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Four genetic lines of domestic turkeys were investigated to

obtain data on hemophysiological factors. The relationship of these

factors to the onset of Deep Pectoral Myopathy (DPM) was studied.

Areas investigated were blood pressure, plasma lipoproteins, plasma

enzyme creatine phosphokinase, and erythrocyte membrane fatty acids.

The investigation describes changes in hemophysiology which occur

relative to the presence or absence of DPM and to the sex, age, and

reproductive status of the birds.

Comparison of mean systolic and diastolic blood pressure values

has -shown that males have higher systolic and diastolic pressures

than females of the same line and age. Lower pressures are found in

myopathic lines. Blood pressure normally increases with age.

Decreased blood pressure, possibly related to estrogen levels, was

observed in reproductively active females.

Hens of the DPM line measured over a period of six months

showed fluctuations in blood pressure prior to and during onset of

DPM. The incidence of DPM was 35% lower in hens fed a 5%



fat-supplemented diet (DPM-FS) compared to hens fed a standard

breeder ration. No significant difference in blood pressure was

observed between the two diet groups. The lipoprotein profiles

(LPP) of DPM-FS hens closely resembled LPP of normal MWC hens.

Among four genetic lines, LPP was generally similar when the

sexes were compared with each other at the same time of the year.

Males and females when sexually inactive had very similar LPP.

During the reproductive season all females had large increases in

low density lipoprotein (LDL) and decreases in high density lipo-

protein (HDL). Reproductive males had increased LDL without

significant decreases in HDL. When a female became broody during

the reproductive cycle her LPP resembled a non-reproductive LPP.

The in-production pattern reappears when egg-laying is resumed.

Creatine Phosphokinase (CPK) enzyme activity levels were

similar to levels found in chickens. Levels of CPK increased as

reproductive cycle activity declined. Males of normal lines, MWC

and BBC, had similar CPK levels prior to exercise stress. Following

stress the BBC males attained significantly higher enzyme levels

compared to MWC males. Peak values occurred 24-48 hours post-

exercise. Enzyme clearance times were 19 hours for BBC and 26 hours

for MWC males. In a low stimulus environment DPM line hens main-

tained lower average CPK levels than did a normal MWC hen. When

subjected to strenuous exercise the DPM hens attained higher peak

levels and took longer to clear the enzyme and return to pre-exercise

levels.

Significant differences in the percentage of erythrocyte



membrane fatty acids 16:0, 18:0, 18:1, and 18:2 were detected in

turkeys tested at 17-19, 23, and 32-33 weeks of age. The most

significant differences were in fatty acids 16:0 (DPM higher) and

18:2 (DPM lower) at 17 weeks, in 16:0 (DPM higher) at 23 weeks,

and in 18:1 (DPM higher) and 18:2 (DPM lower) at 33 weeks.

Heterozygous crosses (DPM-Broad Breasted Bronze) gave progeny

with erythrocyte membrane fatty acids generally resembling the MWC

line at younger ages and the DPM line at older ages.

Erythrocyte membrane lipid weights were highest in DPM turkeys

at 17-19 weeks of age, and lowest at 23 and 32-33 weeks. Turkeys

afflicted by DPM had higher membrane lipid weights than did

non-afflicted turkeys at 17-19 weeks of age and lower weights at

23 and 32-33 weeks.

Significant differences in hemophysiological factors were

found between DPM and MWC turkeys. The diagnostic value of

these factors for detection of defective genotypes is limited by

practical management considerations of the turkey industry.
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In the beginning God created the
turkey and placed him in the forest. The

turkey lived happily and begot many sons
and daughters. He was healthy and it was
good.

Now man has recreated the turkey.
We've placed him in a big house with
many brethern and the turkey lives
unhappily and cannot reproduce without
his re-creators. Disease is rife and he
is not healthy. It is not good.

Dr. H. John Barnes
Iowa State University
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HEMOPHYSIOLOGY IN THE PATHOGENESIS OF DEEP
PECTORAL MYOPATHY IN THE TURKEY

I. INTRODUCTION

Background and Literature Review

A myopathy of the deep pectoral muscle (DPM) in turkeys was first

detected in 1967 by inspectors on a processing line in Salem, Oregon.

The defect was most frequently found in titrkey breeder hens sent for

slaughter at ages exceeding one year. The defect was reported from

different flocks of five separate strains with incidence varying from

one to nine percent of the birds slaughtered (Dickinson et al. 1968).

The affected breast muscle was not marketable and economic loss to the

producer-breeder occurred as a result of the down-grades on whole body

carcasses.

The condition, as originally described by Dickinson and co-workers

(1968), was a degenerative myopathy characterized by unilateral or

bilateral green-colored, non-infectious, degenerative areas involving

only the caudal two-thirds of the Pectoralis profundus (supracoracoideus

or deep pectoral) muscles. The degenerative process left a mass of

fibrous connective tissue and a depression in the contour of the

superficial muscles overlying the site of the lesion. Dickinson's

first report and subsequent papers have suggested that the etiology

involves an ischemic response to localized vascular failure. A cause

for vascular failure was not determined by Dickinson.
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The myopathic condition was originally referred to as a

"degenerative myopathy" in turkeys (Dickinson et al. 1968, Harper et

al. 1969, Harper and Helfer, 1972, Harper et al. 1975). In some papers

the defect was also called "green muscle disease" (Harper, 1971,

Pettit and Van Dreumel 1973, Sutherland 1974, Harper et al. 1975,

Henrichs et al. 1979). British investigators refer to the defect as

"Oregon breast muscle disease" or "Oregon disease" (Jones et al. 1974,

Jones, 1977, Anon 1978, Siller et al. 1978a, 1978b, 1979, Wight et al.

1979b). Less commonly used names were "hereditary myopathy" (Harper

et al. 1971), "hereditary pectoral myopathy" (Sutherland 1974), and

"ischaemic pectoral myopathy" (Henrichs et al. 1979). More recently

the defect became known as "deep pectoral myopathy" (Orr and Riddell

1977, Siller and Wight 1978, Siller et al. 1978a, 1978b, 1979, Wight

et al. 1979a). The latter name will be used throughout this

dissertation.

Following the initial detection and description of the myopathy,

the incidence in turkeys reported by Oregon processors increased from

1.05% in 1968 to 2.61% in 1970 (Harper et al. 1971). High flock

incidence went from 10.2% in 1968 to 24.9% in 1970 (Harper 1971).

Harper and co-workers (1971, 1972) began to investigate this defect by

developing a line of medium white turkeys specifically selected for

expression of the defect. Early matings within this line produced an

incidence of 6.2% in male progeny and 25.3% in female progeny.

Presence of myopathy was determined by palpation and usually was first

detected at 44 weeks of age. Biochemical tests of lactate
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dehydrogenase (LDH), glutamic oxaloacetic transaminase (GOT) and

cholesterol levels were inconclusive as screening methods. Nutritional

studies involving supplementation of the diet with vitamin E, selenium

and methionine showed no significant difference in incidence between

supplemented groups and control groups. Body weight averages at four

different ages for both males and females showed insignificant

differences between the supplemented and control groups. Also, there

were no significant differences in body weight among females with or

without myopathy. Vaccination procedures, infectious organisms and

artificial insemination techniques were eliminated as causative agents

(Harper and Helfer 1972).

The first report from outside the United States came from Canada

in the form of a letter sent to the editor of the Canadian Veterinary

Journal. Pettit and Van Dreumel (1973) wrote to alert Canadian

scientists of the presence of the defect in Canadian flocks and its

economic importance to the turkey industry and to consumers. The

incidence reported in Ontario was variable between 2.3% and 35.7% of

processed birds examined. They urged the help of colleagues in

determining the incidence in other Canadian provinces. In their

discussion of the histopathology of "deep pectoral muscular dystrophy"

they related their data to the published reports on degenerative

myopathy and mistakenly assumed that these descriptions referred to

the same myopathic condition. Confusion of the two conditions was

perpetuated in a later publication by Sutherland (1974) who reviewed

the literature in an effort to contribute information on the etiology

and pathogenesis of DPM. The distinctions between hereditary muscular
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dystrophy and DPM were made clear in subsequent publications by

Harper et al. (1975) and Schmitz and Harper (1975).

Meanwhile, in England, J. M. Jones and co-workers (1974) were

conducting comparative studies of affected muscle tissue taken from

turkey breeder hens obtained from the British processing lines.

Comparison of the ultrastructure of normal and lesioned tissues

indicated curved striations due to displacement of groups of myo-

fibrils, fiber separation, degradation of I bands and Z lines,

disruption of the sarcoplasmic reticulum, and degenerated mito-

chondria (see Fig. I-2b, I-3a). The affected tissue contained

increased amounts of albumin and less protein than normal tissue.

They considered that their findings supported a vascular defect

hypothesis in the etiology of deep pectoral myopathy. They based

this support on three factors: (1) discolored lesions had been

reported in necrotic muscle with occluded vessels, (2) accumulation

of serum albumin does occur in affected tissue at sites of muscle

damage, and (3) curvature of fiber striations with Z and I band

degradation is similar to effects seen in ischemic necrosis in mouse

leg muscle.

Meanwhile, Harper continued to develop the DPM line of turkeys.

Genetic studies were carried out using this inbred line of birds

selected over a period of many years from stock originally obtained

from several sources, which included a processor, a breeder, and

pedigreed stock of the Oregon Agricultural Experiment Station. The

original breeding group represented five strains of Medium White and



Large White turkeys. Selection for increased incidence was

accomplished by mating unrelated individuals exhibiting the defect,

or closely related individuals from families with a comparatively

high incidence. Progeny from the matings were retained to 72 weeks

of age and regularly palpated to detect the presence or absence of

myopathy. Screening on the processing line was occasionally done to

verify the diagnosis made on live birds. Results of these genetic

studies verified earlier indications (Harper et al. 1969, 1971) that

deep pectoral myopathy is an inherited defect in turkeys (Harper

et al. 1975). The myopathic trait was found to be polygenic, with

variable expressivity and penetrance, and with higher incidence in

females. Selection to increase the incidence also caused earlier

occurrence and a reduction in the difference in incidence between

sexes. Because of the variability in expressivity and penetrance of

the trait, Harper et al. (1975) hypothesized "that environmental factors

might be interacting with the polygenes involved to increase the

incidence in birds of the same breeding." He cited observations of

variation in incidence on the same genetic stock under different

management regimen and on the same genetic stock in different years

under the same management. Harper also hypothesized that the

intensive selection practices in the turkey industry to develop

larger pectoral muscles may have altered the vascular structure

relative to the muscle and affected blood flow to the supracora-

coideus muscle. He noted that deep pectoral myopathy in broiler-

breeder chickens had been detected in birds processed by the
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Veterinary Diagnostic Laboratory of Oregon State University.

Broiler-breeder chickens have also been intensely selected for

increased muscle size.

In 1975, Page and Fletcher also reported cases of deep pectoral

myopathy in chicken broiler-breeder hens. These lesions were

described as ranging from steatosis, striation loss, fragmentation

of fibers and mineral deposit. However, in these cases a clinical

response was attained by oral administration of Vitamin E and

selenium. This was in direct contrast to the findings for turkey

DPM where there is no response to supplemental Vitamin E and

selenium (Harper and Helfer 1972). Page and Fletcher also reported

that the myopathy occasionally involved muscles other than the

supracoracoideus. These included the superficial pectoral and the

ambiens. The myopathy described by Page and Fletcher affected three

different strains of birds 27 to 32 weeks of age being fed four

different rations. A possible relationship between Cassia seed con-

taminated rations and these flocks was suggested by Page and Fletcher.

Richardson et al. (1980) reported that a flock of seven-week-old

broiler chickens developed an incidence of 5% acute DPM following

handling for trait evaluations. This was the first time DPM was

reported in young, growing chickens.

Investigations of DPM now began to focus on the nature of the

vascular supply to the pectoral muscles. From Canada, Orr and

Riddell (1977) reported their work on experimental obstruction of

selected arteries and veins and examination of resultant infarcts.
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Gross and microscopic examination revealed similarities between

lesions of DPM and experimentally induced infarcts. Experimentally

induced lesions resulted only when both arteries and veins (cranial

and caudal pectoral) were ligated. One of the major arteries

supplying the supracoracoideus, the sternoclavicular, was inaccessi-

ble to experimental ligation. The authors believed that this vessel,

with companion veins, would most likely be involved should DPM be

caused by vascular lesions. Although they could not demonstrate

this event directly, the site of the spontaneous lesion was

consistent with the anatomical area served by the sternoclavicular

artery. Orr and Riddell reported that infarcts were difficult to

achieve experimentally and that only two of six turkeys developed

infarcts as a result of experimental procedures. They hypothesized

that some degree of venous obstruction is involved when the affected

muscle becomes hemorrhagic and edemic during early stages of DPM.

In late 1977, at the British Agricultural Research Council's

Poultry Research Centre, Edinburgh, Scotland, Drs. Walter Siller,

P. A. L. Wight, L. Martindale, and D. W. Bannister experimented with

White Leghorn chickens. They were able to induce deep pectoral

lesions by completely occluding the subclavian artery (Siller et al.

1978b). Seven of the nine chickens operated upon developed lesions

similar to the lesions of spontaneous DPM seen in turkeys.

Encapsulation of the necrotic areas was not observed in the chickens

due to the earlystage of the lesion. Gross necropsy showed that two

chickens failed to develop discernible lesions by 18 and 30 days
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after successful occlusion of the artery. Postoperative activity of

the plasma enzymes glutamic oxaloacetic transaminase and creatine

kinase was increased in three experimental chickens compared to three

sham-operated chickens. All three of the experimental chickens

sampled for plasma enzyme activity developed deep pectoral lesions.

Unfortunately, enzyme activity was not sampled in those experimental

birds which did not later develop lesions (Dr. Bannister personal

communication).

Siller and Wight (1978) reported their observations of the gross

and microscopic pathology of deep pectoral myopathy of turkeys.

Their paper provides a convenient collection of information on gross

and microscopic pathology and these observations are included in the

following description of the pathology of DPM.

Deep pectoral lesions can be grouped into three categories: acute

lesions, subacute lesions, and chronic lesions. Characteristics

of an acute lesion are a swollen, edematous and pale supracoracoideus

with thickened fascia often covered by greenish or clear gelatinous

material, and prominent, congested fascial vessels. The acutely

necrotic area extends throughout the entire thickness of the middle

third to three-fifths of the muscle. In subacute lesions the edema had

subsided and the necrotic areas contrasted in color with healthy

surrounding tissue. Green surface areas and bands of green penetrate

the pale, dry necrotic areas. The transitions between healthy and

necrotic tissue can be abrupt or diffuse. Chronic lesions show well

defined necrotic areas and homogeneously greencolored, dry and



brittle muscle bundles enclosed in a dense connective tissue capsule.

Erosion and remodelling of the sternal bone adjacent to necrotic

muscle tissue is seen in some cases. Hemorrhage is often seen in

association with necrotic areas. Histologically the anterior part of

the muscle is essentially normal away from the site of the acute

lesion and some Zenker's degeneration, fibrosis, and extension of

reparative and granulation processes occur adjacent to the necrotic

area. The central necrotic region contains swollen, eosinophilic

muscle fibers showing discoid necrosis. Nuclei are faint or absent,

and considerable inflammatory activity occurs at the edges of the

lesion. Macrophages and multinucleated giant cells are present.

The fibrous capsule is composed of acellular collagenous tissue

externally and vascularized granulation tissue internally. Intra-

cellular pigment bodies containing iron (hemosiderin) have been seen

in some of the macrophages. Ceroid-like cysts are found in the

collagenous part of the capsule and in the sternal periosteum next

to the necrotic lesion. The posterior region of an affected muscle

often differed histologically from the anterior area as well as the

central necrotic area. When the posterior area was atrophic and pale

many of the muscle fibers were replaced by fat cells and the

remaining fibers were atrophic but had prominent striations and

nuclei. Interstitial fibrosis is common and appears to originate

from the capsule surrounding the central lesion. Blood vessels

appear to be normal and neuromuscular junctions give a positive

reaction to cholinesterase tests.
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Vascular lesions were not seen in the healthy anterior part of

the muscle. Thrombosis, intimal proliferation and aneurysms were

found in and around the necrotic tissue. The necrotic tissue was

avascular and the overall supply of branch arteries to the muscles

were probably reduced. Coiling of vessels near the necrotic zone

was seen in angiograms and confirmed by histological sections (see

also Fig. I-8b).

Siller and Wight (1978) offer several hypotheses and suggestions

concerning the pathology of DPM. They agreed that failure of the

blood supply is responsible for the ischemic necrosis but are

uncertain whether the vascular lesions seen are primary or secondary

and thus the significance of these lesions as an initiating cause of

the myopathy is questionable. They suggest the possibility of

arteriospasms due to stress or other traumatic, events as precipitants

of an ischemic response. They indicate that the collateral blood

supply to the supracoracoid may be only sufficient for maintenance of

this little-used muscle in domestic turkeys. They found that the

diseased muscle shows coiled "cork screw-like" arteroles which are

said to be characteristic of a developing collateral system. They

cite morphological similarities between DPM and focal necrosis of the

longissimus dorsi muscle of pigs in which the latter disease is

believed due to an "hereditary enzyme deficiency superimposed by

stress." Encapsulation and cellular removal of necrotic tissue

reduces the size of the lesion which is then replaced by scar tissue

or other healthy tissue without regeneration of muscle fibers. They

could not explain fat cell replacement in the posterior part of the
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muscle on the basis of late stage denervation atrophy since the

cholinesterase reaction was positive. Siller and Wight (1978) claim

that one of the effects of DPM is the degradation of respiratory

pigments (cytochromes) since normal muscle optoacoustic peaks at

430 nm are eliminated from the spectrum of the green necrotic muscle.

Concurrent with the 1978 work of Siller and Wight were investi-

gations carried out at the Institute of Pathology, London Hospital

Medical College, London, England, and the Food Research Institute,

Norwich, England. Henrichs et al. (1979) studied micropaque

perfusion angiograms of eight affected and unaffected turkey deep

pectoral muscles and described the abnormalities seen relative to

the distribution of necrotic areas. Histological examination was

accomplished with a standard stain series and histochemical

procedures. Standard histology gave results essentially the same as

that of Siller and Wight (1978). Histochemically the tissues within

the lesion were reactive for ATPase at pH 4.3 (Type I fibers) and

unreactive or poorly reactive for phosphorylase and NADHtr. Normal

muscle tissue taken from unaffected parts of lesioned muscles were

strongly reactive for ATPase at pH 9.5 and 4.3, moderately reactive

for phosphorylase, and showed both light and dark reactive fibers

with NADHtr. Somewhat similar results were obtained from histo-

chemical procedures conducted at Oregon State University in 1977 and

1978 (unpublished research data). Henrichs et al. (1979) observed

anomalies of the vascular supply to the pectoral muscles in all birds

examined as well as differences in vascular pattern between the two
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sides in individual birds. There was variation in origin, size, and

length of the caudal pectoral artery. Extensive collateral circula-

tion was seen in some muscles in the area supplied by this artery.

The smallest deep pectoral lesions were found in those muscles having

a long and prominent caudal pectoral artery. Largest lesions occurred

when this artery was short and less prominent. Size and length

variations were also seen in the cranial pectoral and the sterno-

clavicular arteries. The authors did not include vascular measure-

ment data to support these statements of a relationship between

severity of myopathy and size of the peripheral vascular supply.

They conclude that the histological features of DPM are consistent

with infarction or ischemic necrosis. They also suggest, as

previously done by. Orr and Riddell (1977), that DPM is very similar

in appearance to infarction seen in the anterior tibial compartment

syndrome of man. The infarct is precipitated by unaccustomed

exertion which traumatizes the muscle causing intramuscular edema

and a rise in pressure within the fascia bound anterior tibial

compartment. The result is vascular impairment and hemorrhagic

infarction. They state that the anterior tibial muscles of man and

the white pectoral muscles of the turkey consist of similar Type I,

fast-contracting, oxidative, ATPase dependent fibers. They

hypothesize that the variability in size and length of arteries may

predispose certain birds to development of ischemic necrosis in

those muscle areas located distally along the vascular supply line

and confined by the interfascicular septa. Sudden muscular effort
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such as wing flapping under stress could lead to deep pectoral muscle

infarcts. They suggest prevention of the disease by selective

breeding from birds known to be unsusceptfble to the defect.

Siller et al. (1978a) followed through on the suggestion of

Henrichs et al. (1978) that sudden exercise of little-used deep

pectoral muscles may induce ischemic necrosis in those muscles.

They studied the effect of voluntary wing movements on the deep

pectoral muscles of broiler-breeder and layer-breeder chickens and

on young turkeys. They found that two brief episodes of wing

flapping caused acute necrosis of the supracoracoid muscle in all

the turkeys tested, in 73% of the caged broilers, and in 40% of the

penned broilers. None of the layer chickens were affected. These

authors also cite the analogy of the anterior tibial compartment in

man and the compartmentalized turkey supracoracoid muscle which is

bound by the sternum and a tough inelastic fascia. Sudden exercise

(wing flapping) causes the muscle to swell within the compartment.

Compression of the blood vessels is followed by ischemic necrosis.

They suggest that sufficient wing flapping occurs during normal

handling procedures to induce myopathy in susceptible individuals.

Wight et al. (1979a) investigated the significance of vascular

abnormalities in the development of DPM in chickens. They studied

the effect of experimentally induced activity of the supracoracoid

muscle under the conditions of normal and temporarily occluded

vascular supply to the muscle. Induced muscular contraction without

vascular occlusion was sufficient to cause deep pectoral lesions in
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broilers whereas in light-weight strains both muscle contraction and

occlusion of vessels was necessary to produce lesions. Temporary

arterial occlusion alone did not cause necrotic lesions. The authors

suggest that there are defects in the supracoracoid muscle of broiler-

type fowls. These defects predispose broilers to necrotic lesions

when the muscle is exercised. The development of DPM was not thought

to be the result of pre-existing vascular abnormalities although the

authors conclude that the vascular supply to the supracoracoid may

be barely adequate and thus susceptible to interference.

Siller et al. (1979) continued their investigations of the

"compartment" theory in the pathogenesis of DPM by performing

fasciotomies on the inelastic fascia covering the ventrolateral

surface of the supracoracoid muscle of broiler-breeder hens.

Fasciotomy was followed by electrical neurostimulation or wing

flapping exercise of the muscle. Results showed that no deep

pectoral lesions occurred in muscles having successful full-length

fasciotomies. In one case there was a myopathic lesion under

remaining intact fascia where fasciotomy was incomplete. In all

cases typical DPM lesions were observed in muscles of the contra-

lateral control side. They note that fasciotomy will not prevent

lesions in muscles when arterial occlusion was performed to cause

the ischemia in the muscle. Localization of the lesion to the

central third was thought to be due to the longer time that pressure

was sustained in the central area. Peripheral regions would be more

quickly drained of transuded fluid by the lymphatics. Intramuscular
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nerve damage from compression was also suggested.

Wight et al. (1979b) experimented with ways to reduce the

incidence of DPM by changes in management procedures and husbandry

practices. One group of turkeys was raised under conditions of

minimal disturbance. These birds were never handled for weighing or

insemination and they were raised in one pen from day-old to adult in

an isolated building without an outside view. Limited access was

enforced and the daily routine was unchanging. A second group was

floor-reared, placed in cages at 30 weeks of age and inseminated

every two weeks for 15 weeks. A third group of turkeys was maintained

under routine commercial breeder conditions. They were floor-reared

to adult, kept in pens of 500-750 birds, inseminated weekly between

30 and 55 weeks of age by capture after being herded into corners of

the pen. The first two groups of birds were slaughtered at 46 weeks

of age and examined. The third group was slaughtered at 58 weeks of

age. Incidence of DPM was 0.68% in Group 1 (quiet pen); 8.1% in

Group 2 (caged); and 16.2% under the commercial conditions of Group 3.

The authors suggest that some modification to commercial management

practices (in Great Britain) might be useful in reducing field

incidence of deep pectoral myopathy.

Experiments (Wight et al. 1979b) and previous observations

(Harper et al. 1975) indicate that changes in management practices and

environmental conditions can reduce the observed incidence of DPM.

However, practical considerations in most commercial turkey

operations prevent the use of many modifications in current practices.
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The presence of the defect can now be confirmed on the processing

line (in Britain), without mutilation of the breast musculature, by

use of a strobe light inserted into the empty body cavity (Jones

1977).

Recently, Wight and Biller (1980) published a description of

DPM in broilers stating that the potential exists for greater

incidence in broiler flocks than is presently observed. Management

practices, diet and disease were said to influence the incidence.
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Objective, Experimental Design and Preliminary Observations

Successful reduction of the incidence of DPM in commercial turkey

flocks is dependent upon finding methods for early detection of the

defect in young birds prior to breeding age. The ability to screen

potential breeding stock and remove susceptible individuals is

essential for any ultimate control of the genetic problem underlying

DPM. Selection against the trait is difficult due to late expression

and multiple gene transmission.

Detection of DPM-susceptible birds prior to selection as

breeders and prior to expression of the defect will prevent the

inheritance of the defective genotype and also prevent economic loss

to the producer-breeder.

The objective of the research reported by this dissertation was

to investigate and obtain data on several physiological factors

related to the blood vascular system of the turkey. The specific

goal was to identify potentially useful measurements which might

lead to practical methods for screening of breeding flocks.

This investigation was made possible by the presence at Oregon

State University of the DPM-line of turkeys. Since the incidence of

DPM is not 100%, the unaffected individuals and unilaterally

aflicted birds provided an in-line source of control birds. Other

control birds were available from a comparable medium white (MWC)

line which had a history of very low incidence of DPM.

From the earliest reports on deep pectoral myopathy the defect

has been linked to problems of ischemia in the muscle. Whether the
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ischemic response is due to a pre-existing vascular failure or to

occlusive pressure of an edemic exercised muscle is still being

debated.

It is generally agreed that the necrosis observed in DPM is due

to an ischemic response, therefore, the physiological events selected

for study included blood constituents and hemodynamics. Blood sampl-

ing is routinely done by commercial producers, thus the value of a

screening method using blood samples is obvious.

The microanatomy of the supracoracoid muscle was explored using

electron microscopy (Figs. I-1, 1-2, 1-3). Biopsy techniques were

also developed for potential use in obtaining tissue samples from

living birds. The arterial supply to the supracoracoideus muscle was

studied from latex injections and gross dissections (Figs. 1-4, 1-5,

1-6), X-ray radiograms (Figs. 1-7, 1-8), and replica injections for

viewing by scanning electron microscopy (Figs. 1-9 to 1-15).

Hemophysiological studies were undertaken following the above

work with the gross and microanatomical features of the muscle and

blood vascular systems. Four major features of the vascular system

were investigated: (1) blood pressure (Chapter II), (2) plasma lipo-

proteins (Chapter III), (3) the plasma enzyme Creatine Phosphokinase

(Chapter IV), and (4) erythrocyte membrane fatty acids (Chapter V).

In each of these studies an attempt was made to describe the

changes occurring in terms of the presence or absence of deep

pectoral myopathy and the sex, age, and reproductive status of the

birds.
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a

Figure I-1. Normal N. supracoracoideus. Biopsy from DPM female.
a = 12,150X, b = 25,900X.
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Figure f -2. M. supracoracoideus post mortem from DPM female.
a = normal muscle from right side, b = necrotic muscle
from affected left side. 25,900X.
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Figure 1-3. Necrotic M. supracoracoideus. DPM line female.
a = LS, showing disintegrating mitochondria. 35,900X.
b = XS, showing empty and disintegrating mitochondria.
19,200X.
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Figure 1-4. Sagittal section M. supracoraccideus. a = adult,

female :ITC line. b = adult female DPM line. Pointer
indicates demarcation between healthy and necrotic
tissue in b and equivalent area in a.



a

b

23

Figure L-5. Latex injection of breast vasculature. PPM line adult
female, normal muscle. a = Intact M. supracoracoideus
in situ, M. pectoralis reflected. Pegs indicate loca-
tion of branch vessels entering the M. supracoracoideus
laterally from branches of the posterior pectoral
artery. b = M. supracoracoideus reflected to show entry
of the sternal artery from its anterior origin.



b

Figure 1-6. Intact M. supracoracoideus, M. pectoralis reflected. a = normal muscle from MWC line
female. b = bilateral, necrotic muscle. Fatty connective tissue replacement of
posterior one-half. Hemorrhage and seepage of latex injection material occurs
throughout the muscle.
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Figure 1-7. ?_adiograph_ of normal breast vasculature. WIC female
turkey. M. pectoralis and M. supracoracoideus intact.
a = left side. b = right side.
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Figure 1-8. radiograph of bilaterally affected breast vasculature.
PPM female turkey. a = left side, b = right side
showing coiled arterioles adjacent to necrotic areas
along the keel.
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Figure 1-9. Vascular injection. Replica of arterial endothelium.
a = caudal medial branch of posterior pectoral artery,
MWC female turkey. 1000X. b = sternal artery near
anterior keel, DFM female affected bilaterally. 700X.
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I-10. Vascular injection. Replica of arterial endothelium.

Sternal artery anterior to keel. DPM female

bilaterally affected. a = main artery with overlying

branch. 200X. b = higher magnification of mid-portion
of a, showing a possible weakened area with a small
aneurysm. 700X.
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Figure I-11. Vascular injection. Replica of arterial endothelium.
Sternal artery, mid-keel, from bilaterally affected DPM
female. a = endothelial surface showing irregular
"pits" possibly caused by projections into the lumen
from the endothelial surface. 200X. b = endothelial
surface and cell ghosts from circular smooth muscle
covering a probable aneurysm. 200X.
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Figure 1-12. Vascular injection. Replica of arterial wall.
Sternal artery anterior to the keel from bilaterally
affected DPM female. a = arterial replica with endo-
thelial and circular muscle cell ghosts. 200X.
b = higher magnification of a. 400X.
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Figure 1-13. Vascular injection. Replica of arteriolar endothelium from arterioles of the sternal
artery. DPM female bilaterally affected. a = surface irregularities. 230X.
b = surface irregularities. 100X.



a

32

Figure 1-14. Vascular injection. Replica of arteriolar endothelium.
Sternal arterioles at mid-keel. DPM female bilaterally

affected. a = "pits" possibly caused by projections
from endothelial surface into the lumen. 30X.

b = higher magnification of "pits" seen in a. 400X.
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Figure 1-15. Vascular injection. Replica of arteriolar endothelium.
Bifurcation of sternal arterioles. DPM ferule
bilaterally affected. a = irregular surface with a
notched area at bifurcation representing a possible
plaque buildup. 50X. b = smoother arteriolar surface
with capillary aneurysms. 50X.
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II. BLOOD PRESSURE

Introduction

The measurement of blood pressure is a traditional clinical

technique for assessing the health status of blood vascular systems in

humans and research animals. A blood pressure profile of the vascular

system can indicate the efficiency of blood flow to body tissues and

organs. Impairment of this flow can produce a condition known as

ischemia which will cause cellular death from lack of oxygen and lead

to tissue necrosis with subsequent loss of function in the organ or

tissues affected.

Assessment of blood pressure parameters in the line of turkeys

afflicted by a high incidence of deep pectoral myopathy was undertaken

to compare blood pressure profiles within this group and with another

line of unaffected birds. Longitudinal sampling of individual birds

was done to detect any alterations in blood pressure profiles which

may occur at the time of onset of deep pectoral myopathy or at any

point in the pathogenesis of the defect.
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Materials and Methods

An indirect blood pressure method was used which would enable the

efficient handling of large numbers of birds, including repeated

measurements on the same bird, without risking trauma inherent in more

direct methods featuring the incision of tissues and insertion of a

cannula or needle. Indirect methods would also avoid interference with

lipoprotein and blood enzyme assessments. With the exception of

individual longitudinal sampling, no birds were transported to a

laboratory or confined in an unaccustomed environment for the purpose

of taking blood pressure readings. Birds remained in their assigned

pen areas and were captured and handled by persons who normally handle

them on a routine basis.

The indirect blood pressure method uses a sphygmomanometer which is

composed of a compression bag of rubber enclosed by an unyielding cuff,

a manometer with a calibrated scale from which the pressure is read, an

inflation bulb to elevate pressure in the system, and a needle valve to

control the release of pressure from the system.

An auscultatory method was used for estimation of the systolic and

diastolic blood pressures. This method is based upon characteristic

sounds heard through a stethoscope placed under the brachial artery

below a pressure cuff applied to the upper arm of human subjects.

These sounds were first described by Dr. N. S. Korotkow in 1905 and the

sequence of sounds heard in the auscultatory method has become known as

"Korotkow sounds" (Little 1977, Saba 1971). Pressure readings from the

turkeys were obtained by placing a modified size (5.1 cm) pressure cuff
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around the humerus of the upper wing close to the body in much the same

manner as employed for pressures taken from the upper arm of humans.

The stethoscope was inserted beneath the cuff over the brachial artery

near the distal end of the humerus (Fig. II-1).

To obtain an estimate of arterial pressures, the rubber sleeve is

inflated by squeezing the bulb to force air into the system. Expansion

of the rubber sleeve is directed inward against the brachial artery

because of the restriction of the outer cuff. The underlying artery is

occluded when sufficient pressure is applied upon it by the rubber

sleeve. Following occlusion of the artery, the pressure applied by the

sleeve is slowly decreased by opening the needle valve control. When

pressure in the sleeve falls just below the pressure within the artery,

blood will begin to flow past the pressure point as the artery momen-

tarily opens at each systole (systolic pressure). As sleeve pressure

decreases, a point is reached where blood will flow freely through the

artery (diastolic pressure), uninhibited by any external pressure

applied on the vessel. It is the progressive decrease in external

pressure which causes changes in blood flow creating the characteristic

Korotkow sounds heard through the stethoscope.

Korotkow sounds have been described as having four phases (Selkurt

1971). In phase 1, the barely opened artery yields a sharp tapping

sound (systolic pressure point) which becomes louder until reaching

phase 2, when the sound softens, often to a murmur. At phase 3, the

sound may become a loud thudding, and, at phase 4, the intensity is

reduced and becomes muffled. The muffling in phase 4 has been accepted

as an accurate criterion of diastolic pressure (Selkurt 1971, Roberts
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Figure II-1. Turkey blood pressure sampling by an indirect
auscultatory method. Pressure sleeve and stethoscope
positioning at the humerus of the turkey.
L. Thompson-Cowley, left, assisted by Al Harper of
of the OSU Turkey Research Facility.
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et. al. 1953). The sharp tapping sounds at systole are attributed to

the turbulence of blood flowing through the briefly opened vessel.

The gradually opening vessel continues to produce localized turbulence

at the constriction site and this turbulence causes the sequence of

Korotkow sounds heard during later phases.

The changes in sound, as described above for human subjects, were

also present in auscultatory pressure determinations on turkeys.

Frequently, the completely occluded brachial artery did not block out

heart beat sounds transmitted to the stethoscope beneath the cuff.

The presence of these sounds was attributed to the location of the

stethoscope over the hollow pneumatized humerus bone of the turkey.

The humerus served as an effective transmitter of heart sounds from

the proximal portion of the humerus with its closely overlying brachial

artery, to the more distal part of the humerus where the stethoscope

was located. A possible contributing factor to sound transmission was

the absence of large amounts of sound insulating tissue under the

stethoscope and surrounding the humerus as is found in the upper arm of

man. In spite of the fact that these background heart sounds were

present, the characteristic Korotkow sounds were discernible and could

be separated from background heart sounds and other noise in the system.

Previous efforts by Weiss and Sturkie (1951) to employ auscultatory

techniques using tibial cuffs on chickens were not successful. They

attributed this lack of success to weak peripheral pulse and inter-

ference of heart sounds transmitted through the skeleton. Another

factor in their lack of success may have been the greater distance

from the heart of a tibial cuff, compared to the closeness of a humeral
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cuff, accompanied by peripheral vascular constriction due to stress on

the bird. A weak peripheral pulse is more likely to be a problem with

tibial cuffs. The small body size of chickens, compared to turkeys,

also may have contributed to greater interference from heart sounds.

The collection of blood pressure data was initially attempted with

a SphygmoStat (R) electronic blood pressure monitor, Model B-250

(Technical Resources, Inc., Waltham, Mass.). This instrument employs

a special microphone in the cuff to detect Korotkow sounds and

processes the signals electronically by activating a red light on the

instrument panel. The first and last flashes of light were designed to

indicate the systolic and diastolic pressure points respectively. The

pressures in equivalent millimeters of mercury were read from the

calibrated dial of an aneroid manometer. As a portable, battery

operated, electronic system with visual indicators, the SphygmoStat (R)

was considered to be a more accurate and suitable method for use in the

noisy environment of turkey pens. However, the electronic system

failed to operate consistently and the traditional stethoscope method

was substituted for the microphone system for all blood pressure

determinations on the turkeys. The microphone with its flashing light

system worked reliably when tested on human subjects, but not on the

turkeys. The problem may have been related to the very rapid heart

beat in turkeys which can range from 140 to over 250 beats per minute

depending on the age, sex, and genetic line of birds (Sturkie 1976b).

The turkey heart rate is, therefore, two to four times that of a human

and an instrument designed to detect and electronically process the

human pressure pulse might fail to detect and process pressure pulses
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of higher frequency.

All turkeys used in the blood pressure experiments were sampled

within the same eight-hour period. Each turkey was measured three

times during a single test sequence lasting an average of six minutes.

Unlike the observations of Krista at al. (1963), there were no linear

increases in systolic blood pressure over the six-minute test period.

In fact, no consistent pattern of increase or decrease in pressure was

noted during this period.

Identical techniques for restraint and testing were used for each

bird and the same researcher determined systolic and diastolic

pressures on all birds by using the auscultatory method.

Variations in pressure caused by the excitement of capture and

restraint were minimized by using the arithmetic mean of each bird's

set of three measurements for later statistical analysis.

Blood pressure values determined by indirect methods are influenced

by the cuff size used to obtain the measurements (Sturkie 1976a,

Selkurt 1971, Weiss and Sheahan 1958, Weiss and Sturkie 1951, Sturkie,

Weiss and Ringer 1953). Weiss and Sturkie (1951) were able to deter-

mine an optimal tibial cuff size for use on White Leghorn hens by

performing combined direct-indirect tests on the same bird. They found

that narrow cuffs gave high readings and wide cuffs low readings, as

was found originally for humans by Von Recklinghausen in 1901 (Selkurt

1971). Informal tests conducted with equipment used in this study also

showed elevated values for small cuffs (baby size) when compared to

adult size cuffs tested on adult human subjects. Since the proper size

cuff depends upon the area to be surrounded (Selkurt 1971), the problem
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was to devise a cuff for the diameter of the adult turkey upper wing.

Selkurt (1971) recommends a cuff width 20 percent wider than the

diameter of the appendage to provide close approximation to the values

obtained by direct methods. Measurements of the upper wing of medium

and large adult turkeys gave values in the range of 3.5 to 5.0 cm in

diameter. By adding 20 percent to each diameter and calculating the

mean value, a cuff size of 5.1 cm was estimated to be suitable for use

on the turkeys in this experiment. This size cuff was prepared by

reducing the width of the rubber bladder in a human baby sized cuff.

Even with an appropriate sized pressure cuff the auscultatory systolic

pressure may be underestimated by three to five mm Hg and the diastolic

pressures overestimated by approximately the same values (Selkurt 1971,

Little 1977). The primary purpose of these blood pressure experiments

was to determine relative differences in arterial blood pressure

within and between experimental groups. No attempt was made to relate

these indirectly observed values with values obtained by direct methods.

Blood pressure data were obtained from birds of four lines of

turkeys. Sampled lines included the eighth and ninth generation of

the Medium White, high incidence, deep pectoral myopathy, DPM line; the

medium white, very low incidence, MWC line; the Broad Breasted Bronze,

100% incidence, muscular dystrophy, MY line; and a line of Broad

Breasted Bronze birds, BBC, without incidence of muscular dystrophy.
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Results and Discussion

Genetic Line Comparisons

Blood pressure data for genetic line comparisons were collected

from a total of 138 female and 91 male turkeys of four genetic lines

and three age groups. Table II-I presents these data with the mean

systolic, diastolic, pulse pressure, and standard error values (SE).

Two lines of turkeys, the MDY and BBC, were sampled at only one age,

40-41 weeks. Figure 11-2 graphically displays the data for age group

40-41 weeks for all four lines. This graph provides a general view of

the differences in mean blood pressure between genetic lines and among

males and females of each line.

In the MWC, DPM and MDY lines, the males had higher systolic and

diastolic blood pressures than females of the same line and age.

the BBC line, females had higher mean systolic pressure and lower mean

diastolic pressure than males. As a result, the BBC females scored the

highest mean pulse pressure, of any line, at 93 (± 6) millimeters Hg.

For females, the ranking of highest to lowest blood pressure is

given by Figure II-3a. Systolic and pulse pressure rankings for females

are the same. Diastolic rankings for MWC and MDY females are reversed.

The diastolic pressure mean for MWC is 87 (± 4) and for MDY is 84 (± 4).

These diastolic means are not significantly different and in fact they

are nearly identical. Therefore, the ranking position is clearly

reversible merely by chance. In general the rankings of mean blood

pressure indicate that, among the four lines of female turkeys in this
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Table II-I. Mean blood pressure of adult turkeys by sex, age and
genetic line.

Pulse
Systolic Diastolic Pressure

Sex Age (wks) Line n (SE) (SE) (SE)

Females 32-34 DPM 4 120 (3) 76 (3) 44 (4)
MWC 21 150 (5) 96 (3) 53 (3)

40-41 DPM 40 118 (4) 74 (3) 43 (2)
MWC 10 144 (6) 87 (4) 57 (3)
MDY 10 163 (10) 84 (4) 78 (6)
BBC 11 218 (7) 124 (4) 93 (6)

72-86 DPM 31 149 (7) 115 (7) 34 (2)
MWC 11 173 (14) 141 (12) 32 (3)

Males 32-34 DPM 6 137 (11) 90 (4) 46 (7)
MWC 5 166 (20) 125 (20) 41 (1)

40-41 DPM 29 160 (5) 112 (5) 48 (3)
MWC 11 218 (15) 165 (14) 54 (5)
MDY 8 183 (13) 137 (13) 50 (3)
BBC 7 183 (9) 143 (10) 40 (2)

72-75 DPM 15 177 (13) 130 (11) 47 (6)
MWC 10 217 (14) 166 (14) 50 (5)
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Figure 11-2. Mean arterial blood pressures (± SE). Adult turkeys
of four genetic lines, age 40-41 weeks.
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turkeys.
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age category, the bronze lines, BBC and MDY, have the highest arterial

pressures and the largest pulse pressures while the Medium White lines,

MWC and DPM have the lowest arterial blood pressures. Within each body

type, Medium White or large bronze, the two myopathic lines have lowest

mean arterial blood pressures compared to their non-myopathic counter-

parts.

The pressure rankings among males (Fig. II-3b) are not as distinct

with respect to differences. The males of these four lines showed a

higher degree of variability in pressure readings than did the females.

Differences in mean diastolic pressure between males of the BBC and MDY

lines were so small that there was essentially no difference. Systolic

pressures were identical for the BBC and MDY lines. The MWC and DPM

lines showed the greatest difference in mean systolic and diastolic

pressures and are ranked highest and lowest respectively. In males,

the pulse pressures were very much the same, with only 14 mm Hg

separating the highest (MWC) from the lowest (BBC). In females this

difference was 50 mm Hg between the highest (BBC) and lowest (DPM).

Pulse pressure is defined as the difference between systolic and

diastolic pressures and represents that portion of pressure which is

added within the vessel at each systole. Large values for pulse

pressure can be attributed to a variety of hemodynamic circumstances:

1) strong ventricular contraction with increased stroke volume,

2) decreased heart rate, 3) decreased arterial capacity, 4) decreased

arterial distensibility, and 5) a decrease in peripheral resistance

(Guyton 1976, Little 1977, Selkurt 1971). In general, any hemodynamic

factor which tends to differentially affect diastolic and systolic
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pressures will alter the calculated pulse pressures. The physiological

conditions which create large or small pulse pressures are used as

clinical indicators of the health of the vascular system. This is

illustrated by the problem of hypertension caused by hardening of the

arteries due to arteriosclerosis. In this condition the vessel walls

lose their distensibility causing higher pressures at systole, thereby

increasing the differential between systolic and diastolic pressures.

The pulse pressure is greater as a result.

Whether or not a particular blood pressure status is hazardous to

good health can only be judged when compared with what is considered to

be normal for the specific group of healthy animals studied. In the

present study, mean systolic and diastolic blood pressure values

obtained for each of the four lines of turkeys were characterized by

large variances of unequal magnitude. In the absence of any other blood

pressure data obtained from these same lines, the "normal" pressure

values can only be suggested by these data. It seems reasonable,

however, to compare the lines having similar body types, plumage color,

and ancestry. The large, unequal variances prevented use of normal

t-tests of significance. The rather conservative technique of

approximate t-tests (Sokal and Rohlf 1969, Rohlf and Sokal 1969) gave

results which indicated no significant differences between lines of

turkeys at 40-41 weeks of age. One exception, at p < .05, occurred

between females of the BBC and MWC lines. This difference between

large-bodied bronze birds and mediumrbodied white birds represents a

distinct line difference and probably represents a body-type difference

as well (Sturkie 1976a, Weiss and Sheahan 1958).
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Although differences are not significant from the statistical

viewpoint, because of the large, unequal variances, the data do suggest

several blood pressure tendencies when comparing these lines. These

tendencies are: 1) higher systolic and diastolic pressures in males

compared to females of the same age and genetic line, 2) higher

pressures in non-myopathic lines compared to myopathic lines of the

same body type, 3) smaller range of pulse pressure difference among

male lines, 4) greater range of pulse pressure difference among female

lines, 5) larger pulse pressures in bronze females compared to medium

white females, 6) larger pulse pressures in non-myopathic female lines

compared to myopathic female lines, and 7) higher variability in blood

pressures in males than in females. Two exceptions were noted to the

above trends: 1) BBC females had a higher mean systolic pressure than

BBC males, and 2) BBC and MDY males had the same mean systolic pressure.

The reason for the BBC females having a higher mean systolic pressure

than the males is unknown. Previous studies of younger (8-22 weeks)

Broad Breasted Bronze turkeys have shown the males to have significantly

higher arterial pressures than females (Ringer and Rood 1959).
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Pressure Change With Age

Blood pressure data were collected from 117 females and 76 males

of the DPM and MWC lines in three age groups; 32-34 weeks, 40-41 weeks,

and 72-75 weeks. Table II-I gives the mean arterial systolic,

diastolic, pulse pressure, and standard errors (± SE) for these two

lines in each age category and for each sex. The change, with age, of

mean arterial blood pressures for these two lines of turkeys is shown

by Figure 11-4 (females) and Figure 11-5 (males).

In females there is a slight decrease in mean systolic and

diastolic pressures in the 40-41 week group compared to pressures of

the earlier age group. The pulse pressure at 40-41 weeks is

essentially the same as at 32-34 weeks in the DPM line and is slightly

larger for the MWC line. The larger pulse pressure for MWC females is

related to the steeper negative slope of the diastolic pressure line

when compared to the systolic pressure line. After 41 weeks of age the

systolic and diastolic pressures increase greatly for both lines. The

diastolic pressures increase at a higher rate than systolic pressures,

especially in the MWC line. As a result of the relatively more rapid

increase in diastolic pressures, the pulse pressures in both lines have

declined markedly by 72-75 weeks of age. Overall, there is no signifi-

cant difference in the rate of change in blood pressure with age between

females of the DPM line and females of the MWC line.

The pattern of blood pressure change with age for males (Fig. 11-5)

is different from that seen in the females. Males of the DPM line

show a progressive increase in systolic and diastolic pressures from
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youngest to oldest age category. Also, for the DPM males there is

little difference between the positive slopes of the diastolic and

systolic pressure lines, and therefore, very little difference in pulse

pressure values. The MWC males do not show the progressive increase in

systolic and diastolic pressures that are seen in the DPM males.

Instead, the MWC systolic and diastolic pressures remain on the level

attained at 40-41 weeks of age. Between 32-34 weeks of age and 40-41

weeks of age the MWC pressures rise rapidly with the systolic pressure

increasing at a faster rate. This rate differential is reflected in

an increase in pulse pressure at 40-41 weeks of age. After 41 weeks,

when no further increase in systolic pressure occurs, the diastolic

pressure rises just enough to cause a slight decrease in pulse pressure.

The reason for plateauing of the arterial pressures in the MWC males is

unknown. The data indicate that the Medium White control line attains

its maximum blood pressure levels at an earlier age than is the case

for the myopathy line. Verification of this possibility would require

additional sampling of older birds.

The range of pulse pressures for males was narrow, from a low of

41 (± 1) for 32-34 week MWC to a high of 54 (± 5) for 40-41 week MWC.

Pulse pressure for DPM males was particularly stable, varying only 2 mm

Hg (46-48) over the three test periods.

For females the pulse pressure range was broader, from a low of

32 (± 3) for 72-75 week MWC to a high of 57 (± 3) for 40-41 week MWC.

The DPM females were least variable with a difference of only 10 mm

Hg (34-44).
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The pattern of blood pressure change from 32 to 75 weeks of age is

generally characterized by increased systolic and diastolic pressures

and decreased pulse pressures. Increased systolic blood pressure with

age, and relatively constant pulse pressures, have been reported in

male and female chickens (Sturkie, Weiss and Ringer 1953). Increased

systolic and diastolic pressures with age, and increased pulse

pressures, have been reported in Broad Breasted Bronze turkeys (Ringer

and Rood 1959).

Turkeys used for blood pressure data collection were already

mature adult birds when the first blood pressures were taken (32-34

weeks) and were only 43 weeks older when the final pressures were

taken. The blood pressure values reported here represent less than a

year of bird aging and do not include the period of growth before

maturity or the period of old age following maturity. The data from

this experiment do, however, cover the period of time prior to the

first reproductive cycle (32-34 weeks), during the early stages of the

first reproductive cycle (40-41 weeks), and after the first reproduc-

tive cycle (72-75 weeks). At 32-34 weeks of age the birds from this

experiment were subjected to the decreasing day length of fall and

early winter. At age 40-41 weeks the females had been under stimula-

tory artificial light for one to two weeks and the males for three to

four weeks. At 72 to 75 weeks the birds were under decreasing natural

daylight and were reproductively refractory, or nearly so.

Female reproductive status may be reflected in the blood pressure

profile at 40-41 weeks. At this age a drop in systolic and diastolic

pressure is observed as the hens are entering a period of reproductive
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activity (Fig. 11-4). The female hormone estrogen is known to affect

blood pressure levels. The lack of endogenous estrogen in post-

menopausal women is thought to be a factor in the increased incidence

of hypertension occurring in this age group (Guyton 1976, Selkurt. 1971).

Estrogen will cause a decrease in blood pressure in male chickens, and

also when administered to neutered female chickens (Sturkie 1976a).

In turkeys, male systolic blood pressures have been reported to rise

more rapidly than female systolic pressures beginning at the time of

onset of sexual maturity (Ringer and Rood 1959). Thus, it is possible

that the dip in systolic and diastolic blood pressure values for female

turkeys at age 40-41 weeks may be due to the estrogen levels at the

onset of reproductive activity. Since male turkeys do not carry high

levels of endogenous estrogen, male blood pressure levels would be

expected to continue to rise with age when the only factor being

considered is the effect of estrogen. In male Broad Breasted Bronze

turkeys, estrogen treatment (DES) is reported to have no blood pressure

lowering effect (Ringer and Rood 1959).

The effects of age on blood pressure in the DPM and MWC lines are

(1) an increase in systolic and diastolic pressures, (2) a decrease in

pulse pressures, (3) a higher mean systolic and diastolic pressure in

males of each line, at each age, when compared to females of the same

line, (4) a higher mean systolic and diastolic pressure in the MWC

line, at each age, when compared to the DPM lines, (5) a narrow range

of pulse pressure in males with DPM males the least variable, (6) a

broad range of pulse pressures in females with DPM femlaes the least

variable, and (7) a decrease in blood pressure, possibly related to



estrogen levels, in reproductively active females.
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Blood Pressure, Incider)eePectoral.cyyag)Myopathy, and Age

Data obtained from 75 females and 50 males of the DPM line were

used to study the relationships of blood pressure, incidence of deep

pectoral myopathy, and age.

TableII-II gives the observed systolic, diastolic and pulse

pressures with standard errors (SE) as related to sex, age, percent

occurrence of deep pectoral myopathy, and the laterality or degree of

severity of occurrence of deep pectoral myopathy. These data are also

presented graphically by Fig. 11-6, which more clearly shows the effect

of age.

At 32-34 weeks of age no evidence of deep pectoral myopathy is

seen in either males or females of the DPM line (Table By age

40-41 weeks 20% of females and 41% of males had expressed deep pectoral

myopathy. A greater number of females were affected unilaterally,

whereas, a greater number of males were affected bilaterally. By 72-75

weeks of age 97% of females were afflicted, 62% bilaterally, and 40%

of the males were afflicted, all bilaterally.

In females the systolic and diastolic pressures increased between

40 and 75 weeks of age regardless of the severity of affliction with

deep pectoral myopathy (Fig. 11-6). There were only slight, insignifi-

cant differences in positive slope of the pressure lines related to the

degree of severity. The negative slopes for pulse pressure indicate

that diastolic pressures in females rose more rapidly than did the

systolic pressures.
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Table II-II. Mean blood pressures, percent incidence and laterality of
occurrence of deep pectoral myopathy in adult turkeys of
the DPM line.

Sex

dd

Age (wks) n
DPM Z

incidence Lateralitya
Systolic

(SE)

Diastolic
(SE)

Pulse
Pressure

(SE)

32-34 4 0 0 120 (3) 76 (3) 44 (4)
0 1, 2

4 0 120 (3) 76 (3) 44 (4)

40-41 32 0 0 117 (4) 74 (4) 42 (2)
5 12 1 129 (10) 78 (5) 51 (8)
3 8 2 116 (2) 73 (4) 43 (2)

40 20 118 (4) 74 (3) 43 (2)

72-75 1 0 0 149 (-) 124 (-) 25 (-)
11 35 1 150 (12) 111 (13) 38 (3)
19 62 2 148 (19) 116 (9) 32 (3)

31 97 149 (7) 115 (7) 34 (2)

32-34 6 0 0 137 (11) 90 (4) 46 (7)
0 1, 2

6 0 137 (11) 90 (4) 46 (7)

40-41 17 0 0 163 (7) 114 (8) 49 (4)
5 17 1 174 (5) 121 (6) 53 (2)
7 24 2 143 (10) 103 (5) 40 (7)

29 41 160 (5) 112 (5) 48 (3)

72-75 9 0 0 200 (16) 148 (13) 52 (9)
0 1 --
6 40 2 143 (11) 102 (13) 40 (6)

15 40 177 (13) 130 (11) 47 (6)

a: Laterality, 0 = not afflicted, 1 = unilateral, 2 = bilateral.
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Figures 11-4 and 11-5 showed mean arterial pressures, with age,

for all birds of both sexes in the DPM line. Figure 11-6 now shows the

contribution to those mean values which have been made by birds of each

level of severity of affliction with deep pectoral myopathy. In the

case of females, little difference in rates of increase or levels of

blood pressure was noted among the degrees of affliction.

DPM males showed a striking difference in slope between the

non-afflicted birds and the bilaterally affected birds. In Figure 11-5,

the mean pressures for all DPM males showed a progressive increase from

32 to 75 weeks of age. However, when the afflicted birds, all bilateral

at 72 weeks of age, are separated and graphed as a group, their systolic

and diastolic pressures remain at the same level between ages 40 and

75 weeks (Fig. 11-6). The pressure lines for bilaterally affected

males show no positive slope, and are similar to the plateaued pressure

lines of the MWC birds (see Fig. 11-5). In contrast to these bilateral

males, the unafflicted males have a well defined positive slope of

increasing pressure. Pulse pressures in males are slightly greater in

the unafflicted birds and are unchanged in bilateral birds for the

period 40 to 75 weeks of age.

It is difficult to account for the similarity in lines of mean

pressure between bilaterally affected DPM males and control males of

the MWC line. It may be possible that bilaterally affected males attain

their maximum pressure levels at an earlier age, as was postulated for

the males of the MWC line. It seems unlikely, however, that attainment

of maximum pressure levels would occur so much earlier in just one

segment of a genetic line without mediation from other hemodynamic
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factors.

The bilateral DPM males and the MWC males clearly resemble each

other in blood pressure pattern, i.e. unchanging pressure between 40

and 75 weeks of age, but differ greatly in the level of pressure

maintained throughout this period of time. At 40-41 and 72-75 weeks of

age the mean systolic pressures were 143 (± 10) and 143 (-± 11) for

bilateral DPM males, and 218 15) and 217 (± 14) for MWC males. By

contrast the mean systolic pressures for unafflicted DPM males were

163 (± 7) and 200 (± 16) at 40-41 and 72-75 weeks of age respectively.

The DPM males not afflicted by deep pectoral myopathy more closely

resemble, in blood pressure levels, the control birds of the MWC line.

Whereas, the bilaterally affected DPM males have significantly

different (P < .01) blood pressure levels from the "normal" MWC males,

even though they resemble MWC males in slope of the pressure lines.

This finding may indicate that a relationship does in fact exist

between blood pressure levels and expression of deep pectoral myopathy

in males between the ages of 40-75 weeks. This same statement cannot

be made in the case of females where the data show no highly signifi-

cant difference in systolic blood pressure levels between bilateral DPM

females and "normal" MWC females (P < .15). The slopes of the female

pressure lines also are essentially no different within the DPM line or

when the DPM females are compared to the MWC females.

At 40-41 weeks of age the unafflicted DPM males and the bilaterally

affected DPM males are not significantly different in mean systolic

blood pressure values. However, at 72-75 weeks of age these two

myopathy line groups are significantly different (P < .001). This is
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due to the continued increase in pressure levels by the unafflicted

birds and the lack of this increase by the bilaterally affected birds.

An analysis of the factors which affect arterial blood pressure may

suggest the mechanism behind these blood pressure differences in birds

from the same genetic line, but, which differ in susceptibility to

deep pectoral myopathy.

Table II-III (Little 1977) lists the major hemodynamic factors

affecting arterial blood pressure and the effect that these factors

have on systolic, diastolic and pulse pressure. Table II-IVa contains

a list of hemodynamic factors known to be related to advancing age.

Arterial distensibility decreases with age while peripheral resistance

and arterial capacity (aortic filling volume) is increased (Guyton

1976, Little 1977). A combination of greatly increased systolic

pressure (++), moderately increased diastolic pressure (+) and pulse

pressure (+) with no change in heart rate indicates an increase in

stroke volume (Wiggers 1955, Little 1977). Ringer and Rood (1959)

confirmed that in turkeys the age-related increase in pressures was

independent of heart rate and that in turkeys the heart rate did not

change significantly after maturity. Assuming no change in heart rate,

and because observed blood pressure levels, with aging, in DPM

unafflicted males, did show increases in systolic pressures (++), and

diastolic and pulse pressures (+); stroke volume was included as a

hemodynamic feature of aging in unafflicted DPM males (Table II-IVa).

The net effect of these hemodynamic factors in the aging unafflicted

DPM male is, as observed, an increase in systolic, diastolic and

pulse pressures.
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Table Effect of changing a single factor on systolic, diastolic
and pulse pressures with all other conditions constant.*

Factor

Stroke volume
Increased
Decreased

Heart rate
Increased
Decreased

Peripheral resistance
Increased
Decreased

Arterial distensibility
Increased
Decreased

Arterial capacity
Increased
Decreased

Syst. Diast. Pulse
pressure pressure pressure

*Little, R. C. 1977. Physiology of the Heart and Circulation.
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Table II-IVb lists hemodynamic factors attributed to bilaterally

affected DPM males. In this case the presumed disease factors

essentially cancel each other out. In early stages of DPM there is

hemorrhage and perhaps a transient increase in arterial capacity due to

temporary outflow of fluids from the system. As the vascular system is

repaired, and with the loss of capillary beds in the necrotic muscle

tissue, there is a decrease in arterial capacity. Peripheral resistance

at the onset of deep pectoral myopathy may appear to be decreased due to

vascular damage and functional loss of capillary beds. Again, following

repair, the resistance is returned to higher levels. The net effect of

disease factors is essentially unchanged pressure levels. The addition

of age-related hemodynamic factors should also yield no significant

change in blood pressure levels. In this case, stroke volume was

eliminated as a hemodynamic factor in the analysis because empirical

evidence showed no increases in systolic, diastolic and pulse pressures,

which, in the absence of heart rate changes would indicate a stroke

volume change.

Experimental evidence and the above analysis indicate that stroke

volume changes may underlie the difference between blood pressure

levels in unafflicted DPM line males and bilaterally affected DPM line

males. In females, there is no empirical evidence that stroke volume

changes might be a factor.

The pressure points on the graph in Figure 11-6, for 40-41 weeks

of age, show differences in blood pressure levels according to the

degree of severity. These data are regraphed in Figure 11-7 to show

the pattern of blood pressure relative to degree of severity. These



Table Hemodynamic factors in blood pressure in aging, non-
afflicted, DPM line males.

Factor

Age related

Arterial distensibility 4,

Peripheral resistance ++

64

Systolic Diastolic Pulse

Arterial capacity (aortic
filling volume)

Other

Stroke volume ++

Net effect ++

Table II-IVb. Hemodynamic factors in blood pressure in aging,
bilaterally affected, DPM line males.

Factor

Age related

Arterial distensibility .4

Peripheral resistance t

Arterial capacity (aortic
filling volume)

Other - disease related

Peripheral resistance early 4
late I-

Arterial capacity

Net effect

early +
late 4,

Systolic Diastolic Pulse

No change No change
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differences in levels of pressure are not statistically significant,

however, the consistency of the pattern is noteworthy and confirms

earlier observations (Thompson-Cowley 1978). For both the males and

the females, systolic, diastolic, and pulse pressures rise and fall at

nearly equal rates, and there is elevated pressure for unilaterally

affected birds and depressed pressure in bilaterally affected birds

when compared to the unafflicted birds. These consistent small changes

in pressure levels may reflect actual hemodynamic adjustments to the

presence of deep pectoral myopathy.
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Blood Pressure of Individuals Over Time

Longitudinal sampling of blood pressure was done on three DPM line

hens and one MWC line hen in conjunction with the plasma enzyme studies

described elsewhere (Chapter IV). Blood pressure sampling was started

when the hens were 35 weeks of age (January) and concluded at 57 weeks

of age (.1 e). The hens had been under stimulatory light for two weeks

when moved at 35 weeks of age to individual cages in a room with

controlled lighting and temperature. Room temperature was maintained

at an average of 74°F (± 2°) with a light:dark cycle of 14:10. The

hens were fed a standard turkey breeder ration throughout the sampling

period which included a period of egg production. None of the DPM hens

had palpable evidence of deep pectoral myopathy at the start of the

experiment. Upon necropsy at the end of the experiment, all three DPM

hens were confirmed to be bilaterally affected.

Table II-V gives the systolic, diastolic, and pulse pressures for

each hen, in each week sampled, and the mean pressures for each hen.

The six-month mean blood pressures were not significantly different

among the three DPM line hens. However, pressures for each of the

three DPM hens were significantly different (P < .001) from the

pressures of the MWC hen. This reemphasizes a previous finding that

blood pressure differences exist between these two lines of turkeys.

The DPM line birds have lower mean levels of arterial pressure than do

birds of the MWC line. Mean variance in pressures during the six-month

period was low (CV < 12) and not significantly different among the

four hens.



Table II-V. Blood pressure of individual turkey hens sampled during a six-month period which included egg production. DPM line hens not
affected at 35 weeks, bilaterally affected et 54 weeks.

Age
weeks

Line Bird 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 Mean (5E)

FMC 923 S 121 145 173 158 137 157 160 143 139 158 150 154 133 158 138 145 148 131O 79 99 99 113 80 99 95 97 83 95 99 98 81 99 93 83 93 (2)PP 41 46 74 45 57 58 65 47 56 63 51 56 52 59 45 61 55 (2)

DPM 1431 $ 111 115 132 143 104 117 109 115 116 115 119 117 119 126 123 142 120 (3)D 71 77 70 89 62 71 61 75 64 61 60 67 69 79 , 81 71 70 (2)PP 40 38 62 54 42 41 49 39 52 55' 59 50 51 41 43 71 50 (2)

1435 5 121 130 114 120 113 109 113 116 121 118 152 98 146 '1 121 ( )
D 83 77 71 64 67 63 62 69 65 59 103 61 82 - 71 (3)PP 38 53 43 56 46 46 51 47 57 59 49 37 64 - 50 (2)

1438 S 123 121 105 123 109 119 110 113 117 119 118 115 107 106 112 111 115 (1)
19 71 64 96 65 71 65 65 66 67 61 65 64 69 67 73 69 (2)PP 45 49 41 21 45 49 45 49 51 51 51 49 43 37 45 44 45 (2)

*Died following exercise stress.



69

The blood pressure graphs of.Figure 11-8 show the individual hen

blood pressure patterns over a six-month period. DPM hen 1433 was

first suspected, in week 36, and confirmed in week 41, to have deep

pectoral myopathy on the right side. At necropsy, in the 58th week,

the caudal two-thirds of the right supracoracoideus muscle was

atrophied with some replacement by connective tissue. The left side

was in early stages of necrosis with tissue replacement. From the 38th

to the 40th week this hen showed a steady increase in blood pressure

followed by a rapid drop in the 41st week. The remainder of her record

is relatively stable with a slightly positive slope and a steeper rise

in pressure at the end.

DPM hen 1435 experienced large pressure fluctuations in weeks

49-52 prior to her death following strenuous exercise. She had shown

arrhythmic heartbeats in weeks 46, 48 and 52. Onset of myopathy

(right) was suspected in the 44th week. Palpable evidence (left side)

was first detected in the 48th week, and bilateral involvement was

confirmed at necropsy in week 53. Prior to the 49th week, blood

pressures in this hen were relatively stable.

DPM hen 1438 lost weight during the early stages of confinement

to the indoor individual cage. She was a poor eater throughout the

experiment and maintained little or no body fat in normal subcutaneous

fat depots. Detection of deep pectoral myopathy was difficult in this

bird and could not be determined with any certainty by muscle

palpation. Following weight loss, the breast musculature was thin and

firm. The surface conformation of the muscle did not change during the

experiment. At necropsy the caudal two-thirds of both supracoracoideus
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muscles was necrotic and was partially replaced, without loss of muscle

conformation, by fatty connective tissue. The blood pressure record

for this bird showed a very low degree of variability after the 42nd

week. Between the 38th and 41st week the record shows some fluctuations

compared to the more stable record which followed. Blood pressure was

slowly increasing at the end of the experiment.

The pressure graph for MWC hen 923 reveals a broad regularly

fluctuating pattern without notable deviation after the 38th week.

Her blood pressure was maintained at a higher level than that of the

DPM line hens. No evidence of deep pectoral myopathy was seen in this

bird at necropsy.

Blood pressure patterns of the DPM hens used in this experiment

indicate that pressure levels deviate from the normal level in a

particular susceptible bird around the time of onset of deep pectoral

myopathy. Hen 1433 experienced the greatest fluctuation in pressure

two weeks preceding, during, and two weeks following the week that

myopathy was first confirmed by palpation. Hen 1435 experienced large

fluctuations in bood pressure during the four weeks prior to her death

after strenuous exercise. In this case, necropsy confirmed deep

pectoral myopathy in early to mid-stages involving supracoracoideus

muscles of both sides. Hen 1438 showed some pressure fluctuations only

in the early part of the experiment and at necropsy both muscles were

in advanced stages of myopathy with fatty tissue replacement.

The coincidence of unusual pressure level perturbations with the

observed or estimated time of onset of deep pectoral myopathy suggests

that a relationship may exist between the pathogenesis of deep pectoral
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myopathy and the blood pressure response of the vascular system.
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Blood Pressure and Diet

A total of 40 hens of the deep pectoral myopathy line were sampled

to determine the effect of saturated fat supplementation of the diet on

blood pressure and incidence of deep pectoral myopathy. The source of

saturated fat was animal tallow which was added to the standard breeder

ration formula. Yellow corn in the ration formula was reduced by 5% to

compensate for the addition of 5% animal tallow. Calculated total fat

in the supplemented ration was 9.0% compared to 4.2% in the standard

ration. Appendix Table A-I lists the complete ration formula.

The hens were housed in four floor pens (3.05 meter2) containing ten

birds each. Two pens received the standard turkey breeder ration (SBR)

and the other two pens the 5% fat-supplemented standard breeder ration

(FS). The diet regimen was commenced on January first and continued

through the first reproductive season until August when blood pressure

measurements were taken.

Table II-VI lists the mean systolic, diastolic and pulse pressures

of birds in each diet group by severity of affliction with deep pectoral

myopathy. The highest incidence of deep pectoral myopathy, 95%,

occurred in the hens fed the standard breeder ration. Hens fed the

fat-supplemented ration developed an incidence of only 60%. Forty

percent of the hens in each diet group were affected unilaterally. The

difference in incidence between the two diet groups was in the percent

of hens affected bilaterally or not afflicted at all. In the SBR group

55% were affected bilaterally and 5% remained unafflicted. In the FS

group 20% were affected bilaterally and 40% remained unafflicted.



74

Table II-VI. Mean blood pressure, percent incidence and laterality of
occurrence of deep pectoral myopathy in adult (75 week)
turkey hens of the DPM line fed standard breeder rations
or 5% saturated fat supplemented standard breeder rations.

Diet group n
Incidence

DPM Laterality
Systolic

(SE)
Diastolic

(SE)

Pulse
Pressure

(SE)

Standard 1 0 0 149 (-) 124 (-) 25 (-)
breeder 8 40 1 161 (15) 120 (16) 40 (3)
ration 11 55 2 173 (11) 136 (12) 37 (4)

20 95 167 (8) 129 (9) 38 (3)

5% 8 0 0 a126 (6) 83 (9) 41 (4)
saturated 8 40 1 b136 (7) 92 (9) 44 (4)
fat suppl. 4 20 2 ab182 (16) 121 (15) 63 (10)

20 60 141 (7) 94 (6) 47 (4)

a = Significantly different (p < .01).

b = Significantly different (p < .02).

Values with the same superscript are significantly different.
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There were no significant differences in systolic blood pressure

between the two diet groups at any degree of severity of myopathy.

Also, within the SBR group there were no significant differences in

systolic blood pressures. In the FS group significant differences in

systolic pressures existed between hens not afflicted and those

bilaterally affected (p < .01), and between hens unilaterally affected

and those bilaterally affected (p < .02).

The differences in blood pressure noted within the FS group were

due to very large increases in systolic and diastolic pressures with

increasing severity of deep pectoral myopathy (Fig. 11-9). Pulse

pressures also increased in this group since the mean systolic pressure

increased more rapidly than the mean diastolic pressure. Hens from the

FS group, affected bilaterally, attained a higher mean systolic pressure

and a lower mean diastolic pressure than SBR hens also affected

bilaterally. By contrast, the unafflicted and unilaterally affected

hens of the FS group maintained lower systolic and diastolic blood

pressures than did unafflicted and unilaterally affected hens of the

SBR group. Lower mean pulse pressures were seen in SBR hens at each

degree of severity of myopathy.

The pattern of pulse pressures was distinctly different in each of

the two diet groups. In both groups, pulse pressures increased as the

degree of severity increased from not afflicted to unilaterally

affected. From unilateral to bilateral a large increase was seen in

FS hens and a small decrease observed in SBR hens.

An analysis of these arterial pressure patterns can be made by

using the concepts of the regulation of arterial blood pressure
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discussed by Little (1977) and summarized in Table

Hemodynamic factors which might cause the pressure pattern changes

with degree of severity as seen for hens in the SBR group would include

a decrease in arterial distensibility followed by an increase in

perpherial resistance. Heart rate would remain unchanged in all birds

of both groups (Ringer and Rood 1959). Changes in either stroke

volume or arterial capacity are not implicated by the blood pressure

measurement data from the SBR group.

Possible hemodynamic factors causing the pattern seen in the fat

supplemented group would include an increase in stroke volume and a

decrease in arterial capacity. The very large increase in arterial

pressures may indicate that both hemodynamic factors are contributing

to the pressure pattern. Because of the added saturated fat in the

diet it is possible that arterial capacity could be lessened by the

presence of atheromatous plaques in the arterial intima. In addition

to reduced arterial capacity, the distensibility of arteries would be

decreased (Guyton 1976). This might be yet another factor contributing

to the high pressures seen in hens of the FS group.

Along with the above indications of blood pressure relationship

to diet composition and degree of incidence of deep pectoral myopathy,

the statistical calculations reveal a higher degree of variability in

arterial pressures among the hens in the SBR group (CV > 20) compared

to hens in the FS group (CV < 20). Lack of statistically significant

differences between diet groups is due in part to limited sample size

and the high degree of variability encountered in the samples.

Statistical tests indicated the samples were heteroscedastic which
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necessitated the use of conservative methods of approximate t-testing

(Sokal and Rohlf 1969, Rohlf and Sokal 1969) to determine the

significance of differences in mean blood pressure values.

Data from this experiment indicate that a relationship may exist

between fat supplementation and decreased incidence of deep pectoral

myopathy although the reasons for this are not clarified.
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Conclusions

Comparison of mean systolic, diastolic and pulse pressure values

among four lines of turkeys has shown that (1) males have higher

systolic and diastolic pressures than females of the same line and age,

(2) lower pressures are found in myopathic lines, (3) a wider range of

pulse pressures are found in females compared to males and in non-

myopathic females compared to myopathic females, (4) higher pulse

pressures in bronze females compared to white females, and (5) greater

variability of systolic and diastolic pressure in males than in females.

The effects of age on blood pressure in the DPM and MWC lines

included (1) an increase in systolic and diastolic pressures with a

decrease in pulse pressures, (2) higher pressures in males than in

females of the same line and age, (3) higher pressures in the MWC line,

both sexes, at each age, when compared to the DPM line, (4) a narrow

range of pulse pressure among males with DPM males the least varied,

(5) a broad range of pulse pressures among females with DPM females

the least varied, and (6) a decrease in blood pressure, possibly

related to estrogen levels, in reproductively active females.

Investigation of the interrelationships of blood pressure,

incidence of deep pectoral myopathy and age in the DPM line indicates

that blood pressure will increase with age in females after the first

reproductive season. In males the increase begins before the first

reproductive season. Males unafflicted with deep pectoral myopathy

continue to have an increase in blood pressure after 40 weeks and are

not significantly different in blood pressure level from males of the
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MWC line. Bilaterally affected males fail to have an increase in

systolic, diastolic, or pulse pressures, and at 75 weeks of age are

significantly different in blood pressure level from males of the MWC

line (p < .01). Stroke volume changes could be a factor in the

difference between the blood pressure levels in afflicted and

bilaterally affected males of the DPM line.

Blood pressure measurements taken on individual hens of the DPM

line over a period of six months showed that unusual fluctuations of

blood pressure occurred just prior to and during the estimated time of

onset of deep pectoral myopathy. This coincidence of pressure level

perturbations and onset of deep pectoral myopathy suggests that a

relationship probably exists between the pathogenesis of deep pectoral

myopathy and the blood pressure response of the vascular system.

The incidence of deep pectoral myopathy was found to be 35% lower

in a group of DPM line hens fed a 5% saturated fat-supplemented diet

compared to a matching group of hens fed a standard breeder ration.

Within the fat-supplemented group systolic pressures were significantly

higher in bilaterally affected hens compared to unilaterally affected

(p < .02) or unafflicted (p < .01).
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III. PLASMA LIPOPROTEINS

Introduction

Plasma lipoproteins are believed to be a primary vehicle for

transport of lipids via the blood vascular system. They are stable

complexes of lipids and proteins bound together by weak non-covalent

forces. These conjugated proteins usually contain polar and neutral

lipids along with cholesterol and cholesterol esters. The three basic

categories of lipoproteins are classified by their densities which

result from differing proportions of lipid and protein contained in

the complex.

Chylomicrons are the largest molecules and contain the least

protein, the greatest amount of lipid, predominately triglyceride,

and are the least dense at 0.94. Low density lipoproteins (LDL)

contain more protein, decreased triglyceride, greatly increased

phospholipids and cholesterol, and vary in density from 0.98 to 1.03.

High density lipoproteins (HDL) contain much higher levels of

protein, very little triglyceride, high levels of phospholipids and

cholesterol, and have densities ranging from 1.09 to 1.21.

The suggestion had been made by Barr et al. (1951) that a

significant relationship might exist between plasma lipoproteins,

atherosclerosis, and coronary heart disease. Much later, Miller and

Miller (1975) stimulated a resurgence of interest in the role of high

density lipoproteins in ischemic heart disease.

Since 1951 at least 12 major epidemiological case-control
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studies, one prevalence study, and five cohort case-control studies

have been reported (summarized in Lippel 1979). Consistent findings

resulted from this variety of observational studies. There was general

agreement that an inverse relationship exists between levels of HDL

and coronary heart disease. The strength of this anti-atherogenic

association makes it the best statistical predictor of vascular

disease in human populations of middle to older age (Heiss and Tyroler

1979). The studies of Barr et al. (1951) showed that total HDL is

decreased in ischemic heart disease. Later studies by Eder (1979)

indicate that the sub-component HDL
2

is the HDL component responsible

for the decrease in total HDL observed in cardiovascular disease.

The mechanism underlying }DL protection against development of

cardiovascular disease is not yet known. However, two possible mecha-

nisms have been suggested. The first involves HDL as a facilitator

for removal of cholesterol from peripheral cells and transporter of

this cholesterol to the liver for removal from the body (Turner et al.

1979). The second mechanism involves HDL as a competitive inhibitor

of low density lipoprotein binding to the peripheral cells (Stein and

Stein 1976). Under either mechanism, low levels of HDL would permit

build up of cholesterol at the cellular level whereas elevated levels

of EDL would contribute to effective removal of cholesterol at the

cellular level.

Several factors are known to influence relative levels of HDL in

human plasma. Increased levels are associated with female sex, lean

body condition, physical activity, estrogen administration, heparin

administration, alcohol consumption, and exposure to chlorinated
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pesticides. Decreased levels are attributed to male sex, obesity,

physical inactivity, androgen administration, high carbohydrate diets,

diabetes, and cigarette smoking (summarized in Lippel 1979).

The etiology of DPM in turkeys has been postulated to include

blood vascular deficiencies. Screening of DPM susceptible birds was

therefore undertaken to assess the lipoprotein status of these birds

and to determine if any relative differences existed in HDL lipo-

protein profiles between the high incidence and control lines of

turkeys.
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Materials and Methods

Lipoprotein screening was accomplished by using blood plasma

collected from a total of 30 male and 41 female adult turkeys of the

DPM,MDY, BBC, and MWC lines. Each bird was sampled three to four

times within the period December-May.

Birds were captured within their assigned pens or were herded

slowly from outdoor ranges a short distance into small capture pens.

All birds used in a single experimental protocol were sampled on the

same day and the blood collected within a two-hour period in the

morning between 0800 and 1200. Blood collection was done immediately

following capture of each bird. Blood was drawn by brachial veni-

puncture through disposable 18-20 gauge needles into 2 ml glass

syringes which had been pre-rinsed with physiological saline (avian

.75%). The sample was immediately injected into an evacuated

heparinized blood collection tube (Vacutainer (R)
, Becton-Dickinson,

Rutherford, N.J.). The tube was gently inverted and rotated to

thoroughly mix the heparin solution with the blood to prevent

clotting and hemolysis. 'The tubes of blood were held upright in

test tube racks until all sampling was completed and then trans-

ported to a laboratory for processing. Plasma was separated from

red blood cells by centrifugation at 2,000 G for 10 minutes and

then pipetted into holding tubes for assay.

Separation of the plasma lipoproteins was by means of a

relatively new electrophoretic technique known as isoelectric

focusing. This technique is based upon the separation of
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lipoproteins by their isoelectric points within a pE gradient.

Isoelectric focusing techniques have been successfully employed for

analysis of the human disease known as hyperlipoproteinemia

(Warnick et al. 1979).

Characteristic isoelectric focusing patterns for lipid classes

LDL and HDL were determined by preparatory density gradient centri-

fugation of whole plasma from adult female turkeys. Elution

fractions were then selected and applied to polyacrylamide gels to

obtain the matching isoelectric focusing pattern (Fig. III-1).

Patterns obtained from fractions 5 and 6 (LDL) and 9 and 10 (HDL) are

shown in Figure 111-2.

The present study used cylindrical polyacrylamide gels as a

separation medium because of the simplicity of handling and high

degree of resolution. Use of cylindrical gels has become a widely

accepted procedure today (Gidez 1979).

The solution of ampholyte carrier molecules, which create the

pE gradient, was obtained fron LKB Western Instrument Co. Iso-

electric focusing reagents, methods and techniques are detailed in

Appendix 2.

Photographs were taken of each sample gel upon completion of

isoelectric focusing (see examples in Fig. 111-9). The gels were

then immediately scanned at 600 nm by a recording refractometer

(Bausch and Lomb, Abbe-3L). The graphs obtained from the refractom-

eter were interpreted and labeled with information related to peaks

observed, dye density, location of top and bottom of the gel and

any other information on the appearance and location of peaks seen
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Figure 111-2. Isoelectric focusing profiles of elution fractions
5 and 6 (LDL) and 9 and 10 (IMIL). DPM female
sampled in February. rumbered peaks were analyzed.
Peak x not observed in profiles from whole blood
plasma.
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as dye bands in the gels. Hand-drawn sketches of individual gels

were also prepared and these were annotated with information on

color intensity of the dye, distribution of bands, presence of

particulates, and location of gel top and bottom.

Interpreted graphs for 25 birds of the DPM and MWC lines were

digitized for insertion and use within a computer program designed

by Dr. Martha J. Tripp (Appendix 3). The computer program

specifically analyzed the peak height (absorbance) and migration

(distance from origin) of lipoproteins separated by isoelectric

focusing.

Study of the refractometer graphs and computer output indicated

the presence of 12 lipoprotein peaks. Each peak was assigned a

number and identified on the graphs (Fig. 111-3). By comparing

computer output data with refractometer graphs, a figure for

relative distance and relative absorbance was obtained for each

peak (Appendix 4). The absorbance and migration data were then

analyzed statistically.



Figure 111-3. Numerical identification of visible peaks in lipoprotein profiles. Isoelectric
focusing in cylindrical polyacrylamide gels. Photoreduced refractometer graphs.
Female turkey of the NWC line. a = in production (April). b = non-production
(March).
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Results and Discussion

Characteristic Lipoprotein Profiles

Refractoreter Graphs

Individual graphs from the refractometer revealed that lipo-

protein profiles (LPP) were very similar among the four genetic

lines when the sexes were compared with each other at the same time

of the year.(Figs. 111-4, 5, 6, 7). No features of the individual

refractometer profiles were useful in distinguishing genetic lines.

LPP for males and females are similar only when the birds are

reproductively inactive (Fig. 111-8). During the reproductive

season, males continue to maintain an LPP with high HDL peaks (p9),

variable levels of LDL (p2, p6). The female LPP during egg

production is characterized by greatly increased levels of LDL and

diminished levels of HDL. Females return to non-production profiles

when egg production ceases at the end of the breeding cycle and when

interrupted by "broodiness" (see Fig. 111-9).

The change in LPP which accompanies broodiness will occur with

cessation of egg-laying. For example, hatching eggs set from BBC

hen 377 (Fig. III -9d) included 9 on 1 March and none on 29 March.

On 10 March, when the blood sample illustrated in Figure III-9d was

taken, this hen was entering a broody phase and her egg production

ceased. Her LPP of 10 March shows this non-production physiological

state in which the HDL peak (p9) reappears in the LPP. Figure III-9a

illustrates the LPP of a hen in full egg production. Peak 9 (HDL)
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Lipoprotein patterns in adult female medium white
turkeys of the Deep Pectoral Myopathy (DPM) and
normal (Mt7C) lines. Abscissa = migration in pH
gradient 10 3.5. Ordinate = absorption at 600 nm.
Isoelectric focusing in cylindrical polyacrylamide
gels. Photoreduced refractometer graphs.
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Figure 111-5. Lipoprotein patterns in adult female Broad Breasted
Bronze turkeys of the Muscular Dystrophy (MDY) and
normal (BBC) lines. Abscissa = migration in pH
gradient 10 4- 3.5. Ordinate = absorption at 600 nm.
Isoelectric focusing in cylindrical polyacrylamide
gels. Photoreduced refractometer graphs.
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Figure 111-6. Lipoprotein patterns in adult male Medium White
turkeys of the Deep Pectoral Myopathy (DPM) and
normal (MWC) lines. Abscissa = migration in pH
gradient 10-} 3.5. Ordinate = absorption at
600 nm. Isoelectric focusing in cylindrical
polyacrylamide gels. Photoreduced refractometer
gels.
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Figure 111-7. Lipoprotein patterns in adult male Broad Breasted
Bronze turkeys of the Muscular Dystrophy (MDY) and
normal (BBC) lines. Abscissa = migration in pH
gradient 10 '-3.5. Ordinate = absorption at 600 nm.
Isoelectric focusing in cylindrical polyacrylamide
gels. Photoreduced refractometer graphs.
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Figure 111-8. Influence of sex and reproductive status on lipo-
protein patterns. Adult turkeys of BBC genetic line.
Isoelectric focusing in cylindrical polyacrylamide
gels. Photoreduced refractometer graphs (A600).
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is not visible in this profile.

Standardized Graphs

Scrutiny of the refractometer graphs for individual turkeys

failed to reveal any gross differences in LPP between myopathic and

normal lines. The refractometer graphs were then standardized by

digitizing the curves for computer analysis with the program

designed to give relative values for migration and absorption at

600 nm. The resultant relative values were then analyzed for mean

values for each sex, genetic line, and month of the year. The

analyzed data from 25 turkeys of the DPM and MWC lines are given as

comparisons of genetic line by sex and month (Figs. III-10 to

111-13), sex differences by genetic line and month (Figs. 111-14 to

111-16), and time of year comparisons by genetic line and sex

(Figs. 111-19 to 111-23). Figures III-10 through 111-23 are placed

together in numerical order at the end of this section (Results and

Discussion).

The standardized graphs are labeled with peak numbers 2, 6

(LDL) and 9 (HDL) to aid in comparisons. LPP from these graphs can

be compared with each other for changes in profiles over the time of

year and by sex and genetic line. A discussion of these changes is

included under the appropriate sections which follow.

Table III-1 summarizes significant differences in lipoprotein

migration and absorbance values seen in DPM line turkeys compared to

the MWC line. Most notable is the lowered levels of RDL in

reproductive DPM females and the increased levels of LDL in
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TABLE III-I. Significant differences in plasma lipoprotein peaks.
DPM line adult turkeys compared to the MWC line.

Peak Production Mar-Apr End-of-production May

1

Migration Absorbance Migration Absorbance

M F M F M F M F

e Tt ic+ tic

2 * * *+ **4.

3 **t **t **t

4
*
** **t **t *t

** **t 4-
** **t

6 ** **t

7

8 * *+ **t **t

9
÷
* **4

4-
**

10 *t *t

11 **4,
-4-

* **t

12
4-
**

Migration of lipoproteins in pH gradient 10 --*3.5 during isoelectric
focusing.

Absorbance at 600 nm.

Significance (computer generated t-test) = p < ** = P < .05.

Arrows indicate direction of DPM values relative to MWC values

+4- = increase or decrease in absorbance

= migration to lower pH (right) or migration to higher
pH (left.
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reproductive DPM males. In both cases the proportion (ratio) of HDL

to LDL (HDL/LDL) becomes smaller for DPM turkeys during production.

DPM females experience the greatest reduction in this proportion

(ratio) due to significant increases in LDL accompanied by equally

significant decreases in BDL. DPM males do not experience a

significant lowering of HDL levels and thus have less reduction in

the proportion of HDL to LDL.

The shifts in position (relative migration) of the peaks appear

to be related to the quantity of certain lipoproteins in the sample.

When high levels of peak 2 (p2) are present the LPP appears to shift

left, in the direction of p2 and toward higher pH (see Figs. 111-12,

13 for examples). When peak 6 (p6) is at relatively high levels,

the left-hand portion of the LPP shifts slightly right, toward p6

and lower pH (see Fig. III-10 for example). These shifts in the

precise location of peaks can be explained on the basis of the

number of molecules and the net charge of the molecules as they

approach positions in the pH gradient according to their isoelectric

points.

Onset of Myopathy and Lipoprotein Profiles

Seasonal profile changes, individual variability, and infrequent

sampling (monthly) prevented detection on the refractometer graphs

of lipoprotein profile changes, if any, at the time of onset of DPM

in any one susceptible turkey.

No DPM males showed evidence of myopathy in January and one

was afflicted by the end of LPP sampling in June.
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Of the 16 DPM hens whose blood was sampled, 9 had bilateral

myopathy and 4 had unilateral myopathy by 46 weeks of age. This was

two months prior to the completion of the LPP analysis described

here. None of the hens had expressed DPM at the time of initial

blood sampling in December. The only hens remaining without

expression of the defect were three in the fat supplemented (5

tallow) DPM group, DPM-FS. This apparent "sparing" effect of

dietary fat supplementation was confirmed in subsequent experiments

and was previously described in Chapter II (Blood Pressure).

Plasma lipoprotein status during the first reproductive period

may provide a clue to why fat supplementation acts as a myopathic

sparing factor. The usual age of onset of DPM in hens is 42-48

weeks. This coincides with the first reproductive cycle when p2 and

p6 rise and p9 falls causing the HDL/LDL ratio to become smaller.

Figures III-10, 11 indicate that the LPP for DPM-FS hens more

closely resemble the LPP of normal MWC hens. The DPM-FS LPP do not

show large increases in p6 or decreases in p9 as is the case for

the DPM LPP which have the highest rise in p2, p6, and the greatest

drop in p9. The similarities in LPP between DPM-FS and MWC hens

may explain the apparent sparing effect of fat supplementation.

Genetic Line Comparisons

The general appearance of LPP for females of the DPM, DPM-FS,

and MWC was basically similar (Figs. III-10, 11). Line differences

between DPM-FS hens and the other lines have already been discussed

in the preceding section. Major differences among the female lines
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were noted in LDL p6 and HDL p9. The DPM group had higher p6 levels

in March and May than either the MWC or DPM-FS groups. The DPM-FS

hens closely matched the MWC group for p6. Peak 9 for DPM hens was

much lower in March and then higher in May than either DPM-FS or

MWC. In both March and May DPM-FS LPP more closely resembled MWC

LPP than they did the DPM LPP. As previously discussed, by March

all DPM hens had expressed nyopathic changes, whereas three hens in

the DPM-FS group remained free of the defect. Their more normal LPP

and more favorable FDLILDL ratio reflects this lowered incidence of

myopathy.

The LPP for males of the DPM and MWC lines also have basically

the same appearance in April and May (Figs. 111-12, 13). The main

difference is that DPM males have a significantly (p < .05 to .10)

higher level of p2, p6 in both months. As explained in a previous

section, the profile shifts to the left in response to higher levels

of p2. HDL/LDL ratios for DPM males are smaller than they are for

MWC males.

Sex Differences in Lipoprotein Profiles

Figure 111-14 shows a standardized LPP for non-production males

and females of the DPM line. The LPP are remarkably similar with

only p6 having a slight increase in females. MWC turkeys were not

sampled in December or January so no non-production comparison can

be made for these months.

By March (see Figs. 111-15 and 17) the DPM female LPP has

completely changed with p2 and p6 reaching very high levels and p9
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dropping to one-half the previous level. The DPM males retain their

very high level for p9 and in addition have large increases in p2

through p6. March LPP for MWC females also show high p2 and p6

levels and lowered p9 levels. MWC males maintain a high p9 and

have p2 and p6 levels much lower than the MWC females.

In May as the reproductive cycle is declining (see Figs. 111-16,

18), the DPM females have decreased p6 and increased p9 levels. DPM

males have increased p2, slightly decreased p6, and a small decrease

in p9 levels. MWC females have increased p2, decreased p6 and p9.

LPP for MWC males changes very little with a slight decrease in p6.

The most notable effect of sex on LPP is the enormous increase

in LDL levels (p2, p6) for females in production. This is

accompanied by sharp reductions in HDL (p9) so that the HDL/LDL

ratio becomes very small as females go from a sexually inactive to

a sexually active state.

Males also experience an increase in levels of LDL (p2, p6)

upon sexual activation, but these levels are not as high as seen in

females. The DPM males attain relatively higher levels of LDL than

do MWC males. Males of both lines retain a high HDL peak (p9)

throughout reproduction. The }DL!LDL ratio for males also becomes

smaller during reproduction, especially in DPM males.

Time of Year Effects on Lipoprotein Profiles

The effects on LPP due to the time of the year are effects

related to the reproductive cycle. These effects of the reproduc-

tive cycle have been discussed in previous sections.
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The changes in LPP over time is further illustrated in Figures

111-19 to 111-23. These graphs show the effects by month within a

sex and genetic line. The rather drastic changes in female lipo-

protein concentrations from December to May are clearly illustrated

by these graphs (see Fig. 111-19).

A comparison of April and May graphic lines in Figure 111-21

with the same months in Figure 111-23 is especially useful in

visualizing the essential difference between LPP of DPM and MWC

males. The DPM males experience abnormal increases in LDL during

the reproductive months of April and May whereas the LDL in MWC

males remains relatively stable with minimal change in the BBL /LDL

ratio.
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Figure III-10. Mean relative migration and absorbance (A600).
Adult, female turkeys of two genetic lines sampled
in March. DPM-FS = fat supplemented diet (5%
tallow). Lipoprotein profiles.
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Figure 111-12. Mean relative migration and absorbance (A600).
Adult, male turkeys of two genetic lines sampled
in April. Lipoprotein profiles.
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Figure 111-18. Mean relative migration and absorbance (A600).
Adult turkeys of the MWC genetic line sampled in
May. Lipoprotein profiles.
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Figure 111-20. Mean relative migration and absorbance (A600).
Adult, female turkeys of the DPM genetic line with
dietary fat supplementation (DPM-FS), sampled in
January, March and May. Lipoprotein profiles.
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Figure 111-21. Mean relative migration and absorbance (A600).
Adult, male turkeys of the DPM genetic line
sampled in January, April and May. Lipoprotein
profiles.
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Conclusions

Blood plasma samples from 71 adult turkeys were studied by

means of isoelectric focusing techniques to determine the lipo-

protein status of myopathic and normal lines of turkeys. Of

specific interest was the ratio of high density to low density

lipoproteins.

The time of onset of DPM in susceptible birds cannot be

detected from individual LPP. This was due to the changes in LPP

caused by reproductive status, individual variability, and

infrequent sampling. All DPM hens had expressed myopathy by March.

All except three DPM-FS hens had myopathy by June, and only one DPM

male had expressed myopathy by June. No males or females of the

WIC line had expressed myopathy.

The addition of 5% saturated fat in the diet has an apparent

"sparing" action on expression of myopathy. The LPP of fat

supplemented hens closely resembled LPP of normal (JAW) hens. The

DPM-FS group expressed 637 myopathy while the unsupplemented DPM

hens expressed 100% myopathy.

Among the four genetic lines, LPP were generally similar when

the sexes were compared with each other at the same time of the

year. There were no distinguishing features of the refractometer

graphs which could be used to identify with certainty an

individual's genotype.

Males and females, when not sexually active, had very similar

LPP. During the reproductive season all females have large
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increases in LDL and decreases in HDL. Reproductive males gain LDL

but never decrease their EDL levels to any significant degree. The

HDL/LDL ratio for both males and females becomes smaller during

reproduction with DPM females showing the most reduction in the

ratio, followed by DPM-FS (females), MWC females, DPM males, and

MWC males in that order.

When a female becomes broody during the reproductive cycle her

LPP looks the same as during non-reproductive times of the year.

The LPP changes again back to the in- production pattern when egg-

laying is resumed.

DPM line turkeys have LPP which differ from norral turkeys.

These differences, represented by lowered }DL /LDL ratios during the

reproductive cycle, may be an important factor in the initiation of

myopathic changes observed during the first reproductive cycle at

40 to 50 weeks of age.
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IV. PLASMA ENZYME - CREATINE PHOSPHOKINASE

Introduction

The enzyme Creatine Phosphokinase (CPK) is found in striated

skeletal and cardiac muscle cells where it catalyzes the reaction in

which the phosphate from creatine phosphate is transferred to adeno-

sine diphosphate (ADP) to form adenosine triphosphate (ATP). Creatine

phosphate is the most abundant source of high energy phosphate bonds

available to maintain the level of ATP in the muscle cell. It is the

hydrolysis of the high energy phosphate bonds of ATP which provides

the power to move actin filaments past myosin filaments in the

contraction of skeletal and cardiac muscle.

Elevated plasma CPK activity occurs following myocardial

infarction, muscular dystrophy, or other traumatic damage to muscle

cells. The measurement of plasma CPK activity has, therefore, become

useful in the diagnosis and characterization of diseases affecting

skeletal and/or cardiac muscles in humans (Richterich et al. 1963,

Bullard 1971, Adams 1975, Harper, H. A. 1975, and Roberts et al. 1976),

pigs (Patterson and Allen 1972, Frank 1975), chickens (Wagner et al.

1971), horses (Cardinet et al. 1967), cattle (Anderson et al. 1976),

rats (Maclean et al. 1976), mice (Mukherjee et al. 1976), hamsters

(Eppenberger et al. 1964), and lambs (Whanger et al. 1976).

CPK activity increases after the stress of road and rail transport

in broiler chickens (Scholtyssek and Ehinger 1976), sheep (Healy and

Falk 1974), and pigs (Frank 1975). CPK is elevated in zebras after the
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stress of being chased (Hofmeyer et al. 1973), after forced running

exercises in turkeys and sheep (Tripp and Schmitz 1980), and after

combined heat and exercise stress in pigs (Haase et al. 1973), although

not from heat stress alone in pigs (Aberle et al. 1974). Stress-

susceptible (SS) pigs have higher levels of CPK activity than do

stress-resistant (SR) pigs and the rise in CPK values following

exercise is higher in the SS pigs (Reddy et al. 1971, Maxwell et al.

1976, Hallberg et al. 1979). In pigs, CPK activity is reported to vary

diurnally and be age dependent with the highest values occurring during

the rapid growth phase (Mitchell and Heffron 1975). CPK activity is

also elevated in the stress related myopathies known as capture myopathy

(Gericke and Belonje 1975) and acute back muscle necrosis (Bickhardt

et al. 1975).

The use of CPK activity measurements as an identification factor

in the selection of adaptable, stress-resistant swine has been

suggested by Allen et al. (1970), Patterson and Allen (1972), Richter

et al. (1973), and Haase et al. (1973). Frequently, human carriers of

Duchenne-type muscular dystrophy can be detected by their elevated CPK

values (Richterich et al. 1963, Adams 1975).

The purpose of the present series of experiments was to study

plasma CPK activity in several genetic lines of turkeys, make

comparisons of CPK activity between myopathic and normal birds, obtain

enzyme clearance times, and study the effects of exercise stress and

onset of DPM on the levels of plasma CPK activity. The objective was

to evaluate the usefulness of plasma CPK activity measurements as a

diagnostic method for early detection of afflicted birds or birds with
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the potential for affliction from deep pectoral myopathy.



123

Materials and Methods

Blood plasma samples from a total of 80 turkeys of four genetic

lines (DPM, MWC, MDY, BBC) were used during three separate experiments

to determine CPK enzyme activity levels, clearance times, and stress

and disease effects.

The method for collection and processing of blood samples is the

same as described for lipoprotein analysis in Chapter III.

CPK activity in the blood plasma was assayed spectrophotometri-

cally at 30°C using the Calbiochem method and CPK reagents (CPK Stat-

Pack
(R)

, Calbiochem, La Jolla, California). These reagents included

a sulfhydryl activator and a myokinase inhibitor. CPK enzyme activity

was calculated in International Units (mU/m1). Calculations were based

upon photometric measurements of the rate (per minute) of formation of

reduced NADP which is proportional to the activity of CPK enzyme in

the sample.
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Results and Discussion

Genetic Line Comparisons

Plasma CPK activity levels were sampled from 40 adult females and

30 adult males from the DPM, MWC, MDY, and BBC lines over a period of

five consecutive months. Males of these lines were sampled in May and

July. Females were sampled in May, June, July, and September.

September samples were not obtained from the MWC line and a group of

fat-supplemented DPM females (DPM-FS). Table IV-1 presents these data

as mean CPK values (mU/m1) with standard errors and significant

differences.

Significant differences in levels of CPK activity occurred

between.males and females within each genetic line. In all cases,

except one, the differences were very highly significant (p < .001).

The exception was in the MWC line sampled in July (p < .1). Males of

the different lines did not significantly differ from each other in

CPK activity. Females also were not significantly different from each

other except between MDY and BBC hens sampled in July (p < .1) and

September (p < .05). Male MDY birds did not differ from their normal

counterparts and in fact were nearly identical in mean CPK activities

for the two months sampled.

The highly significant difference in CPK activities attributed to

sex, as seen in these lines of turkeys, is unlike the situation

reported for chickens (Wagner et al. 1971), horses (Cardinet et al.

1967) or sheep (Healy and Falk 1974), where little CPK difference had



Table IV-1. Mean blood plasma creatine phosphokinase enzyme activity (mU/m1) in adult turkeys, by
sex, genetic line, and sample date (1977).

Sex
Genetic
line n 12 May (SE) 9 Jun (SE) 13 Jul (SE) 15 Sep (SE) Mean overall (SE)

CPK (mU/m1)

Female DPM 8 a820 (178) 1238 (51)
b
931 (116) 1198 (106) m945 (117)

DPM -FS 8
b
736 (119) 1194 (574) g977 (136)

n
871 (98)

MWC
c
725 (141) 1179 (693)

h
1713 (469) 01139 (190)

MDY 8
d7

46 (155) 1604 (333) j3990 (163)
1
1592 (303) pg1104 (127)

BBC 8 e537 (116) 920 (36)
jk

599 (92)
1
519 (164)

qr
569 (78)

Male DPM 8
ab

2320 (190)
fg

2135 (208)
mn

2228 (161)

MWC 8
c
1693 (171)

h
3022 (518) 02263 (278)

MDY 4
d
2 77 (139) 12144 (120) P2161 (96)

BBC 10 e1693 (172) k2545 (353) r2184 (229)

p<< .001 = a,b,e,f,m,n,r
p < .001 = c,d,g,i,k,p
p < .01 = o,q
p < .05 = 1
p< .1 = h,j

Values with the same superscript are significantly different.
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been observed between the sexes. These turkeys more closely resemble

humans where a sex difference is known to exist (Griffiths 1966).

High plasma CPK levels found in turkeys are similar to levels

reported for chickens (Wagner et al. 1971). Other species, including

human, have much lower normal CPK activities (summarized in Tripp and

Schmitz 1980). Allen et al. (1970) reports that a porcine exception

is found in the Pietrain breed of domestic pig which has consistently

higher levels of CPK activity (2251 ± 435) than do normal pigs

(215 ± 29). Pietrain pigs are particularly susceptible to an acute

stress syndrome.

Since the only significant (p < .1) difference found within

a sex was between female MDY and BBC birds, and this difference was not

highly significant, the data for each sex were combined. The combined

data are listed in Table IV-II and graphed in Figure IV-1 to show a

pattern of change over the five-month sampling period. The general

trend is for increasing levels of CPK activity. The increases are

statistically significant in both males (p < .02) and females (p < .03).

This increase cannot be explained on the basis of chronological aging

of the birds since the elapsed time was so short. A more likely

explanation might be suggested by considering the sequence of physio-

logical events related to the annual breeding cycle. The first

sampling was taken in mid-May as reproductive activity declined.

Reproduction continued to decline gradually into June and July.

September the birds were reproductively refractory. The basis for this

inverse relationship between CPK activity and reproductivity was not

investigated during this research. The peak of activity seen for
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Table IV-II. Mean blood plasma creatine phosphokinase enzyme activity
(mUiml) in adult turkeys. Combined data from four
genetic lines.

Date n

CPK (mU/m1)

X ± SE

Females

5-12-77 40
a
713 63

6-9-77 13 1253 176

7-13-77 40 a1042 117

9-15-77 15 1193 148

Males

5-12-77 28
b
1941 102

7-13-77 29
b
2492 197

a
p < .03

b
p < .02

Values with the same superscript are significantly different.
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Figure IV-1. Mean plasma CPK activity (± SE) in adult turkeys.
Combined data from four genetic lines. Significant
difference between sexes (p < .001) and between May
and July samples within each sex (Males: p = < .02;

females: p = < .03).
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females sampled on 9 June might be attributed to the residual effects

of relocation of the birds and the movement and disturbance incident to

capture of other nearby birds selected for marketing. These events

occurred two weeks prior to the 9 June sampling date.

Exercise Stress and Enzyme Clearance: Males

Three male turkeys, 19 weeks of age, were selected from each of

the genetic lines, MWC and BBC. These six birds were studied in an

experiment to determine the effects on plasma CPK activity of a single

episode of vigorous physical exercise. Enzyme clearance times, in

terms of activity half-life, were also determined.

Normal line males were selected for this experiment to avoid

effects which might be attributed to the influence of myopathic disease

which exists at high levels in the DPM and MDY lines. Data from normal

line birds also provides criteria for subsequent comparisons with

myopathic birds.

A pre-exercise blood sample was drawn approximately 30 minutes

before subjecting the turkeys to vigorous activity. They were then

herded a distance of 180 meters into an enclosed building where they

were penned for the remainder of the experiment in a room containing

23.8 square meters of space. Each bird was then turned upside down,

repeatedly, until unable to arise. Blood was drawn immediately and

this post-exercise sample was designated as "zero" time. Thereafter,

blood samples were drawn at four hours, again every additional 24 hours

for one week, and a final sample at two weeks post-exercise.

Numerical data from the CPK enzyme assays are listed in
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Table IV-III and the data graphed in Figure IV-2 to show trends over

time and comparisons of the two genetic lines.

The pre-exercise blood sample showed no significant difference in

CPK activity between males of the two lines. However, 30 minutes

later, following vigorous exercise, the birds of the BBC line had CPK

activities which were significantly higher (p < .02) than the MWC

birds. This initial very rapid rise in CPK activity continued and the

highest attained activity level for BBC birds was more than double that

of the MWC birds. Peak values were attained at 24 to 48 hours post-

exercise with one exception. MWC bird #1466 had one low peak at four

hours and an additional lower peak at 72 hours. This individual bird

was unusually calm throughout the experiment. A low level of response

to stress may be reflected in the low CPK activity recorded for this

male. Maxwell et al. (1976) reports similar post-exercise low CPK

levels in swine selected for stress-resistance. Unlike the swine,

turkey #1466 did not have lower pre - exercise CPK levels than others of

his group. This observation suggests that CPK levels may reflect a

state of stress resistance in turkeys only after the stress has been

experienced by the bird. Pre-stress levels were not significantly

different among the turkeys whether they were potentially stress-

susceptible or stress-resistant. Additional experiments would be

required to support or reject this hypothesis.

The pattern of response to exercise appears to differ in the two

genetic lines (Fig. IV-2). Individual variation of pattern was very

evident among the MWC birds. Bird #1466 was least responsive and had

only low levels of CPK activity, with a high peak at four hours,



Table 1V-III. Plasma CPK levels following vigorous exercise. Normal, young (19 wk), male turkeys
of the MWC and BBC genetic lines.

Time Post-Exercise

0.5 0 4 24

1

48

2

72

3

96

4

168

7

336

14

Hours

Days

MWC

#1430 1326 1203 7074 10611 53055 3537 1291 973 1415

#1434 725 814 17685 38907 51286 35370 15916 5659 1016

#1466
(1)

1468 1150 5305 3537 1486 3537 884 1238 2122

BBC

#1968 1167 1627 88424 107878 81350 31833 12379 884 707

#1981 831 1574 17685 107878 86656 28296 7074 1415 707

#2997 955 1857 68971 114952 120257 58360 19453 1945 884

(1)This individual bird remained relatively calm, easy to catch through the experiment.
large, firm wing veins.

He had
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Figure IV-2. Plasma CPK levels following exercise. Normal, young (19 wk), male turkeys of the
MWC and BBC genetic lines.
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whereas bird #1430 responded with a sharp rise in activity starting at

time zero, peaking at two days and plunging to near normal at three

days. This very rapid drop within 24 hours from highest level to near

normal was unlike any other bird of either genetic line. Bird #1434

experienced the most rapid initial 24-hour response, peaked at two

days slightly lower than the level attained by #1430, then declined

rapidly to four days and then more gradually until a return to normal

at 14 days. Among MWC birds, two were at pre-exercise levels by four

days ( #1430, 1466) and one took 14 days to return to pre-exercise

levels ( #1434).

The BBC line birds were more consistent in pattern with two birds

reaching peak levels at 24 hours (01981, 1968), and one at 48 hours

(#2997). All three BBC birds showed similar activity profiles and all

birds returned to, or close to, pre-exercise levels by the 7th day

post-exercise.

The most striking feature, in comparing the activity profiles of

the two genetic lines, is the very large difference in peak levels of

enzyme activity attained. The BBC group had levels more than double

those of the MWC group.

Plasma CPK clearance times for each of the six turkeys is shown

in Table IV-IV. The enzyme clearance half -life value for bird #1430

was omitted from calculations of the mean for the MWC group because

this value was clearly anomalous compared to the others of his group.

This bird had returned from his highest CPK activity level to pre-

exercise level four times faster than the other birds of the MWC group.

By contrast, individual birds of the BBC line were similar to each
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Table IV-IV. Plasma CPK clearance times (T 1/2) following exercise.
Normal, young (19 wk), male turkeys of the MWC and BBC

Genetic
line

genetic lines.

Coefficient of
determination

r2

Intercept
a
log

Slope
b
log T 1/2 (hours)

MWC

#1430 1.00 7.0600 - 0.0488 6(1)

#1434 .96 5.2491 - 0.0106 28

#1466 .98 3.8026 - 0.0127 24

Mean 26 (2)

BBC

#1968 .95 5.4418 - 0.0135 22

#1981 .92 5.5770 - 0.0168 18

#2997 .99 5.8984 - 0.0165 18

Mean 19
(2)

(1)
This value not included in calculations of mean half-life for the
MWC group.

(2)
p < .07.
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other in enzyme clearance times. The mean half-life value of 19 hours

for BBC birds was less (p < .07) than the mean value of 26 hours for

MWC birds. BBC birds attained the highest post-exercise CPK activity

levels and yet had the shortest enzyme clearance times. The MWC birds

attained lower, more variable peak activity levels and had longer

enzyme clearance times. In these turkeys, the relative length of time

(T 1/2) for clearance of the enzyme from the plasma was inversely

related to the peak level of activity attained.

The data suggest a difference exists between the two genetic lines

with respect to the permeability of the muscle cell membranes in

response to vigorous muscular exercise. It has been suggested that the

increases in CPK activity of stress-susceptible pigs is due to altered

permeability of the muscle membranes (Reddy et al. 1971). Anderson et al.

(1976) reports that the CPK half-life is short in sheep (1 hour) and

cattle (2-4 hours) and is lengthened somewhat in myodegenerative

disease. Presumably, the longer half-life for animals with muscle

disorders also is due to altered permeability of the muscle cell

membrane. CPK clearance times for normal horses have been reported as

1 hour 48 minutes (Cardinet et al. 1967). These normal horses were

given intravenous injections of CPK and were not subjected to exercise.

Horses suffering from attacks of myoglobinuria during exercise attain

maximum CPK levels six hours after onset of clinical signs and return

to normal levels three to four days later, whereas normal exercised

horses return to pre-exercise levels within 24 hours (Cardinet et al.

1967).
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Since the turkeys studied in this experiment were normal and

without evidence of any form of myopathy, the difference between the

two groups in CPK half-life values is probably the result of genetic

factors differentiating the two lines of birds. These genetic factors

would most likely relate to the degree of permeability of the muscle

cell membrane or to the mechanism for enzyme removal from the blood.

Baseline Activity, Exercise Stress, and

Enzyme Clearance: Females

Four adult (35 week) female turkeys, three from the DPM line and

one from the MRC line, were sampled two to three times each week over

a period of 24 consecutive weeks. These were the same females sampled

in the blood-pressure studies described elsewhere (Chapter II).

The four birds used in this experiment were captured, transported

and placed indoors in individual cages under controlled environmental

conditions as previously described (Chapter II). This experiment was

designed to determine baseline CPK values for birds kept under low

stimulus environmental conditions, to study CPK activity response to

capture-transport and strenuous exercise, and to determine enzyme

clearance times (T 1/2). The myopathic line females were selected so

that the relationship of the onset of DPM to the CPK activity levels

and clearance times could be investigated. Blood samples were taken

regularly at three- tofour-day intervals during the five-month period,

January to July. The sequence of sampling was interrupted only by a

period of more frequent sampling following forced exercise during

week 50 (weeks designated by age of birds). Gentle, repeated handling,
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and close daily contacts with human attendants caused these birds to

become quite tame, relaxed and undisturbed during blood collection.

All of the CPK assay data for each bird are listed in Appendix 5.

Table IV-V presents the mean baseline data for each bird. Two of the

DPM hens (01435, 1438) were significantly different in mean baseline

levels when compared to the MWC control (p << .001). The other DPM

hen (01433) closely resembled the MWC hen in mean baseline level.

Hen #1433 was first detected to have myopathy on the right side

in the 36th week, one week after capture-transport. Her peak levels

of CPK activity were the highest of the four hens and took the longest

time to clear from the blood after capture-transport (see Fig. IV-3,

Table IV-VI and IV-VIII). When hen #1433 was necropsied at the end of

the experiment (58th week) her left supracoracoideus was in early

stages of myopathy. The supracoracoideus muscles were therefore

undergoing myopathic changes throughout the entire time of the

experiment first on the right side at the start of the experiment and

later on the left side. The higher mean baseline levels obtained for

this hen might be explained by this extended period of consecutive

myopathic changes taking place in the two supracoracoideus muscles.

Hen #1435 was first suspected of having myopathy on the right side

during the 44th week. A palpable defect was noted on the left side in

the 48th week and bilateral involvement was confirmed at necropsy in

the 53rd week. Thus hen #1435 was undergoing myopathic changes for

about one-half of the length of the experiment.

In hen #1438 onset of myopathy remained undetected by palpation

during the experiment. At necropsy, in week 58, bilateral myopathy
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Table IV-V. Mean plasma CPK baseline activity levels. Adult female

Bird #

turkeys individually
temperature controlled,

(1)

housed indoors in a light and
low stimulus environment.

CPK activity (mU/m1)
± SEMean

MWC

#923 55 594a 21

DPM

#1433 50 569 22

#1435 46 440a 16

#1438 47 309a309 18

(1)
Number of measurements taken during a five-month period January-
July 1978, excluding values which were related to capture-
transport or strenuous exercise (see Appendix 5 and Tables IV-VI
and IV-VII).

a
p << .001.

Values with the same superscript are significantly different.
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was confirmed and muscle tissue replacement by fatty connective tissue

had occurred without a change in conformation of the muscle. Although

myopathy in this bird could not be determined by palpation, the

presence of myopathy was suggested by the enzyme clearance half-life

following strenuous exercise (Table IV-VIII). This hen had a longer

clearance half-life than the other hens, maintained a higher CPK

activity level for an additional extended period of time after exercise,

and had some unusual fluctuations of CPK activity at the end of the

experiment (see data in Appendix 5). The stage of the development of

bilateral myopathy in hen #1438 would also suggest that the onset of

myopathy probably occurred in May prior to the forced exercise

sequence.

In the normal line hen #923, no evidence of myopathy was found at

necropsy. This hen had the highest mean baseline CPK activity level,

the lowest peak activity level following capture-transport and

strenuous exercise, and the shortest enzyme clearance time following

strenuous exercise.

Figure IV-3 compares CPK activity response following the stress

of capture and subsequent transport to a new environment. Also shown

is the hen's response to strenuous exercise consisting of forced

running and wing flapping for 90 meters followed by placement of the

hens on their backs until they failed to right themselves. As shown

by the data contained in Tables IV-VI and IV-VII, the enzyme activity

levels of the four hens, following strenuous exercise, were elevated

35 to 40 times over the levels caused by the lesser stress of capture

and transport.
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Figure 1V-3. Plasma CPK enzyme levels. Adult female turkeys of the MWC (#923) and DPM (#1433, 1435,
1438) genetic lines.



Table IV-VI. Plasma CPK levels following capture and road transport.
turkeys of the MWC and DPM genetic lines

Time post-capture
Jan Feb

Adult (35 week) female

Date 25 27 30 1 3 6 8 10 13

Days 0 2 5 7 9 11 13 15 17

CPK mU/m1

MWC

#923 743 1768 752 637 389 301 194 301 301

DPM

#1433 1556 2617 1592 1167 955 654 760 601 230

#1435 1203 2617 707 495 389 407 531 407 318

#1438 1415 2051 707 495 424 548 666 513 389



Table IV-VII. Plasma CPK levels following strenuous exercise. Adult (51 week) female turkeys
of the MWC and DPM genetic lines individually housed indoors, light and
temperature controlled.

Time post-exercise

Hours

Days

0.4 0 4 24

1

48

2

72

3

96

4

168

7

240

10

336

14

CPK mU/m1

MWC

#923 531 637 18790 67203 74276 44212 17685 1875 1344 1167

DPM

#1433 371 902 16580 91961 97267 76045 39260 9373 2228 1203

#1435 531 778 21929 102572 (1) - - - -

#1438 135 318 9550 74276 07267 82898 54381 17331 10788 8312

(1) Bird died early afternoon of the first day post-exercise. Blood sample (24 hour) taken in
the morning.
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At zero time post-exercise the DPM hens as a group did not

significantly differ in CPK enzyme activity levels from the normal MWC

hen. Within four hours post-exercise each bird had increased her CPK

level by 18 times (01433), 28 times (#1435), 29 times (#923), and 30

times (#1438). Peak levels were attained at 48 hours in hens 923,

1433, and 1438. Hen #1435 died a few hours following the 24-hour

sampling. At 24 hours her CPK level was already far in excess of the

maximum levels attained by the other hens at 48 hours. At the 24-hour

blood sampling she appeared weak, her head and neck trembled, and the

blood sample obtained was much thicker than normal.

The CPK clearance times (T 1/2), shown in Table IV-VIII, indicate

that for all hens clearance of the enzyme was faster following

strenuous exercise than following less strenuous capture-transport,

although DPM hens cleared the enzyme more slowly than did the MWC hen.

Longer clearance time following capture-transport may be the result of

prolonged excitement and stress due to an unfamiliar environment

involving close confinement. A more rapid clearance following

strenuous activity may reflect an inhanced physiological response to

higher levels of enzyme in the plasma.
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Table IV-VIII. Plasma CPK clearance times (T 1/2) following capture-
transport and strenuous exercise. Adult female
turkeys of the MWC and DPM genetic lines.

Line

Intercept Slope

r
2 a

log
b
log

T 1/2
hours

Capture-transport (from natural to low stimulus controlled environment)

MWC

#923 1.00 3.4822 - 0.0049 62

DPM

#1433 1.00 3.5591 - 0.0029 102a

#1435 1.00 3.7150 - 0.0062 49

#1438 1.00 3.5448 - 0.0049 62

Strenuous exercise (after 16 weeks in low stimulus controlled
environment)

MWC

#923 0.98 5.5228 - 0.0130 23

DPM

#1433 0.93 5.4120 - 0.0082 37

#1435
b

#1438 0.94 5.2595 - 0.0053 57

a
Deep pectoral myopathy of the right side was first detected by
palpation as "possible" on 2-3-78 and "confirmed" on 3-10-78.
Half-life calculations are based on samples taken on 1-27 and
1-30-78.

b
Died 24 hours post-exercise.
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Conclusions

Blood plasma from a total of 80 adult turkeys of four genetic

lines was analyzed for CPK enzyme activity. Normal turkey CPK enzyme

activity levels were found to be higher than seen in most animals, but

similar to levels found in the chicken.

There were highly significant differences in activity levels

between males and females of each genetic line. Among males there were

no genetic line differences. Among females, some differences were

noted between MDY and BBC lines sampled in July (p < .1) and September

(p < .05).

In both males and females increasing levels of CPK activity

occurred during the five month period from May to September as repro-

ductive activity was declining. This suggested a possible connection

between reproductive cycles and enzyme activity levels.

Males of two normal lines, MWC and BBC, had similar CPK enzyme

levels prior to being subjected to exercise stress. Within 30 minutes

following stress the BBC males attained significantly higher (p < .02)

enzyme levels compared to MWC males. Peak values usually occurred

24-48 hours post-exercise. One very calm MWC male gave minimal CPK

response to exercise stress. This suggests a degree of stress

resistance since initial pre-stress levels did not differ among these

birds. Perhaps, stress resistance in turkeys, as indicated by CPK

enzyme response, might be observed best after the application of

stress rather than in pre-stressed or resting conditions. BBC line

males had the most rapid CPK response to stress. They attained peak
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activity levels twice the height of MWC males, and the least variable

response patterns, and the shortest enzyme clearance times. Enzyme

clearance times were different (p < .07) with a mean T 1/2 of 19 hours

for BBC males and 26 hours for MWC males. These differences between

two normal lines of male turkeys probably reflect genetic factors

relating to the degree of permeability of the muscle cell membrane or

to the mechanism for enzyme removal from the blood.

Sampling of females keep in a controlled environment indicated

that under low stimulus conditions the DPM line hens maintained a

lower (p << .001) average CPK baseline activity level than did the

normal control hen. However, when subjected to strenuous exercise

the DPM hens attained higher peak levels of CPK activity and generally

took longer to clear the enzyme and return to pre-exercise levels.

Longer clearance times in DPM hens may be due to genetic differences

between the two lines, as was postulated for the two normal male lines,

or due to membrane defects associated with the myopathic condition.

Enzyme clearance times following moderate stress were similar in all

the females except one myopathic hen. This bird had a prolonged

clearance time concurrent with the estimated time of onset of deep

pectoral myopathy. Higher levels of enzyme activity as well as

prolonged clearance times were detected during the active phases of

development of myopathy. Presumably this represents the additional

enzyme present in the blood from damaged muscle cells. DPM line hens

are apparently more sensitive to environmental stresses and upsets

than are birds of the MWC line. Under low stress conditions they

have lower baseline CPK activities than do normal birds. However,

under normal turkey management situations they do not differ in CPK
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levels. Under stressful conditions, including muscular exercise, the

DPM birds respond with higher CPK levels and longer clearance times

than is the case with normal MWC birds. This sensitivity to environ-

mental stress and muscular activity, as judged by plasma enzyme levels,

could be related to a higher degree of muscle cell membrane permeability

or an impaired ability to clear enzyme on demand. If these factors are

genetically determined it would explain the differences in CPK levels

and clearance times seen in these four lines of turkeys.

This investigation has shown that plasma CPK levels are influenced

by many factors including sex, reproductive status, muscular exercise,

stress of handling or transport, and genetic line variation. Hollands

et al. (1980) used maximum deviation of CPK activity as a criterion to

identify affected birds. They suggest that this is a reliable method

for selection among breeder stock. The use of "deviation" criteria

for selection is dependent upon long-term sampling of individual birds

and the control of all other factors causing large deviations of CPK

activity. Outside of research experiments these conditions are

difficult to meet.

The data obtained from the present investigations do not support

the use of CPK values as reliable indicators of the presence or

potential for onset of deep pectoral myopathy under the usual field

conditions and practices of commercial turkey growers.
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V. ERYTHROCYTE MEMBRANE FATTY ACIDS

Introduction

Erythrocyte abnormalities have been studied in association with

the effort to detect carriers of human muscular dystrophies.

Abnormalities in cell shape (Morse and Howland 1973, Matheson and

Howland 1974), membrane deformability (Percy and Miller 1975), and

membrane fluidity (Roses and Appel 1974), were detected in many

patients and carriers of muscular dystrophies. These observations

suggested that study of the composition of the erythrocyte membranes

may be of diagnostic value in identifying carriers of the genetic

defect. Howland and Iyer (1977) examined the fatty acid composition

of human erythrocyte membrane ghosts and detected a significant

decrease of palmitoleic acid (16:1) in dystrophic patients and known

carriers of the dystrophic trait.

An investigation of the fatty acid composition of erythrocyte

membranes from myopathic turkeys was initiated to determine if

membrane analysis would be useful in diagnoses of the presence of

the DPM trait.
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Materials and Methods

Blood samples were collected from a total of 182 turkeys of the

DPM, MWC, and Myopathy-Bronze-Cross (MBX) lines. This group

included 89 females and 83 males. The MBX turkeys were progeny of

DPM females and Broad Breasted Bronze males and were heterozygous

carriers of the DPM trait. A total of 91 chromatograph records were

analyzed from turkeys of the three lines.

Each experimental group was sampled at 17-19, 23, and 32-33

weeks of age. In addition, some females were sampled at 50-54 weeks

of age.

Blood collection methods were the same as previously described

(see Chapter III) except that the Vacutainer
(R)

collecting tubes

contained EDTA instead of heparin to prevent blood clotting.

Red blood cells were washed repeatedly in 0.7% NaC1 and the

cells lysed in 10 mM Tris MgC12 at pH 7.4. The membrane ghosts were

washed with DDH2O three times, suspended in DDH2O, and freeze

lypholyzed in preparation for extraction of lipids, methylation of

fatty acids, and extraction of methyl esters for analysis. The

procedures for chloroform:methanol extraction of the lipids is

described in Appendix 6.

Analysis of methyl esters of fatty acids was done using a

Hewlett-Packard Model 700-12 gas chromatograph (GC) equipped with a

200 ft, .03 in.ID wall, stainless steel, open tubular column,

ethylene glycol succinate (EGS) coated, and with a flame ionization

detector (FID). Column temperatures were maintained at 160°C.
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Peaks were assigned through comparison with a known standard, 15A

(Nu-Chek-Prep), and measured relative to an internal standard (15:0)

with a Laboratory Data Control Model 308 Computing Integrator or

manually by peak height and width (see Appendices 7, 8, 9).

Standardization factors were determined and applied to the data

according to the GC column used and method of peak calculation

(Appendix 10) . The percent of fatty acid for each sample was

calculated for comparison (Appendix 11). Each sample was also

analyzed gravimetrically for total methyl esters (see Table V-I
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Results and Discussion

Total Lipids

Data from the gravimetric analysis of total lipids from samples

of each genetic line are given in Table V-1.

At 17-19 weeks of age overall membrane lipid weights were

highest in the DPM line and'lowest in the MWC line. The MBX line

was intermediate between MWC and DPM. A sex difference was apprent

in the MITC line but not the other lines with males having a much

lower total lipid weight.

At 23 and 33 weeks of age the highest weights occurred in the

MWC line and lowest in the MBX line. DPM turkeys were intermediate.

Sex differences were apparent in MBX and DPM lines at 23 weeks.

Lipid weights were very similar in MBX and DPM females sampled

at 50-54 weeks. Only one MWC female was sampled at 54 weeks and her

lipid weight was lowest.

DPM line turkeys afflicted with DPM had higher levels of lipids

than non-afflicted birds at 17-19 weeks of age and lower levels at

23 and 32-33 weeks.

Some lipid weight differences between sexes were observed,

however, there were no consistent patterns or significance to the

differences.
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Table V-I. Total lipids. Gravimetric analysis of lipids from
erythrocyte membranes of turkeys of three genotypes.

Total lipids (pg/u1)
Weeks of age

Line 17-19 (n) 23 (n) 32-33 (n) 50-54 (n)

MWC
Females 1.48 (4) 1.52 (4) 1.88 (4) 1.67 (1)

Males 0.14 (4) 1.48 (4) 1.49 (4) - --

All 1.14 1.50 1.68 1.67

MBX
Females 1.82 (4) 0.88 (4) 1.09 (4) 1.91 (4)

Males 1.82 (4) 1.13 (4) 0.90 (4)

All 1.82 1.00 1.00 1.91

DPM
Females 2.27 (6) 0.96 (6) 1.21 (6) 1.98 (2)

Males 2.19 (6) 1.54 (6) 1.34 (6)

All 2.23 1.25 1.28 1.98

17-19 (n)' 23 (n)' 32-33 (n)' 50-54 (n)'

DPM
Afflicted

Females 2.44 (4) 0.98 (4) 1.27 (4) 1.98 (2)

Males 2.27 (4) 1.47 (4) 1.22 (4)

All 2.36 1.20 1.24 1.98

Not afflicted
Females 1.92 (4) 1.02 (4) 1.10 (4)

Males 2.04 (4) 1.70 (4) 1.60 (4)

All 1.98 1.36 1.35

(n)' = the total number of DPM turkeys sampled which ultimately
expressed DPM at 54 weeks of age.
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Relative Percent Fatty Acid

Tables V-II and V-III present the data on relative percent of

erythrocyte membrane fatty acids in 16:0, 18:0, 18:1, and 18:2.

Figures V-1 and V-2 compare sex, age, and genetic line by

relative percent of the four fatty acids.

Significantly higher levels of fatty acid 16:0 (Palmitic)

occurred in DPM line females compared to MWC line females at 17, 23,

and 32-33 weeks of age. Males of the DPM line showed significantly

higher levels of 16:0 than did MWC males at 17 and 23 weeks of age.

Fatty acid 18:0 (Stearic) was significantly higher in DPM

females at 33 weeks of age and significantly lower in DPM males at

17 weeks.

Fatty acid 18:1 (Oleic) was significantly higher in DPM

females at 32-33 weeks of age and higher in DPM males at 17 and

32-33 weeks.

Fatty acid 18:2 (Linoleic) was significantly lower in DPM

females at 17 and 32-33 weeks of age and lower in DPM males at 17

weeks.

In each case where significant differences were noted DPM

females had higher levels of fatty acids 16:0, 18:0, and 18:1 and

lower levels of 18:2 when compared to MWC female controls. DPM

males had higher levels of 16:0 and 18:1, and lower levels of 18:0

and 18:2 than MWC male controls.

The MBX line females were more similar in all fatty acids to

the MWC line at 19 weeks of age than to the DPM line. They
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Table V-II. Erythrocyte
three

Females

genotypes.

n

membrane fatty acids. Female turkeys of

Relative % fatty acid
Line 16:0 18:0 18:1 18:2

Age (weeks)

4

5

4

1

4

4

4

4

6

6

6

2

20a
d

21
19e

19

20
22

19
27

27a

2424d
21e
31

25b25

24

30
40

26

25

28

22

2828b
22

24

28

21
24

18
f

20

21

22

26

21

23

23
f

26

20

21c

18

22g

11

20
18

15

16

9c

16
16g
7

MWC

17

23

32

54

MBX
19

23

33
50

DPM
17

23

33

54

a, c, f = p < .001

b = p < .01

e = p < .02

d, g = p < .05

Values with the same superscript are significantly different.



Table V-III.

Males

Erythrocyte
three genotypes.

membrane fatty acids. Male turkeys of

Relative % fatty acid
Line n 16:0 18:0 18:1 18:2

Age (weeks)

MWC
17 4 23a 29 16

b
22

c

23 4 21d21 25 21 20
32 4 21 26e 18

f
23

54

MBX
19 4 24 26 20 17

23 4 24 28 19 18
33 4 21 24 26 14
50 - -

DPM
17 6 26a 27 20

b
12c

23 6 2424d 24 21 18
33 6 23 24e 22

f
18

54 -
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a = p < .02

b = p < .001

c = p < .01

d = p < .05

e, f = p < .10

Values with the same superscript are significantly different.
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differed significantly from DPM females in 16:0 (p < .001), 18:0

(p < .04), and 18:2 (1) < .03). Males differed only in 16:0

< .04).

At 23 weeks of age MBX females were not significantly different

from either the MWC or DPM females. Males were significantly

different (p < .04) from the MWC males only in fatty acid 18:0.

At 33 weeks of age MBX females differed (p < .01) from the MWC

females in 18:1 and 18:2. They differed (p < .02) from DPM females

in 16:0 and 18:0. MBX males differed from MWC males in 18:1

(p < .001) and 18:2 (p < .05) and from DPM males in 18:1 (p < .05)

and 18:2 (p < .05).

Comparisons at 50-54 weeks indicate that MBX females resembled

DPM females in 16:0 and 18:0 and resembled MWC females in 18:1 and

18:2. Statistical analysis was omitted due to low sample size in

the MWC and DPM lines at 54 weeks of age.



162

Conclusions

Erthrocyte membrane fatty acid chromatograph records were

obtained from myopathic (DPM) and normal (MWC) lines of turkeys and

from genetic crosses of myopathic and normal birds (MDX).

Significant differences in the percent of erythrocyte membrane

fatty acids 16:0, 18:0, 18:1, and 18:2 were detected in birds

tested at 17-19, 23, and 32-33 weeks of age. The most significant

differences (p < .001) between DPM and MWC birds was in fatty acids

16:0 and 18:2 at 17 weeks; in 16:0 (p < .01) at 23 weeks, and in

18:1 and 18:2 (p < .001) at 33 weeks. MBX birds at 19 weeks

generally resembled the MWC controls and were most significantly

different from DPM birds in fatty acid 16:0 and 18:2 (p < .001).

At 23 weeks MDX birds were intermediate between MWC and DPM and

were generally not significantly different from either group. At

33 weeks of age the MBX group was significantly different from DPM

in 16:0 and 18:0 (p < .02), and from MWC in 18:1 and 18:2 (p < .001).

Total membrane lipid weights were highest in DPM line turkeys

at 17-19 weeks of age, and highest in MWC line turkeys at 23 and

32-33 weeks. Difference in lipid weights between sexes was noted

in the MWC line at 17-19 weeks and in the MBX and DPM lines at 23

weeks.

Afflicted DPM line turkeys had higher membrane lipid weights

than did non-afflicted birds at 17-19 weeks of age and lower levels

at 23 and 32-33 weeks.
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This investigation has revealed differences in total lipid

weights and fatty acid composition of erythrocyte membranes in DPM,

MBX, and MWC lines of turkeys. However, the results do not provide

sufficient evidence for definitive diagnoses of the presence of the

DPM trait.
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VI. CONCLUSIONS

Four genetic lines of domestic turkeys were investigated to

obtain data on hemophysiological factors of the blood vascular system.

The relationship of these factors to the onset of deep pectoral myo-

pathy was studied to identify potentially useful measurements which

might lead to methods for detection of the defective genotype. Areas

of hemophysiology investigated were blood pressure, plasma lipo-

proteins, plasma enzyme creatine phosphokinase, and erythrocyte mem-

brane fatty acids. The investigation describes changes in hemophysio-

logy which occur relative to the presence or absence of deep pectoral

myopathy and to the sex, age, and reproductive status of the birds.

Comparison of mean systolic, diastolic and pulse pressure values

among four lines of turkeys has shown that (1) males have higher sys-

tolic and diastolic pressures than females of the same line and age,

(2) lower pressures are found in myopathic lines, (3) a wider range of

pulse pressures are found in females compared to males and in non-

myopathic females compared to myopathic females, (4) higher pulse

pressures in bronze females compared to white females, and (5) greater

variability of systolic and diastolic pressure in males than in females.

The effects of age on blood pressure in the DPM and MWC lines

included (1) an increase in systolic and diastolic pressures with a

decrease in pulse pressures, (2) higher pressures in males than in

females of the same line and age, (3) higher pressures in the MWC

line, both sexes, at each age, when compared to the DPM line.
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Blood pressure will increase with age in females after the

first reproductive season. In males the increase begins before the

first reproductive season. Males unafflicted with deep pectoral

myopathy continue to have an increase in blood pressure after 40

weeks and are not significantly different in blood pressure level

from males of the MWC line. Bilaterally affected males fail to have

an increase in systolic, diastolic, or pulse pressures, and at 75

weeks of age are significantly different in blood pressure level from

males of the MWC line (p < .01).

Blood pressure measurements taken on individual hens of the DPM

line over a period of six months showed that unusual fluctuations of

blood pressure occurred just prior to and during the estimated time

of onset of deep pectoral myopathy.

The incidence of deep pectoral myopathy was found to be 35%

lower in a group of DPM line hens fed a 5% saturated fat-supplemented

diet compared to a matching group of hens fed a standard breeder

ration, although no significant difference in blood pressure was

observed between the two diet groups. A second diet experiment

showed that the addition of 5% saturated fat in the diet again had

an apparent "sparing" action on expression of myopathy. The lipo-

protein profiles (LPP) of fat - supplemented hens closely resembled

LPP of normal (MWC) hens. The DPM-FS group expressed 63% myopathy

while the unsupplemented DPM hens expressed 100% myopathy.

DPM line turkeys have LPP which differ from normal turkeys.

These differences represented by lowered HDL/LDL ratios during the

reproductive cycle may be an important factor in the initiation of
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myopathic changes observed during the first reproductive cycle at

40 to 50 weeks of age. The time of onset of DPM in susceptible

birds cannot be detected from individual LPP.

Among the four genetic lines, LPP were generally similar when

the sexes were compared with each other at the same time of the year.

There were no distinguishing features of the refractometer graphs

which could be used to identify with certainty an individual's

genotype.

Males and females when not sexually active had very similar LPP.

During the reproductive season all females have large increases in

LDL and decreases in HDL. Reproductive males gain LDL but never

decrease their HDL levels to any significant degree.

When a female becomes broody during the reproductive cycle her

LPP looks the same as during non-reproductive times of the year.

The LPP changes again back to the in-production pattern when egg-

laying is resumed.

Normal turkey CPK enzyme activity levels were found to be

higher than seen in most animals, but similar to levels found in

the chicken.

Males had significantly higher CPK activity levels than females

of each genetic line. Among males there were no genetic line

differences. Among females, some differences were noted between

MDY and BBC lines sampled in July (p < .1) and September (p < .05).

In both males and females increasing levels of CPK activity

occurred during the five-month period from May to September as repro-

ductive activity was declining.
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Males of two normal lines, MWC and BBC, had similar CPK enzyme

levels prior to being subjected to exercise stress. Within 30

minutes following stress the BBC males attained significantly higher

(p < .02) enzyme levels compared to MWC males. Peak values usually

occurred 24-48 hours post-exercise. BBC line males had the most

rapid CPK response to stress. They attained peak activity levels

twice the height of MWC males, had the least variable response

patterns, and the shortest enzyme clearance times. Enzyme clearance

times were different (p < .07) with a mean T 1/2 of 19 hours for BBC

males and 26 hours for MWC males.

Under low stimulus conditions the DPM line hens maintained a

lower (p << .001) average CPK baseline activity level than did a

normal control hen. However, when subjected to strenuous exercise

the DPM hens attained higher peak levels of CPK activity and

generally took longer to clear the enzyme and return to pre-exercise

levels. DPM line hens are apparently more sensitive to environmental

stresses and upsets than are birds of the MWC line. Under low stress

conditions they have lower baseline CPK activities than do normal

birds. However, under normal turkey management situations 'they do

not differ in CPK levels. Under stressful conditions, including

muscular exercise, the DPM birds respond with higher CPK levels and

longer clearance times than is the case with normal MWC birds.

This investigation has shown that plasma CPK levels are

influenced by many factors including sex, reproductive status,

muscular exercise, stress of handling or transport, and genetic line

variation.
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The data obtained from this research do not support the use of

CPK values as reliable indicators of the presence or potential for

onset of deep pectoral myopathy.

Significant differences in the percent of erythrocyte membrane

fatty acids 16:0, 18:0, 18:1, and 18:2 were detected in birds tested

at 17-19, 23, and 32-33 weeks of age. The most significant

differences (p < .001) between DPM and MWC birds were in fatty acids

16:0 (DPM higher) and 18:2 (DPM lower) at 17 weeks, in 16:0 (DPM

higher, p < .01) at 23 weeks, and in 18:1 (DPM higher) and 18:2

(DPM lower, p < .001) at 33 weeks.

An heterozygous cross of DPM-Broad Breasted Bronze birds gave

progeny generally resembling the MWC line at younger age and the DPM

line at older age.

Total membrane lipid weights were highest in DPM line turkeys

at 17-19 weeks of age, and highest in MWC line turkeys at 23 and

32-33 weeks.

Afflicted DPM line turkeys had higher membrane lipid weights

than did non-afflicted birds at 17-19 weeks of age and lower levels

at 23 and 32-33 weeks.

This investigation of hemophysiological factors has not revealed

measurements which are sufficiently definitive for use in early

detection of the presence of the DPM trait.
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APPENDIX 1

COMPOSITION AND CALCULATED ANALYSES OF BREEDER RATIONS

Ingridient
Corn control

#2030

Fat supplemented
#2032

Corn, yellow 75.00 70.00
Soybean meal, 44% protein 5.75 5.75
Fat, animal 5.00
Meat meal with bone 10.00 10.00
Whey, dried 2.50 2.50
Alfalfa meal, dehydrated 2.50 2.50
Limestone flour 3.50 3.50
Salt, iodized .30 .30

Vitamin premixl .35 .35

Trace mineral mix2 .05 .05

D,L methionine .05 .05

Calculated analyses
Crude protein, % 15.05 14.73
Fat, % 4.19 9.00
Metabilizable energy,

Kcal/kg 2968 3145

Calcium, % 2.58 2.58
Available phosphorus, % .68 .67

1
Supplies per kilogram of ration: vitamin A, 5775 IU; vitamin D3,
1925 ICU; riboflavin, 15.7 mg; d-pantothinic acid, 9.6 mg; niacin,
38.5 mg; choline, 334 mg; vitamin B12, 9.6 pg; vitamin E, 1.9 IU;
vitamin K, .96 mg; folacin, .38 mg.

2
Supplies per kilogram of ration: calcium 97.3 g; manganese, 60 mg;
iron, 20 mg; iodine, 1.2 mg; zinc, 27.5 mg; cobalt, .2 mg.
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APPENDIX 2

ISOELECTRIC FOCUSING TECHNIQUE
2/25/77 MODIFICATION

Reagents:

1. Tris-Citrate Buffered Prestain

Ref: ORTEC Application Note AN 32A (1973) p. 11

25 mg Sudan Black B
24.4 ml ethylene glycol
0.625 ml 1.5 M Tris-citrate buffer,* pH 9.0

Heat 60°C for 1 hr; filter Whatman No. 1;
store in refrigerator.

*1.5 M Tris-citrate buffer, pH 9.0

36.3 gm Tris
28.0 ml 1 M citric acid (42.03 gm/200 ml)
0.48 ml TEMED (BioRad)
H2O to 200 m1.

2. Acrylamide (BioRad)

3. BIS (BioRad)

4. Ammonium Persulfate (BioRad)

5. TEMED (BioRad)

6. pH 3.5 - 10 Ampholines (LKB)

Preparation of Gel Tubes:

1. Boil in a solution of "Micro" detergent.

2. Rinse repeatedly with distilled water.

Technique:

1. Turn on water bath (37°).

2. Pipet 25 pl buffered prestain into acid washed test tube.
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APPENDIX 2 (Continued)

3. Add 25 pl sample.

4. Put in waterbath for 30 min.

5. Weigh 1.28 gm acrylamide and 0.026 gm BIS into 50 ml beaker.

6. Add 5.0 ml D.D. H
2
0.

7. Dissolve, using magnet and stirring table at low speed.

8. Add 1 ml pH 3.5 - 10 ampholines (LKB).

9. Add 5.0 ml D.D. H
2
0.

10. Prepare parafilmed gel tubes.

11. Weigh 0.013 gm ammonium persulfate into a second 50 ml
beaker.

12. Immediately (within 2-3 min) add 12 ml D.D. H20.

13. Add 15 pl TEMED mix by swirling.

14. Remove samples from waterbath.

15. Add 0.95 ml acrylamide:BIS:ampholine solution to each
sample tube.

16. Add 0.95 ml ammonium persulfate:TEMED solution to a sample
tube, mix gently and pipet into gel tubes.

17. After all samples are pipetted, overlay with D.D. H

18. Polymerize 1 hour.

19. Add 500 ml 5% phosphoric acid to lower chamber.

20. Start water circulation in chamber at moderate to fast flow.

21. Place gel tubes in chamber.

22. Add 5% ethylenediamine (300 ml) to upper chamber. Flush
top of each gel free of bubbles with disposable pipet or
4 g NaOH /1000 ml.

23. Cover. Apply 1 ma current/gel.

24. Wait 30 min-1 hr, increase current again to 1 ma/gel.
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25. Repeat step 24 as needed until voltage reaches 200 v.

26. When bands have focused 16 hrs after start) turn off
power,* turn off water.

27. Remove gels, wipe dry. Photograph.

28. Scan at 600 nm.

*Steps 27 and 28 must be completed within 1 hour to avoid excessive
diffusion of the bands.



180

APPENDIX 3

COMPUTER PROGRAM MIN/MAX FOR RELATIVE ABSORBANCE AND MIGRATION

Equip 43, Data Working Program 8/17/77

ORE SEQ

OFILE,MINMAX
OLIST
00001:
00002:

00003:

PROGRAM MINMAX
DIMENSION Y(1000),NBUF(1000),ABS(1000),DI ST(1000),
LBL(6)
1,MARK(1000)

00004: INTEGER X,Y,ABS,DI ST
00005: J=1
00006: 19 BUFFER IN(43,1)(NBUF(1),NBUF(8))-(CALL EQUIP(43,4HDATA)
00007: 20 GO TO (20,21,2,23),UNITSTF($#) -REWIND 43
00008: 21 BUFFER OUT(61,1)(NBUF(1),NBUF(8))
00009: WRITE(61,9001)
00010: BUFFER IN(43,1)(NBUF(1),NBUF(1000))
00011: 30 GO TO (30,31,2,23),UNITSTF(43)
00012: 31 X=NBUF(1)
00013: N=NBUF(2)
00014: J=3
00015: DO 50 I=1,N
00016: Y(I)=NBUF(J)
00017: 50 J=J+1
00018: LASTX=NBUF(J)*254 - CONVERTS TO mm
00019: L=1
00020: I=1
00021: ABS(L)=Y(I)*254
00022: DIST(L)=I*X*254
00023: MARK(L)=87FST PT
00024: WRITE(61,9002)ABS(L),DIST(L),Y(I),MARK(L)
00025: L=L+1
00026: 15 I=I+1
00027: IF(I.GE.N)G0 TO 1
00028: IF(Y(I).EQ.Y(I-1))G0 TO 42
00029: IF(Y(I).LT.Y(I-1).AND.Y(I).LT.Y(I+1))G0 TO 102
00030: IF(Y(I).GT.Y(I-1).AND.Y(I).GT.Y(I+1))G0 TO 17
00031: IF(Y(I).LT.Y(I-1))G0 TO 100
00032: IF(Y(I).LE.Y(I +1))GO TO 15
00033: 17 ABS(L)=Y(I)*254
00034: DIST(L)=I*X*254
00035: MARK(L)=8HMAX
00036: WRITE(61,9002)ABS(L),DIST(L),Y(I),MARK(L)
00037: L=L+1
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00038: GO TO 15
00039: 99 IF(Y(I). GT.Y(I- 2).AND.Y(I).GT.Y(I +1))GO TO 17

00040: 100 IF(Y(I).GE.Y(I+1).AND.Y(I).LE.Y(I-1))G0 TO 15

00041: 101 IF(Y(I). GE.Y(I- 2).AND.Y(I).LT.Y(I +1))GO TO 15

00042: 102 ABS(L)=Y(I)*254
00043: DIST(L)=I*X*254
00044: MARK(L)=8HMIN
00045: WRITE(61,9002)ABS(L),DIST(L),Y(I),MARK(L)
00046: L=L+1
00047: GO TO 15
00048: 41 ABS(L)=Y(I)*254
00049: DIST(L)=I*X*254
00050: MARK(L)=8HSHLDR
00051: WRITE(61,9002)ABS(L),DIST(L),Y(I),MARK(L)
00052: L=L+1
00053: I=I+1
00054: GO TO 15
00055: 42 IF(Y(I).EQ.Y(I+1))C0 TO 41
00056: IF(Y(I).LT.Y(I+1))G0 TO 101
00057: GO TO 99
00058: 1 ABS(L)=Y(N)*254
00059: DIST(L)=N*X*254
00060: MA1IK(L)=8HLST PT

00061: WRITE(61,9003)ABS(L),DIST(L),MARK(L),LASTX
00062: I=1

00063: K=1
00064: MINCK=1000000
00065: 200 IF(I.GT.L)G0 TO 202
00066: IF(ABS(I).LE.MINCK)GO TO 201

00067: I=I+1
00068: GO TO 200
00069: 201 MINCK=ABS(I)
00070: NDIST=DIST(I)
00071: I=I+1
00072: GO TO 200
00073: 202 WRITE(61,4000)NDIST,MINCK
00074: WRITE(61,9001)
00075: KK=1
00076: K=1
00077: DO 250 K=1,L
00078: IF(DIST(K) .EQ.NDIST)KK=K

00079: 250 DIST(K)=NDIST-DIST(K)
00080: WRITE(61,4001)(ABS(K),DIST(K),MARK(K),K=1,KK)
00081: GO TO 19
00082: 23 URITE(61,6000)
00083: 4000 FORMAT(1110,'DISTANCE TO LOWEST POINT = ,I6,2X,

'ABSORBANC'
00084: 1,'E = ',16)
00085: 4001 FORMAT(1H ,2(I6,2X),1A6)
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APPENDIX 3 (Continued)

00086: 6000 FORMAT(1H ,'BUFFER OPERATION COMPLETE BUT HAVE PARITY

00087: TERROR')
00088: 8000 FORMAT(1H0,TEOF FOUND')
00089: 9001 FORMAT(1H0,2X,'ABS7,3X,'DIST',4X,'REMARKS'i1H ,4X,'5',
00090: 17X,'3',/1H ,'(X10 )',2X,'(X10 )1,/lH ,'(A600)',3X,

(TAM)

00091: 9002 FORMAT(1H ,3(16,2X),1A6)
00092: 9003 FORMAT(1H ,2(I6,2X),1A6,2X,'LAST X CHECK = ,I6)

00093: 2 WRITE(61,8000)
00094: STOP
00095: END
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APPENDIX 4

MEAN RELATIVE MIGRATION AND ABSORBANCE (M/A).
ISOELECTRIC FOCUSING OF TURKEY BLOOD PLASMA

IN CYLINDRICAL POLYACRYLAMIDE GELS.

Peak
no.

Females
MWC DPM DPM-FS

Mar Apr May Dec Mar May Jan Mar May

1 51/66 56180 53/62 51/38 56/76 55/70 50/54 55/75 54/61

2 59/94 61/98 59/100 57/47 61/100 58/98 55/75 60/100 61/93

3 62/80 63/87 62/78 59/45 62/92 62/78 58/64 63/86 63/77

4 66/74 67/83 66/71 62/43 65/86 65/77 65/66 66/82 66/74

5 69/84: 68/91 68/74 66/47 68/91 67/72 67/66 69/85 70/76

6 70/84 71/89 70/71 68/53 71/95 70/83 70/60 71/84 72/72

7 72/75 73/79 74/66 72/51 75/69 73/75 74/68 74/70 75/65

8 76/75 76/74 76/67 75/65 76/67 76/77 77/76 77/67 78/60

9 79/71 79/66 80/61 78/100 80/50 79/72 79/97 81/64 81/62

10 82/69 82/73 83/60 86/51 83/66 83/70 86/61 83/66 85/57

11 88/61 88/68 87/55 89/42 87/61 87/65 90/62 88/62 90/53

12 91/61 91/67 91/52 94/36 91/60 91/63 95/50 92/61 93/52

Males
Mar Apr May Jan Apr May

1 52/38 55/49 54/45 50/37 53/50 51/49

2 59/76 60/67 59/76 57/52 58/86 58/98

3 61/61 63/58 62/59 59/46 62/67 60/69

4 66/48 67/54 66/51 64/44 64/60 65/59

5 68/50 70/58 69/55 67/46 68/68 68/64

6 70/49 72/56 72/52 69/46 71/66 71/60

7 74/56 76/56 76/56 73/47 75/59 75/60

8 76/75 79/75 78/69 76/61 77/75 78/79

9 79/100 71/100 81/100 79/100 80/100 80/98

10 87/49 88/51 87/52 86/53 87/60 87/58

11 91/49 91/52 90/46 90/40 91/55 91/53

12 94/43 95/53 94!44 95/35 95/49 95:46
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APPENDIX 5

PLASMA CPK LEVELS IN ADULT FEMALE TURKEYS OF THE MWC AND DPM LINES,
AGE FROM 35 WEEKS TO 58 WEEKS

Date Bird #
1978 923 1433 1435 1438 Age

MWC DPM DPM DPM wks

Jan 25 743 1556 1203 1415 35

27 1768 2617 2617 2051
30 752 1592 707 707

Feb 1 637 1167 495 495 36

3 389 955 389 424
6 301 654 407 548

8 194 760 531 666 37

10 301 601 407 513
13 301 230 318 389

15 601 831 354 283 38

17 531 743 371 318

20 442 301 318 301
22 477 495 389 212 39

24 584 265 424 301
27 672 548 230 301

Mar 1 477 601 195 195 40

3 548 584 389 336
6 619 513 301 265

8 690 566 407 283 41

10 619 513 495 354
13 584 407 371 212

15 690 548 477 265 42

17 566 637 531 177

20 796 566 460 230
22 814 318 389 318 43

24 778 601 442 195
27 495 424 389 230
29 690 283 477 265 44

31 548 424 460 371

Apr 3 1039 584 477 248

5 531 690 460 371 45

7 690 637 460 354
10 584 477 248 177
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APPENDIX 5 (Continued)

Date Bird #
1978 923 1433 1435 1438 Age

MWC DPM DPM DPM wks

Apr 12 301 495 566 265 46

14 336 566 336 265

17 690 477 548 212

19 672 513 442 265 47

21 760 513 407 318

24 389 707 354 230

26 619 619 584 283 48

28 743 690 584 194

May 1 707 495 477 212

3 584 513 495 265 49

5 530 495 460 248

8 707 619 371 141

10 672 460 690 212 50

12 654 584 548 248

15 I 531 371 531 135

15 0 637 902 778 318

15 +4 18790 16580 21929 9550
16 +24 67203 91961 102572 74276

17 +48 74276 97267 97267 51

18 +72 44212 76045 82898
19 +96 17685 39260 54381
22 +168 1975 9373 17331

25 +240 1344 2228 - 10788 52

29 +336 1167 1203 8312

Jun 1 584 778 2613 53

5 690 760 1362

8 566 849 3077 54

12 796 1309 2617

15 849 1026 1645 55

19 424 796 619

27 654 849 1132 57

Jul 6 937 584 654 58
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APPENDIX 6

EXTRACTION OF LIPIDS

Modified standard procedures - Oregon State Univeristy, Department of
Agricultural Chemistry, R. R. Lowry laboratory.

1. Lypholized sample in collection tube - add 7.5 ml (burette)
CHC1

3.
Me0K, mix and scrape tube with stainless metal spatula,

pour into 25 x 100 TT; add another 7.5 ml CHC1
3
Me0H to rinse

collection tube and add to 25 x 100 TT. Homogenize with
Omni-mixer (15 ml tot.).

2. Filter contents into centrifuge tube using filter and slight
vacuum.

3. Pour 15 ml CT.T.C1 Me0H into 25 x 100 TT, blended with Omni-mixer
to remove remaining material from TT and mixer. Pour into filter
to wash material in filter. [Total volumen into the centrifuge
tube is 30 ml (less loss in filter).] Wipe Omni-mixer with
Kleenex. Cap centrifuge tube.

4. Add 7.2 ml water from dispensing burette to centrifuge tube, cap,
shake vigorously, place in centrifuge. Spin 6 min at third
position to right--start slow until spinning.

5. Remove centrifuge tube, aspirate top layer (water-methanol),
being careful not to suck up lower layer.

6. Place N
2
gas jet in a cap over sample using 50°C block. N

2
should make "dent" in sample but not bubble it. Lower jet as
liquid is lowered. Take to dryness.

7. Remove sample. Add 2 ml chloroform to tube with sample. Mix
with disposable pipette, remove to specially prepared capped
test tube; acid wash 5 rinse DDH2O, rinse CHC13Me0H 2:1; add
more ml chloroform, rinse sides of tube and place in capped
tube; add 1 ml chloroform to rinse and add to capped tube
(tot. 5 ml).

8. Store extracted lipid tubes for further analysis.



APPENDIX 7

FATTY ACID GAS CF210MAT OGRAPH STANDARD 15A (Nu -Chek-Prep)
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APPENDIX 8

MACHINE INTEGRATED CF.ROMATOGRAPH RECORD
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APPENDIX 9

HAND CALCULATED CHROMATOGRAPH RECORD
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APPENDIX 10

STANDARDIZATION FACTORS DETERMINED EXPERIMENTALLY
FOR APPLICATION TO CHROMATOGRAPH RECORD CALCULATIONS

Calculation

Rand

Integrator

Peak area produced

per 1.11 standard 15.0 (0.01529 pg /ml)

Gas chromatograph column

A

1070 4708

1472 2439

190
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APPENDIX 11

PERCENT FATTY ACID DETERMINATIONS. AN EXAMPLE OF THE CALCULATIONS

WHICH STANDARDIZE TUE CHROMATOGRAPH RECORDS FOR COMPARISON
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