 12.5 + 3.6 15.7* + 3.0 21.7t +4.2 21.0f & .9

* Mean significantly different from control means at 5% level.
t Mean significantly different from control means at 1% level.

} Time after injection of histamine.

ity and there was little or no diminution dur-
ing the further period of observation.

The antiplasmin content of the plasma and
protein content of the euglobulin fraction
were not altered after histamine injection.

As a further control, histamine was added
in vitro to the whole blood or plasma of a
normal dog to final concentrations of 0.5-50
pg histamine per ml. Fibrinolytic activity of
the euglobulin fraction isolated from these
samples was not different from the activity
of the euglobulin fraction isolated from blood
or plasma to which a corresponding volume
of isotonic saline had been added. Applica-
tion of histamine phosphate on the fibrin
plate did not produce fibrinolysis.

Discussion. Our results demonstrate that
intravenous injection of histamine results in
a prompt increase in blood fibrinolytic activ-
ity. It is possible that hypotension is the
mechanism by which histamine increases
fibrinolytic activity, since a number of other
drugs with hypotensive properties enhance
fibrinolysis(10). On the other hand, hista-
mine may have a more specific action. Hista-
mine, as opposed to catecholamines, has been
shown to have a direct injurious effect on
cells of vascular tissues(11). These tissues
(especially small veins) contain abundant
fibrinolytic activity(12). Damage of these
cells by histamine could release proteolytic
materials into the circulation.

Increase in fibrinolytic activity resulting
from direct cellular damage by histamine
might be accompanied by increased blood
levels of other intracellular enzymes. GOT
is a widely distributed intracellular enzyme
which is released upon cellular damage(13).
The relatively slow gradual increase of GOT

following histamine injection is in marked
contrast to the rapid appearance and decline
of blood fibrinolytic activity. There are a
number of possible explanations. There might
be proteolytic breakdown of transaminase im-
mediately after injection of histamine; or the
increase in fibrinolytic activity might be neu-
tralized very rapidly by inhibitors in plasma
whereas there are no plasmatic inhibitors for
GOT; or, finally, increase in fibrinolytic ac-
tivity could be independent from the release
of intracellular enzymes such as GOT. Re-
gardless of its mechanism of action, the po-
tential effect of endogenous histamine on
blood fibrinolytic activity must be considered
in a wide variety of conditions such as vari-
ous forms of stress, shock and after epineph-
rine injection,

Summary. Intravenous injection of hista-
mine phosphate in the dog in a dosage of
50-200 pg/kg body weight increased the
fibrinolytic activity of the plasma and of the
euglobulin fraction of the plasma. The plas-
ma antiplasmin and protein content of the
euglobulin fraction were not altered. The
level of GOT in the plasma increased after
injection of histamine but the rise appeared
later than the rise in fibrinolytic activity.

The authors are indebted to Dr. R. H. Wagner for
reviewing the manuscript and for making valuable
suggestions, and to Dr. R. Kuebler for assistance in
statistical evaluation of the data. Fibrinogen used
was kindly supplied by Drs. H. Schultze and G.
Schwick, Behringwerke, Marburg/Lahn, Germany,
and bovine plasmin by Dr. M. F. Fahey, Parke
Davis & Co., Detroit, Mich.
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The report by T’ang et al(1) on successful
isolation of trachoma virus in fertile chicken
eggs has been confirmed(2). Growth of tra-
choma virus in the laboratory has contributed
greatly to advancement of trachoma research.
Before a virus can be studied in detail, a
quantitative technique for its assay is neces-
sary. Titration of trachoma virus in egg yolk
sac is the only generally applicable method
of assay. There are varying reports on reli-
ability of yolk sac titration. Sowa and Collier
(3) obtained irregular results and concluded
that infectivity cannot be stated in terms of
an egg 50% lethal end point. Jawetz and
Hanna(4) reported that reliable and repro-
ducible infectivity assays were usually ob-
tained with an exception of seasonal insus-
ceptibility of eggs during late summer and
fall. Litwin(5) has stated that 50% lethal
dose in eggs gives relatively poor estimates

* This study supported in part by funding under
Public Law 480, Section 104 (c), in part by Office
of Naval Research contract with University of Chi-
cago and in part by Research Grant from Inst. of
Neurol. Dis. and Blindness, Public Health Service,
with University of Washingtcn. Opinions and as-
sertions contained herein are those of the authors
and are not to be construed as official or reflecting
views of the Navy Department or the Naval Service
at large.

t Present address: Dept. of Preventive Medicine,
Univ. of Washington School of Med., Seattle.

of total growth of trachoma. Based on ex-
perience with isolation of trachoma virus(6,7)
where detection of virus depends on finding
elementary bodies (EB) in smears of yolk
sac membranes, usefulness of an egg-infec-
tious titration based on demonstration of EB
has been evaluated.

Materials and methods. Virus strains. Two
strains of trachoma virus, TW-1 and TW-3
(formerly called TW-10 and TW-29), repre-
senting Taiwan immunological prototypes(8)
and one, Bour(9), supplied by Dr. E. Jawetz
were used in these studies.

Embryonated eggs. White shell eggs 50
+ g from White Leghorn chickens of the
same stock fed on an antibiotic free diet were
used exclusively. All eggs were incubated at
38°C before use.

Preparation of virus pools. Virus dilutions
estimated to kill embryonated eggs in 7-9
days in 0.2 ml were inoculated into yolk sacs
of 6- or 7-day-old embryos. Eggs were incu-
bated at 35°C with air sac in upright position
and candled daily. When about 75 had died,
yolk sacs of remaining eggs were aseptically
harvested. Attached yolk material was strip-
ped away with forceps. Further removal of
yolk was accomplished by placing harvested
material at 4°C for %% hour and then blot-
ting on absorbent filter paper. Yolk sacs were
pooled, weighed, and 20% suspension made



