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TISSUE CHEMISTRY AND ATTEMPTED EXPERIMTAL PROLUCTION 
OF WHITE MUSCLE DISEASE 

IN TR ODUC TI ON 

"Awake ¿ for Morning in the tow1 of ¿J i ght 
Has flung the Stone that puts the Stars to 

flight: 
And Loi the Hunter of the East has caught 
The Sultan's Turret in a oose of Light." 

....Rubaiyat of Omar Khayram.... 
Ythite muscle aisease of domestic animals has been 

aptly nazrd in concordance with the characteristic color 

of the lesions of the skeletal and cardiac muscles vthich 

are visible in cases of moderate intensity. Viewed 

historically, it has been a matter of recorded scientific 
knowledge for about three-fourths of a century. Viewed 

from the perspective of biochemical cause and effect, 
this particular metabolic malfunction of two species of 

domestic ilerbivora must be regarded as a subunit of a 

more encompassing term, nutrional musctar dystrophy, 
or nutritional myopathy. Viewed in the economic sense, 
this malady assumes, in particular areas, a stature of 

ca-isiderable magnitude and justifies an expenditure of 

effort to delineate its cause and preventin by the most 

expedient available means. 

For this latter reason and also for the pipose of 



obtaining basIc scientific information, a cooperative 
experimental project was initiated by the Departments of 

Animal Husbandry, Agricultural Chemis try, and Veterinary 

Medicine of the Oregon Agricultiral Experiment Station. 
Certain phases of this overall project are described In 

the following pages, and the results obtained are dis- 
cussed In relaticxì to the primary objectives of this re- 
search--the elucidation of the cause and determination 

of a me thod for prevention, of nutritional myopathy in 

domestic animals. 
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CLIN ICAL DESCRIPTION OF NUTRI T IONAL MYOPATHY-- 

with particular reference to calves and lambs 

A brief resun of the major clinical features of 

nutritional myopathy may best serve, at this timo, to 

introduce the material to be discussed in the following 

page s. 

Dystrophy is oeflned by Webster as faulty nutrition, 
and muscular dystrophy may be classified, generally, into 

three categories: 1) skeletal type, 2) cardiac type, 

3) skeletal and cardiac combination. Smooth muscle would 

appear not to be generally involved, except in guinea 

pigs deficient In the antistiffness factor. 
III the first category, the symptoms are those of 

stiffness and paralysis of the limbs and, occasionally, 
splayed toes and rei axation of the shoulder girdle. In- 

ability to nurse (in advanced stages the tongue and jaw 

muscles may become involved), prostration, and aeath 

occur most frequently in calves and lambs at 3-4 weeks 

of age, although deaths have been recorded from birth to 
lo months of age. The animals are non-febrile, and the 
whitish lesions apuarent on gross observation are bilat- 
eraily symmetrical. [dema and hemorrh age are qui te 

common. 

In the second category, the affected animal may die 



suddenly without overt symptoms, particularly after sudden 

or unaccustomed exercise. In critical instances, dyspnea 

may be evid&ìt, arid froth may be discharged from the 

nos tri is. The lungs, on post rmrtem examination, may be 

found to be edematous, and the bronchi may be filled with 

foan. This condition caused early cases to be mis- 

diagnosed s pneumonia. The third category is, of course, 

self-explanatory. 
Calves e more prone to cardiac involvement, ile 

lanbs seem more susceptible to skeletal lesions. How- 

ever, no denrcation exists, as all three types in both 
lambs and calves have been encountered at the Oregon Sta- 
tiax in the last three years. In addition, both rtt 
and left (or a combination) ventricular involvement are 

possible; however, left ventricular degeration is, by 

far, more c om on G en era fly, the mos t r ap Idi y g ro . n g, 

animals are affected, probably because of a inuob greater 
demand for a nutrient which may be inadequate or unavail- 
able. 
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HISTORICAL ASPECTS 

"Who erit1y marks the road for errant feet 
As't were, another's lamp for him doth liit 

o less it shines that it hath shared been" 

.Cicero--. "De Officils".. 

Initial Developpients: 

Wuscular dystrophy, or sorne closelï allied disorders, 
have beer recorded as affecting at least 19 species. 
These include humans, monkeys, cattle, sheep, :oats, 
horses (01, pp.170-175), pigs, dogs (3, pp.75O755), 

rabbits, white rats, cotton rats, mico (149, pp.169-178), 

guinea pigs, hamsters, chickens (151, pp.1-121), turkeys, 
ducks (148, pp.457-459), ring-necked pheasits (3 pp. 

261-262), and treo kangaroos (58). 

Ii the aomestic arimals, whi te muscle disease was 

observed in calves in Austria arid recorded in 1886 by 

Stoss who ave the condition the naine, "Hhnerfleisch", 
and thought that it was caused by "Sarkoaporidien't. 

Confirmation of this initial observation was reported by 

a number of workers, including those in France, Germany 

end orway. Zschokke in 1898 observed "Fischfleisch" in 

calves and swine, and Davids in 1899 described a 

"wachsartige" degeneration in calves, sheep and swine. 

hiirki in 1910 described histological changes in "weissen 
fleisch" in 6-7 week old calves and considered this 



degeneration as a renewal of Lh embryonic development of' 

the striated musculature (66, pp.565-593). 

tieberle ix 1926 stated that white muscle was asso- 

ciated with inflammatory processes; however, Ziegler in 

the same year felt that the process was rarely accompanied 

by histiocytic proliferation and was caused by a discon- 

Untied regeneration of the muscle fibers. In 1929 and 

1934 Böhler and Slagsvold-Lund-Larsen proposed that the 

disease was a result of avitaminoses A and D, associated 
with an unspecified rnieral deficiency (66, pp.565-593). 

In 1925 }fobmaier (67, pp.3E-47) cescribed hyaline 

degeneration with discernible calcIfication i lambs and 

horses. In 1936 }Tjrre and Li1leenen (66, pp.565-593) 

observed, among other things, scorbutic-like changes In 

the teeth and skeletons of affected caLes and reported 
an exper iment in whi ch vi tamin C was assigned the princi- 

pal role in the production of the myopathy. Feeding of 
straw and aerate, neated milk to calves resulted in 
slight to extensive skeletal lesions From the basis of 
present knowled.e of the properties of vitamin , the 

fallacy of the above conclusion Is apparent. In addition, 
a number of other InvesUators have discounted any need 

l'or dietary C by ruminants. 

In the United States "stiff' lanb disease" was first 
described in 1927 et by Metzger and IIaa (125, pp. 



35-44), Marsh (117, pp.724-735), liman et al. (200, pp. 

231-234), and Vawter and Records (187, pp.489-491). In 

this period occurred the separation of this nutritional 
disorder Cxrn other diseases and Infections which produced 

stiffness. ttíhite niuscie diseasett in calves was noted in 

evada and described in some detail by Vawter and Records 

In 1947 (188, pp.152-157). 

Among the laboratorr species, Evans and Burr (43, 

pp.273-297) noted in 1928, and Olcott (145, pp.221-225) 

ii: 1938, that youn rats from mothers fed a diet low In 

vitamin E exhibited varying degrees of paralysis and 

skeletal lesIons. This observation was extended to 

guinea pigs and rabbits by Goettach and Pappenheimer who 

used diet 13tt and modifications thereof (55, pp.145-165). 

Morgulis and Spencer (136, pp.L73-591) arid Morgulls, 

Ydider and Eppstein (139, pp.219-227) substantiated the 

results of Goettsch and Pappenheimer and postulated that 
two factors--one water soluble and the other fat soluble 

--were required for the prevention and re of nutri- 
tional muscular dystrophy. However, :ackanzie, Levine 

and McCollum (109, pp.399-412 ) presented evidence to In- 
dicate that tocopherol was the sole factor. About 1940, 

coifirmation of cures of dystrophie animais of the above 

three species with alpha tocopherol, or the unsaponifi- 
able fraction of wheat germ oil, as evidenced in some 



cases b? measurement of biochemical and histological 
criteria such as creatinuria, etc., was obtained (42, pp. 
473-482; 44, pp.636-639; 57, pp.371-381; 72, pp.309-312; 

97, p.453-456; 98, pp.804-809; 107, pp.313-317; 112, pp. 

345-362; 168, pp.547-554). 

The conclusion of MacKenzie that lack of tocopherol 
was the basic factor in the production of myopathy in 

1oratory species was ftndamta1 to the ob1em of 

muscle metebolism. The exact functicnal role of vitamin 

E in mammalian cytology has not yet been defined, but it 
would appear that, In addition to a postulated non- 

specific action as a physiological anti-oxidarLt, it is 
involved in electron transport in the final stages of the 
oxidative pathways, probably In corection with ctochrome 
c reductase. (143, pp.19-22). There remains to be dis- 
covered in what coenzyme, i1 any, it may be resident. 
On the other hand, macKenzie and MacKenzie (114, pp.388- 

392) have sug ested that alpha tocopherol is the anti- 
sterility vitamin, and that alpha tocopherylhydroquinone 
is an antidystrophic factor or the primary vitamin. 

Interrelationship of Vitamin E with Other Compounds: 

The thvestiatiai of the condition of nutritional 
myopathy has rea1ed interrelationships of vitamin E 

with many other factors. Among these ma,' be considered 



the 1creased Incidence and severity of lesions from 

Qiets containing cod liver oli, which has frequently been 

added to dits to increase the content of vitamins A 

and/or D. This was reported by Madsen (115, pp.471-493), 

Madsen, McKay and Maynard (116, pp.1-53), arid Davis, 

Maynard and cCa (33, pp.1-28). The postulate of a 

specific toxic factor from cod liver oil was disproved 
by MacKenzie, MacKenzie arti cCo11um (110, pp.216-217), 

who produced dystrophic rabbits, cured them with alpha 

tocopherol, counteracted the recovery with additional cod 

livor oil and prevented this counteracttvity with larger 
quantities of vitamin L. Mattill and Golumbic (121, pp. 

625-631) have confirmed this. 1axter, 1ood and acDona1d 

(19, pp.34-50) have cczducted similar experiments with 

Ayrshlre calves, utilizing rations ccitain1ng cod liver 
oil at levels recommended for use in Great Britain, and 

have produced severe dystrophy in t se animals Rancid 

fats (191, pp.593-600), unsaturated fatty acids, and the 

saponifiable fraction of cod liver oil have been found 

responsible for the destruction of dietary vitamin E and 

thus are aole to produce muscular dystrophy. In addition, 
the 1ighly unsaturated fraction of cod liver oil caused 

acid-fast pigment deposition in body fat and depigmenta- 

tion of teeth of rats according to Dam and Granados (31, 

pp.327-328). 
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Among the Interrelationships of vitamin E with the B 

vitamins may be nntioned the observation by Dinring et 

.1. (38, pp.280-282) that a even-foid increase in periph- 

eral neutr'ophlls occurred iii rate deficient in both 

vitamins B5 and E and that this increase was approximately 

coincident with increased creatinuria. In this case, 

either vitamin prevented the increase in neutrophils, 
while the addition of both reduced the count only sliit1y 
more. Beneficial resport se to ma3sive doses of thiamine 

by dystrphic wcaning rats was o:: served by Holmes and 

Pigott (69, pp.211-214). 

Hove and Copelard (79, pp.391-405) were able to pro- 
duce pro:ressive muscular dystrophy in rabbits in 70 days 

as a result of a deficiency of dietary choline. These 

animals required ten times t1 normal amount of vitamin L 

to maintain a "normal" plasma tocopherol level, although 

this latter was sell less than that of the rabbits re- 
ceiving adequate choline. MacKenzie (109, pp.145-146) 

has indicated that riboflavin deficiency, itself, will 
elevate muscle chloride írom 10 meq. (normal) to 14 meq. 

A number of workers have found a synergism between 

vitamirisA and F (24, pp.341-346; 32, pp.794-796; 65, pp. 

91-92; 100, pp.205-218; 132, pp.1321-1328; 153, pp.168- 

177; 177, pp.120-6). Vitamin A reserves in E-deficient 
rats were less than those In L-supplernented rats, and 



11 

additii of vitamin E to animals with an A deficiency in- 
creased both the depletion oi the A reserve and also the 

efficiency of utilization of beta carotene. 

The possible implication of v1tnins A, B and C as 

contributory factors to muscular degeneration in calves 

has been discussed by Lilleerig&a (lO5), arid the resulta 
of experiments wi th vitamin K and deficiencies in mice 

fed sulfaguidine-containir diets have been published 

(35, pp.522-524). 

ieral interrelationships have also been observed. 

One of the earliest of these was the fitding of ,00re, 

Haliman and Sholl (131, pp.820-838) that calvee fed diets 
low in maesium exhibited hpomanesemia, together with 

calcification of the Purkinje fibers of the heart, the 
capsule and trabeculae of the spleen, and the yellow 

elastIc fibers of the eridocardium and larger blood ves- 

sels. Blaxtor found that in a hypomagnesemia in calves 
( <o.a mg. per cent) there were increased heat production 
and increased sensitivity to drugs vkiicb affect the 

neuromuscular junctions (li). 
Cardiac and ren al lesions in rats were produced by 

Follia, Orent-Keiles and McCollum (48, pp.22-40) with 

diets citalning only 0.01 per cent potassium. Hove and 

Herndon (83, pp.363-374) enforced a potassium deficiency 
in rabbits; these developed a severe dystrophy with asso- 
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ciated creatinuria and atrophic an.d streaked skeletal 
musculature. An increased b1 d cell sodium and de- 

creased urine sodium were observed. These authors sug- 

ested that there may be a comon focus of vitamin L, 

potassium, and choline metabolism at the point of acetyl- 
choline synthesis or in the transmission of a nerve im- 

pulse to striated or smooth muscle. 

House and Hogan have reported (74, pp.E07-517) that 
a high intake of phosphates impeded growth in uinea pigs 
and that stiff joints, increased mortality and calcium 

phosphate deposLtion in joints occurred. Slinger, Pepper, 

and Motzok (170, pp.395-404) indicated that, while in- 
creased phosphorus was beneficial in preventing perosis 
ir! turkeys, supplemerAtary vitamin E was required for 
complete protectIon. This was in accordance with the 

oarller report of Weissberger and Harris (196, pp.543- 

551) that a deficiency or overdosage of vitamin caused 

an Increased phosp1rus turnover in the soft tissues and 

bones. 

An undefined syndrome which ours in C3H mice has 

been rela ted to the dietary mineral con ten t by King, Lee 

and Visscher (96, pp.111-120) and can be abolished with 
excess tocopherol. The cardiac 1esons appeared india- 

tinguishable from thos e in vi tamin E deficiency, and 

acid-fast pIgmts accumulated in the skeletal musculature. 
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The lesions were particularly noted with the use of a 

mod ifi ed Joue s -l'os ter s alt mixtl;r e (cori taming trac e 

elements) in the experimital diet, and not with the use 

of a modified JTubbefl, Mendel and 'akem&ì mixture (con- 

taming no trace elements). The possibility exists that 
a particular cation(s) may be responsible for vitamin . 

mac tivation. 
A series of papers has been pthlished on another 

en tt ty, the Wul zen calcium dystrophy syndrome in guinea 

pigs, which is prob1y c1ose1j related to the topic 

under discussion. Recently, this area was reviewed by 

Krueger (99, pp.185-209). Jrist stiffness, emaciaton 

and white striae in smooth arx striated muscles were 

among the characteristic symptoms in &uinea pigs fed a 

diet deficiit In the "anti-stiffness factor". The pro- 

duced stiffness could be cuxd with such substces as 

reens, raw cream or molasses. Beneficial effects from 

crystalline anti-stiffries s factor ( a heat-laM le s torol), 
ergostanol and stigmasterol have been ooserved. Milman, 

i1horat and acenzie (128, p.93) have reported that the 

basic disturbances of nutritional muscular dystrophy in 

the rabbit were not alleviated by parathyroidectomy. 

Calcification in mice hearts after adnthistration of 

hydrocortisone has been reported by Sparks et al. (171, 

pp.503-504). 
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A calciriosis syndrome in the cotton rat (Siiondon 

hispidus bispidus) has also been reported by Consta.t a.d 

Phillips (27, pp.5l7-326) and CorisLar.t, Phillips and 

Angevine (29, pp.327-339). This as particularly notice- 

able in the hearts which exhibited gross pathological 

changes and an ash content of 9-19 per cent (drr basis). 
Increased severity was caused by increased dietary levels 
of calcium and phosphorus, a decreased level of dietary 
magnesium or increased metabolic demands imposed by man- 

ganese deficiency. T)extri.r. or additional protein alle- 
viated the syndrome, but a high level of magnesium did 

not prevent it. 
Lastly, should be nntioned the acceleration of 

symptOEns of avitaminosis by some organi e antagoni sta 

such as tri-o-cresyl phosphate, pyridir,e, o-cresol suc- 

cinate, carbon tetrachloride, sul!a drugs and sodium 

bisulfite, as reported oy Draper, James arid Johnson (40, 

pp.583-600), Hove (76, pp.3E3l-372; 77, pp.6O9-22; 78, 

pp.328-336), Miller, Small and iorris (126, pp.81-95) 
and Tedeschi (183). It has been su ested that the 

pathological states observed in vitamin E deficiency may 

result from the action of lipid peroxides on suifhydryl- 
sensitive enzyme systems. Such compounds, including un- 

saturated fat, may act as pro-oxidants, promoting the 

production of lipid peroxides in tissues, and thus 
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1rcrease the requirement for vitamin . 

Chemical Characteristics of Affected Tissues: 

usc1e: 

]xtensive analyses have revealed many facets of the 

ch'iaes 'thich arise in dystrophie muscle tissue. It must 

be reiterated that, while such changes have been exceed- 

Ingly helpful in the characterization of diseases, the 

extent of these changes is the product of many inter- 
related reactions, and a direct cause and effect rela- 

tioriship is not necessarily reflected. In addition, in 

dystrophie tissue, the original cell mass will have been 

altered in composition by regeneration and phagocytiza- 

tion processes d by extracellular infusion. 

In the miti al phases of muscular dystrophy research, 

Goettach d Brown reported that the creatine content of 

rabbit skeletal muscle was diminished fran 420-500 mg. 

per cent (fresh basis) in normal white tm.scle, and 260- 

560 mg. per cent in normai red muscle, th 110-250 mg. per 
cent in dystrophic muscle in the last stages of degenera- 

tion. The creatine concentration in brain and cardiac 
muscle remained at :.ornal levels (110-250 mg. per cent). 
Fat concentration was observed to vary from 0.5-48 per 

cent and was independent of the croatine concentration; 
however, the concentration of water was greater in the 
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degenerative cod1t1on (53, pp.549-561). Dystrophie 

guinea pis behaved similarly with respect to diminished 

muscle creatine, as observed by (144), as did F-low 

rats (a decrease occurring from 245 mg. por cent to 152 

mg. per cent) as observed by Telfrd, .Uerson and Evans 

(184, pp.5l5-3l3). The comparative decrease in muscle 

creatine in vitamin-F defici ent rats was considerably 
less than in rabbits (c per cent 'is. 12 per cent) accord- 

ini;; to Houchin arid Matill. This ulminished creatne con- 

centr&tion was no altered ten hours after oral athniriis- 

tration of alpha tocopherol acetate to harcisters (71, pp. 

301-307). In detailed studies of the comparative tissue 
composition of nornl id dystrophic calvos produced on 

synthetic diets, Blaxter and Wood (18, pp.144-163) also 
found that the creatine content of skeletal muscle was 

greatiq reduced. 

The dry matter content of dystrophie calf muscle was 

lower than that of norrnals in the above Scottish experi- 
monts. Eut, it must be recoazod that, since total 
solids are influenced by the degree of mineralization, 
extreme deposition could conceivably alter this gierali- 
zation in some cases. Blaxter arid ood also reported 
that total lipids (dry basis) were increased in dystrophy 

with concomitant increases in total and free cholesterol 
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and phospholipids, but that their proportion in the total 
lipid was unchanged. Similar increases had been reported 

earlier by Morgulis et al. (134, pp.755-766) in affected 

rabbits. In this latter case, the order of increase was: 

cho1estei1, lipid phosphorus, fat. 

Of reat interest, rairafly, have been the complex 

nitrogen compounds of muscle--the enzymes d the variais 

proteins--and their altered metabolIc response to dys- 

trophy. Block (20, pp.793-797) has found decreased 

brain, liver and serum cholinesterase in E-deficient 

rats. Stoerk and Morpeth have found that cholinesterase 

in rat gastrocnemius nruscle was reduced approximately 

one-third (172, pp.l54-159). 

Yet open to discussiai is whether there is a primary 

deceleration of the rate of protein synthesis or a 

secondary acceleration or deceleraticri of the rate of 

protein degradation. Milman, Silides and Milhorat (129, 

pp.637-638) have fu.nd a decreased rate of nino nitrogen 

release by t-deficiert hamster skeletal muscle, support- 

Ing the postulate of a reduced rate of protein catabolism; 

this is possibly seconda to a decreased rate of protein 

formation. Weinstock, Goidrich aid M11hort (192, pp. 

257-260; 13, pp.302-305) have reported increased proteo- 

lytic activity and increased dipeptidase activity, 

specifically of glycyiglycine, n dystrophie tissue, 
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which would teìd to suest ai accelerated rate of pro- 
tein deradat1o. 

Succinoxidase as early studied by Houchin (70, pp. 
313-321) who reported a 1CO per cent increa$e In the 

activity of this nzjme in dystrophic hamster muscle. 

This increased activity was reduced by alpha tocopherol 
phosphate, but not by alpha tocopherol. It was conjec- 
tured that the phosphate ester acts as a brake on the 
oxidat1 mecha ism of skeletal muscle. Other rkers 
ha ve rio t e ì fi rmed the fore g oln g inhib i t ion, ar i t would 

appear that i t may be an in vi tro effect caused by the 

removal of calcium ions by alpha tocophero]. phosphate 

which, in turn, affects a series of other reactions de- 

pendìt on Ca4 as an enzyme activator. 
The .Lncre a s ed oxygen e aì sump on o f ver i oua t i s sues 

deprived of vitamin E was observed in 1934 cy Victor 

(189, pp.229-236) and reaffirmed many times in the suc- 
ceeding years. The extent of this increased consumption 

was 40 per cent in the setni-tendinosus muscle of 6-month- 

old rats, as observed b:1 Friedman end atti1l (49, pp. 
595-600). In other experiments, the oxyen consumption 

was 240-2W per cent of normal in hamsters, 220 per cent 
in rabbits, and 125 per cent of normal in adult rats. 
Orally administered alpha tocopherol acetate lowered the 
oxygen uptake in approxinte1y ten hours (71, pp.301-307). 
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Similar differences of opinion exist, as ir.. the case of 

succinic oxidase, concerning the interpretation of re- 

sults of adding the tocopherol phosphate to in vitro 
preparations (85, pp.417-420). A similar increase in 

Q02 has beer reported in an insufficiency of guinea pig 

antistiffness factor by Van agtendonk and Simonsen (l8, 
pp.449-461). 

In contrast to the appearance of an increased rate 
of oxygen uptake prior to actual microscopic losions, the 

rate of glycolysi s was normal until dystrophy was visual- 
ly evident; it then increased (86, pp.391-394). Tn view 

of the reater effect of tocopherol insufficIency on 

aerob:. c phosphorylation, as em tras Led to anaerobic 

phosphorylation, Lune1 (84, pp.421-429) interpreted the 

lowered adenosine triphosphatase (ATPase) activity as an 

inpairmt of the contractile structure. 
Carey and Pziewialkowski have sth.died the ATFase 

activity of homog-!ates of impaired rabbit muscle, as 

well as that of the acid and a1ka1ie phosphatases. The 

activities of ATFase and alkaline phosphatase were un- 

changed, but that of acid phosphatase was twice normai. 

Alpha tocoph&o1 added to the ATVase system caused a de- 

crease In activity, since calcium was precipitated (26, 

pp.119-131). Likewise, Mulder, Gatz and Tigerman found 

no alterations in 1ycogen, inorganic hosphate, or the 



aderos1repo1yphosphate fractions in the heart muscles of 

E-deficiont rabbits (141, pp.246-248). 

Young and Dlniing (207, pp.743-747) discovered that 
ske1eta1 muscle from E-deficient rabbits contained more 

ribonucleic acid and deoxrribonuc1e1c acid than did con- 

trol tissues. Liver deoxyrIbonucleic acid v;as elevated, 

but tiie ribonucleic acid was unchanged. The turnover 

rate of nucleic acids was accelerated in \itamn [ defic- 
iency, especIally in skeletal muscle. More recent inves- 

tiga ti ons by Dinning and coworker s with H2C14NFI2COOH and 

HC]4)J:a have indicated that F-deficIent rabbits Incor- 

porated more C'4 (injected) Into skeletal protein than 

did the i.-adeqite controls, but the incorporation of 

substrate into liver protein was not Increased. Also, 

borie marrow cells from E-def1ciit animals, Incubated 

with either substrate, incorporated more 14 into protein. 

A vitamin E deficiency In animals wold seem to produce 

an accelerated turnover rate of protein in skeletal 
muscle and bone marrow cells (169, pp.450). The increased 

Incorporation of labeled formate into the nucleic acids 

of liver and skeletal tissue in E4eficient rats was con- 

sidered to reflect an increased turnover rate of nucleic 

acids, and was thus sugested to be the primary metabolic 

function of the vitamin (36, pp.735-739). 

In studies of the modification of muscle protein of 
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: -deficient rabbit2, Bonetti, A1o1i and Mirucci found a 

decreased actomyosin content and great1j reduced myosin 

content (approached o), while the actin was rot quantita- 

tively affected (21). flumery, auer and Mason partitioned 

the astrocnemus muscle of rats, 5-ZQ days old, into 

soluble, actoniyosir, and nso1uble protein fractions. 
Affected animals showed a rapid decrease in actomyosin 

and ari . ncrease in the insoluble fraction. These returned 

to normal by the 30th day. Normals, in contrast, cx- 

hftited a gradual increase in actornyosin arid a decrease 

in the insoluble fraction in the 12-3O daï period. Total 

protein and non-protein nitrogen were quntitativeiy 1es 
in affected tis3ues (iCO, pp.495-503). Tallrn&i, in con- 

ìsting the alteration of the free amino acids of defic- 
ient rabbits with nornis, found the levels of most aitino 

acids to be elevated in severely dystrophie animals. 

Glycine, however, was markedly reduced, even in the 

earlIest stase of the disease (180, pp.553-555). 

The aspartic-glutanic acid transaninase activity in 

guinea pigs and rabbits bas been reported by Barber, 

Basinaki and Mattill (7, pp.17-21) to be 50-67 per cet 
of normal in dystrophie skeletal tissue. Pyridoxal 

psphate caused iO observable increase in activity. In 

aoLher communication, Roderick (157, pp.11-16) reported 
that the glutamine content of dystrophic uirìea pi 
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skeletal muscle was 3 per cent of normal. If, as farber 

suggested, this thdcated blocking of amidatiori and led 

to a higher concentration of lutan.c acid which could 

riot be transaininated, a decrease in other amino acids as 

well as ir. protein might occur. An increase in Krebs 

cycle activity would be indicated ano thus might partial- 
i y explain an inc rea s ed o xrg en con urnp ti ori. 

In addition to he aqueous ar. orgic components 

of muscle, the mineral balance in affected tissue is of 

great importance, inasmuch as the total ash in white 

muscle cases may he as much as five tImes normal. It is 
difficult to imagine a heart, for instance, to be func- 

timal, thiie inorgaì.ic salts comprise nearly one-fourth 

of its nonaqueous components. In l952 Iviarsh (118, pp. 

187-lc?4) had noted that the bilaterally symmetrical 

lesions in still lambs had considerably increased calcium 

and increased phosphorus contents Fern and Goettsch 

(46, pp.41-W) published the results of studies on elec- 
trolyte composition of dystrophic rabbit tissues. Ap- 

proximately, sodium was 3+ times normal; chloride was 3 

times normal; potassium was two-thirds normal, magnesium 

was two-thirdsnorni, arid calcium was variable (2-300 

times normal) dependi% on the severity of the degenera- 

tior. These muscles were also abut one-half normal in 

ereatirie content. If the concentrations of sodium, 
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potassium and maesium were summed, without considering 
tbe corLcentraon of calcium for each series (i.e. normal, 

dystrophie), the results were nearly equal. 

Morulis and Oshoroff (135, pp.767-773) found esseri- 

tially ti sacie majnitude of differences, except that 
magnesium .as found to increase slightly. Both Fenn and 

Moru1is c1cu1ated their results on the basis of meq. 

of the element in questiai per kilogram of £resh tissue. 
Goettsch, Lonsteln and Hutchinson (54, pp.9-21) recorded 
that increased tota]. phosphorus, total acid-soluble 
phosphorus, and total inorganic phosphorus (i-j) were evi- 
dent iL dystrophie muscle with histoloically-confirrned 
calcificati on. 

In 1951 and 1952 Culik et al. (30, p.l0O6-1016) and 

aciga1upo et al. (4, pp.609-620) reported the results of 
feeding a liquid, L-deficient, purified diet to lambs. 

This diet caused, in this case, riht ventricular lesions 
as well as the other characteristic symptoms of "stilT 
lamb disease". In 1954 the results of the mineral 
chanes ir.. tI-ese animals were published by Bacigalupo 
and Luecke (6, pp.245-248). In skeletal tissue from E- 

deficient lambs, sodium and calcium increased one and 

two-thirdstimes and 6 times normal, respectively, whereas 

potassium, magnesium and phosphorus decreased Q9, two- 
thirds and 0.9 times rorma1, respectively. In cardiac 
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muscle, sodium, ca1cum and phosphorus Increased 1.2, 4 

¿rd 1.3 times normal, repective1î, while potassium nd 

niarìesiuni decreased 0,8 nd 0.6 tImes normal. It was 

interesting that samples from recovered (by supplementa- 

tion with vitamin E after iset) dstrophic animals 

showod, except for the sodium ir cardiac muscle, a return 

to the nonnal mineral compositi. This finding aug- 

bested that these mineral chanL;es were iot irreversible. 
Blaxter and Wood (18, pp.144-163) reorted total ash 

values ranging to nearly 10 per cent (whereas normal is 
approximately 5 per cent) ifl their calf exper1rts. The 

concentration of calcium was approximately 7 times normal 

in one case. Likewise, an increase in sodium con tent and 

a decrease in potassium content were noted, whereas mag- 

nesium and phosphorus remained essentially within normal 

limits. 
Blood: 

Possible charies in the composition of blood of 

djstrophic animals have been less thoroughly examined In 

prevIous studies. In 1930 Hayden determined several cori- 

stituents of blood obtained from stiff lambs from Metzger 

and Iagan. Their total non-protein nitrogen, urea ritro- 
ga and uric acid values were 2.41, 2.35 and 1.5 times 

normal values. Blood sugar, creatinine, calcium and 

chloride were within normal limits (63, pp.223-231). 
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Vawter and Records (188, pp.152-157) reported that in one 

white muscle calf the serum calcium and inorganic phos- 

phorus were norna1, as were herrg1obn, red blood cell 
count and white blood cell count. Safford, Swingle and 

Marsh (162, pp.373-384) agreed that there were no altera- 
tions in the last three components in E-deficient calves. 

"orgulis and Spencer reasured blood sugar, lactic 
acid , total acid-s oluble phosphorus and vari oua phosphs 
fractions and found no differences from normal rabbit 
blood. The glucose tolerance curves rose more slowly in 

the dystrophie rabbit, however, and did not attain the 

usual maximum; cholesterol was increased (137, pp.173- 

1gO). Vitarnin-E deficient monkeys had blood glucose, 

non-protein nitrogen, plasma protein, and hematological 
values equivalent to normais (47, pp.284-291). Poly- 

ethenoid acids in blood serum lipids of calves susceptib) 
to muscular dystrophy were recently investigatcu by 

G&rtcri 2. al. ; no abnormalities were encountered (50, 

pp.792-793). Ludvigsen, reporting muscular degeneration 
in hiDgs, found increased serum potassium, phosphorus and 

decreased sodium. These degenerative changes are pOSSI- 

bly unrelated to the nutritional dystrophy previously 

discussed, inasmuch as tperaure elevation was char- 
acteristic (105, pp.602-606). 

Lastly, the more obvious blood component concerned 
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in a vitamin deficiency is the level of the vitamin, 

itself. ieferring again to the synthetic diet experi- 
ments of Culik et al. (30, pp.1006-1016) and l3acigalupo 

et al. (4, pp.609-620) it was fand that the total plasma 

tocopherol levels in deficient lambs showed a cor sistent 
oeclire following administration of the test diet, but, 
on occasion, a sudden increase afLer 20-30 days occurred. 

With overt sis of deficiency, the values ranged from 

0.050-0.081 mg. tocopherols/100 ml. plasma. This upper 

limit would appear to be approximately the critical level 
in the course of the development of the malady. Safford, 

Swingle and iiarsh (162, pp.373-384) fed calves a toco- 

pherol-deficiarit diet and produced muscular dystrophy in 

14-21 dass. The plasma tocopherol levels were essentially 
zero, except that at the tine of most severe s'mptoms, 

alpha tocopherol again appeared in the plasma in a range 

of 30-285 micrograrns/100 ml. in the four calves used as 

sub jects. 
Later, Safford and Swingle (161, pp.64-68) trarsfexd 

three calves to dams those calvos had died of white 

muscle; all survived without developing symptoms. Toco- 

pherol determinations over a period of 80 days averaged 

2l.4-7b.6 micrograms/l00 ml., with non-detectable amounts 

occurring on occasion. I3laxter, Brown and acDonald (14, 

pp.105-123) found positive correlation of the serum 
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tocopherol content of four-day-old calves with thaL of 

their dams. They also noted that the tissues of three 
and seven month foetuses contained appreciable amounts 

of tocopherols, indicating that tissue reserves are 

largely acquired during gestation. 
'thiting, himen and Loosli (199, pp.234-242) sup- 

piemerited a natural diet for ewes (alfalfa hay and red 

kidney beans), whIch they had found to be effective in 

producing a moderate Incidence of stiff lambs, with 80 

mg./day of mixed tocopherols. The average plasma toco- 

pherol content of the supplemented ewes was higher than 

that of the non-supplemented ewes, bt was only one-fifth 
of that of ewes ori a "normal" diet. Their lambs had a 

plasma tocophero]. content about one-half that of laits 
from tne ewes on a normal diet. Some comparative toco- 

pherol values in plasma, colostrum and milk for different 
animals, and an estimation of the minimum requirement for 
tocopherol by various animals have been tabulated by 

Loosli (104, pp.243-250). 

Physical Characteristics of Affected Tissues: 

The histopathological findings from dystrophlo ani- 

mais have been described and sumrrrized in detafl. in the 

earlier studies with lLboratory animals (108, pp.136-176), 

in the ulzen syndrome (99, pp.185-209), and in the 



domestic animal (14, pp.105-123; 106, pp.164-169; 188, 

pp.152-157). In general, coagulative necrosis of the 

protoplasm and sarco1eina1 nuclear prolireration were 

most evident. Large numbers of phagocytes appeared, and, 

later, calcification of the degenrated tissue occurred. 

Areas of regeneration were riot uncormion. Depending on 

the sta',e and severity of the deficiency, connective and 

adipose tissues replaced the muscle mass. 

Particular interest has been focused on the electro- 
cardiography of animals suffering from vitamin-Ei 

deficiency. Gullickson and Calver]e.y (60, pp.312-313), 

experimenting with long-term vitamin E_ttfree rations for 

cattle, recorded t} case of a 21 mc-Lth-old female which, 

three days before sudden demise, had extra systoles, 
indicating dissociation of atrial and ventricular im- 

pulses and damage to the conducting tissue. Abnormal 

electrocardiograms were obtained in vitamin-f; deficient 
chickens (173, pp.457-462), and deep P waves and short 

PR intervals have been reported in humans suffering from 

progressive muscular dystrophy (159, pp.161-169). 

Bacigalupo et al. (5, pp.214-218) reported an increase 

in the PR interval from 0.08 to 0.10-0.12 second in E- 

deficient lambs. Five lambs siwed abrupt changes prior 
to death, although some lambs which exhibited microscopic 

cardiac injury did not show a change inì the 
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electrocardiogram pattern. Safford, Swin1e and Marsh 

(162, pp.373-384) found lonr PR and QT intervals in 

deficient calves. 

Excretory Products from Affected Animals 

MacKenzie (108, pp.158) found increased excretion 
of potassium and phosphorus. Milman and Milhorat (127, 

pp.654-660) noted increased urinary calcium, as well as 

increased urinary nitroen. Creatinuria has lìg been 

an index of muscular malfunction, Since creatinine is 
derived from creatine, the concent'ation of the former 

should decline with increased cretine excretion. 'Phis 

has been demonstrated in rats by Hove and fiardin (81, pp. 
193-200). With the additional influence of a 10 per cent 

casein versus an 18 per cent level, the lower protein diet 

produced this relationship more quickly. Creatinuria has 

also been observed in lambs with excretions of 177-412 

mg./day. Whiting, 'il1man and Loosli (199, pp.234-242) 

found that a creatinuria ratio exceeding 1.3 in lambs 

indicated dystrophy. Hovever, c911y one animal with a 

ratio exceeding 4 was able to be cured with alpha toco- 
pherol. 

Recently, the origin of ts urinary creatine has 

been investigated. Either it may arise from muscles 

whose ability to retain it has been lost or from newly 

sjnthesized creatine wich did rot enter muscle. Roche 



et al. (116, pp.13-19) administered glycine '71ae1ed" 

with is otopic 1:15 to a pati en t sufferlr:g fri mus cular 

dystrophy. The urinary creatine was much higher in l5 

than was the creatinine until equilibration occurred in 

8-10 days. Since both should have had the same i3otopic 
enrichment, initially, if both had come from the muscle 

creatine, support to the idea of excretion of newly syn- 

thes:zed creatine was iven. 

Aminoaciduria ìas also been characterized. Flumars 

with progressive muscular dystrophy excreted more amino 

acids at an increased concentration (2, pp.131-135; 9, 

).7O4706). Dinning et al. (39, pp.632-633) reported 

excretion of free amino acids from E-deficient rabbits 
increased to three times normal in 30 days. 

A rise in aflantoiri atxi ascorbic acid excretion has 

occurred (108, p.159); Minot and Grimes reported that, 
several days following the iset of creatiriuria in 
rabbits, ribose and pentose-phosphorus complexes were 

liberated (130, pp.159-165). 

Feeds in he].ation to Myopathy in the Domestic Animals: 

The clinical symptoms of nutritional rnyopatby in 

laboratory and dorstic animals and the previously deter- 
mine d bi ochemi c al and physi cal charac ten st i ca of affected 

tissues and. excretory prodts have been outlined. The 
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unique contrasting £eatux of the two species under cur- 

rent investi. ation is the fact that they are dnestic 
ruminants, and, as such, are subject to many variables 
in the tipe of feed which is 4ven, the climatic condi- 

tions wider which it is grown, the contribution of dif- 
ferent soils, and other possible influencing factors such 

as herbicides, pesticides, managemit practices, etc. 
vithin the past year, Muth (142, pp.355-361) has 

outlined the occurrence and nature of "white muscle" 

disease in Oregon. The south-central and central sec- 

tions of the state as well as the vi11amete 'alley have 

reported many cases. Sine irrigated areas ai-d areas 

where animals are kept in close confinement in the winter 

season were more affected than others. The incidence of 

the disease appeared higher in those areas in whith 

legumes compriseo a predominant portion of the total 
forage. Losses have approached 100 per cent in some 

cases, and no distinction as to breed affected seemed 

evident. The incidence of cases in areas In which animals 

were allowed access to native range was much less arid may 

approach zero. 

Willmar. et al. (200, ep.231-234) stated that the 

disease had been reported in îew York, Fennaylvanla, 

ary1and, Ohio, MichIgan, isconsin, Montana, Oregon and 

:evada. Many other states arid countries have since 
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reported its detection, and many are en,aged in active 

prorarns to determine its cause. Vi1lman and co-workers 

were able to produce expex.mental cases of stiff lamb 

disease from ewes fed a ration of second-cutting alfalfa 

hay (ad. libitum) with a enerous supplement of a rnixthre 

of 40 per cent cull beans, 30 per cent barley ad 30 per 

cent oats. 

lillman, Asdell and Olafson (205, pp.1-20) reviewed 

the results of four years experiments end confirmed the 

earlier results. Ewes fed oats, vuheaL bran, corn s1la 

and mixed hay produced no stiff lambs. It appeared that 

exercise during pregnancy or the feeding of liberal con- 

centrates were not prime causa]. factors In disease pro- 

ductior. il1man et al. (201, pp.185-192) summarized 

similar experiments and calculated that an overall average 

of 27 per cent incidence, varyir. from 6.67 per cent to 

51.8 per cent, was obtained from the stiff lamb ration. 

If wheat germ were added to the ration, a reduction In 

the number of affected lanbs occurred. 

In 1944-5 il1man eL al. (202, p.453; 203, pp.128- 

132) reported further experiments utilizing the stiff 

lamb ration of alfalfa and beans and containing wheat 

germ meal in addition. 'hen the lambs were gLven oats 

and wheat germ meal, disease incidence was zero. If the 
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ewes were fed the binary ration (alfalfa, beans) with 

mixed tocopherols and the lambe were fed mixed tocopher- 

ois, o stiff lambs were produced. Also, if the ewes 

were fed the mixture alone and the lambs fed alpha toco- 

pherol, white muscle was a sent. 
In 1946 Marsh reported (119, p.256) favorable results 

from treating stiff lambs with wheat germ oil. Swahn, 

Obel and Wanntorp (176) in Sweden recommended that lambs 

be given 100 mg. of disodium alpha tocopherol phosphate. 

Whitìr, :jflm and Loosli in 1949 (199, pp.234-242) 

reported experiments utilizing the previously-mentioned 
2-component ration. If mixed grass hays were substituted 
for the legumes, the incidence of wuite muscle dropped 

but was not entirely prevented. The total tocopherol 
content of the stiff lamb producing ration was 5.16 m./ 
loo g.; the normal ration had 5.96 mg./lOO g. However, 

these auths noted that Qualfe reported that alpha toco- 
pherol was lower in legumes than in non-legumes nd 

thought that thi.s factor mht be the critical one insofar 
as productia of myopathy fran these ratiors was coricened. 

Vawter (186, pp.104-107) felt that the incidence of 
this disease could be markedly reduced by utillzation of 

feedstuffs of greater diversity, particularly in the 
latter half of gestation. Also, treatment of lambs and 

calves having the subacute form of the disease with 
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tocopherols ¿ave £aiorable response. However, lt is ob- 

vious that, in the acute cases and in cases in which the 

disease Las proressed quite far, the degenerative 

process is irreversible and Lot amenable to therapy. 

Muth (142, pp.355-361) reported a field experiment 

ir which one group of ewes were fed 150 mg. d-alpha- 

tocopherol-acetate each per day for 31 days prior to 

lambing. ihe experiment was complicated by other factors, 

but there appeared to be no benefit to such practice. 

It was pointed out that the probable change to the fetus 

in utero occurs prior to the last north of preiancy, and 

thus no beneficial results from etary supplentation 

wL,uld he expected in late pregnancy. 

Houle (73, pp.485-487), reporting vitamin E defic- 

lency in beef calves from cows fed hay, oats, barley and 

pea silage in Maine, found that chronic cases usually 

recovered vd th vitaniln L therapy and recoìmiended that 

oral doses of 2 . alpha tocopherol/caif/week be given 

as a preverititive measure. He also recnmended uso of 

a protein supplement to dams and calves. This might be 

helpful in borderline cases and would receive theoretical 

support from the previously cited work with caseiri 

levels. Schofield (163, pp.422-424; 164, pp.597-601) has 

expressed the opinion that white muscle disease in calves 

is more frequent in iosphorus-deficlent areas and has 
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recommended that dIlute pispIic acid, together with 

alpha tocopherol be gin as a treatnnt to affected 

animals. 

Shaman (167, p': .275-279) observed that, with no 

treatment ot1r than ensuring that the affected animals 

received milk, spontaneous recovery was a riot unconvon 

occurrece. If early cases were given alpha tocopherol 

acetate orally, recovery could be expected within two 

days. ote was made that the drug gin by intramuscular 
injecton was not readily absorbed. 

Blaxter anI Brown (13, pp.1-21) have su.nviarized the 

total tocopherol caìtent of a number of feedstuffs as 

reported by different workers. Brown (22, pp.161-165) 

determined the total toco;hero1 of a number of feeds and, 

in addition, its distributicti accoiding to isomertc 

entitles--i.e., alpha, beta, gamma, delta. The vitamin 
potency was calculated from this latter, assuming that 
the biological activities of the individual tocopherols 
were in the ratio: alpha:beta:gamrna:delta 100:30:30:1. 
Further, it was found that the tocopherol loss in silage 
making was about 10 per cent, but a value of 90 per cent 
was approximated in haymaking. The tocopherol in various 
grasses and legumes consisted nearly completely of the 

alpha isomer and was of the order of magnitude of 10-40 
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mg./].00 g. dry matter. 1nute coicentrations of tocophero]. 

were present in roo t crops. The grains contained approxi- 

mately 1-7 mg. of tocopherols/100 g. dry matter, but the 

proportion of the beta arid :amrna Isomers was much higher. 

On the basis of these anaiyse, arid assuming the stiff- 
lamb-producing rations of 7illmar. et al. were equivalert 

ir composition, Brown calculated that the normal ration 
which did riot produce stiff lambs probably contained less 
alpha tocopherol than the one which caused a high md- 

den ce of dystrophy. A list of lsomeric tocopherol values 

for feedatuffs has also bei compiled by Ames (i, pp.145- 

159). 

Insofar as the qoung ruminant animal is concerned, 

its total tocophero]. supply must come, for a period after 
birth, from placental transfer and from the colostrum and 

milk of t:e dam. Gerloczy et al. have reported that, in 

iflUflSfl S the mat e rna 1 bi ood ka s a vi t amin L conc en tra ti ori 

twice that of the umbilical vein blood (52). Parrish et 

£i have shown that the c a centrati on of tocophero i in 

the serum of the newborn calf was influenced by the 

maternal dietary intake of tlhe '1itamir.. The newborn 

offspring had a serum tocopherol level about 1/6 that of 

the mother. The low level at birth has been s1wn to in- 

crease markedly (3-9 fold) upon ingestion of colostrum; 

the extent of this is, of course, dependent on the 
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colostrum content (152, pp.19-2O2). 

For milk, lt is Lot surpr1sin that the greater the 

dietary intake of tocopherol, the greater is the amount 

present in the colostrum ar.d milk. Whit1r, V111man arid 

Loosli (199, pp.234-242) fnd that colostrum from ewes 

OL the stiff lamb ration arid receiving tocopherol supple- 

meritatica-i had a one-third higher thccherol level In the 

colos trwn thaì that from those not receiving the supple- 

mont, but the content was less than oie-half that of ewes 

receiving a normal ration. 'ihe milk reflected similar 
differ-ì ces in that the fluid from control animals had a 

content more than 2.5 times that from non-suppleiinted 

experimental animals. 

Blaxter, Brown and ?1acDoriald (14, pp.105-123) again 

observed the increas ed toc opherol content of milk when 

the cows were allowed access to green pasture. Marigold 

feeding caused a temporary depression. As would be ex- 

pected, the tocopherol cotent of colostrum declined 

marked1 after parturition. 
ncephaloma1acia in athn species has been the sub- 

ject of intensive investigations, particularly in 
Connecticut. Jungherr (92, pp.104-112) and Jungherr, 

Singsen and Matterson (94, pp.301-310) have reviewed the 

incidence and tharacteristics of the problem. Ames has 
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reviewed the recent 1iterat (1, pp.145_15ö). This 

problem would appear to have been. solved, on a practical 

basis, by the addition of sntioxidants to poultry 

rations. 
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PROCEDURES 

"Faith in the early morning, 
Faith at noonday will we invocate 
Faith at the setting of the sun. 
O Faith, endow us with belief." 

....Hymn from the Rigveda.... 

Lambs end calves afflicted with myopathy and avail- 
able for clinical observation and laboratory examination 

would cons.bte Important part of efforts to procure 

more in fo rm a ti on e or c erri Ing th e n a tur e of the di s e ase. 

The production of these animals from dams under relative- 

ly controlled nutritional codi tions wo.ld be a further 
step in defining the field of search with respect to 

causati ve fac tor( s). 
A high incidence of "stiff lambs" had been observed 

bj illman et al. (200, pp.231-234) when ewes were fed a 

ration of alfalfa hay and red kidney beans during gesta- 

ticK:ì. Quantities of these feeds were procured. In both 

1953-4 and 1954-5 the second-cutting alfalfa hay was 

purchased from Mr. John Hansen, Terrebonne, Oregon, an 

area in which the disease had been prevalent previously. 

The kidney beans were obtained through orthrup, King and 

Co. from Quincy, ashington, in the first year and from 

the Shields Co., Buhi, Idaho, in the second. In 1955-6 

the second-cutting alfalfa hay was purchased from Mr. E.E. 



Burgess, a rancher near Hedmid, Oregon, who had had ex- 

tensive white muscle disease in previous years. This hay 

constituted the sole ration in the third year. 

A sample of these feeds was subjected to proximate 

analysis. Dry matter was determined by heating a sample 

at 105°C. for 48 hours in an electric oven. Analyses for 
crude protein, ether extract, crude fiber, and total ash 

were carried out according to the Official Methods of 

Analysis of the Associa tion of Off' ici al Agri cultural 
Chemists (OMAAOAC) (101, pp. 13, 343, 346, 347, respec- 
tively). Calcium (101, p.97) and phosporus (101, pp. 

8-lo) were also determined. 

leven aged ewes of mixed breeds arid eleven Hereford 

cows were placed in partly-concreted, dry-lot pens on 

18 November, 1953. Each ewe received, initially, 2-3 

pounds of alfalfa hay and 0.5 pound of whole beans daily; 
each cow received 15 pounds of' hay and 2 pounds of ground 

beans per day. These quantities were increased during 

the course of the experiment until a level of 5 pounds 

of hay and 1.5 pounds of baena per post-partum ewe, and 

20 pounds of hay arid 3 pounds of bears per post-partum 
cow was attained. iach cow or ewe was maintained on this 
ration until at least one month after parturition, at 
which time the dam and her offspring were placed on 
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Ladino clover-grass pasture. In t1 second year of the 

experiment, the animals were removed from the pastaire arid 

ven t1 alfalfa-bean ration o. 6 October, 1954. Feed- 

Ing was initiated on 18 Octer, 19F5, in the tird ex- 

perimental sear, and the experiment was altered in that 

cows (and resultant calves) were selected as the sole 
experimental animals In view of the size limitations of 

lambs for blood sampling procedires. 
The animals were weighed weekly before parturition 

in 1953-4 and 1954-5 end monthly in 1955-6. Llood snp1es 

were obtained by verilpuncture; 1.25 ml. saturated sodium 

citrato per loo ml. blood was used as the anticoagulant. 
Mature bovine blood samples were collected ir late preg- 

nancy during 153-4. In 1954-5 collections were made In 

early (cows wore a pasture), middle, and late progriancy, 

and also one day post-partum. In 1955-6 sampling was 

performed in early and middle pregnancy and at one day 

Pos t-partum. Mrture ovine blood samples were ob tamed 

two months post-partum In 1953-4 and during early and 

late pregnancy and one day post-partum in 1954-5. Samples 

were obtained from calves at one month of age and from 

lambs at two months of age. A second sample was taken 

from the experimental calves (aroximate1y 3 months of 

age) on pasture In 1953-4. 
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Control samples were taken at similar periods from 

animals in the Orepn State College herd and flock in 

which no history of whIte muscle disease had been re- 
corded. These rormal animals were pastured o:r a grass- 

legume mixture and fed a ration of grass si1ae and a 

small quanti ty of crass hay during the winter season. 

Eome field samples of blood were obtained from various 

areas of Oregon, particularly from owners who had reported 

several cases of the disease and bad had its presence 

verified at autopsy b a veterinarian. 
The hnoglob1n content of tI blood samples was 

determined with a Spencer Hemolobinometer (American 

Optical Co. ) . The blood was then centrifuged; he plasma 

was drawn off and recentriftiged. A protein-free filtrate 
of plasma was prepared by the Van Slyke and Hawkins modi- 

fication (62, pp.543-545), and analyses for glucose (174, 

pp.193-196), (175, pp.1077-1084), total amino acid nitro- 
en (62, pp.565-567), creatinine (62, pp.555-558), and 

creatine (62, pp.558-559) were performed. In the latter 
two determinations, the concentration of picric acid 

used was that suggested by Peters. The inorganic phos- 

phoxia (P1) content of plasma was carried out according 

to Hawk, Oser and Sunimerson (62, pp.629-633) except that 
the final solution was allowed to stand 45 minutes for 

full color development. Plasma ca1ciui (62, pp.644-645) 
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and maeium (62, pp.648-649) determInations were made. 

The cellular residue was dried at 105°C. for 413 

hours, and the dr matter content was estimated. Two 

hundred milligrams of dry cel).ular residue and 5 ml. of 

concentrated su1fur1c acid were placed in e 100 ml. 

volumetric flask and heated. i)urin the destion, 30 

per cent hydrogen peroxide was added until the solution 
became colorless. The solution was diluted to 100 ml. 

with glass-distilled water. A 10 ml. aliquot was adjusted 

to pH 3.5 with 1:4 amnnium hydroxide, and the procedure 

of Mehlig d Hulett (122, pp.869-870) for ixn was foi- 

lowed. Another lo mi. aliquot was trìsferred to a 25 

ml. volumetric flask, a-d the total phosphorus (Pt) con- 

tent was determined according to Hawk, Oser and Summerson 

(62, pp.633-635). 

Samples of cardiac and skeletal muscle tissues, ob- 

tamed primarily from field cases, were prepared Cor 

ara1ysis by dissection of the "affected" (determined 

macroscopi cally) tis sue from the "normal" tissue. A 

sample was dried for crude protein and ether e:tract 
determinations. Dry matter was determined in the saiie 

manner as indicated previously for feed samples. 

A dried sample was extracted in a beaker for 24 

hours with tv portions of diethyl ether, and the "fat- 
free" residue was then transferred to a platinum 
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evaporatthg dish and a&ied at 550°C. Reashin after 

treatrneat with 1ass-dist1lled water and evaporation to 

dryress on a water bath was performed to eliminate traces 

of carbon, uroxidized in the fusion. The ash was treated 

Vìth 15 n1. concentrated hydrochloric acid, and tie cori- 

tents were aa1r evaporated to dryress. uant1tat1ve 

trai.sfer of the soluble chlorides was effected with O.lIT 

11Cl, and the solution was diluted to 25 nil. and stored 

in )4 dram plastic 'laIs. 
A 1:9 dilution of the prepared solution was used 

for the phosphorus determination, carried out as prey- 

iOUSl (62, pp.629-633). 

Sodium, potassium, calcium and magnesium were deter- 

mined (34, pp.233-240) with a Beckman model DU flame 

photometer vcth photomultlpller; the fuel was hydrogen. 

Stidard curves of syntbtic solutions approdinntlng the 

composition of raaiinallan tissues were prepared for quaii- 

titativo interpretation of the anai'tical results. The 

composttion of these standard syrLtheti c solutions is 
given in Table A. 
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Table A 

Composition of Stanoard Synthetic Solutions 
Ca (ppm.) Mg (ppmj Ìa (ppm.) K (ppm.) P (ppm.) 

O-80 80 320 1280 200 
30 0-160 320 1280 200 

1.4 4 0-32 64 200 

0.56 1.6 8 0-40 200 

All solutions were 0.]. In 11Cl. 

Appropriate dilutions of the snp1e solutions were 

made. For magnesium a 1:4 or a 1:9 dilution was satis- 
factory, while dilutions f' calciwn ranged from 1:4 to 

1:249. For these two e1îi&:ts, diluted phosphoric acid 

was added to the solution to bring the concentration of 

phosphorus to 2C'O ppm. in order to achieve a uniform 

suppression of the calcium and magnesium luminosities. 
For sodium ar potassium, a 1:99 or a 1:240 dilution was 

usually satisfactory. These dilutions, of course, de- 

pended ct-i the degree of alteration of inorganic compon- 

enta, the size of the available tissue sample, etc. and 

were varied in order to bring the sample in question 
within the range of the standard curve of the element In 

ques tton. 

The conditions of nn].ysis are presented in Table B. 
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Table B 

Conditions of Analysis for laxr Determinations 
Slit Fhotornultiplier 

Wave Length Width Sensitivity Tube 
(rnillimicrons) (mm.) 

Ca 554 0.04 4 photomultipller 

Mg 285 0.05 5 photomultiplier 
Na 589 0.03 1 photomultlplier 
K 768 0.06 1 red-serìsiti 



RESULTS ND DISCUSSION 

A. Feeds: 
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The results of the analyses of the feeds used in the 

experimental trials are presented Zn table 1. The re- 
suits of the proxixrwte analyses were closely similar to 

those which Morrison (140, pp.1154-1155) has tabulated. 
In th e min eral an al ys e s , the higher co n t en t of c al ci um 

compared to the lower phosphorus content of the alfalfa 
used in the third experimental year is more clearly shown 

by the calcium:phosphorus ratio. This ratio was about 50 

per cent higher than comparable values listed by Morrison. 

It was particularly interesting in view of the calcifica- 

tion which occurs ir myopathic tissue and ir view of the 

established production of thite muscle calves from cows 

fed this alfalfa as a sole ration. 

B. Experimental Produci: 
The mature animals wore weighed to determine, in 

some measure, the adequacy of the quality and quantity 
of the ration. Initially, the cows displayed a certain 
reluctance to eat whole beans. The average total gain 

prior to parturition and the average offspring weights 

at birth are tabulated in table 2. 



Table i 
1953-4 1954-5 1955-6 

Beans Airalfa Beans Alfalfa Alfalfa A1falfa Beans 
Ol278x 01279 02150 02087 04573 

D.M. 94.21 95.21 90.37 90.48 89.23 90.5 89.0 
, Ash 4.71 7.68 4.45 7.04 6.95 9.06 4.38 
% C.?. 23.18 11.92 23.84 12.42 12.0 16.35 25.84 
% E.E. 1.57 1.30 1.40 1.18 2.12 2.21 1.35 
% C.F. $.c34 35.13 4.08 34.64 28.32 31.93 4.61 
% N.F.E. 66.70 44.97 66.23 44.72 49.41 40.44 63.82 

H20 O O O O O O O 

Ca 0.13 1.03 0.14 1.14 1.44 1.62 - 
P 0.58 0.30 0.56 0.24 0.16 0.26 - 

% g 0.05 0.45 0.05 0.39 0.31 0.32 - 

Ca:P 0.22 3.43 0.25 4.75 9.00 6.23 - 

Mn-p.p.m. 14.6* 28.0* 16.0* 20.8* 36.8* 49.8 

X designates laboratory serial number. 
* Data from Gavillon (51). 

1)ata from Morrison (140, pp.1154-1155), converted to t..., basis. 



Table 2 

Average total gain cows 
prior to parturition: ewes 
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1953-4 1954-5 155-6 
106.6 169.2 125.6 
18.2 18.0 -- 

Averae birth weicht: calvos -- 60.4 72.0 
lambs 9.02 9.85 -- 

The relationship of the experimental animals is 
sho in table 3. 

Most of the lambs apeared in pod health in both 
years. The four which died in each year succumbed from 

malnutrition as a result of udder difficulties In the 

ewe, or from other causes unrelated to white muscle 

disease. 

The 1954 calves had some Incidence of diarrhea and 

a generally less thrifty appearance than the controls. 
In general, the health and appearance of the 1955 and 

1956 calves were better than those born In 1954. 

As noted In table 2, one calf (EE36) died of white 

muscle disease in 1955 at the age of 15 djs. The heart 
was moderately affected, but no evidence of skeletal de- 

generation was observed. The last calf born (E90) grew 

very slowly, and appeared to sufter from muscular weak- 

ness and exhaustion. It should be recorded that the milk 

supply of his darn was rather inadequate. However, the 

animal recovered and has reached thirteen months of age. 



Table 3 

1953-4 l94-5 1955-6 
Cow No. Calf No. Sex Calf No. Sex Calf No. Sex 

A75 10 M E88 M F155* F 
6 M E90 M F156** F 

6P 5 F E86* F Fl59 M 

B80 7 F E83 M F153* F 
67 9 F E89 F F158 F 
76 3 F E84 F F154* F 
B32 11 M X X 
70? (70) 1 M E81 M X 
B82 8 M E87 F F151 F 
B24 4 0 E82 F F157* M 

70 (A74) 2 M E85 M F1524 F 

Ewe o. Lamb No. Sex Lamb No. Sex 
A5 C64 M E40 F 
A77 C62 M E47 F 

C63 M E48 F 
A84 C54 F E46 M 

C55 F 
A86 -- -- 
A119 -- -- 
33 C58 F E41 M 

C59 F E42 F 
38 C52 F E49Ø M 

C53 F E5OØ F 
93 C6OØ M E43Ø M 

C61 F E44Ø F 
202 Ø ? - - 

C51 X E45 M 

32 C56Ø F X 
C57Ø F 

A6 - - X 

Symbols: 
* Died; White muscle diaosis 

Killed; Zhite muscle diagnosis 
0 Died; not whi te mus c le 
X Animal not in experimental grmp at time Indicated -- Animal riot pregrant 
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In 1956, four animals (F153, F154, 15 and F157) 

died of wbite muscle disease at the ates of 25, 26, 21 

and 12 days, respectively. All had extensive cardiac 
1osion, but the skeletal muscles appeared generaly ura- 

affected. Two other animals (F151 and F152) were sacri- 
ficed at 64 and 55 days of ase, respectvely. T'l51 ao- 

peared normal, but F152 had very extsive skeletal 
lesions and a possible small interventriu1ar scar in 

the heart. F156, sacrificed at 59 days of age, had an 

apìarent 2 x 8 min. epicardial lesion in the left ven- 

tricle. The skeletal tissue was generally paler than 

normal, arid a few muscles, particularly those in the 
forelirnbs, could be considered affected. F158 arid F159 

were sacrificed at 41 and 28 days of ade, respectively, 
since the available feed was depleted. Autopsy revealed 
that te heart and skeletal muscles of F1EB were appar- 

ently normal. 11159 had extensive left-ventricular 
lesions; the skeletal tissue was, perhaps, somewhat pale, 
but no 1es1s were macroscopically evident. 

C. Blood Analyses--Experimental Project: 
The re sul ts of the ari al ys e s for the va ri o us bio od 

constituents are reported in tables 4 (cows), 5 (calves), 
6 (ewes), and 7 (lambs). Elements of the statistical 
analyses are presented in tables 4a-7a, respectively. 
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1. Mature Bovine Values: 

Plasma glucose values of the experimental cows 

varied considerably, arid the meat was siuîf1cantly less 

than that of the controls In latepregn&icy In 1954-5 

(P (0.05). The subsequent e1evatiox. of this constituent 

at parturition was to be expected. The plasma glucose 

of one animal, i-324, was, without exception, the highest 

of the experimital grup at any sampling period and may, 

perhaps, be ecpiaîned as a reflection of the extreme 

excitability of this individual. 
Total amino acid ;itroen in the experimental ani- 

mais was also somewhat variable in that both a sigriifi- 
cant increase in mid-pregnancy in l55 and a significant 
decrease in late pregnancy in 1955 were observed. itt one 

day post-partum, it was interesting that the values in 

the range of 7-8 mg. per cent were ali characteristic of 

the cows which calved after the death of calf VE36 from 

white muscle disease and Included the dam of the latter, 
6P, as well. 

io significant differences in plasma creatine were 

apparent. Creatinine was much less in the experimental 

animals in both middle and late pregnancy in 1955. It 
was thi:;ht that this might llave been a posa ible reflec- 
tIor of the difference in dietary intake between normals 

and experimental animals, since the reaction for the 



deteiinaon of these two constituents is not specific. 
However, the values for the project animals on pasture 

(column 2) were riot of this order of magnitude. The 

means of both creatine and creatirìlne of the experimental 

animals seemed to progress from a maximum in late preg- 

nancy or i da post-partum to a minimum in mid-pregnancy. 

No differ&ìces were observed in plasma inorganic 

phosphate. Flsma calcium was higher in the normal axil- 

mais than in the experimental ones and significantly so 

in late gestation. In nearly all animals, a decrease in 

plasma calcium occurred from early pregnancy (pasture 
sampling) to mid-pregnancy (experimental diet samplig), 
even thou alfalfa Is noted for the copious quantity 
of calcium which it contains. o significant differences 
were noted In plasma magnesium. 

Ceiular dry matter and total cellular phosphorus 

were of the same order of magnitude in both project and 

control cows, as was cellular iron at mid-pregnancy. In 

late pregnancy in 1955, however, the cellular iron con- 

tent was siiiflcantly lower 1r. the experimental animals 

then in the normals. Increased cellular dry matter was 

often reflected in either increased iron or total phos- 

phorus, although this observation did not cform 
strictly in sil cases. 



Table 4 
Mature Bovine Blood Cìstituent Values 

Cow Mg. Glucose/100 Ml. Plasma Mg. AxnirLo Acid Nitrogen/lOO Ml. Plasma 
TP: (')p (2)0 (3)0 (4)° (5O (1) (2) (3) (4) (5) 

A75 57.04 51.56 57.12 45.01 75.54 4.43 4.82 4.49 4.70 7.20 
B 7 81.57 65.87 56.35 45.88 71.32 4.72 4.85 5.27 4.87 7.64 

6P 73.14 82.70 61.55 47.96 69.26 4,56 4.70 4.49 4.76 7.08 
B80 52.99 51.58 53.25 49.49 76.82 4.73 5.01 4.49 4.54 4.92 
6? 65.91 84.90 56.12 48.51 56.94 4.34 4.82 4.82 4.59 8.26 
76 70.95 67.96 66.42 56.48 86.86 4.85 5.61 4.61 4.65 4.47 

B32 96.24 61.59 59.22 X X 4.95 5.37 4.85 X X 
70? - 80.39 - 57.25 95.52 - 4.84 - 4.39 5.05 

1382 52.88 56.52 47.27 42.48 4i.69 4.59 4.97 4.45 4.95 8.78 
824 96.24 104.58 106.16 70.14 275.38 4.35 4.70 4.23 4.70 5.04 
70 74.23 56.08 61.33 49.82 62.92 4.37 5.24 4.82 4.46 4.40 

Ave. 72.12 69.41 62.48 51.28 92.02 4.59 4.99 4.65 4.66 6.28 

Normal (a) (a) 53.20 52.78 4.42 5.39 
56.44 65.86 4.10 4.58 
62.81 63.08 4.23 4.96 
53.52 63.43 4.67 5.24 
56.12 59.49 4.39 4.80 
55.68 79.40 4.21 4.47 
53.20 66.32 4.70 4.71 
70.36 67.94 4.13 4.93 
56.55 95.37 4.47 4.90 
66.48 60.65 4.38 5.08 

Ave. 58.44 67.43 4.37 4.91 W 
See explanation of symbols at end of Table. 



Table 4. contInued 

£2! M. Creatirìe/100 Ml. Plasma Mg. Creatlnlne/lOO Ml. Plasma 

VMP: l) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

A75 2.56 2.95 171 2.71 3.87 l.65 1.71 1.37 1.63 2.13 

13 7 D,Oi 2.68 2.34 2.68 3.08 2.23 1.74 1.84 2.05 2.05 

6 2.91 2.95 1.87 2.68 2.53 2.06 1.79 1.84 1.74 1.90 

B80 3.67 2.84 1.4? 3.34 2.90 1.94 1.58 1.53 1.Ei7 1.84 

67 3.34 3.08 2.21 2.60 2.32 1.78 1.66 1.42 1.74 1.71 

76 2.63 2.08 1.95 2.82 1.82 1.70 1.47 1.45 1.92 1.66 

£32 2.98 2.34 2.53 X X 1.63 1.29 1.50 X X 

7OP - 2.55 - 2.97 3.39 - 1.87 - 2.16 1.82 

B82 3.53 3.34 2.29 3.b5 2.05 1.73 1.47 1.50 1.66 1.82 

B24 3.41 2.45 2.34 2.76 5.21 1.99 1.90 1.84 2.05 2.60 

70 3.22 3.11 3.10 2.68 3.32 2.11 1.71 1.55 2.05 1.90 

Ave. 3.13 2.76 2.18 2.88 3.05 1,88 1.65 1.58 1.89 1.94 

Normal: 2.32 6.37 2.42 2.55 
2.58 3.13 1.92 2.47 

2.92 2.5 1.82 1.63 
2.74 1.89 2.16 2.05 

2.21 1.63 1.97 2.24 
2.16 2.79 1.87 2.34 

3.45 2.24 2.47 2.10 
2.21 3.10 2.13 2.42 
2.53 1.18 1.90 2.37 

2.08 2.53 2.18 2.37 

Ave. 2.52 2.44 2.08 2.25 

CT' 

C,, 
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Cow Mg. Pj/lOO Ml. Plasma Mg. Ca/lOO Ml. Plasma 
MP: (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

A75 4.86 5.93 5.14 4.98 3.50 12.01 10.32 9.17 9.69 9.65 
B 7 5.81 5.83 5.68 7.15 4.94 9.88 10.51 9.27 9.28 9.69 

6? 5.11 5.18 4.88 4.61 4.18 10.52 10.12 8.34 8.96 9.89 
1380 5.88 5.42 4.33 5.40 5.5O 10.55 9.44 9.31 9.36 9.b8 
67 5.77 6.30 3.15 5.26 4.78 11.l 10.70 8.79 9.90 9.89 
76 5.71 6.52 5.76 5.72 4.41 10.55 10.46 9.58 9.12 9.13 

1332 6.55 6.55 3.92 X X 10.26 9.51 9.68 X X 
70P - 5.98 - 4.84 6.84 - 10.85 - 9.38 10.11 

1382 5.62 5.41 4.63 5.58 3.61 12.01 11.38 337 10.10 10.19 
1i24 5.62 4.90 4.92 4.10 4.68 11.50 10.90 10.58 10.52 9.72 
70 4.62 4.82 6.67 4.43 4.36 11.14 10.99 10.82 10.00 9.80 

Ave. 5.56 5.71 4.91 5.21 4.66 11.03 10.47 9.49 9.63 9.80 

iormal: 3.52 6.34 10.20 10.57 
3.79 5.85 9.70 10.57 
' 

i. f f 
A 'Z X. ti.J C) ViO 

t 
11Th 
J.%.J. 

5.30 3.90 9.89 10.42 
4.94 4.57 9.91 9.87 
5.72 7.25 10.28 9.54 
5.74 4.54 10.82 10.26 
4.28 4.00 10.08 10.18 
5.76 3.47 9.27 10.05 
4.36 4.59 10.10 10.31 

Ave. 4.72 4.89 10.00 10.20 

(n 



Table 4. continued 

M. !ïg/lOOMl. Plasma G. Hb*/lOO Ml. Blood 
;MP: (1) (2) (3) (4) (5) (1) (2) (3) (4) (5) 

A75 2.32 2.10 2.77 2.20 2.90 13.7 l.4 16.3 
B 7 1.98 1.96 2.34 .24 2.05 11.7 13.6 12.6 

6P 2.20 2.08 2.74 2.65 1.64 13.1 14.1 15.1 
J80 2.70 2.44 2.21 2.18 1.81 13.9 14.1 14.0 
67 2.26 1.53 1.71 2.18 2.62 14.6 13.1 15.0 
76 2.08 1.98 2.36 2.20 1.76 15.3 14.5 13.7 

1332 2.15 2.47 2.15 X X 14.4 X X 
70? - 1.63 - 2.03 1.49 - 13.5 12.8 

B82 2.36 2.03 2.45 2.52 2.6 14.2 14.3 16.0 
B24 2.40 1.84 2.09 2.39 2.14 15.2 15.0 15.3 
70 2.39 2.14 2.35 2.39 2.39 14.6 13.4 14.5 

Ave. 2.? 2.02 2.31 2.30 2.15 14.0 13.9 14.5 

Iorma1: 2.45 2.10 12.2 
2.31 1.9 11.5 
2.45 2.22 13.4 
2.57 2.29 15.6 
2.45 2.05 13.8 
2.39 1.69 12.3 
2.3 2.10 14.9 
2.39 2.39 12.0 
2.48 2.28 11.6 
2.33 2.71 13.0 

Ave. 2.42 2.17 16.0 

o, 



Table 4 

Cow 
WMP: 

A75 
B? 

6F 
380 
67 
76 

1332 

70F 
1382 

1324 

70 

Ave. 

continued 
Mg. Fe1200 mg. Dr- Cellular liesidue 
(i) (2) () (4) (5) 

43.16 42.37 42.37 41.32 42.37 
43.42 43.68 42.63 46.16 42.37 
42.37 43.95 42.37 43.68 42.63 
43.68 42.37 46.95 42.37 42.7 
42.37 44.21 42.37 42.63 42.3? 
42.63 42.90 43.16 41.84 40.79 
43.16 43.42 42.63 X X 
- 43.95 - 41.05 42.63 
43.95 43.95 44.21 42.63 42.90 
42.b3 42.63 42.63 43.42 43.68 
42.37 43.95 43.16 41.05 42.37 

42.97 43.40 42.95 42.32 42.45 

Mg. Pt &00 mg. Dry Cellular Residue 

16.23 17.18 17.02 16.71 15.95 
16.62 18.18 16.50 15.95 16.90 
16.03 15.55 17.68 14.54 14.93 
17.62 19.06 18.07 17.22 16.97 
18.61 19.61 17.94 17.48 16.84 
16.80 17.68 15.58 15.31 15.95 
18.48 21.92 16.50 X X 
- 18.43 - 15.69 16.33 

16.93 18.56 17.68 16.08 15.57 
15.77 17.93 lb.71 14.54 14.80 
17.19 17.93 17.41 15.69 17.10 

17.00 18.38 17.01 15.92 ÌC.13 

Normal: 41.58 43.95 17.01 17.88 
47.63 43.68 18.83 17.8 
42.63 43.95 16.62 17.12 
43.95 40.19 17.79 15.25 
41.84 44.47 17.92 16.75 
42.63 43.95 18.57 18.50 
42.37 46.95 17.53 14.88 
42.10 42.90 l7.7 15.88 
41.05 43.95 16.62 15.75 
42.37 44.21 17.92 17.B8 

Ave. 42.82 46.58 17.66 16.78 



Table 4. continued 
Cow Cellular Dry Matter - 
WMP: (1) (2) (3) (4) (5) Symbols: 

A75 3" 11 35 5 4 41 '3 O "4 O 
mite muscle experimental 

B 7 32.41 36:24 34:27 38:28 36:27 
6? 34.10 37.69 35.61 37.66 26.47 project 

8O 37.22 35.82 34.61 35.56 35.97 Pj Inor;anic phosphate 
67 3.O2 36.58 37.05 36.36 35.46 Hb Hemoglobin 
76 ¿2.40 34.86 64.76 34.59 35.80 iotal phosphorus 

b32 36.65 37.98 37.31 X X 

70P - 35.95 - 34.66 36.95 ° (1) Late pregnaric - 1953-4 
B82 35.54 36.44 33.41 38.56 37.77 ° (2) Early pregnancy - 1954-5 
B24 33.05 36.79 34.90 35.7 38.46 r (3, id1e pregnancy - 70 32.68 35.35 36.57 34.37 33.23 ° (4) Late pregnancy - 1954-5 
Ave. 33.92 36.29 35.29 35.92 35.09 (5) 1 day post-partum - 1954-5 -_-- - -_--- No sample obtained 
Normal 33.91 36.43 X Aflifl11 was not part of 

34.15 35.53 experimental project at 
35.51 36.44 time indicated 
35.72 35.24 
34.36 36.27 (a) Field controls were used in the 
33.60 35.83 first year. Values have been 
35.40 35.52 omitted as unsatisfactory for 
33.91 36.56 of locale, differing 
36.82 37.53 rations, and possible white 
34.7]. 38.64 muscle involvement in. afflicted 

herds. 
Ave. 34.81 36.40 

o, 
to 



Table 4A 

Analysis of Variance 

ßor ce of 
Constituent Variation D.F. Mean Square F 

Glucose (3)° Diet i 81.7292 0.55 
Error 18 149.1718 

Glucose (4)° Diet 1 1,296.9894 l2.43 
Error 18 104.3513 

Amino Diet 3. 0.3976 6.l4 
Nitrogen (3) Error 18 0.0647 

Amino Diet 1 0.3002 5.41 
Nitrogen (4) Error 18 0.0555 

Creatine (3) liiet i 0.5746 2.92 
rror 18 0. 1966 

Creatine (4) Diet i 0.9592 3.18 
Error 18 O3O11 

Creatinine (3) Diet i 1.2501 29.07 
Error 18 0.0430 

Creatinine (4) LIe t 1 0.6735 13.97* 
Error 18 0.0482 

P1 (3) DIet 1 0.1804 0.20 
Error 18 0.8887 

P (4) Diet 1 0.5120 0.47 
Error 18 1.0871 

Ca (3) Diet 1 1.3159 3.64 
Error 18 0.3614 

Ca (4) Diet 1 1.6473 955* 
Error 18 0.1725 

Mg (3) DIet 1 0.0510 1.00 
Error 18 0.0512 

Mg (4) Diet 1 0.0793 1.41 
Error 18 0.0564 
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Table 4A. ccntinued 
Source of 

Constituent Variation D.F. Mean Square F 

lib (4) Diet 1 3.7845 3.29 
Error 18 1.1506 

Fe (3) Diet 1 0.0884 0.045 
Error 18 1.9462 

Fe (4) Diet 1 8.0011 7.78* 
Error 18 1.0303 

P (6) Diet 1 2.1190 3.11 
Error 18 0.6817 

Pt (4) Diet 1 3.6637 2.80 
Error 18 1.3104 

D.M. (3) Diet 1 1.1568 0.85 
Error 18 1.3668 

D.. (4) Diet 1 1.1424 0.58 
Error 19 1.9829 

Sampling period, as desigiiated ir preceding tabulation. 
* Siuificant at 0.05% level of probability. 
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2. Calf Values 

In 1954, the rrans of the plasma cmstltuents of the 

experimente]. calves w.re wl thin normal 11n1ts. At the 

time of sarrpling ì paturo, approximately ten weeks 

later, plasma glucose had diminished markedly, and amino 

acid nitrogen, creatinJrie snd calcium had decreased in 
all cases. Most inorganic thosphorus and magnesium values 

had also decreased; the t'orner trend would, of course, be 

expected with maturity and the latter is not unusual in 

animals recentlî tuxied aito pasture. 1th respect to 

the cellular constituents, cellular dry matter snd iron 

were significitly lower ir. the project animals than in 

the controls. This lower value of iron may be correlated, 
perhaps, with an associated incidence of diarrhea which 

was prevalent In this grip. The most striking differ- 
ence irj the 1954 experimental calves was to be seen in 

total cellular phosphorus which was more than twice that 
of the norial calves. Ten weeks after this initial 
sampling, this high cellular phosphorus (45.10 mg./200 

m. dry residue) h decreased (20.48 mg.) to less than 

one-half of its original value. 

Again, in 1955, the means of the plasma constituents 
of the normal and experimente], calves did not differ sig- 
nificantly. The cellular iron and dry matter were also 
not different, and in both cases the values of the 



Table 5 
Calf Blood Cxistituent Values 

1954 
Calf Glucose A.A.i Creatirie Creatinine F Ca Mg Fe L).M. 

WMP 
i 142.44 5.84 3.08 1.47 9,73 l3.56 2.32 42.37 40.32 34.58 
3 82.67 7.70 3.08 1.58 9.18 12.26 1.98 41.58 51.23 2.24 
5 140.78 £.43 4.40 1.53 10.48 ll.E4 1.93 40.79 40.26 33.07 
6 81.85 6,43 S.O3 1.55 9.07 11,72 1.98 40.00 49.81 31.59 
7 70.14 5.76 2.71 1.E7 8.07 11.97 2.22 41.32 49.55 31.91 
8 112.76 6.66 ¿.05 1.60 8.98 13.22 1.83 42.37 48.54 32.59 
9 72.60 5.54 3.03 1.71 8.02 11.40 1.88 41.84 41.23 31.54 u 108.63 4.90 2.24 1.16 8.87 11.04 2.15 42.37 39.82 35.30 

Ave. 101.48 6.41 3.08 1.56 9.05 12.13 2.04 41.58 45.10 31.85 

Normal 
35.36 6.13 1.97 1.74 6.48 13.85 2.18 42.63 16.00 35.14 

101.97 7.36 3.16 1.60 10.13 12.59 2.16 42.37 26.71 34.96 
97.19 7.12 3.76 l.8 8.29 13.7 1.56 41.58 20.16 35.07 
84.45 6.92 2.71 1.40 8.57 11.92 1.90 43.16 20.13 34.30 
104.02 6.66 2.74 1.68 9.28 12.21 1.98 42.7 23.48 35.37 
84.45 5.92 2.47 2.18 8.60 14.43 1.28 42.37 23.22 34.62 
81.26 7.04 2.00 2.03 9.12 12.77 2.01 42.63 18.84 35.00 
01.60 c.59 3.51 2.00 7.83 12.29 1.51 4..95 13.79 34.77 

Ave. 83.79 6.5e 2.79 1.79 8.54 12.93 1.82 42.63 21.17 4.9O 

rj 



Table 5. continued 
1955 

Calf Clucose A.A. . C.reatine Creatinine Pj Ca g FIb Fe P D.M. 

WMP 
E81 97.68 5.65 1.81 1.10 8.24 11.40 1.62 12.1 42.37 34.58 32.26 
E82 103.02 7.37 1.84 1.40 9.39 11.28 1.89 11.0 44.21 38.58 34.58 
E84 98.16 6.84 2.03 1.29 10.05 10.90 1.54 12.4 41.84 38.84 33.58 
E85 86.92 7.72 2.6o 1.45 8.88 10.73 1.52 12.9 42.37 ¿8.58 32.11 
E83 90.44 7.44 2.03 1.68 8.54 11.12 1.70 13.0 42.63 38.45 51.17 
E86° 10.59° 14.200 13.76° 2.18° 23.10° 11.74° 4.92° - 41.32° 44.13° 34.69° 
E87 112.26 7.39 2.71 1.32 9.47 12.02 1.86 11.8 43.68 32.13 35.14 
E88 109.28 6.84 2.03 1.45 8.06 11.75 1.69 11.0 41.32 37.16 34.82 
E89 99.16 6.55 2.05 1.18 7.60 11.56 1.94 10.2 42.10 35.61 33.99 
E90 64.42 5.34 3.24 1.58 8.27 11.40 1.97 9.0 44.21 34.19 64.75 

Ave. 95.70 6.79 2.27 1.38 8.69 11.35 1.75 11.5 42.75 36.46 33.60 

Normal 
94.53 7.53 2.13 1.10 8.08 11.05 1.66 14.1 42.10 32.39 33.10 

110.29 7.00 3.66 1.00 8.63 10.89 1.38 12.3 42.37 38,84 32.75 
100.81 6.97 2.47 1.16 8.88 10.97 1.99 12.6 43.68 28.26 33.42 
105.77 7.46 1.26 1.26 9.97 11.12 1.70 11.8 43.95 26.84 33.52 
84.93 6.62 0.84 1.68 10.40 10.81 1.79 11.1 42.63 26.58 33.33 
134.78 6.93 1.37 1.79 9.04 12.21 1.84 l.O 44.21 28.64 35.69 
122.87 7.18 2.76 1.10 10.58 12.60 1.84 12.5 42.10 29.81 35.18 
O8.42 7.51 1.i4 1.26 9.89 11.53 1.56 14.1 44.47 27.36 36.52 
111.29 6.97 1.87 1.45 9.89 13.15 1.74 11.5 42.37 34.84 34.84 

Ave. 108.19 7.14 1.31 9.48 11.59 1.72 12.6 43.10 30.51 34.26 



Table 5. citinued 
1954 Thlte Muscle Experimental Project Calves--Approx. 3 Months Old and On Pasture 

Calf Glucose A.A.N Creatine Creatinine Pj Ca Mg Fe M Hb 

i 53.04 539 2.66 1.45 9.13 10.44 1.44 44.47 19.40 33.58 
2 67.02 5.27 3.08 1.34 7.82 10.99 1.81 43.95 20.03 3.85 
3 61.76 5.75 ¿.16 1.26 9.06 10.65 1.76 42.90 21.41 34.58 
5 67.42 4.70 2.21 1.42 7.15 10.90 2.06 42.63 20.28 33.75 
6 58.69 5.24 3.32 1.34 8.11 10.65 1.79 43.95 19.40 33.69 
7 60.58 4.96 6.74 1.55 9.68 9.56 1.71 43.95 20.78 32.50 
8 62.36 5.17 2.74 1.53 8.82 10.65 1.76 44.47 20.16 33.83 
9 67.02 4.95 2.74 1.53 9.76 10.65 1.59 43.68 20.28 32.94 
10 54.03 5.14 2.95 1.55 8.52 10.51 2.38 44.21 23.91 34.86 
11 - - - - 7.74 10.14 2.23 41.05 19.20 32.67 

Ave. 61.32 5.17 2.94 1.44 8.58 10.51 1.85 43.53 20.48 33.62 

1955 White Muscle Experimental Project Calves--i Day Old 
E87 188.18 7.57 3.18 1.47 5.82 12.52 2.17 43.68 33.03 35.38 13.6 
E88 94.10 8.75 1.60 2.66 6.23 11.40 1.93 43.16 31.74 33.99 11.5 
E89 147.24 7.16 1.97 1.18 8.80 13.58 2.12 40.79 52.52 35.50 10.1 
E90 148.16 6.45 1.66 2.21 5.69 11.99 2.23 42.37 30.97 34.47 10.5 
Ave. 144.42 7.48 2.10 1.88 6.64 12.37 2.11 42.50 37.06 34.84 11.4 

* A.A.\ Total iino acid nitrogen 
Units and otber symbols are as designated previously in Table 4 

O E86 died of white muscle disease; the blood was obtained by cardiac puncture after death. These values were no t averaed wi th the others from the experimental project. 
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Table 5A 

Analysis of Variance' 
Source of 

Constituent Variation D.F. ean Square F 

Glucose Diet i 1,252.6290 1.90 
1954 Error 14 659.4881 

Gluoose Diet i 701.1264 3.36 
1955 Error 16 208.3069 

A.A... Diet i 0.1363 0.15 
1954 Error 14 0.8887 

A.AS. Diet 1 0.5305 1.37 
1955 Error 16 0.3859 

Creatine Diet i 0.3392 0.05 
1954 Error 14 0.3981 
Creatine Diet i 0.4056 0.79 
1955 Error 16 0.5130 

Creatirdne Diet i 0.2116 3.89 
1954 1rror 14 0.0542 
Creatinine Diet 1 1.5313 3.73 
1955 Error 16 0.4109 

Pi Diet 1 1.0506 1.15 
154 Error 14 0.915 
p1 Diet 1 2.8481 3,93 
1955 Error 16 0.7239 

Ca Diet 1 2.5760 3.39 
1954 Error 14 0.7591 
Ca Diet 1 0.2616 0.59 
1955 Error 16 0.4462 

Mg Diet 1 0.1827 2.61 
1954 Err' 14 0.0700 
Mg Diet i 0.0029 0.10 
1955 Error 16 0.0294 

lib Diet 1 5.1222 3.60 
1955 Error 16 1.4218 
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Table 5A. continued 
Source of 

Constituent Variation D.F. Mean Square F 

Fe Diet 1 4.4310 7,34* 
1954 Error 14 0.6040 
Fe Diet 1 0.5512 0.54 
1955 Error 16 1.0113 

Diet 1 2,290.3403 117.50* 
1954 Error 14 19.4914 

Diet 1 165.3774 14.17* 
1955 Error 16 11.6689 

D.M. Diet 1 16.8305 16.3102* 
1954 Error 14 1.0319 

D... Diet 1 1.9668 1.04 
1955 Error 16 1.8934 

Simbo1s are as desiated in Tables 4 and 4A. 



experimental animais wore hiher than in the previous 

year. Total cellular phosphorus was again significantly 
higher n the experImental animals, although the mean 

value was less than in l)54. The highest valuos were 

recordei for L96, a caifirmed hite muscle case; however, 

it must be reiterated that, In this case, the blofld was 

obtained after death. Other plasma values in this latter 
case were markedly altered, as well. 

Tho four sni mais from wht c h blood s anpies were 

taken cre day after birth showed some deviations from 

normal values. knon these may be cited the rather low 

plasma inorganic phospbozis of E87, EEL and L90, and the 

hiiì cellular phosphorus of 189. Whether these altera- 
tions were specifically related to i incipient white 

musci e condí tion cannot be s tated with certainty from 

the available data. 

3. Mature Ovine Values: 

Considerable variation was apparent iii the mature 

ovino values in both years. Plasma glucose tended to be 

higher in the experimental roup than in the controls, 
arid was siiificantly greater in late pregnancy in 1955 

and post-partum in 1054. 

Total amino acid itrogen of the experimental ani- 
mais was significantly lower than in the controls in 



Ewe 

W P: 

A5 
A77 
A84 
A96 
A119 
33 
3g 
93 

202 
C 5]. 
32 

A ve. 

N ormai 

Ave. 

Table 6 

Mature Ovine Blood Con3ti tuent Values* 

Mg. Giucose/100 Ml. Plasma 
(1)0 (2)0 (3)0 (4)0 

78.12 58.77 52.07 76.70 
59.80 46.17 - 39.26 
- 50.95 54.22 49.24 
- 56.16 55.91 X 
- 67.35 64.38 X 

71.31 63.33 39.5e 50.60 
59.23 57.25 42.47 90.28 
74.29 87.01 42.58 62.86 
57.95 86.47 67.77 X 
X 53.45 40.44 54.92 

56.82 X Y X 
- X X X 

Mg. Amino Acid Nitrogen/100M1.Plasma 

(1) (2) (3) (4) 

6.47 4.91 6.05 6,37 
z (i1 
). 

,1 O 
. . 'J i - t_J 

- 4.75 5.78 5.44 
- 5.02 6.44 X 
- 4.09 5.91 X 
6.08 3.58 4.52 5.20 
5.94 3.99 5.30 5.01 
6.09 3.72 5.12 4.97 
6.89 4.11 5.53 X 
X 5.64 6.24 5.41 
6.19 X X X 
- X X X 

65.33 62.69 51.04 60.55 6.23 4.47 5.65 5.39 

51.38 60.46 42.87 6.00 5.60 5.60 
48.79 b6.46 42.42 6.66 5.27 5.27 
50.66 52.34 41.16 6.69 5.72 5.89 
62.36 39.98 47.90 5.35 6.10 5.30 
64.43 50.65 43.90 6.50 5.60 5.71 
48.79 53.92 41.04 5.90 6.24 5.84 
4.85 51.13 41.84 6.69 5.57 5.61 
53.24 59.98 35.90 6.12 5.79 5.89 
52.73 54.04 39.90 5.72 5.08 4.74 
51.07 40.82 6.90 5.09 
41.23 6.50 

51.77 53.22 41.78 6.28 5.52 5.49 

'.7) 



Table 6. continued 

Ewe iig. Creatlne/lOO Ml. Plasma Mg. Creatinine/l00 Ml. Plasma 
WiMP: (1) (2) (3) (4) (1) (2) (3) (4) 
A5 2.68 2.18 2.11 3.10 1.18 1.29 1.29 1.24 
A7? 1.82 1.87 - 2.90 0.95 1.29 - 1.45 
A84 - 1.00 2.18 2.47 - 1.29 1.45 1.08 
A86 - 2.24 2.37 X - 1.55 1.42 X 
A119 - l.oB 2.16 X - 1.32 1.16 X 
33 1.95 1.66 2.13 2.87 1.29 1.10 1.50 1.16 
38 1.21 2.18 2.42 3.00 1.79 1.13 1.13 1.82 
93 1.32 2.13 3.05 2.55 1.21 1.34 1.29 1.00 
202 1.76 1.74 1.90 X 1.1i 1.66 1.42 X 
C51 x 1.53 1.84 2.13 X 1.40 1.40 1.74 
32 2.60 X X X 1.18 X X X 

A6 - X X X - X X X 

Ave. 1.91 1.82 2.24 2.72 .25 1.34 1.34 1.36 

ì ormai: 
2.32 2.00 1.97 1.24 1.24 1.66 
2.58 1.92 2.24 1.21 1.08 1.47 
2.66 1.74 1.74 0.97 0.95 1.50 
1.58 2.37 1.29 1.18 1.34 1.24 
1.90 2.00 1.95 1.64 i.uO 1.37 
2.03 1.76 1.87 1.13 1.08 1.45 
1.90 2.13 1.82 1.18 1.10 1.42 
1.84 2.37 2.74 1.24 0.95 1.37 
1.95 1.74 1.79 1.05 1.10 1.53 
2.64 2.08 1.05 1.55 
1.79 1.21 

Ave. 2.08 2.00 1.95 1.16 1.09 1.46 

o 



Table 6. ctinued 
Ewe Mg. Pj/l00 Ml. Plasma Mg. Ca/lOO iva. Plasma 

MP: (1) (2) (3) (4) (1) (2) (3) (4) 

A5 3.79 5.55 3.80 2.77 11.72 9.94 9.78 8.76 
A77 4.86 4.81 - 6.30 10.21 9.44 - 3.55 
A84 - 6.80 3.98 4.70 - 10.41 8.95 9.17 
A86 - 5.62 4.67 X - 9.64 10.20 X 

A119 - 5.55 8.59 X - 9.20 10.65 X 
63 4.37 4.98 6.02 5.04 11.22 9.93 8.95 9.52 
38 4.43 5.53 4.93 4.36 10.07 9.73 9.63 10.11 
93 5.43 6.68 5.22 7.42 11.24 9.54 8.33 9.07 

202 6.00 5.90 5.06 X 10.46 9.35 8.95 X 
C51 X 5.26 7.18 4.23 X 9.44 10.30 10.29 
32 5.51 X X X 10.60 X X X 

A6 - X X X - X X X 

Ave. 4.91 5.67 5.49 5.05 10.79 9.66 9.49 9.35 

;ormal 
4.72 5.46 5.32 10.44 10.41 10.56 
4.21 5.87 5.09 11.23 10.83 10.30 
4.64 5.68 4.82 11.89 10.50 11.54 
3.78 5.43 7.67 10.83 1l.O 10.09 
5.00 4.19 3.65 10.28 10.51 10.40 
5.88 5.43 4.97 11.60 10.51 10.47 
5.35 4.6o 4.58 10.74 9.89 10.87 
5.06 3.81 7.2o 11.51 11.05 10.35 
4.59 5.43 4.99 10.44 10.05 10.20 
4.81 6.40 10.25 9.68 
4.90 9.78 

Ave. 4.81 5.13 5.47 10.82 10.53 10.45 

I-J 



Table 6. continued 
Ewe Mg. Mg/lOO Ml. Plasma G. lib/lOO Ml. Blood 

(1) (2) (3) (4) (1) (2) (3) (4) 
A5 2.13 2.38 2.26 2.53 14.4 15.3 
A77 2.25 2.34 - 2.67 - 11.6 
A84 - 2.26 2.02 2.96 14.5 14.1 
A86 - 2.33 2.46 X 14.5 X 
A119 - 2.13 2.& X 13.5 X 
33 2.37 2.22 2.94 2.64 13.5 10.7 
38 2.15 2.17 2.52 2.71 10.7 11.0 
93 1.94 2.20 2.54 2.56 12.3 11.5 
202 2.22 2.27 2.14 X 14.5 X 
C5l X 2.40 2.60 3.14 13.5 12.9 
32 2.06 X X X X X 

A6 - X X X X X 

Ave. 2.16 2.27 2.42 2.74 13.5 12.4 

ornal: 
2.63 2.62 2.27 12.4 
2.90 2.38 2.48 14.0 
2.32 2.31 2.60 14.2 
2.43 2.60 2.07 13.0 
2.05 2.96 2.56 12.2 
r) CC 

. .J t., . c J '.1 10 t 
.L t: 

2.43 2.55 2.46 12.9 
2.50 2.73 2.45 13.4 
1.95 2.45 2.43 15.5 
2.16 2.20 12.4 
2.04 

Ave. 2.36 2.60 2.41 13.2 

ro 



Table 6. cìtinued 
Ewe Mg. Fe/200 mg. Dry Cellular Pesidue Mg. Pt/200 mg. Dry Cellular Residue 

1P: (1) (2) (3) () (1) (2) (3) (4) 
A5 42.10 41.32 43.95 41.05 17.61 22.77 19.12 17.83 
A77 41.84 41.32 - 41.05 21.46 26.79 - 22.04 
A84 - 42.37 43.42 42.37 - 24.23 17.94 17.83 
A86 - 41.84 43.95 X - 23.38 21.08 X 
A119 - 42.37 43.16 X - 23.62 22.13 X 
36 41.05 42.37 44.47 41.05 18.76 28.13 20.30 20.68 
38 42.37 42.37 45.53 41.32 20.16 23.99 19.51 19.81 
93 42.37 42.37 4b.26 42.37 20.94 23.14 20.56 22.17 

2u2 41.32 42.37 45.53 X 18.38 25.08 20.30 X 
C5]. X 42.37 43.95 41.05 X 23.62 21.08 21.55 
32 42.63 X X X 20.81 X X X 

A6 - X X X - X X X 

Ave. 41.95 42.11 44.36 41.47 19.73 24.48 20.22 20.27 

Normal: 
43.68 42.37 40.79 20.16 18.22 18.95 
43.95 ±2.7 41.05 21.16 lb.00 20.60 
43.42 41.64 41.32 20.06 14.89 19.71 
42.37 41.58 40.79 20.92 14.15 22.89 
43.95 41.05 40.79 19.57 14.65 20.60 
43.16 42.63 40.79 19.08 19.20 22.00 
43.16 41.05 41.58 18.84 15.26 10.95 
43.68 41.84 42.37 19.45 15.6 20.22 
41.58 42.90 42.7 21.16 13.17 21.11 
42.10 43.16 20.43 21.62 
42.37 20.47 

Ave. 43.04 41.96 41.50 20.14 15.69 20.66 



Table 6. contInued 
Ewe Cellular Dry Matter-% 
VMP: (1) (2) (3) (4) symbols: 
Ä75 33.54 36.2]. 34.63 37.20 
A77 34.64 35.35 - 34.13 WMP white muscle experimental 
A84 - 34.99 33.04 36.85 proJect 
A86 - 35.83 34.38 X PI Inorganic phosphate 
A119 37.04 33.23 X ***Hb Hemoglobin 

33 33.78 34.88 34.05 37.72 ****Pt Total phosphorus 
38 33.40 35.28 33.53 37.40 
93 32.63 36.22 35.46 36.34 0 (1) 2 months post-partum--1953-4 

202 
051 

32.73 
X 

36.18 
34.84 

34.10 
34.17 

X 
3'7.50 

0 (2) Lar1y pregnancy--1954-5 
32 33.79 X X X 

0 (3) Late pr'gnancy--l954-5 
A6 - X X X ° (4) 1 day post-partum--1954-5 
Ave. 

N ormal: 

Ave. 

33.50 

37,85 
35.69 
34.83 
35.45 
36.28 
36 78 
37.16 
37 00 
35.54 
34.68 
34.09 
35.94 

35.68 34.07 36.73 

33. 5]. 
33.96 
34 40 
34.63 
34 20 
34.17 
33.71 
34.52 
34.05 

34. 13 

33.15 
34 32 
35.42 
35.34 
34.66 
34. 02 
34.09 
$5.74 
35.56 
34.93 

34.72 

- o sample obtained 
X Animal was not part of 

experimental project at 
time indicated. 
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Table 6A 
Analysis of Variance* 

Source of 
Constituent Variation D.F. Mean Square F 

Glucose Diet 1 789.4206 l3.6O 
(1) Error 16 58.0259 
Glucose Diet i 425.0934 3.51 
(2) Error 17 121.1537 

Glucose Diet 1 406.7091 7.16 
(3) Error 17 56.8292 

AeA. N Diet i 0.0094 0.05 
(1) Error 16 0.1934 
A.A. N Diet i 6.3519 20.89 
(2) Error 17 0.3040 
A.A. ; Diet i 0.1220 4.90 
(3) Error 17 0.2491 

Creatine Diet i 0.1313 0.67 
(1) Error 16 0.1954 

Creatine Diet 1 0.1575 1.46 
(2) Error 17 0.1078 

Creatine Diet 1 0.4011 3.00 
(3) Error 17 0.1338 

Creatinine Diet 1 0.1762 547* 
(1) Error 16 0.0322 
Creatinine Diet 1 0.2813 12.18 
(2) nrror 17 0.0231 
Creatinine Diet 1 0.0638 4.22 
(3) Error 17 0.0151 

Diet 1 0.0430 0.10 
(1) Error 16 0.4154 

P1 Diet 1 1.2919 2.81 
(2) Error 17 0.4596 

Pi Diet 1 0.0020 0.002 
(3) Error 17 1.1020 
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Table 6A. continued 
Source of 

Constituent Variation D.F. Mean Square F 

Ca Diet 1 0.0035 0.008 
(1) Error 16 0.4152 

Ca Diet i 3.5779 25.30* 
(2) Error 17 0.1414 
Ca Diet i 4.2991 11.38* 
(3) .brror 17 0.3777 

Mg Diet 1 0.1727 2.89 
(1) Error 16 0.0598 
Mg Diet i 0.5263 20.72 
(2) Error 17 0.0254 

Mg Diet 1 0.0004 0.008 
(3) Error 17 0.0507 

Fe Diet 1 5.0256 9,33* 

(1) Error 16 0.5386 
Fe Diet 1 0.1039 0.33 
(2) Error 17 0.3113 

Fe Diet 1 38.6582 50.89* 
(3) Error 17 0.7597 

Diet 1 1.0610 0.88 
(1) Error 16 1.2114 

Diet 1 365.9416 110.74* 
(2) Error 17 3.3046 

P Diet 1 0.9194 0.58 t(3) Error 17 1.5889 

D.M. Diet 1 25.4573 24.52* 
(1) Error 16 1.0381 

D.IV1. Diet 1 11.4423 33.18 
(2) Error 17 0.3449 
D.M. Diet 1 2.0475 3.29 
(3) Error 17 0.6230 

* Symbols are as designated in previous tables. 
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early pregn&icy and significantly greoter 1r late preg- 

nancy (1955). The mean ereotinine was Creator at post- 

partum ('54) and in early pregnancy ('55). There were 

no observable differences in averace cretine values. 

The average plasma inorgan.i c pho aphorus was approx - 

nìateiy the same in both control and project ewes. As 

observed previously in the matz'e bovine samples, plasma 

calcium of the ewes on the experimental diet was s1ifi- 
ca-tly lower in late pregnancy in 1955. Magnesium was 

significantly loss in ear1ï pregn&ìcy in 1955. 

Cellular iron and dry matter were significantìy leas 

in the experimental grp than in the control grop at 

post-partum ('54), and total cellular phosphorus ..Tas 

siificantly greater in. the project ewes than in the 

controls in early pregnancy ('55). 
Inasmuch as no libs born to these ewes developed 

stIffness or fatal myopathy, the difforences in blood 

cotstituent values exhibited cannot be positively corre- 

lated wti the incidence of the condition, 

4. Lamb Values: 

Plasma glucose, amino acid nitrogen, creatine, 
creatinirie, inorganic phostorus, calcium arid cellular 
dry matter were signIficant1 higher in the 1954 oxperi- 

mental lambs, when these were coi trasted to the rorma1 



Table 7 
Lamb Blood Constituent Values 

1954 
Lamb Glucose A.A.N* Creatine Creatinine P1 Ca Fe t ID.M. 

M P: 
C52 63.04 5.94 3.71 l.1B 5.86 11.95 2.43 43.42 20.69 35.98 
C53 116.43 7.48 3.29 1.45 6.42 13.08 2.22 42.63 20.69 36.44 
C54 77.66 6l6 2.76 1.18 7.81 12.01 2.19 42.63 20.82 35.27 
C55 164.07 6.15 3.08 1.42 9.33 11.91 2.32 44.21 22.62 38.16 
C58 67.24 7.25 2.21 1.18 9.76 11.96 2.10 43.16 24.03 36.62 
C59 122.08 6.82 2.95 1.32 8.51 12.01 2.25 42.90 23.52 ¿7.8 
C61 106.24 6.62 2.60 1.18 8.80 11.68 2.07 42.37 23.13 65.44 
C62 77.88 7.04 2.89 1.13 9.40 12.16 2.18 42.10 22.60 35.35 
C64 121.53 7.25 2.76 1.18 8.39 12.64 2.42 42.37 26.41 34.59 

C63 121.53 6.81 3.00 1.18 8.83 12.40 2.45 41.84 22.98 35.48 

Ave. 103.77 6.75 2.92 1.24 8.31 12.15 2.26 42.76 22.75 36.07 

Norrnal 
52.18 5.22 2.50 1.05 5.78 12.25 1.49 40.79 19.59 32.30 

51.33 6.06 2.58 1.05 6.57 13.17 2.17 41.84 23.40 64.61 
47.23 5.68 2.50 0.90 5.85 11.86 1.74 42.37 22.89 34.52 
52.82 5.57 2.50 0.97 7.18 9.83 2.03 41.Ob 23.78 36.50 
w.1 5.71 2.50 0.97 6.85 9.05 2.19 42.10 23.54 34.69 
61.57 5.76 2.21 1.10 5.50 11.37 2.09 43.42 20.28 34.81 
47.39 6.46 2.87 1.08 7.12 11.72 2.47 42.37 22.28 34.82 
50.38 5.22 2.56 1.03 6.23 10.17 2.36 41.84 23.04 3.13 
53.99 5.03 2.97 1.05 4.39 9.64 2.44 42.63 21.91 34.46 
50.98 6.30 2.16 1.24 7.28 12.04 2.73 4.42 23.16 36.33 
55.91 6.23 1.°7 1.10 7.04 12.30 2.26 42.63 20.91 35.69 
55.91 6.18 2.66 1.29 6.65 9.49 2.27 43.42 22.41 36.01 
55.69 5.75 2.24 1.08 6.19 11.93 2.43 43.68 19.40 35.45 
50.00 4.25 2.03 1.05 7.79 11.72 2.03 41.84 26.92 35.22 

Ave. 52.59 5.67 2.44 1.07 6.46 11.18 2.19 42.39 22.39 34.66 



Table 7. contInued 

Lamb G1ucoe A.A.I Creatine 
1955 

Creatinine P1 Ca íìg lib Fe 

WMP: 
E47 70.83 6.91 2.32 0.92 7.79 10.73 1.99 11.9 43.68 24.97 34.92 
E4E3 60.54 6.87 2.10 1.05 8.22 9.95 1.74 11.2 41.58 26.13 34.24 
E40 87.20 6.91 2.08 1.08 8.45 9.88 1.70 12.7 42.37 26.77 33.26 
E42 64.40 6.12 2.21 0.95 7.92 10.65 2.02 12.4 41.50 24.20 34.42 
E41 75.00 6.84 2.10 1.05 7.49 10.81 2.04 11.7 40.00 28.58 34.62 
E45 66.68 6.39 2.03 0.82 754 11.59 2.19 12.0 42.63 24.71 33.15 
E46 78.19 7.20 2.58 1.13 7.83 11.75 1.96 13.6 41.32 22.78 4.56 

Ave. 71.83 6.74 2.20 1.00 7.89 10.77 1.95 12.2 41.88 25.45 34.17 

Nonnal: 
67.15 6.27 2.08 0.92 10.05 13.46 2.01 12.1 42.37 24.07 33.04 
96.28 7.10 1.87 1.05 9.57 11.43 2.02 13.5 42.10 24.46 32.31 
95.20 6.14 1.79 0.97 10.13 10.02 1.07 12.6 43.95 23.56 34.94 
71.70 6.47 1.92 1.00 11.40 8.87 1.95 11.1 43.16 24.07 34.86 
81.66 6.34 1.79 0.97 10.87 10.62 2.08 13.2 41.05 25.10 34.16 
74.30 6.49 2.16 0.92 9.96 11.98 2.20 12.9 42.10 23.94 35.10 
32.85 6.34 2.08 1.08 9.92 10.81 1.51 11.3 '±2.37 24.84 34.21 
75.70 5.81 1.87 0.82 9.00 10.62 1.96 11.5 42.37 24.07 34.50 

Ave. 80.60 6.37 1.94 0.97 10.11 10.98 1.95 12.3 42.43 24.26 34.14 

Symbols: 
*A.A.L Amino Acid Nitrogen 

Units: As designated prevIously in tables 4 and 5. 



Table 7A 

Analysis of Variance* 
Source of 

Constituent Variation L).i. Mean Sqare F 

Glucose Diet i 15,278.5096 36.l 
1954 Error 22 422.544 
Glucose Diet i 287.1883 2.90 
1955 rror 13 98.9190 

A.A. N Diet 1 6.7217 18.91 
1954 irror 22 0.3554 
A.A. Diet i 0.4993 3.59 
1955 Error 13 0.1392 

Creatine Diet i 1.3480 11.54* 
1954 Error 22 0.1168 
Creatine Diet i 0.1656 5.91 
1955 Error 13 0.0280 

Creainine Diet i 0.1714 15.17 
1954 Error 22 0.0113 
Creat.inine Diet 1 0.0042 0.47 
1955 Error 13 0.0090 

Pl Diet 1 20.0170 17.75* 
1954 Error 22 1.1278 
Pj Diet 1 18.4171 52.65* 
1955 Error 13 0.3498 

Ca Diet i &.4724 5.17 
1954 Error 22 1.0584 
Ca Diet 3. 0.1654 0.13 
1955 }Lrror 13 1.2407 

Mg Diet i 0.0278 0.41 
1954 rrror 22 0.0681 

Mg Diet 1 0 -- 
1955 Error 13 - 



Table 7A. continued 
Source of 

Constituent Variation D.. ean Square F 

Fe Diet 1 0.8303 1.24 
1954 Lrror 22 0.6658 
Fe Diet 3. 1.1448 1.14 
1955 Error 13 1.0036 

Diet 1 0.7369 0.02 
1q54 Error 22 3.5364 

Diet 1 5.2408 2.93 
1955 Error 13 1.7887 

D.M. Diet 1 10.7677 9.12* 
1954 irror 22 1.1807 
D.1/1. Diet 1 0.0905 0.3.4 
1955 .rror 13 0.6259 

Symbols are as designated in previous tables. 
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ctro1s. Plasma croatine wa also hiher in 1955, 

whereas inorganic phosphorus was sii1ficant1y lower. 

o differences wore observed in the average values of 

plasma magnesium, or cellular iron and phosphorus in 

either year. 

o gross symptoms of white muscle were noticeable 

in the experimental 1as in either year. 

D. Blood Analyses--Field Cases: 

In tables B, 9, 10, 11 and 12 are tabulated the 

values of various blood cons tituents , primarily from ani- 

mais in affected herds. These have been divided in the 

following manner : whi te muscle calves C table 8) ; t!norn1t 

calves from affected herds (table 9); white muscle lambs 

and owes which produced white muscle lnbs (table lo); 

cows which produced white muscle calves (table 11); cows 

from affected herds (and ie nor.i-affected) which dd not 

produce white muscle calves (table 12). Averae values 

are not given in view of the dirersity of the individuals 
represented with respect to origin, feed, age, degree of 

afflicticri with *hite muscle and other factors. 
White muscle calves from affected herds iii the field 

were designated as such fo11owir clÌrical observation or 

autopsy by a veterinarian. Among these cases may be 

noted several alterations in blood chemistry. These 



Table 8 
Blood Constituent Values of White Muscle Calves--Field Cases 

Lab. io. Glucose A.A.N Creatine Creatinlne Pj Ca Mg Hb Fe D.M. 

01551 27.53 11.35 20.08 3.68 5.34 8.41 5.43 - 40.79 55.81 27.70 

01560 152.12 3.73 - - 5.78 - - - 41.84 38.45 33.66 
01584 65.04 5.44 1.66 0.79 6.76 11.63 1.34 - 4.42 20.71 31.53 
01585 51.61 5.13 2.18 0.90 6.90 10.94 0.99 - 41.32 22.20 30.80 
01615 150.85 4.83 2.50 1.13 8.6]. 12.10 1.98 - 43.42 20.71 34.15 
01618 238.20 6.44 4.42 1.42 7.20 11.36 2.06 - 42.10 29.89 ô2.56 
01619 45.50 4.89 3.13 0.74 0.25 2.78 2.33 - 43.16 16.75 42.15 
01622 143.23 4.95 5.53 0.97 7.72 10.50 2.54 - 43.16 21.51 30.30 
01657 78.69 6.09 3.68 0.90 8.21 14.72 1.74 - 40.53 24.42 28.87 
02321 148.19 4.96 2.68 1.34 4.43 10.82 1.59 15.0 42.63 21.46 35.72 

01624 ? 146.85 6.37 4.95 2.08 9.74 11.42 1.67 - 45.00 23.19 31.23 
03006 130.80 7.16 2.47 1.00 7.95 12.91 1.34 - 42.63 24.90 3i.16 
03475 ? 45.78 6.68 1.32 0.90 4.89 9.84 1.70 11.8 39.47 24.00 34.40 

* Dead 4 hours. 
? Indic ates ill-defined cases which may have been incipient or chronic white rnnscle 

dis ease. 
Symbols ar. units as designated in previous tables. 



Table 9 
Blod Constituent Values of "Normal" Calves from Affected Herds 

Lab. No. Glucose A.A. Creatine Creatlnirie Pj Ca Mg Fe ? D.M. 

01625 180.24 4.85 1.95 1.21 9.25 11.39 1.91 43.95 31.69 31.34 
01626 221.85 5.11 2.66 1.05 10.14 11.72 1.99 42.90 27.05 30.94 
01627 164.52 4.21 2.26 1.21 9.10 11.14 2.03 44.74 26.80 31.20 
01628 139.60 5.32 3.74 1.47 9.93 10.84 1.62 42.63 23.06 31.43 

01676 85.80 6.65 2.71 1.24 9.52 12.15 2.32 41.05 42.16 33.50 
01677 98.72 5.62 - 1.37 8,51 11.77 1.89 41.84 65.94 34.73 
01678 88.07 6.47 4.05 1.47 8.90 12.64 2.23 41.05 40.64 34.51 
01679 95.74 5.94 2.84 1.34 8.54 11.98 2.07 42.37 30.66 34.72 
01680 68.46 5.95 2.76 1.34 9.04 11.57 1.95 41.32 41.78 34.77 

01922 103.77 5.95 2.97 1.05 8.48 11.59 1.71 41.58 25.20 32.84 

Symbols and units of ecristituents are as designated previous1y. 

w 



Table 10 
Ovine Blood Constituent Values--Field Cases 

Lab. ìo. Glucose A.A.N Cre et me Creatinine Pj Ca Mg ib Fe Pt D.M. 

White Muscle Lambs: 
01549 88.97 6.4Ci 2.66 0.90 3.27 11.82 2.29 - 42.63 40.43 31.39 
01550 206.30 11.46 9.68 2.00 11.36 13.56 2.81 - - - - 
01553 143.63 7.76 12.18 1.71 6.51 12.06 3.70 - - - - 

02488 ? 81.81 5.88 1.95 0.74 11.71 11.76 2.36 10.3 - - - 

Ewes Which Produced Vhite Muscle Lambs: 
02566 57.93 5.49 2.71 1.08 2.69 9.12 1.88 11.5 41.32 20.06 34.39 
02567 58.16 6.06 2.60 1.18 4.06 l0.F7 1.82 11.6 40.79 22.42 34.21 
02568 61.57 5.42 1.68 1.00 3.61 9.33 1.92 11.1 40.79 20.68 34.51 

7 Indicates ill-defined case wtch may have been incipient or chronic white muscle 
dis e a s e. 



Table 1]. 
blood Constituent Values of Cows thich Produced White Muscle Calves--Field Cases 

Lab. No. Glucose AI.A.N Creatine Creatinine Pj Ca Mg fib Fe 
01582 35.04 4.57 2.60 1.26 5.39 10.57 2.64 - - - - 

01583 35.45 5.l5 2.60 1.10 5.62 10.55 2.47 - - - - 
01617 130.41 4.42 2.61 1.73 4.25 9.72 2.63 - 43.95 16.2b 34.14 
01629 96.29 5.39 3.39 1.90 6.60 11.25 2.91 - 45.53 18.48 34.33 
01681 12.08 2.95 2.92 1.2c 5.51 5.72 2.06 - 41.05 18.16 43.16 
01920 47.45 6.15 2.97 1.29 7.45 9.68 2.74 - 43.68 17.86 36.44 
02431 49.65 5.66 2.60 1.42 5.15 10.88 2.46 13.4 43.95 17.22 36.90 
02432 46.82 5.55 2.08 1.47 5.80 9.74 2.61 14.0 44.21 17.35 33.90 
0244 52.13 5.22 3.37 1.68 4.08 10.05 2.62 12.4 42.37 16.04 36.57 
02900 66.48 6.71 3.34 1.55 4.52 1O.9 2.23 11.4 42.37 15.28 35.89 
02905 55.00 5.89 2.87 1.55 5.94 10.04 2.38 12.1 41.05 14.89 35.64 
02291 60.15 5.15 3.08 1.42 4.75 10.15 1.88 - 44.21 16.36 34.03 
02292 59.50 4.79 2.79 1.71 4.20 10.77 2.24 - 46.32 15.96 35.22 
02293 58.21 4.78 3.42 1.95 4.32 10.58 2.01 - 45.71 16.49 34.12 
02294 62.73 4.92 3.32 1.74 5.67 10.94 1.82 - 45.00 17.02 35.10 

01614? 119.95 5.40 2.63 1.71 6.39 10.01 2.25 - 43.68 17.61 35.23 
01921? 45.12 5.30 3.50 1.16 8.52 10.63 2.22 - 43.68 16.76 36.47 
02855? 39.49 4.9b 2.82 1.67 2.41 9.95 2.53 13.3 42.63 14.51 34.91 

Indicates cases in which the calf died but the cause was not able to be stated 
def1iite1y as white muscle. 

Symbols and units of constituents are as designated previously. 



Table 12* 
Blood Constituent Values of Cows Which ere From Affected Herds arid Non-Affected Herds 

And Which Did Not Produce Ahite Muscle Calves 
Lab. No. Glucose A.A.N Creatine Creatinine P1 Ca Mg lib Fe Pt D.M. 

01616 9l.7 5.71 3.95 1.73 4.82 11.37 2.5]. - 43.16 16.99 34.78 
01620 95.86 5.22 2.74 1.92 6.60 12.68 3.01 - 44.47 17.00 35.05 
01621 115.57 5.25 3.37 1.84 3.67 11.03 l.6 - 43.95 16.10 4.15 
0123 128.23 5.17 3.37 1.45 3.79 12.58 2.53 - 43.68 17.00 33.90 
01693° 10.54 4.94 3.87 1.34 5.96 9.15 1.58 11.8 42.63 18.54 35.76 
01694° 43.22 4.97 3.53 1.21 4.32 10.19 2.12 9.3 42.37 17.52 4.79 
01695° 54.60 4.54 4.03 1.26 4.94 9.87 1.49 11.8 42.37 16.66 35.29 
01696° 10.17 4.20 3.68 1.45 5.05 9.44 2.46 12.8 41.05 16.53 33.13 
u16970 42.01 4.44 3.13 1.21 5.99 10.80 1.14 92 42.37 16.53 24.90 
01698° 32.52 4.56 3.13 1,37 4.19 9.93 1.75 12.4 42.63 15.77 34.14 016990 21.92 5.09 2.84 1.26 6.02 9.79 0.84 12.1 42.37 16.66 34.74 
01700° 23.44 4.92 2.79 1.47 5.06 9.63 1.77 13.0 42.10 15.26 ¿.85 
01701° 2.29 4.94 4.45 1.63 5.50 10.17 1.90 12.0 41.32 16.02 33.16 
01702° 20.66 4.86 3.74 1.40 5.83 10.31 2.42 11.1 42.63 16.02 34.52 
02263 68.65 5.07 3.68 1.68 6.19 9.91 1.54 - 45.00 16.75 35.39 
02289 58.32 4.95 3.08 1.90 5.12 10.26 2.01 - 43.95 15.56 35.19 
02290 60.37 4.56 2.50 1.60 4.68 10.37 2.07 - 45.53 15.70 34.42 
02295 64.99 5.07 3.26 2.03 3.82 10.62 1.97 - 44.21 15.17 34.90 
02296 68.65 5.14 3.63 1.74 3.27 10.46 2.21 - 45.79 14.64 35.84 
02297 46.9 5.21 3.55 1.82 7.11 10.15 1.96 - 45.26 17.02 67.32 
02298 61.66 4.56 3.24 1.90 6.20 10.26 2.04 - 44.74 18.07 36.28 
02299 59.29 4.78 o.34 1.55 4.95 10.66 2.31 - 45.79 15.83 34.21 
02433 48.24 5.51 2.50 1.45 6.48 10.26 2.78 15.0 42.37 17.65 33.59 
02434 46.94 5.52 1.50 2.05 5.12 11.50 2.54 15.0 43.95 17.48 34.55 
02435 47.29 5.48 1.53 2.03 5.36 10.05 2.71 14.5 44.21 17.88 34.86 
02436 47.06 5.80 1.76 1.71 4.29 10.36 2.46 13.1 43.95 18.68 34.39 
02437 46,82 5.42 2.00 1.55 4.16 9, 2.73 15.3 43e68 16.56 35.42 



Table 12. continued 
Lab. No. Glucose A.A.N Creatine Creatinine Pj Ca Mg Hb Fe t D.M. 

02438 47.18 5.86 2.39 1.47 3.94 10.52 2.32 16.1 44.74 l9.54 35.22 
02439 45.76 5.84 1.84 1.79 4.70 10.57 2.32 15.3 44.47 17.35 36.58 
02440 47.88 6.10 1.79 1.76 4.80 10.36 2.69 15.5 45.00 18.15 35.05 
02441 4?.4l 6.22 1.97 2.13 4.05 10.15 2.69 15.7 43.95 15.89 35.10 
02845 47.79 5.14 3.63 1.97 4.64 10.00 2.34 13.0 42.63 15.91 33.80 
02846 49.39 5.88 3.00 2.13 4.64 10.44 2.39 12.5 42.63 15.91 35.61 
0284? 54.76 4.62 3.26 1.79 4.22 9.95 2.35 11.1 43.68 17.18 34.6l 
02848 47.56 5.05 2.24 1.79 4.52 10.40 1.97 14.0 37.90 15.78 34.86 
02849 47.90 4.82 2.82 1.92 4.54 10.41 2.68 14.2 41.84 16.55 6.42 
02850 49.28 4.73 3.47 1.66 3.3 10.26 2.24 13.4 43.95 15.27 34.12 
02851 55.22 5.24 2.68 1.82 3.60 9.95 1.96 - 42.34 15.91 33.01 
02852 42.30 5.39 2.34 1.92 4.88 10.72 2.47 - 40.53 15.27 31.76 
02853 59.29 4.69 2.60 1.66 4.90 10.05 1.72 14.0 43.95 15.78 35.25 
02854 53.15 b.72 3.16 1.50 3.18 9.95 - 13.0 42.63 16.68 ¿5.60 
02b56 65.28 b.79 3.13 1.76 4.88 10.77 2.54 14.7 42.63 14.51 35.72 
02857 39.38 4.99 2.42 1.37 2.99 10.67 2.41 14.6 43.68 15.15 35.08 
02895 73.41 6.26 3.26 2.03 5.00 10.50 2.30 13.1 42.37 14.76 37.22 
02896 61.93 6.06 3.76 1.84 3.93 9.96 2.29 13.1 41.05 16.05 32.94 
02897 49.20 6.24 3.92 1.76 4.64 9.96 2.52 11.7 42.10 15.53 36.75 
02898 49.43 6.09 3.71 2.05 5.32 10.27 2.15 13.5 42.37 14.66 5.28 
02899 57.95 6.18 3.37 1.60 4.38 10.19 2.10 13.0 42.37 14.76 35.51 
02901 55.91 5.89 3.84 1.45 3.76 10.19 2.52 11.5 41.84 15.40 35.24 
02902 52.27 5.75 3.97 1.71 5.06 10.47 2.16 12.5 42.37 15.40 36.10 
02903 64.66 6.06 3.68 1.60 5.78 9.66 1.87 10.5 42.37 16.18 36.05 
02904 54.66 6.12 3.16 1.74 4.62 10.31 2.22 12.0 41.32 1.31 35.92 
02906 65.68 5.75 3.55 2.21 4.53 10.11 2.23 13.0 41.58 14.76 34.76 

* Symbols end units are as designated previ ously. 
O The se animals were from a range herd in the Fort Rock area and had no previous 

history of white muscle disease. The ration here was rye hay. 
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cìnes Licluded several low and very hìh plasma glucose 

values, a Mgli ino acid nitro value, several high 

creatlne values, a hu1 and also several low creatinine 
and inorganic phosphate values, a low and a high magnes- 

ium and two high cellular phosphorus values. Tissues 

from some of these animals were available '.or analyses 
id showed increased ash content of the affected tissues. 

In the latter categ3ry ma be enumerated 01551 (increased 
cardiac ash), 01584 and 01585 (increased cardiac and 

skeletal ash), and 01657 (increased skeletal ash, but 

normal cardiac ash). 

Amon the "normal" calves from affected herds (table 
9), the was less variaticri. Glucose values appeared 

rather hiher than normal in the first group of four ani- 
mais. This, of course, may be a reflection of the custom- 

ary "activity" of the animai, the proximity of a suckling 
period, or, conceivably, it could be a result of a partial 
blocking of cellular oxidative processes by an insuffi- 
ciency of vitamin E, assuming that tì latter Is involved 
in this fashion. Amig other possibly abnormal plasma 

levels in thi s group of animals were a high creatine and 

a high inorganic phosphate. It would be rational, too, 

to have changes in the latter vo cìstituents inasmuch 

as inorganic phosphate and the polyphosphates are so 



ixtimate1y involved in the metaboiJc scternes. If the 

kidneys were daniaed, and this has been observed In a 

nwnbcr oi cases seen at autopsy, an elevated plasma 

creabine mi;ht be an expected occurrence. 

Of the three ihite muscle lambs listed In table lo, 

two (01550 and 01553) were very Interesting in view of 

elevatsd glucose, amino acid nItrogen, çreane arid mag- 

nesium in the plasma. One of these also had elevated 

inorganic phosphate and a possibly elevated plasma cal- 

dun, as well. The third lamb, cn the other hand, :iad 

a verj low inorganic phosphorus content I the plasma. 

Both of the first-mertioxïed lambs had skeletal lesions 
of extreme intensity and, of course, concomitant increed 
skeletal ash. 

Most of the levels of the blood constituents of the 

nature ewes which had produced white muscle lanbs were 

within normal limits with the possible exception of a 

decre as ed Inorganic phosphate and magne sium cone entration. 

The cows from affected herds which had not produced 

white nuscle calves, as well as those which had, showed 

only a very occasioal deviation from comiiionly accepted 

rionîal values. There would appear to be no siIficant 
factor of an appreciable magItude among these coiìstitu- 

enta which would faclitate a screening program of adult 
cows for predIction of specific Ite muscle production. 
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E. Cardiac and Skeletal Tissue Analyses--Field Cases: 

Tables 13-20 contain the results of the analyses of 

the tissue samples obtafred, for the most part, from 

field cases. These tissues have been divided into four 
general categories: calf cardiac, calf skeletal, lamb 

cardiac, lamb saeletal. Each of these main grps has 

been subdivided into two groups--affected tissue and 

ftnon_affected?t tissue--as detennined by macroscopic 

classification. Tuis proved to be a fairly reli aLle 

index of the degree of tissue involvement, particularly 
with respect to the ash content, except for calf sktal 
tissue. However, as will be seen later, the ash content 
was not a consistent indication of the extent of change 

of the inorganic constituents. 
In comparative tissues irom the sane animal, there 

was a greater content of dry matter in affected calf 
cardiac tissue than in the tfnonaffected tissue. A 

similar trend was observable in the lamb cardiac tissue. 
However, the converse was true in lamb skeletal tissue 
in which the dry matter cm tent of the affected tissue 
was less than that of the non-affected tissue. This was 

in agre ement with the served edema tous condition of the 

former. 

0f course, the dry matter content of a tissue is in- 
flu en cad greatly b y an y mine rai ch ange s whic h ha ve 



Table 13 

Calf Cardiac Tissue 
Affected Ti. ssue "N on-Affec ted" TI ssue 

Lab. % % % ,j.. % , 
14o. D.M. C.P. E.E. Ash Diagnosis D.. C.P. }.E. Ash 

01450 23.07 -- -- 22.50 1 10.10 -- -- 4.64 
01451 19.04 -- -- 7.17 
01551 20.11 75.04 7.26 6.86 
01552 21.39 70.27 10.40 9.60 ' 17.32 -- -- 4.73 
01554 22.61 69.65 14.88 7.19 23.06 -- -- 4.52 
01555 21.05 71.16 9.38 9.70 20.74 -- -- 4.78 
01561 22.25 78.04 5.39 7.30 
01562 21.89 -- -- 9.66 20.74 -- -- 5.27 
01563 22.99 77.06 2.92 11.88 si 

01577 20.56 77.81 8.55 7.45 
si 

01589 21.80 -- 9.74 si 20.43 -- 5.32 
01590 

si 21.16 77.49 6.66 5.49 
01591 

0' 19.32 79.72 6.53 5.11 
01644 20.84 -- -- 9.70 
01657 

si 19.57 -- -- 5.32 
01675 si 17.23 81.06 4.95 5.07 
01703 0 17.92 77.44 7.71 4.74 
01721 0 19.38 80.61 2.35 5.64 
01769 0 18.91 -- -- 5.34 
01770 20.62 -- -- 4.31 
01870 0 19.28 79.49 3.76 5.72 
01880 0 21.27 -- 5.49 
01881 18.51 75.72 4.42 11.36 si 
01884 si 19.84 78.84 3.77 5.27 
01885 21.51 74.90 4.24 9.77 si 
01918 20.40 70.14 2.83 8.67 
02025 1.26 72.21 5.98 10.65 

to 



Table 13. continued 
Affecte d Tissue "NonAffected" Tis sue 

Lab. % % % 
c 

I\TO. D.M. C.P. E.!. Ash Diagnosis DM. C.P. E.E. Ash 

02874 18.23 75.28 8.50 9.87 ' 19.36 75.29 19.39 5.27 
02885 19.89 77.68 8.66 6.21 18.10 -- -- 5.15 
02907 22.81 63.32 13.07 22.02 20.78 78.91 7.16 4.96 
02908 23.89 -- -- 13.10 % 19.65 -- -- 
02914 19.88 -- -- 9.16 19.62 -- -- 6.08 
02940 19.24 -- -- 8.83 19.38 -- -- 5.12 
03007" 19.49 -- -- 8.11 18.70 -- -- 5.15 
03012 0 21.43 75.05 2.01 5.16 
03013 22.32 71.87 5.26 19.11 18.86 80.00 8.60 5.28 
03018 0 1.62 71.84 7.73 5.22 
03018 0 18.46 74.07 9.'76 5.13 
06461 18.65 72.22 9.95 10.24 19.17 -- -- 5.24 
03462 18.36 81.05 4.04 11.13 17.14 -- -- 5.30 
03509 19.87 72.80 4.86 8.95 20.29 73.68 10.61 5.02 
03522 - 21.27 71.51 15.53 5.06 
Q3523 - 21,62 72.82 13.75 4.93 
04626 21.33 76.17 3.71 8.89 
04634 20.25 -- -- 7.42 

Expressed as per cent of "fatfree" dry matter. 
White muscle project calf. 
Indicates a positive white muscle diaìosis. 

o Indicates an animal wbich died of causes other than white muscle. 
- Indicates a normal animal. 
? Indicates suspected but non-diagnosed white muscle. 

(O 



Table 14 
Calf Cardiac T ssue 

Affected Tissue "Non-Affected" Tissue 
Lab.No. Na % K % Ca % Mg % P Diagnosis % Na % K 3 Ca 
01450 1.09 0.46 8.85 O.6C 4.20 -- -- -- -- -- 
01451 -- -- -- -- -- -- -- -- -- -- 
01551 0.96 1.22 0.68 0.12 1.43 
01552 1.2]. 1.57 1.90 0.29 1.85 ' 0.88 1.49 0.052 0.14 0.96 
01554 0.92 1.40 2.82 0.16 1.50 ' 0.77 1.46 0.052 0.14 0.98 
01555 1.05 1..59 2.04 0.]. 1.92 9( 0.87 1.58 0.048 0.14 1.03 
01561 0.89 1.20 1.19 0.14 1.55 
01562 0.72 1.58 2.03 0.25 1.89 9' 0.65 1.44 0.19 0.13 1.07 
01563 0.93 1.04 c.E7 0.26 2.39 
01577 1.38 1.44 0.062 0.11 1.12 
01589 1.96 1.41 1.82 0.24 1.95 $1 0.62 1.52 0.18 0.13 1.12 
01590 1 0.44 1.74 0.079 0.13 1.26 
01591 0.bO 1.83 0.054 0.13 1.05 
01644 0.96 1.18 1.92 0.26 1.92 
01657 0.69 1.78 0.089 0.15 1.10 
01675 1 1.29 1.40 0.11 0.13 0.96 
01703 0 0.61 1.75 0.048 0.13 1.06 
01721 0 0.65 1.98 0.046 0.15 1.13 
01769 0 0.73 1.88 0.043 0.13 1.17 
01770 0.82 1.14 0.062 0.11 0.91 
01870 0 0.79 1.91 0.057 0.14 1.25 
01980 0 0.67 1.94 0.048 0.15 1.15 
01881 1.12 1.68 2.74 0.29 2.26 
01884 0.76 1.75 0.13 0.15 1.07 
01885 0.87 1.34 1.54 0.24 1.96 
01918 0.99 1.50 2.39 0.22 1.78 
02025 1.06 1.55 1.62 0.22 2.22 
02874 1.09 1.23 1.82 0.22 1.99 0.71 1.38 0.080 0.13 1.22 

c.0 



Table 14. continued 
Affected Tissue "Non-Affected" Tissue 

Lab.No. %I\a % K* Ca % Mg* 9 
})* Diagnosis % 

Na* Ca ig % 

02885 0.83 1.15 0.47 0.12 1.30 0.68 1.37 0.054 0.12 1.10 
02907 0.74 1.29 7.47 0.43 4.30 Ø' 0.59 1.41 0.054 0.11 1.15 
02908 1.10 1.33 3.07 0.24 2.69 0.97 1.32 0.048 0.11 1.19 
02914 0.85 1.25 1.59 0.18 1.84 0' 0.72 1.59 0.36 0.15 1.30 
02940e 0.92 1.28 1.82 0.18 1.78 51' 0.69 1.54 0.056 0.12 1.18 
03007' 0.76 1.40 0.84 0.15 1.67 0.80 1.54 0.055 0.11 1.08 
03012 0 0.61 1.76 0.047 0.12 1.13 
03013 0.86 1.20 5.16 0.30 3.73 ' 0.74 1.40 0.037 0.11 1.24 
03018 0 0.72 1.57 0.058 0.11 1.11 
03018 0 0.82 1.46 0.058 0.10 1.04 
0346]. 0.8]. 1.S3 2.15 0.18 2.04 0.66 1.68 0.057 0.11 1.15 
06462 1.17 0.73 1.88 0.17 2.16 0' 1.13 0.92 0.36 0.1]. 1.14 
03509 1.li 0.88 2.12 0. 1.79 0' 0.72 1.1 0.056 0.12 1.11 
03522 - 0.48 1.68 0.044 0.14 1.05 
03523 - 0.43 1.59 0.046 0.12 1.02 
04626 0.93 1.11 1.70 0.14 1.78 0' 
04634 0.55 1.56 3.32 0.1 1.51 0' 

* All values are expressed as per cent of fat-free" dry matter. 
hite muscle project calf. 

(D 
o.' 



Table 15 
Calf Skeletal Tissue 

Affected Tissue nNon_Affected? Tissue 
Lab. % % % ; % 

No. D.M. C.P. h.E. Ash Diaiosis D.M. C.P. E.E. Ash4 

01450 i 25.01 -- -- 4.16 
01586 22.78 6.9O 1.97 4.45 
01588 23.43 85.72 6.07 4.77 
01589 18.52 80.15 6.56 10.05 
01590 0' 17.92 86.05 2.20 5.32 
01591 17.84 84.60 3.'±6 6.74 Ø' 
01643 22.05 -- -- 4.90 
01644 22.29 -- -- 4.73 
01657 18.70 79.75 4.74 8.63 ' 

01703 0 22.60 77.24 2.03 4.63 
01721 0 16.94 90.83 2.26 4.96 
01769 0 17.62 -- -- 7.53 
Oi769*4 0 17.00 -- -- 6.51 
01770 ? 25.50 -- - 3.74 
01870 0 2096 94.05 3.97 4.80 
01880 0 21.47 87.00 2.97 5.04 
01881 22.80 91.64 3.76 4.66 
01884 24.69 85.35 4.74 4.37 
02025 19.16 82.85 2.22 5.13 
02885 20.41 81.53 3.42 4.92 
03007 21.62 88.83 3.28 4.82 
03013 21.79 79.08 2.72 4.70 
04634 17.20 71.98 5.37 17.86 

* Expressed as per cent of "fat-free" dry matter. 
A Hydrocephalic calf from the Station herd. 
?h1te muscle project calf. 

(O 
0) 



Table 15, continued 

Indicates a positive white muscle diagnosis. 
O Indicates ari animal which died of causes other than white muscle. 
- Indicates a normal animal. 
? Indicates suspected but non-diagnosed white muscle. 



Table 16 
Calf Skeletal Tissue 

Affec tis sue "Non-Arfec ted" Ti ssue 
Lab. No. % Na % IÇ Ca'M{ P Diagnosis % Na K ' Ca Mg % P 

01450 , 0.36 1.70 0.036 0.11 0.84 

01586 0.31 1.88 0.031 0.12 0.94 

01588 0.34 2.58 0.042 0.13 1.00 

01589 i.: 1.32 2.48 0.24 1.80 
01590 0.6c 1.73 0.18 0.11 1.09 

01591 0.86 1.68 0.73 0.13 1.36 
01643 0.55 2.02 0.038 0.11 0.97 

01644 0.42 1.90 0.058 0.14 0.89 

01657 1.16 1.oO 2.18 0.16 1.53 
01703 0 0.32 2.00 0.046 0.13 0.96 
01721 0 0.75 1.68 0.063 0.11 0.96 
01769 o 1.38 0.95 1.37 0.17 1.47 

01769 o 1.2 0.54 0.055 0.10 1.04 
01770 ? 0.30 1.33 0.024 0.09 0.76 
01870 0 0.60 1.92 0.052 0.11 0.97 
01880 0 0.35 2.00 0.046 0.12 1.04 
01881 0.23 2.12 0.033 0.12 0.96 
01884 g: 0.21 1.72 0.028 0.12 0.88 
02025 $i 0.45 1.89 0.038 0.12 1.02 
02885 0.41 1.82 0.035 0.11 1.00 
03007 0.31 1.82 0.068 0.11 1.02 
03013 0.35 1.66 0.042 0.11 0.89 
04634 1.19 0.40 14.05 0.61 3.22 _______________ 

- 
Al]. v1ues are expressed as per cent of "fat-free" dry mater. 

** A hydrocephalic call from the Station herd. 

White muscle project calf. 



Table 17 
Lamb Cardiac Tissue 

Affected Tissue "Non-Affectedt' Tissue 
Lab. : [ % % % 
iO. D.ií. C.P. L.E. Ash Diagnosis D.M. C.?. E.E. Ash 

01449 20.76 -- -- 9.84 
01460 

, 23.27 -- -- 4.95 
01476 ? 22.52 -- -- 4.82 
01499 18.07 -- -- 11.19 
01501 - 20.71 -- -- 5.37 
01524 21.21 -- -- 6.36 
01525 18.26 -- -- 6.20 
01526 22.18 -- -- 10.88 
01547 - 21.4 -- -- 4.78 
01550 1 22.38 -- -- 5.16 
01559 0 18.42 -- -- 5.47 
01705 

0' 23.43 -- -- 5.13 
02026 ? 17.68 68.34 10.37 5.11 
02216 19.97 -- -- 7.36 
02488 ? 21.43 -- -- 5.41 
02522 ? 16.38 -- -- 4.95 
02551 26.03 - -- 25.41 %' 19.47 -- -- 5.57 
02559 22.72 -- -- 8.35 5i 21.48 -- -- 5.69 
02561 22.19 -- -- 6.99 22.39 - -- 5.58 
02564 22.65 -- -- 13.91 21.29 -- -- 5.94 
02837 22.06 -- -- 8.07 21.76 -- -- 5.23 
02840 24.04 -- -- 8.35 1 
02841 22.17 -- -- 7.59 0' 

02872 20.87 -- -- 7.19 0' 19.92 -- -- 5.05 
02890 20.57 -- -- 9.55 0' 
03017 20.04 -- -- 4.61 
04606 19.87 -- -- 10.14 0' 20.33 79.20 3.43 5.83 
04607 0' 24.02 -- -- 5.64w 
04616 18.90 48.72 32.28 24.02 0' 17.60 74.23 11.01 5.14L 



Table 17. continued 
Affected Tissue "Non-Affected" Tissue Lab. y 

No. L.. t1.F. 1.t. Ash Diaiosis D.M. C.P. n.ì. Ash 
04617 21.68 68.92 - 6.30 
04627 25.44 -- -- 5.50 
04628 27.31 -- 17.24 24.9 -- -- 5.17 
04633 24.78 64.25 17.46 
04646 22.09 -- -- 6.02 

* F.xpressed as per cent of "fat-free" dry matter. 
Ø Indicates a positive white muscle dia:nosis. 
O Indicates an animal whch died 01' causes other then white muscle. 
- Indicates a normal animal. 
? Indicates suspected but n-diaiosed white muscle. 

o o 



Table 18 
Laith Cardiac Tissue 

AffectedTisaue "Non-Affectedt' Tissue 

Lab.No. % Na K % Ca* ' Mg P Diagnosis % Na K % Ca % Mg % P' 

01449 -- - .- -- -- -- I 
01460 1 
01476 ? 0.6]. 1.66 0.068 0.12 1.01 
01499 1.13 1.27 2.04 0.28 2.23 0' 

01501 - -- -- -- -- -- 
01524 0.55 1.65 0.58 0.12 1.31 0' 
01525 0.82 1.79 0.32 0.16 1.22 0' 
01526 0.86 0.97 2.07 0.23 2.09 0' 
01547 - -- -- -- -- - - 

01550 0' 0.78 1.56 0.17 0.15 1.08 

01559 0 0.89 1.82 0.067 0.13 1.12 

01705 0' 0.41 1.67 0.10 0.15 1.24 
02026 ? 0.88 1.63 0.027 0.14 1.09 

02216 1.49 1.52 0.73 0.12 l.53 0' 
02488 ? 0.45 1.93 0.049 0.12 1.16 

02522 ? 0.80 1.45 0.091 0.10 1.02 

02551 1.00 1.22 6.06 0.42 4.67 0' 0.6o 1.76 0.17 0.12 1.30 

02559 0.80 1.39 1.21 0.15 1.66 0' 0.62 1.72 0.84 0.12 1.08 
02561 1.12 1.25 0.61 0.14 1.26 cl 

0.76 1.57 0.08 0.11 1.13 

02564 0.42 1.66 2.31 0.29 3.06 0' 0.28 1.73 0.16 0.12 1.4]. 

0283? 0.61 1.26 1.23 0.14 1.65 0' 0.48 1.73 0.052 0.14 1.12 

02840 0.85 1.23 1.32 0.16 1.75 0' 
02841 1.03 1.21 0.89 0.14 1.52 0' 
02872 0.49 1.65 1.16 0.19 1.58 0' 0.60 1.61 0.08 0.13 1.16 
02890 0.77 1.28 1.17 0.23 2.02 0' 
03017 0.74 1.12 0.043 0.11 1.02 
04606 0.58 1.79 8.24 0.56 1.95 0' 

0.44 1.84 -- 0.14 1.22 
04607 0.59 1.39 0.44 0.12 1.26 0' 0.51 1.48 0.25 0.12 1.32,. 

04616 1.55 0.08 8.93 0.36 4.84 0' 1.44 0.55 0.12 0.09 0.990 
04617 çt' 0,64 1.71 0.16 0.12 1.32 



Table 18. continued 
Affected Tissue "Non-Affected" Tissue 

Lab.No. %Na %K Ca Mg Diagnosis %Na %K* %C& Mg* 

04627 0.35 1.77 0.060 0.13 1.23 
04628 0.66 1.56 12.31 0.44 3.41 0.44 1.74 0.034 0.11 1.15 
04633 0.45 1.76 0.035 0.12 1.33 
04646 0.55 1.84 0.58 0.13 1.28 

* All values are expressed as per cent of "fat-free" dry matter. 

I-J o 



Table 19 
Lamb Skeletal Tissue 

Affected Tissi. "Non-Affected" Tissue 
Lao. : 

i 

lo. D.M. C.P. }.F.. Ash* Diaçiosis D.M. C.P. L.E. Ash* 

01449 Sl' 22.50 -- -- 4.39 
01460 23.24 -- -- 9.27 % 25.92 -- -- 4.64 
01501 - 19.31 -- -- 5.67 
01526 . 20.98 64.67 26.00 5.76 
01550 16.93 -- -- 8.82 . 18,71 -- -- 5.80 
01553 26.92 -- -- 13.44 
01559 0 17.89 -- -- 5.47 
01642 22,52 -- -- 10.36 
01705 22.35 -- -- 7.16 
02026 ? 19.16 -- 16.16 5.26 
02216 29.62 61.19 3.23 6.59 24.50 70.73 2.24 5.40 
02551 19.79 68.73 15.88 15.17 2l.8 76.50 11.60 5.71 
02559 18.8 76.58 7.61 14.24 
02561 22.21 64.08 8.14 19.69 
02564 19.34 -- -- 10.51 21.68 80.7l 4.30 5.42 
02840 çt 19.28 -- -- 5.80 
02841 17.75 67.40 16.71 9.47 
02872 18.83 657 9.48 13.60 
02890 19.45 75.84 14.74 8.04 
04606 17.65 79.25 2.48 11.33 1.7l 90.67 5.43 

6O7 21.32 72.36 11.01 10.60 22.70 81.68 7.84 5.21 
04616 19.20 66.02 22.07 5.07 
04617 17.59 73.76 -- 9.99 18.33 72.62 5.52 
04627 21.65 77.46 9.39 11.52 çi 24.65 87.15 6.7 -- 
04628 26.57 58.20 17.52 22.06 si 
04633 18.39 70.98 10.86 9.10 si 
04646 21.87 74.44 9.41 10.75 si 



Table 1C, citinued 

* Expressed as per cent of "fat-free" dry matter. 
Indicates a positive white muscle diaiosis. 

O Indicates an animal which died of causes other tha wate mu$cle. 
Indi cat es a normal animal. 

? Indicates suspected but non-diagnosed white muscle. 

-a 

o 



Table 20 
Lanb Skeletal Tissue 

Affected Tissue "Non-Affected" Tissue 

Lab.1o. %% x-- Ca _Mg 2 P Diagmsis 1a* K %Mg* 

01460 -- - - - - -- -- 0' 

01501 - -- -- -- -- -- 

01526 cl 1.13 0.80 0.98 Q.12 1.11 

01550 1.21 1.75 0.10 0.16 1.63 0' 0.98 2.19 0.18 0.17 1.12 

Ol553 0.75 1.91 3.04 0.44 2.70 0' 
01559 0 0.99 1.73 0.066 0.09 0.96 

01642 l.2. 0.70 2.86 0.29 1.88 0' 
01705 0.62 1b5 1.05 0.15 1.48 0' 
02026 ? 0.62 1.01 0.040 0.10 0.89 

02216 0.69 1.85 0.21 0.12 1.20 0' o.c8 1.38 0.32 0.13 1.17 

02551 1.53 1.56 4.15 0.22 2.55 0' 0.53 1.97 0.29 0.12 1.11 

02559 1.28 1.18 3.78 0.25 2.35 0' 
0.91 0.34 6.30 0' 

02564 0.77 1.52 1.91 0.15 2.12 0' 0.32 1.89 0.09 0.11 1.17 

02840 0' 0.96 1.08 0.32 0.14 1.10 

02841 1.54 1.03 1.39 0.17 1.74 0' 

02872 1.26 0.67 4.21 0.3$ 2.45 0' 
02890 0.85 1.64 1.21 0.15 1.56 0' 

04606 1.11 0.61 2.90 0.23 2.44 0' 0.41 2.04 0.076 0.10 1.14 

04607 0.81 0.32 2.42 0.25 2.00 0' 0.5]. 1.26 0.29 0.L 1.05 

04616 0' 0.76 1.50 0.040 0.13 1.02 

04617 1.38 -- 2.63 0.16 1.99 0' 0.9 1.3ó 0.35 0.13 1.27 

04627 0.67 1.74 2.32 0.24 2.31 0' 
04628 1.12 0.85 7.28 0.54 4.28 cl 

04653 1.43 0.13 3.76 0.21 1.74 0' 
04646 1.00 1.30 4.98 0.21 2.07 0' 

* All values are expressed as per cent of 'fat-free't dry matter. 
(7 
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occurred. ihe total ash content of aífected tissues 

varied from 6-25 per cent (on a "fat-free11 basis); this 

latter value represented a five-fold increase over the 

usual level found In normal tissue. 
The sum of the materials which are soluble In 

diethyl ether, as expressed by the per cent of ether ex- 

tract, was highly variable, wid no consistent trend was 

apparent. In general, for comparative tissues, the crude 

protein content of the affected tissue was less than that 

of the non-affected tissue. This decrease in protein 

would be an expected occurrence in a pathological condí- 

tion in which the muscle substance Is undergoing degener- 

ative change. 

Upon examination of tt inorganic changes which have 

taken place In these tissues, it may be seen that sodium, 

expressed, as are the other elemen on the basis of the 

"fat-free" dry matter, was much higher in afí.ected muscle 

than in "non-affected" tissue. Tri one case, a calf 

heart, sodium comprised nearly 2 per cent of the dry 

matter. This represented nearly a fI\e-fold increase 

above the normal level of 0.4 per cent. Even In the 

ttnon_affectedH tissue In the majority of Instances, there 

was an increase in the sodium content, and, In all 
probability, in the chloride content as well. This 

increase was not general In calf skeletal muscle, even 
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In those samples which came from animals with a very 

severe cardiac involvement. 

The potassium content of the myopathic tissue was 

less than that of the compab1e non-affocted" tissue in 

most instances. hi1e one value of potassium in dystro- 

phic tissue was only one-twelfth of the norna1 a1uo of 

1.6 per cent, many potassium concentrations in affected 

muscle were about three-fourths of norna1, a decrease 

which would compare with that reported previously for 

laboratory species suffering fr.n an E-deficiency. The 

largest decrease in potassium content occurred in lamb 

skeletal tissue. This miht be expected on the basis of 

the very severe skeletal lesions often seen in the ovine 

young. 

Of all the inorganic changes, the most phenomenal 

was that of calcium. From a normally expected value of 

0.035 per cent, the quantity of calcium present in al- 
fected tissue ranged to 14.05 per cent, over 400 times 

greater than normal. Increases in calcium content to 1-4 

per cent were not uncommaì ; these represen ted 25-100-fold 

increases, In the "non-affected" tissue, the concentra- 

tion of calcium occasionally rose to 0.1-0.4 per cent, 
indicating that incipient calcification, indiscernible 
on gross examinati on, was present. Very striking also 
was the distinct difference in degree of calcification 
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between the two ventricles of the heart. Cuite fre- 

quently, the right ventricle was apparently normal and 

was used as the control (or "non-affected") tissue for 

the dystrophic left ventricle. 0f interest also was the 

hydrocephalic calf (01769) which exhibited increased 

skeletal ash and a forty-fold increase in the calcium 

content of tnis tissue. 
The content of magnesium in the examined tissues was 

also increased to soìi extent, particularly in severe 

cases of myopathy. This increase may be, in part, a re- 

flectiori of the chemical similarities of magnesium and 

calcium, or it may be, iii part, a reflection of an occlu- 

abc resulting from a rapidly developing calcification 
pr oce s s 

The changes in the phosphorus content of the tissues 

studied were quite distinct. Siificant elevation of 

phosphorus above the normal i per cent level was gener- 

ally indicative of wLite muscle disease. Phosphorus 

values in dystrophie tissue were as high as 4.67 por cen 

nearly 5 rnes higher than normal. 
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C0' JECTURE 

The incidence of white muscle di$eae, some charac-. 

teristics of tissts, nd the experimental production of 

the myopathy have been discussed in preceding pages. The 

practical solution of the problem may be broached, 

broadly, from at least three directIons: (1) identIfica- 
tion of a specific metabolic deviation(s) which will en- 

able the investigators to screen individual animals and 

to predict, with some degree of accuracy, the incidence 

of the disease; with experimental &iimals, relating the 

deviation to the cause. (2) field testing In affected 

areas a series of possible therapeutics for efficacy In 

prevention of the disease. (3) isolation and Idenf1ca- 
tion of the specific fraction from fages *hich will 
cause the disease in experimental animals; devising a 

remedy. 

It would seem most unlikely that nutritional myopathy 

in domestic animals la unrelated to vitamin E as a prime 

causative factor, in view of the extensive supportIng 

literature in this regard, both with respect to the lab- 
oratory and domestic species. As cited previously, semi- 

purified diets, deficient in vitamin E, fed to either 
lambs or calves, produced tissue lesions and symptoms 

closely identical with tiO obtained from the field :r 
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affected areas. There vo uld appear to be no argument, 

either, that vitamin E must be a mandatory component of 

the diet of a ruminant; no evidence for its synthes.s 

exists, althougb. vitamin K, rather similar in structure, 

can be produced b rumen microfloral action. 

surveys of the management practices and areas asso- 

elated most closely with field i:cidence have been under- 

taken by several workers (142, pp.355-361). The most 

common factors identified ith the disease, as mentioned 

previously, are the legume forages, irrigated areas, 

closely restricted livestock, areawise, and, in general, 

better-than-average live stock management prac ti ces. 

The disease has been reproduced in at least six 

calves from nine cows having no early history of the 

condition under restricted conditioxs at the 0ren sta- 
tion within the past year from a sole diet of second- 

cutting alfalfa hay purchased from a central Oregon 

rancher. This production would thus confirm the nutri- 
tional character of the disease. 

A question to be asked is whether or riot there is a 

decreased tocopherol level within the animals receiving 

such diets, Insofar as the experimental animals main- 

tamed by this station in the first two experimental 

years are concerned, Remmert has reported that the plasma 
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tocopherol content of these mature animals dropped very 

markedly during the duratton oi the experimental feeding 

period (coincident with the gestation period) ad reached 

values approximately as low as e-ten th that of control 

arimals, also inaìntaired at the station. However, only 

one faal case developed in the offspri;g (calf E86). 

The tocopherol level of calf E90 (1954-5) at birth was 

fifteen micrograms per 100 ml. ax increased to forty-six 
micrograms per lOO ml. by one month of ae (155). While 

the critical level of plasma tocopherol has not been pre- 

cisely defined, a va1.e of this order of magnitude would 

be cors!dored rather low. It would appear that ir! the 

offspring of exjerimertal uimals, particularly from 

those kept for a protracted period on the alfalfa-bean 

diet, near-critical levels of this vitamin are reached. 

Thus, if certain alfalfa or other feed, with a sup- 

posedly adequate tocopherol co tent, does produce this 
malady, it would seem that the solution must lie within 

a component(s) of the feed itself. Among such possibili- 
ties are the major and trace elnents which might iracti- 
vate vitamin E or render it inaccessible to an animai. 

The balance of such elements is particularly important 

also. For example, the high Ca:? ratio in the experi- 

mental hay used in the 1955-6 trial may enhance 



112 

calcification caused by another factor. The variation In 

solution uptake o1 certain minerals by p1ant under the 

In11uence of varrin pH condItiis ard the cccentration 
of other minerais in the soil has been investIated by 

some wcrkers. These factors may be contributory to the 

production of myopathy. 

Another possiblity may be the presence in certain 
feeds of an enzyme, "tocopherolase", whidi might react 

with vitamin E in a fashion similar to that of thlamInase 

with thiamin. 

The distinct, and, in some ways, the most likely, 
possibility of an organic tocopherol antlmettholite 
should be iv&i careful cosideratIon. Such a material 

might be preferentially sinthesized within ;iven species 

of plants ir certain microclimates with such Interrelated 
factors as soil, soil moisture, p11, temperature, fertil- 
izer, etc. In this connection, also, it is feasible that 
conditIons may be proper fc' the growth on the plants, 
themselves, of certain microorganisms--bacteria or molds 

--which may elaborate such an aritimotabolic factor. 
Another Interesting question concerns the "durabil- 

it7t' and "potency interval" of such an inhibitor, Cer- 

tainly it has been shown that the tocopherols in natural 
forages are destroyed In var1ng degree by different 
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methods of process1n these latter for retention for 

later use and also by the length of storage of the feed- 

stuffs. Such an Inhibitory compound might be pref eren- 

tially preserved or destroyed by ibese maripu1at1ons. 

And somewhat less well defined in this category niay be 

included the herbicides and pesticides which are being 

used more routinely now for control of noxious materials. 

It is possible that one of these is a vitamin-f. 

fixative". 
A conjecture more distantly related to the specific 

metabolic function of vi tanin is that of the role of 

calcium as an enzymic activator. In the normal functional. 

role of, say, a. phosphorylated alpha tocopherol, some 

definite "equivalent" oí' calcium may add to the phosphate 

or to a point on the surface ol an associated protein. 
If an inhibitor which could not be utilized because of 

its steric incompatibility viere present, it might add 

calcium in proper seuonce, nd Ube product might be un- 

able to oe removed from the cell structure. There would 

result, then, a calcificetion process; as more vitamin iJ 

were required bí the cell, more inhibi tor would be "fÌXed', 

arid, ultimately, that tissue wo1d cease to function, 

'Iìiis, however, does not seem very compatible with ob- 

served calcification of dystrophie tissue in animals fed 

vitnn-E deficient purified diets without the conpilcation 
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of natural feed components. 

Another disturbing actcr in t is pic Lure is the 

beneficial effect of native rae plants upon the mcl- 

dence of white muscle disease. It has Leen the observa- 

tion of many ranchers that the incidence of white muscle 

disease in their winter-fed animals was 1esened if they 

were allowed access to even. relatively poor sagebrush 

range. Is this effect one of purely supplying supra- 

critical levels of tocopherols to e forming tissues of 

the fetus of a preant animal, is it a dilution 
phenomerior (of a postulated antimetaboilte), or is there 
an anti-anti-metabolite present in range forages which 

nullifies the acU ori of a tocopherol inhibitor? 
In connection with the critical level of tocopherol 

needed to supply the growing fetus, the quesori should 

be raised as to the time at which the most cri.cal demad 

for vitamin F occurs. The variable coincidence of this 
critical period in dams at different stages of pregnancy 

at a given time with an optimal insufficiency of the 

vitamin ir the feedstuff nmy account for the variabiltty 
in the incidence of the disease which has been observed. 

And, of course, environnrital "stress" conditions un- 

doubtedly determine in sorne measure the extent of fatality 
in the young in affected herds. 
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Attempt has been made in the abo. e paragraphs to 

integrate some apparent1 diverse topics and to pose sorne 

questions as to t.e nature of two more or less unanswered 

questions--what is the cause of a specific avitaminosis 

L in certain lierbivora and what avenues of approach, 

vhich also give sane promise of fruition, to the solution 

of the problem arc open? 
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IJMARY 

An experiment invo1v1n a roup of ewes and cows hi 

1953-4 and also In 1954-5, and a group of cows In 1955-6 

was designed to attempt to produce nutritional myopathy 

In the res7:1tant laniba and calves. The ration fed was 

red kidney beans and second-cutting alfalfa hay hi the 

first two years and alfalfa hay only In the third year. 

No fatal cases of white muscle disease developed in the 

first year, one case (a calf) developed in the second 

jear, and four fatal casen in calves occurred in the 

third year. In addition, three further non-fatal cases 

developed, as determined by autopsy examination, in the 

last year. 

The dry matter, crude protein, ether extract, crudo 

:iber, total ash, nitrogen-free extract, calcium, phon- 

phorus, maesiurn and manganese contnt of each of the 

feeds were determined. Values were within normal ranges 

except that the Ca:? ratio of the alfalfa used in the 

tiIrd experimental year was unusually high. 

Elood samples were procured from the mature animals 

at various stages of pregnancy arI from the young animals 

at specified periods after birth. The blood was analyzed 

for hemoglobin; the plasma was ana1.ed for 1ucose, 

amino acid nitrogen, creaUno, creatinino, inor,anic 
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phosphate, c1ciurn and mayiesium; and the cellular re3i- 

due was ria1yzed for dry mat er, iron ad total phos- 

phorus. 

In the experimental cows, plasma 1ucose, amino acid 

nitrogen, creatinine, and calcium, and cellular Iron were 

significantly less than in the controls in late preianc 

In 1954-5. At mid-pregnancy in 1954-5 amino acid nitro- 

L:e1. was hlier in the xperirnental cows, while creati :e 

vas lov.er than in the controls. In the experimental 

calves, lr and cellular dry nrntter contents were siif- 

icatl lower than controls in 19E3-4, arid total cellular 

phosphorus was higher in both years. 

In the project ewes, glucose and creatinlrke were 

Eignificantlj hlgier at post-partum in l953-4 while iron 

and cellular dry ntatter were sinificantly loss than In 

the controls in the same period. Plasma amino acId nitro- 

gen, calcium and magnesium were significantly higher In 

the normals as compared to the experimental animals in 

early pregnancy in 1954-5, but creatinine ad cellular 
drj matter were sianIficantly hiJer in the experimental 

animals at this time. In late pregnancy in 1955, glucose 

and amino acid nItroeri were iîher i the experimental 

ewes, whereas calcium was lower In this group. 

The l53-4 experimental lambs had sIificantly In- 

creased glucose, amlr acid nitrogen, creatine, creatnine, 
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1noran1 phosphorus, calcium and celular dry matter 

levels; cratine was also higher in 1954-5 in this croup, 

but iorLani e phosphorus was lower. 

Blood samples obtained in the field from cases of 

white muscle were found to have much variability in the 

levels of tht cOEtstituents for which analyses were made. 

These cha:es were noted, partIcularly, in plasma iucose, 

amino acid nitrogen, ereatine, creatinine, magnesium, 

inorganic phosphorus and cellular phosphorus. Less no- 

ticeable were alterations in blood from ttnormai calves 

from affected herds. Similar disturbances were reflected 

in field cases of white muscle lambs. 

Values of the aforementioned blood constituents of 

cows or ewes which either produced white muscle calves 

(or lambs) or did not produce them in affected herds 

were, for the roost part, not exceptional in any way. 

The cardiac and skeletal tissues of calves and lambs 

obtained from the field showed distinct changes in nearly 

ali the constitueits examined. The dry matter content of 

lamb and calf cardiac tissue was ncreasod, whereas the 

dry rcatter content of lamb skeletal tissue was decreased. 

The ether-extractable content of the tissues, both at- 

fected nd 'non-affected" , was variable and wi thout cori- 

sistent tìend. The crude protein content of affected 

tissue was less than tnat of the 'non-affected1' tissue. 
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Total ash in affected tsue varied from 6-25 per 

cent, representing a maxirnun of a five-fold Ic croase ii. 

this constItuent. The sodium content of the "fat-free 
dry matter was found to approach a fio-fold Increase as 

a maximum In dystrophie tissue, wireas the potassium 

contcit was ahut three-fourths the normal value in al- 
fected muscle. 

The cOElcentration of calcium in the "fat-free dry 

matter was greatly increased In all affected tIssue and 

ranged as high as 14.05 per cent. The tissue manesium 

content wàs increased in myopathy. Phosphorus ir affected 

tissue was elevated and s maximal five-fold increase was 

ob s er yod.. 

SImilar changes In inorganic constituents--i.e. 

increased sodIum, calcium, phosphorus and magnesium, 

and decreased potassIum-were observed In sorne "non- 

affected" tissues from affected animals. 
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"With a blue line of mountais north of the wall, 
And east of the city a white curve of water, 
Here you must leave me and drift away 
Like a loosened water plant hundreds of miles. 
I shall think of y in a floating cloud; 
So In the Sunset think of me. 
We wave our hands to say good bye, 
And my horse is neighing agairk and again." 

....Li Po.... 



EPILOGUE 



142 

EPILOGUE 

Terra, third planet of the sun, its age estimated by 

contemporary man to be at least 3 x lO9 years, citains 
upon its surface those limited ranges of conditions cap- 

able of supporting "earth life" in its diverse ramifica- 

ti ong. The oldest remnants of living or axiisrns, algae, 

have been found in limestaes of the Proterozoic period. 

The progenitors of Homo sapiens are believed to have 

evolved, possibly within the geographic confines of south- 

western Asia, le the geologic period desigriateu as the 

Pleistocene. ew records of ancient Indian inhabitations 

in western orth America are per1odically being dis- 

covered, but, as yet, the earliest of these encompass a 

smaller fraction of the time of man's possible earth 

tenure. 

Caucasian exploration of the "Western Continents" 

is recorded in the relics of the orsemen in the upper 

ississippi Valley and during the late fifteenth century 

in the documented voyages of Columbus. The present major 

nation of the Vestern Hemisphere began Its rise a scant 

two centuries ago as a thin strip of population perched 

precariously on the coastal plain of the Atlantic Ocean. 

within the succeeding years was accomplished the native 

depopulation of the central continental confines. 
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A polyglot admixture of divergent peoples end cul- 

tures had unified into a nation, end, unaware of purpose- 

ful intt, had embarked on a process of contiental 
permeatIon. A predominantly agrarian mode of life was 

subtly resolved by burgeoning industria]. development with 

its concomitant products. 

Man, in the face of advancing knowledge, recognized 

old problems and, unwittingly at times from incomplete 

enlightenment, created many new ones. It has been said 

that for each problîi solved, a thousand more unfold, and 

prognosis is, at times, a Coriidable and unirnown quantity. 

But Is it that man and h!s multitudinous problems are but 

franentary pathways of adaption in the cosmic cycle of 

gaseous genesis and destruction? 

Perhaps the topic discussed in the precedIng pages 

fell within these general categories. 

"Alike for those w1n for ToDay prepare, 
And those that after ToMorrow stare, 
A Muezzin from the Tower of Darkness cries 
'FoolsZ Your reward is neither Hero nor Therel'tt 

Rubaiyat of Omar Khayyarn.... 


