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The physiological implications of changes in capillary permeability are pro
foundly significant under normal conditions as well as in "disease states" (640) 
or in certain well-defined pathological conditions. Proper capillary function is so 
very important that Szent-Gyorgyi (568) looks upon it "as a mechanism which, 
in its precision, greatly surpasses the finest Swiss watch", and he regards capillary 
fragility as an indication "that this mechanism is out of order". The term capil
lary fragility" as used by many writers includes all stages of "increased capillary 
permeability", but the term "increased capillary fragility" should be limited to 
"chemical lesions in the capillary wall, specifically in intercellular substance" 
(545), or to other drastic conditions, including rupture of the collecting venule of 
the capillary bed (339). This idea is recapitulated in the statement that an intact 
capillary system indicates a solvent body (66).

The work of Kramer and Kramer, 1953, indicates that multiple factors are 
involved in maintaining an intact capillary system (66) for they have shown that 
hormones of the pituitary-adrenal system play a significant part in the control of 
capillary resistance (623). Other investigators show that fasting profoundly in
creases capillary resistance and that realimentation with an isocaloric protein diet 
rapidly causes the capillaries to return to the state of normal permeability (623). 
Disturbance in the ionic balance (339), in enzymic activity (18, 20, 21, 148) and, 
in short, the activity of almost any disturbing agent results in change in capillary 
permeability.

Altering the calcium-potassium ratios, increasing the amount of potassium, or 
reducing the amount, or omitting, calcium in perfusion experiments caused swelling 
of the intercellular cement substance and a great increase in permeability of the 
capillaries in the living mammal; while substituting magnesium for calcium ions 
also caused the extracellular cement to transform into a jelly-like, eythrocyte- 
permeable material, and excessive amounts of calcium hardened the cement and 
decreased its permeability (649).

Ascorbic acid-deficiency is conducive to capillary fragility in proportion to the 
severity of the deficiency. The capillary bed in vitamin C -deficient guinea pigs 
responded to experimental trauma by formation of petechiae much more readily 
than in guinea pigs receiving normal amounts of ascorbic acid (339).

Zweifach (647, 648) found that merely stroking the overlying peritoneum with 
a microdissecting needle caused increased capillary dilation and permeability in
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the exteriorized mesentery of the mouse, and it has been found that similar effects 
are produced by lightly applying a camels' hair brush (84).

The relations of mast cell products to changes in the permeability of capillaries 
apparently involve substances and their effects which are not fully understood. 
A substance, indistinguishable from 5-hydroxytryptamine by its chemical and 
biological properties, has been obtained from peritoneal mast cells of the rat 
(43, 493) and later shown to be formed by mast cells from 5-hydroxytryptophan 
(334). This substance, 5-hydroxytryptamine or serotonin, was found to be present 
in the skin and subcutaneous connective tissue of rats in amounts proportional 
to the mast cell population of these tissues (493).

Since it has been generally conceded that 5-hydroxytryptamine (serotonin, 
5-hydroxy-3-(B-aminoethyl)indole) is a "vasoconstrictor found in sera of mam
mals" (389) it is difficult to envisage this hormone as being a substance which 
strongly increases capillary permeability. Nevertheless, results of the work of 
Benditt and his colleagues (43, 334, 493) certainly indicate that this is the case. 
Rowley and Benditt (493) state that the combined evidence obtained "makes it 
very likely that the edema-producing agent released by mast cell-damaging 
substances is 5-hydroxytryptamine". It thus appears from the work of Rowley 
and Benditt (493) that the effects of serotonin on peripheral, especially dermal, 
capillary permeability are similar to, perhaps even identical with, those com
monly attributed to histamine.

If one disregards for the moment its synthesizing and storing functions, the 
part played by the mast cell in initiating and sustaining hyperemia and increased 
capillary permeability, by releasing histamine, heparin, probably serotonin, and 
other substance, is the mast cell's most significant contribution to the physiologic 
and metabolic processes. The work of several investigators (402, 475) strongly 
indicates that mast cells are a very important, if not by far the most important, 
source of histamine released in the skin. Other investigators have shown that 
there is a direct correlation between the number of mast cells and the amount of 
histamine in the skin (382, 402, 473, 474, 617). In one laboratory it was shown 
that the skin from the hands and feet of untreated rats contained 61.0 f x g / g  of 
histamine, but in rats pretreated with compound 48/80, which is nearly specific 
for mast cells, skin from the feet contained only 8.6 ug / g ;  skin from the dorsum 
of the normal rats contained 27.9 ug /g  and in those pretreated with compound 
48/80 the dorsal skin contained only 5.4 ug/g. Skin from both regions was rich 
in mast cells, but that from the back contained only about 75 per cent as many 
mast cells as that from the hands and feet (402). However, there are reasons for 
believing that mast cells also increase capillary permeability by secreting a sub
stance which has a solvent effect on the intercellular cement material of the 
endothelium and on the adsorbed protein film covering the endothelial surface



CAPILLARY PERMEABILITY 3

(380). If this point can be established and the conclusions of Lewis, 1927, that 
markedly increased capillary permeability is dependent upon certain chemico- 
physical changes in the capillary wall (402) are valid, the significance of mast 
cells in normal and greatly increased capillary permeability will be very much 
enhanced.

Mast cells also function in the formation of hyaluronic acid in pericapillary 
connective tissue ground substance (19, 21, 22, 23, 93, 384, 565). Hyaluronic acid 
actively opposes the spread of fluid in the tissues (18, 21, 148, 550, 648) unless 
it is altered by some substance, such as pituitary gonadotropic hormones, possibly 
estrogens (550) or hyaluronidase (18, 20, 148, 479). Since it is indicated that 
hyaluronidase is produced in the connective tissue in anaphylaxis (551) there is 
good reason to suspect that this enzyme is also produced whenever an excess of 
histamine is released. Duran-Reynal's, 1947, suggestion that hyaluronidase regu
lates capillary permeability (13) apparently supports this view. He also points 
out that in addition to hyaluronidase other chemical regulators, such as hypophys
eal gonadotropic hormones and possibly estrogen, play a significant part in 
increasing the permeability of ground substance (550). It has also been shown by 
various investigators that several of the bioflavonoids, including hesperidin methyl 
chalone, possess effective antihyaluronidase activity and that ascorbic acid po
tentiates bioflavonoid activity (479). Demonstration that oral administration of 
hesperidin methyl chalone reduces the spreading reaction of intracutaneously 
injected hyaluronidase (479) strongly indicates the significance of hyaluronic 
acid in preventing increased capillary permeability.

The dilated capillaries and edema produced by topical applications of weak 
solutions of histamine to the base of human finger nails (47) indicated that hyaluro
nidase, or some other spreading substance, altered the nature of the connective 
tissue ground substance, presumably by changing some of the hyaluronic acid 
from a gel-like to a sol-like state (148). Indeed, because of the resistance to connec
tive tissue permeability afforded by normal hyaluronic acid, the formation of a 
significant edema would, at least as a rule, presuppose degradation of the hyalu
ronic acid in the connective tissue ground substance.

There is good reason to believe that all cells contain at least a physiological 
trace of histamine, and it has been shown that appreciable quantities of histamine 
can readily be released from certain of these cells (60, 108, 155, 186, 238, 336, 
503, 619). However, the mast cell appears to be the only cell which contains a 
maximum amount of stored histamine and at the same time is cytologically and 
cytochemically adapted to the requirements for general investigation of the 
relations of the release of endogenous histamine to increased capillary permeability, 
as the works of several investigators indicate (402, 473, 474, 617).

McGovern (380) suggests that mast cells also secrete a "spreading substance"
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which, by altering "the consistency of the endothelial cement lines" and endothe
lial surface film, is to a great extent responsible for regulating capillary permea
bility. He apparently believes that "histamine, heparin and the spreading sub
stance are components of one secretion of mast cells and that in vivo, they do 
not exist individually" in the rat. It is generally conceded that histamine and 
heparin are stored in mast cells in an inactive, loosely bound form (382, 474), 
but McGovern's (380) suggestion that a spreading substance, histamine and 
heparin are all three components of "one secretion of mast cells" is apparently a 
new approach. The presence of 5-hydroxytryptamine, serotonin, a vasopressor 
substance, in mast cells (43, 334) presents a new angle in determining the func
tions of the mast cell, for this substance does not seem to harmonize with the 
effects of histamine, heparin, McGovern's "spreading substance" and acid muco
polysaccharides. Nevertheless, it is held that the presence of 5-hydroxytryptamine 
with heparin and histamine emphasizes the significance of mast cells "as partici
pants in the reaction to injury" (43).

The view of Manwaring and his colleagues, 1923, that all anaphylactic reactions 
are actually secondary to "increased specific capillary permeability", which is the 
fundamental physiological change evoked in protein sensitization, apparently 
is becoming widely accepted (37). This tenet is supported by the work of Rapaport, 
1941, and others who found that among allergic children having this type of 
capillary fragility, about half of them improved following administration of the 
biofiavone, vitamin P, or vitamin K  (597).

Several investigators hold that the abundance of mast cells in a structure is 
dependent on the amount of connective tissue present (392). I wish to add to this 
statement our observations showing that there is also a vascular requirement, 
for mast cells do not become numerous in the fat of the so-called hibernating 
gland in the hamster until hyperemia has appeared, and then the increase in 
mast cells occurs in the region of the fat body where conversion of white to brown 
fat has set in. Also, it is well established that mast cells have a marked tendency 
to align themselves along, or to "cuff" or "skirt" (Heller's Mastzellenhetten) 
arterioles and capillaries (392, 453, 621).

V asom otion

The amount of blood supplied to a structure is normally governed by controlling 
the diameter of the blood vessels supplying that structure —  that is, by vasodila
tion and vasoconstriction. The significant point of vasomotion is that it is generally 
conceded to be the most important primary method by which capillary permea
bility changes are effected.

It is held that certain agents may effect increased capillary permeability with
out altering the diameter of the capillaries. These agents usually, by indirect
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action, alter the physical and/or chemical nature of the endothelium, perivascular 
sheath and/or connective tissue ground substance. However, it appears to be 
paradoxical to consider the possibility of causing an appreciable alteration in any 
or all three of these components of the blood tissue barrier without producing 
changes in the diameter of the involved capillary. Some of the agents or factors 
usually considered in this category are pH and tonicity changes in the extra 
cellular fluids. Thus, it is pointed out, that in experimental work loss in capillary 
fluid may be caused by hypertonic solutions of albumin, glucose, sodium chloride 
or sucrose shrinking and separating the endothelial cells with consequent capillary 
leakage (649). Excessive amounts of sodium fed to hamsters were responsible for 
capillary changes which were indicated by "numerous petechiae in the capillary 
bed of the cheek pouch" (339).

The ground substance may be altered by thyroid hormone (20) which may 
alter its salt-water relations and the relations of hyaluronate compounds and 
connective tissue fibers (20, 649), and other agents. X  irradiation (649), and ab
sence or insufficiency of ascorbic acid (479, 649), hesperidin (369, 479) or other 
bioflavonoids affect the ground substance and induce increased capillary permea
bility, or actual fragility, and edema (339, 369, 479, 649). Oral administration of 
hesperidin methyl chalcone has been shown to diminish the spreading reaction 
of hyaluronidase when injected into guinea pigs (479).

T erm in a l  V ascu lar  Structu re

The term vasomotion as used in this work is limited to that part of the terminal 
vascular structure, or "capillary bed" (647), having muscular sheets, bands, or 
fibers in the walls (59, 647). The true capillaries, the walls of which are free of 
muscle fibers (647), are capable of reacting only passively to vasomotion, which 
may cause variations from the normal tone to various degrees of dilation or 
constriction of the arteriolar trunk. Consequently, the volume of blood which 
may flow through the capillaries (except, possibly those possessing Rouget cells 
(329)) under conditions of normal blood pressure is controlled by the diameter 
of the arteriolar trunk. Thus, it appears that local volume changes in true capil
laries are chiefly the direct result of increased volume, probably with no signifi
cant local change in pressure, of blood in the arterial trunk of terminal vascular 
structures.

The difficulty of identifying the nature of the blood vessel is often complicated 
by the conditions of the experiment and by physiological or pathological states. 
Also, the rather loose way in which investigators sometimes designate capillaries 
in describing results obtained often causes the reader to wonder whether the 
involved blood vessel is a true capillary or some other part of the terminal vascular 
structure. In this review we have followed, as far as is practical, Zweifach's (647)
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work on in vivo dissection, function and terminology of the terminal vascular 
structures. Most of Zweifach's (647) work was done on blood vessels in the mes
entery of the mouse. Nevertheless, his structural and functional concepts appear 
to be in agreement with the generally accepted pharmacological actions of sub
stances producing known effects on peripheral capillaries, such as histamine and 
epinephrine (377, 547).

The terminology and sequence of structures here employed follow: The terminal 
vascular structures comprise the arteriole, precapillary, "arteriolovenular (a-v) 
bridge" (capillary bridge or "permanently open capillary") (647), true capillaries, 
prevenule and venule. The true capillaries arise from the arterioles, precapillaries, 
and a-v bridges (647), and their origins are commonly provided with a muscular 
or endothelial valve-like structure which is opened by dilation of the arteriolar 
trunk. True capillaries may empty into the venous part of the a-v bridge, pre
venule and/or venule; usually are collapsed during vasoconstriction, or some may 
be collapsed and others contain static blood during the basal level of flow (329) 
but are distended with blood during dilation of the arteriolar trunk of the terminal 
vascular structure (647).

E ffec t s  of A rterio la r  C hanges

Systemic or extensive vasodilation decreased the pressure and rate of flow of 
the contained blood, but at the same time it may greatly increase the permeability 
of the walls of the precapillaries, a-v bridges and, especially, of the true capillaries, 
and thus permit abnormal amounts of plasma, inorganic ions, inordinate amounts 
of protein, corpuscles, and other circulating substances to pass out of the blood 
stream into the tissues (87, 619). This increase in capillary permeability is ex
tremely important in normal growth, wound healing and maintenance, as well as 
pathological, processes. In pathological conditions these changes may present 
serious problems, for, under the influence of histamine, protein leakage may reach 
5 to 6 times the normal rate of the affected capillaries (238).

Since mast cells are rich in stored histamine (402), it is significant that there is 
a growing tendency for investigators of changes in capillary permeability to attach 
increasing importance to the release of mast cell-histamine as a provocative factor 
in increasing vasodilation and thus increasing permeability of capillaries, especially 
when confined to a delimited area or region.

The consideration of vasomotion for the purpose of this review is limited chiefly 
to the production and control of "active hyperemia" (90), with special emphasis 
on "capillary hyperemia" (90). Local capillary hyperemia results chiefly from the 
action of an agent causing relaxation of the muscle fibers in the wall of the arterio
lar trunk of the terminal vascular structures, particularly in the arteriolar and 
precapillary regions and, probably, in the a-v bridges. This is held to result in
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increased dilation and a corresponding volume of blood in the arteriolar trunk 
which causes consecutive dilation as the increasing blood volume is forced through 
the relaxed a-v bridge and the previously inactive, or even collapsed, true capil
laries.

V ario usly  E ffec t ed  V asomotion

Vasomotion, as delimited in this review, may be produced by any one of a variety 
of agents which commonly operate by either stimulating or inhibiting the lamina 
muscularis of the larger blood vessels and/or the terminal vascular structures, 
the muscular bands in the wall of a-v bridges or the muscle fibers which form the 
valves at the origin of the true capillaries. It thus appears that active vasomotion 
is dependent upon the contraction of muscle tissue in the blood vessels to produce 
vasoconstriction and upon relaxation of this muscle tissue to permit vasodilation. 
There is evidence to support the idea that the vasomotor state of the arterial 
trunk of the terminal vascular structure not only controls the state of the true 
capillaries but also markedly influences the tone of the aorta and great arteries, 
including the coronary arteries, and the per minute output of ventricular blood 
(59). Since the true capillaries of mammals are devoid of muscle tissue (647) 
they are incapable of active constriction, but their endothelial walls are capable 
of exerting an appreciable degree of elasticity apparently independently of peri
cytes or periepithelial cells. Ponder (449) supports this idea by stating that most 
observers do not credit endothelial cells with contractility but attribute all active 
contractility to the " a-v capillaries and metarterioles" which are effective because 
of the smooth muscle in the walls. Thus, there is normally a fairly definite correla
tion between the diameter, volume of blood flow, and degree of permeability of 
the wall of the true capillaries and a-v bridges and, possibly, also involving the 
precapillaries and arterioles to a certain extent.

It has been estimated that in resting skeletal muscles about 90 per cent of the 
capillaries may be empty and collapsed or in stasis and the remaining 10 per cent 
constricted and virtually inactive, while the blood supply to the resting tissue is 
maintained by a certain alternation of these conditions in the capillaries, and 
that during physical activity blood courses through many of the previously col
lapsed capillaries (329).

Rouget cells, or pericytes, when present may have a function in constricting 
capillaries (329), but presence of these cells on mammalian capillaries has not been 
established (30, 240, 647). It should also be mentioned that the power of active 
contractility has been ascribed to endothelium in vitro by Levi, 1923, and in vivo 
by the Clarks and others, while some investigators stoutly maintain the inability 
of endothelium per se to contract (13, 449). Nagel, 1934, found that capillary 
endothelium offered little or no resistance to microdissection needles, and the

7



8 UNIVERSITY OF COLORADO STUDIES

little resistance present was due to the connective tissue; therefore, the endothelial 
cells were very readily deformed by any appreciable force. Consequently, endothe
lial resistance to any force exerted against it is practically negligible, the connective 
tissue 'periepithelium' being chiefly responsible for any resistance to capillary 
distension (84). However, some investigators hold that the flow of blood through 
the capillaries can be reduced, or even stopped, by the endothelial cells becoming 
swollen and distending into the lumen of the capillary (84). We have observed very 
large cuboidal endothelial cells in certain inflamed human tissues, but not in 
any kind of normal tissue. It follows then, that, under normal conditions at least, 
the true capillaries in themselves are essentially inactive and respond primarily 
to the volume and pressure of blood in the muscular part of the terminal vascular 
structure which comprises the a-v bridge, precapillary arteriole, and arteriole.

There is, however, the probability that ionic changes and/or other factors, 
including Starling's, 1896, principle that increased venous pressure increases 
capillary transudation (160,263), may affect capillary permeability independently 
of the muscular part of the terminal vascular structure. Although stimulation of the 
splanchnic nerve was followed by an increase in volume of an intestinal loop 
while it was enclosed in a plethysmograph, whether the resulting hyperemia was 
actually caused by stimulation of the vasodilator nerve or merely by relaxation 
of the intestinal muscle is debatable, for it has been shown that any change in 
intestinal tone is followed by a change in blood flow (599). Uvnas (599) supports 
this latter tenet by pointing out that low concentrations of acetylcholine increase 
intestinal blood flow, while concentrations, sufficiently high to cause contraction 
of the muscle tissue, also reduce intestinal blood flow. Unfortunately, the fact 
that the intestinal mesentery is richly supplied with mast cells, which store 
histamine, or that the least injury or even disturbance causes release of histamine 
apparently was not considered. The manipulation of the intestinal loop incident 
to enclosing it in the plethysmograph would be expected to release a sufficient 
amount of histamine to account for the increased blood flow.

Recent experiments in which the fragility of the capillary bed in the cheek pouch 
was increased by feeding hamsters excessive amounts of sodium, adding 30 per 
cent of fat, and withholding choline or ascorbic acid from the diet of rats or guinea 
pigs and mechanically or electrically stimulating exposed mesenteric vessels showed 
that leakage was due to defective venules and thus demonstrated that the site of 
the escaped blood during increased capillary fragility was the collecting venule 
of the capillary bed (339).

Although it is impractical to rule out neuromuscular relations, the contradictory 
effects obtained with magnesium indicate capillary permeability changes. Defi
ciency of dietary magnesium caused vasodilation (331), while excess of admin
istered magnesium depressed the blood vascular and respiratory systems in rats 
(160).
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McCollum and co-workers (331) found that addition of only 1.8 parts per million 
of magnesium to an otherwise adequate diet prevented occurrence of the magne
sium deficiency syndrome in rats.

The suggestion has been made that some of the various agents which are 
commonly credited with causing vasomotion act indirectly by causing release of 
histamine. Whether these agents act by releasing histamine and/or serotonin from 
mast cells or other cells should not be overlooked; neither should the generally 
accepted fact that almost any kind of cell injury will provoke release of histamine 
be overlooked. The relations of histamine and of serotonin to vasomotion are very 
intimately associated with capillary permeability.

H istam in ergic  N eu r a l  A ction

The action of histamine as a vasodilator is said to parallel that of cholinergic, 
parasympathetic nervous stimuli, while the action of epinephrine, or its deriva
tives, A-40 and aludrine (293), as a vasoconstrictor is held to parallel that of adr
energic, sympathetic nervous stimuli. Vasodilation is believed to be caused by a 
neural mechanism (31) and apparently to spread by antidromic or axon reflex 
(492, 648). Nevertheless, Uvnas (599) points out that the available experimental 
evidence indicates that "sympathetic vasodilator fibers are exclusively cholinergic" 
and are probably limited in effect to skeletal muscles and, possibly, to the coronary 
vessels, but that there is very little evidence indicating effectiveness of sympathetic 
vasodilator nerves to the skin of the dog's ear or to the intestines in this animal.

The world is indebted to Claude Bernard for the discovery in 1851 of vaso
constrictor, and later of vasodilator, innervation in the rabbit (31). However, the 
mechanism of neural vasodilation as it affects the capillaries is not as well under
stood as is vasodilation. The vasoconstrictor neurons all belong to the sympathetic 
nervous system, while vasodilation is accomplished chiefly by neurons from the 
parasympathetic, but also by fibers from the sympathetic and somatic sensory 
systems (31). Ample histamine occurs within the sheaths of these nerves; as much 
as 100 ug/g histamine dihydrochloride has been found in the sympathetic, splenic 
postganglionic nerves in the ox (608). However, von Euler (608) is not convinced 
that this histamine "serves as a mediator of nerve effects" on smooth muscle. Thus, 
the question of the presence of histaminergic nerves in mammals is far from being 
settled.

The muscularly walled arterioles are surprisingly well supplied with both vaso
dilator and vasoconstrictor efferent autonomic nerve fibers (235), a fact which 
appears to indicate that neural control of vasomotion is limited to vessels having 
smooth muscle in the walls (649) either forming the tunica media or occurring as 
thin bundles or, possibly, as single cells. Since Zweifach (647) observed muscle 
in the wall of arterioles, precapillary arterioles, and a-v bridges, but found con
tractile perivascular elements conspicuously absent in true capillaries in the
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mesentery of the mouse, it appears that the smooth muscle in these structures 
may be subject to autonomic stimulation but that this form of stimulation prob
ably is incapable of affecting the true capillaries directly. Nevertheless, control 
of the diameter of the precapillary segments of the arteriole affects the diameter 
of the capillaries by regulating the amount and head-pressure of the blood entering 
them.

The neuromuscular mechanism suggests an explanation by which non-histamine- 
induced hyperemia of dermal areas, such as blushing, is effected. However, the 
probability of "central antidromic impulses" and of "  'nicotinic' action of acetyl
choline" playing a part in blushing and in certain other instances of vasodilation 
has been seriously considered (492). Nevertheless, von Euler (608) states that his 
and Astrom's experiments involving stimulation of the ileum of guinea pigs through 
rather long (7-8 cm) pieces of splenic nerve from the ox indicate that the trans
mission of neural stimuli is through release of histamine. Several other investi
gators also hold that a chemical mediator, such as histamine, is involved in neural 
stimulation (429), while others suggest that enervation affects capillary sensitivity 
to histamine in a manner which is not completely understood (47). If this is the 
case in the normal animal, it would appear that vasodilation is generally effected 
by release of histamine. However, other writers indicate that histamine alone or 
adenylic acid alone could cause capillary dilation, for histamine causes arteriolar 
dilation in the dog, monkey, and man, while adenylic acid, like histamine, is 
released by tissue damage and also causes arteriolar dilation (31). Other writers 
discourage this idea by holding that in vasodilation, histamine has a direct action 
on the true capillaries, but that it dilates arterioles "indirectly through the axon 
reflex" (241). Tonutti (581) suggests that hormones may condition the tissue's 
reactivity potential to an irritant, while Boyd (70) indicates that still others 
believe that although histamine dilates capillaries it contracts arterioles. This 
last conclusion is open to discussion, for investigators apparently agree that 
although perfusion of the vessels in excised structures commonly produces arterio
lar contraction as opposed to dilation in intact animals (47) it probably never has 
an opposite vasomoter effect on capillaries, certainly not on non-muscular, or 
true, capillaries.

Feldberg, 1955, suggests that one effect of large dosage of histamine may be 
neuromuscular block, but he does not state whether or not this neural effect is 
related directly to increased capillary permeability. However, he holds that the 
muscular weakness or paralysis of rats and cats following injection of large doses 
of either histamine or of histamine liberators, such as compound 48/80, may be 
entirely accounted for by the injected or released histamine producing either a 
neuromuscular block or affecting the muscle directly with the result that stimula
tion of the motor nerve becomes ineffective (569). Feldberg, 1956, states that the
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muscular weakness and paralysis seen in rats after administration of a heavy dose 
of compound 48/80 "is certainly due to neuromuscular block" (569). The results 
of these experiments in producing muscular weakness by injecting the histamine- 
releasing compound 48/80 are very significant in that they indicate that mast 
cells are the chief source of the histamine since mast cells are fairly numerous in 
the internal perimysium of skeletal muscle in hamsters, and compound 48/80 is 
considered to be almost, if not quite, specific for the release of histamine from 
mast cells (399, 402, 474, 476).

Dale, 1910, 1911, found that intravenous injection of histamine depressed blood 
pressure profoundly in monkeys, dogs, cats, and fowl and that this result was 
caused by the primary action of the histamine independently of "the integrity 
of the sympathetic nervous system" (47).

A novel approach to this general problem was made by Barany and Nordqvist, 
1949, who found that nerve block caused by an histaminolytic or typical local 
anesthetics, such as procaine, could be removed by a histamine solution. They 
also found that when histamine was added to the solution containing a blocking 
agent, such as procaine, the property of the local anesthetic was lost (370). This 
antagonism between local anesthetics and histamine suggested to Martin (370) 
that since "all histaminolytic agents are local anesthetics" there is the probability 
that by use of Barany and Nordqvist's technique for nerve block it should be 
practical to correlate the action of local anesthetics with their antihistaminic 
power.

E p in eph r in e

Vasodilation results from intravenous infusion of epinephrine (547, 619) as 
well as from histamine. Epinephrine, unlike norepinephrine, "within the physio
logical range" has an over-all vasodilator effect and causes increased blood pressure 
by increasing the output of the heart (616). The spanchnic and peripheral blood 
vessels may be powerfully constricted following intravenous injections of epine
phrine, which acts upon the muscular layer in the vascular wall in proportion to 
its thickness. Consequently, the arteries are more strongly contracted than the 
terminal arterioles (547). Local injections of epinephrine produce local vaso
constriction; while intravenous injection of epinephrine into normal animals 
produces a sharp, though not sustained, rise in blood pressure and an increased 
amplitude in heart beat, while in vagotomized dogs the blood pressure may exceed 
300 mm of mercury (547).

Staub, 1946, attributed the vasodilation following intravenous administration of 
epinephrine to the effects of histamine liberated by the epinephrine, since he 
observed a decidedly increased rise in plasma histamine (619). Whelan (619) 
observed that there was pronounced vasodilation in the forearm, which was fol
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lowed by a sustained, increased flow subsequent to intravenous injection of epi
nephrine into a human subject. He attributed this sustained flow to the appearance 
in the forearm of "some non-histamine, dilator substance from a site of release 
elsewhere in the body" since he obtained no increase in plasma histamine in the 
forearm by injecting epinephrine into the brachial artery.

The reported variable, often contradictory, effects of epinephrine on vascular 
structures is not as easily explained as may be imagined, for serotonin, histamine, 
acetylcholine, and epinephrine each constricted the isolated carotid arteries of 
swine. Epinephrine not only constricted the walls of the carotid arteries but also 
constricted the vasa vasorum of these arteries. However, neither epinephrine nor 
histamine was able to cause constriction of the vasa vasorum of coronary arteries 
of either man or swine, but acetylocholine readily caused them to constrict (542).

H istam inic  E ffec t s

Notwithstanding the fact that there are many agents and conditions capable 
of causing vasomotion, the most important single point to be discussed at this 
time pertains to histamine-produced hyperemia and the concomitant increase 
in capillary permeability, which may be local or extensive, and which may involve 
the entire structure or body. A disturbing factor in discussing histaminic effects is 
that it is appearent from the work of Benditt and his colleagues (43, 334, 493) that 
in an undetermined number of instances effects due to activity of serotonin or to 
the combined effects of this substance and histamine may have been erroneously 
credited to histamine, or vice versa. It has unquestionably been established that 
histamine can cause increased capillary permeability; whether it acts directly by 
dilating the capillaries or indirectly by constricting the arterioles and venules or 
acts on all structures of the capillary bed simultaneously has not been definitely 
settled. Rocha e Silva (485) carries the idea much further by stating that histamine 
not only constricts the small arterioles and venules, but also dilates the capillaries 
and increases their permeability, and that histamine is the only substance which 
has been shown to be capable of thus effecting dilation and increase in permeability 
of blood capillaries. He supports this idea by pointing out that irritating, toxic, 
inflammatory, and other agents which induce increased "capillary activity" 
do so chiefly by causing release of histamine. Irrespective of whatever time may 
prove concerning the relative and actual values of serotonin and histamine as 
edema-producing agents, the earliest published work on this function of serotonin 
appears to be that of Rocha e Silva (485) and Benditt and his co-workers (43, 493).

It has been suggested that changes in capillary permeability may be effected 
without producing a readily detectable change in the capillary wall. A possible 
example of this effect may be attributed to changes in the protein film covering the 
endothelial surface (647) and in the consistency of the endothelial cement sub
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stance and surface film brought about by the "spreading substance" secreted by 
mast cells (380) or hyaluronidase (18, 148). Lewis', 1927, tenet that chemical and 
physical changes in the consistency of the capillary wall are essential for increased 
capillary permeability (492) strengthens this point of view.

Although histamine is a powerful vasodilator (619), there is a considerable 
amount of evidence indicating that it, probably aided by other agents including 
other mast cell products, also induces physicochemical changes in the components 
of the capillary wall (13, 380, 649) which, acting in conjunction with the increased 
volume of blood and possibly various other factors (18, 20, 21, 59, 492), is capable 
of profoundly increasing capillary permeability.

Histamine has been found to stimulate endothelial cells to phagocytize foreign 
lipoid, cholesteremic, and other materials, and it has been shown that this phago
cytosis is prevented by antihistamines (13). Heinlein, 1935, holds that histamine 
causes endothelial cells to swell and subsequently palisade or even to become de
tached (13).

Various investigators hold that X  irradiation increases capillary permeability, 
but they are not agreed on the mode of its operation in causing the increased 
permeability. Dahl, 1937, thinks that although there is no injury to the endothe
lium, irradiation injures cells in the extravascular tissues, causing them to liberate 
the histamine which in turn causes the increased capillary permeability; Elfskind, 
1940, maintains that X  irradiation causes endothelial nuclei to swell, roundup, 
and lose their nucleoli (13). Similar conditions often prevail in instances of patho
logically increased capillary permeability. That X  irradiation, especially if filters 
to prevent it are not used, produces capillary dilation in the skin was known to the 
early radiologists, who employed the "skin erythema dose" (S E D) as a base for 
reckoning dosage.

These observations and conclusions strongly indicate that released histamine 
causes capillary injury and concomitantly increased permeability, while the well- 
known tendency of mast cells to aggregate along small blood vessels and capil
laries apparently indicates mast cells as the most likely source of this histamine. 
However, it is fairly evident that the mature mast cells (Type II) in the neigh
boring connective tissue are the source of most of this histamine rather than those 
adjacent to the blood vessel, which are chiefly immature (Type I) cells (472).

There is a considerable amount of evidence strongly indicating that death or 
injury of any cell, or even mild disturbance of some cells, will cause or evoke 
release of histamine. Nevertheless, it is only comparatively recently that many 
of the more obscure instances in which histamine is released have been associated 
with increased capillary dilation and permeability. For instance, erythema, or 
redness of the skin, has been recognized as a hyperemia for many years (147), but 
the more modern clinicians and investigators usually attribute this condition to
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such causes as irritation or photochemical reaction. Despite the weight of evidence 
indicating the significance of histamine as an instigator of vasodilation and 
increased capillary permeability, this idea is modified or rejected in part or entirely 
by certain investigators.

Analysis of the over-all problem of the relation of histamine to hyperemia and 
increased capillary permeability is extremely complicated under normal physio
logical conditions and is further complicated by experimental procedures, "disease 
states" (640), including such conditions as factitial urticaria (492), or dermo- 
graphia, and pathological conditions, because of the likelihood of multiple factors 
being involved.

D iv e r s e  R elations of H istam in e

Histamine causes marked contraction of intestinal and uterine smooth muscle 
of the guinea pig (47). An isolated piece of guinea pig's uterus reacted by contract
ing when placed in 1:250,000,000 histamine in Ringer's solution. Histamine 
also caused contraction of excised pieces of uterus of the dog and rabbit, but had 
highly variable effects on the uterus of mice, while it usually inhibited contraction 
of excised pieces of rat uteri (47).

Histamine is a potent vasodilator of intact blood vessels (619) but, as described 
below, perfusion with it usually causes the blood vessels in excised structures to 
constrict. However, that histamine plays an important part in vasodilation fol
lowing exposure to certain adverse conditions, including immersion of fingers or 
hand in cold water, temporary arrest of delimited circulation, exercise, and epi
nephrine infusion of the human antebrachium, "is in some doubt" (619). Neverthe
less, Code (108) holds that "stimulation of gastric secretion is a function of hista
mine", and the work of others (47, 229) supports this view. Since a sustained 
increase in glandular secretion is effected through hyperemia, and histamine is 
known to be a potent agent in causing vasodilation and increased capillary perme
ability (108), the ability of this amine to cause increased volume and acid content 
of gastric juice should primarily be attributed to histamine-produced hyperemia. 
The fact that investigators have shown that a powerful histamine releaser, such 
as compound 48/80, when injected subcutaneously into dogs or intravenously into 
cats is followed consistently "by the secretion of large quantities of highly acid 
gastric juice" supports the contention that increasing secretion of acid gastric 
juice, by "increasing the blood supply of the gastric glands", is a function of 
histamine (108).

Several investigators have made a point of the distribution of mast cells in the 
wall, especially in the adventitia, of the aorta and great veins (564) and of their 
characteristic of aggregating around ("cuffing"), or aligning themselves along, 
small vessels and capillaries (263, 392, 472, 473, 621). The presence of mast cells,
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which often form a perivascular sheath of immature, non-metachromatic mast 
cells (type I of Riley (472)) around muscular walled-arterioles and true capillaries 
(472, 473), and of numerous mature metachromatically staining mast cells (type 
II of Riley (472)) scattered throughout the loose connective tissue farther away 
from the blood vessels, appears to assure an adequate supply of histamine for 
unlimited, directly histamine-produced vasodilation, or for transfer of stimuli 
from vasodilator nerves (31).

Since, as has been stressed repeatedly in this review, mast cells are an important 
source of histamine, one apparently would be justified in assuming that these mast 
cells are an important source of the histamine, which undoubtedly plays a signifi
cant part in vasodilation in general, wherever they occur in connection with blood 
vessels and that this significance is related to the density of the mast cell popula
tion in the adventitia and neighboring connective tissue.

The effects of histamine and its antagonists on the normal terminal vascular 
structures and their functions bear a fairly definite relation to the architecture of 
the small blood vessels and may also involve the lymphatics. The tone and response 
of muscle tissue in the wall of arterioles, precapillaries, a-v bridges, and the dila
tion and contraction of the true capillaries are essential to maintenance of the 
blood supply demanded by the condition of the tissues involved (647). These con
ditions in normal animals vary from the basal, or resting, level of tissue activity, 
in which the contracted arterioles, precapillaries, and a-v bridges carry practically 
all the arterial blood directly to the prevenules, while the true capillaries are vir
tually empty and may even be collapsed, to the hyperemic state in which the 
arterioles and a-v bridges are dilated and the true capillaries may all be greatly 
distended with blood (647).

M echanics of C a p il la r y  R espo n se

It is extremely difficult to explain the mechanics of changes in capillary permea
bility since investigators are not in agreement as to the structure of the capillary 
wall (13, 647, 649), particularly of the endothelial membrane (13, 377, 607, 647, 
649), or the significance of chemical and physical changes in the luminal adsorbed 
protein film and/or in the perivascular connective tissue (13, 20, 148, 220, 327, 
380, 648).

Changes in capillary permeability usually result from changes not only in the 
capillary wall, which probably includes reticular and elastic fibers and collagen 
(13), but may also involve all entities forming the structure of the hematoparen- 
chymal barrier. This may include changes in the adsorbed protein film covering 
the luminal surface of the endothelium (380, 647, 649), probably in the basement 
membrane (13) and the endothelial cells themselves (13), and the consistency 
(380) and porosity (13, 467, 647, 648, 649) of the endothelial intercellular cement
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substance and in the pericapillary adnexa. The pericapillary adnexa, which in
cludes elastic, fibrous, and collagenous connective tissues, part of which is or
ganized to form the "pericapillary sheath", and the amorphous connective tissue 
ground substance containing hyaluronic acid (20, 148, 220, 327) and collagen 
(231, 316), forms probably the most important part of the blood-tissue barrier 
(550), the endothelial membrane serving chiefly as the "skeletal framework" of 
this barrier (649). This idea is carried much further by Duran-Reynals, 1947, 
who believes that capillary permeability is regulated by hyaluronidase, which is 
very important in controlling the permeability of the ground substance (148, 220, 
327), while Chambers and Zweifach, 1947, apparently think that the action of 
hyaluronidase causes capillary fragility (13). Drinker, 1927, presumably as a result 
of perfusing the web of the foot with extracts of pituitary gland and horse serum, 
concluded that a hormone is present in frog blood which is capable of restoring 
and maintaining normal capillary permeability in capillaries previously made 
permeable to colloids (329).

Hyaluronidase evidently plays a very important, although indirect, role in con
trolling capillary permeability by altering the viscosity of the hyaluronic acid in 
the pericapillary connective tissue and its ground substance. The idea that the 
anti-inflammatory effect of adrenocortical hormones is mediated chiefly through 
the activity of these hormones in increasing capillary resistance and the conse
quent decrease in capillary permeability (327) sheds some light on the relation of 
viscosity changes in hyaluronic acid to permeability changes in the capillaries. 
Other work (220) showing that the anti-inflammatory action of certain adrenocor
tical substances affects hyaluronic acid by increasing "the hyaluronidase inhibitor 
levels" in the blood serum adds to transportation complications but does not mili
tate against the concept of cortical control of hyaluronidase. Five of 36 adrenalo- 
cortical hormones (1 mg/100 g body weight/day for 3 days), including cortisone 
acetate, increased capillary resistance, as shown by the abdominal skin test, in 
rats previously accustomed to handling 50 to 60 cm Hg over that of control ani
mals (327). In the light of results obtained by other investigators (220), this in
crease in capillary resistance should be attributed chiefly to the potency 
of cortisone and certain other adrenalocortical hormones in suppressing activity 
of hyaluronidase and consequent increase in viscosity of the hyaluronic acid.

Sommers (550) stresses the significance of normally intact basement membranes 
and connective tissue ground substance and points out that localized dissolution 
of basement membranes sometimes precedes parenchymal atrophy of aging or
gans. Although his emphasis is upon organs, it is evident that capillary permeabil
ity changes are the motivating factors.

Kisch, 1955, attaches great significance to the wall and adnexa of the capillary 
in regard to the complexity of its structure and relation to permeability changes
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in capillaries as revealed by the electron microscope. He regularly observed an 
unidentified substance between the capillary wall and its sheaths. He makes 
various comments on the complexity of capillary structure and stresses the sig
nificance of changes occurring in the capillary wall under various conditions, 
especially as seen in ascorbic acid deficiency (649).

An important point in the mechanics of capillary permeability pertains to the 
physical state of the capillary wall which in true capillaries of the mouse's mesen
tery is composed of elastic endothelium that "remains the sole contractile element" 
(647) and in the distended state exhibits stigmata, or perforations (467, 647). 
Thus, since the wall of the true capillary is elastic and porous, increased blood 
volume in the arteriolar trunk and the related increase in capillary dilation may 
increase leakage of protein molecules at a rate much higher than would be sug
gested by the actual increase in diameter of the capillary. Vasomotion of the true 
capillaries in both normal and inflammatory conditions could be effected without 
any direct influence being applied to the true capillaries, other than the elasticity 
of the endothelial walls which would function only in producing a certain degree 
of tonus in the capillary, for any vasomotion affecting the a-v bridge-precapillary- 
arteriolar region of the artery would be immediately transferred as a blood pressure 
change in the true capillaries. Thus, inhibition of the muscular region of a terminal 
arteriolar structure would cause dilation and, if sustained, an increase in capillary 
blood pressure which would favor exudation. These relations could account for 
Menkin's (387) having found the available data to indicate that in inflammation 
or simple hyperemia, capillary dilation is accompanied by increased capillary 
pressure. Landis, 1934, also held that arteriolar dilation is responsible for "the rise 
in capillary pressure in hyperemic conditions" (387).

Various writers have pointed out that increased capillary permeability is com
monly associated with dilation in a large number of capillaries, and that capillary 
permeability can be increased until any colloid will pass through the wall, but 
that some dilation may occur without any perceptible increase in permeability, 
while a high degree of permeability may be attained without appreciable dilation 
of the capillaries (329).

E x per im en t a l  P e r m e a b il it y  C h anges

Changes produced experimentally in capillary permeability may be expected 
primarily to involve the entire terminal arteriolar structure, both the muscular 
part and the muscle-free part, which comprises the true capillaries.

Hyperemia is essential, but the work of Lewis, 1927, strongly indicates that, 
in addition to increased blood flow, it is necessary that some sort of a physicochemi- 
cal ("qualitative") change take place in the capillary wall before its permeability, 
especially to proteins, can be markedly increased. He found that applying suction
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(90 mm Hg negative pressure) to sensitized human skin (red line) and that in
creasing capillary pressure by interrupting venous return failed to promote wheal- 
ing and that 50 mm Hg positive pressure on the sensitized skin failed to prevent 
formation of wheals (492).

Capillaries are extremely sensitive to environmental changes, as well as to 
irritation or actual injury, as is indicated by altered permeability of the walls of 
disturbed capillaries. The amount or extent of disturbance necessary to provoke 
an increase or a decrease in capillary permeability is so small that it does not need 
to produce a physical change in the involved capillaries. Zweifach (647, 648) 
found that merely stroking the peritoneum of the mesentery with a microneedle 
produced a pronounced increase in permeability of nearby, but untouched, capil
laries in the mesentery of mice. Hyman and Chambers offer another approach by 
having shown that capillary permeability can be readily decreased without any 
detectable decrease in diameter or other physical change in the capillaries of 
rabbit. They attribut ed this decrease in permeability to a change in the endothelial 
cells of the capillaries and state that this condition may be induced by extremely 
weak solutions of adrenocortical hormone (607). Contrarily, McGovern's (380) 
"spreading substance", which increases capillary permeability and which he sug
gests is secreted by mast cells, would be expected to increase endothelial permea
bility without causing perceptible change in capillary diameter, by altering the 
consistency of the intercellular cement and endothelial covering film, provided 
its actions were not augmented by released histamine.

N ormal C a p il la r ie s

These observations suggest that it would be advisable to consider some of the 
points concerning permeability changes of normal capillaries at this time. Under 
normal conditions maintenance permeability, which may be considered primarily 
as supplying the normal amount of transudate, appears to be a function of the 
a-v bridge, with possible contributions from the arteriole and precapillary, while 
the true capillaries are primarily collapsed or otherwise inactive most of the time 
(329, 647, 648). Under conditions of normal maintenance a higher level of per
meability of controlled duration is probably induced for the purpose of permitting 
passage of proteins, other substances, and added amounts of serum as needed by 
the tissues. Conceivably, this cyclic process may be initiated by an infinitesimal 
amount of mast cell secretion, which may be released by dialysis rather than by 
cytolysis of the involved mast cells or possibly by neural stimuli.

Renkin (467) points out that the normal endothelial cell, like many other kinds 
of normal cells having diverse origins and functions, has a much higher degree of 
permeability to lipid-soluble molecules than to lipid-insoluble molecules; and he 
suggests that the lipid insoluble molecules may be largely restricted to pass out of 
the capillaries through the stomata. He (467) suggests that the freedom with which
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lipid-soluble molecules, including oxygen and carbon dioxide, permeate the capil
lary wall may be the result of increased permeability of the endothelial cells them
selves rather than involving a change in either the intercellular cement or the stig
mata. This application of differential rate of dialysis through the endothelium, 
which is further complicated by changes that may occur in the adsorbed protein 
membrane covering the endothelium, the endothelial membrane itself, and/or 
the pericapillary connective tissue and its ground substance, affords a mechanism 
which is capable of drastically changing the rate of capillary dialysis and the com
position of the dialysate.

Landis, 1934, has shown that injury to a capillary may increase the amount of 
escaping fluid as much as 7 times the normal amount (377). This leakage is the 
result of vasodilation which causes dilation of the capillary pores (377, 467, 647, 
648). Estimates based on the known size of particles which passed through gave 
maximum values around 38 Angstrom units for the diameter of the pores in normal 
capillaries and up to 200 Angstrom units diameter of the pores in dilated capillaries 
resulting from injury (377).

It should be pointed out at this time that the presence of capillary stomata is 
not universally accepted, for some investigators hold that capillary walls do not 
have actual stomata or any type of preformed openings designed to permit passage 
of materials into the intercapillary areas (235, 329); others believe that stomata 
are only temporarily formed in the cement substance and basement membrane by 
liquefaction; some doubt the presence of a basement membrane in any blood vessel 
(13,329).

The ground substance of the connective tissue in which the capillaries are em
bedded normally has a gell-like or slimy, viscous consistency (20, 148), but when 
the capillary is stimulated with microneedles the endothelium loses its elasticity, 
becomes sticky, and the connective tissue ground substance becomes increasingly 
liquid, thus greatly favoring the spread of exudate into the tissues. This process 
occurs in the mesentery of the mouse, cat, and frog (648). Other investigators have 
demonstrated a similar reaction in exteriorized mesentery of the frog (329), rat, 
dog, and cat (648).

The blood vessels of ascorbic acid-deficient guinea pigs formed petechiae during 
experimental trauma much more readily than those in normal animals. In at least 
90 per cent of the instances, the escape of the formed blood elements was through 
the collecting venules in the capillary field; most often through a 'tricornered' tear, 
but in some instances through the increased porosity of the venular wall (339).

M echanical I rritation

Extremely delimited areas of irritation or injury (10-15 n) are known to release 
histamine and to produce capillary dilation with increased capillary permeability 
(647, 648). Zweifach (648) showed in a film that gentle irritation, produced by
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tapping the wall of a capillary with a microneedle, caused dilation of the capillary 
with such marked increase in the diameter of the so-called stigmata, or capillary 
pores (377), that they consistently trapped erythrocytes. In one instance the film 
shows a capillary with an erythrocyte "being extruded through a tiny opening and 
pinched into two parts". Since any injury may be expected to release endogenous 
histamine, this would be the logical explanation of the increased capillary permea
bility, but Zweifach (648) was unable to obtain any evidence "to establish unequi
vocally the participation of particular substances, such as histamine, leukotaxine, 
etc." in these vascular reactions.

Zweifach (648), by injecting graphite, showed that the surface of endothelial 
cells normally is not sticky, and he observed no tendency for platelets to adhere to 
the walls of arterioles or to each other in otherwise normal mice. However, irrita
tion with microneedles, presumably by releasing histamine, heparin, and, possibly, 
McGovern's (380) "spreading substance" from mast cells, initiated vascular dila
tion and the stickiness with the result that carbon particles, as well as platelets 
and leukocytes, adhered to the endothelium. Even the slightest injury, such as 
that caused by gently stroking the mesothelium with microneedles without touch
ing the capillary, produced stickiness within the capillary just proximad to the 
site of irritation, while more severe irritation of the vessel caused stickiness distad 
to the site of the injury. When the immediate vicinity of a terminal arteriole was 
intensely stimulated mechanically by injury or gently rubbing with the micro
needles for 30 to 40 seconds, blood platelets accumulated on the endothelium and 
"adhered to one another forming long strings or chains" within the arteriole at the 
site of irritation (648).

Exogenous H istam in e

Intradermal injection, topical application or other means of exposing tissues to 
histamine may provoke capillary reaction and, usually, increased permeability of 
the walls of the involved capillaries. Investigators in 1910 and 1911 showed that 
histamine injected intravenously into anesthetized fowl, cats, dogs, and monkeys 
profoundly reduced blood pressure (47). Dale and co-workers, 1910, 1918, found 
that vasoconstriction resulted when excised structures of the cat were perfused 
with histamine, but if erythrocytes or epinephrine was added to the heparin solu
tion before perfusion, vasodilation was produced in these structures. Histamine 
perfusion of these structures in the intact, control cats also caused vasodilation 
(47). Florey and Carlton, 1926, injected histamine into the saphenous vein of 
anesthetized cats and observed dilation of mesenteric capillaries and venules and 
opening up of collapsed mesenteric capillaries. Removal of a piece of the mesentery 
was followed by constriction of its venules. When pituitrin was applied to the 
omentum having capillaries fully dilated by the histamine, the capillaries definitely
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constricted (47). Similar effects of histamine were observed by Rich, 1921, who 
found that injection of histamine produced local dilation of small arterioles, capil
laries, and venules in the mesentery of anesthetized cats. He also observed "new 
capillaries" open up in the omentum as a result of the injected histamine (47).

Topical application of weak solutions of histamine has been shown to be very 
effective in causing vasodilation and increased permeability. Carrier, 1922, dem
onstrated dilation of the capillaries in normal human subjects with accelerated 
capillary flow accompanied by edema following applications of histamine diluted 
1:1000, 1:5,000, and 1:10,000 to the base of the finger nail (47). Feldberg, 1927, 
and Flatow, 1929, applied histamine to the rabbit's ear and observed dilation and 
opening up of new capillaries (47).

E ndogenous H istam in e

Rocha e Silva, 1953, states that many observers have shown that in sensitized 
animals antigen injury provokes platelet response in capillaries similar to that 
following microtrauma and that this reaction apparently is connected with libera
tion of histamine and heparin from hepatic cells in the dog (648). Rocha e Silva's 
connecting the above effects of microtrauma and antigen injury with liberation of 
histamine appears to be very logical, but does not preclude the possibility of 
adenylic acid, which is released by tissue injury and causes arteriolar dilation (31), 
playing a part. However, with an abundance of mast cells within the adjacent 
connective tissue and the presence of blood platelets, which Dale, 1956, holds con
tain great amounts of histamine in the rabbit, but none in the horse (60), it would 
hardly be necessary to look to the liver as the source of the active histamine and 
heparin. Speirs (551) extends and in part supports Rocha e Silva's tenet by point
ing out that antigen introduced into sensitized animals, especially when it produces 
anaphylactic reactions, may provoke release of several substances, including 
heparin, histamine, hyaluronidase, possibly choline, and other active substances, 
to which many of the observed symptoms may be attributed.

Lewis and his colleagues, 1927, neatly showed that the triple response and wheal- 
ing are directly dependent on increased capillary permeability. These investigators 
found that if, after arresting the circulation by compression, the mechanical stimu
lus was applied to the skin, whealing failed to develop as long as the circulation 
was prevented, but as soon as the blood was allowed to flow, the triple response 
immediately appeared (492).

Reference has repeatedly been made in this review to various types of experi
ments which show that injury, irritation, or almost any form of disturbance of 
living tissue will provoke release of histamine, capillary dilation, and increased 
capillary permeability in laboratory animals and man. However, the fact that in 
many ways endogenous and exogenous histamine produce similar or even identical
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results, as in so-called serous inflammation (13) and whealing (492), raises a doubt 
as to the practicability of trying to consider exogenous and endogenous histamine 
separately. This distinction usually is readily made in experimental work, but 
when it is applied to insect bites and stings or to contact with poisonous or allergic 
plants or other agents, it is often difficult to determine whether the offensive 
histamine was introduced into the tissues or released within the tissues by the 
introduced substance, such as formic acid in bee stings. The demonstration of 
considerable amounts of histamine in nettles, lambs quarter, tomatoes, spinach 
(0.5 mg/g in growing seeds, up to 1.34 mg/g in flowers of over-wintered plants) 
and other plants (186) may add to this confusion.

I nflammatory P ro cesses

The universal presence of increased capillary permeability in inflammed tissues 
and in those undergoing amyloid degeneration is attributed by Lewis, 1927, to 
the presence of histamine and/or its related H-substance (329). Incidentally, 
Lewis' H-substance is now known to be histamine (492). That histamine is capable 
of increasing capillary permeability is well established, and it has been shown that 
serotonin released from mast cells is very potent as an edema-producing agent 
(330).

There are certain factors which militate against presenting clearcut, indubitable 
evidence to show to what extent mast cells are involved as a source of the hista
mine, serotonin, and/or other substances concerned with hyperemia, increased 
capillary permeability, local tissue reaction, and consequent changes occurring in 
inflammatory processes. Nevertheless, there is ample proof that histamine, either 
endogenous or exogenous, will provoke hyperemia and increased capillary per
meability; that these two phenomena play a significant part in inflammatory proc
esses and that mast cells contain relatively large quantities of releasable histamine 
and are almost universally present in the connective tissues of normal structures 
(402, 617) and commonly occur at the site of local inflammation (361, 377). It 
has repeatedly been shown that intradermal injection of a minute (1 to 1 or 2 
million parts (492)) concentration of histamine speedily produces the triple response 
(1.5-3 minutes (492)) and the 4 cardinal signs of inflammation (237, 492). Never
theless, Ungar, 1953, holds that this reaction does not prove that histamine is the 
only mediator of the inflammatory reaction (285), but it might be attributed to 
"a  more fundamental process" of which histamine release could be merely inci
dental (595).

Several concepts of the relation of connective tissue, including its active fibro
blasts, mast cell-content, and ground substance, to the onset and support of in
flammatory processes lend significance to the importance of the part played by 
hyaluronic acid in particular and to the products of mucopolysaccharide metabo
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lism in general in these processes. The opinion has been expressed that loose con
nective tissue is a primary site of inflammation (256), the chief site of mast cell 
formation (392, 472) and, following even the least unfavorable type of stimulation, 
very likely is instrumental in causing the mast cells to release their granules as a 
measure of protection (256).

Increasing interest is being shown in the part played by hyaluronic acid, which 
is held to be derived from mast cells (23), in maintaining normal capillary per
meability by degradation of this mucopolysaccharide. Recent work shows that the 
mode of action of cortisone and certain other antiphlogistic adrenalocortical hor
mones is to produce increased capillary resistance (327) which is effected chiefly by 
suppressing the activity of hyaluronidase (220). These and other observations on 
the vasomotor effects of histamine and serotonin and the significance of mast cells 
as the probable source of these substances certainly warrant further consideration.

C a pilla r y  D ilation

Celsus (25 B. C.-45 A. D.) clearly recognized the four cardinal signs of inflam
mation (357) and, in the absence of any knowledge of capillaries, listed them as 
"rubor, calor, tumor, and dolor", a terminology and sequence of events which 
time has not altered (357, 361, 377). Both rubor (erythema) and calor (heat) are 
due to hyperemia; tumor (swelling) and dolor (pain) are the result of increased 
capillary permeability (357, 361, 377) and resultant pressure (492).

The physiological changes which local circulation undergoes in an inflamed 
area were recognized and stressed by Cohnheim, Samuel, and Virchow. Samuel in 
1873 recorded his belief that changes in the walls of these blood vessels gave origin 
to the exudate which forms the fluid in exudative edema (387). However, Cohn
heim, 1866 and later, paved the way for further experimental interpretation of 
inflammatory processes (387) and edematous relations.

Ehrich (158) after briefly summarizing the theories on the mode of origin of 
inflammation from humeral to vascular and phagocytic concepts, supports the 
theory that inflammation may be regarded as "disturbance in homeostasis" pro
voked, at least in part, by tissue injury and release of histamine. Lewis', 1924, 
1927, results support Ehrich's (158) conclusions by strongly indicating that ery
thema following X  irradiation is caused by release of histamine within the skin; 
Ellinger, 1928, 1930, holds that ultraviolet and X  irradiations cause an increase 
in histamine in the skin by killing some cells and by decomposing histidine photo- 
chemically (317). Ehrich, 1953, also states that Roessle holds that instead of the 
vascular reaction being "an essential part of inflammation" it may be considered 
as an "auxilliary mechanism" having the function of accelerating removal of the 
cause of the inflammation (285).

Although Roessle's explanation is quite tenable, hyperemia and increased capil
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lary permeability will probably remain the most significant characteristic for 
recognition of inflammatory processes. Ungar (594) in his plea for some measure 
of agreement on the definition of inflammation, stresses the idea that primarily 
inflammation is a vascular response, while Dorland (140) states that inflammation 
is characterized "histologically by hyperemia, stasis, changes in the blood and 
walls of the small vessels, and by various exudations".

M ast  C e l l  R elations

A number of pathologists have recorded the presence of mast cells in inflamma
tion and state that they may be especially numerous during chronic inflammation 
(377). Many investigators have noted that the density of mast cell population is 
directly related to the proximity of small blood vessels and that this relation is 
commonly demonstrated by aggregations of mast cells around small vessels (392, 
472, 476). Whether this arrangement is a form of reciprocity in which the mast 
cells receive needed substances from the blood stream and the blood stream re
ceives heparin, histamine, and/or other substances from the mast cells is interest
ing speculation but, apparently, has not been given very much serious considera
tion.

It has been observed that prolonged inflammatory conditions which are favor
able for increasing the numbers ("infiltration") of lymphocytes and plasmacytes 
are also favorable for increasing the number of mast cells. Further observations on 
exudates suggested that whether the edema fluid will be favorable for mastocyto- 
genesis and the transformation of small lymphocytes into plasmacytes depends 
primarily upon its protein content. The protein content of the extravascular fluid 
is most commonly related to conditions favoring passage of the large protein 
molecules through capillary walls into a situation which detains the plasma 
protein, commonly by formation of a fibrin network, but allows a part of the 
plasma to pass on. These requirements are met in prolonged inflammation with 
the added advantage of the presence of abundant, similar materials released from 
cells, as in delimited necrosis, under similar circumstances of stasis. Thus, trans
udates or edema fluid formed by stasis, such as in cardiac or renal edema, in which 
the fluid has the lowest protein content of all edema fluids (70) and, consequently, 
low specific gravity (377), is not favorable for either mastocytogenesis or plasma- 
cytogenesis.

The fixing and staining procedures used routinely by pathologists and many 
other students of inflammatory processes usually destroy the mast cell granules 
(344, 392, 492) and thus obliterate the most reliable characteristic for identifying 
them. The relations of these cells to inflammatory processes have been neglected 
to a surprising extent. Another point is that, although some investigators recog
nized an increase in the number of mast cells and tissue damage, which was at-
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tributed to "repeated episodes of necrosis", in chronic inflammatory processes 
(377) mast cells were often considered merely as a type of "infiltrating cell" and 
as having an unknown purpose (361, 377).

Stemmler, 1921, observed that the normal population of mast cells is reduced in 
acute inflammation, as well as in granulation tissue, but that the number increases 
"wherever mature tissue is being formed" (344). This observation supports the con
tention that early in acute inflammatory processes the resident mast cell popula
tion is decimated in response to the demand for, or otherwise provoked release of, 
histamine and that no new mast cells are formed until a sufficiently favorable 
exudate is provided, as is explained below.

Halpern (237) states that all the phenomena produced by injection of egg white 
"are borrowed by the typical inflammatory lesion". This statement is very signifi
cant in support of the idea that mast cells play an important part in inflammation, 
for injection of egg white or ovomucin, especially into rats, provokes lysis of mast 
cells and liberates quantities of histamine by so doing (42, 238, 486, 503).

The observation that the mast cell population is reduced in acute inflammation 
(344, 361, 377), but increased in chronic inflammation, in which there is commonly 
an appreciable amount of tissue damage caused chiefly by "repeated episodes of 
necrosis" or alternating degenerative and proliferative changes (377), especially 
in allergic or rheumatic reactions (620), may be somewhat clarified by the follow
ing explanation. The initiating agent depletes the resident mast cells of the normal 
tissue, thus releasing histamine, which is speedily followed by the sequence of 
hyperemia, increased capillary permeability, protein leakage, marked edema, and 
stasis, which stages are generally recognized and have been confirmed by us as 
being conducive to mastocytogenesis, as well as "invasion" by other exudate cells. 
As chronicity develops, vascularity and edema progressively decrease, while mast 
cells are observed to have increased in numbers (377). Apparently, the condition 
of stasis and early necrosis stimulates progenitor cell activity to salvage certain 
components from the exudate and store them as granules and in so doing these 
progenitor cells develop into mast cells. As the hyperemia, edema, and demand 
for histamine regress, the supply and increment of mast cells remains in excess of 
the demands made for histamine by the repeated episodes of proliferation and 
necrosis.

H istam in e  in  A l ler g y

Histamine unquestionably plays an important part in initiation, or as a con
comitant, of all allergic reactions, but its mode of action as related to other factors 
is controversial. The significance of the mast cell in allergenic reactions is chiefly 
that it is a rich and readily available source of histamine, especially in the skin, 
where these cells doubtless play a very significant role in dermographism and
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general urticarial demonstrations. Several investigators have shown that mast 
cells are probably the chief source of the histamine which is generally conceded to 
be directly responsible for initiating local hyperemia resulting in formation of the 
welts, hives, wheals, et cetera, which may be diagnosed as urticaria in one or more 
of its many forms.

I nitiation  of H y p e r se n sit iv it y

Failure to control release, inactivation, or sudden release of histamine apparently 
constitutes the most important factor in allergic or hypersensitive reactions and 
anaphylaxis. Dragstedt in 1945 reviewed the literature on the evidence for and 
against histamine being related to anaphylaxis and concluded that histamine 
plays a significant part in anaphylactic reactions, but that the mechanism of its 
release is not understood (597). A number of writers subscribe to the idea that the 
cause of acute anaphylaxis is "the sudden liberation of histamine or histamine-like 
substances from the tissues as a result of the 'shocking' dose of antigen" (625). 
Schachter showed conclusively in 1953 that release of histamine "is a significant 
factor in the toxicology of acute anaphylactic reaction" in the rabbit (468). The 
suggestion that histamine is involved in most, if not all, reactions of substances 
provoking hyperergic inflammations is supported by Rocha e Silva's (484) state
ment that the contraction of guinea pig ileum produced by a preparation of rat 
anaphylatoxin "is also due to release of histamine from the isolated organ". 
Schild (507) sets forth data to support his tenet that release of histamine plays 
about the same role in human allergic asthma as it does in anaphylaxis of guinea 
pigs. Contrarily, Code held in 1944 that histamine is not the fundamental factor 
in allergic reactions and in anaphylaxis and that liberation of histamine is merely 
incidental to cell damage, which is of primary importance in instigating these 
reactions (252). Eleven years later he (107) amplified this tenet somewhat by 
stating that, instead of the white cell elements containing most of the histamine, 
the major portion of it occurs in the serum which facilitates its activity. Urbach 
and Gottlieb (597) feel the assumption that the substances which are usually ac
corded the role of instigator, such as acetocholine and histamine, are not the cause 
but the result of antigen-antibody reactions. Speirs (551) holds that the eosinophilia 
which follows antigen-antibody reactions apparently is not caused by histamine, 
heparin, hyaluronidase, or choline. Urbach and Gottlieb (597) point out that per 
se neither blood nor tissue eosinophilia is conclusive evidence that an allergy ex
ists. They (597) add that allergies may be a result of increased stimulation of para
sympathetic nerves and point to the fact that parasympathetic-stimulating drugs 
"favor allergization or tend to prolong an existing hypersensitiveness". Also, a 
diet low in ascorbic acid has been considered to be conducive to allergies in both 
man and mammals (597). Histamine is probably not the substance responsible
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for shock, even in animals injected with H -substance (41), and probably is not the 
primary factor in traumatic shock (252). Dragstedt, 1945, expresses the consensus 
by stating that although histamine is a definite factor in anaphylaxis, no one 
appears to understand the mechanism which releases it (597).

A ller g ic  R espo n se

Perhaps the most plausible concept of anaphylaxis is that suggested by Urbach 
and Gottlieb (597). They, citing the works of Code, 1944, Wendt, 1939, and others, 
reject the explanation that anaphylaxis is "the result of a simple histamine in
toxication" as being inadequate and suggest that anaphylaxis is the result of a 
series of interactions of a number of biologically active substances of different 
types of tissue products such as choline, epinephrine, histamine, and others, which 
affect the chemical regulation of the autonomic effector organs and the autonomic 
nerves (597).

It is supposed, chiefly upon indirect or circumstantial evidence, that Lewis' 
"triple response" (characterized by a red line, flare, and wheal), insect bites, 
irritants, and various other forms of local damage to the skin, liberate histamine 
(41). Lewis, 1927, held that his triple response "is identical with the reaction re
sulting from intradermal injection of histamine" which causes local dilation of 
capillaries and arterioles with escape of protein-rich fluid (597); Rothman (492) 
points out that there is now available sufficient evidence to show that Lewis' 
"H-substance is actually histamine". Riley (473) aptly attributes the ease with 
which this "triple response" may be elicited in urticaria pigmentosa skin lesions 
in man to the fact that lesions of this kind constitute a type of "shock organ" 
which is "rich in mast cells" and thus capable of releasing a quantity of histamine 
upon the least provocation. Contrarily, Perry (440) holds that the histamine 
responsible for the triple response does not come from mast cells. This statement 
would be rather difficult to prove or disprove experimentally, but in the light of 
the known mast cell content of histamine in human and other skin (18, 186, 402), 
it is open to considerable skepticism.

There is probably a definite disturbance in the water balance and in certain 
enzymic cycles during the course of allergic diseases, for there are inconsistent and 
noncharacteristic alterations in the chemical components of the blood, particularly 
with regard to amino acids, calcium, cholesterol, chlorides, magnesium, phos
phorus, and potassium content (597). Rusk and his collaborators, 1939, found that 
the serum potassium values were definitely higher in urticaria (23.4 mg/100 ml), 
in acute asthmatic attacks (24.4 mg/100 ml) and in the asymptomatic period in 
bronchial asthma (23.6 mg/100 ml) than in healthy human subjects (19.5 mg/100 
ml). Although epinephrine produced relief in these patients, it did not significantly 
alter the serum potassium level (597). Various investigators have found the blood
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histamine level higher in asthmatics than in normal individuals (614), but as Rose, 
1954, points out, the release of histamine is not the sole cause of asthmatic symp
toms (614).

H ista m in e  in  Shock

The part played by histamine in several types of shock is not clearly demon
strated, and especially in man the course of shock is not constant, but may be 
strikingly diversified (485). In certain human cases lung emphysema, as in guinea 
pigs, liver congestion, which is common in dogs, or venous congestion caused by 
dilation of the right heart, as in the rabbit, may be pronounced conditions in 
anaphylaxis (485). Since shock is a condition of acute peripheral circulatory failure 
(140), there are grounds for suspecting that histamine is either associated with 
the cause of shock in certain types or with the effects of shock in those types not 
otherwise explained. Thus, histamine may be associated with, but possibly is not 
the cause of, primary shock, while it is conceivable that factors other than neural 
or histaminic may be responsible in certain types of shock. Briefly, whenever a 
sufficient amount of blood plasma is lost from the circulation, usually by pooling, 
hemorrhage, or transudation, shock supervenes (140).

Halpern (238) states that intraperitoneal administration of a histamine liberator 
(dextran (30 mg/100 g)) to adrenalectomized rats provoked severe dyspnea, 
prostration with acute vascular collapse, and death of all the animals within 20 
minutes; ovomucoid (1 mg N/100 g) produced similar symptoms, but the rats 
lived a maximum of 2 hours. Intraveous injection of these histamine liberators 
greatly increased their toxicity. Halpern (238) concluded that the basic and major 
disturbance produced by administration of dextran or ovomucoid is "damage of 
the small blood vessels, which is reflected by an increase in capillary permeability" 
resulting in formation of a characteristic edema having a high protein content and 
a severe hemoconcentration. He (238) further indicated that histaminic action 
was involved by finding that edema and almost all the symptoms caused by dex
tran can be prevented in intact rats by injection of the synthetic antihistamine 
promethazine, or phenergan. Bennati and Patetta (44) found that benadryl pro
tected animals against lethal histamine shock but not against peptone shock.

Glenn, Gilbert, and Drinker, 1943, found that experimental burns of the foot 
provoked escape into the tissues of quantities of plasma which approximated a 
third of the total volume of blood (377). Such conditions of shock certainly indicate 
the current concept of histaminic activity and probably involve heparin as well. 
However, the work of Rowley and Benditt (493) strongly indicates that serotonin 
plays an important part as a causative agent in cases of profound edema, especially 
if mast cell damage is involved as would be expected in extensive skin burns. In 
the case of the experimental burns of the foot, cutaneous and subcutaneous mast



CAPILLARY PERMEABILITY 29

cells would be expected to release relatively large quantities of histamine and 
heparin. Incidentally, the fact that decreased coagulability of the blood is one of 
the functional effects of shock (377), suggests increased release of heparin, a fact 
which has been verified in dogs anesthetized with dial, vagotomized, and injected 
intravenously with peptone (27).

Histamine shock is held to differ from anaphylactic shock in the absence of the 
reduced body temperature, and the increased blood coagulation time, both of 
which are characteristic symptoms seen in anaphalactic shock (597). A marked 
increase in coagulation time was observed in 4 guinea pigs killed while in profound 
anaphylactic shock produced by horse serum (305). Also, it is stated that arginine 
prevents the lethal effects of administered histamine but not of anaphylactic shock, 
while heparin inhibits anaphylaxis but is incapable of inhibiting histamine shock 
(597).

Rocha e Silva, 1947, presents another complication by pointing out that in 
anaphylactoid conditions fibrinolysin releases histamine and heparin from cells 
(520), but it is not clear whether mast cells are included or not. Selye (520) points 
out that the various stresses alter the water balance, chiefly by disturbing the in
tracellular protein-intercellular sodium relations, which is accompanied by potas
sium and pH changes. Acidosis of transitory nature has been observed in both 
animals and man following a variety of systemic stressors, including anoxia, burns, 
electro-shock, 'gravity shock', and 'medical shock' (520). However, nothing is 
said about mast cells as a source of the histamine which is known to be released in 
relation to some of these conditions, especially burns (377), and the resultant in
creased capillary permeability. Menkin (387) shows that, with few experimentally 
produced exceptions in dogs, similar changes take place in the inflammatory proc
ess. Other investigators (344, 361, 377) have recorded concomitant changes in 
local mast cell populations, but neither mast cells nor metachromasia is listed in 
the index of either Selye's (520) or Menkin's (387) monograph.

Mongar and Schild, 1952, point out several ways in which the effects of anaphy
laxis and certain simple chemical bases are similar in releasing histamine, but that 
their mode of effecting the release of histamine apparently differs (507); Reuse 
(468) apparently holds that anaphylaxis is due to release of histamine. Parrot, 
1942, and Mongar and Schild, 1955, hold that in anaphylaxis the release of hista
mine is a process requiring energy and that this process may be blocked by various 
metabolic inhibitors, including iodoacetate or lack of oxygen (507). However, 
chemical releasers, such as acetylamine or compound 48/80, do not require pro
vision of energy, but are activated by iodoacetate or the lack of oxygen, as shown 
by minced lung of guinea pigs in vitro (507).

Wilander (621) reports that he isolated sufficient amounts of heparin from the 
plasma of dogs in peptone shock to account for the incoagulability of the blood in
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anaphylactic or peptone shock and that protamine completely allayed the anti
coagulant effect of the heparin in the dogs. He holds that during shock, the mast 
cells empty their granular contents into the blood, and he showed that blood 
clotting was not inhibited in hepatectomized dogs, but that shock plasma recovered 
after being passed through the isolated liver inhibited coagulation.

Antihistamine drugs operate by competing with histamine for the normal hista- 
mine-receptive sites and by this means prevent the appearance of histaminic 
effects (245). Such a simple explanation of histamine antagonism may hold for 
some, but not for all, histamine antagonists, for these substances are also histamine 
releasers and many of them, when used in concentrations sufficient to antagonize 
anaphylaxis of smooth muscle, independently produce a bronchoconstrictor action 
which reduces their effectiveness in treating bronchial asthma (507). Similar effects 
of antihistamine drugs on histamine which produced anaphylactic contraction of 
smooth muscle have been explained as a phase of the contraction which is not 
antagonized by the antihistamine (250).

Martin and his colleagues in 1949 reported that flavonoid compounds effectively 
inhibited histidine decarboxylase in tissue cultures. This result probably led them 
to suggest that the antianaphylactic effect of the flavonoid compounds used is the 
result of the ability of these compounds to prevent formation of histamine from 
histidine by inhibiting the enzyme decarboxylase (369).

H istaminopexy

Histamine fixation by experimental methods is a comparatively undeveloped 
field. Theoretically at least, it should be possible to inject some substance locally, 
intravenously or intraperitoneally, which would prevent release or inactivate 
liberated histamine by binding it in some way to molecules in the plasma, tissues, 
and/or a substance included in the injection.

The idea of histaminopexy loses some of its aspects of impossibility when viewed 
as a reversal of histamine release processes, in which loosely bound, inactive hista
mine (382, 383, 595) is activated. Whether this principle would be applicable to 
endogenous histamine, since exogenous histamine is not supposed to be included 
by the cells, is not known. Nevertheless, Laborde, Parrott, and Urquia in 1953 
showed that normal human serum fixed about one third of the exogenous histamine 
(histamine dihydrochloride 10~fi and 5.0% dialysed human serum) in a solution, 
but that in the majority of the cases the sera from allergic patients showed no re
duction in activity of the histamine by the sera as was shown by the guinea pig 
ileum test (430). Parrot and Laborde (430) found that the histaminopexic activity 
of sera was controlled to a significant extent by adrenal cortical and adenohypo- 
physeal hormones and was reactivated by cortisone.

The statement that antihistaminic. drugs operate by blocking the response of
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receptors to the stimulating effect of free histamine (468) suggests that the bene
ficial results of these drugs are not due to their histaminopexic activity.

Blaschko (60) holds that liberated histamine exerts its biological action after 
passing from the circulating and tissue fluids by again being bound to "specifically 
histamine-sensitive patches" on the effector cells' surfaces. If this is proved to be 
the mode by which endogenous histamine operates in allergical reactions, then 
any practical means of desensitizing these histamine-sensitive cell surface patches, 
or to cause them to repel the invading histamine, would certainly be well worth 
considering for use in prophylactic or therapeutic treatment.

A rather novel idea of a contributing factor in histamine control is set forth by 
Parrot and Laborde (430) who describe a histaminopexic, gamma globulin-like 
substance which, subsequent to removal by dialysis of an antihistaminopexic, 
albumin-linked serum fraction (Fraction V of E. J. Cohn), reduced the histamine 
activity of normal human serum about 33 per cent and was at least equally effec
tive on normal sera of the cat, dog, guinea pig (av. of 10, 39.2%), mouse, and rat 
(av. of 8, 38.7%). However, this histamine-fixing substance failed to bind any of 
the histamine in the sera from most of 51 allergic patients suffering from asthma, 
angioneurotic edema, chronic arthritis, eczema, duodenal or exudative and gastric 
ulcers, hay fever, migraine, rheumatic fever, or tuberculosis exudativa (430). 
Parrot showed in 1955 that adrenalectomy deprived rats of this histaminopexic 
substance, but that it was restored by administration of cortisone (505), and that 
deficiency of ascorbic acid also deprived serum of its histaminopexic action (430).

Reuse (468) holds that the beneficial effects of antihistamine in anaphylaxis are 
the result of these drugs inhibiting "the effects of liberated histamine on effectors", 
as is indicated by muscle tissue in vitro. Ungar (595) cautions that there is a pos
sibility that proteose activation and histamine release are parallel phenomena 
which are due to a common cause, even though it is known that inhibition of pro
teolysis suppresses release of histamine (595).

C orticosteroids

At least 29 corticosteroids have been identified in extracts of the adrenal cortex, 
but only about 6 of these have been shown to be active (606). Elkinton and Danow- 
ski (160) show that in general adrenocortical steroids in excess disturb the body 
fluid balance by causing sodium retention and potassium deficits accompanied by 
other significant changes in the salt-water balance, sugar, ionic, and other body 
fluid disturbances. However, very little or no consideration is given to histamine.

ACTH, cortisone, and epinephrine (all antiphlogistic hormones of Selye (520)) 
are antagonistic to histamine. These substances decrease capillary permeability 
and also decrease formation of inflammatory exudate. However, DOC (compound 
S, desoxycorticosterone, desoxycortone) and DOCA (DCA, desoxycorticosterone
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acetate; prophlogistic hormones of Selye), like histamine, cause capillary dilation, 
increased permeability, and increased exudate and thus either have no effect on, 
or actually favor, histaminic action. Cortisone, either administered to, or produced 
within, the animal following administration of ACTH is thought to be converted 
into hydrocortisone within the body before it becomes physiologically active (454).

A C T H  (Adrenocortico tropic

It is generally conceded that ACTH, which is an anterior hypophyseal hormone, 
and cortisone have nearly identical effects since ACTH acts by stimulating the 
adrenal cortex to produce corticosteroids, especially cortisone (221). While Conn 
and co-workers, 1951, have indirectly indicated that ACTH-administration pro- 
produces 17-hydroxycorticosterone (Compound F) as the mediator of its action 
(502). Menkin (388) shows that numerous investigators have found that ACTH 
is as effective in suppressing increased capillary permeability in inflammation in 
adrenalectomized rats as in normal ones. He (388) is convinced that ACTH, by 
suppressing the action of exudin, acts directly in decreasing permeability of the 
capillaries. Menkin (388) further supports the idea of these two hormones having 
different effects by stating that ACTH has no effect on leukotaxin-induced dia- 
pedesis but represses the effects of exudin in producing increased capillary per
meability, while cortisone has no effect on exudin but inhibits the diapedesis. 
ACTH in excess has been found to induce freckling and pigmentation similar to 
that occurring in Addison's disease, but excessive dosage of cortisone does not 
produce this effect (160). Other less clearcut differences in the effects of ACTH 
and cortisone have been reported.

C ortisone

The chief basis for the early recognition of cortisone as a "wonder drug" for 
treatment of various conditions involving capillary hyperenergy may be attributed 
to its ability to decrease capillary permeability. There are several possible means 
by which cortisone may decrease capillary permeability in normal as well as in 
histamine-induced and other edematous conditions. Romani (489) calls attention 
to the fact that there are numerous contradictions in the literature on the effects 
of cortisone on mast cells. Actually the recorded effects range all the way from pro
ducing a marked increase in number (489) to the destruction of mast cells (19, 
22, 93).

E pin eph r in e  as P otentiator

There is the possibility that immediately beneficial effects of cortisone in re
ducing conditions resulting from excessive amounts of histamine, "H-substance", 
leukotaxin, and/or similar agents which increase capillary permeability may be
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due to cortisone increasing release of epinephrine, which constricts arterioles (547), 
and thus decreases capillary dilation and permeability by reducing the volume of 
blood passing through the arterioles and precapillaries. Selye (520) suggests that 
competition for the same aminooxidase system may account for the potentiated 
pressor action of epinephrine derivatives in controlling hyperemia and permea
bility. However, multiple factors in unknown sequence are probably involved. 
One of these little-appreciated factors may be 5-hydroxytryptamine ("serotonin", 
Spategift of Freund, (520)) which is stored in mast cells (43, 334, 493), in blood 
platelets (557), and probably in other cells. Although it is claimed that human 
blood contains about 0.1 7 /m l of this vasoconstrictor principle (389, 557), at pres
ent it appears that very little is known about the specific relations of this substance 
to either inflammatory hyperemia or to the effects of either epinephrine or corti
sone on capillary permeability. However, evidence obtained from more than one 
source "makes it very likely that 5-hydroxytryptamine is the edema-producing 
agent released by substances which damage mast cells" (493).

E ffects of C ortisone

Certain investigators have reported that cortisone inhibits leukotaxin (387) 
and hyaluronidases by forming a complex heparin-lipoprotein which acts as a 
nonspecific antihyaluronidase. Also, with this exception, the mechanism of the 
antiphlogistic action of cortisone appears chiefly to involve the sulfhydryl groups 
(489). Moderately prolonged treatment with cortisone causes various metabolic 
changes, but it is debatable whether it affects polymerization of hyaluronic acid. 
Hyaluronic acid is known to increase the resistance of ground substance to the 
spread of inflammation, and by this means it plays a very important part in con
trolling edematous effects of increased capillary permeability (20, 148). Thus, it 
appears that enzymic systems may play important roles in histamine-epinephrine 
control of motivation of arterioles and their capillaries.

Cortisone not only has a suppressing action on capillary permeability, but it 
also suppresses formation of new capillaries, as in wound healing (17, 275, 330), 
and in the process of vascularization of tumor, skin, and other grafts (17, 330). 
Cortisone may have a direct antimitotic effect in skin grafting, as well as the com
monly recognized indirect effect, by inhibiting the process of vascularization of the 
graft (330). Apparently, it is safe to assume that the mode of action of cortisone 
in suppressing capillary growth and in suppressing capillary permeability is 
through its antagonism of histamine, and this process may be abetted by other 
substances reported to be active in increasing capillary permeability in normal and 
inflammatory conditions.

Cortisone, probably as the hydrochloride (454), is a potent anti-inflammatory 
agent, which is supposed to have multiple means of producing this effect. In fact,
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cortisone appears to have at least 3 means of effecting suppression of histaminic 
activity. One of these is its ability to block one or more enzyme systems, but the 
particular enzyme system blocked is unknown (454). A number of investigators 
hold that histamine is produced by decarboxylation of histidine by histidine 
decarboxylase (157, 505, 616). Halpern (238) holds that cortisone inhibits biogene
sis of histamine, the vulnerable link for which would be histidine decarboxylase. 
The enzyme histaminase destroys histamine by catalyzing its oxidation (335), 
and cortisone is held to be able to supress the inhibitor of this process. Thus, corti
sone is believed to suppress histamine by interfering with its production and by 
aiding in its destruction. Halpern (237) adds another angle of approach by suggest
ing that cortisone acts by interfering with the metabolism of tissue histamine, 
more specifically by preventing the degradation of the "combined" form to the 
"free" form of histamine.

Ungar (594) holds that a number of anti-inflammatory drugs which include 
cortisone, act by inhibiting the fibrinolytic system in vivo as well as in vitro. Thus, 
he concludes that all anti-phlogistic hormones accelerate the fibrinolysin-antifi- 
brinolysin reaction. Zweifach, 1953, holds that vasodilation with its attendant 
phenomena can be produced by numerous biological substances, many of which 
are formed by the cells. He sees no need for any proteolytic type of enzymatic 
reaction (594). From this it may be inferred that there are multiple points other 
than those in the fibrinolytic system which can be blocked by cortisone, or other 
anti-inflammatory substances, to prevent release of histamine and/or increased 
permeability of the terminal vascular bed.

D esoxycorticosterones

The variable terminology and abbreviations of the terms used by different 
writers make it difficult to determine just which preparation of desoxycorticos
terone was used and, in some instances, the conditions under which the prepara
tion was employed. It appears that under comparable conditions the various 
preparations of the desoxycorticosterones all properly belong in Selye's (529) 
1949 group of prophlogistic hormones; that is, they aid or stimulate histaminic 
vasodilation and increased capillary permeability. The names of some of these 
preparations with their synonyms, as nearly as can be determined, in parentheses 
follow: Desoxycorticosterone (compound S (?), deoxycortone, DO, DOC) and 
desoxycorticosterone acetate (DCA, DOCA, a proprietary brand; deoxycortone 
acetate; percortin, a proprietary brand).

Desoxycorticosterone acetate (DCA) is the form of desoxycorticosterone most 
often employed in experimental and clinical work. In general, DCA exerts a more 
pronounced effect on certain species than on others. Although all rats are suscepti
ble to the hyalinizing effects of DCA, some strains are more susceptible than others;
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while the fowl and rat apparently represent the species most sensitive to its hyali- 
nosis-producing effects (520). This species-susceptibility may be largely responsi
ble for the seemingly contradictory results reported by certain investigators.

DCA promotes inflammation and wound healing, apparently as a result of its 
phlogistic reaction, and thus it stimulates proliferation of fibroblasts and encour
ages deposition of collagen (520). Apparently, the beneficial effects of DCA on 
wound healing and its aggravating effects on inflammatory processes are essentially 
similar to the effects of mast cell products. That is, both increase capillary per
meability in order to afford an adequate supply of blood-borne substances neces
sary for the formation of fibroblasts and collagen and utilization in forming cica
tricial tissue and in promoting sustaining tissues, such as connective tissue adnexa, 
neural and vascular structures, in wound healing. This point becomes more ob
vious when it is recalled that cortisone and ACTH inhibit inflammation and wound 
healing by suppressing the processes which DCA and mast cell products promote

Desoxycorticosterone diethyl acetate appears to be an exception to the general 
rule, for this substance is reported as being slow-acting but, unlike DOCA, it 
"decreases the amount of inflammatory exudate" in croton oil granuloma pouches 
in rats. However, it was found to be only about 20 to 30 per cent as potent as hy
drocortisone (478).

Percortin, a proprietary preparation of desoxycorticosterone acetate which was 
available in the early 1940's, has been reported to be anti-inflammatory in action 
but, since explanations of this property have not been well supported, it was sug
gested that the antiphlogistic effects of batches of this substance may not have 
been pure material (388). This conclusion was further supported by the fact that 
the substance in crystalline form obtained from another source had "no anti
inflammatory effect" (388). However, conditions of the experiment may have 
been such that the expected phlogistic results were not obtained. The work of 
Skelton (538) in which he used antihistamines in a futile effort to antagonize the 
effects of DOCA on castrated, unilaterally nephrectomized, salt-treated rats ap
parently supports the results obtained by use of percortin.

He also reports that under the conditions of this experiment, it was found that 
antihistamines, phenergen, benzodionole, and trimeton, afforded no significant 
protection to those rats against either the angiotoxic or nephrotrophic effects of 
DOCA as seen in the heart, kidney, and arterioles in the pancreas.



LITERATURE CITED 134

1. Abramson, H. A. (Ed.)
1956. Tolerance to LSD-25 and a Theory of Psychoses. Pp. 259-300 in Neuropharma- 

colgy. Josiah Macy, Jr. Foundation, New York.
2. 1956. (Ed.) Neuropharmacology. Josiah Macy, Jr. Foundation, New York.
3. Adams, D. H.

1952. Hormonal factors influencing liver catalase activity in mice. Testicular and
adrenal factors. Biochem. J. 50: 486-493  (Biol. Abst. 26 #20952).

4. Adams, R. D.; Denny-Brown, D.; and Pearson, C. M.
1953. Diseases of Muscle. A Study in Pathology. Paul B. Hoeber, Inc., Med. Book Dept.

of Harper & Bros., New York.
5. Addison, W. H. F.

1927. Piersol's Normal Histology. 13 ed. J. B. Lippincott Co., Philadelphia.
6. Agner, K.

1941. Verdoperoxidase. Acta Physiol. Scand. 2 (Supp. 8): 1-62.
7. 1943. Verdoperoxidase. Pp. 137-148 in Advances in Enzymology. Vol. 3. F. F. Nord and

C. H. Werkman, ed. Interscience Publ. Inc., New York.
8. 1949. Effect of uric acid on the peroxidative detoxification of diphtheria toxin. Fed.

Proc. 8: 178.
9. Albrecht, P.; Visscher, M. B.; Bittner, J. J.; and Hallberg, F.

1956. Daily changes in 5-hydroxytryptamine concentration in mouse brain. Proc. Soc.
Exptl. Biol. & Med. 92: 703-706.

10. Albritton, E. C. (Ed.)
1951. Standard Values in Blood. AF Tech. Rept. No. 6039, 199 p. Part 1 of Handbook of 

Biological Data. U. S. Air Force, Wright Air Development Center, Wright- 
Patterson Air I'orce Base, Dayton, Ohio.

11. Alexander, N.
1957. Catalase inhibition by normal and neoplastic tissue extracts. Fed. Proc. 16: 144

#624.
12. Alexander, P.; Fox, M .; and Hitch, S. F.

1954. X IV . Radiation protective compounds: A comparison of their effects in vivo and
in vitro systems. Pp. 130-131 in a Symposium. Brit. J. Radiol. 27: 36-144.

13. Altschul, R.
1954. Endothelium. Its Development, Morphology, Function, and Pathology. Macmillan 

Co., New York.
14. Anderson, W . A. D. (Ed.)

1953. The Thymus. Chap. 33, pp. 956-957, in Pathology, 2nd ed., C. V. Mosby Co.,
St. Louis, Mo.

15. Andreason, E.
1943. Studies on the Thymolymphatic System. Acta Path, et Microbiol. Scand. Suppl. 

49: 1-171.
16. Angelakos, E. T.

1957. Histamine toxicity in mice and rats following treatment with histaminase in
hibitors. J. Pharmacol. & Exptl. Therap. 119: 444-451.

17. Antopol, W .; Glaubach, S.; and Graff, S.
1954. Retardation of growth of implants of carcinoma 775 in cortisone-injected mice.

Proc. Soc. Exptl. Biol. & Med. 86: 364-366.

119



.120 UNIVERSITY OE COLORADO STUDIES

18. Asboe-Hansen, G.
1950. Hyaluronidase action on the permeability of human skin. Some experiments, 

mainly on allergic skin reactions. Acta Dermato-Venereol. 30: 27-33.
19. 1950. The origin of synovial mucin. Ehrlich's mast cell —  A secretory element of the

connective tissue. Ann. Rheumatic Dis. 9: 149-158.
20. 1950. The variability in the hyaluronic acid content of the dermal connective tissue

under the influence of thyroid hormone. Mast cells —  the peripheral trans
mitters of hormonal action. Acta Dermato-Venereol. 30: 221-230.

21. 1950. A survey of the normal and pathological occurrence of mucinous substances and
mast cells in the dermal connective tissue in man. Acta Dermato-Venereol. 
30:338-347.

22. 1952. The mast cell. Cortisone action on connective tissue. Proc. Soc. Exper. Biol. &
Med. 80: 677-679.

23. 1954. Some Systemic Connective Tissue Disorders Pertaining to Dermatology. Pp.
274-295 in Connective Tissue in Health and Disease. Ejnar Munksgaard, Copen
hagen.

24. Bacchus, H.; and Altszuler, N.
1952. Eosinophile response to stress in ascorbic acid pretreated mice. Endocrinology 

51: 1-4.
25. B ach, S. J.

1952. The Metabolism of Protein Constituents in the Mammalian Body. Oxford Univ.
Press, London.

26. Bacsich, P.
1936. On the staining of lipoid granules in leucocytes. J. Anat. 70: 267 (Stain Tech. 12: 

31).
27. Baeckeland, E.; et Lecomte, J.

1953. Absence de modifications des mastocytes hepatiques durant le choc peptonique.
Compt. rend. Soc. de Biol. 147: 927-929.

28. Baillif, R. N .; and K ihbrough, C.
1947. Studies on leucocyte granules after staining with Sudan black and May-Griinwald 

Giemsa. J. Lab. & Clin. Med. 32: 155-166 (Stain Tech. 22: 120).
29. Ball, E. G.

1939. Chemical reactions of nicotinic amide in vivo. Bull. Johns Hopkins Hosp. 65: 
253-264.

30. Barnett, R. J.
1954. Blood Vascular System. Chap. 12, pp. 273-303, in Histology. R. O. Greep, ed.

Blakiston Co., Inc., New York.
31. Barron, D. H.

1949. Vasomotor Regulation. Chap. 36, pp. 733-749, in A Textbook of Physiology. J. F. 
Fulton, ed. W . B. Saunders Co., Philadelphia.

32. Barron, E. S. G.
1954. The effect of x-rays on systems of biological importance. Chap. 5, pp. 283-314, in 

Radiation Biology. Vol. I, Part 1. A. Hollaender, ed. McGraw-Hill Book Co., 
New York.

33. Barron, E. S. G.; Dickman, S. R.; Singer, T. P.; and M untz, J. A.
1954. Effects of X-Rays on the Activity of Enzymes. Chap. 15, pp. 388-411, in Bio

logical EJfects of External X  and Gamma Radiation. R. E. Zirkle, ed. McGraw- 
Hill Book Co., New York.



LITERATURE CITED 121

34. Barron, E. S. G.; Seki, L.; and Johnson, P.
1952. Studies on the mechanism of action of ionizing radiations. V III. Effect of hydrogen 

peroxide on cell metabolism, enzymes, and proteins. Arch. Biochem. &  Biophys. 
41: 188—202 (Biol. Abst. 27 #8750).

35. Barrow, J.; and Tullis, J. L.
1952. Sequence of cellular responses to injury in mice exposed to 1,000 r total body 

X-radiation. Arch. Path. 55: 391-404.
36. Bartlett, G. R.

1952. Does catalase participate in the physiological oxidation of alcohols? Quart. J.
Stud. Alcohol 13: 583-589 (Biol. Abst. 27 #26834).

37. Beattie, J. M .; and Dickson, W. E. C.
1948. A Textbook of Pathology, General and Special. Vol. I & II. 5th ed. William Heine- 

mann, Medical Books, London.
38. Begg, R. W.

1953. Involution of the thymus in the adrenalectomized tumor-bearing rat. Proc. Amer.
Assoc. Cancer Res. 1(1): 5.

39. Behrens, M .; und M arti, H. R.
1954. Die Isolierung eosinophiler Leukozyten und ihrer Granula. Experientia 10:

315-316.
40. Beinert, H.

1951. The extent of artificial redistribution of cytochrome c in rat liver homogenates. 
J. Biol. Chem. 190: 287-292 (Biol. Abst. 25 #27028).

41. Bell, G. H.; Davidson, J. N ., and Scarborough, H.
1953. Textbook of Physiology and Biochemistry. 2nd ed. E. & S. Livingstone, Edinburgh 

and London.
42. Benditt, E. P.; Bader, S.; and Lam, K. B.

1955. Studies of the mechanism of acute vascular reactions to injury. 1. The relationship
of mast cells and histamine to the production of edema by ovomucoid in rats. 
A . M . A . Arch. Path. 60: 104-115.

43. Benditt, E. P.; W ong, R. L.; Arase, M .; and Roeper, E.
1955. 5-Hydroxytryptamine in mast cells. Proc. Soc. Exptl. Biol. & Med. 90: 303-304.

44. Bennati, D.; and Patetta, A.
1947. Action del benadryl en el shock peptenico y en el shock histaminico. Arch. Soc. 

Biol. d. Montevideo 14: 73-75.
45. Bernheim, M. L. C.; Ottolenghi, A.; and Bernheim, F.

1957. The antioxidant effect of serotonin. Biochim. et Biophys. Acta 23: 431-432 (Biol. 
Abst. 3 1 #21444).

46. Bessis, M.
1956. Cytology of the Blood and Blood-forming Organs. Translated, with additions, from

the French by Eric Ponder. Grune & Stratton, New York.
47. Best, C. H.; and M cHenry, E. W.

1931. Histamine. Physiol. Rev. 11: 371-477.
48. Best, C. H.; and T aylor, N. B.

1943. The Physiological Basis of Medical Practice. 3rd ed. Williams & Wilkins Co., 
Baltimore.

49. 1944. The Living Body. A Text in Human Physiology. Revised ed. Henry Holt & Co.,
New York.



.122 UNIVERSITY OE COLORADO STUDIES

50. Bhagvat, K .; and Richter, D.
1938. Animal phenolases and adrenaline. Biochem. J. 32: 1397-1406.

51. Bicknell, F .; and Prescott, F.
1953. The Vitamins in Medicine. Grune & Stratton, New York.

52. Bigelow, F. S.
1954. Serotonin activity in blood. Measurements in normal subjects and in patients with

thrombocythemia, hemorrhagica and other hemorrhagic states. Lab. & Clin. 
Med. 43: 759-773.

53. Bigg art, J. H.
1932. Some observations on the eosinophile cells. J. Path. & Bacl. 35: 799-816.

54. Billen, D.
1957. The use of bone marrow cells maintained in vitro to modify x-radiation damage in 

mice. Abst. #  16, Program, Radiation Res. Soc. meeting, May 13-15, 1957.
55. Birnie, J. H.; Blackmore, K. E.; and Heller, H.

1952. Changes in water diuresis and vasopressin inactivation in mice fed on protein
deficient diets. Experientia 8: 30-31.

56. Blackfan, K. D.; Diamond, L. K .; and Leister, C. M.
1944. Atlas of the Blood in Children. Common Wealth Fund, New York.

57. Blackmore, W . P.
1957. Effect of serotonin on water and electrolyte excretion. Fed. Proc. 16 #  1206.

58. Blackwood, W m.; Dodds, T. C.; and Sommerville, J. C.
1949. Atlas of Neuropathology. E. & S. Livingstone Ltd., Edinburgh.

59. Bland, J. H.
1956. Clinical Recognition and Management of Disturbances of Body Fluids. 2nd ed. 

W . B. Saunders Co., Philadelphia.
60. Blaschko, H.

1956. Remarks on the Location of Histamine in Mammalian Tissue. Pp. 381-397 in 
Histamine (Ciba Found. Symposium). G. E. W . Wolstenholme and C. M. 
O'Connor, ed. Little, Brown & Co., Boston.

61. Blaschko, H.; and Hellmann, K.
1953. Pigment formation from tryptamine and 5-hydroxytryptamine in tissues: A

contribution to the histochemistry of amine oxidase. / .  Physiol. 122 : 419-427 
{Biol. Abst. 28 #20397).

62. Blaschko, H.; Richter, D.; and Shlossmann, H.
1937. The inactivation of adrenaline. J. Physiol. 90: 1-17 {Biol. Abst. 12 #9941).

63. Blaschko, H.; and Schlossmann, H.
1940. The inactivation of adrenaline by phenolases. J. Physiol. 98: 130-140 {Biol. 

Abst. 15 #3775).
64. Bliss, E. L.; Rubin, S.; and Gilbert, T.

1951. The effect of adrenalin on adrenal cortical function. J. Clin. Endocrinol. 11: 
46-60  {Biol. Abst. 25 #  19975).

65. Bloom, W.
1954. Histological changes after irradiation. Chap. 17, pp. 1091-1143, in Radiation

Biology. Vol. I, Part 2. A. Hollaender, ed. McGraw-Hill Book Co., New York.
66. Boines, G. J.

1955. A rationale for the use of hesperidin and ascorbic acid in the management of
poliomyelitis. Ann. New York Acad. Sci. 61 (Art. 3): 721-728.



LITERATURE CITED 123

67. Bonet-M aury, P.; and Patti, F.
1954. Protection of mice after whole-body x-irradiation. Pp. 72-76 in A Symposium. 

Brit. J. Radiol. 27: 36-144.
68. Borges, F. J.; and Bessman, S. P.

1956. Urinary excretion of 5-hydroxyindole acetic acid, a serotonin metabolite, in
hypertensive renal-vascular disease. Proc. Soc. Exptl. Biol. &  Med. 93: 513-515.

69. Bourne, G. H.
1953. Structural Changes in Vitamin Deficiency. Chap. 13, pp. 42-127, in Biochemistry 

and Physiology of Nutrition. Vol. 2. G. H. Bourne and G. W. Kidder, ed. Aca
demic Press, New York.

70. Boyd, W.
1945. A Text-Book of Pathology. 4th ed. Lea & Febiger, Philadelphia.

71. Brachet, J.
1950. Chemical Embryology. Transl. of 1945 French ed. by L. G. Barth. Interscience 

Publications, New York.
72. Bradfield, J. R. G.

1950. The localization of enzymes in cells. Biol. Rev. (of Cambridge Philos. Soc.) 25: 
113-157.

73. Brecher, G.; W ilbur, K. M .; and Cronkite, E. P.
1953. Transfusion of separated leukocytes into irradiated dogs with aplastic marrows. 

Proc. Soc. Exptl. Biol. & Med. 84: 54-56  (Biol. Abst. 28 #8227).
74. Brenner, S.; and Allison, A. C.

1953. Catalase inhibition: A possible mechanism for the production of Heinz bodies in 
erythrocytes. Experienlia 9: 381-384.

75. Brobeck, J. R.
1949. Nutrition. Chap. 53, pp. 1047-1068, in A Textbook of Physiology. J. F. Fulton, ed.

16th ed. W . B. Saunders Co., Philadelphia.
76. Broch, O. H.; and Haugen, H. N.

1950. The effects of adrenaline on the number of circulating eosinophils and on the
excretion of uric acid and creatinine. Acta Endocrinol. 5: 143-150 (Biol. Abst. 
25 #19979).

77. Brodie, B. B.; and Shore, P. A.
1957. On a Role for Serotonin and Norepinephrine as Chemical Mediators in the Cen

tral Autonomic Nervous System. Pp. 161-180 in Hormones, Brain Function, 
and Behavior. H. Hoagland, ed. Academic Press Inc., New York.

78. Brodie, B. B.; Tomich, E. G.; K untzman, R.; and Shore, P. A.
1957. On the mechanism of action of reserpine: Effect of reserpine on capacity of tissue 

to bind serotonin. J. Pharmacol. & Exptl. Therap. 119: 461-467.
79. Brody, G.

1953. Use of the thymus gland in chicks to elucidate interrelationships between pteroyl-
glutamic acid and biologically related substances. Science 118: 720-721,

80. Brown, N. C.
1946. The Effects of Various B-Vitamin Deficiencies on the Pouch and Associated Glands

in the Golden Hamster (Cricetus auratus). Thesis, Univ. Colorado, Dept. of 
Biol.

81. Brownson, R. H.
1954. A comparative quantitative analysis of perineural satellite cells in motor cortex.

Anal. Rec. 118: 284 #108.



.124 UNIVERSITY OE COLORADO STUDIES

82. Bulle, P. H.
1957. Effects of reserpine and chlorpromazine in prevention of cerebral edema and 

reversible cell damage. Proc. Soc. Exptl. Biol. & Med. 94: 553-556.
83. Bunting, C. H.

1932. The Granular Leucocytes. Sec. X V III , pp. 683-707, in Special Cytology, 2nd ed. 
E. V. Cowdry, ed. Paul B. Hoeber, New York.

84. Burton, A. C.
1954. Relation of structure to function of the tissues of the wall of blood vessels. Physiol. 

Revs. 34: 619-642.
85. Butler, L. O.; and M organ, A. F.

1954. Leucocyte and thymus changes in the pyridoxine-deficient young and adult 
male rat. Proc. Soc. Exptl. Biol. &  Med. 85 : 441-444.

86. Cameron, G. R.
1951. Pathology of the Cell. C. C. Thomas, Springfield, Illinois.

87. 1953. A Survey of Tissue Responses to ACTH  and Cortisone. Pp. 155-166 in The
Suprarenal Cortex. J. M . Yoffey, ed. Academic Press Inc., New York.

88. Campbell, D. H.
1942. Experimental eosinophilia with keratin from ascaris suum and other sources. 

J. Infect. Dis. 71: 270-276.
89. Campbell, I. L.; and Ross, M. H.

1952. Protection Experiments against Radiation Injury with Lymphocytes. Oak Ridge
National Laboratory No. 1193. U. S. Atomic Energy Commission.

90. Cappell, D. F.
1951. Muir's Text-Book of Pathology. 6th ed. Williams & Wilkins Co., Baltimore.

91. Caspersson, T.
1951. The Relations between Nucleic Acid and Protein Synthesis. Pp. 127-151 in (Sym

posia Society Exptl. No. 1. Nucleic Acid). Univ. Press, Cambridge, England.
92. Castor, C. W .; Baker, B. L.; Ingle, D. J.; and Li, C. H.

1951. Effect of treatment with ACTH  or cortisone on anatomy of the brain. Proc. Soc.
Exptl. Biol. &  Med. 76: 353-357.

93. Cavallero, C.
1953. fitudes sur la regulation hormonale de l'inflammation. Pp. 87-96 in The Mecha

nism of Inflammation. G. Jasmin and A. Robert, ed. Acta, Inc., Montreal.
94. Cerletti, A.

1956. Lysergic Acid Diethylamide (LSD) and Related Compounds. Pp. 9-84 in Neuro
pharmacology. H. A. Abramson, ed. Josiah Macy, Jr. Foundation, New York.

95. Chance, B.
1949. The reactions of catalase in the presence of the notatin system. Biochetn. J.

46:387-388.
96. 1949. The properties of the cnzymc-substrate compounds of horseradish peroxidase and

peroxides. III. The reaction of complex II with ascorbic acid. Arch. Biochem. 
24:389-409.

97. Chance, B.; and Smith, L.
1952. Biological Oxidations. Pp. 687-726 in Annual Review of Biochemistry. Vol. 21.

J. M . Luck, H. S. Loring and G. Mackinney, ed. Annual Reviews, Inc., Stan
ford, Calif.

98. Ciiarkey, L. W .; W ilgus, H. S.; Patton, A. R. and Gassner, F. X.
1950. Vitamin Bi2 in amino acid metabolism. Proc. Soc. Exptl. Biol. & Med. 73: 21-24.



LITERATURE CITED 125

99. Cheng, E. W.; and T homas, B. H.
1952. Increasing the retention of nitrogen in albino rats through vitamin B i2 adminis

tration. Proc. Iowa Acad. Sci. 59: 178-192 {Biol. Abst. 27 #21674).
100. Chessin, M .; Dubnick, B.; K ramer, E. R. and Scott, C. C.

1956. Modifications of pharamcology of reserpine by iproniazid. Fed. Proc. 15 #  1334.
101. Chiodi, H.

1940. The relationship between the thymus and the sexual organs. Endocrinology 26: 
107-116.

102. Christman, A. A.
1952. Purine and pyrimidine metabolism. Physiol. Rev. 32: 303-348.

103. Cladas, L. R.; and Eltas, C. A.
1953. Antagonisme entre le formiate et la restauration induite par la catalase en micro-

organismes irradies. Ann. Acad. Brasil. Cienc. 25: 277-284  (Biol. Abst. 28 
#24152).

104. Clausen, H. J.
1953. Experimental production of struma lymphomatosa. Proc. Soc. Exptl. Biol. &  

Med. 83: 835-837.
105. Cleghorn, R. A.

1957. Steroid Homones in Relation to Neuropsychiatric Disorders. Pp. 3-25 in Hor
mones, Brain Function, and Behavior. H. Hoagland, ed. Academic Press, Inc., 
New York.

106. Clyman, M.
1940. The anticatalase activity of sulfanilamide and sulfapyridine in vivo. Ann. Internal. 

Med. 14: 406-414  (Biol. Abst. 15 #4288).
107. Code, C. F.

1953. The Histamine Content of White Blood Cells. Chap. 3, pp. 292-305, in Blood 
Cells and Plasma Proteins. Their State in Nature. J. L. Tullis, ed. Academic 
Press, New York.

108. 1956. Histamine and Gastric Secretion. Pp. 189-219, in Histamine (Ciba Found. Sym
posium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown & 
Co., Boston.

109. Cohn, E. J.
1953. Interactions of Proteins with Alkaline Earths, with Steroids, with Blood Cells, 

and with Specific Polysaccharides. Chap. 4, pp. 43-58, in Blood Cells and Plasma 
Proteins. Their State in Nature. J. L. Tullis, ed. Academic Press Inc., New York.

110. Cole, L. J.; Fishler, M. C.; Ellis, M. E.; and Bond, V. P.
1952. Protection of mice against x-irradiation by spleen homogenates administered

after exposure. Proc. Soc. Exptl. Biol. &  Med. 80: 112-117.
111. Comroe, J. H., Jr.; Van Lingen, B.; Stroud, R. C.; and Roncoroni, A.

1953. Reflex and direct cardiopulmonary effects of 5-OH-tryptamine (serotonin).
Am. J. Physiol. 173: 379-386  (Biol. Abst. 27 #29937).

112. Congdon, C. C.; M cK inley, T. W., Jr.; Sutton, H.; and Urso, P.
1956. The effect of transfusions of blood showing extreme leukocytosis on survival of 

X-irradiated mice. Radiation Res. 4 : 424-434.
113. Constant, M. A.; and Phillips, P. H.

1954. Effect of diet and trace minerals on erythrocyte fragility and x-irradiation mortal
ity in rats. Proc. Soc. Exptl. Biol. & Med. 85: 678-682.



.126 UNIVERSITY OE COLORADO STUDIES

114. Correll, J. T .; Lyth, L. F.; Long, S.; and Vanderpoel, J. C.
1952. Some physiologic responses to 5-hydroxytryptamine creatinine sulfate. Am. J.

Physiol. 169: 537-544  (Biol. Abst. 27 #1124).
115. Crabb, E. D .; and K elsall, M. A.

1942. Distribution and relative weight of the constant lymphoid tissue in the Belgian 
hare. J. Colorado-Wyoming Acad. Sci. 3(2): 59.

116. 1951. Relation of cortisone-induced lymphopenia to transplanted sarcoma in hamsters.
J. Nat. Cancer Inst. 12: 91-105.

117. 1956. Progress Report on U. S. P. H ., National Cancer Institute Grants No. C 2395
Path and C 2395 C Path. For the period June 1, 1955 to December 1, 1956. 
Section on The Cerebellum.

118. 1956. Relation of plasmacytes in the small intestine to protein metabolism. Anal. Rec.
124 #300.

119. 1957. Relation of D N A to nucleolus in Purkinje cells of normal hamsters. Anal. Rec.
127 #308.

120. Cramer, W .; D rew, A. H.; and M ottram, J. C.
1921. Similarity of effects produced by absence of vitamins and by exposure to x-rays 

and radium. Lancet 200: 963-964.
121. 1921. On the function of the lymphocyte and of lymphoid tissue in nutrition. Lancet

201: 1202-1208.
122. Cronheim, G.; and Gourzts, J. T.

1956. Cardiovascular effects of serotonin in dogs premedicated with reserpine. Fed. 
Proc. 15 #  1348.

123. Cronkite, E. P.
1953. The Hematology of Ionizing Radiation. Chapt. 8, pp. 119-147, in Atomic Medicine.

C. F. Behrens, ed. Williams & Wilkins Co., Baltimore.
124. Cronkite, E. P.; Brecher, G.; Conard, R. A .; and Chapman, W. H.

1954. Glutathione in Radiation Injury. Pp. 271-287 in Glutathione. (A Symposium).
S. Colowick, et al, ed. Academic Press Inc., New York.

125. DaFano, C.
1910. Zellulare Analyse der Geschwulstimmunitatsreaktionen. Zeitsch. f . I  mmunilatsfor. 

exptl. Therap. 5: 1-77.
126. Dainton, F. S.

1956. Some Aspects of Radiation Chemistry which are Relevant to Some Radiobio
logical Problems. Pp. xix-xli in Progress in Radiobiology. J. S. Mitchell, B. E. 
Holmes and C. L. Smith, ed. Oliver & Boyd, Edinburgh. 

.27. D asgupta, S. R.
1957. Effect of chlorpromazine on antidiuresis produced by 5-hydroxytryptamine in

rats. Fed. Proc. 16 #1242.
128. Davidson, J. N.

1953. The Biochemistry of the Nucleic Acids. John Wiley & Sons, New York.
129. de Andino, A. M., Jr.; Rivero-Fontan, J. L.; and Paschkis, K. E.

1951. Effects of oral and intrasplenic administration of cortisone. Proc. Soc. Exptl. 
Biol. & Med. 77: 700-704  (Biol. Abst. 26 #14887).

130. Deanesly, R.
1928. Experimental studies on the histology of the mammalian thymus. Quart. J 

Micros. Sci. 72: 247-274.



LITERATURE CITED 127

131. Del Rio-Hortega, P.
1921. Histogenesis y evolucion normal; 6xodo y distribution regional de la microglia. 

Mem. Real. Soc. Esp. d'Hist. Nat. 11: 213-268.
132. Deming, Q.; Bogdanski, D. F.; Udenfriend, S.; Shore, P. A.; and Brodie, B. B.

1956. Possible role of serotonin on the hypotensive and hypothermic actions of reser
pine. Fed. Proc. 15 # 1356.

133. Denison, M. E.; and Zarrow, M. X.
1954. Eosinophils of blood during prolonged exposure to cold and chronic administra

tion of cortisone acetate. Pro. Soc. Exptl. Biol. Med. 85: 433-437.
134. de Robertis, E. D. P.; and Bennett, H. S.

1954. A submicroscopic vesicular component of Schwann cells and nerve satellite cells
Exptl. Cell Res. 6. 543-545.

135. Devik, F.; and Lothe, F.
1955. The effect of cysteamine, cystamine and hypoxia on mortality and bone marrow

chromosome aberrations in mice after total body roentgen irradiation. Act 
Radiol. 44: 243-248  (Biol. Abst. 31 # 10240).

136. Dietrich, L. S.; N iciiol, C. A.; M onson, W. J.; and Elvehjem, C. A.
1949. Observations on the interrelation of vitamin B12, folic acid, and vitamin C in 

the chick. J. Biol. Chem. 181: 915-920.
137. Diggs, L. W .; Sturm, D.; and Bell, A.

1956. The Morphology of Human Blood Cells, VV. B. Saunders Co., Philadelphia.
138. Discombe, G.

1946. The nature of neutrophilic granulation. J. Path. & Bad. 58: 572-573.
139. Di Stefano, V.; Leary, D. E.; and Feldman, I.

1956. Effect of serotonin on cerebral oxygen tension and evoked electrical activity in
the cerebral cortex. Fed. Proc. 15 #1359.

140. Dorland, W. A. N.
1951. The American Illustrated Medical Dictionary. 22nd ed. W . B. Saunders, Co., 

Philadelphia.
141. Douglas, W. W .; and Ritchie, J. M.

1957. Excitation of non-medullated vagal afferents by drugs. Fed. Proc. 16 #1251.
142. Douglas, W. W .; and Toh, C. C.

1953. The respiratory stimulant action of 5-hydroxytryptamine (serotonin) in the dog. 
J. Physiol. 120: 311-318  (Biol. Abst. 28 #979).

143. Downey, Hal

1949. Cytology of Rabbit Thymus and Regeneration of Its Thymocytes after Irradia
tion; with some Notes on the Human Thymus. Chap. 68, pp. 768-794, in George 
R. Minot Symposium on Hematology. W . Dameshek and F. H. L. Taylor, ed. 
Grune & Stratton, New York.

144. Doyle, W. L.
1950. The distribution of phosphatases in the rabbit appendix after x-irradiation. Am.

J. Anat. 87: 79-117.
145. Drinker, C. K .; and Y offey, J. M.

1941. Lymphatics, Lymph, and Lymphoid Tissue. Their Physiological and Clinical 
Significance. Harvard Univ. Press. Cambridge, Mass.

146. Dubreuil, R.; and Timiras, P. S.
1953. Effect of cortisone on free amino acids in the serum and organs of the rabbit. 

Am. J. Physiol. 174: 2026 (Biol. Abst. 28 #807).



.128 UNIVERSITY OE COLORADO STUDIES

147. Dunglison, R.
1874. A Dictionary of Medical Science. Henry C. Lea, Philadelphia.

148. Duran-Reynals, F.; and M cCrea, J. F.
1953. The Ground Substance of the Mesenchyme in Inflammation. Pp. 160-169 in

The Mechanism of Inflammation. G. Jasmin and A. Robert, ed. Acta, Inc., 
Montreal.

149. Dustin, A. P.
1925. Du thymus au cancer etude des mechanismes cytoregulateurs chez les vertebres. 

Bidl. Assoc. Francaise Etude du Cancer 14(8): 1-28.
150. 1925. La pycnose experimentale —  ou crise caryoclasique —- realisee par l'injection de

derives de l'aniline. Compl. rend. Soc. Biol, beige 93: 465.
151. 1931. L'apport de la cytologic et de 1'histophysiologie a la connaissance du cancer. Ann.

et Bull. Soc. Royale des Sci. Med. et Nat. Bruxelles No. 3-4.
152. 1933. Nos connaissances actuelles sur le determinisme de la division cellulaire chez

l'adulte (Congres du Cancer de Madrid). Le Cancer 11(1).
153. Dustin, A. P.; et Gregoire, Ch.

1933. Contribution a l'etude de Taction des poisons caryoclasiques sur les tumeurs ani- 
males. Premier memoir: Action du cacocylate de Na et de la trypaflavine sur le 
sarcome greffe, type Crocker, de la sourix. Bull. Acad. Roy. Med. Belgique, 
Seance du 16 Decembre 1933: 585-592.

154. Dutra, F. R .; and M cK ibbin, J. M.
1945. The pathology of experimental choline deficiency in dogs. J. Lab. &  Clin. Med. 

30: 301-306.
155. Eckert, D.; and T otterman, G.

1950. On the histamine content of the white blood corpuscles, with special references to 
the eosinophils. Scan. J. Clin. &  Lab. Invest. 2: 58-61.

156. Eddy, W. H .; and Dalldorfe, G.
1941. The Avitaminoses. 2nd ed. Williams & Wrilkins Co., Baltimore.

157. Edmunson, R. S.; and Hall, D. A.
1954. Cofactors for the enzymic deamination of histidine-deaminase. Biochem. J. 58:

xxiv.
158. Erich, W. E.

1953. Adaptation Phase in Inflammation. Pp. 25-36 in The Mechanism of Inflammation. 
G. Jasmin and A. Robert, ed. Acta, Inc., Montreal.

159. Eichwald, E. J.
1953. Acquired immunity to the graft. J. Nat. Cancer Inst. 14: 705-721.

160. Elkinton, J. R.; and D anowski, T. S.
1955. The Body Fluids. Williams & Wilkins Co., Baltimore.

161. Elliott, K. A. C.
1932. II. Milk peroxidase. Its preparation, properties, action with II2O2 on metabolites 

with a method for determining small amounts of H 20 2 in complex mixtures 
Biochem. J. 25: 10-24.

162. Elman, R.
1945. The practical use of amino acids in protein nutrition. J. Am. Med. Assoc. 128: 

659-664.
163. Elson, L. A., Galton, D. A. G., Lamerton, L. F.; and Till, M.

1955. Comparison of the Physiological Response to Radiation and to Radiomimetic 
Chemicals. Bone Marrow Effects. Pp. 285-290 in Progress in Radiobiology. 
J. S. Mitchell, B. E. Holmes and C. L. Smith, ed. Oliver & Boyd, London.



LITERATURE CITED 129

164. Emerson, G. A.
1949. Growth-promoting activity of vitamin B]2 in rats receiving thyroid substance.

Proc. Soc. Exp. Biol. &  Med. 70: 392-394.
165. Emmelin, N.; Kahlson, G.; and YVicksell, E.

1941. Histamine in plasma and methods of its estimation. Acta Physiolog. Scand. 2 
(pt. 2): 123-142.

166. Engel, F. L.
1953. Relationships between the Adrenal Cortex and Protein Metabolism. Chap. 4, 

pp. 34-45, in Protein Metabolism, Hormones and Growth. (A Symposium). 
Rutgers Univ. Press, New Brunswick, New Jersey.

167. Eranko, 0.
1950. Demonstration of glycogen and lipids in the cytoplasm of human neutrophilic

leucocytes. Nature 165 (4186): 116-117.
168. Erspamer, V.

1952. Influence of antihistamine agents on some enteramine actions. Ricerca Sci. 22: 
2148-2152 (Biol. Abst. 27 #12938).

169. 1953. Pharmacological studies on enteramine (5-hydroxytryptamine). IX  Influence of
sympathomimetic and sympatholytic drugs on the physiological and pharma
cological actions of enteramine. Arch. Internatl. Pharmacody. et Titer. 93: 293-316 
(Biol. Abst. 28 # 16012).

170. 1953. Influence of sympathomimetic and sympatholytic drugs on some enteramine
actions. Ricerca Sci. 22: 1568-1577 (Biol. Abst. 27 #12937).

171. Erspamer, V.; and Asero, B.
1952. Identification of enteramine, the specific hormone of the enterochromaflin cell 

system, as 5-hydroxytryptamine. Nature 169: 800-801.
172. 1953. Isolation of enteramine from extracts of the posterior salivary glands of Octopus

vulgaris and Discoglossus pictus skin. J. Biol. Chem. 200: 311-318 (Biol. Abst. 
27 #19301).

173. Erspamer, V.; and Ottolengiii, A.
1952. Antidiuretic action of small doses of enteramine extracts in the rat. Experientia 

8:31-33.
174. 1952. Antidiuretic action of small doses of enteramine extracts in the rat. II. Extracts

of Discoglossus pictus' skin. Experientia 8: 152-153.
175. 1953. Pharmacological studies on enteramine. VIII. Action of enteramine on the diuresis

and the renal circulation of the rat. Arch. Internatl. Pharmacodyn. el Ther. 93: 
177-201 (Biol. Abst. 27 #27688).

176. Esselier, A. E.; and Marti, H. R.
1955. Isolierung der menschlichen Eosinophilen und ihrer Granula. Experientia 11: 

393-394.
177. Evans, H. M.; Moon, H. D.; Simpson, M. E.; and Lyons, W. R.

1938. Atrophy of thymus of the rat resulting from administration of adrenocorticotropic 
hormones. Proc. Soc. Exptl. Med. & Biol. 38: 419-420.

178. Ewing, J.
1901. Clinical Pathology of the Blood. Lea Bros. & Co., Philadelphia.

179. 1931. Neoplastic Diseases. A Treatise on Tumors. 3 ed. W. B. Saunders Co., Philadelphia.
180. Fabing, H. D.

1955. The dimensions of neurology. Neurology 5 : 603-611.



.130 UNIVERSITY OE COLORADO STUDIES

181. Fawcett, D. W.
1954. Mesenchyme and Connective Tissue. Chap. 6, pp. 83-112, in Histology, R. 0.

Greep, ed. Blakiston Co., New York.
182. 1954. Correlated cytological and pharmacological observations on the release of hista

mine by mast cells. Anat. Rec. 118: 297.
183. Feinstein, R. N.

1951. Effect of irradiation and of various agents on the viscosity of nucleoprotein solu
tions. Proc. Soc. Exptl. Biol. &  Med. 76 : 646-649  (Biol. Abst. 25 #  26544).

184. Feinstein, R. N .; and Berliner, S.
1957. Protection against x-irradiation by 3-amino-l,2,4-triazole. Science 125: 936.

185. Feinstein, R. N .; Butler, C. L.; and Hendley, D. D.
1949. Effect of whole-body X-radiation and of intraperitoneal hydrogen peroxide on 

mouse liver catalase. Science 11: 149-150.
186. Feldberg, W.

1956. Distribution of Histamine in the body. Pp. 4-13 in Histamine (Ciba Foundation 
Symposium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown 
& Co., Boston.

187. Fenichel, R. L.; and Seegers, YV. H.
1955. Bovine platelets, serotonin and the retraction of bovine plasma clots. Am. J.

Physiol. 181: 19-20  {Biol. Abst. 29 #28549).
188. Ferguson, J. T.

1955. Treatment of reserpine-induced depression with a new analeptic: Phenidilate.
Ann. New York Acad. Sci. 61: 101-107.

189. Fink, M . A.
1956. Anaphylaxis in the mouse: Possible relation of the Schulz-Dale reaction to sero

tonin release. Proc. Soc. Exptl. Biol. &  Med. 92: 673-675.
190. Forbus, W. D.

1952. Reaction to Injury. Vol. II. Williams & Wilkins, Baltimore, Md.
191. Francoeur, M .; and Denstedt, O. F.

1954. Metabolism of mammalian erythrocytes. V. Role of catalase in the oxidation of 
ribose-5-phosphate by the erythrocyte. Canadian J. Biochem. &  Physiol. 32: 
644-654  (Biol. Abst. 31 #7221).

192. Freter, K .; W eissbach, H.; Udenfriend, S.; and W itkop, B.
1957. Biochemical and pharmacological studies with D- and L-5-hydroxytryptophan.

Proc. Soc. Exptl. Biol. &  Med. 94: 725-728.
193. Freyburger, W. A.; Graham, B. E.; Rapport, M. M .; Seay, P. H.; Govier, W. M.; 

Swoap, O. F.; and Vander Brook, M . J.
1952. The pharmacology of 5-hydroxytryptamine (serotonin). J. Pharmacol. & Exptl. 

Therap. 105: 80-86  (Biol. Abst. 26 #34673).
194. Friedenwald, J. S.; and Herrmann, H.

1942. The inactivation of amine oxidase by enzymatic oxidative products of catechol 
and adrenalin. J. Biol. Chem. 146: 411-419.

195. Fritz, J. C .; W harton, F. D., Jr.; and Henley, R. M.
1954. Effect of orotic acid on growth of chicks and poults. Fed. Proc. 13 #  1500.

196. Fulton, J. D.; Arnold, A. C .; D anford, M. B.; and M itchell, R. B.
1952. The protective effect of chemotherapeutic agents on a specific immune status of 

x-irradiated mice. I. A preliminary study. Texas Repts. Biol. &  Med. 10: 504-524.



LITERATURE CITED 131

197. Brobeck, J. R.
1949. Nutrition. Chap. 53, pp. 1047-1068, Textbook of Psysiology. J. F. Fulton, ed. VV. B. 

Saunders Co., Philadelphia.
198. Gaddum, J. H.

1953. Tryptamine receptors. J. Physiol. 119: 363-368  (Biol. Abst. 27 #29959).
199. 1956. Free and Conjugated Histamine. Pp. 36-44 in Histamine (Ciba Found. Sympo

sium) G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown & Co., 
Boston.

200. 1956. The Origin of Histamine in the Body. Pp. 285-297 in Histamine (Ciba Found.
Symposium) G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown 
& Co., Boston.

201. Gaddum, J. H.; Hebb, C. O.; Silver, A .; and Swan, A. B.
1953. 5-hydroxytryptamine. Pharmacological action and destruction in perfused lungs.

Quart. J. Exptl. Physiol. 38: 256-262 (Biol. Abst. 28 #18008).
202. Gatjnt, R.

1954. Chemical Control of Growth in Animals. Chap. 9, pp. 183-211, in Dynamics of
Growth Processes. E. J. Boell, ed. Princeton Univ. Press, Princeton, New Jersey.

203. George, P.
1956. On the Nature of Hemoprotein Reactions. Pp. 338-377 in Currents in Biochemical

Research 1956. D. E. Green, ed. Interscience Publ., New York.
204. George, P.; and Irvine, D. H.

1954. Free Radical Production in Oxidation-Reduction Reactions of Peroxidase, Cata
lase and Metmyoglobin. Pp. 131-137 in The Chemistry of Biological After-Effects 
of Ultraviolet and Ionizing Radiations. (Symposium.) Brit. J. Radiol. 27: 36-144.

205. Gersciiman, R.
1954. Oxygen Poisoning and X-irradiation: A Mechanism in Common. Pp. 288-291 in 

Glutathione. (Symposium.) S. Colowick, et al, ed. Academic Press Inc., New 
York.

206. Gertner, S. B.; Paasonen, M. K .; and Gairman, N. J.
1957. Presence of 5-hydroxytryptamine (serotonin) in perfusate from sympathetic

ganglia. Fed. Proc. 16 #  1281.
207. Giarman, N. H.

1956. Biosynthesis of 5-hydroxytryptamine (serotonin, enteramine). Fed. Proc. 15
#1393.

208. Giarman, N. J.; Green, V. S.; Green, J. P.; and Paasonen, M. K.
1957. Pharmacological and biological study of a carcinoid tumor. Proc. Soc. Exptl.

Biol. & Med. 94: 761-763.
209. Gillman, J.; and Gillman, T.

1951. Perspectives in Human Malnutrition. Grune & Stratton, New York.
210. Gilmour, J. R.

1957. The embryology of the parathyroid glands, the thymus and certain associated 
rudiments. J. Path. &  Bad. 45: 507-522.

211. Ginzel, K. H.; and Kottegoda, S. R.
1954. The action of 5-hydroxytryptamine and tryptamine on aortic and carotid sinus 

receptors in the cat. J. Physiol. 123: 277-288 (Biol. Abst. 29 #  1013).
212. Glaser, G. H.

1953. The Pituitary Gland in Relation to Cerebral Metabolism and Metabolic dis
orders of the Nervous System. Chap. 2, pp. 21-39, in Metabolic and



.132 UNIVERSITY OE COLORADO STUDIES

Toxic Diseases of the Nervous System. (Proc. of Assoc., Dec. 12-13, 1952.) H. H. 
Merritt and C. C. Hare, ed. Williams & Wilkins Co., Baltimore.

213. Glass, B.
1955. Summary. Pp. 950-1032 in Amino Acid Metabolism. W . D. McElroy and H. B. 

Glass, ed. Johns Hopkins Press, Baltimore.
214. Godlowski, Z. Z.

1949. Transportation of the anaphylactogenic property by Eosinophils. J. Exp. Path. 
29: 511-524 {Blood, J. Hemat. 4(11): 1275).

215. Gofton, J. P; Graham, B. F.; M cGrath, S. D .; and Cleghorn, R. A.
1953. Evaluation of Changes in Eosinophil Levels in Studies of Adrenocortical Function 

and Stress. J . Aviation Med. 24: 123-126.
216. Goldacre, P. L.; and Galston, A. W.

1953. The specific inhibition of catalase by substituted phenols. Arc. Biochem. & Biophys. 
43: 169-175 (Biol. Abst. 28 #2912).

217. Goldsmith, G. A.
1953. Application to Human Nutrition. Chap. 23, pp. 505-582, in Biochemistry and 

Physiology of Nutrition, Vol. II. G. H. Bourne and G. W . Kidder, ed. Academic 
Press, New York.

218. Goldwasser, E .; Jacobson, L. O.; Fried, W .; and Plzak, L.
1957. Mechanism of the erythopoietic effect of cobalt, Science 125: 1085-1086.

219. Gonzalez, G. I.
1950a. Estudio de los plasmocitos infiltrados en los estromas tumorales. Bol. Inst. 

Estud. Med. y Biol. 8: 133-147 (Biol. Abst. 2 #15990).
220. Good, T. A.; Good, R. A.; K ellf.y, V. C.; and Glick, D.

1951. Mucolytic enzyme systems. X V I. Factors influencing hyaluronidase inhibitor
levels in serum, role of adrenal cortex. Am. J. Physiol. 166: 555-565.

221. Goormaghtigh, N.
1953. Le comportement cytologique et histochimique de la cortico-surrenale dans les 

etats infectieux et infiammatores. Pp. 37-45 in The Mechanism of Inflammation. 
G. Jasmin and A. Robert, ed. Acta, Inc., Montreal.

222. Gordon, A. S.
1955. Some aspects of hormonal influences upon the leukocytes. Ann. New York Acad. 

Sci. 59: 907-927.
223. Gottesman, J. M .; and Jaffe, H. L.

1926. Studies on the histogenesis of autoplastic thymus transplantations. J. Exptl. 
Med. 43: 403-414.

224. Gradwohl, R. B. H.
1938. Clinical Laboratory Methods and Diagnosis. 2nd ed. C. V. Mosby Co., St. Louis, Mo.

225. Graham, H. T.; Lowry, O. H.; W aul, N .; and Priebat, M. K.
1955. Mast cells as sources of tissue histamine. J. Exper. Med. 102: 307-318.

226. Graham, H. T.; Lowry, O. H.; W heelwright, F.; Lenz, M. A .; and Parish, H. H., Jr.
1955. Distribution of histamine among leukocytes and platelets. Blood, J. Ilematol. 10: 

467-481 (Biol. Abst. 30 #7801).
227. Grant, W. C.; and Root, W. S.

1952. Fundamental stimulus for erythropoiesis. Physiol. Rev. 32: 449-498.
228. Gray, J. L.; T ew , J. T .; and Jensen, H.

1953. Protective effect of serotonin and of p-amino-propiophenone against lethal doses
of x-irradiation. Proc. Soc. Exptl. Biol. & Med. 80: 604-607.



LITERATURE CITED 133

229. Gregory, R. A.
1956. Histamine and Gastric Secretion. Pp. 27-271 in Histamine. (Ciba Found. Sym

posium). G. E. YV. Wolstenholme and C. M . O'Connor, ed. Little Brown & Co., 
Boston.

230. Gurevitch, j .; and Nelken, D.
1956. Osmotic fragility of human blood platelets. Blood, J. Ilematol. 11: 924-928.

231. Gustavson, K. H.
1956. The Chemistry and Reactivity of Collagen. Academic Press Inc., New York.

232. Gyorgy, P.; T omarelli, R.; Ostergard, R.; and Brown, J. B.
1942. Unsaturated fatty acids in the dietary destruction of N , N-dimethylaminoazo- 

benzene (butter yellow) and in the production of anemia in rats. J. Exptl. Med. 
76: 413-420.

233. Hadfield, G.
1953. The Liver. Chap. X , pp. 238-272, in Recent Advances in Pathology. 6th ed. G. 

Hadfield, ed. Blakiston Co., New York.
234. Halberg, F.; and Bock, F.

1953. Eosinopenia during last third of pregnancy and after delivery in several stocks of 
mice. Proc. Soc. Exptl. Biol. &  Med. 83: 338-340 (Biol. Abst. 28 #3281).

235. H all, E. M.
1953. The Blood and Lymphatic Vessels. Chap. 20, pp. 511-553, in Pathology, 2nd ed. 

W . A. D. Anderson, ed. C. V. Mosby Co., St. Louis, Mo.
236. Hallanger, L. E.; Laakso, J. W .; and Schultze, M. O.

1953. Orotic acid in milk. J. Biol. Chem. 202: 83-89.
237. Halpern, B. N.

1953. Histamine, Antihistaminiques de Synthese et Processus Inflammatoires. Pp.
228-236, in The Mechanism of Inflammation. G. Jasmin and A. Robert, ed. 
Acta Inc., Montreal.

238. 1956. Histamine Release by Long Chain Molecules. Pp. 92-128 in Histamine (Ciba
Found. Symposium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, 
Brown & Co., Boston.

239. H am, A. W .
1952. Some histophysiological problems peculiar to calcified tissues. J. Bone &  Joint 

Surg. 34-A :701-728.
240. 1953. Histology. 2nd ed. J. B. Lippincott Co. Philadelphia.
241. Hamilton, W . F.

1949. Regulation of Arterial Pressure. Chap. 37, pp. 750-781, in A Textbook of Physiol
ogy. Originally by W . H. Howell. J. F. Fulton, ed. W . B. Saunders Co., Phila
delphia.

242. Hammar, J. A.
1921. The new views as to the morphology of the thymus gland and their bearing on 

the problem of the function of the thymus. Endocrinology 5: 731-753.
243. Hannan, R. S.; and Shepard, H. J.

1954. Some after-effects in fats irradiated with high-energy electrons and x-rays. Pp.
36-42 in A Symposium. Brit. J. Radiol. 27: 36-144.

244. Harris, M. M .; and Lang, B.
1952. Effect of administration of amino acids on circulating eosinophils and lympho

cytes in normal and adrenalectomized rats. Proc. Soc. Exptl. Biol. &  Med. 80: 
664-667.



.134 UNIVERSITY OE COLORADO STUDIES

245. Harrow, B.
1950. Textbook of Biochemistry. 5th ed., W . B. Saunders Co., Philadelphia.

246. Hartman, J. F.
1954. Electron microscopy of motor nerve cells following section of axones. Anal. Rec.

118: 19-33.
247. Haurowitz, F.

1950. Chemistry and Biology of Proteins. Academic Press, New York.
248. Haverback, B. J.; Shore, P. A.; T omich, E. G.; and Brodie, B. B.

1956. Cumulative effect of small doses of reserpine on serotonin in man. Fed. Proc. 
15 #1415.

249. Hawk, P. B.; Oser, B. L.; and Summerson, VV. H.
1947. Practical Physiological Chemistry. 12th ed. Blakiston Co., Philadelphia.

250. Hawkins, D. F.; and Rosa, L. M.
1956. Some Discrepancies in the Histamine Theory of Anaphylaxis in Smooth Muscle.

Pp. 180-182 in Histamine. (Ciba Found. Symposium). G. E. VV. YVolstenholme 
and C. M . O'Connor, ed. Little, Brown & Co., Boston.

251. Heidelberger, C.
1953. Applications of Radioisotopes to Studies of Carcinogenesis and Tumor Metabolism.

Pp. 273-338 in Advances in Cancer Res. Vol. I. J. P. Greenstein and A. Haddow, 
ed. Academic Press Inc., New York.

252. Heilbrunn, L. V.
1952. An Outline of General Physiology. 3rd ed., W . B. Saunders Co., Philadelphia.

253. Heilmeyer, L., and Begemann, H.
1955. Atlas der Klinischen Hamatologie und Cylologie. Springer, Berlin.

254. Helmer, O. M .; and D ohlstaedt, K. G.
1945. The action of horseradish-peroxidase on angiotonin, pepsitensis and epinephrine. 

Science 102: 422-423.
255. Heroux, O.; and Hart, J. S.

1954. Eosinophil levels as indices of adrenal activity during cold acclimation. Fed. Proc.
13 #231.

256. Higginbotham, R. D.; Dougherty, T. F.; and Jee, W. S. S.
1956. Fate of shed mast cell granules. Proc. Soc. Exptl. Biol. & Med. 92: 256-261.

257. Higgins, G. M.
1949. The effect of folic acid on the toxicity of its analogue 4-aminopteroylglutamic 

acid (aminopterin). Blood, J . Hem. 4: 1142-1155.
258. High, E, G., and W ilson, S. S.

1953. Effects of vitamin B12 on the utilization of carotene and vitamin A by the rat.
J. Nutrit. 50: 203-212 (Biol. Abst. 28 #8034).

259. H ilfinger, M. F., Jr.; Ferugson, j .  H.; and Reimenschneider, P. A.
1953. The effect of homologous bone marrow emulsion on rabbits after total body irradia

tion. J. Lab. & Clin. Med. 42: 581-591.
260. Himwich, H. E.

1957. Viewpoints Obtained from Basic and Clinical Symposia on Tranquilizing Drugs.
Pp. 183-192 in Tranquilizing Drugs. H. E. Himwich, ed. Publication No. 46 of 
Amer. Assoc. Advanc. of Sci., Washington, D. C.

261. Hjrsch, B. B.; Brown, M. B.; N agareda, S.; and K aplan, H. S.
1956. Comparative activity of isologous vs. homologous or heterologous mouse bone 

marrow in promoting regeneration of irradiated mouse thymus. Radiation Res. 
5: 52-57.



LITERATURE CITED 135

262. His, W.
1861. Zur Anatomic dcr menschlichen Thymusdriise. Zeitschr.f. wiss. Zool. 11: 164-165 

(et ibidem, p. 86).
263. Hitchcock, D. I.

1949. Chemical Aspects of the Physiology of Blood. Chap. 27, pp. 521-539, in A Text
book of Physiology. 16th ed. J. I'". Fulton, ed. W . B. Saunders Co., Philadelphia.

264. Hogeboom, G. H.; and Schneider, VV. C.
1952. Cytochemical studies. IV. Physical state of certain respiratory enzymes of mito

chondria. J. Biol. Chem. 194: 513-519 (Biol. Abst. 27 #17080).
265. Hollaender, A.; and Stapleton, G. E.

1954. Modification of Radiation Damage after Exposure to X-Rays. Pp. 117-121 in 
A Symposium. Brit. J. Radiol. 27: 36-144.

266. Holzapfel, Ruth A.
1937. The cyclic character of hibernation in frogs. Quart. Rev. Biol. 12: 65-84.

267. Horgan, V. J.; and Philpot, J. St. L.
1954. Attempted estimation of organic peroxides in x-irradiated mice. Pp. 63-72 in 

A Symposium. Brit J. Radiol. 27: 36-144.
268. Howden, R.

1913. Gray's Anatomy, Descriptive and Applied. Lea & Febiger, Philadelphia.
269. Hughes, F. B.; K untzman, R.; and Shore, P. A.

1957. Nature of serotonin binding in tissues. Fed. Proc. 16 #1319.
270. Hull, W .; and W hite, A.

1952. Effects of adrenocorticotrophic hormone on the phosphorus metabolism of lymph
oid tissue. Endocrinology 51: 210-216.

271. Hunter, F. E.
1951. Oxidative Phosphorylation During Electron Transport. Pp. 297-330 in Phosphorus

Metabolism. (A Symposium). Vol. I. W . D. McElroy and B. Glass, ed. Johns 
Hopkins Press, Baltimore.

272. Hyden, H., and Hartelius, H.
1948. Stimulation of the nucleoprotein-production in the nerve cells by malononitrile 

and its effect on psychic functions in mental disorders. Acta Psychiat. el Neurol., 
Suppl. 48: 1-117.

273. Ingle, D. J.
1938. Atrophy of the thymus in normal and hypophysectomized rats following adminis

tration of cortin. Proc. Soc. Exptl. Biol. &  Med. 38: 443-444.
274. 1940. Effect of two steroid compounds on weight of thymus of adrenlectomized rats.

Proc. Soc. Exptl. Biol. &  Med. 44: 174-177.
275. Ingle, D. J.; and Baker, B. L.

1953. Physiological and Therapeutic Effects of Corticotropin (ACTH) and Cortisone.
C. C. Thomas, Springfield, 111.

276. Ishikawa, K.
1932. On the genesis of Hortega cells. Folia Anat. Japonica 10: 229-249.

277. Jackson, C. M.
1925. The Effects of Inanition and Malnutrition upon Growth and Structure. P. Blakiston's 

Son & Co., Philadelphia.
278. Jacobson, L. O.

1952. Evidence for a humoral factor (or factors) concerned in recovery from radiation
injury: A review. Cancer Res. 12: 315-325.



.136 UNIVERSITY OE COLORADO STUDIES

279. 1954. The Hematologic Effects of Ionizing Radiation. Chap. 16, pp. 1029-1090, in
Radiation Biology. Vol. I. Part 2. A. Hollaender, ed. McGraw-Hill Book Co., 
New York.

280. Jacobson, L. O.; Marks, E. K.; Simmons, E. L.; Hagen, C. W., Jr.; and Zirkle, R. E.
1954. Effects of total-body x-irradiation on rabbits. II. Hematological effects. Chap 8, 

pp. 265-289, in Biological Effects of External X  and Gamma Radiation. Part I. 
R. E. Zirkle, ed. McGraw-Hill Book Co., New York.

281. Jacobson, L. O.; Simmons, E. L.; M arks, E. K., Gaston, E. O.; Robson, M. J.; and
Eldredge, J. H.

1951. Further studies on recovery from radiation injury. J. Lab. & Clin. Med. 37: 683-
697.

282. James, G. W., I l l ;  and Abbott, L. D., Jr.
1952. Metabolic studies in pernicious anemia. I. Nitrogen and phosphorus metabolism

during vitamin B12 induced remission. Metabolism 1: 259-270.
283. Janeway, C. A.

1953. The Nature of Immune Processes. Pp. 159-173 in Blood Cells and Plasma Proteins.
Their State in Nature. J. L. Tullis, ed. Academic Press, New York.

284. Jaques, R.; Bein, H. J., and M eir, R.
1956. 5-Hydroxytryptamine antagonist, with special reference to the importance of 

sympathomimetic amines and isopropyl-noradrenaline. Helvetica Physiol, et 
Pharmacol. Acta 14: 269-278 (Biol. Abst. 31 #17648).

285. Jasmin, G.; and Robert, A.
1953. (Ed.) Free Discussion, Sec. V, pp. 255-278, in The Mechanism of Inflammation. 

(Internat. Symposium.) Acta, Inc., Montreal.
286. Johnston, P. M., and Weitz, E. M.

1952. The effect of niacin deficiency on the appearance of the Golgi apparatus in the 
columnar absorbing cells of the duodenum of the albino rat. J. Morph. 91: 79- 
109.

287. Jolly, J.
1924. Sensibilite comparee des differents organes lymphoides aux rayons x. Compt. 

rend. Soc. Biol. 91: 354.
288. Jolly, J.; and Saragea, T.

1924. Sur les modifications histologiques de 1'appendice du lapin au cours de jeune. 
Compt. rend. Soc. Biol. 90: 618-620.

289. Jordan, H. E.
1952. A Textbook of Histology. 9th ed. Appleton-Century-Crofts, New York.

290. Jordan, H. E.; and M orton, C. B.
1937. A study of the effect of experimental stasis in lymphatic-channels on the lympho

cyte content, with special reference to plasma cells. Am. J. Anat. 61: 407-427.
291. Jorpes, J. E.

1939. Heparin: Its Chemistry, Physiology and Applications in Medicine. Oxford Univ. 
Press, Oxford.

292. Jukes, T. H.
1952. B-Vitamins For Blood Formation. C. C. Thomas, Springfield, 111.

293. K adatz, R.
1949. Action of new epinephrine derivatives upon the smallest superficial skin capillaries 

of man. Arch, exptl. Path. u. Pharmakol. 207: 363-371 (Biol. Abst. 25 #23752).



LITERATURE CITED 137

294. K ano, K.
1952. Degeneration of germ cells in the testes of tumor-bearing rats (Studies on abnormal 

nuclear divisions, 6). Cytologia 16: 341-346.
295. K apeller-Adler, R.

1956. Is Histaminase Identical with Diamine Oxidase? Pp. 356-380 in Histamine (Ciba
Found. Symposium). G. E. W . Wolstenholme and C. M. O'Connor, ed. Little, 
Brown & Co., Boston.

296. K aplan, H. S.
1957. The Pathogenesis of Experimental Lymphoid Tumors in Mice. Pp. 127-141 in

Canadian Cancer Conference. Vol. 2. R. W . Begg, ed. Academic Press Inc., New 
York.

297. K eilin, D.; and Hartree, E. F.
1945. Properties of catalase. Catalysis of coupled oxidation of alcohols. Biochem. J. 

39: 293-301.
298. K elemen, E.; M ajoros, M., Ivanyi, J.; and Kovacs, K.

1950. Salicylates, stress and cortisone. Experientia 6: 435.
299. K elsall, M. A.

1943. Effects of Benzene Poisonnig on the Intestinal Lymphoid Tissue of the Belgian Hare. 
Ph.D. Thesis, Univ. Colorado.

300. 1949a. Plasmacytes in the splenic and portal veins of hamsters. Anal. Rec. 105: 273-280.
301. 1949. Hematopoiesis in the spleen of tumor-bearing hamsters. J. Nat. Cancer Inst.

10: 625-636.
302. 1952. Infiltration of plasmacytes and lymphocytes in the liver of tumor-bearing hamsters.

Acta Unio Internal. Contre Cancer 7: 776-790.
303. Kelsall, M. A.; and Crabb, E. D.

1952. Increased mast cells in the thymus of x-irradiated hamsters. Science 115: 123-124.
304. 1957. Mast cells in endocrine glands of hormone-treated hamsters. Anat. Rec. 127: 426.
305. Unpublished material.
306. K ench, J. E.

1952. Bile pigment formation in vitro from catalase and peroxidase. Biochem. J. 52: 
xxvii-xxviii (Biol. Abst. 27 #19036).

307. K ennedy, E. P.; and Lehninger, A. L.
1950. The products of oxidation of fatty acids by isolated rat liver mitochondria. / .  

Biol, Chern. 185: 275-285.
308. K enten, R. H.; and M ann, P. J. G.

1952. The oxidation of manganese by enzyme systems. Biochem. J. 52: 125-130 {Biol. 
Abst. 27 #3348).

309. 1953. The oxidation of certain dicarboxylic acids by peroxidase systems in presence of
manganese. Biochem. J. 53: 498-505  (Biol. Abst. 27 #21528)

310. K imball, R. F.; Hf.aron, J. Z.; and Gaitiier, N.
1955. Tests for a Role of H 20-2 in x-ray mutagenesis. II. Attempts to induce mutations 

by peroxide. Radiation Res. 3: 435-443.
311. K ind, L. S.

1957. Sensitivity of pertussis-inoculated mice to serotonin. Proc. Soc. Exptl. Biol. &  
Med. 95: 200-201.

312. K insell, L. W .; Partridge, j . W .; Boling, L.; and M argen, S.
1952. Dietary modification of the metabolic and clinical effects of ACTH  and cortisone. 

Ann. Internal. Med. 37: 921-929.



.138 UNIVERSITY OE COLORADO STUDIES

313. K irschbaum, A.; Shapiro, J. R.; and M ixer, H. W.
1949. Synergistic action of estrogenic hormone and X-rays in inducing thymic lympho

sarcoma of mice. Proc. Soc. Exptl. Biol. &  Med. 72: 632-634.
314. K leiner, I. S.

1951. Human Biochemistry. 3rd ed. C. V. Mosby Co., St. Louis.
315. K lemola, E.

1952. Extreme eosinophilia and leukocytosis in connection with bronchial asthma.
Acta Med. Scand. 144: 119-123.

316. K lemperer, P.
1954. General Considerations on Collagen Diseases. Pp. 251-262 in Connective Tissue

in Health and Disease. G. Asboe-Hansen, ed. Ejnar Munksgaard, Copenhagen,
317. K louwin, H. M ., and M ighorst, J. C. A.

1955. Is Ultra-Violet Erythema Caused by Histamine? Pp. 514-518 in Progress in
Radiobiology. J. S. Mitchell, B. E. Holmes and C. L. Smith, ed. Oliver and 
Boyd, Edinburgh and London.

318. K nox, W. E.; and M ehler, A. H.
1950. The conversion of tryptophan to kynurenine in liver. I. The coupled tryptophan

peroxidase system forming formylkynurenine. J. Biol. Chem. 187 : 419-430 
(Biol. Abst. 25 #16480).

319. K obayashi, T .; Ooneda, G.; N akayama, Y .; and Inoue, K.
1951. Studies on the significance of oxidase-reaction and lipid staining in leukocytes

Acta Path. Japonica 1: 56-62  (Biol. Abst. 26 #3057).
320. K och, F. L. P.

1951. Toxoplasmosis. Chap. 3, pp. 48-65, in Systemic Ophthalmology. A. Sorsby, ed,
C. V. Mosby Co., St. Louis, Mo.

321. Kochakian, C. D.; and Robertson, E.
1950. Corticoids and body and organ weights, nitrogen balance, and enzymes. J. Biol. 

Chem. 190: 481-493.
322. K ohler, V.; M unich, W .; and Schare, J.

1952. The influence of some antirheumatic substances on tissue enzymes. Experientia
8: 119-120 (Biol. Abst. 26 #21507).

323. K on, S. K .; and Porter, J. W. G.
1953. The vitamin B complex. Biochem. &  Phys. of Nutr. 1: 291-327.

324. K oppisch, E.
1953. Protozoal and Helminthic Infections. Chap. 16, pp. 385-406, in Pathology. 2nd ed.

W . A. D. Anderson, ed. C. V. Mosby Co., St. Louis, Mo.
325. K ovacs, A.

1950. Antihistaminic effect of eosinophil leukocytes. Experientia 6: 349-350.
326. K racke, R. R.

1941. Diseases of the Blood and Atlas of Hematology. 2nd ed. J. B. Lippincott Co., Phil
adelphia.

327. K ramar, J.; Simay-K ramer, M .; and Levine, V. E.
1956. Correlation between chemical constitution and capillary activity of adrenalo-

cortical hormones. Proc. Soc. Exptl. Biol. & Med. 92: 282-285.
328. K rammar, J.; M eyers, V. W .; and Peetz, D. J.

1954. Correlation between capillary resistance and circulating eosinophils. J. Lab. and
Clin. Med. 43: 395-405.



LITERATURE CITED 139

329. Krogh, A.; and V imtrup, B.
1932. The Capillaries. Sec. X II, pp. 477-503, in Special Cytology, E. V. Cowdry ed. 

Paul B. Hoeber, New York.
330. Krohn, P. L.

1952. Steroid Hormones and Skin Grafting. Pp. 167-175 in The Supra Renal Cortex. 
J. M . Yoffey, ed. Academic Press, New York.

331. Kruse, H. D.; Orent, E. R.; and M cCollum, E. V.
1932. Studies on magnesium deficiency in animals. I. Symptomatology resulting from 

magnesium deprivation. J. Biol. Chem. 96: 519-539.
332. Kullander, S.

1952. Studies on eosinophil leukocytes in pregnancy. Acta Endocrinol. 10: 135-148 
{Biol. Abst. 21 #3728).

333. Kuntzman, R.; Udenfriend, S.; T omich, E. G.; Brodie, B., and Shore, P. A.
1956. Biochemical effect of reserpine on serotonin binding sites. Fed. Proc. 15 #  1465.

334. Lagunoff, D.; Lam, K. B.; Roeper, E.; and Benditt, E. P.
1957. 5-Hydroxytryptamine formation from 5-hydroxytryptophan by mast cells. Fed.

Proc. 16 #1552.
335. Laidler, K. J.

1954. Introduction to the Chemistry of Enzymes. McGraw-Hill Book Co., New York.
336. Langemann, H .; and K agi, J.

1956. Levels of 5-hydroxytryptamine and 5-hydroxyindoleacetic acid in a case of car
cinoid syndrome, in addition to other studies on 5-HT. Klin. Wschr. 34: 237-241 
(Excpt. Med. X V I, Cancer 5 #  1390).

337. Leathem, J. H.
1942. Effect of testosterone propionate on spermatogenesis in hypophysectomized rats

following the injection of gonadotropins. Anat. Rec. 83: 579-583.
338. Ledoux, L.

1954. Active groups of ribonuclease. II. Oxidoreduction. Biochim. et Biophys. Acta
13: 121-134 {Biol. Abst. 31 #7317).

339. Lee, R. E .; Goebel, D .; and Fulton, L. A.
1955. Anatomical and functional change in the peripheral vascular system during

certain induced increases in vascular fragility. Ann. New York Acad. Sci. 61 
(Art. 3): 665-669.

340. Leicester, H. M.
1949. Biochemistry of the Teeth. C. V. Mosby Co. St. Louis, Mo.

341. Leitch, J. L.; Debley, V. G.; and Haley, T. J.
1956. Endogenous histamine excretion in the rat as influenced by x-ray irradiation and

compound 48/80. Am. J. Physiol. 187: 307-311.
342. Leitner, S. J.

1949. Bone Marrow Biopsy. Haematology in the Light of Sternal Puncture. Translated 
and Revised by C. J. C. Britton and E. Neumark. Grune & Stratton, New 
York.

343. Lemberg, R.; and Legge, J. W.
1943. Liver catalase. Biochem. J. 37: 117-127 (Biol. Abst. 18 #4375).

344. Lever, W . F.
1949. Histopathology of the Skin. J. B. Lippincott Co., Philadelphia.



.140 UNIVERSITY OE COLORADO STUDIES

345. Levin, L.; and Leatiiem, J. H.
1942. The relation of the pituitary, thyroid and adrenal glands to the maintenance of 

normal serum albumin and globulin levels. Am. J. Physiol. 136: 306-313.
346. Lewin, I. F.; Bray, B. R.; Haddow, A .; and Lewin, R.

1957. Levels of xanthine oxidase activity in carcinogenesis due to the mammary tumor 
agent (MTA). Pro. Am. Cancer Res. 2(3): 226.

347. Lichtman, S. S.
1953. Diseases of the Liver, Gallbladder and Bile Ducts. Vols. 1 & 2. 3rd ed. Lea & Febiger, 

Philadelphia.
348. Liebman, Emil

1945. The function of leukocytes in the growth and regression of the egg of Triturus 
viridescens. Am. J. Anal. 77: 273-291.

349. Lillie, R. D.; and Burtner, H. J.
1953. Stable sudanophilia of human neutrophile leucocytes in relation to peroxidase

and oxidase. J. Histo- & Cytochem. 1: 8 -26  (Biol. Abst. 27 #24121).
350. Lindahl, K. M.

1954. On the occurrence of antihistaminic substances in eosinophil granulocytes. Arkiv.
Zool. 6: 569-570.

351. Ling, C. T.; and Chow, B. F.
1954. Effect of vitamin B12 on ribose formation in erythrocytes. Fed. Proc. 13 #838.

352. Littman, F. E.; Carr, E. M .; and Clauss, J. K.
1957. Protection of sulfhydryl groups against ionizing radiation. Science 125: 737-738.

353. Loeb, Leo

1932. The Cytology of the Mammary Gland. Sec. 41, pp. 1631-1672, in Special Cytology. 
Vol. III. 2nd ed. E. V. Cowdry, ed. Paul B. Hoeber, New York.

354. Lorenz, E .; and Congdon, C. C.
1954. Modification of lethal irradiation injury in mice by injection of homologous or

heterologous bone. / .  Nat. Cancer Inst. 14: 955-966.
355. Lorenz, E.; Congdon, C. C.; and Uphoff, D.

1952. Modification of acute irradiation injury in mice and guinea pigs by bone marrow 
injections. Radiology 56: 863-877 (Biol. Abst. 27 #3327).

356. Lowe, C. U.; W illiams, W. L.; and Thomas, L.
1951. Effect of cortisone administration upon nucleic acid composition of rabbit liver. 

Proc. Soc. Exptl. Biol. & Med. 78: 818-824.
357. Lubarsch, O.

1911. Entzundung. B, II, pp. 490-554, in Pathologische Analomie. Erster Bd., Zweite 
Aufiag. L. Aschoff, ed. Gustav Fischer, Jena.

358. M acBryde, C. M.
1950. Significance of recent studies with ACTH  and cortisonc. J. Missouri St. Med. 

Assoc. Dec., 1950: 905-909.
359. M aehly, A. C.

1955. Myeloperoxidase. Pp. 794-801 in Methods in Enzymoiogy. Vol. II. S. P. Colovvick
and M . O. Kaplan, ed. Academic Press Inc., New York.

360. M agalini, S. I.; Stefanini, M .; and Smith, F. E.
1956. Vasopressor effect of synthetic 5-hydroxytryptamine creatinine sulfate in man.

Proc. Soc. Exptl. Biol. &  Med. 92: 433-436.
361. M allory, F. B.

1918. The Principles of Pathologic Histology. 1st ed. W . B. Saunders Co., Philadelphia.



LITERATURE CITED 141

362. M ann, F. C.
1919. The effect of splenectomy on the thymus. Endocrinology 3: 299-306.

363. M anna, L.; and Hauge, S. M.
1953. A possible relationship of vitamin Bis to orotic acid. J. Biol. Chem. 202: 91-96.

364. M arine, D.
1932. The Thyroid, Parathyroids and Thymus. Sect. X X II , pp. 797-868 in Special 

Cytology. Vol. II. 2nd ed. E. V. Cowdry, ed. Paul B. Hoeber, Inc., New York.
365. M arine, D.; and M anley, O. T.

1917. Transplantation of the thymus in rabbits —  relation of the thymus to sexual 
maturity. J. Lab. & Clin. Med. 3: 48-49.

366. M arine, D .; M anley, O. T.; and Baumann, E. J.
1924. The influence of thyroidectomy, gonadectomy, suprarenalectomy and splenectomy 

on the thymus gland of rabbits. J. Exper. Med. 40: 429-443.
367. M arrazzi, A. S.; and Hart, E. R.

1957. An Electrophysiological Analysis of Drugs Useful in Psychotic States. Pp. 9-21  
in Tranquilizing Drugs. H. E. Himwich, ed. Publication No. 46 of Amer. Assoc. 
f. Advance of Sci., Washington, D. C.

368. M arston, R. Q.; and Smith, W. W.
1953. Factors involved in treatment of post-irradiation granulocytopenia. Radiation 

Res. 1: 224 #37.
369. M artin, G. J.

1955. Biochemistry of the bioflavonoids. Ann. New York Acad. Sci. 61 (Art. 3): 646-651.
370. Martin, G. L.

1951. Biological Antagonism. Blakiston Co., New York.
371. M aximow, A. A.

1909, Untersuchungen uber Blut und Bindegewebe. I. Die Friihesten Entwicklungssta- 
dien der Blut- und Binde-gewebszellen beim Saugetierenembryo, bis zum An- 
fang der Blutbildung in der Leber. Archiv. f .  mikrosk. Anal. u. Enlwickl. 73: 
44-561.

372. Maximow, A. A.; and Bloom, W.
1948. A Textbook of Histology. 5th ed. W . B. Saunders Co., Philadelphia.

373. 1952. A Textbook of Histology. 6th ed. W . B. Saunders Co., Philadelphia.
374. 1957. A Textbook of Histology. W . B. Saunders Co., Philadelphia.
375. Mazzella, H.; and Patetta, M. A.

1947. Estudio experimental de la Acci6n Local de la Toxina del Megalopyge urens 
Berg. Arch, de la Soc. de Biologia de Montevideo 13: 131-136.

376. M cClendon, J. II.
1953. The intracellular localization of enzymes in tobacco leaves. II. Cytochrome oxi

dase, catalase, and polyphenol oxidase. Am. J. Bot. 40: 260-266.
377. M cCutcheon, M.

1953. Inflammation. Chap. 3, pp. 1.3-62, in Pathology. 2nd ed. W . A. D. Anderson, ed. 
C. V. Mosby Co., St. Louis, Mo.

378. McEachern, D.
1955. Neuromuscular Disorders. Chap. 26, pp. 715-739, in Neurochemistry. K. A. C. 

Elliott, I. H. Page and J. H. Quastel, ed. C. C Thomas, Springfield, Illinois.
379. McEuen, C. S.; Selye, 1L; and Collip, J. B.

1937. Effect of testosterone on somatic growth. Proc. Soc. Exptl. Biol. & Med. 36: 390- 
394.



.142 UNIVERSITY OE COLORADO STUDIES

380. M cGovern, V. J.
1956. Mast cells and their relationship to endothelial surfaces. J. Path. & Bad. 71: 1-6.

381. M cHenry, E. W .; and Gavin, G.
1932. Histaminase. I. The histamine-histaminase reaction. II. Purification. III. Species 

distribution. Biochem. J. 26: 1365-1376.
382. M cIntire, F. C.

1956. The Mode of Histamine Binding in Animal Tissues. Pp. 170-172 in Histamine 
(Ciba Found. Symposium). G. E. W . Wolstenholme and C. M. O'Connor, ed. 
Little, Brown & Co., Boston.

383. 1956. The Mechanism of Histamine Release. Pp. 416-430 in Histamine (Ciba Found.
Symposium). G. E. VV. Wolstenholme and C. M. O'Connor, ed. Little, Brown 
& Co. Boston.

384. M cM antjs, J. F. A.
1954. Histochemistry of Connective Tissue. Pp. 31-53 in Connective Tissue in Health 

and Disease. G. Asboe-Hansen, ed. Ejnar Munksgaard, Copenhagen.
385. M cNutt, W. S.

1952. Nucleosides and Nucleotides as Growth Substances for Microorganisms. Pp.
401-442 in Progress in the Chemistry of Organis Natural Products. L. Zechmeister 
ed. Springer, Wien.

386. M eites, J.
1952. Changes in nutritional requirements accompanying marked changes in hormone 

levels. Metabolism 1: 58-67.
387. M enkin, V.

1950. Dynamics of Inflammation, MacMillan Co., New York.
388. 1953. Recent Studies on Repair and on the Mechanism of Suppression by Antiin

flammatory Steroids. Sec. I l l , pp. 137-150, in The Mechanism of Inflammation. 
G. Jasmin and A. Robert ed. Acta Inc., Montreal.

389. Merck Index
1952. The Merck Index of Chemicals and Drugs. 6 ed. Merck & Co., Rahway, N. J.

390. M etheny, D.; and Lundmark, V. O.
1953. Swelling of the arm after radical mastectomy. Cancer 6: 273-274.

391. Metz, G.; Schneider, M .; and Finerty, J. C.
1953. Hematologic changes in rats protected from lethal x-irradiation by post-irradia- 

tion parabisis. Anat. Rec. 117: 630.
392. M ichels, N. A

1938. The Mast Cells. Sec. IV, pp. 231-372, in Handbook of Hematology. Vol. I. Hal 
Downey, ed. Paul B. Hoeber, New York.

393. M ichels, N. A.; and Globus, J.
1929. The so-called small round cell infiltrations. II. Syphilis of the central nervous 

system. Arch. Path. 8: 371-418.
394. M irsky, A. E.

1947. Chemical Properties of Isolated Chromosomes. Pp. 143-146 in Nucleic Acids and 
Nucleoproteins. Cold Spring Harbor Symp. Quant. Biol. Vol. 12. Biological 
Laboratory, Cold Spring Harbor, L. I., New York.

395. M irsky, A. E., and Pollister, A. W.
1943. Fibrous Nucleoproteins of Chromatin. Pp. 247-260 in Frontiers in Cytochemistry 

(Biol. Symposia 10) H. L. Hoer, ed. CatteJl Press, Lancaster, Pa.



LITERATURE CITED 143

396. 1946. Chromosin, a dcsoxyribose nucleoprotein complex of the cell nucleus. J. Gen.
Physiol. 30: 117-149.

397. M irsky, A. E.; and Ris, H.
1950. The composition and structure of isolated chromosomes. J. Gen. Physiol. 34 

475-492.
398. Money, W. L.; Facer, J.; and Rawson, R. W.

1952. The comparative effects of various steroids on lymphoid tissue of the rat. Cancer 
Res. 12: 206-210.

399. Mongar, J. L.
1956. Measurement of Histamine-Releasing Activity. Pp. 74-91 in Histamine (Ciba 

Found. Symposium). G. E. W . Wolstenholme and C. M. O'Connor, ed. Little. 
Brown & Co., Boston.

400. M oore, R. A.
1947. A Textbook of Pathology. W . B. Saunders, Co., Philadelphia.

401. Morison, J. E.
1952. Foetal and Neonatal Pathology. C. V. Mosby Co., St. Louis, Mo.

402. Mota, I.; Beraldo, W. T.; Ferri, A. G.; and Junqueira, L. C. U.
1956. Action of 48/80 on the Mast Cell Population and Histamine Content of the Wall 

of the Gastrointestinal Tract of the Rat. Pp. 47-50 in Histamine (Ciba Found. 
Symposium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown 
and Co., Boston.

403. Muic, N.; Stanic, M .; and M eniga, A.
1956. Studies on the venom of the spider Latrodectus tridecimguttatus Rossi. Hoppe-

Seyler's Zeitschr. physiol. Chem. 305: 70-74  {Biol. Abst, 31 #  17706).
404. Munoz, J.

1957. Effect of H. pertussis on sensitivity of mice to serotonin. Proc. Soc. Exptl. Biol.
&  Med. 95: 328-331.

405. Munoz, J.; and Greenwald, M. A.
1957. Effect of H. pertussis on sensitivity of mice to serotonin. Fed. Proc. 16: 427.

406. Murphy, J. B.
1926. The Lymphocyte in Resistance to Tissue Grafting, Malignant Disease, and Tubercu

lous Injection. Monograph No. 21, Rockefeller Institute for Medical Research, 
New York.

407. Murray, R. C.
1953. The use of the absolute eosinophil count in the diagnosis of neoplasms; preliminary

report. New England J. Med. 248: 848-850  (Cancer 7: 211).
408. N akamura, H.; Y oshiya, M .; K aziro, K .; and K ikuchi, G.

1952. On "anenzymia catalasea", a new type of constitutional abnormality. (A bio
chemical note on the physiological significance of catalase in animal organism.) 
Proc. Japanese Acad. 28: 5964 (Biol. Abst. 26 #23576).

409. N eedham, A. E.
1952. Regeneration and Wound Healing. Methuen &  Co. London.

410. Nelson, W. O.; and M erckel, C.
1937. Maintenance of spermatogenesis in testis of the hypophysectomized rat with 

sterol derivatives. Proc. Soc. Exptl. Biol. & Med. 36: 825-828.
411. Nichol, C. A.; Dietric, L. S.; Cravens, W. W .; and Elvenhjem, C. A.

1949. Activity of vitamin B i2 in the growth of chicks. Proc. Soc. Exptl. Biol. & Med. 
70: 40-42.



.144 UNIVERSITY OE COLORADO STUDIES

412. N ickerson, J. F.; Kraus, F. W ., and Perry, W. I.
1957. Peroxidase and catalase in saliva. Proc. Soc. Exptl. Biol. &  Med. 95: 405-408.

413. N iggemann, Fr. B. M.
1946. Histological and cytological effects of thiamin-, riboflavin- and pyridoxine-free 

diets upon the gastrointestinal tract, spinal cord, and sciatic nerve of the golden 
hamster. Univ. Colorado Stud. 27: 95-97.

414. Nonidez, J. F.; and W indle, W. F.
1953. Textbook of Histology. 2nd ed. McGraw-Hill Book Co., New York.

415. Ogura, Y .; Tonomura, Y .; Hino, S.; and Tamiya, H.
1950. Classification of catalase-poisons based on observations of their interaction with 

catalase. II. J. Biochem. (Tokyo) 37: 179-204 (Biol. Abst. 27 #8826).
416. Opdyke, D. L.

1949. Nuclear fragmentation of lymphocytes in normal hamsters and in those treated 
with adrenal cortical extract. Unpublished.

417. Opie, E. L.
1904. The occurrence of cells with eosinophile granulation and their relation to nutri

tion. Am. J. Med. Sci. 117: 217-239.
418. Ortiz-Picon, J. M.

1955. The neuroglia of the sensory ganglia. Anat. Rec. 121: 513-529.
419. Osmond, H.

1956. Research on Schizophrenia. Pp. 183-283 in Neuropharmacology. Trans. Second
Conference. H. A. Abramson, ed. Josiah Macy, Jr. Found., New York.

420. Padawer, J.; and Gordon, A. S.
1952. A mechanism for the eosinopenia induced by cortisone and by epinephrine. Endo

crinology 51: 52-56.
421. 1952. Eosinopenia and degenerating eosinophilic leukocytes in blood. Proc. Soc. Exptl.

Biol. &  Med. 80: 581-582.
422. Page, I. H.

1952. The vascular action of natural serotonin, 5- and 7-hydroxytryptamine and tryp-
tamine. J. Pharmacol. &  Exptl. Therapy 105: 58-73.

423. 1954. Serotonin (5-hydroxytryptamine). Physiol. Revs. 34 : 563-588.
424. Page, K. H.; and M cCubbin, J. W.

1954. Modification of vascular response to serotonin by drugs. Am. J. Physiol. 174:
436-444  (Biol. Abst. 28 #8690).

425. Palade, G. E.
1956. Electron Microscopy of Mitochondria and Other Cytoplasmic Structures. Pp.

185-215 in Enzymes: Units of Biological Structure and Function. O. M. Gaebler, 
ed. Academic Press Inc., New York.

426. Palumbo, L. T
1955. Management of Disorders of the Autonomic Nervous System. Year Book Publishers,

Chicago.
427. Panzenhagen, H.; and Speirs, R.

1953. Effect of horse serum, adrenal hormones, and histamine on the number of eosino
phils in the blood and peritoneal fluid of mice. Blood, J. Hematol. 8: 536-544.

428. Pappenheimer, A. M.
1914. Further experiments upon the effects of extirpation of the thymus in rats, with 

special reference to the alleged production of rachitic lesions. J. Exptl. Med. 
20: 477-498.



LITERATURE CITED 145

429. Parrot, J.-L.
1956. Histamine unci the Vasodilator Axon Reflex of the Skin. Pp. 280-281 in Histamine 

(Ciba Found. Symposium). Little, Brown & Co., Boston.
430. Parrot, J.-L.; and Laborde, C.

1956. Histaminopexic Action of Blood Serum. Pp. 52-56 in Histamine (Ciba Found.
Symposium). G. E. W . Wolstenholme and C. M. O'Connor, ed. Little, Brown 
& Co., Boston.

431. 1956. Inhibition of Histidine Decarboxylase in Vivo by Derivatives of Benzyl-l-iso-
quinoline. Pp. 57-58 in Histamine (Ciba Found. Symposium). G. E. W . Wol
stenholme and C. M . O'Connor, ed. Little, Brown & Co., Boston.

432. Patt, H. M.; Blackford, M. E.; and Straube, R. L.
1952. Effect of x-rays on thymocytes and its modification by cysteine. Proc. Soc. Exptl.

Biol. & Med. 80: 92-97  {Biol. Abst. 26 #33922).
433. Patt, H. M .; and Bruf.s, A. M

1954. The Pathological Physiology of Radiation Injury in the Mammal. II. Specific 
Aspects of the Physiology of Radiation Injury. Chap. 15, pp. 959-1029, in 
Radiation Biology. Vol. I. Part 2. A. Hollaender, ed. McGraw-Hill Book Co., 
New York.

434. Patt, H. M.; Smith, D. E.; and Jackson, E.
1950. The effect of cysteine on the peripheral blood of the irradiated rat. Blood, J. 

Hemalol. 5: 758-763.
435. Pearse, A. G. E.

1953. Histochemistry. Theoretical and Applied. Little, Brown & Co., Boston.
436. Pearson, O. H.; and Elikl, L. P.

1952. Sites and nature of action of steroids regulating protein metabolism in cancer
and non-cancer patients. Program, Second Nat. Cancer Conference, Cincinnati, 
Ohio. Steroid Endocrin. Panel. March 3-5 , 1952.

437. Pease, D . C.
1956. An electron microscopic study of red bone marrow. Blood, J. Hemalol. 11: 501-526

438. Penfield, W.
1932. Neuroglia and Microglia, the Interstitial Tissue of the Central Nervous System.

Sec. X X X V I , pp. 1447-1482, in Special Cytology. 2nd ed. E. V. Cowdry, ed. 
Paul B. Hoeber, New York.

439. Perlman, P. L.; and Cassidy, J. W.
1953. Influence of nitrogen intake on nitrogen-retaining action of testosterone propi

onate. Proc. Soc. Exptl. Biol. & Med. 83: 674-675 (Biol. Abst. 28 #8457).
440. Perry, W. L. M.

1956. Skin Histamine. Pp. 242-247 in Histamine (Ciba Found. Symposium). G. E. W  
Wolstenholme and C. M . O'Connor, ed. Little, Brown & Co., Boston.

441. Peter, H.
1935. Das histologische Bild des Igel-Thymus im jahreszeitlichen Zyklus. Zeitschr. f  

Anal. u. Enlwicklungsgeschichte 104: 295-326
442. plnkerton, H.

1953. Vitamins and Deficiency Diseases. Chap. 17, pp. 407-422, in Pathology. 2nd ed. 
W . A. D. Anderson, ed. C. V. Mosby Co., St. Louis, Mo.

443. Plagge, J. C.
1940. Effect of thymectomy at birth on spermatogenesis in the albino rat. Proc. Soc. 

Exptl. Biol. & Med. 44: 57-60.



.146 UNIVERSITY OE COLORADO STUDIES

444. 1941. The thymus gland in relation to sex hormones and reproductive processes in the
albino rat. J. Morph. 68: 519-545.

445. 1953. Sexual differences in the effects of castration on body and thymus weights in
albino rats. Anal. Rec. 116: 237-246.

446. Polis, B. D.; and Shmukler, H. W.
1955. Lactoperoxidase. Pp. 813-817 in Methods in Enzymology. Vol. II. S. P. Colowick

and N . O. Kaplan, ed. Academic Press, New York.
447. Pollister, A. W .; and Leuchtenberger, C.

1949. Nucleotide content of the nucleolus. Nature 163: 360.
448. Pomerat, C. M.

1952. Dynamic neurology. Texas Repl. Biol. &  Med. 10: 885-913.
449. Ponder, E.

1949. The Capillaries and the Lymphatics. Chap. 29, pp. 558-579, in A Textbook oj
Physiology. J. F. Fulton, ed. W. B. Saunders Co., Philadelphia.

450. Prakken, J. R.; and W oerdeman, M. J.
1952. Mast cells in diseases of the skin; their relation to tissue eosinophilia. Dermatologica

105: 116-124.
451. Putzu Doneddu, F.

1934. L'influenza dell stimizzazione sulla attivita genetica e sulla prole. Riv. Ital. Gine- 
col. 17: 1-31 (Biol. Abst. 10 #21087).

452. Quastel, J. H.
1956. Action of Drugs on Enzyme Systems. Chap. 25, pp. 523-546, in Enzymes: Units

of Biological Structure and Function. (Henry Ford Hosp. Internat. Symposium) 
O. H. Gaebler, ed. Academic Press Inc., New York.

453. Raffell, S.
1953. Immunity, Hypersensitivity, Serology. Appleton-Century-Crofts, New York.

454. R ag an, C.
1954. Arthritis. Pp. 262-273 in Connective Tissue in Health and Disease. G. Asboe-

Hansen, ed. Ejnar Munksgaard, Copenhagen.
455. Ragaz, F. J.; and Van Baaren, H. J.

1953. Hematologic studies on dogs receiving low dosage of total body irradiation. Proc.
Soc. Exptl. Biol. & Med. 82: 419-424.

456. Rambach, W. A.; Alt, H. L.; and Cooper, J. A. D.
1954. Protective effect of hypoxia against irradiation injury of the rat bone marrow and

spleen. Proc. Soc. Exptl. Biol. &  Med. 86: 159-161.
457. Rand, M .; and Reid, G.

1953. Source of "serotonin" in serum. Nature 168: 385.
458. Randolph, T. G.; and Rackemann, F. M.

1941. The blood histamine level in asthma and in eosinophilia. J. Allergy 12: 450-456.
459. Randolph, T. G.; and Rollins, J. P.

1950. Eosinophil Observations in Adrenocorticotrophic Hormone (ACTH) Therapy.
Chap. 1, pp. 1-13, in Proc. First Clinical AC TH  Conference. J. R. Mote, ed. 
Blakiston Co., Philadelphia.

460. 1950. Relief of Allergic Diseases by ACTH  Therapy. Chap. 40, pp. 479-490, in Proc.
First Clinical AC TH  Conference. J. R. Mote, ed. Blakiston Co., Philadelnhia.

461. Rapport, M. M .; Green, A. A.; and Page, I. II.
1948. Crystalline serotonin. Science 108: 329-333.



LITERATURE CITED 147

462. Rapport, M. M .; and K oelle, G. B.
1953. The action of antihistaminics and atropine in blocking the spasmogenic activity

of serotonin on the guinea pig ileum. Arch. Internat. Pharmacodyn. et Ther. 
92: 464-470  (Biol. Abst. 27 #27711).

463. Raventos, A.
1954. An abscopal effect of x-ray upon mouse spleen weight. Radiation Res. 1: 381-387.

464. Reichard, P.; and Lagerkvist, U.
1953. The Biogenesis of orotic acid in liver slices. Acta. Chem. Scand. 7: 1207-1217 

(Biol. Abst. 28 #10526).
465. R eid, G.

1952. Circulatory effects of 5-hydroxytryptamine. J. Physiol. 118: 435-453 (Biol. Abst. 
27 #19744).

466. Reid, G.; and Rand, M.
1952. Physiological actions of the partially purified serum vasoconstrictor (serotonin). 

Australian J. Exptl. Biol. &  Sci. 29: 401-405  (Biol. Abst. 26 #21391).
467. Renkin, E. M.

1952. Capillary permeability to lipid-soluble molecules. Am. J. Physiol. 168: 538-545.
468. Reuse, J. J.

1956. Antihistamine Drugs and Histamine Release, Especially in Anaphylaxis. Pp.
150-154 in Histamine (Ciba Found. Symposium). G. E. W . Wolstenholme and 
C. M . O'Connor, ed. Little, Brown & Co., Boston

469. Richards, M. B
1949. Imbalance of vitamin B factors. The effect of conditioned pyridoxin deficiency 

on the development of young rats. Brit. J. Nutril. 3: 109-132.
470. Richter, M. N.

1953. The Blood and Bone Marrow. Chap. 31, pp. 869-914, in Pathology, W . A. D.
Anderson, ed. C. V. Mosby Co., St. Louis, Mo.

471. Riddle, O.
1924. Studies of the physiology of reproduction in birds. X I X . A  hitherto unknown 

function of the thymus. Am. J. Physiol. 68: 557-580
472. Riley, J. F.

1953. The relationship of the tissue mast cells to the blood vessels in the rat. J. Path. 
& Bad. 65: 461-469.

473. 1956. Histamine and mast cells. Pp. 45-46 in Histamine (Ciba Found. Symposium).
G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown & Co., Boston.

474. 1956. The Location of Histamine in the Body. Pp. 398-415 in Histamine (Ciba Found.
Symposium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown 
&  Co., Boston.

475. Riley, J. F.; and W est, G. B.
1953. The presence of histamine in tissue mast cells. J. Physiol. 120: 528-537.

476. 1955. Tissue mast cells. Studies with a histamine-liberator of low toxicity (Compound
48/80). J. Path. & Bacl. 69: 269-282.

477. Rinaldi, F.; and Himwich, H. E.
1955. A comparison of effects of reserpine and some barbiturates on the electrical ac

tivity of cortical and subcortical structures of the brain of rabbits. Ann. New 
York Acad. Sci. 61: 27-35.

478. Rindani, T. II
1953. Studies on the Influence of Topical "Reticuloendothelial Blockade" and of Top



.148 UNIVERSITY OE COLORADO STUDIES

ical Administration of Various Steroids on Inflammation. Pp. 103-110 in The 
Mechanism of Inflammation. G. Jasmin and A. Robert, ed. Acta, Inc., Montreal.

479. Rinehart, J. F.
1955. Rheumatic fever: Observations on the histogenesis, pathogenesis, and use of 

ascorbic acid and bioflavinoids. Ann. New York Acad. Sci. 61(Art. 3): 684-699.
480. Ringoen, A. R.

1932. Eosinophile Leucocytes and Eosinophilia. Sec. I l l , pp. 181-229, in Handbook of 
Hematology. Vol. T. Hal Downey, ed. Paul B. Hoeber, New York.

481. 1938. Eosinophile Leucocytes and Eosinophilia. Sec. I l l , pp. 179-229, in Handbook of
Hematology. Vol. I. Hal Downey, ed. Hoeber, New York.

482. Roberts, S.
1953. The influence of the adrenal cortex on the mobilization of tissue protein. J . Biol. 

Chem. 200: 77-88.
483. Robson, J. M ., Trounce, J. R., and Didcock, K. A. H.

1953. Factors affecting the response of the uterus to serotonin. J. Endocrinol. 10: 129— 
132 (Biol. Abst. 28 #15854).

484. Rocha e Silva, M.
1953. Activation by Polysaccharides of a Histamine Liberator (Anaphylatoxin) in 

Blood Plasma. Sec. IV, pp. 237-246, in The Mechanism of Inflammation. G. 
Jasmin and A. Robert, ed. Acta, Inc., Montreal.

485. 1955. Histamine. Its Role in Anaphylaxis and Allergy. Chas. C Thomas, Springfield,
1 1 1 .

486. 1956. Histamine Release by Naturally Occurring Substances. Pp. 124-138 in Histamine
(Ciba Found. Symposium). G. E. W . Wolstenholme and C. M. O'Connor, ed. 
Little, Brown & Co., Boston.

487. Roche, J.
1950. Phosphatases. Chap. 11, pp. 473-510, in The Enzymes. Chemistry and Mechanism 

of Action. Vol. I, Part 1. J. B. Sumner and K. Myrbach, ed. Academic Press, 
New York.

488. Roche, M ., Hills, A. G .; and Thorn, G. W .
1950. The Levels of Circulating Eosinophils and Their Use as an Index of Adrenal 

Cortical Function. Chap. 7, pp. 55-69, in Proc. First. Clinical ACTH  Confer
ence. J. R. Mote, ed. Blakiston Co., Philadelphia

489. Romain, J. D.
1953. L'influcnce de la cortisone sur les mastocytes du tissu conjonctif et de quelques

organes chez le rat. Compt. rend. Soc. de Biol. 147: 391-394
490 Rose, B.

1950. Studies on the Effect of ACTH  on Eosinophilia and Bronchial Asthma. Chap.
41, pp. 491-504, in Proc. First Clinical AC TH  Conference. J. R. Mote, ed. Blakis
ton Co., Philadelphia.

491. Rossiter, R. J.
1955. Chemical Constituents of Brain and Nerve. Chap. II, pp. 11-52, in Nenrochem-

istry. The Chemical Dynamics of Brain and Nerve. C. C. Thomas, Springfield, 
111.

492. Rothman, S.
1954. Physiology and Biochemistry of the Skin. Univ. Chicago Press, Chicago.

493. Rowley, D. A., and Benditt, E. P.
1956. 5-hydroxytryptamine and histamine as mediators of the vascular injury produced

by agents which damage mast cells in rats. J. Exper. Med. 103: 399-412.



LITERATURE CITED 149

494. Rudolph, A. M .; and Paul, M. H.
1957. Pulmonary and systemic vascular responses to 5-hydroxytryptamine (serotonin). 

Fed. Proc. 16 #477.
495. Rugh, R.; Levy, B.; and Sapadin, L

1952. Histopathological effects of immediate and delayed radiation death in hamsters 
produced by two million volt x-rays. I. The lymphocytic organs: spleen, lymph 
nodes, thymus and bone marrow. J. Morph. 91: 237-267

496. Ryerson, D
1943. Separation of the two acidophilic granulocytes of turtle blood, with suggested 

phylogenetic relationships. Anat. Rec. 85: 25-46.
497. Sacher, G. A.; and Pearlman, N.

1954. Effects of Total-Body X  Irradiation on Rabbits. III. Effects on the Leucocytes.
Chap. 9, pp. 290-316, in Biological Effects of External X  and Gamma Radiation. 
Pt. I. R. E. Zirkle, ed. McGraw-Hill Book Co., New York.

498. Sadum, E. H.; K eith, C. K.; Pankey, M. J.; and Totter, J. R.
1949. The influence of dietary PGA and APA liver extract on survival and growth of 

the nematode, A. galli, in chickens fed purified and natural diets. Am. J. Uyg. 
51:274-291.

499. Sala, G.; and Castegnaro, E.
1954. Influence of enteramine (5-hydroxytryptamine) on renal function of the dog, 

Proc. Soc. Exptl. Biol. &  Med. 82: 621-623 (Biol. Abst. 28 #3273).
500. Salmoirachi, G. C.; M cCubbin, J. W .; and Page, I. H.

1957. Effects of d-lysergic acid diethylamide and its brom derivative on cardiovascular 
response to serotonin and on arterial pressure. J. Pharmacol. &  Exptl. Therap. 
119: 240-247.

501. Samter, M.
1949. The response of eosinophils in the guinea pig to sensitization, anaphylaxis and 

various drugs. Blood, J. Hemalol. 4: 217-246.
502. Samuels, L. T.; and Reich, H.

1952. The Chemistry and Metabolism of the Steroids. Pp. 129-172 in Ann. Review of 
Biochem. Vol. 21. J. M . Luck, ed. Annual Reviews Inc., Stanford, Calif.

503. schachter, M.
1956. Histamine Release and the Angio-Edema Type of Reaction. Pp. 167-169 in 

Histamine (Ciba Found. Symposium). G. E. W . Wolstenholme and C. M. 
O'Connor, ed. Little, Brown & Co., Boston.

504. Schayer, R. W.
1956. The Origin and Fate of Histamine in the Body. Pp. 183-188 in Histamine (Ciba 

Found. Symposium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, 
Brown & Co., Boston.

505. 1956. The Origin of Histamine in the Body. Pp. 298-317 in Histamine (Ciba Found.
Symposium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown 
& Co., Boston.

506. Schayer, R. W .; and K obayashi, Y.
1956. Histidine decarboxylase and histamine binding in rabbit platelets. Proc. Soc. 

Exptl. Biol. &  Med. 92: 653-655.
507. Schild, H. O.

1956. Histamine Release and Anaphylaxis. Pp. 139-149 in Histamine (Ciba Found.
Symposium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown 
and Co., Boston.



.150 UNIVERSITY OE COLORADO STUDIES

508. Schneider, J. A.; and Y onkman, F. F.
1954. Action of serotonin (5-hydroxytryptamine) on vagal afferent impulses in the cat.

Am. J. Physiol. 174: 127-134 (Biol. Abst. 28 #1044).
509. Schneider, M .; W atson, W. F.; Jones, C. C.; and Finerty, J. C

1957. Effect of leucocyte suppression of parabiotic protection from x-irradiation. Abst. 
#111, Program, Radiation Res. Soc. Meeting, May 13-15, 1957.

510. Schofield, B. M .; and W alker, M. M.
1953. Perfusion of the coronary arteries of the dog. J. Physiol. 122: 487-489 (Biol. 

Abst. 28 #18032).
511. Schultz, J.; Turtle, A.; Shay, H .; and Gruenstein, M.

1955. The chemistry of experimental activation of VPO in cellular particulates, Cancer
Res. 16: 569-574.

512. Schultze, M. O
1941. The relation of copper to cytochrome oxidase and hematopoietic activity of the 

bone marrow of rats. J. Biol. Chem. 13: 219-224 (Biol. Abst. 15 #12158).
513. Schwartz, C ; Scott, E. B.; and Ferguson, R. L.

1951. Histopathology of amino acid deficiencies. I. Phenylalanine. Anat. Rec. 110: 
313-327.

514. Schwarz, E.
1914. Die Lehre von der allgemeinen und ortlichen "Eosinophilic". Ergbn. d. allg. Path, 

u. path. Anat. d. Menschen u. Tiere 17 (1. Abt.): 137-789.
515. Scott, E. B.; and Schwartz, C.

1953. Histopathology of amino acid deficiencies. II. Threonine. Pro. Soc. Exptl. Biol. 
&  Med. 84: 271-276.

516. Sears, T. P.
1953. The Physician in Atomic Defense. Year Book Publishers, Chicago.

517. Seigel, G. B.; and W orley, L. G.
1951. The effects of vitamin B]2 deficiency on the cytoplasmic basophilia of rat tissues. 

Anat. Rec. I l l :  597-615.
518. Selby, C. C.

1955. The Electron Microscopy of Tissue Cells. Chap. 6, pp. 1-75, in Analytical Cytology. 
R. C. Mellors, ed. Blakiston Div., McGraw-Hill Book Co., New York.

519. Selye, H.
1936. Thymus and adrenals in the response of the organism to injuries and intoxications. 

Brit. J. Exp. Path. 17: 234-248.
520. 1950. The Physiology and Pathology of Exposure to Stress. Acta, Inc., Montreal.
521. 1955. Effect of Somatotropic Hormone (STH) upon Inflammation. Chap. 7, pp. 123-

137, in The Hypophyseal Growth Hormone, Nature and Actions. R. W. Smith, 
O. H. Gaebler and C. N . H. Long, ed. Blakiston Div. of McGraw-Hill Book 
Co., New York.

522. Sevag, M . G.; Gots, J. S.; and Steers, E.
1950. Enzymes in Relation to Genes, Viruses, Hormones, Vitamins, and Chemothera- 

peutic Drug Action. Pp. 115-186 in The Enzymes. Chemistry and Mechanism 
of Action. Vol. 1, Pt. 1. J. B. Sumner and K . Myrbach, ed. Academic Press 
Inc., New York.

523. Severeanu, G.
1909. Die Lymphgefasse der Thymus. Archil', f .  Anat. u. Entwickelongsges. Jahrgang 

1909: 93-98.



LITERATURE CITED 151

524. Shaw, E.; and W oolley, D. W.
1954. Yohimbine and ergot alkaloids as naturally occurring antimetabolites of sero

tonin. J. Biol. Chent. 203: 979-989  (Biol. Abst. 28 #11084).
525. 1956. Methylserotonins as potent antimetabolites of serotonin active both in vitro and

in vivo. J. Pharmacol. &  Exptl. Therap. 116: 164-176.
526. Shay, H .; Gershon-Cohen, J.; Eels, S.; M eranze, D .; and M eranze, T.

1939. The thymus. Studies of some changes in the gonads and pituitary following its 
destruction by roentgen irradiation. J. Am. Med. Assoc. 112: 290-292.

527. Sheeiian, H. L.
1939. The staining of leucocyte granules by Sudan black B. J. Path. &  Bad. 49: 580-581.

528. Sherrod, T. R.: and Bobb, G. A.
1957. Some antispasmodic actions of hydroxyzine. Fed. Proc. 16 #1433.

529. Shore, P. A.; Carlsson, A.; and Brodie, B. B.
1956. Mechanism of serotonin-release by reserpine. Fed. Proc. 15 #1573.

530. Shore, P. A.; Pletscher, A.; Tomich, E. G.; K untzman, R.; and Brodie, B. B.
1956. Release of blood platelet serotonin by reserpine and lack of effect on bleeding

time. J. Pharmacol. & Exptl. Therap. 117: 232-236
531. Silva, V.

1953. A method for the recording of arterial pressure in toads. The pressor effect of
some vasoactive compounds. Rev. Soc. Argentina Biol. 29: 272-274  (Biol. Abst. 
29 #28482).

532. Simmons, E. L.; Jacobson, L. O.; Pearlman, N.; and Prosser, C. L.
1954. The Effectiveness of Drugs in Preventing or Alleviating X-R ay Damage. Chap. 21,

pp. 473-516, in Biological Effects of External X  and Gamma Radiation. Pt. I. 
R. E. Zirkle, ed. McGraw-Hill Book Co., New York.

533. Simpson, M. E.; Li , C. H.; Reinhardt, W. O.; and Evans, H. M.
1943. Similarity in response of thymus and lymph nodes to administration of adreno

corticotropic hormone in the rat. Proc. Soc. Exptl. Biol. &  Med. 54: 135-137.
534. Singer, M .

1954. Nervous System. Chap. 11, pp. 194-272, in Histology. R. O. Greep, ed. Blakiston 
Co., New York.

535. Sinha, Y. K.; and West, G. B
1954. The antagonism between local anaesthetic drugs and 5-hydroxytryptamine. J. 

PJiarm. &  Pharmacol. 5: 370-374  (Biol. Abst. 28 #6010).
536. Sjoerdsma, A.; W aalkes, T. P.; and W eissbach, H.

1957. Serotonin and histamine in mast cells. Science 125: 1202-1203
537. Skelton, F. R.

1950. Some specific and non-specific effects of thiamine deficiency in the rat. Proc. Soc. 
Exptl. Biol. &  Med. 73: 516-519 (Biol. Abst. 24 #26352).

538. 1956. Studies of certain antihistamines as antagonists of the hypertensive and angio-
toxic properties of desoxycorticosterone acetate in the rat. Canadian J. Bio
chem. & Physiol. 34: 520-526  (Biol. Abst. 30 #28799).

539. Skow, R.
1952. Effect of testosterone on muscle and other tissue and on carcass composition in 

hypophvsectomized, thyroidectomized, and gonadectomized male rats. En
docrinology 51: 42-51.



.152 UNIVERSITY OE COLORADO STUDIES

540. Smith, C.; Thatcher, E. C.; K raemer, D. Z.; and Holt, E. S.
1952. Studies on the Thymus of the Mammal. VI. The vascular pattern of the thymus

of the mouse and its changes during aging. J. Morph. 91: 199-219.
541. Smith, D. E.; Patt, H. M.; Rytee, E. B.; and Straube, R. L.

1950. Quantitative aspects of the protective action of cysteine against X-radiation. 
Proc. Soc. Exptl. Biol. &  Med. 73: 198-200.

542. Smith, D . J.
1953. Physiology of the vasa vasorum. Fed. Proc. 12 #436.

543. Smith, L. H.; M akinodan, T., and Congdon, C. C.
1957. Circulating rat platelets in lethally irradiated mice given rat bone marrow. Can

cer Res. 17: 367-369.
544. Smith, W. W .; M arston, R. Q.; and Cornfield, J

1954. Granulocyte count, resistance to experimental infection, and spleen homogenate 
treatment in irradiated mice. Radiation Res. 1 #  83.

545. Sokoloff, B.; Redd, J. B.; and Dutcher, R.
1950. Vitamin P protection against radiation. Quart. J. Florida Acad. Sci. 12: 185-189 

{Biol. Abst. 25 #7446).
546. Soli, U

1909. Modifications du developpement des os chez les animaux prives de thymus. 
Arch. Italiennes de Biol. 52: 215-224.

547. Sollmann, T.
1932. A Manual of Pharmacology and Its Applications to Therapeutics and Toxicology. 

4 ed. W . B. Saunders Co., Philadelphia.
548. Solomon, D. H .; and Shock, N. W.

1950. Studies of Adrenal Cortical and Anterior Pituitary Function in Elderly Men.
Chap. 5, pp. 44-51, in Proc. First Clinical AC TH  Conference. J. R. Mote, ed. 
Blakiston Co., Philadelphia.

549. Sommers, I. G.
1949. Histology and Histopathology of the Eye and Its Adnexa. Grune & Stratton, New 

York.
550. Sommers, S. C.

1956. Basement membranes, ground substance, and lymphocytic aggregates in aging 
organs. J. Gerontol. 11: 251-260.

551. Speirs, R. S.
1955. Physiological approaches to an understanding of the function of eosinophils and 

basophils. Ann. New York Acad. Sci. 59: 706-731.
552. Speirs, R. S., and M eyer, R. K.

1949. The effects of stress, adrenal and adrenocorticotrophic hormones on the circu
lating eosinophils of mice. Endocrinology 45: 403-429  (Biol. Abst. 24 #6143).

553. Spirtos, B. N.
1953. Influence of cortisone on nervous tissue, adrenal and thyroid. Proc. Soc. Exptl.

Biol. &  Med. 84: 673-677.
554. Spoerlein, M. T .; and M argolin, S.

1954. Thymus involution and protection against lethal anaphalactic shock in mice
treated with cortisone acetate or hydrocortisone acetate. Fed. Proc. 13 # 1336.

555. Steadman, E.; and Steadman, E.
1944. 'Chromosomin' and nucleic acids. Nature, London, 153: 500-502.



LITERATURE CITED 153

556. 1951. The function of Deoxyribose-Nucleic Acid in Cell Nucleus. Pp. 233-251 in Nucleic
Acid (Symposia No. 1, Soc. Exper. Biol. (Cambridge)). Univ. Press, Cam
bridge, England.

557. Stefanini, M .; and Damesiiek, W .
1955. Hemorrhagic Disorders. A Clinical and Therapeutic Approach. Grune & Stratton, 

New York.
558. Stern, R.; and Bird, L. H.

1950. Suppression of catalase activity by peroxidase and its substrates. Biochem. J.
49:335-338 .

559. Stoerk, H. C ; and Zucker, T. E.
1944. Nutritional effects on the development and atrophy of the thymus. Proc. Soc. 

Exptl. Biol. & Med. 56: 151-153 (Biol. Abst. 18 #21814).
560. Storer, J. B.; Lusiibaugii, C. C.; and Furchner, J. E.

1952. The protective effect of shielded bone marrow against total body x-irradiation.
J. Lab. &  Clin. Med. 40: 355-366.

561. Straube, R. L.; and Patt, H. M.
1953. Studies with cysteinamine and cysteine in x-irradiated animals. Proc. Soc. Exptl.

Biol. &  Med. 84: 702-704.
562. Strong, O. S.; and Elwyn, A.

1953. Human Neuroanatomy. 3 ed. Williams & Wilkins Co., Baltimore.
563. Sumner, J. B.; and Somers, G. F.

1953. Chemistry and Methods of Enzymes. 3 ed. Academic Press Inc., New York.
564. Sundberg, M.

1955. On the mast cells in the human vascular wall. Acta Pathol, et Microbiol. Scand.,
Suppl. 107: 1-81.

565. Sundberg, R. D.; Sciiaar, F. E.; Powell, M. J. S. and Denboer, D.
1954. Tissue mast cells in human umbilical cord, and the anticoagulant activity of

dried extracts of cords and placentae. Anat. Rec. 118: 35-56.
566. Swallow, A. J.

1956. The Radiation-Induced Reduction of Diphosphopyridine Nucleotide and its
Bearing on the "Oxygen Effect" in Radiobiology. Pp. 317-323 in Progress in 
Radiobiology. J. S. Mitchell, B. E. Holmes and C. L. Smith, ed. Oliver & 
Boyd, Edinburgh.

567. Swift, H.
1953. Quantitative Aspects of Nuclear Nucleoproteins. Pp. 1-76 in International Re

view of Cytology. G. H. Bourne and J. F. Danielli, Academic Press, New York.
568. Szent-Gyorgyi, A.

1955. Perspectives for the bioflavonoids. Ann. New York Acad. Sci. 61 (Art. 3): 732-735.
569. T abor, H.

1956. The Fate of Histamine in the Body. Pp. 318-338 in Histamine (Ciba Found. Sym
posium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown & 
Co., Boston.

570. T aft, A. E.
1938. Intercellular substance of the cerebral cortex (Nissl's cerebral gray matter). 

Arch. Neurol. & Psychial. 40: 313-321.
571. Takaiiara, S.

1951. Acatalasemia (lack of catalase in blood) and the oral progressive gangrene. Proc.
Japanese Acad. 27: 295-301 (Biol. Abst. 27 #23575).



.154 UNIVERSITY OE COLORADO STUDIES

572. T aketa, S. T .; Swift, M. N.; and Bond, V. P.
1954. Effect of bone marrow injection on rats x-irradiated with the intestine shielded.

Fed. Proc. 13 #1712.
573. T albot, N. B.; Sobel, E. H.; M cArthur, J. W .; and Crawford, J. D.

1952. Functional Endocrinology from Birth through Adolescence. Harvard Univ. Press,
Cambridge, Mass.

574. Tanos, B.; Szilasy, S.; Varro, V.; Eisner, A.; and Olath, F.
1953. A humoral agent with immediate eosinopenic effect other than cortisone. Expe

rientia 9: 266-267.
575. Tappel, A. L.

1953. Oxidative fat rancidity in food products. I. Linoleate oxidation catalyzed by
hemin, hemoglobin, and cytochrome c. Food Res. 18: 560-573.

576. 1955. Unsaturated lipide oxidation catalyzed by hematin compounds. J. Biol. Chem.
217: 721-733.

577. T auber, H.
1952. Crystalline catalse, a peroxidase. Proc. Soc. Exptl. Biol. &  Med. 81: 237-239 {Biol.

Abst. 27 #8841).
578. Teir, H .; W egelius, O.; Sundell, B.; Paivarinne, I.; and Kuusi, T.

1955. Experimental alterations in the tissue eosinophilia of the glandular stomach of
the rat. Acta Med. Scand. 152 (Fasc. IV ): 275-283.

579. T itus, E.; and Udenfriend, S.
1954. Metabolism of 5-hydroxytryptamine (serotonin). Fed. Proc. 13 #  1348.

580. Todd, J. C.; and Sanford, A. H.
1927. Clinical Diagnosis by Laboratory Methods. 6th ed. W . B. Saunders, Philadelphia.

581. T onutti, E.
1953. Einfluss von Hormonwirkungen auf das Reaktionsvermogen von Geweben Gegen

bakterielle Giftstoffe. Pp. 11-124 in The Mechanism of Inflammation. G. Jas
min and A. Robert, ed. Acta, Inc., Montreal.

582. T rowell, O. A.
1952. Sensitivity of lymphocytes to ionising radiation. J. Path. &  Bad. 64: 687-704.

583. Tschassownikow, N.
1929. Einige Daten zur Frage von der Struktur der Thymusdrtise auf Grund experi- 

menteller Forschungen. Zeitschr. f .  Zellforscli. u. mikrosk. Anat. 8: 251-295.
584. Tullis, J. L.

1953. The Origin, Properties, Function, and Preservation of White Blood Cells, Pp.
257-280 in Blood Cells and Plasma Proteins. Their Slate in Nature. J. L. Tulis, 
ed. Academic Press Inc., New York.

585. T warog, B. M .; and Page, I. H.
1953. Serotonin content of some mammalian tissues and urine and a method for its 

determination. Am. J. Physiol. 175: 157-161 {Biol. Abst. 28 #17831).
586. T yzzer, E. E.

1916. Tumor Immunity. J. Cancer Res. 1: 125-155.
587. Udenfriend, S.; Bogdanski, D. F.; and W eissbach, H.

1956. Increase in tissue serotonin by administration of its precursor, 5-hydroxytryp
tophan. Fed. Proc. 15 # 1605.

588. Udenfriend, S.; Clark, C. T.; and T itus, E.
1953. The presence of 5-hydroxytryptamine in the venom of Bufo marinus. Experientia 

8: 379-380  (Biol. Abst. 27 #22494).



LITERATURE CITED 155

589. Udenfriend, S.; and T itus, E.
1955. The 5-hydroxyindole Pathway of Tryptophan Metabolism. Pp. 945-949 in Amino 

Acid Metabolism. VV. D. McElroy and H. B. Glass, ed. Johns Hopkins Press, 
Baltimore.

590. Udenfriend, S.; and YVeissbacii, H.
1954. Studies on serotonin (5-hydroxytryptamine) in platelets. Fed. Proc. 13 #1352.

591. Udenfriend, S.; W eissbacii, H.; and Bogdanski, D. F.
1957. Biochemical Studies on Serotonin and Their Physiological Implications. Pp.

147-160 in Hormones, Brain Function, and Behavior. H. Hoagland, ed. Aca
demic Press Inc., New York.

592. Umbreit, VV. W .
1952. Metabolic Maps. Burgess Publishing Co., Minneapolis, Minn.

593. 1953. The Influence of Adrenalectomy and Cortisone Treatment on Certain Enzymatic
Rection in the Rat. Chap. 3, pp. 17-24, in The Ejject of AC TH  and Cortisone 
upon Infection and Resistance. G. Shwartzman, ed. Columbia Univ. Press, 
New York.

594. Ungar, G.
1953. The Fibrinolytic System and Inflammation. Pp. 151-159 in The Mechanism of

Inflammation. (Internat. Symposium). G. Jasmin and A. Robert, ed. Acta, 
Inc., Montreal.

595. 1956. Mechanism of Histamine Release. Pp. 431-449 in Histamine (Ciba Found. Sym
posium). G. E. VV. Wolstenholme and C. M . O'Connor, ed. Little, Brown & 
Co., Boston.

596. Ungley, C. C.
1952. The pathogenesis of megaloblastic anaemias and the value of vitamin B12. Brit.

J. Nutr. 6: 299-315 (Biol. Abst. 27 #31986).
597. Urbach, E.; and Gottlieb, P. M.

1949. Allergy. 2nd ed. Grune & Stratton, New York.
598. Urso, P.

1957. The effect of chemical protection and bone marrow treatment on the response of 
the hematopoietic organs and body weight in x-irradiated mice. Abst. #  136 
in Program of Radiation Res. Soc. Meeting, M ay 13-15, 1957.

599. Unvas, B.
1954. Sympathetic vasodilator outflow. Physiol. Revs. 34: 608-618.

600. Van Breemen, V. L.
1954. The structure of neuroglial cells as observed with the electron microscope. Anat. 

Rec. 118 # D  39.
601. Van Cauwenberge, H.; Lecomte, J.; et Goblet, J.

1954. Essais d'inhibition de Taction inflammatoire cutanes du chloroforme chez le rat. 
Experientia 10: 30-31.

602. Vanotti, A .; and Delachaux, A.
1942. Iron Metabolism and Its Clinical Significance. Translated by E. Pulay. Frederick 

Muller Ltd., London.
603. Vartiainen, I.; and Apajalahti, J.

1953. Effect of ingested protein and tyrosine on circulating eosinophils. J. Clin. Endo
crinol. & Metab. 131 {Biol. Abst. 28 #17878).

604. Vaughn, J.
1953. The function of the eosinophile leukocyte. Spec. Issue No. 8 of Blood, J. Hematol. 

8: 1-15.



.156 UNIVERSITY OE COLORADO STUDIES

605. Vercauteren, R.
1953. The properties of the isolated granules from blood eosinophiles. Enzymologia 16: 

1-13.
606. Verzar, F.

1953. The Nature of the Adrenal Cortical Secretion. Pp. 39-57 in The Suprarenal Cor
tex. J. M . Yoffey, ed. Academic Press Inc., New York.

607. V ines, H. W . C.
1949. Green's Manual of Pathology. 17th ed. Williams & Wilkins Co., Baltimore.

608. Von Euler, U. S.
1956. Histamine and Nerves. Pp. 235-241, 450 in Histamine (Ciba Found. Symposium).

G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown & Co., Boston.
609. W aalkes, T. P.; and W eissbacii, H.

1956. In vivo release of histamine from rabbit blood by reserpine. Proc. Soc. Exptl. Biol. 
&  Med. 92 :394-396 .

610. W agley, P. F.; Sizer, I. W .; D iamond, L. K .; and Allen, F. H.
1950. The inactivation of Rh-antibodies by peroxidase. J. Immunol. 64: 85-94.

611. W alaszek, E. J.; and Abood, L. G.
1953. Fixation of 5-hydroxytryptamine by brain mitochondria. Fed. Proc. 16 #579.

612. W ang, H.; Sheid, H. E.; and Schweigert, B. S.
1954. Histological studies with rats fed diets containing iodinate casein and different

levels of vitamin Bi2. Proc. Soc. Exp. Biol. & Med. 85: 382-384.
613. W elsh, J. H.

1954. Hydroxy tryptamine: a neurohormone in the invertebrates. Fed. Proc. 13 #539.
614. W'enzel, D. G.; and Rosenberg, P.

1956. The evaluation of arsenic as an antiasthmatic. I. Effect on experimental asthma 
of guinea pigs. J. Am. Pharm. ylssoc., Sci. Ed. 45: 1-5.

615. W erle, E.
1956. Histamine in Nerves. Pp. 264-269 in Histamine (Ciba Found. Symposium). G.

E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown & Co., Boston.
616. W est, E. S.; and Todd, W. R.

1952. Textbook of Biochemistry. MacMillan Co., New York.
617. W est, G. B.

1956. Histamine and Mast Cells. Pp. 14-19 in Histamine. (Ciba Found. Symposium). 
G. E. W. Wolstenholme and C. M . O'Connor, ed. Little, Brown & Co., Boston.

618. W harton, G. W.
1941. The function of respiratory pigments of certain turtle paracytes. J. Parasilol. 

27: 81-87  {Biol. Abst. 15 #13829).
619. W helan, R. F.

1956. Histamine and Vasodilation. Pp. 220-234 in Histamine (Ciba Found. Symposium).
G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown & Co., Boston.

620. W iiiman, G.
1948. A Contribution to the Knowledge of the Cellular Content in Exudates and Trans

udates. Acta Med. Scand. 130 (Suppl. 205): 1-124.
621. wllander, o .

1939. Studien liber Heparin. Schand. Archiv f .  Physiol. 81 (Suppl. 15): 1-89.
622. W ilhelmi, A. E.

1949. Energy Transformations in Muscle. Chap. 6, pp. 142-176, in A Textbook of Physi
ology. J. F. Fulton, ed. W . B. Saunders Co., Philadelphia.



LITERATURE CITED 157

623. W ilhelmj, C. M .; M ilani, D. P.; Meyers, V. W .; Gunderson, D. E.; Shuput, D.; 
Racher, E. M .; and M cCarthy, H. H.

1954. Fasting and realimentation with high carbohydrate or high protein diets on capil
lary resistance and eosinophils of normal dogs. Fed. Proc. 13 #548.

624. W illiams, R. T.
1949. Detoxicalion Mechanisms. 2nd Impr. John Wiley & Sons Inc., New York.

625. W illis, R. A.
1950. The Principles of Pathology. Eutterworth & Co., Publishers, London; C. V. Mosby

Co., St. Louis.
626. 1953. Pathology of Tumours. 2nd ed. C. V. Mosby Co., St. Louis, Mo.
627. W introbe, M. W.

1947. Clinical Hematology. 2nd ed. Lea and Febiger, Philadelphia.
628. W islocki, G. B.; Bunting, H.; and Dempsey, E. W.

1947. Further observations on the chemical cytology of megakaryocytes and other cells 
of hematopoietic tissues. Anat. Rec. 98: 527-538.

629. W islocki, G. B .; and Dempsey, E. W.
1946. Observations on the chemical cytology of normal blood and hemopoietic tissues.

Anat. Rec. 96: 277-349.
630. W islocki, G. B.; Riieingold, J. J.; and Dempsey, E. W.

1949. The occurrence of the periodic acid-Schiff reaction in various normal cells of 
blood and connective tissue. Blood, J. Hem. 4(5): 562-568.

631. W oodward, G. E.
1947. The Effect of Neutron Radiation on the Peroxidase and Catalase Activity of

Bone Marrow. Chap. 9, pp. 74-78, in Neutron Effects on Animals. E. McDonald 
Dir. Williams & Wilkins Co., Baltimore.

632. W oolley, D. W.
1957. Serotonin in Mental Disorders. Pp. 127-146 in Hormones, Brain Function, 

and Behavior. H. Hoagland, ed. Academic Press Inc., New York.
633. 1957. Manipulation of cerebral serotonin and its relationship to mental disorders. Sci

ence 125: 752.
634. W oolley, D. W .; and Shaw, E.

1953. Antimetabolites of serotonin. J. Biol. Chem. 203: 69-80  (Biol. Abst. 28 #13662).
635. 1953. An antiserotonin which is active when fed. J. Pharmacol. &  Therap. 108: 87-93

(Biol. Abst. 27 #30099).
636. 1954. Production of epileptiform syndrome in mice with an analog of serotonin. Fed.

Proc. 13 # 1074.
637. 1955. Methylserotonins as potent antagonists and mimics of serotonin. Fed. Proc. 14

#994.
638. W oolley, D. W .; Vanindle, E.; and Shaw, E.

1957. A method for increasing brain serotonin without incurring some of the peripheral 
effects of the hormone. Proc. Natl. Acad. Sci. 43: 128-133 (Biol. Abst. 
31 #17693).

639. W right, G. P.
1953. The Reticulo-Endothelial System. Chap. 3. pp. 59-81, in Recent Advances in 

Pathology. 6th ed. G. Hadficld, ed. Blakiston Co., New York.
640. Y oumans, J. B.

1955. Summary of the clinical aspects of bioflavonoids and ascorbic acid. Ann. New
York Acad. Sci. 61 (Art. 3): 729-731.



.158 UNIVERSITY OE COLORADO STUDIES

641. Zeller, E. A.
1956. The Fate of Histamine in the Body, with Particular Reference to the Enzymol- 

ogy of Histamine Oxidation. Pp. 339-355 in Histamine (Ciba Found. Sympo
sium). G. E. W . Wolstenholme and C. M . O'Connor, ed. Little, Brown & Co., 
Boston.

642. Zimmerman, H. M.
1943. Pathology of Vitamin B Group Deficiencies. Chap. 6, pp. 51-79 in The Role oj

Nutritional Deficiency in Nervous and Menial Disease. Vol. 22 of Res. Publ., 
Assoc. Nerv. & Ment. Dis. Williams & Wilkins, Baltimore.

643. Zondek, H.
1944. The Diseases of the Endocrine Glands. 4th (2nd English) ed. Williams & Wilkins 

Co., Baltimore.
644. Zucker, M. B.; and Borrelli, J.

1955. Relationship of some blood clotting factors to serotonin release from washed plate
lets. J. Appl. Physiol. 7: 432-442  (Biol. Abst. 29 #  13483).

645. 1956. Absorption of serotonin (5-hydroxytryptamine) by canine and human platelets.
Am. J. Physiol. 186: 105-110 (Biol. Abst. 31 #4733).

646. Zucker, M. B.; and Rapport, M. M.
1954. Identification and quantitative determination of serotonin in platelets, the source 

of serum serotonin. Fed. Proc. 13 #567.
647. Zweifach, B. W.

1939. The character and distribution of the blood capillaries. Anal. Rec. 73: 475-495.
648. 1953. An Analysis of the Inflammatory Reaction Through the Response of the Ter

minal Vascular Bed to Micro-Trauma. Pp. 77-86, 275 in The Mechanism of 
Inflammation. G. Jasmin and A. Robert, ed. Acta, Inc., Montreal.

649. 1955. Structural makeup of capillary wall. Ann. New York Acad. Sci. 61 (Art. 3): 670-
677.


