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ABSTRACT

THE ROLE OF H1 AND H2 HISTAMINE RECEPTORS IN THE PULMONARY MECHANICAL,

GAS EXCHANGE AND CARDIOVASCULAR RESPONSES OF NEONATAL CALVES TO

INTRAVENOUS HISTAMINE.

BY

Ronald Francis Slocombe

Histamine was administered by continuous intravenous infusion to

three groups of anesthetized ventilated calves. Group I received hista-

mine alone, Group II was pretreated with H1 antagonist and Group III

with H2 antagonist.

Histamine caused a decrease in cardiac output, increased heart rate

and systemic and pulmonary hypotension. H2 receptors mediated pulmonary

and systemic vasodilation and caused tachycardia. H1 receptor stimula-

tion resulted in pulmonary vasodilation and decreased cardiac output

without affecting heart rate. No H1 mediated effect could be clearly

demonstrated on the systemic vasculature.

In the lungs, histamine decreased dynamic compliance, increased air-

way resistance, increased lung pressure-volume hysteresis and increased

alveolar-arterial oxygen differences.



It was concluded that the adverse effect of histamine on pulmonary

mechanics and gas exchange results from H1 mediated constriction of

small and large airways. Weak H2 mediated peripheral airway dilation

was also demonstrated.
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INTRODUCTION AND LITERATURE REVIEW

Pulmonary disease in cattle results in sickness and mortality,

probably only second in importance to enteric disease. The development

of lung disease may be favored by the environmental conditions typically

encountered in calf rearing, and during normal management of the adult

herd. There are, however, anatomical and physiological differences uni-

que to cattle, that may favour the development of clinical disease. Some

of these aspects are discussed in detail below.

1. Cattle have higher basal respiratory rates and minute ventilation

than other animals probably as a result of a relatively small gas

exchange surface area in relation to basal oxygen consumption (Altman and

Dittmer, 1971; veit and Farrel, 1978). Respiratory rates may be further

accelerated in heat stressed cattle (Esmay 1969). The factors may not

only facilitate exposure to environmental hazards but may jeopardize gas

exchange in the face of relatively minor distrubances in lung function.

2. Bovine lung differs anatomically from many species in that lung

parenchyma is divided into discrete lobules (McLaughlin st 21, 1961:

Mariassy £5 31, 1975). Interconnections between alveolar membranes,

known as Pores of Kohn are of very limited number in cattle lungs

(Mariassy gt El! 1975).

Interconnections between adjacent lobules, known as collateral

pathways have been described in dogs, cat, man and horses (Robinson and

Sorenson, 1978: Woolcock and Macklem, 1971) but are absent in cattle.

1



Collateral pathways may deliver air to lung segments subtended by

obstructed airways and maintain gas exchange. In species such as cattle,

airway obstruction may have profound and lasting effects on gas exchange

because of ensuing atelectasis.

3. In species with unlobulated lungs, collapse of a lobule tends to

be prevented as a result of interdependence (tethering) by the

surrounding lung (Mead st 21, 1970). In calves with loose interlobular

connective tissue, interdependence may not occur and atelectasis may

develop more readily than in other species (Sylvester st 31, 1975). As

shown for isolated dog lung, (Robinson, manuscript in preparation) inter-

dependence is least effective in the ventral lung fields.

4. During breathing, energy is required to stretch the lung and

generate air flow. Work of breathing may become increased in pulmonary

disease (Gillespie £5 at, 1964, 1966) and a decrease in specific

conductance of cattle exposed to viral infection have been demonstrated

(Kiorpes and Bisgard, 1978). Although studies on the work of breathing

have not been conducted in naturally occurring cases of bovine pulmonary

disease, it is likely that work of breathing increases. Increased work

of breathing may limit growth and performance, and may compromise blood

oxygen availability in species with a normally low total alveolar

surface/basal oxygen uptake ratio. In addition, increased work of

breathing may lead to respiratory muscle fatigue and further compromise

lung function (Pardy st 21, 1979).

5. The bovine lung has been shown to have relatively few alveolar

macrophages (Mariassy 22.21! 1975: Rybicka 25.21! 1974). Alveolar

macrOphages function rely chiefly on energy generated by oxidative



phosphorylation, a process dependent on the availability of oxygen (Leak

35 El! 1964; Stossel, 1974). Thus, the bovine lung is likely to have a

limited alveolar macrophage response due to the small numbers available

and because hypoxia created by terminal bronchiolar obstruction may

reduce phagocytic activity. In addition hypoxia may depress the activity

of the mucociliary transport mechanism (Laurenzi and Yin, 1970).

That these effects of hypoxia are important in calves is supported

by the finding that reduced bacterial clearance rates closely correspond

to decreased regional oxygen tensions within the lung (Veit gt El! 1978).

6. Lysozyme is important in body defense mechanisms, particularly

against infection (Jolles 1975, Stossel 1974). Bovine granulocytes and

ocular secretions do not contain lysozyme (Padgett and Hirsch, 1969) and

its presence has yet to be demonstrated in bovine lung secretions (Veit

and Farrel, 1978).

7. Bovine pulmonary vasculature shows marked reactivity upon

exposure to hypoxia (Grover £5 31, 1963; Kuida 23.21! 1962: Jaenke and

Alexander, 1973). This may be an adaptive measure for, if the bovine

lung suffers from a propensity to develop atelectasis (for the reasons

previously discussed), pulmonary blood flow should be shunted away from

hypoxic lung tissue in order to maintain blood oxygenation, ie. to

minimize mismatching of ventilation and perfusion (Grant st 31, 1976).

This response is thought to be under local control (Grant 2; El, 1976;

Fishman, 1976) and chemical mediators, particularly histamine, have been

incriminated in the rabbit, rat (Kay and Grover, 1975; Range and Melmon,



1968: Shaw, 1971), cat (Shaw, 1971: Range, 1969), mouse, guinea pig and

sheep (Woods gt El! 1976). The role of histamine in hypoxic pulmonary

vasoconstriction of dogs (Tucker st 31 1976, 1977: Giordano 23 31, 1977;

Glazier and Murray, 1971), cats (Hoffman 35 El; 1977) and calves (Silove

and Simcha 1973; Kay and Grover 1975) is currently controversial. The

pulmonary hypoxic pressor response of calves has been shown to be

modified by environmental (Will 32 El! 1978) genetic (Will 22 31, 1975;

Weir gt El! 1974) and pharmacological influences (Silove and Grover

1968: Silove and Simcha 1973, Reeves £3 21, 1972) and not to diminish

with aging (Bisgard gt 2;, 1972). The large numbers of mast cells in

the bovine lung (Mariassy £5 21' 1975), with their attendant supply of

mediators, may be a necessary component of vasoregulation in the face of

local hypoxic stimuli (Fishman, 1976).

However, in cattle exposed to reduced atmospheric oxygen tensions

(as in high altitude environments) these mechanisms lead to the

inappropriate responses of pronounced pulmonary hypertension and right

heart failure (Alexander and Jensen, 1963; Grover £5 21, 1963). It

remains unknown whether pneumonia in cattle is complicated by mediators

released in response to local hypoxia.

Cattle are exquisitely sensitive to histamine (Desliens, 1958;

Nilsson, 1963.) Release of histamine as well as other mediators has

been suspected in diverse disease conditions in cattle, including

ruminal acidosis (Nilsson 1963; Ohga and Taneike, 1978) metritis and



mastitis (Nilsson 1963, Zarkower and Norcross l966) acute interstitial

pneumonia (Wilkie 1976, 1977, 1978: Moulton 33 21, 1963), Brisket

disease, passive cutaneous anaphylaxis (Wells and Eyre, 1972) and

generalized anaphylaxis (Eyre st 31, 1973).

Although antihistamines are commonly used in the treatment of hypo-

magnesaemia, an important role for histamine in this condition has not

been substantiated (Henry 35 21, 1977). NOt only is histamine one of

the putative mediators of anaphylaxis in cattle, but the lung has been

demonstrated as the principle target organ of bovine anaphylaxis (Wray

and Thomlinson, 1974; Aitken and Sanford, 1972).

The importance of histamine and other chemical mediators remains to

be determined for infectious bovine pulmonary disease. Histamine

depresses the pulmonary clearance of bacteria (Gilka st al, 1974a,

1974b). The effects of histamine on gas exchange and the mechanical

properties of the lung have not been studied in calves. Although a

large volume of literature exists regarding the physiopharmacology of

histamine in man, dog and guinea pig, cross species comparisons are

likely to be inaccurate since the bovine lung exhibits marked anatomical

and physiological differences as previously described.



Pharmacology of Histamine
 

Histamine was first synthesized in 1907 (Windaus and Vogt, 1907).

It is a diacidic amine of molecular weight 111, readily soluble in water

and stable under acidic conditions (Roth and Tabachnick, 1971). The

first

description of the (ni========C.CH2.CH2.NH2

 
pharmacological activity

NH N

of histamine was made in \\\\CH//¢

1910 (Dale and Laidlaw, 1910),

Histamine M.W. 111.

and since that time there have been a

great many reports concerning the biological activity of histamine.

Histamine is not uncommon in nature (Mettrick and Telford, 1963) and

can be found in plants as well as most animal tissues (Aviado and

Sadavongvivad, 1970; Brocklehurst 1960: Eliassen 1973). In mammals, it

is chiefly synthesized by tissue mast cells and basophils, but can also

be synthesized by other cells (Wicki and Schatzmann, 1977), particularly

in the fetus (Green 1962: Harrison 35 31, 1974).

The biological importance of histamine is not well understood. It

has widespread effects in most intact mammalian tissues, affecting smooth

muscle in the cardiovascular, pulmonary, urinary, gastrointestinal and

genital systems (Rocha e Silva, l966) Histamine stimulates exocrine

gland secretion and may cause release of catecholamines from the adrenal

medulla (Ploy-Song-Sang st 21, 1978, Roth and Tabachnick, 1971). It may

have a physiological role in reproductive function (Marcus £2 31, 1963;



Lerner and Carminati, 1977) and has been documented to cause excitation

in the central nervous system (Monnier £3 21, 1967: Schayer 1974:

Rosenburg and Savarie, 1964) and peripheral nerves (Chiou 25 31, 1976;

McGrath and Shepherd, 1978). In addition, it appears to be a growth pro-

motent found in high concentration in fetal tissues (Harrison, Peat and

Heese, 1974) and in recovering foci of inflammation (Boucek and Noble,

1973: Kahlson and Rosengren, 1968). It has been incriminated in fetal

cardiovascular responses during parturition (Woods 333 31, 1976).

However, histamine is most frequently incriminated as a mediator of

allergic and anaphylactic disease in a wide variety of species (Austen

and Orange, 1975; Piper, 1977; Brocklehurst, 1960; Collier and James,

1967).

Histamine release from mast cells is readily achieved using

appropriate antigenic stimulation. A wide variety of known allergens,

including moulds (Eyre, 1972), pollens (Bryant and Burns, 1976), pollutants

(Said, 1978) bacterial toxins (Brown, 1965), venoms (Fredholm and

Haegermark, 1968) and serum proteins (Metzger £5 21, 1978), may elicit

mast cell degranulation under natural conditions. Many chemicals

including 48/80 (Colebatch st 21, 1966), dextrans (Vaage 33 31, 1978),

radiographic contrast media (COgen £5 21, 1978, Ring 35 21, 1978), sur-

factants, antibiotics (Raab, 1968) and calcium ionophor also trigger

histamine release. In the intact animal, histamine release may be

affected by a wide variety of entities, including immunoglobulins (Vijay



and Perelmutter, 1977: Grant 35 21, 1972; Ishizaka EE,2$' 1978; Weyer 35

21, 1978), complement fragments (Grant st 31, 1977), enzymes such as tryp-

sin and chymotrypsin (Tolos st 21, 1975: Uvnas, 1963), phospholipase A

(Damerau £5 31, 1975) prostaglandins, prostacyclines and thromboxanes

(Engineer 35 21' 1978; Ercan and 'r'uirker, 1972; Walker, 1972), catecholami-

nes (Kaliner gt 31, 1972), kinins and serotonin (McGrath and Shepherd,

1978). Exposure to hypoxia may also affect histamine release (Fishman,

1976).

Control of the reactivity of basophils has recently been described in

a number of species (Austen 3; 21, 1976: Lichtenstein, 1976). The

control mechanism is believed to operate by alteration of cyclic

nucleotide levels (Ortez, 1976: Orange, 1976). Modulation of histamine

release can occur through the action of other mediators such as

prostaglandins (Orange, 1976) corticosteroids (Lee, 1977), catecholamines

(Moore, 1977) and acetyl choline (Reed 33 21, 1978). Furthermore, a rela-

tionship between pulmonary airway reactivity and cyclic nucleotide con-

tent in the lung has been demonstrated in rabbits (Kaukel £5 31, 1978)

but not clearly identified in dogs (Barnett st 21, 1978).

There are at least two binding sites for histamine, termed H1 and

H2 receptors, which are responsible for histamine's biological activity

(Chand and Eyre, 1975). Early studies concerning the biological effects

of histamine utilized the common antihistamines, such as mepyramine, to



block the conventional H1 effect. In 1972, the H2 receptor was

described and found antagonized by a new series of inhibitors typified

by cimetidine, metiamide and burimamide (Black 35 21, 1972, 1973).

Recently, histamine was shown to exert an effect, in the face of both

H1 and H2 antagonists, upon isolated equine tracheal muscle preparations

(Chand and Eyre, 1977), suggesting the presence of an H3 receptor. The

responses elicited by H1 and H2 receptor stimulation have been exten-

sively reviewed by Chand and Eyre (1975). Not only are these receptors

found in varying numbers in different organs, but their selective acti-

vation results in marked alteration of organ function.

Histamine modulates cyclic nucleotide levels (Math; gt‘gl, 1974:

Lichtenstein and Gillespie, 1975; Polson £3 31, 1974: Lichtenstein,

1976; Kaliner, 1977: Reed 32 21, 1978). H2 receptor stimulation in the

guinea pig (Math; 25 31, 1974) and human lung (Kaliner and Platshon,

1978) increases pulmonary levels of 3'5' adenosine monophosphate (cAMP).

H1 receptor stimulation decreases cAMP. However, in dogs, histamine

causes a net increase in cAMP in the lung mediated via H1 receptors

(Barnett £5 31, 1978). H1 receptor stimulation also causes increased

3'5' guanosine mon0phosphate (cGMP) in the lung (Barnett st 31, 1978;

Math; 22 21, 1974: Xaliner and Platshon, 1978). Similar increases in

cGMP are also produced upon cholinergic stimulation (Kaliner, 1977;

Kaukel st 21, 1978).

In general, H1 receptor stimulation causes increases in cGMP and



10

decreases in cAMP, and H2 receptor stimulation increases cAMP in most

tissues of a number of domestic and laboratory animal species (Chand

and Eyre, 1975: Platshon and Kaliner, 1978).

The implications of selective control of cyclic nucleotide levels,

both in the release of and control by histamine within the lung, are far-

reaching. The degree to which histamine participates in the various

clinical forms of pulmonary disease remains to be clarified, and perhaps

more importantly, it remains to be determined when participation of

histamine in the pulmonary disease leads to exacerbation or amelioration

of the condition.

Biologic effects of histamine
 

1. mines

Anaphylaxis in the guinea pig produces intense bronchoconstriction

and histamine is thought to mediate this response (Collier and James,

1967) primarily through H1 stimulation (Bernauer st 21, 1968).

Histamine induces contraction of both large and small airways, resulting

in increases in airway resistance and decreases in dynamic lung

compliance (POpa st 21, 1973: Drazen and Austen, 1974, 1975: Douglas 23

‘21, 1973). While the reversal of bronchospasm with anticholinergic

drugs has been documented (Drazen and Austen, 1975; Douglas 25 51, 1973,

1976), histamine has been shown to produce a peripheral constrictive

effect refractory to vagal blockade in the guinea pig (Drazen and

Austen, 1975) and cat (Cblebatch and Engel, 1974). In a study involving
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three calves, Aitken and Sanford (1972,) observed that the clinical

signs and postmortem findings of histamine given at 0.03 mg/kg intrave-

nously did not appear to be reduced in severity after vagotomy in

anesthetized calves. Similar studies do not entirely support this view,

as it has been reported that vagotomy does prevent the initial apnea

which occurs after histamine injection (Eyre £3 21, 1973). Alteration

of the airway responses to histamine by interaction with catecholamines

has also been demonstrated (Drazen, 1978; Collier and James, 1967: Pope

£5 21, 1973: Douglas £2 21, 1973). In horses, similar H1 effects were

reported in 1947 (Obel and Schmiterlow, 1947) and modification of the

response to histamine by vagal blockade or catecholamine administration

was noted. An H2 receptor-mediated bronchodilation was later identified

for the horse in an in 31259 study (Chand and Eyre, 1977).

Studies on the intact and isolated dog lung also indicate that hista-

mine H1 receptor stimulation leads to constriction of both large and

small airways and that effects on airway resistance can be counteracted

by vagal antagonism (Kira and Rodbard, 1971: Jackson 2E.Ell 1978:

Wasserman, 1975; Nisam £2 51, 1978). variability in the tonic vagal

activity influencing the airways at the time of histamine exposure may

alter the airway response to histamine (Loring £5 21, 1977, 1978; Benson

and Graf, 1977). Histamine directly stimulates dog (Bleecker gt‘gl,

1976; Dixon st 21, 1978; Vidruk st 21, 1977), cat and rabbit lung irri-

tant receptors (Mills gt 31, 1969: Hiserocchi st 21, 1978: Karczewski



12

and Widdicombe, 1969; Kaukel £3 21, 1978) but stimulation of neural

receptors indirectly is also likely via changes in the permeability of

the respiratory epithelium and by alteration of the mechanical and gas

exchange properties of the lung (Kaukel st 21, 1978; Coon £5 31, 1978).

Cross-species variability in the pulmonary response to histamine is

well known. The bronchoconstrictive effect of histamine aerosols, as

well as its release upon antigenic exposure, is well documented for man,

dogs and monkeys (Math; 22 21, 1973: Frey and Gold, 1978: Michoud £2

‘21, 1979: Simon et 21, 1977). The bronchoconstriction elicited upon

antigen or histamine exposure is thought the result of H1 receptor sti-

mulation (Casterline and Evans, 1977). In contrast, evidence from iso-

lated muscle strips indicates that, in sheep, histamine causes weak,

central airway bronchoconstriction mediated by H1 receptors and pro-

nounced peripheral airway dilation as a result of H2 receptor stimula-

tion (Eyre, 1975). Rats appear relatively resistant to the broncho-

constrictive effects of histamine (Church, 1975: Kaukel £3 21, 1978).

In man, histamine-induced bronchoconstriction causes decreased

maximal and partial forced expiratory flows, decreased specific airway

conductance (Rosenthal st 21, 1978), decreased vital capacity and

increased closing volume and total lung resistance (Newball and Kaiser,
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1973: Mitchell and Bouhuys, 1976). Cats exposed to histamine develop

decreased dynamic compliance and increased airway resistance (Cblebatch

33 31, l966a, l966b). These observations would support the contention

that, for most species studied to date, histamine can compromise lung

function. In addition, histamine may cause these abnormalities to arise

in naturally occurring cases of asthmatic lung disease in man. Hewever,

disagreement still exists for it has been reported that changes in lung

function tests in asthmatics may reflect prechallenge abnormalities in

lung function rather than alterations in histamine reactivity between

control and asthmatic patients (Brown‘s; 21, 1977a, 1977b).

Studies on the pulmonary effects of histamine in cattle have not

been extensive. Histamine is liberated $2.!iEE2 from bovine lung

undergoing anaphylaxis (Eyre, 1971) and the cardiovascular changes of

intact cattle undergoing anaphylaxis have been extensively studied.

These studies have not addressed changes in gas exchange or mechanical

properties of the lung. Anaphylaxis results in dyspnea, coughing and

hyperpnea frequently preceded by a period of apnea and cyanosis (Aitken

and Sanford, 1968, 1969; Ladiges £3 21, 1974, Wells 35 21, 1973; Eyre 22

21, 1973). Typical pulmonary lesions are congestion, hemorrhage, edema

and patchy atelectasis, with degeneration and desquamation of alveolar

epithelial cells and lymphatic distension (Wells 25 21, 1973: Ladiges
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it 21, 1974). Sludging of granulocytes in the pulmonary capillary beds

is also apparent (Wells e_t 21, 1973). Similar clinical and pathological

signs have been produced by intravenous injection of histamine (Wray and

Thomlinson, 1974: Aitken and Sanford, 1972) and have been reported in

isolated lung studies (Lewis and Eyre, 1972). After an initial period

of apnea, both histamine injection and anaphylaxis increase minute ven-

tilation, tidal volume and respiratory rate as measured by Wrights

respirometer or volume transducer methods (Burka and Eyre, 1974; Aitken

and Sandford, 1969, 1972; Lewis and Eyre, 1972; Eyre 35 31, 1973).

Histamine has also been demonstrated as important in passive cutaneous

anaphylaxis in the calf (Wells and Eyre, 1972). However, disagreement

still exists as to whether histamine is primarily responsible for the

pulmonary signs seen in cattle undergoing anaphylaxis. Plasma histamine

levels were found to increase in cattle undergoing anaphylaxis (Eyre st

‘21, 1973). However, this could not be demonstrated for other studies in

cattle (Aitken 1970; Wray and Thomlinson, 1974). Furthermore, a protec-

tive role for the classic antihistamines was identified in two studies

(Eyre & Wells, 1973; Eyre st 21, 1973) but could not be supported by the

findings of others (Aitken and Sanford, 1969, 1972: Wray & Thomlinson,

1974: Wells 22 21, 1974). Differences in challenge and sensitization

procedures are unlikely to account for the current disagreement (Aitken

e_t a_1, 1975).
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Iglyitgg studies indicate that the bovine trachea and bronchus

contract when exposed to histamine (Eyre, 1975; Kirkpatrick st 21, 1975:

Bullock and Kirkpatrick, 1976). The respiratory effects of histamine

infusion have been described in several studies, but none have addressed

the problems of gas exchange and mechanical properties of the lung. In

addition, some of the inferences concerning the respiratory effects of

histamine are questionable. From clinical observations and measurement

of minute volumes using a wright respirometer, Aitken and Sanford (1972)

concluded that H1 antagonists blocked the respiratory effects of hista-

mine, and that vagal activity was unimportant in the respiratory

response. However, the studies were performed on pentobarbitol anesthe-

tized calves. Pentobarbitol is known to depress the autonomic nervous

system and has been demonstrated to alter the effects of histamine

given to guinea pigs (Mordelet-Dambrine £5 31, 1977). In addition, stu-

dies measuring minute ventilation were performed on four calves,

including one vagotomized calf, and one calf premedicated with mepyra-

mine. These limited numbers were too mall to allow statistical com-

parisons between treatment groups. This study also involved the admi-

nistration of lethal doses of histamine (0.03 mg/kg) and may not reflect

the response of the lung to a physiologically realistic exposure.

In a more extensive study, again with pentobarbitol anesthetized
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calves (Eyre st 218, 1973), similar conclusions regarding the effects of

histamine on ventilation volume were made. HOwever, this study did find

that vagotomy reduced the apneic response caused by histamine. The stu-

dies by Wells, Eyre and Lumsden (1973) and Lewis and Eyre (1972) did not

explore the mechanism whereby histamine induces the change in minute

volume, or for the increased inspiratory resistance noted for one iso-

lated calf lung (Eyre gt 31, 1973).

Finally, it has yet to be clearly demonstrated that the antihistami-

nes as employed by wray and Thomlinson (1974), Aitken and Sanford (1969,

1972), Wells, Eyre, and Lumsden (1973), Eyre, Iewis and Wells (1973) can

adequately antagonize the high local concentrations of histamine that

could conceivably be achieved in lung tissue during bovine anaphylaxis.

The conclusion that histamine is unimportant in bovine anaphylaxis,

based solely on the failure of H1 antagonism to be protective for cattle

undergoing anaphylaxis may be in error.

11 Vascular effects of histamine
 

In vitro studies indicate that both the bovine pulmonary artery and

vein constrict upon histamine exposure (Eyre, 1971, 1975). In 2122

histamine causes a marked decrease in systemic arterial pressure and a

rise in pulmonary artery pressure (Aitken and Sanford, 1972: Eyre 32 21,

1973; Eyre and Wells, 1975: Lewis and Eyre, 1972). Reduction in heart
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rate was reported for one calf in a study by Aitken and Sanford (1972)

and was accompanied by a reduction in cardiac output (reported for two

calves). However, in gitgg experiments using isolated perfused calf

lung (Silove and Simcha, 1973) describe histamine induced pulmonary

vasodilation, contrary to the findings of the above in 3132 studies.

The systemic vasodepressive action of histamine in calves is

largely, but not completely prevented by H1 antagonists (Eyre & Wells,

1973; Aitken and Sanford, 1972) indicating that the principle systemic

effects of histamine are via H1 receptors (Elmes and Eyre, 1977). From

studies on calves undergoing anaphylaxis, it was concluded that

H2 receptor blockade potentiated the systemic vasodepressor effects,

suggesting a pressor response for systemic H2 receptors (Eyre and Wells,

1973). Furthermore, it was suggested that the depressive action of

histamine in calves that was unable to be blocked by H1 antagonism is

not due to H2 receptors, but rather due to incomplete H1 blockade. This

view has yet to be substantiated.

Eyre and Wells (1973), and Chand and Eyre (1975) indicate that, from

preliminary data, bovine pulmonary vasculature has H1 and H2 receptors

that function with effects Opposite to those found in the systemic

vasculature. The only data published to substantiate this view appears

to concern an ig_!itrg experiment where H1-mediated contraction of

pulmonary vein strips has been demonstrated (Burka and Eyre, 1974).
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Histamine given to intact calves has also been shown to produce

pulmonary edema (Lewis and Eyre, 1972; Aitken and Sanford, 1972; Gilka gt

.21, 1974; Ladiges st 21, 1974). Similar edemogenic properties of hista-

mine have been reported in sheep (Brigham, 1975; Harris gt El, 1978) and

in guinea pigs (Aarsen and Zeegers, 1972). In sheep, the ability of

histamine to induce pulmonary edema was blocked by H1 receptor antagonism

(Brigham, 1975).

The role of H1 and H2 receptors in the pulmonary and systemic cir-

culation of domestic animals has recently been reviewed (Chand & Eyre,

1975). Considerable Species difference in the distribution and response

of receptor types is apparent. In addition, receptor response has been

shown to vary with the state of smooth muscle tone (Barer EE.El' 1976),

histamine dosage (Barer st 21, 1976), and the type of anesthetic agent

employed (Woods 33 21, 1977). A systemic depressor response mediated via

H1 receptors and a systemic pressor response mediated via H2 receptors

suggested to exist for calves (Eyre and wells, 1973) has also been

described in horses (Hanna and Eyre, 1978) and guinea Pigs (Okpako,

1972a, 1972b; THrker, 1973; Goadby and Phillips, 1973). A similar role

for H1 and H2 receptor responses has been described for the pulmonary

vasculature of cats (Barer st 21, 1976). Although histamine produces

similar blood pressure changes in both dogs and calves (Borst st 21,

1957), the response to H1 and H2 receptor stimulation in the systemic
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vasculature appears opposite for these two species (Tucker £2 21, 1975).

Systemic HZ receptor responses also appear different from the calf, for

the chicken (Chand and Eyre, 1975) and the cat (Flynn and Owen, 1974)

where H2 receptor stimulation causes systemic vasodilation.

III Cardiac effects of histamine
 

Bradycardia often accompanies anaphylaxis in cattle (Aitken and

Sanford, 1969). The cardiac responses to histamine have not been criti-

cally evaluated in calves. Results quoted by Aitken and Sanford (1972),

were limited to single measurements performed once on two calves.

Results were not subjected to statistical analysis. In dogs,

H2 receptors exert a positive ionotropic effect as well as produce

tachycardia, while H1 receptors exert a mild negative ionotropic effect

(Tucker e_t _a_l, 1975). These findings are similar to those found in

guinea pigs (Zavecz and Levi, 1978), but disagree with the conclusions

of WOods gt 21 (1977), based on studies in sheep.

IV Immunological modulation by Histamine

Histamine has been demonstrated to modulate the inflammatory reac-

tion and development of an immune response (Chand and Eyre, 1975).

Histamine alters the responsiveness of neutrophils (Busse and Sosseman,

1976), eosinophils (Clarke 35 21, 1977), lymphocytes (Verhagen 32 El!

1977; Fox 23 31, 1979; Rocklin and Greineder, 1978; Plaut and Herman,

1978) and platelets (Allen and Eakens, 1978). Viral infections have
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also been demonstrated to directly affect inflammatory responses (Buss

£5 31, 1978), but it is not known whether they do so via alteration of

mediator receptor sensitivity.

In cattle, histamine is released from antigen-exposed leukocytes and

lung fragments (Holroyde and Eyre, 1975, 1976a, 1976b, 1977). The

release of histamine in bovine lung and leukocyte preparations is

enhanced by H2 receptor stimulation (Holroyde and Eyre, 1977), unlike in

man (Lichtenstein and Gillespie, 1973). The bovine granulocyte is also

notably different from other species in that fl-adrenergic stimulation

enhances rather than inhibits granulocyte release of histamine. The

bovine granulocyte is also different in that it is inhibited by “adre-

nergic stimulation (Holroyde and Eyre, 1976). This is the reverse of

the findings for catecholamine modulation of histamine release in human

and guinea pig basophils (Melmon and Bourne, 1974; Bourne st 21, 1974).

Because of the unique modulation found in bovine granulocytes, blood

borne leukocytes may serve to intensify inflammatory responses via a

positive histamine feedback mechanism, rather than to lessen it as

suggested in other species (Chand and Eyre, 1975).

The bovine lung may thus be exposed to histamine released under

allergic or infectious inflammatory processes, and perhaps exacerbated

by involvement of basophils.
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Exposure to histamine may also be increased due to abnormal ruminal

function (Wicki & Schatzmann, 1977), estrus (Crouch and Godke, 1978),

parturition and mastitis (Zarkower and Norcross, 1966; Zarkower, 1967a,

1967b).

As discussed, clinical respiratory disease is of major economic

importance in cattle. Physiological and anatomical differences in

cattle may make them comparatively susceptible to the development and

extension of pneumonia. Participation of histamine and other mediators

has been described for a wide variety of conditions in cattle, but the

importance of these mediators in the development and extension of

disease states in the lung remains to be determined. In addition,

pulmonary mechanical and gas exchange properties of the neonatal calf

lung have not been studied in detail. There is a need to develop non-

invasive pulmonary function tests for clinical and research purposes.

Many of the techniques currently employed in human medicine are

unsuitable for cattle, as these tests require alteration of patient

breathing patterns upon request.

The purposes of this study were to

a. determine the normal pulmonary mechanical, gas exchange and car-

diovascular properties of anesthetized neonatal calves,

b. describe changes in cardiovascular, gas exchange and pulmonary

mechanical properties of calves exposed to intravenous histamine

diphosphate.
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c. determine the relative roles of H1 and H2 receptors in the

bovine response to intravenously infused histamine.

d. develop a suitable experimental system for further research

regarding mediator effects on lung function, and for deve10pment of

pulmonary function tests suitable for adaptation to clinical situations.

Anesthetized, fixed-volume-ventilated calves were instrumented for

the study of the cardiorespiratory effects of intravenously infused

histamine (Group I), histamine infused after H1 blockade (Group II) or

histamine infused after H2 blockade (Group III).



MATERIALS AND METHODS

Purebred Holstein bull calves less than two weeks of age and

weighing less than 55 kg were purchased locally. The absence of

respiratory disease was confirmed by clinical examination prior to

anesthesia, measurement of arterial oxygen tension (Paoz) prior to

experimental studies, and by postmortem examination immediately

following completion of data collection. Animals were not fed for 12

hours prior to an experiment. Two hours before anesthesia was induced

calves received 1.5 liters of an oral multi-electrolyte

preparation.1 Animals were anesthetized by intravenous administration of

chloralose (100 mg/kg) and urethane (500 mg/kg) via a short

catheter2 placed percutaneously in the right jugular vein. Induction of

anesthesia was quiet if urethane were administered prior to the

chloralose. Additional anesthetic was not required during the course of

the experiment.

After anesthetic induction, animals were promptly intubated using a

cuffed endotracheal tube, and ventilated with a fixed-volume

ventilator.3 Tidal volume was approximately 15 ml/kg body weight and

respiratory rate was adjusted to provide an end expiratory carbon dioxide

concentration of 4% to 5% as measured by an infrared analyzer which

continuously sampled gas from the endotracheal tube.4 Animals were

 

1Ion-aid, Diamond Laboratories

2Venocath, Abbott

3Harvard Ventilator, Harvard Appliance Cb., Dover, Mass.

4Beckman LB-2 C02 Analyzer, Fullerton, Calif.

23
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placed in sternal recumbency and given intermittent deep breaths to

prevent atelectasis. With the exception of these maneuvers and during

measurement of static compliance, tidal volume and ventilatory frequency

were constant throughout the experiment. The left jugular vein and the

left carotid artery were surgically exposed. A polyethylene

catheter5 was placed in the carotid artery and a number 4 French, four

side hole, Teflon catheter6 placed in the left jugular vein. Catheters

were connected to pressure transducers7 and pressures were displayed on a

oscilloscope and continuously recorded8 after signal

amplification.9 Transducers were calibrated prior to each experiment

against a mercury manometer. The jugular vein catheter was advanced

until the tip lay in the pulmonary artery as verified by characteristic

pulmonary arterial pressure tracings displayed on the oscilloscope. In

two cases where difficulty was encountered in catheter positioning, pla-

cement was performed under fluoroscopic guidance. Catheters were

periodically flushed with heparinized saline.10I11 Pressure tranducers

were placed at the level of the heart base (between the central and lower

thirds of the chest).

Transpulmonary Pressure Measurement
 

An esophageal balloon catheter was made by perforating the distal 10

cm of a 100 cm Teflon catheter12 and attaching a 10 mm diameter, 10 cm

 

5Intramedic PE 190, Clay-Adams, Parsippany, N.J.

6United States Catheter and Instrument Corp., No. 5441, Glen Falls, N.Y.

7Statham P23 Db, Statham, Hato Rey, Puerto Rico

8Soltec Multipen Recorder Model B-38 II, Soltec, Sun Valley, Calif.

9PDV-22 Amplifier, Electronics for Medicine VR 6 Recorder, White Plains,

N.Y.

1oSodium heparin, Sigma Chemical Cb., St. Louis, Miss.

11Particle free saline, Fisher Scientific, Idvonia, Mich.

12Cordis No. 8 French femoral catheter, Cbrdis Corp., Miami, Florida
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long, thin walled, latex balloon to the distal end. The proximal 90 cm

of the catheter were encased in a polethylene sleeve13 to provide

sufficient rigidity to pass the catheter via the external nares into the

esophagus. The balloon catheter was connected to a differential pressure

transducer14 which was calibrated prior to each experiment against a

water manometer. In order to measure transpulmonary pressure the other

transducer port was connected via a similar 100 cm catheter to the

endotracheal tube at the level of the animal's muzzle. A small volume of

air (0.5 ml) was injected into the esophageal balloon, and the balloon

positioned at the point in the distal esophagus where excursions of

transpulmonary pressure were greatest during tidal breathing. Balloon

construction, placement and response times to an effective square wave of

0-30 cm H20 (100% in .030 seconds) were similar to that described by Mead

and Whittenburger (1953) and Milic-Emili st 21 (1964). In addition,

frequency response characteristics of the esophageal balloon were

balanced with those of the pneumotachograph, to minimize errors in

dynamic compliance measurements attributable to phase lag between flow

and pressure (Macklem, 1974)

Transpulmonary pressures, systemic arterial pressure and pulmonary

arterial pressure were continuously recorded using a multichannel pen

recorder.8

Measurement of Gas Flows and Tidal Volume
  

Inspired and expired gas flows were measured using a

pneumotachograph15 attached to the endotracheal tube and connected to a

 

.___..-

13Intramedic PE 320, Clay Adams, Parsippany, N.J.

”Statham PM 131, Statham, Hato Rey, Puerto Rico

8Soltec Multipen Recorder, Model B-38 II, Soltec, Sun Valley, Calif.

15Fleisch #1, Dynasciences, Bluebelle, Penn.
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differential pressure transducer,16 amplifier and recorder.9 The

pneumotachograph was calibrated at the termination of each experiment

with a rotameter17 and blower. Tidal volume was measured by electronic

integration of the flow signal. volume calibration was obtained by

injecting known volumes of air through the pneumotachograph.

Transpulmonary pressure, gas flow rates and tidal volume were recorded

simultaneously on a light recorder for subsequent calculation of static

compliance (Cstat.)' dynamic complicance (Cdyn)' airway resistance (Raw)

and the difference between maximal and resting transpulmonary pressure

(Ptp) .

Mechanics of Ventilation
 

1. Cdyn and Raw were measured by the method described by Mead and

Whittenberger, (1953). Briefly, dynamic compliance was calculated as

the ratio of tidal volume and the change in transpulmonary pressure

between points of zero air flow (figure 1a), at end inspiration and

end expiration. Pulmonary resistance was calculated as the ratio of

the change in transpulmonary pressures and change in flow rates

between mid-inspiratory and mid-expiratory points of equal volume

(figure 1b).

2. Static compliance. During recording of transpulmonary pressure, 200

ml. boluses of air, up to 1500 ml total, were injected18 then

withdrawn from the lung. A pause of a least two seconds between each

bolus allowed air flow to cease in the respiratory tract. The

 

16Statham PMS, Statham, Hato Rey, Puerto Rico

9PDV-22 Amplifier, Electronics for Medicine VR 6 Recorder, White Plains,

N.Y.

17
1 Rotameter, Fischer and Porter 00., Warminster, Penn.
Hamilton Syringe company, Whittier, Calif.
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procedure was also repeated after three vital capacity maneuvers in

which the lungs were inflated to a transpulmonary pressure of 30 cm

H20 (Fig. 2a). From the transpulmonary pressure data and lung

volume, a lung pressure volume curve was plotted. Static compliance

was calculated from the slope of the expiratory limb between

functional residual capacity (FRC) and FRC + 800 ml (Robinson 25 21,

1972). The area enclosed by the static pressure-volume plot was

measured by planimetry19 (Fig. 2b).

Pulmonary Gas Exchange and Cardiac Output
 

Alveolar oxygen tension (PAoz), dead space/tidal volume ratio

(Vd/Vt), alveolar-arterial oxygen difference (A-a D02) and cardiac output

were calculated using blood gas tensions, blood oxygen content, and mixed

expired gas composition.

1. Expired Gas Composition. Exhaled gases were collected in a Krogh
 

Spirometer.20 The spirometer was flushed by twice collecting exhaled

gas, before a third collection was taken for measurement of the mixed

expired oxygen fraction21 (FEoz) and mixed expired carbon dioxide

fraction4 (FEcoz) (see Fig. 3). Oxygen and carbon dioxide analyzers

were calibrated prior to each experiment using standard gases of

known composition.

 

19K & E Compensating Polar Planimeter, Keuffel and Esser Cb., Detroit,

Mich.

20Warren-Collins Co., Braintree, Mass.

21Beckman OM-14 Oxygen Analyzer, Fullerton, Calif.

4Beckman LB-2 C02 Analyzer, Fullerton, Calif.
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2. Blood Gas Measurements. Blood samples were drawn anerobically into
 

heparinized syringes from the pulmonary artery and carotid artery

catheters during collection of the expired gas samples. Care was

taken to draw large enough blood samples in order to minimize

dilution effects of the anticoagulant (Sattler, 1969; Hansen and

Simmons, 1977). Samples were immediately placed on ice and chilled

until measurement of blood oxygen and carbon dioxide

tensions,22 usually within twenty minutes. The blood gas analyzer was

calibrated for each pair of samples (carotid and pulmonary arterial

blood) using standard solutions and gases. Blood gas tensions were

corrected to body temperature (Nomogram from Severinghaus, J.W.) as

measured by rectal thermometer probe.23 Percent saturation of

hemoglobin was measured with an oximeter24 calibrated against an opti-

cal standard. At the time of blood withdrawal for blood gas analysis,

blood samples were also placed in EDTA coated blood collection vials.

These samples were later used to determine hemoglobin

concentration.zsr26

Alveolar oxygen tensions were calculated using the alveolar gas

equation. Cardiac output was calculated using the Pick principle, and

from measurement of heart rate, systemic arterial and pulmonary arterial

pressure at the time of blood sampling, stroke volume, systemic vascular

resistance and pulmonary vascular resistance were calculated.

 

22Radiometer Copenhagen Blood Micro System BMS3 Mk 2, The London Cbmpany,

cumum,mm

23YSI Telethermometer Model 41 TF, Yellow Springs Instrument company, Inc

Yellow Springs, Ohio

24A.O Micro-Oximeter SM 2700, American Optical Co., Buffalo, N.Y.

25Internaltional Microcapillary Centrifuge Model MB., International

Equipment Company, Inc., Boston, Mass.

26Fisher Haemophotometer, Fisher Scientific Co., Pittsburgh, Penn.
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Alveolar-arterial oxygen differences and dead space/tidal volume ratios

were also determined. (Equations used in all calculations are listed in

Appendix 1).

Experimental Design
 

All animals were anesthetized and instrumented as described. All

measurements described above were made repeatedly in the three groups of

calves as outlined below.

Statistical Analysis
 

Data were analysed in a two way analysis of variance using each animal

as its own control, in a completely randomized block experimental design.

All calculations were based on the .01 significance level. Mean

differences were statistically compared using Tukey's w procedure (Steel

R.G.D and Torrie J.H. 1960).

Group I

After control measurements were taken, histamine diphosphate was

continuously infused27 via the previously placed right jugular indwelling

catheter using a constant rate infusion pump.28 Infusion rates were

increased until at least a 50% increase in transpulmonary pressures was

noted during tidal breathing. Once a steady state was reached, data were

collected. Further measurements were taken 15, 30 and 60 minutes after

cessation of histamine infusion. In four animals, blood was taken,

 

27Histamine diphosphate, Sigma Chemical Co., St. Louis, Miss.

28Infusion Pump Model 940, Harvard Apparatus Co., Millis, Mass.
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immediately centrifuged29 and the plasma separated and frozen for

subsequent histamine analysis. (Courtesy: Dr. Ken Mathews, Allergy

Section, Medical School, Uhiversity of Michigan, Ann Arbor, Mich.). In

all group I calves, peak expiratory flows were determined by measurement

of the maximal flows recorded during passive exhalation.

Group 1;

After control measurements were taken, calves were given a single

intravenous bolus of the H1 antagonist, Tripelennamine, at a dosage of 5

mg/kg. Measurements were repeated 15 minutes after the bolus was

injected. Adequacy of H1 antagonism was assumed when the rapid

intravenous administration of the H1 agonist PEA31 at a dosage of 50

mcg/kg produced no observable change in either systemic or pulmonary

arterial blood pressure, or transpulmonary pressure. Histamine was then

infused at a dose similar to that used in the first group of calves.

Once steady-state conditions were achieved, measurements were repeated.

The infusion rate of histamine was doubled, and further measurements

taken. Additonal measurements were made 15, 30 and 60 minutes after the

infusion of histamine ceased.

Group III

Following control measurements, calves were given a single

intravenous bolus of the H2 antagonist, Metiamide32 at a dosage of S

 

29International Clinical Centrifuge Model CL, International Equipment

Co., Needham Heights, Mass.

3oTripelennamine, CIBA Chemical Cb.

31PEA, Courtesy: Smith Kline & French, Philadelphia, Penn.

32Metiamide, Courtesy: Smith, Kline and French Laboratories,

Philadelphia, Pa.
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mg/kg. Fifteen minutes after the injection, measurements were made.

Adequacy of H2 antagonism was assumed when the rapid intravenous admi-

nistration of the H2 agonist, Dimaprit33 (Schaff and Beaven, 1977) at a

dosage of 50 mcg/kg produced no observable change in blood pressures or

transpulmonary pressure. Histamine was infused as previously described,

and the rate adjusted until at least a 50% increase in transpulmonary

pressure occurred. Additional measurements were made at 15, 30 and 60

minutes after the infusion of histamine had ceased. Blood samples

withdrawn for measurement of hemoglobin content, as previously described,

were also used in the determination of haematocrit25 and total solids, as

measured by refractometer.34

 

33Dimaprit, Courtesy: Smith, Kline and French Laboratories, Philadelphia

Pa.

25International Microcapillary Centrifuge Model MB, International

Equipment Cb., Boston, Mass.

34American Optical Co., Buffalo, N.Y.



RESULTS

A. Group I

Histamine diphosphate was infused into five calves, at an average

dose rate of 24.4 mcg/kg/min of histamine base (range 15.2 to 38.0

mcg/kg/min). Cardiovascular, gas exchange and pulmonary mechanics

variables were measured during five periods, designated as follows:

”Control” - prior to histamine infusion.

”Histamine" - during histamine infusion, after steady state

conditions had been reached.

'15-PH”, ”30-PH' and '60-PH” - respectively 15, 30 and 60 minutes

after the infusion of histamine had ceased. All comparisons between

means were conducted at the .01 significance level.

1) Effect pp Pulmonary Mechanics
 

Infusion of histamine failed to alter Cstat (for mean values of all

measurements see Appendix B) but decreased Cdyn. to less than half its

control value. After vital capacity maneuvers (v.c.) ”histamine” and

control Cdyn. values did not differ (see Fig. 4, table 1a).

Histamine caused a greater than two fold increase in Raw (Fig. 5) and

Pt (Fig. 6). Vital capacity maneuvers did not alter the effects of
P

histamine on Raw (table 1b) and after vital capacity maneuvers,

Ptp measurements were not significantly different from mean ”control”

Ptp values.
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Histamine increased P-V hysteresis (Fig. 7) and peak expiratory flow

rates (PVEX) (Fig. 8) but these effects were significantly reduced by

vital capacity maneuvers (table 2).
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ii) Gas Exchange
 

PaOZ decreased 38 mm Hg below control values, due to a 34 mm Hg rise

in the (A-a) 02 difference (Fig. 9, table 3). Changes in PA02 and

VD/VT were not significant.

TABLE 3

Statistical comparison between means for Pa02 and (A-a) 02 differences

in Group I calves.

a. PaOZ (mm.Hg)

Histamine 15-PH 30-PH 60-PH Control

28.7 52.8 63.2 65.3 66.6
 

b. (A-a) 02 Difference (mm.Hg)

60-PH 30-PH Control 15-PH Histamine

39.7 40.5 43.1 54.5 77.0
 

* Means underscored by same line are not statistically significant at

the .01 level
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iii) Cardiovascular Effects pf Histamine

Cardiac output decreased by an average of 8.3 liters/min during

histamine infusion, and did not significantly recover in the hour

following the infusion (table 4a). The decrease in cardiac output was

accompanied by a decrease in pulmonary artery pressure (Fig. 10, table

4b). Significant increases in pulmonary vascular resistance could only

be demonstrated between “control" and ”GO-PH" mean values (table 4c).

Mean systemic arterial pressure decreased by an average of 74 mm Hg

during histamine infusion and failed to recover significantly over the

following hour (Fig. 11, table 5a). Systemic vascular resistance did not

change. Increases in heart rate occurred during histamine infusion, and

were accompanied by corresponding decreases in stroke volume (Fig. 12,

tdfleS).
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TABLE 4

Statistical comparison between means for cardiac output, pulmonary

artery pressure and pulmonary vascular resistance in group I calves.

a) Cardiac Output (liters/min)

15-PH 60-PH Histamine 30-PH Control

4.99 5.38 5.42 5.63 13.70

b) Pulmonary Artery Pressure (mm Hg)

Histamine 15-PH 30-PH 60-PH Control

19.8 23.8 28.2 30.0 30.6

 

9’ Pulmonary Vascular Resistance (mm Hg/Liter min'l)

Control Histamine 15-PH 30-PH 60-PH

2.48 3.85 5.07 5.27 6.19

 

* Means underscored by same line are not statistically significant at

the .01 level
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TABLE 5

Statistical comparison between means for systemic arterial pressure, heart

rate and stroke volume in group I calves.

a) Systemic Arterial Pressure (mm Hg)

Histamine 15-PH 30-PH 60-PH Control

41.4 54.6 63.0 69.2 115.4

 

b) Heart rate (beats/min)

Control 30-PH 15-PH 60-PH Histamine

154.4 185.2 189.2 189.8 224.8

 

c) Stroke volume (ml)

Histamine 60-PH 15-PH 30-PH Control

24.3 28.3 28.4 30.5 91.6

* Means underscored by same line are not statistically significant at the

.01 level
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Significant differences were found to exist between animals for the

following variables:

a) Pulmonary mechanics - Cstat' Cdyn! Raw! Ptp' PVEX,

PvHysteresis

b) Gas exchange - VD/VT' PAOZ, (A-a)02 Difference

c) Cardiovascular variables - Psyst.' Heart rate, Systemic

vascular resistance

iv) General Observations
 

Calves died soon after removal from the ventilator despite resuming

spontaneous respiration. At post-mortem, the small and large intestines

were frequently distended with gas and fluid and the lungs failed to

collapse completely. There was no gross evidence of atelectasis or

pulmonary edema.

v) Blood histamine levels
 

Mean plasma histamine levels rose from an average of 5.3 ng/ml prior

to histamine infusion to 196.9 ng/ml during histamine infusion.

Histamine levels had fallen to an average of 11.1 ng/ml by one hour after

cessation of histamine infusion.
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B. Group II

Measurements were taken during seven periods, as indicated below.

Studies were conducted on six calves.

”Control" - control measurement prior to H1 antagonist administration.

”H1 Block” - 15 minutes after the infusion of the H1 antagonist.

"Lo Hist” - during infusion of a low dose of histamine diphosphate

when steady state conditions were reached.

”Hi Hist” - during infusion of a high dose of histamine diphosphate

when steady state conditions were reached.

'15-PH”, ”BO-PH" and '60-PH” - measurement periods at 15, 30 and 60

minutes after the cessation of histamine infusion.

Rapid injection of the H1 antagonist, Tripelennamine (5 mg/kg I/V)

resulted in transient increases in resting and maximal FTP! and a

biphasic decrease/increase systemic arterial pressure response.

Spontaneous return to pre-injection values occurred within several

minutes (Fig. 13). No observed changes in blood pressures or

transpulmonary pressure occurred following subsequent rapid intravenous

administration of the H1 agonist PEA (50 mcg/kg). Histamine diphosphate

was infused at a mean ”low dose rate” of 44.4 mcg/kg/min (range 42.0 to

52.9 mcg/kg/min). The average "high dose rate” was 88.6 mcg/kg/min

(range 8401 to 10509 ng/kg/min).



F
I
G
U
R
E

1
3

T
y
p
i
c
a
l

t
r
a
c
i
n
g

f
r
o
m

a
c
a
l
f

g
i
v
e
n

a
r
a
p
i
d

i
n
t
r
a
v
e
n
o
u
s

b
o
l
u
s

o
f

t
h
e

H
1

a
n
t
a
g
o
n
i
s
t
,

t
r
i
p
e
l
e
n
n
a
m
i
n
e
.

D
i
s
p
l
a
y
e
d

o
n

t
h
e

v
e
r
t
i
c
a
l

a
x
i
s

a
r
e

s
y
s
t
e
m
i
c

p
r
e
s
s
u
r
e

(
P
s
y
s
t
i
v

p
u
l
m
o
n
a
r
y

a
r
t
e
r
y

p
r
e
s
s
u
r
e

(
P
p
a
)

a
n
d

t
r
a
n
s
p
u
l
m
o
n
a
r
y

p
r
e
s
s
u
r
e

(
P
t
p
)
'

T
h
e

t
i
m
e

a
f
t
e
r

i
n
j
e
c
t
i
o
n

i
s
p
l
o
t
t
e
d

o
n

t
h
e

h
o
r
i
z
o
n
t
a
l

a
x
i
s
.

66

 



T
r
a
c
i
n
g

f
r
o
m

c
a
l
f

“
l
5
.
"

H
,

a
n
t
a
g
o
n
i
s
t

i
n
j
e
c
t
e
d

V
i
t
a
l

c
a
p
a
c
i
t
y

P

m
a
n
e
u
v
e
r

-
s
y
s
t

l M
f
g
-
“
W
”

l
2
0

l
”
T
l
:

.l
«

H
“I

“
4
°

c
m
.
H
2
0

:
:

:
:

.
M
W
"

m
i
n
u
t
e
s

a
f
t
e
r

 

4
é

i
n
j
e
c
t
i
o
n
.

F
I
G
U
R
E

1
3

67



68

i) Pulmonapy Mechanics
 

Infusion of the H1 antagonist produced no significant change in

Cstat.' Cdynv PTPI P-V Hysteresis or Raw’ At approximately six times the

dose of histamine used in Group I calves, histamine failed to produce

significant changes in Cstat' Cdyn' FTP! or Raw“ Vital capacity

maneuvers significantly reduced the P-V hysteresis, in both control and

histamine infused calves. Unlike Group I calves, PVHysteresis values

during histamine infusion after vital capacity maneuvers were signifi-

cantly lower than control measurements (Figure 14, table 6).

ii) Gas Exchange
 

PaOz, (A-a)02 difference and VD/VT were not significantly affectd by

either the H1 antagonist or histamine infusion. Small changes in

PAOZ occurred (table 6b) but significant differences were only

demonstrated between ”control" and post-histamine infusion measurement

periods. These were associated with an increase of at least 6.5 an Hg in

PaCOZ, with the difference between “control” and ' 30-PH” values for

PaCOZ found to be significant at the .01 level (table 6c).
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iii) Cardiovascular Effects
 

There was no change in cardiac output during histamine infusion but,

at the high dose rate, histamine halved systemic vascular resistance and

decreased systemic arterial pressure by an average of 42 mm Hg (Fig. 15,

table 7). Heart rate increased in all measurement periods subsequent to

H1 antagonist administration (Table 8a). Changes in stroke volume were

not significant. Decreased pulmonary vascular resistance following

histamine infusion was accompanied by decreased pulmonary artery pressure

(Fig. 16, table 8b).

TABLE 7

Statistical comparison between means for systemic vascular resistance

and systemic pressure, Group II calves.

a) Systemic Vascular Resistance (mm Hg/Litre min“)

High Low

Hist Hist 15-PH 30-PH H1 Block 60-PH Cont.

5.50 5.64 8.28 9.39 10.51 10.86 11.31
 

 

 

b) Systemic Pressure (mm Hg)

H1 Hist Lo Hist Cont. 15-PH 30-PH 60-PH H1 Block

78.3 91.7 110.7 111.3 118.5 120.0 121.7

 

 

* Means underscored by same line are not statistically significant at

the .01 level
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TABLE 8

Statistical comparison between means for heart rate, pulmonary vascular

resistance and pulmonary artery pressure, Group II calves.

a) Heart rate (beats/min)

 

 

 

 

 

 

 

High Low

Control H1 block 60-PH 30-PH 15-PH Hist Hist

165.0 189.8 194.2 195.0 202.6 228.0 234.5

b) Pulmonary Vascular Resistance (mm Hg/litre min")

Lo Hist. Hi Hist 15-PH 30-PH 60-PH H1 Block Cont

1.71 1.97 2.28 2.56 2.74 3.15 3.45

c) Pulmonary Artery Pressure (mm Hg)

Hi Hist Lo Hist 15-PH 60-PH 30-PH Cont. H1 Block

27.0 27.8 30.3 30.5 32.7 35.7 38.2
 

 

 

* Means underscored by same line are not statistically significant at

the .01 level
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iv) General Observations

Significant animal to animal variation was found in Group II calves

in all variables measured. Unlike Group I calves, animals did not die

when removed from the ventilator despite receiving over six times the

dose of histamine as the first group. No lesions were observed on post-

mortem.
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C. Group I

Histamine diphosphate was infused into six calves at an average dose

rate of 11.9 mcg/kg/min (range 4.55 to 18.4 mcg/kg/min). Measurements of

pulmonary mechanical, gas exchange and cardiovascular variables were

performed during six periods designated as follows:

“Control" - prior to administration of H2 antagonist.

”H2 Blocker" - 15 minutes after the rapid intravenous injection of

metiamide (5 mg/kg).

”Hist“ - during histamine infusion, after steady state conditions had

been reached.

"15-PH, ”30-PH' and '60-PH" - 15, 30 and 60 minutes after cessation

of histamine infusion.

1) Effect 92 Pulmonagy Mechanics

Histamine infusion caused a decrease of 30 ml/cm H20 in Gay“ (Fig 17,

table 9). This effect was reversed by vital capacity maneuvers.

Raw doubled during histamine infusion (Fig. 18). Vital capacity

maneuvers failed to return Raw to control values. Increases in PTP (Fig.

19) and P-V Hysteresis (Fig. 20) caused by histamine, were reversed by

vital capacity maneuvers. No significant changes occurred in Cstat‘
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ii) Effects pp Gas Exchange
 

Histamine decreased Pa02 by an average of 41 mm Hg below control

values, with a concurrent increase in (A-a)02 difference of 44 mm Hg.

(Fig. 21, table 10). No significant change in PA02 or VD/VT was found.

TABLE 10

Statistical comparison between means for PaOz and (A-a)02

differences, group III calves.

a) P302 (mm Hg)

Hist. 60-PH 15-PH 30-PH Cont.

34.7 67.8 68.7 70.5 76.1

b) (A-a) 02 Difference (mm Hg)

H2 Block Cont. 30-PH 60-PH 15-PH

36.9 38.3 45.0 45.2 46.8
 

HZ BlOCk

76.8

Hist.

81.3

* Means underscored by same line are not statistically

significant at the .01 level
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iii Cardiovascular Effects
 

Cardiac output and stroke volume were significantly lower at "60-PH"

than at control levels but 'histamine'values were not significantly

different from those of the “control” period (Fig. 22). Histamine did not

change heart rate (Table 11).

TABLE 11

Statistical comparison between means for cardiac output and

stroke volume, group III calves.

a) Cardiac Output (litres/min)

60-PH Histamine 30-PH 15-PH H2 Block Control

6.52 7.32 7.35 7.40 9.63 11.52
 

 

b) Stroke volume (m1.)

60-PH 30-PH Histamine 15-PH H2 Block Control

37.0 43.2 43.8 47.0 60.9 68.3
 

 

* Means underscored by same line are not statistically significant

at the .01 level
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Injection of the H2 antagonist had no significant effect on pulmonary

or systemic arterial pressures and resistances. Systemic arterial

pressure decreased by an average of 62 mm Hg from "control” upon

histamine infusion and failed to recover to control levels even at

'60-PH' (table 12). Although highly significant differences were

obtained for systemic vascular resistance using the 2~way analysis of

variance, these differences could not be demonstrated as significant

using Tukey's w procedure. The largest difference between means was

between “histamine" and 60-PH.

A 10 mm Hg reduction in pulmonary artery pressure occurred during

histamine infusion (table 12) without any significant change in pulmonary

vascular resistance.

TABLE 12

Statistical comparison between means for systemic arterial

pressure and pulmonary artery pressure, group III calves.

a) Systemic Arterial Pressure (mm Hg)

Histamine 15-PH 30-PH 60-PH H2 Block Control

59.5 72.2 88.0 92.2 111.0 122.2
 

 

 

 

b) Pulmonary Artery Pressure (mm Hg)

Histamine 15-PH 60-PH 30-PH Control H2 Block

23.5 27.2 29.0 32.0 32.8 33.2
 

 

* Means underscored by same line are not statistically significant

at the .01 level
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Histamine infusion elevated packed cell volume (PCV) and hemoglobin

concentration (Hgb) and both remained significantly different from

control values at “GO-PH” (Fig. 23, table 13). Significant differences

in plasma total solids were also found. "Histamine” was not signifi-

cantly different from the control group mean of 4.61 gm/100 ml. Mean

total solids for the '15-PH' and '30-PH" periods were significantly

reduced from the control group, and the '30-PH' group was also less than

during histamine infusion (Table 13c).

General Observations
 

As in Group I calves, animals died shortly after removal from the

ventilator and had similar lesions upon post mortem examination.

Significant differences between animals existed for all variables,

except systemic arterial pressure, PaOz, VD/VT and (A-a) 02 difference.
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Statistical comparison

group III calves.

a) PCV (%)
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TABLE 13

between means for PCV, Hgb and TeSe,

 

 

Control H2 Block 30-PH 15-PH 60-PH Histamine

30.9 31.1 34.8 35.3 35.6 37.5

b) Hgb (g/100 ml)

Control H2 Block 30-PH 15-PH 60-PH Histamine

9.91 9.98 11.22 11.25 11.30 11.88

c) T.S. (g/100 ml)

30-PH 15-PH 60-PH Histamine Control H2 Block

4.31 4.33 4.46 4.55 4.61 4.65
 

 

 

* Means underscored by same line are not statistically significant

at the .01 level



DISCUSSION AND CONCLUSIONS
 

 

I. Pulmonary mechanics
 

Histamine infusion in calves greatly increased the maximal

transpulmonary pressure difference between onset and end inspiration, in

anesthetized, fixed volume ventilated calves. The mechanical forces that

lead to the development of changes in transpulmonary pressure have been

previously described (Mead and Whittenburger, 1953), and include iner-

tial, elastic and flow-resistive forces within the lung. Since flow-

resistive forces are chiefly influenced by the calibre of large airways

(Macklem gp‘gI, 1969; Macklem, 1976) changes in Raw indicate changes in

large airway calibre. The calculation of Cstat requires a cessation of

air flow within the respiratory tree and thus reflects chiefly the

elastic properties of the lung parenchyma (Macklem, 1975). Dynamic

compliance is calculated from points of zero flow in the respiratory

cycle, as measured at the mouth. A reduction in small airway calibre may

result in prolonged time constants for the lung segments affected by the

change in airway calibre, and flow may not have ceased in these segments,

when it approaches zero in the upper airways. As a result, inequalities

in time constants between lung segments lead to incomplete participation

of the lung units during the respiratory cycle and results in a decrease

in Cdyn' Dynamic compliance will also be influenced by changes in the

elasticity of lung parenchyma.

100



101

Histamine infusion, in the presence or absence of antagonists, failed

to alter Cstat' indicating that the elastic properties of the lung

parenchyma were not altered. The values reported for cayn in adult

cattle are considerably larger than those determined in our study

(Musewe SE aI, 1979), as would be expected because of the larger lung

volume in adult cattle. Our values are smaller than those reported in

healthy awake calves (Kiorpes pp EI, 1978). In our study, animals were

maintained under anesthesia, in sternal recumbency using a V trough for

support. Compression of the lower thorax and the dependent portions of

lung as a result of this restraint may have led to atelectasis and

restriction of lung expansion resulting in decreased lung compliance.

Values for Cstat have not been previously reported for calves, but were

similar to values reported for dogs and humans compared on the basis of

equal body weight or vital capacity (Altman, P.L. and Dittmer, D.S.,

1971).

Histamine infusion decreased Cdyn to less than half control values.

The response was not affected by H2 antagonism but was completely

blocked by H1 antagonism indicating principally an H1 receptor

response.

Control values for Raw in our studies were in good agreement with

those reported previously for calves (Kiorpes 33 2I, 1978). Histamine

caused two-fold increases in Raw that could be completely blocked by

H1 antagonism but Raw was unaffected by H2 antagonism. The changes in

Cdyn and Raw, but not Cstat indicate that histamine causes both small and
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large airway constriction in calves, and that these responses are due to

H1 receptor stimulation.

Vital capacity maneuvers were effective in reversing the effect of

histamine on Cdyn but not Raw' The effect of vital capacity maneuvers in

increasing Cdyn is thought to be related to the opening of previously

collapsed terminal airways and the redistribution of surfactant within

the lung, resulting in a lessening of surface tension forces (Mead 35 El!

1957). Since these changes occur chiefly in the lung periphery, central

airway dynamics and hence Raw are little affected. The beneficial

effects of forced inflation of the lungs on compliance have previously

been described in guinea pigs undergoing anaphylaxis (collier and James,

1967). Generally, we found small increments in Raw occurred after vital

capacity maneuvers were performed. These are probably related to minor

large airway constriction initiated as a vagal reflex resulting from lung

distension.

Pressure-volume hysteresis was calculated as the area enclosed by the

static pressure-volume loop and reflects, in part, the work of breathing.

It differs, however, from the work of breathing in that P-V hysteresis

does not include work required to overcome flow resistive forces within

the lung. The P-V hysteresis is affected by the elastic properties of

the peripheral airways and lung parenchyma and depends chiefly on the

critical opening pressure of small airways and surface tension forces.

All determinations of Cstat and P-V hysteresis were performed by
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injecting known volumes of air into the lung and always starting at

functional residual capacity. P-V hysteresis is affected by the volume

history of the lung, since large lung inflations open previously

collapsed terminal airways. Care was taken to measure P-V hysteresis

and Cstat only after the lungs had been inflated to the same tidal

volume for several minutes. Values for P-V hysteresis were then com-

pared, before and after vital capacity maneuvers. An increase in P-V

hysteresis is thus further evidence for small airway closure, and such

increases should be reduced by vital capacity maneuvers which would

reopen collapsed airways.

Histamine infusion increased P-V hysteresis. The response was not

blocked by H2 receptor antagonism, but was significantly reduced by vital

capacity maneuvers. H1 antagonism prevented the rise in P-V hysteresis

caused by histamine. Similar changes in hysteresis curves for isolated

cat and dog lungs exposed to histamine, and then given forced lung infla-

tions, have also been reported (Colebatch and Mitchell, 1971; Colebatch

and Engel, 1974). These findings support the conclusion that histamine

causes peripheral airway constriction via an H1 mediated response. Our

results indicate that ”2 receptor-stimulated calves, (histamine infused

after H1 blockade) given vital capacity maneuvers had significantly

less P-V hysteresis values than those of the control group, suggesting

a weak H2 receptor mediated peripheral bronchodilation occurred.

The airway constrictive effects of histamine have been extensively
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studied in many species and the species differences in pulmonary respon-

ses to histamine have been recently reviewed (Chand and Eyre, 1975;

Persson and Ekman, 1976). Our results in calves, which indicate that

central and peripheral airway constriction induced by histamine is an

H1 mediated response, are similar to those reported for man (Casterline

and Evans, 1977; Laitinen SE gI, 1976), dogs (Drazen 32 El! 1978; Krell,

1978; Nisam 2p El! 1978; Bradley and Russel, 1977; Irvin and Dempsey,

1978), and guinea pigs (Bernauer 35 2I, 1969; Collier and James, 1967;

Drazen and Schneider, 1977).

A possible relaxant effect of histamine on peripheral airways of calf

lungs mediated by H2 receptors has not been previously reported.

H2 mediated relaxation of peripheral airways has been described for

sheep (Eyre, 1973) and dogs (Drazen pp aI, 1978) using isolated muscle

strips, but could not be identified in guinea pig muscle strips (Drazen

and Schneider, 1977). H2 antagonists given to intact guinea pigs

undergoing anaphylaxis results in a lessening of the severity of respira-

tory distress, suggesting a similar role for H2 receptors in the guinea

pig lung (Drazen £2 gI, 1978). H2 receptor stimulation in dogs lessens

the histamine induced changes in peripheral airway resistance and

Cdyn when animals are concurrently exposed to or and/Badrenergic blockade

(Irvin and Dempsey, 1978). These results suggest a similar weak

H2 mediated response in dogs as we report for calves.



105

II Gas Exchange
 

The Pcoz values described for systemic arterial blood from unanesthe-

tized cattle (Musewe 35 2I, 1979) were in excellent agreement with those

found during control measurement periods in our experiments, indicating

that the controlled ventilation we provided was adequate for normal

C02 elimination. However, studies on young and adult cattle (Bisgard pp

gI, 1973; Donawick and Baue, 1968; Musewe pp gI, 1979) found PaOz values

which were about 10 mmHg larger than the values we describe. These dif-

ferences are probably related to the effect of anesthesia in our calves.

Our results were in good agreement with the PaOz values described in

older, unanesthetized calves (Kiorpes EE.2$' 1978).

Histamine profoundly affected the gas exchange properties of the lung.

Large decreases in Paoz (average decrease 38 mmHg) were accompanied by a

similar increment in the (A-a) 02 difference from 43 :_10 to 77 :_13

mmHg, during histamine infusion. The (A-a) 02 difference reported for 4-

6~week-old unanesthetized calves (Kiorpes pp gI, 1978) is considerably

less than noted in our study on younger, anesthetized calves. Anesthesia

results in chest compression, inhibition of sighing and terminal airway

closure, leading to an increase in the number of lung units with low

ventilation/perfusion ratios and the subsequent development of impaired

gas exchange. Differences between our results and those of Kiorpes 35

gI, (1978) may also have arisen because of age differences in the animals

used, since younger animals have higher (A-a) 02 differences. Histamine
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reduces PaOZ in sheep (Brigham 95 2I, 1976) and dogs when given intrave-

nously (Robinson and Slocombe, unpublished observations) or by aerosol

(Diamond, 1969). Inhaled histamine also reduces Pa02 in rabbits and

cats (Miserocchi SE El! 1978; Kaukel 2E gI, 1978). Pa02 and (A-a)

02 differences were unaffected by histamine when calves were premedi-

cated with the H1 antagonist, but H2 antagonism failed to exert any pro-

tective effect. These results indicate that the effect of histamine on

gas exchange properties of the lung is principally mediated by

H1 receptors, and in this respect, calf lungs behave in a similar

fashion to that of sheep (Brigham pp gI, 1976).

Impairment of gas exchange within the lung may result from alteration

of the alveolar membrane permeability to oxygen, decreased mixed venous

oxygen saturation, right to left vascular shunts, and ventilation/per-

fusion inequalities. The cardinal sign for the existence of ventilation-

perfusion (V/O) inequalities is the deve10pment of enlarged (A-a) 02

differences (West, 1969, 1977). Extensive airway constriction induced

by histamine is likely to generate lung units with low V/Q ratios.

Hypoxic vasoconstrictive responses are unlikely to be effective in main-

taining gas exchange in the face of such generalized airway constriction,

or reduced alveolar oxygen tension, as demonstrated for the coati-mundi,

an animal with lungs anatomically similar to cattle lungs (Grant 33 gI,

1976).

V/O abnormalities may also arise in the lung as a result of decreased

pulmonary perfusion. Histamine has been shown to decrease the pulmonary
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blood volume in isolated perfused cat lungs (Dawson EE.El' 1975). As

might be anticipted by a reduction in pulmonary blood flow, high V/Q lung

units are likely to develop. However, high V/O lung units do not greatly

affect the gas exchange prOperties of the lung, unlike low V/O units

(West, 1977). Histamine-induced decreases in cardiac output and altera-

tion of pulmonary vascular tone may disturb mechansims (currently

unknown) by which ventilation and perfusion are matched.

It remains to be determined to what degree V/O abnormalities in

calves develop as a result of histamine induced alterations in car-

diovascular function.

(A-a) 02 differences may also increase as a result of decreases in

the permeability of the alveolar membrane to oxygen. Histamine has been

demonstrated both I2 nyp and I2 yngp to alter the pulmonary vascular

permeability to fluids, in sheep (Brigham, 1975; Brigham gE‘gI, 1976;

Harris 35 gI, 1978), cats (Dawson EE.2£' 1975), guinea pigs (Aarson and

Zeegers, 1972) and dogs (Propst 35 2I, 1978). Histamine produced pulmo-

nary edema in a small number of calves given lethal doses (Aitken and

Sanford, 1972; Gilka pp gI, 1974). These studies for calves did not

measure rates of fluid flux within the lung as was done for the other

species indicated, but were based on autopsy examinations.

Histamine-induced pulmonary edema is an unlikely cause of the

impaired gas exchange we observed after histamine infusion for the

following reasons.
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a) Retention of C02 did not occur in the histamine-exposed calf.

Although the solubility of oxygen is much less than that of C02, and

02 exchange across edematous lung is likely to be more severely impaired

than for C02, the lack of C02 retention during histamine infusion indi-

cates that if edema does exist, it is not sufficient to reduce alveolar

ventilation enough to impair the elimination of C02.

b) In sheep, H1 blockade failed to prevent decreases in Pa02 caused

by histamine infusion (Brigham 35 El! 1976), but completely prevented the

ability of histamine to increase pulmonary vascular permeability and

cause lung edema. This indicates that impairment of gas exchange, at

least in the sheep, occurs independently from the deve10pment of pulmo-

nary edema.

Reduction in the mixed venous oxygen tension (P502) may result in

increased (A-a) 02 differences (west, 1977). Factors which may contri-

bute to a decline in P? 02 include a decrease in cardiac output, increase

in tissue metabolic rates and a "right displacement" of the oxyhemoglobin

dissociation curve. Histamine infusion decreased cardiac output and

systemic pressure and was accompanied by an average fall of 11 mmHg in

the P502. However, histamine did not alter, significantly, mixed venous

pH, or C02 tensions. Premedication with H2 antagonist failed to prevent

histamine-induced changes in PaOz, (A-a) 02 difference, cardiac output or

systemic pressure, but prevented significant decreases in P602. These

results indicate that the decrease in P502 experienced with histamine



109

infusion alone, had little influence on the development of large (A-a)

02 differences.

The dead space/tidal volume ratio (VD/VT) did not significantly

change for any measurement period. This would seem inconsistent with the

conclusion that histamine causes airway constriction, a response which is

expected to reduce VD/VT' However, histamine may reduce alveolar

membrane permeability to gases or, as believed more likely in these

calves, induce V/O inequalities. The latter influences tend to increase

VD/VT and may obscure decreases 1“ VD/VT caused by bronchoconstriction.

Our results demonstrate from studies of pulmonary mechanics

variables, that histamine causes both large and small airway constriction

as a result of H1 receptor stimulation. The reduction in Cdyn and

increased P-V hysteresis without change in Cstat demonstrates the pre-

sence of small airway closure, which leads to the development of V/O

inequalities within the lung, and the subsequent development of hypoxe-

mia as a result of impaired gas exchange.
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III Cardiovascular effects
 

Control values of arterial pressures and resistances, cardiac output,

stroke volume and heart rate were in excellent agreement with previously

reported studies on normal unanesthetized calves (Kuida pp El! 1961;

Reeves 33 aI, 1962).

a) Systemic vasculature
 

Previous studies have demonstrated the systemic hypotensive effect

of histamine (Aitken and Sanford, 1972; Lewis and Eyre, 1972; Burke and

Eyre, 1974; Eyre pp gI, 1973; Eyre and Wells, 1973). Our results indi-

cate that the decrease in systemic arterial pressure was principally the

result of a decrease in cardiac output, as no significant change in

systemic vascular resistance could be demonstrated, as a result of

histamine infusion. Antagonism by H2 antagonists appeared to potentiate

the effects of intravenous histamine, producing similar decreases in

systemic pressure and cardiac output, as in group I calves at half the

dose rate. Systemic vascular resistance did not change significantly in

the presence of H2 antagonism.

These changes indicate that the principle effect of H1 receptor sti-

mulation on the systemic circulation of the intact calf is to reduce

systemic pressure as a result of depression in cardiac output. Our

results support the conclusion that H2 receptors exert a beneficial effect

in cardiac output, as evidenced by the finding that H2 receptor blockade
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potentiates the effect of histamine without changing systemic vascular

resistance significantly. Our results are similar to those of Eyre and

Wells (1973) who reported a hypotensive effect of histamine which was

exacerbated by H2 receptor blockade. However, in their study, changes in

cardiac output were not evaluated, and their conclusion that H1 receptor

stimulation causes vasodilation, and H2 receptors cause vasoconstriction

did not account for the large changes in cardiac output which occur. Our

results do not provide conclusive evidence that systemic H1 receptor sti-

mulation causes vasodilation. Passive changes in transmural pressure

would be expected to increase systemic vascular resistance in the face of

decreasing blood flow. Since these changes were not detected in either

group I or group III calves, these results suggest the presence of an

H1 receptor—mediated systemic vasodilation. Furthermore, concurrent

catecholamine release at the time of histamine infusion may oppose any

systemic histamine induced vasodilation and mask any concurrent

H1 mediated vasodilation.

Under the influence of H1 antagonism, large doses of histamine caused

a decrease in systemic pressure and systemic vascular resistance, but were

not accompanied by a reduction in cardiac output. A decrease in systemic

pressure without change in cardiac output, subsequent to meypramine admi-

nistration, was observed in a study on one calf (Aitken and Sanford,

1972). Their results demonstrated the presence of a weak H2 receptor

mediated systemic vasodilation. An H2 mediated, systemic vasodilatory
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response has been demonstrated in cats (Hoffman 93 EI, 1977; Tucker 32

El! 1977) and dogs (Tucker 22 El! 1977).

This conclusion does not agree with that of Eyre and Wells (1973) who

concluded that the effects of H2 stimulation are vasoconstrictive.

However, the inability of Eyre and Wells (1973) to demonstrate a pressor

response in H1 receptor-antagonized calves when exposed to histamine, may

not be the result of incomplete H1 blockade, as they contend, but may also be

explained in terms of an H2 receptor mediated vasodilation.

The results we describe, and those of Eyre and Wells (1973) support

the conclusion that histamine causes systemic hypotension also via an

H1 mediated vasodilation. This conclusion disagrees with the findings of

an IE XEEEQ and isolated perfused limb study by Elmes and Eyre (1979) who

concluded that the vasoconstrictive effects they noted as a result of

histamine infusion were mediated by H1 receptors. They were unable to

demonstrate any H2 mediated vascular responses.

Differences in animal age, dosage of histamine, method of anesthesia

and blood oxygen content all influence receptor responsiveness (Barer pp

.aI, 1976; Hoffman 23 gI, 1977; Therman 2E aI, 1975, 1977; Tucker 25 El'

1977; Wood g£.aI, 1977) and may account for these differences.

b) Cardiac effects
 

A profound, histamine-induced decrease in cardiac output observed in

Group I calves, was accompanied by significantly increased heart rate and
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decreased stroke volume. Aitken and Sanford (1972) report bradycardia in

one calf, in a study composed of two calves. Heart rate was not measured

in the other calf, nor in a calf premedicated with mepyramine. Lewis and

Eyre (1973) examined cardiovascular responses in six calves exposed to

histamine, but did not report any changes in heart rate, stroke volume or

cardiac output. Our results indicate that the depressant effects of

histamine on cardiac output are chiefly mediated by H1 receptors since

H1 blockade prevented decreases in cardiac output. The results from

group II calves are conflicting to some degree, as significant increases

in heart rate were noted but no significant differences in cardiac out-

put or stroke volume were detected. H2 antagonism prevented the deve-

lopment of tachycardia but did not protect against the reduction in car-

diac output or stroke volume induced by histamine. These findings would

support the contention that H2 receptor stimulation principally causes

histamine induced tachycardia, and H1 receptor stimulation causes a

negative ionotropic effect. Similar roles for these receptors have been

described for the cat, dog (Tucker 32 El! 1975, 1977), guinea pig

(Zavecz and Levi, 1978), and sheep (woods gp‘gI, 1977) cardiac responses

to histamine, but have not been previously reported in cattle.

c) Pulmonary vasculature
 

Disagreement exists in the current literature concerning the effects

of histamine upon the bovine pulmonary vasculature. In constant flow,
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isolated neonatal calf lung preparations histamine induces vasodilation,

even under hypoxic conditions (Silove and Simcha, 1973). As in the

results we report, histamine was found to decrease pulmonary artery

pressure in anesthetized calves (Burka and Eyre, 1974). However, it is

also reported that histamine infusion causes increased pulmonary artery

pressure in pentobarbitol anesthetized calves (Aitken and Sanford, 1972;

Lewis and Eyre, 1972; Eyre and Wells, 1973). The reasons for the

disparity remain obscure, apparently not related to differences in

anesthesia, histamine dosage or degree of hypoxia. Of interest, the stu-

dies we report, and those of Silove and Simcha (1973) employed neonatal

animals, in comparison to the older calves used in studies reported by

others. Unidentified factors which alter the vascular tone of the pre-

paration also may profoundly alter responsiveness to histamine (WOods pp

EI, 1976; Barer £2 EI, 1976).

Experiments Ip nggp, using muscle strips, have demonstrated

constriction of both bovine pulmonary artery and vein preparations upon

histamine exposure (Burka and Eyre, 1974; Eyre, 1971, 1975; Lewis and

Eyre, 1972). The results from I2 yngp experiments do not correlate well

with our results in which a constriction of pulmonary vasculature (and

hence an increase in pulmonary vascular resistance) could not be

demonstrated. The principle cause for a decrease in pulmonary artery

pressure appeared to be the large decrease in cardiac output. Our

results regarding pulmonary vascular resistance must be interpreted with
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some caution, since they reflect resistance to flow as measured at the

pulmonary artery catheter tip, and because measurement of left atrial

pressures was not performed.

Because of the great compliance of the pulmonary vascular bed, a

reduction in pulmonary artery pressure normally increases pulmonary

vascular resistance, as a result of passive vessel collapse (Burton,

1965). Our results indicate concurrent histamine induced vasodilation is

probably occurring, thus maintaining pulmonary vascular resistance at

control values, in the face of a decreasing cardiac output and pulmonary

artery pressure. The response to histamine was unaffected by premedica-

tion with metiamide, indicating that stimulation of H1 receptors probably

causes pulmonary vascular dilatation.

Blockade of H1 receptors prevented the decrease in cardiac output

induced by histamine but resulted in a decrease in pulmonary vascular

resistance and pulmonary artery pressure, indicating a vasodilatory

effect mediated by H2 receptors. A similar conclusion for the role of

H2 receptors in the bovine pulmonary vascular bed was reached by Eyre and

Wells (1973) based on preliminary work yet to be published. Of interest,

based on the same information, Eyre and wells concluded that

H1 receptors cause vasoconstriction and that mepyramine blocks this

effect. From a single observation in one anesthetized calf premedicated

with mepyramine, Aitken and Sanford (1972) came to a similar conclusion.

Our conclusions regarding the effects of histamine on the bovine
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pulmonary vascular bed support those by Silove and Simcha (1973) and

indicate that the vasodilation caused by H1 and H2 receptor stimulation

in the bovine pulmonary vascular bed appears similar to that described

in cats (Black 33 aI, 1972). However, in most other species, including

the cat (Tucker 2E gI, 1977; Hoffman 25 BI, 1977), H1 receptors are

thought to cause pulmonary vasoconstriction.

d) Vascular permeability
 

Hemoglobin concentration rose significantly after histamine infusion

in group I and group III calves but not group II.

Measurement of plasma total solids and packed cell volume were also

performed on group III calves. Plasma total solids were significantly

lower than control values, in the measurement periods subsequent to hista-

mine infusion, but packed cell volume increased.

These results indicate that there was a net loss of protein from the

vascular compartment. The increase in packed cell volume and hemoglobin

concentration may have been the result of splenic contraction subsequent

to catecholamine release, but may also have developed as a result of

fluid loss from the vascular bed. Affected calves were noted to have

increased fluid content in the gut and the lungs upon postmortem exami-

nation. Our results indicate that the vascular effects of histamine are

not antagonized by H2 receptor blockade, suggesting that the effects of

histamine on vascular permeability in the calf are due to H1 receptor
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stimulation. A similar role for H1 receptors has been reported in sheep

(Brigham £3 BI, 1976) and in dogs and horses (Kozlowski 2E.2i' 1979;

personal communication). The production of edema in the isolated bovine

foot, as a result of histamine infusion, has also been shown to be the

result of an H1 mediated effect (Elmes and Eyre, 1977).

From our results, it would appear that stimulation of H1 receptors in

the cardiovascular system of the neonatal calf resulted in systemic and

pulmonary vasodilation, increased vascular permeability and marked nega-

tive ionotropic effects on the heart. Stimulation of H2 receptors also

produced systemic and pulmonary vasodilation, but resulted in mild posi-

tive ionotropic effects on the heart as well as the development of tachy-

cardia. It is not yet known to what degree autonomic reflexes influenced

the development of cardiovascular abnormalities induced by histamine

infusion.
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SUMMARY

The results of the present study indicate that:

The detrimental effect of intravenous histamine on pulmonary

mechanical function and gas exchange in the calf relate chiefly to

H1 receptor stimulation.

Histamine causes both small and large airway constriction, via the

H1 receptor. "

Stimulation of lung H2 receptors results in a small degree of

peripheral airway dilation.

The impaired gas exchange which develops following histamine

infusion probably occurs as a result of peripheral airway

constriction and the subsequent development of ventilation/perfusion

inequalities in obstructed lung segments.

Stimulation of H1 receptors in the cardiovascular system causes

systemic and pulmonary hypotension, predominantly by a negative

ionotropic effect on cardiac output, although some H1 mediated

vasodilation of the pulmonary and systemic vascular beds is also

suspected.

Stimulation of H2 receptors in the vascular system causes pulmo-

nary and systemic vasodilation and subsequent hypotension.

Stimulation of cardiac H2 receptors results in tachycardia.
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APPENDIX A

Equations used in calculation of indices described under the

section "Materials and Methods."
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1. Alveolar oxygen tension (PAOZ)1
 

PAC02 I-R

PA02 = P102 - R — + PACOZ ‘ F102 ’ R

where P102 is inSpired oxygen partial pressure

PACOZ is alveolar carbon dioxide partial pressure

FI02 is the oxygen fraction in inspired air and

R is defined as

PECOZ

R:

 

PIOZ ' PENZ

 

' P202

P1N2

where PECOZ is expired carbon dioxide partial pressure and PINZ,

PENZ are the inspired and expired nitrogen partial pressures.

Since it was assumed that

a) inspired C02 concentration was negligible,

b) PACOZ equalled PaCOZ where PaC02 was defined as systemic arterial

carbon dioxide pressure then the working form of the alveolar Gas

Equation was reduced to

PaC02 I-R

PAOZ = 9102 - + PaCOz . F102

 

 

 

1 From Alveolar Gas Equation "Respiratory Physiology" - The essentials

J.B. West. Williams & Wilkins. 1975.
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V
D

2. Dead space/tidal volume ratio

VT

VD paco2 - PECOZ

VT 3: PaC02

PaC02 Systemic arterial carbon dioxide tension.

PECOZ Partial pressure of expired carbon dioxide.

 

3. Cardiac output (D)

From the Pick principle 6 = V02 1

 

Ca°2 ' C502

where V02 = net oxygen uptake

Cao2 - arterial oxygen content

 
C502 - mixed venous oxygen content

V02 8 Minute Ventilation (F102 - F302) where F102 2 fraction of oxygen

in inspired air.

FE02 = fraction of oxygen in expired air.

 

1 West, J.B.: Respiratory Physiology-The essentials. Williams &

Wilkins, 1975.
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Oxygen content = 1.34 x % sat. x Hgb. + .003 x P02

where P02 = 02 partial pressure.

% sat = % saturation of hemoglobin,

Hgb. - hemoglobin concentration.

The constant 1.34 relates the volume of oxygen that will be bound by

1 gm of hemoglobin, under standard conditions of temperature and

pressure.2

% sat, Hgb and P02 are determined for arterial and mixed venous

samples in order to calculate (c302 - c502).

 

2 Slonim, N.B. and Hamilton, L.H.: Respiratory Physiology, 3rd edition,

1976. CoVo meY C00, Saint Innis.



APPENDI X B

Tabulated values of the means for all variables measured at the

designated measurement periods.

Means for variables which failed to change significantly in

response to histamine are also presented in this Appendix.

144



1‘15

 

 

1
9
0
9
1

1
0
°
a
n

:
1
9
l
u
n
-
u
o
a
m
o
q

9
9
0
0
9
1
9
3
3
1
0

3
0
9
3
1
3
1
1
1
6
1
9

.
.

     

    

      

     
  

  
  

  
 

  
 

2
1
°
9
1

9
1
°
0
1

1
0
°
1
1

6
9
°
1

z
9
°
6

(
L
-
H
T
F
J
O
Q
I
I
I
P
H

I
I
I
)

2
1
1
9

6
1
°
9

1
2
°
9

1
0
°
9

9
9
°
:

9
9
°
:

(
h
i
m
-
«
n
u
l
b
n

I
I
I
)
m
a

0
°
0
9

1
°
9
1

9
°
9
5

9
°
6
1

9
°
0
9

(
6
0

I
I
I
)
"
1
1
.
.

1
°
6
9

0
°
9
9

9
°
9
9

9
°
1
9

9
°
9
1
1

(
6
9
I
I
)
'
"
"
a
.
.

r
6
9
1

r
9
0
1

r
6
9
1

9
°
9
8
:

9
°
9
9
1

(
W
I
/
9
:
9
9
0
)

9
:
9
9

9
1
9
9
9
.
.

9
°
0
2

9
°
0
9

9
°
0
1

9
°
9
7
.

9
°
1
6

(
1
'
)

°
1
o
a
a
x
o
n
s
"

(
u
r
n
/
9
1
9
2
1
1
)

9
9
°
9

9
9
°
9

6
6
°
9

z
9
°
9

0
1
°
9
1

3
0
6
2
0
0

0
9
1
9
1
9
0
.
.

1
°
6
9

9
°
0
9

1
°
9
9

0
°
1
1

1
°
9
9

(
6
9

I
I
)

2
0
0

(
9
4
)
.
.

9
°
9
9

1
°
9
9

9
°
1
9

1
°
0
7
.

9
°
9
9

(
6
9

I
n
)

2
0
1
:
1
1
.
.

0
°
9
0
1

1
°
9
0
1

9
°
1
0
1

9
°
9
0
1

1
°
6
0
1

(
6
0

I
n
)

3
0
9
.
:

9
°
1
9

9
°
1
9

1
°
9
9

3
°
1
9

1
°
1
9

(
9
)

M
I
0
1
1

9
°
9
1
.

1
°
2
0

9
°
9
1

9
°
6
1
.

1
°
9
1

9
°
9
0

9
°
9
0

6
°
9
6

1
°
0
1

9
°
1
9

(
m
l
/
1
9
:
1
1
)
”
"
3
1
"

9
9
°
9

c
z
°
9

0
9
°
1
.

9
0
°
6

9
0
°
1
.

0
9
°
0
1

0
2
°
0
1

9
1
°
0
1

9
9
°
1

“
‘
0

(
0
3
1
1
«
m
°
m

‘
3
4
.
.

1
9
°
:

1
9
°
9

9
0
°
:

0
1
°
9

z
z
°
9

9
0
°
1

1
1
°
9

1
1
°
9
1

1
9
°
:

9
1
°
9

(
0
3
9
I
n
s
t
a
n
t
)

9
1
9
9
.
:
q
u
A
-
a
u

1
1
0
°

9
9
0
°

0
6
0
°

1
0
0
°

1
6
0
°

9
9
0
°

6
1
1
°

9
1
1
°

1
9
0
°

9
9
0
°

(
h
a
n
d
o
u
t
/
0
3
9

I
s
)
“
a0
.

r
a
n

0
°
9
6

O
‘
t
t
t

1
°
0
6

1
°
9
2
1

9
°
9
1
.

0
'
“

9
°
1
9

6
°
9
1
1

0
°
9
1

(
o
z
n
I
n
n
-
1

M
"
3
.
.

0
°
9
9
1

9
°
z
9
1

1
°
z
9
1

1
°
9
9
1

r
1
1
1

9
°
9
9
1

9
°
9
9
1

0
°
0
9
1

1
°
9
9
1

1
°
9
9
1

(
0
3
1
1

I
l
a
/
1
'
)
"
"
3

G
A

0
A

3
A

0
A

0
A

3
A

0
A

0
A

0
A

3
A

1
.
1
3
9

0
1
0
3
0
1
1

1
0
:
1
3
.

0
1
0
1
0
1
1

1
9
3
3
'

”
c
a
n

m
y

0
3
0
3
0
:
;

1
0
3
3
9

o
z
o
z
o
q

1
1
1
-
0
9

1
1
1
-
0
9

1
1
4
-
9
1

9
9
1
-
9
9
1
9

1
0
1
9
9
0
0

9
1
0
1
x
9
1
1

9
0
1
1
9
:
)

I
d
a
m

 



146

Group II Calves

 

 

 

 

 

 

 

 

 

 

 

 

  

Variable 1 Control 81 Block Low Hist. High Hist. 15-PH 30-pa 60-PH

**PA02 100.0 93.6 95.4 94.7 91.9 91.2 89.8

Pa02 82.2 78.3 77.1 75.4 74.2 79.5 77.4

(A-a) 002 23.4 21.2 23.7 24.4 23.6 17.1 17.7

vD/vT 23.2 24.8 22.6 23.0 20.7 25.2 29.6

Cardiac Output 10.76 12.62 19.32 15.29 16.10 13.71 11.47

Stroke vol. 65.7 66.3 83.3 67.7 81.7 71.3 59.3

9.Heart Rate 165.2 189.8 234.5 228.0 202.2 195.0 194.2

9*p8y3t. 110.7 121.7 91.7 78.3 111.3 118.5 120.0

"Ppa 35.7 38.2 27.8 27.0 30.3 32.7 30.5

PVR. 3.45 3.15 1.71 1.97 2.28 2.56 2.74

**SVR. 11.31 10.51 5.64 5.50 8.28 9.39 10.86         
Units for variables are as listed for group I calves.

** Significant differences between means at the .01 level.
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