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Abstract approved 

In an atternpt to find a laboratory species which develops an 

experimental myopathy similar to white muscle disease (WMD) in 

lambs, comparative studies of nutritional muscular dystrophy of 

chicks were initiated. This condition was grossly visible as white 

striations running parallel with the fibers of the pectoral muscles and 

was routinely produced with a diet containing 15 percent casein and 

10 percent gelatin as the protein source. Maximum incidence and 

severity were observed at four weeks of age. 

Feeding experiments indicated that selenium supplementation 

was not as effective in prevention of the symptoms as in lambs and 

that vitamin E was more effective. Selenium addition at one ppm did 

not reduce the incidence of lesions as had been previously reported 

by other workers. A definite synergism between vitamin E and 

selenium was demonstrated. Neither vitamin E supplementation at 



2. 5 mg per kg diet nor selenium as sodium selenite at one ppm appre

ciably reduced the incidence of dystrophy but a combination of these 

two treatments reduced the occurrence of the syndrome by more than 

50 percent. A complete prevention of white striations was not ob

tained with the combined treatment. 

The activity of 5 1 -nucleotidase was not elevated in the 

dystrophic pectoral muscle as has been reported for lamb tissue. 

The specific activity (!J.M Pi/mg N/hr) of the enzyme was found to be 

very low in both normal and degenerated muscle. Development of 

assay conditions is described. The routine assay of dystrophic 

versus non-dystrophic tissues was carried out at pH 8. 9 in 0. 25 M 

glycine buffer. The probable 5 1 -nucleotidase activity was calculated 

by subtracting the IJ.moles of phosphorus liberated from p-nitrophenyl 

phosphate from that liberated from adenosine-5'-monophosphate 

after one hour incubation at 38° C. 

The results did not indicate that the myopathies which occur 

in the lamb and the chick are the same or similar. 
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NUTRITIONAL MUSCULAR DYSTROPHY PRODUCTION AND 
PECTORAL MUSCLE 5'-NUCLEOTIDASE ACTIVITY 

IN THE CHICK 

INTRODUCTION 

The discovery of vitamin E by Evans and Bishop (69; 70, p. 

273-297) was an outcome of an investigation concerning the relation

ships between nutrition and reproduction. These workers noted un

usual resorptions of young in gestations of rats maintained on a diet 

low in a substance which was classified as a vitamin. The active 

compound, a -tocopherol 1 , was isolated from the non- saponifiable 

matter of wheat germ oil (71, p. 319-332) and was found to be a 6-hy

droxychroman derivative with methyl groups in positions 2, 5, 7 and 

8 and a c -aliphatic side chain attached to c (73, 74). The natural
16 2 

ly occurring homologs of a -tocopherol differ in the number of methyl 

groups on the aromatic nucleus. 

Since the original discovery, a great number of vitamin E re

sponsive syndromes have been recognized. Efforts to elucidate the 

function of this vitamin have been complicated by the diversity of its 

action and the complexity of its relationships with other dietary fac

tors. The manifestations of vitamin E deficiency are multiple and 

oftentimes symptoms are seemingly unrelated. The characteristics 

1 Tokos = childbirth; phero = to bear; -ol, indicating an alcohol. 
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of vitamin E deficiency depend upon age, sex and species of animal 

as well as the type of diet ( 111 ). 

Possible functions of vitamin E 

There are currently two schools of thought on vitamin E func

tion. The first, that vitamin E acts entirely as a lipid antioxidant, 

has received some strong support from recent research results (47, 

p. 1-16; 89, p. 1-17; 66, 31, 18, 103, 182). The second hypothesis 

divides vitamin E function into two parts; the lipid antioxidant function 

is recognized, but more importance is placed on the possibility of a 

specific role for the vitamin. Proposed roles of the vitamin in meta

bolic systems include: 1) in normal tis sue respiration (118, p. 511

530; 172, p. 43-87), 2) in normal phosphorylation reactions (120, 

p. 363-368; 141, 116, 88) and 3) in nucleic acid metabolism (61). 

Vitamin E and respiration 

A desire to link tocopherol to a specific role in an enzyme 

system has inspired considerable interest in the effect of tocopherol 

on electron transport. Nason and Lehman (118, p. 526-529) showed 

that tocopherol was able to completely restore DPN- and succinate

cytochrome~ reductase activity to iso-octane extracts. They found 

that the iso-octane treatment removed a lipid component of the sys

tem which could be substituted for by tocopherol although the lipid 
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itself contained no free tocopherol. However, these results have not 

obtained sufficient experimental verification. Weber and coworkers 

(174, 175, 176), Marinetti et al. (108), and others (67, 95) found that 

the action of tocopherol in this system is not specific since a great 

number of substances, primarily of lipid nature, also reactivated the 

iso-octane-extracted enzyme system; for example, vitamin K, ubi

quinone, phytol, neutral fat, Tween 80, and certain hydrocarbons. 

In addition, the ability of physical processes such as lyophilization 

and centrifuging to restore the enzyme activity has been demonstrated 

by Pollard and Bieri (129). It has been hypothesized that residual 

iso-octane adsorbed on the enzyme surface causes the observed in

hibition (55). 

The Nason group (62, 63) then aged their cytochrome~ re

ductase preparations with or without iso-octane extraction and re

ported a specific reactivation with a -tocopherol, whereas other sub

stances active in the solvent inhibited systems were inactive in this 

case. Pollard and Bieri (130), in repeating the experiments with the 

aged preparations, found, on the contrary, that other antioxidants 

and phenolic compounds in addition to a -tocopherol would restore the 

activity of the aged preparations. These workers suggested that the 

enzyme inhibition found on aging resulted from formation of lipid per

oxides. 

Recently Nason et al. ( 117) demonstrated inhibition of 
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DPNH-cytochrome ~reductase of bovine heart muscle (and rat skele

tal muscle) by digitonin. This inhibition was reversed by tocopherol 

(a-, (3 7 , y-, and o- forms) but not by any other of the many sub

stances tried including other fat soluble vitamins, various glycerides, 

fatty acid esters, synthetic antioxidants, steroids, and coenzyme Q. 

Digitonin also inhibited the succinate-cytochrome ~reductase system 

of bovine heart muscle (and of rat muscle) but the reversal by a-, (3-, 

y-, and 6- tocopherol was not specific. The inhibition could be pre

vented or reversed by a -tocopheryl succinate, a -tocopheryl phos

phate, a -tocopheryl polyethylene glycol 1000 succinate (but not 

a -tocopheryl acetate), lecithin and Tween 80 as well. 

Corwin and Schwarz (34) observed a decline in succinate oxi

dation in the presence of DPN in liver mitochondria from rats defici

ent in vitamin E. Intraportal injection of a -tocopherol, but not in 

vitro addition, reversed the decline in 30 to 40 minutes following ad

ministration. Sodium selenite had no demonstrable effect. The DPN

cytochrome~ reductase activity in mitochondria and microsomes was 

unaffected by the vitamin E deficiency. Corwin and Schwarz (35) 

then found a similar decline of oxygen consumption with a -hetogluta

rate and succinate as substrates in rat liver homogenates. The sharp 

decline in oxygen uptake could be prevented by dietary supplement 

with vitamin E or by the in vitro addition of a -tocopherol. Certain 

synthetic antioxidants are also effective protectors against 
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respiratory decline. 

There is some evidence (147, p. 478-483; 36) that tocopherol 

acts in some way to maintain the proper functioning of the enzyme 

sulfhydryl groups. Two theoretically possible mechanisms, namely 

oxidation-reduction and formation of addition products of sulfhydryl 

groups with quinones, are suggested. The Schwarz group has demon

strated a direct correlation between loss of activity of lipoyl dehydro

genase of the a-ketoglutarate dehydrogenase system and loss of oxy

gen consumption during incubation. Vitamin E in graded doses pro

tects both lipoyl dehydrogenase and oxygen consumption to the same 

degree. 

Seward and Corwin (155) conclude that in preventing the de

cline of a -ketoglutarate and succinate oxidation, tocopherol does not 

act as an antioxidant since the compound was recovered unchanged 

and no tocopherol dimer was isola ted. They concluded that the vita

min was bound to protein, possibly to sulfhydryl groups. 

Phosphorus metabolism in vitamin E deficiency 

Some aberrancies in phosphorus metabolism are reported for 

vitamin E deficiency syndromes. In severely degenerated muscles 

from rabbits with nutritional muscular dystrophy, Goettsch et al. 

(79, p. 19-21) found a marked increase in total, total acid soluble, 

and total inorganic orthophosphate phosphorus associated with 
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calcification of the fibers. Muscles which did not show calcification 

had decreased concentrations of these phosphorus components. There 

was less phosphocreatine but no change in its relation to total acid 

soluble phosphorus nor in phospholipid content. 

A similar study (29, 3 0) of dystrophic chick muscle showed an 

increase in total phosphorus attributable to an increase in inorganic 

phosphorus. The increase in total breast muscle phosphorus was 

present at both 4 1/2 and 6 1/2 weeks of age, the increase being 

greater at 6 1/2 weeks. The 7 -minute hydrolyzable phosphorus and 

barium-soluble phosphorus were significantly less than in non-dys

trophic birds. Isotope studies demonstrated an increased penetration 

rate of phosphorus as well as potassium and cesium. The total phos

phorus of the carcass and of the liver of dystrophic chicks was ap

proximately the same as non-dystrophic chicks. 

Experiments of Fitch and Dinning (76) on the vitamin E defici

ent rabbit indicate that intracellular inorganic phosphate turnover in

creases and skeletal muscle creatine phosphate and ATP turnover is 

normal or decreased in vitamin E deficiency. A significant increase 

in phosphorus content has been associated with calcification of lamb 

striated muscle affected with white muscle disease (WMD) (37, p. 76

81 ). 

Other workers (112) report a progressive increase in the ratio 

of extractable phospholipids to non-phospholipids in adipose tissue of 
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vitamin E-deficient rats. Enzyme studies show depression of both 

total and active phosphorylase in white breast muscle of dystrophic 

chicks (120, p. 363-368), and increase 5 1 -nucleotidase activity in 

skeletal muscle of lambs with WMD (141). 

Vitamin E and nucleic acid metabolism 

Nuclear changes evident in some tissues severely afflicted by 

vitamin E deficiency diseases suggest that derangement of nucleic 

acid metabolism might be involved. Prominent examples include the 

increase of nuclei in rabbit skeletal muscle, appearance of giant 

multinucleated cells in rat testes (164), and the occurrence of many 

multinucleated erythroid precursors in vitamin E-deficient monkey 

bone marrow ( 131 ). Histological studies led early workers to hypoth

esize that vitamin E exerted a control on cellular proliferation (5) or 

even more specifically that it influenced the synthesis of nuclear 

chromatin (110, p. 146). 

Actual experiments de signed to investigate nucleic acid me

taboli sm during tocopherol deficiency are of more recent origin. 

Dinning and coworkers (59, 180) report elevation of ribonucleic acid 

(RNA) and deoxyribonucleic acid (DNA) concentrations in both skeletal 

muscle and bone marrow from vitamin E deficient rabbits and mon

keys. Srivastava, Devi and Sarkar (160) verified these results for 

muscle and further associated the increase in DNA and RNA with the 
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stage of dystrophy development. These changes were shown for rab

bits and guinea pigs with nutritional dystrophy and also for mice with 

hereditary dystrophy. 

Possible explanations for the increased concentrations of 

nucleic acids are proposed by Dinning's group. The change might re

flect the loss of other cellular constituents with retention of nucleic 

acids, a decreased rate of degradation of the nucleic acids, or an in

creased rate of synthesis of the nucleic acids in the affected tissues. 

The results of studies with various radioactive nucleic acid 

precursors indicate that vitamin E deficiency leads to an increased 

rate of DNA synthesis in rabbit skeletal muscle and monkey skeletal 

muscle and bone marrow. The nucleic acids found in certain tissues 

after injection of formate-cl4 (56, 60) or p32 (58) were found to have 

a higher specific activity in tissues from rabbits with nutritional 

muscular dystrophy. In general, less glycine-l-Cl4 was incorpo,... 

rated into nucleic acids of the E-deficient animals (56). 

The results from the above studies using simple precursors 

of the nucleic acids could reflect either an increased rate of nucleic 

acid biosynthesis or increased turnover rate of the nucleotide pre

cursors. Isolation of acid soluble nucleotides gave results which 

suggested that, at least in some tissues, the increased nucleic acid 

specific activities in the dystrophic animals were due to increased 

specific activities of the nucleotide precursors. 
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Studies with the radioactive preformed nucleotides, guanylic 

acid-C14 (57) and thymidine-C 14 (61), again demonstrate increased 

incorporation into the nucleic acids from deficient animals. However, 

in the case of the rabbit the only tissue showing these increases was 

the skeletal muscle which of course is the tis sue primarily affected 

by the deficiency. Thymidine-cl 4 is incorporated only into DNA of 

animals and therefore was indicative of biosynthesis of this nucleic 

acid. The changes in nucleic acid metabolism, specifically the in

creased biosynthesis of DNA, which appears to accompany the vita

minE deficiency syndromes of at least some species, seem to be 

specific to the tissue involved while the other tissues in the deficient 

animal remain relatively unaffected. 

Vitamin E as an in vivo lipid antioxidant 

The role of vitamin E as a biological lipid antioxidant has re

ceived much attention since the recognition of the antioxidant proper

ties of the tocopherols by Olcott and Mattill (122, p. 259-262) more 

than 20 years ago. Based on the knowledge that olefin peroxidation 

does occur and is a basic mechanism of many deteriorative reactions 

(101, p. 33-39), the hypothesis satisfies the requirement for a lipid 

antioxidant to stabilize the very oxygen-labile unsaturated lipid com

ponents of animal tissues. 

Tocopherols are naturally occurring plant products which are 
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readily absorbed, transported, and fairly uniformly deposited in tis

sues by the animal body (179, p. 451-455). This general chemical 

information .. and, more specifically, results concerning the effect of 

vitamin E and other antioxidants on peroxidation in in vitro and in vivo 

systems, as well as some nutritional and biochemical data on vita

min E deficiency syndromes, have led the proponents of the view to 

strongly advance the vitamin as the major lipid antioxidant in nature. 

Chemically vitamin E is believed to react with free radical 

intermediates of lipid peroxidation and with peroxides. The most im

portant reaction in breaking the free radical chain reaction induced 

by olefin peroxidation is known to be simple hydrogen abstraction 

(170, p. 134-139), a recognized a -tocopherol reaction (94). If these 

radicals are not intercepted it is believed that they react at random 

through hydrogen abstraction and a variety of addition reactions re

sulting in injury to enzymes, proteins, other lipids, and vitamins 

(65. p. 3 71). The damage to structural and functional components of 

the cell could feasibly cause degeneration resulting in muscular dys

trophy or other tis sue abnormalities characteristic of vitamin E de

ficiency. 

Three approaches have been taken with animal studies which 

have provided evidence for the lipid antioxidant function of vitamin E 

and for the actual occurrence of in vivo lipid peroxidation in the de

ficiency state. Proof of the latter is of course essential in the proof 
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of the overall hypothesis. These are: (1) studies showing that vita

min E can be replaced by structurally dis similar lipid antioxidants, 

(2) the chemical measurement of lipid peroxidation products and (3) 

biochemical measurement of aberrations characteristic of the defici

ency state which can be attributed to degeneration initiated by lipid 

peroxidation. 

Evidence of the first type is supported primarily by the work 

of Dam (47, p. 1-16), Draper et al. (66), Bieri et al. (18), and 

Machlin and coworkers (103). Studies of this type related to the chick 

will be discussed in the next section. In general, vitamin E activity 

has been shown for chemical antioxidants such as Ethoxyquin (Santa

quin; 1, 2- dihyro-2, 2, 4-trimethyl- 6- ethoxyquinoline), DPPD (diphen

yl-p-phenylenediamine) and BHT (butylated hydroxy-toluene) by nutri

tional prevention of various deficiency symptoms. There has been 

some question as to whether this is a direct biological effect or a 

sparing of vitamin E. However, in at least one case (66) the former 

was suggested when DPPD was found to have a curative as well as a 

preventive effect on vitamin E deficiency as measured by fetal re

sorption in rats. In addition, DPPD administered to vitamin E defi

cient rats and rabbits does not modify the rate of tocopherol depletion 

from the liver while this antioxidant is as effective as a -tocopherol 

in protecting rabbits against muscular dystrophy and creatinuria pro

duced with a diet devoid of the vitamin (65). 
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Occurrence of lipid peroxidation products of various tissues 

are primarily determined by the thiobarbituric acid test (TBA) (40). 

The principal TBA reactant is considered to be malonaldehyde which 

is one product of autoxidation of polyunsaturated fatty acids. The red 

pigment which has an absorption maximum at 535 miJ. is the result of 

the condensation of two moles of TBA with one mole ofmalonaldehyde. 

The problems incurred with using this test for measurement of per

oxidation products are twofold. First, it is difficult to prove that the 

malonaldehyde formed in vitro is derived solely from peroxides that 

already existed in vivo since the possibility exists for formation and 

decomposition of peroxides during the aerobic incubation used for 

some of the assays (27). Secondly, Dahle and coworkers (40) found 

that at comparable levels of autoxidation, the TBA index of natural 

materials varied with their unsaturated fatty acid profile. These 

authors suggest that use of TBA assay be restricted to the compari

son of levels of autoxidation of a single material at varying experi

mental stages. The assay of normal and dystrophic tissues from the 

same species which have been fed diets differing only in the addition 

of some supplement such as vitamin E should avoid this latter diffi

culty. Despite the reservations associated with use of the TBA test, 

it has been used widely to study the mechanism of vitamin E action. 

The TBA indices measured when rabbit, rat or chicken tissue 

homogenates or subcellular particles, i.e., mitochondria and 
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microsomes, are incubated in air are reduced if sufficient vitamin E 

is fed to the animal before the removal of the tissues. Dietary selen

ite and L-cystine show a similar antioxidant effect in certain tissues 

(181, 164, 103, 17). The results of Bunyan, Green and Diplock (27), 

however, indicate that dietary selenium does not prevent liver necro

sis in the rat through decreased lipid peroxidation and forward the 

idea by indirect proof that vitamin E acts in prevention of this syn

drome by another mechanism also. Lipid antioxidant activity of 

lipid-free tis sue fractions from chickens, rats and sheep tested by 

manometric and polarographic techniques were also influenced by 

vitamin E or selenium (82). No great synergism between the two fac

tors was demonstrated. 

Advocates of the antioxidant theory for vitamin E action also 

put forth such a role for selenium. In addition to the above evidence 

which showed a reduction of peroxidation in selenium supplemented 

animals, selenium compounds are known to be more effective anti

oxidants than corresponding sulfur compounds (8). The possibility 

exists that inorganic selenium is converted to organic forms, which 

form structural materials stable to free radical damage ( 19 ). As

sistance to this hypothesis is provided by recent demonstration that 

selenomethionine and selenocystine protect amino acids and proteins 

from radiation damage by free radical scavenger and repair mecha

nisms (156). A rather elaborate mechanism for the action of 
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selenium antioxidants is proposed by Hamilton and Tappel (82). 

The lysosomal enzymes of rabbits (183) and chicks (52) have 

been shown to be significantly elevated in nutritionally dystrophic 

muscle. Similar increases are evident in tissues from genetically 

dystrophic mice and chickens (165). Alteration of the physiochemical 

properties of the structural parts of these subcellular particles ap

pears to be dominant in determining the availability of the lysosomal 

enzymes ( 140). These particles have been found to be easily lysed 

by free radical damage as indicated by release of the bound enzymes 

(54, p. 285-293). 

An examination of the nature of these so called "suicide bags" 

of the cell reveals that when their membranes are broken a group of 

acid hydrolases are released which will hydrolyze tissue constituents 

(51, p. 146-156). Such released enzyme activity resulting from lyso

somal membrane breakdown due to peroxidation of its lipid constitu

ents and free radical damage could account for many of the biochemi

cal changes associated with the deficiency state. 

Vitamin E and the chick 

The chick has proven to be good for the study of vitamin E 

deficiency because this species exhibits three distinct vitamin E re

sponsive diseases- -nutritional encephalomalacia ( 125, p. 11-26), 

exudative diathesis (41 ), and muscular dystrophy (45, p. 172-184). 
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In addition, Adamstone and Card (4, p. 345) have reported that 

vitamin E is required for normal fertility in the cock. Adam stone 

(3, p. 88-90) also showed the vitamin to be necessary for normal re

productive performance in the hen. However, Bieri et al. (16) grew 

normal appearing chicks on a vitamin E-free diet for 6 to 12 months. 

After five weeks, chemical analysis showed the tissues of the chicks 

to be depleted of a -tocopherol stores. Growth rate and egg laying 

were the same as control birds supplemented with vitamin E. Two 

artificial inseminations resulted in fertile eggs, and failure to hatch 

was attributed to poor incubation facilities. Body lipid degeneration 

(44) and erythrocyte hemolysis (113) can also result from vitamin E 

deficiency in the chick. 

The most obvious outward symptom of encephalomalacia is a 

peculiar lack of locomotor control. Histologically the disease has 

been found to result from degeneration of the cerebellum and some

times the cerebrum. The picture is one of necrosis with hemor

rhage s, edema and cell breakdown evident (152, p. 623 ). 

Encephalomalacia producing diets must contain polyenoic fatty 

acids and can be prevented by antioxidants other than vitamin E (47, 

p. 1-16). Machlin and Gordon (104) and Scott and Stoewsand (151) 

have shown that antioxidants such as DPPD, Ethoxyquin and methylene 

blue will prevent encephalomalacia in chicks fed low-E diets for pro

longed periods. 
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Exudative diathesis is a severe edema characterized by an in

crease in capillary permeability. Dam and Glavind (42) demonstrated 

this abnormally high permeability by intravenous injection of trypan 

blue into normal chicks and chicks suffering from exudative diathesis. 

There was rapid coloring of the muscles of the diseased chicks, but 

none was evident in normal chicks. The fluid which collects in all 

parts of the body and especially under the skin of the breast and ab

domen has the composition of blood plasma and studies showing blood 

protein changes have been reported (15). 

A diet containing an easily oxidized fat such as cod liver oil 

was first used to produce exudative diathesis (41). This syndrome 

has been regularly produced more recently with diets in which about 

60 percent unextracted (148, p. 388-395) or alcohol extracted (14) 

torula yeast is the sole source of protein. Dam and coworkers (48) 

confirmed these results but calculated that 60 percent of torula yeast 

will contribute approximately the same amount of dienoic and trienoic 

acids as will 30 percent lard. A diet containing 5 percent lard results 

in pronounced exudates while the same diet, fat free, produces none 

(43, p. 194-201 ). Machlin et al. ( 103) and Sondergaard and cowork

ers (157) prevented exudates by supplements of the antioxidant Ethox

yquin. However, the effective dose was much higher than that needed 

for the prevention of encephalomalacia and in fact bordered on toxic 

( 150). 
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Dried brewer's yeast was known to reduce the amount of vita

minE necessary for prevention of dietary liver necrosis in the rat 

(142) and exudative diathesis in the chick (148, p. 393). Schwarz 

called the unknown active constituent Factor 3 and later identified 

this constituent as a selenium compound (144). Inorganic selenium 

compounds such as sodium selenite were found to prevent liver necro

sis in the rat and soon were shown to also prevent exudative diathesis 

in the chick (143). The effect of sodium selenite on exudative diathe

sis was reported independently and nearly simultaneously by the Cor

nell-NIH group (143) and by Patterson, Milstrey and Stokstad (127). 

Nesheim and Scott (119, p. 615-618) demonstrated that selenium was 

necessary for maximum growth on torula yeast diets even when the 

diet contained tocopherols. They found that4 fJ-g selenium as selenite 

per 100 g diet gave maximum growth in the presence of adequate vita

min E. 

Nutritional muscular dystrophies which occur as a result of 

vitamin E deficiency have enjoyed attention because of hope of e stab

lishing a relationship between these disorders and similar hereditary 

myopathies of man. In addition some of the nutritional dystrophies, 

i.e., white muscle disease of calves and lambs, are a serious prob

lem in live stock production in certain geographical areas. Muscle 

lesions of this type have been produced in at least 15 species of labo

ratory and farm animals including the guppy fish, chick, duck, lamb, 
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calf, foal, tree kangaroo, mouse, rat, cotton rat, hamster, guinea 

pig, rabbit, dog, monkey(lll), turkey(92), min_k{l62, p. 287-300) 

and pigs (98). Therefore, muscular dystrophy is probably the most 

consistent symptom of this deficiency state although species differ

ences occur histologically, biochemically and nutritionally when the 

diseases are studied in detail. 

Dam and coworkers (46, p. 20- 22) first observed experimen

tal muscular dystrophy in chicks while studying the effect of vita

min E on liver storage of vitamin A. The syndrome was described 

to be manifested grossly by white striations running parallel to the 

muscle fibers and histologically with marked degenerative changes 

and perivascular infiltration with round cells (45, p. 172-184). The 

visible white or light colored bands were accounted for histologically 

by Machlin and Shalkop (102, p. 88) as wide linear areas of degenera

tion involving several adjacent muscle fasiculi. Some of the more 

severe cases showed calcification. 

Nutritionally the third vitamin E responsive disease of the 

chick differs from either encephalomalacia or exudative diathesis. 

The Danish workers' (45, p. 172-184) prevention of muscle striations 

with a -tocopheryl acetate or cystine was later confirmed by Machlin 

and Shalkop (102). In addition the latter group found complete pre

vention with methionine or a high level of DPPD (0. 25o/o). A slight 

reduction of incidence of the myopathy was obtained with 0. 5 percent 
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of sodium sulfate. The experiments of Calvert, Nesheim and Scott 

(30) demonstrated a synergism between vitamin E and selenium in the 

prevention of muscular dystrophy in the chick. Selenium alone will 

not completely prevent the muscle degeneration. 

A study by the Cornell group (121) has shown an interesting 

effect of arginine deficiency on chick muscular dystrophy. Muscle 

striations did not occur on an arginine deficient diet even though the 

diet was also low in vitamin E and sulfur amino acids. When this 

diet was supplemented with arginine a high incidence of dystrophy en

sued. A recent report by Jenkins, Hill and Hutcheson (91) shows that 

this effect is nonspecific and that dystrophy promoting properties can 

be shown for lysine, isoleucine, tryptophan and tyrosine, as well as 

arginine, providing that the sulfur amino acids become first limiting 

for growth prior to addition of the limiting amino acid. 

In comparing the symptoms and the nutritional responses of 

these three vitamin E deficiency conditions in the chick, it is difficult 

to visualize a single role for vitamin E. Each disease may be selec

tively produced by capitalizing on the variety of dietary factors in

volved, thus facilitating the study of single syndromes. Dienoic and 

trienoic fatty acids are necessary for production of encephalomalacia; 

torula yeast contains a high enough concentration of unsaturated fatty 

acids so that no additional fatty acids need be added to produce exu

dative diathesis; a low fat casein-gelatin diet is routinely used in 
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muscular dystrophy studies, although recent work (53) demonstrates 

a correlation between linoleic acid and incidence and severity of the 

muscle degeneration. Low concentrations of non- specific antioxidants 

will prevent encephalomalacia but do not influence exudative diathesis 

or muscular dystrophy at these levels. Selenium is ineffective in 

treatment of the brain degeneration, completely prevents exudative 

diathesis when present at concentrations as low as 0. 08 ppm as sodi

um selenite, and shows a synergism with vitamin E in the treatment 

of muscular dystrophy. The preventive effects of sulfur amino acids 

and stress producing characteristics of other limiting amino acids 

are unique to nutritional muscular dystrophy. 

Is a chick equal to a lamb? 

Interest in nutritional muscular dystrophy and vitamin E

selenium metabolism at the Oregon Experiment Station originated 

with studies of white muscle disease. WMD has been defined by Muth 

(116) as a "selenium responsive myopathy commonly occurring in 

lambs and calves, the dams of which have been fed during gestation 

on feeds, usually legumes, grown in certain areas 11 
• Biochemical 

studies of this condition have necessarily been limited because of the 

difficulties involved in using lambs as experimental animals. In ad

dition to the large cost involved, fresh tissue samples can be ob

tained only once each year, and at other times experiments must be 
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limited to frozen samples. In light of these difficulties some compar

ative work has been initiated in an attempt to find a convenient labora

tory animal which develops a nutritional muscular dystrophy similar 

to WMD. The experiments described herein on chicken muscular 

dystrophy are the beginning of a comparative study of the myopathies 

shown by these two species. 
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PRODUCTION OF NUTRITIONAL MUSCULAR 
DYSTROPHY IN THE CHICK 

Materials and Methods 

The nutritional experiments were de signed to 1) determine the 

experimental period which produced the greatest incidence and sever

ity of white striations, 2) confirm the experiments of Nesheim and 

Scott (119, p. 601-618) showing that selenium is at least partially 

effective in prevention of the myopathy, 3) show that a synergism be

tween vitamin E and selenium exists in the treatment of the disease 

as reported by Calvert, Nesheim and Scott (30) and 4) determine the 

growth rate of chickens on the experimental diets under the environ

mental conditions used. In addition, it was de sired to establish 

standard growth conditions for routine production of dystrophic birds 

to be used in chemical studies. 

Day old chicks purchased from a commercial hatchery were 

distributed at random into the various groups. Groups 1, 2, 3 and 11 

of Experiment 1 included both pullets and cockerels. No sex differ

ence was noted in dystrophy incidence, but there were significant 

growth differences, and cockerels were used exclusively thereafter. 

Electrically heated battery brooders adapted to prevent any contami

nation between groups were used for all of the experiments. The 

brooders were kept in a room with temperature thermostatically 
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controlled at about 70° F. Lighting was entirely artificial and was 

maintained 24 hours a day. Food and water were supplied ad libitum. 

Originally White Vantress vs. Nichols 108 birds were used. 

In Experiment 2 the response of Cobbs vs. Nichols 108 chicks was 

compared to that of the former breed. When experiments 3 and 4 

were set up several months later, the original cross was no longer 

available, and White Vantress vs. Cobbs White Rock chicks were 

substituted. All three breeds were fryer type chicks. 

The experimental designs are summarized in Table 1. The 

basal diet used was the casein-gelatin diet of Calvert, Monroe and 

Scott (29). The composition of this ration (301-0) is shown in Table 

2. Selenium supplements were added as sodium selenite (Amend 

Drug and Chemical Co., N. Y.) in water solution. Vitamin E was 

added as d-a -tocopheryl acetate (NBC) in corn oil solution (Experi

ments 1 and 2) or in alcohol solution (Experiments 3 and 4). Al

though difficulty soluble in alcohol, this was found to be the solvent 

of choice for reasons discussed in the next section. A summary of 

the nine rations used is found in Table 3. 

Rations were usually prepared in ten kilogram batches in a 

large Hobart mixer. Vitamin and mineral mixes were composited in 

kilogram amounts. The components of these mixes were worked to

gether with a mortar and pestle and then sifted until homogeneous 

with a wire sieve. The diets were stored at 0° F in polyethylene 



Table 1. De sign of chicken experiments. 

No. of Birds Started 
Group Breed Diet Weeks Cockerels Pullets Total 

Experiment 1 

1 White Vantre s s x Nichols 108 301-0 1 9 6 15 
2 White Vantre s s x Nichols 108 3 01-0 2 6 9 15 
3 White Vantress x Nichols 108 3 01-0 3 8 7 15 
4 White Vantress x Nichols 108 301-0 4 12 12 
5 White Vantre s s x Nichols 108 301-0 5 12 12 
6 White Vantress x Nichols 108 301-0 6 12 12 
7 White Vantress x Nichols 108 301-SelOO 5 12 12 
8 White Vantress x Nichols 108 301-E2. 5 5 12 12 
9 White Vantress x Nichols 108 3 0 1 -S e 1 0 0, E 2. 5 5 12 12 

10 White Vantress x Nichols 108 301-ElO 5 12 12 
11 White Vantre s s x Nichols 108 Purina 8 7 7 14 

Experiment 2 

1 White Vantre s s x Nichols 108 301-Se 100, E2. 5 5 13 13 
2 White Vantre s s x Nichols 108 301-E2.5 5 13 13 
3 Cobbs x Nichols 108 301-SelOO, E2. 5 5 13 13 
4 Cobbs x Nichols 108 301-E2.5 5 13 13 
5 White Vantress x Nichols 108 3 0 1 -S e 1 0 0, E 5. 0 5 12 12 
6 White Vantre s s x Nichols 108 301-E5.0 5 12 12 



Table 1 (continued). 

No. of Birds Started 
Group Breed Diet Weeks Cockerels Pullets Total 

Experiment 3 

1 

2 

3 

4 

5 

6 

White Vantress x Cobbs 
White Rock 

White Vantress x Cobbs 
White Rock 

White Vantress x Cobbs 
White Rock 

White Vantress x Cobbs 
White Rock 

White Vantress x Cobbs 
White Rock 

White Vantress x Cobbs 
White Rock 

301-0 

301-E2.5 

301-Se100 

301-ESO 

301-Se100, E2. 5 

Purina 

4-5 

5 

5 

4-5 

5 

5 

13 

13 

12 

13 

13 

15 

13 

13 

12 

13 

13 

15 

Experiment 4 

1 

2 

White Vantress x Cobbs 
White Rock 

White Vantress x Cobbs 
White Rock 

3 01-0 

301-ESO 

5-6 

5-6 

12 

12 

12 

12 

N 
U1 
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Table 2. Composition of casein-gelatin diet for chicks (29). 
Diet 301-0. 

Constituent Percent 

Casein (New Zealand) 15. 00 

Gelatin (NBC) 10. 00 

Glucose (Cerelose 2001) 61. 17 

Cellulase (Solka -floc, B W 1 00) 3. 00 

Stripped Lard (DPI) 4. 00 

Mineral Mix 1 5. 49 

V ·t . M" 21 am1n 1x 1. 00 

V . . D 31tam1n 
3 

441 I. c. u. 

Vitamin A Acetate 4 560 I. U. 

1Mineral mixture supplied the following in gm/kg of diet: CaHPO4 , 
21. 51; CaC03' 14. 92; KH 2Po4 , 8. 67; NaCl, 6. 00; MgC03' 1. 42; 
FePo4 . 4H 2o, 2. 62; MnC12 · 4H2o, 0. 463; KI, 0. 0026; Cu(C 2H 50 2 )2 , 
o. 0119; ZnC12 , o. 1; CoC12 · 6H2o, o. 0017; Na 2Mo04 · 2H2o, o. 0083; 
KCl, 1. 5. All salts were reagent grade. 

2Vitamin mixture made up as a lactose trituration supplied the fol
lowing per kilogram of diet: (in milligrams) thiamine· HCI, 10. 0; 
riboflavin, 10. 0; niacin, 50. 0; Ca pantothenate, 20; pyridoxine· HCl, 
4. 5; folic acid, 4; biotin, 0. 2; menadione, 0. 5; inositol, 250; choline 
Cl, 1540; diphenyl-p-phenylenediamine (95 percent), 231; Vitamin 
B1 2 , (1/10 percent), 2. 0; lactose, 7879.78. Crystalline vitamins 
were purchased from the Nutritional Biochemical Co., Cleveland, 
Ohio. 

3Crystalline vitamin D3 added in a solution of propylene glycol (lxl 04 

I. C. U./g oil). 

Crystalline vitamin A acetate added in ethanol solution. Ethanol 
evaporated during mixing. 

4 
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Table 3. Summary of experimental rations. 

Supplements to Basal 3 01-0 

d-a -Tocopheryl Acetate 1 Selenium as Na2Seo3 
2 

Ration No. mg/kg Ration mg/kg Ration 

301-0 (Basal) 

301-E2.5 2. 5 

301-E5.0 5. 0 

301-ElO 10. 0 

301-EBO (Control) 80. 0 

301-SelOO 1.0 

301-SelOO, E2. 5 2.5 1.0 

301-SelOO, E5. 0 5. 0 1.0 

Purina Kibbles ("Normal") 

10ne gram vial of d-a -tocopheryl acetate melted in a beaker of warm 
water and contents dissolved in either 1000 ml corn oil ( 1 mg d-a
tocopheryl acetate per ml oil) or 100 ml ethanol ( 10 mg d-a -toco
pherol acetate per ml EtOH). 

2
Selenium stock standard prepared by dissolving 55. 0 mg sodium 

selenite in 50 ml water giving a solution containing 1. 1 mg sodium 
selenite per ml which is equivalent to 0. 5 mg selenium per ml. 
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containers or in large metal cans lined with plastic bags. 

The chicks were weighed initially at one day and each week 

thereafter until sacrifice. It was possible to note to some degree the 

occurrence of muscle striations through the skin of the birds. At the 

termination of the experiments the chicks were sacrificed by injecting 

0. 5 ml pentabarbital sodium 1 directly into the heart. The pectoral 

muscles were exposed and final evaluation of incidence and severity 

of striations was made. Rating was by gross examination on a basis 

of 1-10, 10 being the most severe. Criteria for grading were the 

number and width of striations and the extent of the total muscle in-

valved. Judgment was made by the same worker throughout the 

experiments. 

When tissue samples were desired for enzyme studies, the 

breast muscles were quickly removed with a scalpel and placed in a 

beaker cooled in an ice bath. 

Statistical analysis of the data were made using the Student 

t-test as described by Li (99, p. 127-133). 

Results and Discussion 

Growth. The deficiency of many essential nutrients re suits 

in a depression of growth. Therefore, when studying vitamin and 

mineral nutrition, it is worthwhile to determine if the dietary factor 

1Toxitol or Mytol. 
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in question has an influence on growth. In addition, growth curves 

determined for each diet during initial studies can be used for com

parison with growth responses obtained in subsequent similar experi

ments. 

The average weights of the chicks on the various diets are 

summarized in Table 4. Weights from a single experiment (Experi

ment 5) are found in Table 5. The casein-gelatin diet did not pro

mote fast growth as did the commercial ration. However, this ration 

is designed for production of fryers and would be expected to cause 

much greater growth than the purified diet used for these experi

ments. The large weight gains of these 11 normal'' chicks indicated 

that the brooding conditions used were satisfactory and therefore 

growth responses of the experimental groups could be attributed to 

dietary factors. Statistical analyses of growth data are summarized 

m Table 6. 

Examination of Table 4 shows only a very small growth re

sponse to Vitamin E supplementation. The re suits of Experiment 3 

in Table 5 show similar results with Vitamin E supplementation. The 

largest response was noted when 80 mg d-a -tocopheryl acetate was 

added per kg diet. If the weights of birds from Experiment 4 which 

were weighed only at sacrifice between five and six weeks are com

pared, a small increase in weight withE supplementation can again 

be shown. However, only the commercial ration resulted in a mean 



Table 4. Weights in grams of chickens on basal 301-0, selenium and vitamin E supplements, and Purina Kibbles. 

Ration 

Weeks Purina 301-ol 301-Se1002 301-E2.52 301-SelOO, E2. 5 2 301-E5. 0 3 301-Se100,E5.03 301-E102 301-E804 

0 37 (20) 36 ( 12) 36 ( 12) 39 ( 12) 36 ( 12) 40 ( 12) 41 ( 12) 37 ( 12) 36 ( 13) 

1 114 (20) 80 (11) 79 ( 12) 86 ( 12) 82 ( 12) 90 ( 12) 82 ( 12) 82 (12) 82 ( 13) 

2 237 (20) 145 (11) 143 ( 12) 162 ( 12) 159 ( 12) 175 ( 12) 155 ( 11) 165(12) 222 ( 13) 

3 416 (20) 252 ( 10) 221 ( 11) 255 ( 12) 234 ( 12) 243 ( 12) 232(11) 245 ( 11) 322 ( 13) 

4 533 (20) 309 (10) 263 ( 11) 334 ( 12) 301 ( 12) 297 ( 12) 293(11) 296 ( 11) 425 ( 13) 

5 917(14) 367 ( 10) 318(11) 427 ( 12) 375 ( 12) 342 ( 12) 331 (11) 363 ( 11) 436 (6) 

1Experiment 1, group 5. Number of birds included in average in parenthesis. 

2Experiment 1. 

3Experiment 2. 

4Experiment 3. 

http:301-Se100,E5.03
http:301-E2.52


Table 5. Chick growth -- Experiment 3. 

Weight in Grams--Weeks 
Group Treatment 0 1 2 3 4 5 

1 301-0 35 ( 13) 73 (12) 177(12) 258 (11) 346 (11) 

2 301-E2.5 37 ( 13) 69 ( 12.) HZ ( 12) 275 ( 12) 395(11) 434 (11) 

3 301-E80 36 (13) 82 (13) 222 (13) 322 (13) 425 ( 13) 

4 301-SelOO, E2. 5 38 (13) 83 (13) 200 ( 12) 277 ( 12) 332 (12) 417 (12) 



Table 6. Statistical analysis of growth response data from Table 4. 

Age Critical Regions>:o:~ 
Treatment Basal Ration (weeks) (n 1tn -2) d. f. p:~ <t >t

2 

Purina 3 01-0 5 22 -7. 90 -2. 074 2. 074 

301-E80 301-0 5 14 -0.82 -2. 145 2. 145 

301-ElO 3 01-0 5 19 0. 06 -2. 093 2. 093 

301-ES. 0 3 01-0 5 20 0. 38 -2. 086 2. 086 

301-E2. 5 3 01-0 5 20 -0. 93 -2. 086 2. 086 

301-SelOO 301-0 5 19 0. 69 -2. 093 2. 093 

301-SelOO, E2. 5 3 01-0 5 19 -0. 01 -2. 093 2. 093 

301-SelOO, E5. 0 301-0 5 19 0. 54 -2. 093 2. 093 

>:'Student's sample t test (99, p. 127-133). 
':":'Cho sing the five percent level of significance. 
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growth significantly different from that found for the basal diet 

(301-0). Statistical analysis of the data certainly shows that vitamin 

E cannot be considered an essential growth factor. 

As was previously noted, corn oil was the carrier in the first 

two experiments and ethanol was used for this purpose in Experiments 

3 and 4. As the E-addition became larger so did the amount of added 

corn oil while the ethanol solvent evaporated during the mixing 

process. The use of the corn oil carrier was investigated following 

a rather ill-fated experiment when ration 301-E80 was prepared using 

corn oil as theE-solvent. The data from this experiment are re

ported in Table 7. The growth rate of these birds was pitifully low 

and by four weeks nearly half of the birds had died. Their appear

ance was extremely bad. The feathers turned a dark yellow instead 

of white and most birds had dark circles around their eyes. Food 

consumption was poor and the diet discolored in the feed trays to a 

much greater extent than the other rations. There was no discernable 

odor associated with this diet on standing. 

Table 7. Chick weights when 80 mg/kg E added in corn oil.* 

Weight in Grams 
White Vantre s s vs. Nichols 108 

Weeks: 0 1 2 3 4 

301-E80 40 (14) 65 (13) 99 (12) 136 (10) 191 (8) 

*One mg E/ml oil, therefore added 80 ml corn oil/kg diet. 
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Deteriorations of vegetable oils are well known (87, p. 215

224) and the substitution of heated for fresh corn oil in the diet of 

chickens was found to depress growth considerably (96, p. 304). The 

oxidative changes in the heated oil are similar to those resulting from 

prolonged storage and exposure to air and light (96, p. 295). How

ever, the lack of a detectable odor and the high content of antioxidants 

in the added corn oil, both naturally occurring and as supplemented 

tocopherol coupled with the short length of exposure to air and light 

before consumption would make diet deterioration seem improbable. 

Donaldson et al. (64) showed improved growth and feed con

version when chicks were fed a semipurified ration containing approx

imately two percent fat and 25 percent crude protein supplemented 

with up to 30. 7 percent corn oil. In view of these findings the detri

mental growth effect cannot be attributed to the corn oil per se. 

A similar and more realistic explanation of the observed re

sults can be proposed if the corn oil carrier is considered as a dilu

tion factor. In the preparation of the 3 Ol-E80 ration 80 ml ( 74 g) of 

corn oil were added per kg ration. The addition actually diluted the 

components of the diet by seven percent and thus could have precipi

tated a number of dietary deficiencies. For this reason the £

supplements were added in ethanol solution in Experiments 3 and 4. 

Nesheim and Scott ( 119, p. 603 -608) observed that selenium 

improved the growth of chicks fed a torula yeast diet adequate in all 
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recognized nutrients, including vitamin E. Selenium as Na 2Se03 

at 0. 04 ppm added to the basal diet, which was found by neutron 

activation analysis to contain 0. 056 ppm of selenium or a total of 

about 0. 1 ppm of selenium, was necessary for maximum growth in 

the presence of vitamin E (119, p. 613-617). Selenium administration 

has also been shown to enhance the growth of lambs ( 123, 24, 83). 

Neutron activation analysis of a casein-gelatin diet essentially 

identical to diet 301-0 showed the selenium content to be approxi

mately 0. 14 ppm ( 119, p. 603 -608). This amount of selenium is suf

ficient for maximum growth and prevention of exudative diathesis. 

The results reported in Table 4 show no growth increase as a 

result of selenium supplmentation. In fact, a small though statisti

cally insignificant decrease is found. Birds receiving one ppm 

selenium and 2. 5 ppm vitamin E were somewhat larger than those on 

the basal or selenium supplemented regimen but were not as large 

as those receiving this amount of E alone. From the results obtained 

by the Cornell workers the lack of correlation between selenium and 

growth should be expected with this diet. 

The chicken weights reported by Calvert, Nesheim and Scott 

(30) for birds fed this same casein-gelatin diet are similar to those 

found here. A small increase can be noted in their birds which were 

fed vitamin E, and those chicks receiving selenium were slightly de

creased in weight. 
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Incidence and severity of pectoral muscle striations. Pectoral 

muscle striations were successfully produced with ration 3 01-0. The 

white lines running parallel to the muscle fibers are evident in 

Figure 1. The gross appearance of the dystrophy took two forms. 

The more prevalent type was characterized by the parallel lines 

shown in the photographs while the second form involved larger areas 

of white muscle, at times giving a splotchy appearance. 

The data from Experiment 1 (Table 8) shows that chickens can 

be raised which show 100 percent incidence of the dystrophy at four 

and five weeks. The severity of the striations was maximum at four 

weeks. The onset of symptoms was apparently quite rapid since the 

incidence increased from zero at two weeks to 53 percent at three 

weeks to 100 percent at four weeks. 

Table 8. Incidence and severity of pectoral muscle striations with 
time in chicks fed basal diet 301-0. 

Weeks on 
.Experiment 1 Incidence 1 Average sever1ty2 Range of Severity 

1 0/15 (0) 0 
2 0/15 (0) 0 
3 8/15 (53) 4. 7 1-8 
4 10/10 (100) 5.4 2-8 
5 10/10 (100) 3. 2 1-8 
6 9/11(82) 4. 0 1-10 

Number of chicks showing symptoms (numerator) over number of 
chicks examined (denominator). Percent incidence in parentheses. 

2An average of only those showing striations. 

1



Figure 1. Nutritional muscular dystrophy in the chick. The photograph clearly 
shows the white striations characteristic of this syndrome. 
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An interesting phenomenon was noted at six weeks. Appar

ently recovery had occurred in some birds since the incidence had 

decreased to 82 percent. Further evidence of regeneration was noted 

when two birds which showed very definite striations when examined 

through the skin at three weeks were maintained on the basal ration 

until six weeks at which time the striations were no longer visible. 

The surface of the muscle was still indented along the fibers where 

the striations had been. These results are in agreement with 

Calvert, Monroe and Scott (28) who reported maximum production of 

muscular dystrophy at four to five weeks with a regenerative stage at 

about 6-1/2 weeks of age. Histological examination of tissues from 

four week old chicks showing symptoms of muscular dystrophy have 

revealed both degeneration and regeneration apparent in single 

tissues (102). 

Effect of selenium and vitamin E supplements. The results of 

supplementation studies are summarized in Table 9. Complete 

agreement between these results and those of other workers which 

are compiled in Table 10 was not found. 

The most outstanding difference was the failure of one mg 

Se/kg diet to appreciably reduce the dystrophy symptoms. A definite 

synergism between this element and vitamin E was clearly demon

strated although complete prevention was not afforded. The combi

ation of 2. 5 mg/kg d-a -tocopheryl acetate with 1. 0 mg Se/kg 



Table 9, Effect of various treatments on incidence and severity of pectoral muscle striations after five weeks. 

12 22 23 34Exp. Exp. Exp. Exp. Total Ave, 
Ration Inc. 5 Sev, 1 Inc, Sev, Inc, Sev. Inc, Sev. Inc, Sev, 

301-0 10/10 (100) 3,2 10/10 ( 100) 3, 2 

301-Se100 11/11 (100) 4.8 11/13 (85) 5,2 22/24 (92) 5,0 

301-E2,5 10/12 (83) 4.3 10/11 (91) 6,7 12/12 ( 100) 6.2 9/11 (82) 6,3 41/46 (89) 5,9 

301-Se 100, E2, 5 7/13 (54) 4.7 4/13 (31) 4.0 6/11 (55) 2. 8 4/12 (33) 2, 0 21/49 (43) 3.4 

301-E5,0 7/12 (58) 3,0 7/12 (58) 3, 0 

301-Se100, ES, 0 3/11 (27) 3,0 3/11 (27) 3, 0 

301-E10 1/11 (9) 1, 0 1/11 (9) 1. 0 

1
Average of only those birds showing striations. 

2white Vantress x Nichols 108, 

3cobbs x Nichols 108. 

4White Vantress x Cobbs White Rock, 

5
Number of chicks showing symptoms (numerator) over number of chicks examined (denominator). Percent incidence in parentheses, 



Table 10, Comparison of experimental results with those reported by other workers, 

Percent Incidence of Muscular Dystrophy 

Calvert, Calvert, 3 

Nesheim & Nesheim Nesheim Bieri Machlin & 

From Scott Scott
1 

& Scott & Scott .E. al. Shulkop 

Treatment Table 9 ( 152, p. 625) ( 119, p. 613) (30) (30) ( 18) (102) 

Basal Diet 100 80 95 100 90 84 
2, 5 mg E/kg 89 100 100 89 
5 mg E/kg 58 100 56 78 
10 mg E/kg 9 30 0 0 
20 mg E/kg 0 

0, 01 percent d- a -tocopheryl acetate 0 0 
50 I, U, E/lb diet 0 

0, 1 mg Se/kg 95 

0, 1 mg Se/kg + 2, 5 mg E/kg 75 

0, 1 mg Se/kg + 5 mg E/kg 64 

0, 1 mg Se/kg + 10 mg E/kg 0 

1, 0 mg Se/kg 92 47 33 62 44 
1, 0 mg Se/kg + 2, 5 mg E/kg 43 5 0 0 

1, 0 mg Se/kg + 5 mg E/kg 27 0 0 0 
1,4 ppm Seo2 30 
5 mg Se/kg 31 

1Five weeks of age, 

2Experiment 1, 4 weeks of age, 

3Experiment 2, 4 weeks of age, 

"five weeks on experimental diet, six weeks of age. 
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eliminated dystrophy in more than 50 percent of the birds compared 

to birds receiving these factors alone. In addition, the average 

severity of striations in the birds contracting the disease was greatly 

reduced. Addition of one ppm selenium to the basal diet containing 

5. 0 mg/kg E reduced incidence by 30 percent but had no effect on 

severity. Complete protection by these treatments was demonstrated 

by the New York workers. The percent decrease in symptoms found 

here due to supplementation of the basal plus one mg/kg Se with 2. 5 

mg/kg or 5. 0 mg/kg E was approximately the same as that found by 

the other worke:::s. Therefore, the lack of complete protection by 

combined therapy can probably be attributed to the low response to 

selenium treatment alone. 

The failure of selenium to show an appreciable prophylactic 

effect with these chicks may be attributable to the experimental 

procedure. Note should be taken of the high severity rating found at 

five weeks on diets 30l-E2. 5 and 301-SelOO as compared to that on 

the basal at this time. The severity of the lesions after four weeks 

on the basal diet was comparable to those found after five weeks on 

these two supplemented diets. This suggests the possibility of a 

delaying action of these factors on the onset of the degeneration. 

Erwin et al. (68) have reported such an action of selenium on the out

set of a muscular dystrophy produced in lambs fed a coconut oil

Torula yeast diet. 
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While the chickens fed the basal ration were entering the re

generative stage at five weeks, perhaps the supplemented chicks 

were only reaching the peak of severity of the disease. If these treat

ments delayed the symptoms by approximately one week, the inci

dence of striations at four weeks on 301-E2. 5 and 301-SelOO should 

be comparable to that at three weeks for the basal diet. Indeed, the 

incidence found in Experiment 1 at three weeks (Table 8) was similar 

to that reported in several experiments listed in Table 10 when the 

ration contained 1. 0 mg Se/kg. This was not true for the diet con

taining 2. 5 mg E/kg and therefore, if there is a delaying mechanism, 

it must be due to selenium. 

Calvert, Nesheim and Scott's (30) experiments were for four 

weeks. Scott's (152, p. 625) results are the average of three experi

ments, the length of which was not stated. However, Nesheim and 

Scott (119, p. 613) and Bieri et al. (18) ran their experiments for 

five weeks. Bieri fed his chicks commercial starter ration six days 

prior to putting them on the experimental rations. The casein

gelatin ration used differed from 3 01-0 in lard content (one percent 

vs. four percent). These changes would be expected to delay symp

toms. However, the results of Nesheim and Scott with their five 

week experiment are difficult to explain in light of the suggested 

postponement of symptoms by selenium. Possibly there could be a 

difference between breeds. Of course, time studies will be necessary 
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before anything more than speculation can be made on this possible 

effect of selenium on the chick. 

Occurrence of symptoms not associated with muscular 

dystrophy. The general health of the chicks seemed good, but condi

tions other than those associated with muscular dystrophy did occur 

and were sometimes fatal. None of these were present in numbers 

larger than the expected mortality rate of young chicks. 

The most commonly occurring syndrome was perosis which 

occurred in less than one percent of the birds. When the chicks were 

severely crippled by this condition, they were no longer able to eat 

and had to be sacrificed. This type of crippling was caused by a 

slippage of the articular, or joint, cartilage at the lower end of the 

tibia. This causes the main tendons to slip from their condyles (the 

knuckle like ends of bones). These changes usually took place in both 

legs thereby forcing the chicken to walk on its hocks. A similar 

condition is caused by manganese deficiency ( 169, p. 1092-1093 ), but 

such a deficiency was unlikely in this case because of the exceedingly 

low incidence observed. 

A second condition, observed in only one chick, was charac

terized by symptoms not unlike encephalomalacia. However, this 

chick was a member of Group l 0, Experiment 1, which received a 

supplement of ten mg E/kg. The occurrence of encephalomalacia on 

this diet would be exceedingly unlikely. Dam and coworkers 
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(45, p. 183) noted a like condition occurring on an E- supplemented 

ration during their original study of chicken muscular dystrophy. 

Histological studies revealed none of the usual brain lesions associ

ated with encephalomalacia. They called this condition "pseudo

encephalomalacia. 11 

Another condition which was also noted by the Danish workers 

(45, p. 183) was an edema which was characterized by hemorrhagic 

appearance of the breast muscles and moderate collection of fluid. 

A similar disorder occurred in a few chicks during the experiments 

reported here. Muscle striations were noted simultaneously with 

this edema. 

Similarities and differences in etiologies of muscular 

dystrophy in the chick and lamb. Before comparing chick and lamb 

dystrophies it is necessary to differentiate between the experimental 

dystrophy of sheep and the enzootic one {WMD). The former is 

usually produced using an artificial diet containing unsaturated fat 

and the etiology of the dystrophy thus produced appears to differ 

from that of the naturally occurring form {23). The enzootic variety 

is of primary interest in Oregon. There seem to be more nutritional 

similarities between the experimental dystrophy of sheep and the 

dystrophy of the chick than between the latter and WMD. 

Desai et al. {53) have shown a direct relationship between 

linoleic acid content of the ration and incidence and severity of 
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muscle striations in the chick. One percent linoleic acid added to 

the casein-gelatin diet of Calvert, Monroe and Scott (29) (301-0) in 

place of the stripped lard resulted in 100 percent incidence. Omis

sion of added fat or fatty acids resulted in no gross symptoms. The 

addition of four percent lard had an effect equivalent to its content of 

linoleic acid (0. 5 percent) or 88 percent incidence. Addition of oleic 

acid had no effect. If the linoleic acid content of the diet is a con

trolling factor in the production of the dystrophy, the critical amount 

necessary for 100 percent incidence must vary, because the results 

reported here indicate that 100 percent incidence can be obtained on 

the four percent stripped lard ration. 

Unsaturated fatty acids seem essential in production of ex

perimental sheep dystrophy. The fraction of cod liver oil which ap

pears to cause the dystrophy is highly unsaturated (iodine value 270). 

However, the stress does not seem to be specifically attributable to 

linoleic acid because the highly unsaturated fraction of cod liver oil 

has a low linoleic acid content (23 ). When fat is entirely excluded 

from the regimen, pathological changes indicative of dystrophy do 

not occur (2, p. 1586- 1587; 22). Deletion of unsaturated fats de

layed the occurrence of symptoms (105). 

The enzootic disease occurs in animals grazing lush green 

pastures in New Zealand (83) and grazing on irrigated farms in 

Oregon ( 114). This type of dietary is not indicative of a high fatty 
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acid intake. 

The differences in response to vitamin E treatment between 

the three myopathies is primarily quantitative. Fifty milligrams 

daily of a.-tocopherol protected calves from experimental dystrophy 

when fed an aliment of dried skim milk. These calves contracted 

slight dystrophy when given no vitamin E or severe dystrophy when 

given cod liver oil and no vitamin E (20, p. 42; 21, p. 291 ). The 

Oregon workers ( 115) found that neither parenteral nor oral admini

stration of vitamin E to ewes prepartum protected their lambs from 

WMD. Massive drenching of the lambs at birth with vitamin E pre

vented the symptoms (123 ). Nearly complete prevention of chick 

breast muscle striations was obtained during the experiments de

scribed in this chapter by vitamin E supplements as low as ten mg/kg 

diet. 

Scott and Desai ( 153) recently determined that the concentra

tion of total plasma tocopherol is proportional to the prevention of 

chick muscular dystrophy, 900-1025 f.lg tocopherol per 100 ml blood 

being present when dystrophy is prevented completely. A concentra

tion of 0. 081 mg tocopherols per l 00 ml plasma appears to be the 

approximate critical level in the development of the experimental 

disease in lambs (39; 7). No correlation between blood concentra

tion of tocopherols and incidence of natural dystrophy in the absence 

of tocopherol t reatment have been found (23). 
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Selenium seems most effective in treatment of the enzootic 

dystrophy. Ewes given a basal diet of La.dino clover hay and oats 

supplemented with 0. 1 ppm selenium as Na
2
Se03 gave birth to lambs 

which did not develop WMD. Post-natal injection of selenium in 

lambs also prevented the myopathy (123), but it does not prevent 

dystrophy when added to experimental diets containing unsaturated 

fats (97; l 06; 178). As is shown here, a definite synergism exists 

between selenium and vitamin E in treatment of chick dystrophy, but 

the concentration of selenium in the diet necessary to demonstrate 

this effect is ten t imes the amount which prevents lesions in lambs. 

These experiments do not indicate that the basic nutritional 

factors involved in the two myopathies are the same. However, a 

direct comparison is not completely justified since the same basal 

ration is not used to produce the lesions in both species. Indeed, the 

compositions of the two rations are extremely diverse. The pos

sibility also exists that the variations are due to species differences 

in digestion and absorption. Changes in the ingested ration effected 

by the rumen of the lambs must not be overlooked. 

Such variations do not directly involve the diseased tissue 

and, therefore, g i ve no clue to the metabolic lesion responsible for 

the degeneration. For this reason, researches on nutritional myo

pathies must invoke biochemical studies of the muscle itself. 
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5 1 -NUCLEOTIDASE ACTIVITY OF DYSTROPHIC AND 
NON -DYSTROPHIC CHICK PECTORAL MUSCLE 

Introduction 

5'-Nucleotidases are enzymes which specifically cleave phos

phate esterified at carbon 5 of the ribose or deoxyribose portion of the 

nucleotide molecule. Thus the common substrates for these enzymes 

are adenosine-5-monophosphoric acid (AMP) and inosine-5-mono

phosphoric acid (IMP), but the closely related adenosine -3 -mono

phosphoric acid does not serve as a substrate. 5 1 -Nucleotidase was 

first described by Reis ( 132, p. 388-398) in heart muscle. Since, 

it has been demonstrated in a variety of tissues including nervous 

tissue {133; 77, p. 947-959), lungs, testicles, fetal membranes, 

retina, choroid {134; 135), sturgeon eggs (l), lymphocytes {136), 

tumor cells (52; 126; 78) and tissues from some invertebrates (32; 

72). Snake venom (81) and seminal pla.sma (107) are sources of high 

activity. Animals may show a broad or a narrow distribution of 5'

nucleotidase; most rat tissues show at least some activity, while in 

the pigeon it is present only in the lungs. Adenosine-5-nucleotidase 

activity has been reported in the chick-embryo liver (137) but the 

enzyme has not been reported in chick muscle. 

Beckett and Bourne ( 11) showed histochemically that an en

hancement of 5' -nucleotidase activity accompanies connective tis sue 
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infiltration characteristic of human muscular dystrophy. They 

further associated increase in enzyme activity with destruction of 

muscle fibers, regardless of the clinical diagnosis ( 12). Jasmin 

and Bajusz (90) demonstrated a 5' -nucleotidase in dystrophic muscle 

fibers of humans and mice which was not demonstrable in the normal 

muscle fibers of these species. Steward and Beckett (161) found an 

increase in 5 1 -nucleotidase and alkaline phosphatase in the connective 

tissue surrounding the site of mechanical injury in the skeletal muscle 

of the rat. A localized increase in these enzymes was also evident 

after abcess forrnation. A more quantitative biochemical assay by 

Pennington ( 128} verified the increase of activity in human dystrophic 

muscle. Chowdhury et al. (33) found no alteration in 5' -nucleotidase 

in the serum of patients with acute or chronic muscular dystrophy. 

This would indicate that observed increases were not due to infiltra

tion of the enzyme into the damaged tissue from the blood. 

These findings relevant to the hereditary dystrophies of mice 

and men induced the Oregon workers to study the activity of 5' -nucle

otidase in skeletal muscle of lambs afflicted with WMD (141). This 

enzyme was found to be significantly higher in the diseased tissue. 

Indications of aberrant phosphorus metabolism in dystrophic 

chick muscle (28; 29) and the desire to compare chick dystrophy with 

WMD have led to this study on the 5' -nucleotidase activity of chick 

pectoral muscle. The studies were de signed to establish appropriate 
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enzyme assay conditions, and then, using these conditions, to com

pare the 5' -nucleotidase activities of dystrophic and non-dystrophic 

chick breast muscle. 

Materials and Methods 

Tissue preparation and assay. The assay procedure used was 

similar to that used by Schubert et al. (141) for assay of lamb tissues. 

The freshly excised pectoral muscles were chopped into small cubes 

and were minced with a stainless steel tissue press (Harvard Appa

ratus, Dover, J\llas sachusetts). This process removes most of the 

connective tissue. A three gram sample of the resulting muscle 

pulp was weighed into a tared Potter-Elvehjem homogenizer equipped 

with a close-fitting teflon pestle (Thomas Co., size B). The tissue 

was then homogenized with 22 ml water for two minutes at high speed 

with the motor driven pestle. The contents of the homogenizer were 

drained into a graduated cylinder and diluted to 30 ml with water. 

All steps were performed at 0 to 5° C. When more or less tissue 

preparation was desired, the same procedure was followed except 

the final dilution was made to yield a ten percent homogenate (one ml 

:::: 100 mg tis sue equivalent). 

Dialyzed homogenate was prepared by dialyzing the whole 

homogenate overnight against 25 volumes of water which was changed 

once. The contents of the dialysis tube were drained into a graduate, 
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the tubing rinsed, and the dialyzate diluted with water to 20 volumes 

relative to the original sample weight (one ml = 50 mg tissue equiva

lent). 

During some of the initial assays 0. 05 M NaCl-0. 005 M Tris 

buffer was used for tissue preps, dilutions and dialysis medium. 

Double glass-distilled water was used throughout. 

The assay was carried out in 12 ml glass-stoppered centrifuge 

tubes containing 0. 051 M Tris buffer or 0. 25M glycine buffer, 46 

f-Lmoles substrate (if any), and 10- 3 M Mg++ (if any) in a total 

volume of two mL Nonspecific alkaline phosphatase activity of each 

preparation was estimated by p-nitrophenyl phosphate (NPP) hydro

lysis, while AMP hydrolysis was a measure of both non-specific 

phosphatase and 5' -nucleotidase activity. Sigma type III AMP from 

muscle was used during initial studies, but later, type II from yeast 

fermentation was substituted, because the former type was no longer 

available. However, there should not have been much difference 

since both were the crystalline substrate. Estimation of 5 1 -nucleo

tidase activity was made for each homogenate by subtraction. 

Enzyme blanks and reagent blanks were run simultaneously with the 

tubes containing substrate. Enzyme activity was expressed as f-LM 

Pi released per 100 mg tissue equivalent per hour and as f-LM Pi re

leased per mg enzyme nitrogen per hour. 

The tubes containing all brei components except the enzyme 
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were preincubated for ten minutes before innoculation with the homo

genate. After one hour incubation at 38° C, with shaking, the reac

tion was stopped by the addition of two ml, 16 percent trichloroacetic 

acid (TCA). After centrifugation at 2500 rpm for ten minutes, the 

phosphorous content of the protein free supernatant was determined 

by the Fiske-SubbaRow procedure (75, p. 375-389). A two ml ali

quot of the supernatant was pipetted into a ten ml volumetric flask 

and diluted to approximately five ml with water. One ml Moly II 

reagent (300 ml, 10 N H 2S04 and 25 g ammonium molybdate diluted 

to 1000 ml with water) was added. After washing down and swirling 

the color was developed by the addition of 0. 4 ml Fiske-SubbaRow 

reagent ( 0. 5 g l, 2, 4-aminonapthol sulfonic acid, 195 ml, 15 percent 

(w/v) sodium bisulfite and 5 ml, 20 percent (w/v) sodium sulfite) and 

dilution was made to ten ml with water. After 40 minutes, the 

optical densities of the samples were determined with a Coleman 

Universal Spectrophotometer at 650 mfJ- versus a water blank. 

The color of duplicate standards containing l. 6 y Pi per ml 

1n l. 6 percent TCA and of a reagent blank of l. 6 percent TCA was 

developed with the samples. The color blank and standards were 

reread every 12 samples. 

Nitrogen content of the homogenates was determined by the 

macro -Kjeldahl procedure ( 168, p. 151-158). Ten ml aliquots of 

each homogenate were pipetted in duplicate into Kjeldahl flasks. 
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Blanks contained a small piece of filter paper. A heaping teaspoon of 

sodium sulfate, two selenium granules and 30 ml of concentrated 

sulfuric acid were added. The samples were digested until clear 

plus one -half hour. The cooled samples were diluted with 400 ml 

cold tap water and were distilled following the addition of 55 ml of 

50 percent sodium hydroxide, a boiling chip, and several pieces of 

mossy zinc. The sample;:; were distilled into 50 ml saturated boric 

acid until 200 ml of distillate had been collected. The distillate was 

then titrated with 0. 2286 N sulfuric acid against a methyl orange

xylene cyanol FF indicator (85}. 

Calculations. 
1.6 

5.16(e)l. 6 . lO(a) · 4/2(b) · 2/.4(c) · l/3l(d) = 

Where: Ex = Optical density of the s::tmple 

E = Optical density of the standard. s 

Conversion factors: (a) -· y/ l 0 ml color = y/2 ml TCA aliquot 

(b) =- -y/4mlTCA= y/ 2 ml brei aliquot 

(c) ... y/ 2 ml enzyme preparation 

~LM Pi 
..(d) -· f-LM Pi/ l 00 mg tissue 

2 ml enz. prep. equiv. /hour 

(e) = f-LM Pi/100 mg tissue equiv. /hour 
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Establishment of assay procedure. Some fundamental kinetic 

studies were carried out to establish accurate assay conditions for 

routine measurement of 5 1 -nucleotidase activity of chick pectoral 

muscle homogenates. 

Activity-pH curves were determined for the enzyme. Two 

buffer systems were used, 0. 051 M Tris-HCl from pH 7. 5-9.0 and 

0. 25 M glycine- NaOH from pH 8. 7-9. 6. The pH's of the buffers 

were measured during mixing with a Beckman Zeromatic pH-meter, 

and the pH of each buffer solution was checked before using. Enzyme 

activity was estimated at regular intervals over the pH range indi

cated. 

In addition, the effectiveness of the buffer systems were as

certained by measuring the pH of the assay brei immediately after 

enzyme addition and after the one hour incubation. Forty-five ml 

glass stoppered tubes containing a total volume of 12 ml were used 

for these determinations. A five ml aliquot was withdrawn at the 

beginning of the incubation for the initial pH determination. After 

one hour two ml brei were pipetted into two ml 16 percent TCA for 

phosphorus analysis and the remaining mixture was used for the 

final pH reading. 

The effect of divalent metal ions, Mn++ and Mg++, and the 

optimal amount of substrate as well as proportionality between en

zyme activity and amount of tissue were also studied. Mn++ 
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(MnC1 · 4 H 20) and Mg++ (MgC12 · 6 H 20) were each tested in final
2 

concentrations of 1o-2, 1o- 3, and 1o- 4 M. The water solutions of 

the substrates, AMP (4. 00 mg per ml) and NPP (3. 04 mg per ml), 

were added in 0. 1 ml increments from 0. 1 to 0. 6 ml in a total 

volume of two ml. Enzyme concentrations tested ranged from 5 

mg to 25 mg tissue per two ml incubation mixture. These assays 

were run in 0. 25 M glycine buffer, pH 8. 9 using dialyzed muscle 

homogenates prepared with double-distilled water. 

Results and Discussion 

A very low 5' -nucleotidase activity was found in chick pectoral 

muscle. Calculations on the basis of 100 mg tissue gave activities 

comparable to the results of Schubert et al. ( 141) for normal lamb 

tissue. However, when expressed as specific activity (mg N), the 

chick tissue was lower in 5 1 -nucleotidase than the lamb. 

Optimum pH studies indicated that there existed a broad 

region of optimal activity from approximately 8. 6 to 9. 3. Values 

for pH 7. 5 are not shown on the graphs in Figures 2 and 3, but these 

values were very low, 5 1 -nucleotidase activity being a -1.59 and 

AMP/NPP equalling 0. 201 for one determination. 

Examination of the pH-activity curves of several samples in 

Figure 2 reveals an interesting phenomenon. It appears that the 

maximum activity occurred at higher pH when glycine buffer was 
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used. Bodansky and Schwartz (25) have demonstrated an enhance

ment of activity and an increase in the pH optimum for 5 1 -nucleotidase 

purified from bull semen when glycine is added to the assay medium. 

They report that the pH was constant with 0. 08 M Tris buffer within 

~0. 03 unit in a single determination in the range of 9. 3 to 9. 5. 

Graphs illustrating various of their experiments show points above 

pH 10 using the Tris buffer system. Data reported by Paterson and 

Hori (126) show little difference in 5' -nucleotidase activity of the 

particulate fraction of Ehrlich ascites carcinoma cells at pH 9. 0 

when either Tris or glycine buffer is used but nearly a two fold dif

ference, althoug~1 both values are very small, between these two 

systems with the enzyme from a 6-mercaptopurine-resistant subline. 

Glycine buffer was used by Hemple and Hilmoe (84, p. 665-676) to 

establish a pH optimum for bull semen 5 1 -nucleotidase in the zone of 

pH 8. 5, while Bodansky and Schwartz consistently found this zone to 

be from pH 7. 2 to 7. 8 when using Tris buffer. The latter authors 

attribute this discrepancy to the elevation of pH optimum by glycine. 

A question which must be considered in weighing these re

sults is that of the effectiveness of the buffer systems involved. 

Bates and Bower (10, p. 341-356) report the VanSlyke buffer value, 

f3, defined as db/dpH, where ~represents the number of moles of 

strong alkali added to 1 L buffer solution, to be nil at pH 9. 0 for 

Tris buffer. For good pH control a high buffer value is desirable. 
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The effective pH range of a given buffer system is usually regarded 

as two units, extending from one pH unit less than p~h to one pH 

unit greater than pKbh· For Tris, pKbh equals 8. 075 ( 11, p. 341

356) and for glycine is 9. 780 ( 124). In view of the apparently poor 

buffer capacity of Tris above pH 9. 0, the work of Bodansky and 

Schwartz must be considered with some reserve, while the results 

of Paterson and Hori indicate that the glycine system is able to give 

results which are somewhat comparable with those obtained with 

Tris. However, the report of the former workers cannot be com

pletely disregarded, and it was felt that some study of the effect of 

glycine buffer on the assay system should be made before its inclu

sion in the procedure. 

Data from one of several studies of the effectiveness of the 

two buffer systems in question are tabulated in Table 11. A possible 

explanation of the difference in pH optima observed with Tris and 

glycine buffers in these experiments can be proposed on the basis of 

these results. In this determination none of the Tris buffers used 

appeared to maintain the pH at a constant value. Glycine buffer 

likewise was poor at pH 8. 7 but was more effective at the higher pH's 

tested. The leveling off of the Tris curve for chick no. 163 can 

probably be accounted for by the low buffer capacity at pH 9. The 

actual pH was probably closer to pH 8. 7 and thus the activity would 

be similar to that at this pH. However, a like explanation cannot be 



Table 11. Effectiveness of Tris and glycine buffer systems (chick no. 164, dialyzed homogenate). 

pH Before (B) and After (A) One Hour Incubation 
Tris. 8. 3 Tris. 8. 7 Gll::· 8. 7 Tris. 9. 0 Gll::. 9. 0 Gly. 9. 3 Gly_._ 9.6 

Tube B A B A B A B A B A B A B A 

Enzyme bla.nk 8. l 8. 0 8.7 8.4 8. 8 8. 8 8. 9 8. 8 9. 0 9. 0 9. 3 9. 3 9. 6 9. 6 

Enzyme +AMP 8.2 8. 0 8.6 8. 6 8. 7 8. 8 B. 8 8. 8 9. 0 9. 0 9. 3 9. 3 9. 6 9. 6 

Enzyme + NPP 8. 3 8. l 8. 7 8. 7 8. 7 8. 8 8.9 8. 8 9. 0 9. l 9.3 9. 3 9.6 9. 6 
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put forth for t he Tris curve for chick no. 164. 

Differences in temperature coefficients between the two 

systems were also considered. The buffers were mixed at room 

temperature and the incubations were carried out at 38° C and there

fore, if a large difference in temperature coefficient exists, there 

could have been a considerable difference in pH during the actual 

incubation. Bates and Bower ( 10, p. 341-356) report the temperature 

coefficient, dpH/dt, for the Tris system to be 0. 028, while the cor

responding value for glycine is -0. 026, which means that the two 

buffers at the same pH at 25° C would differ by only 0. 03 unit at 

38° C. This d ifference can be disregarded. 

The glycine buffer curves of chicks no. 163 and no. 164 are 

more consistent than the corresponding Tris curves. However, 

chick no. 165 which was run at smaller pH intervals shows two 

optima. The possibility exists that two optima could have been dem

onstrated for the other two chicks. Bodansky and Schwartz (25) 

found a similar phenomenon. when 2-amino-2-methyl-1, 3-propanediol 

was used to buffer a 5 1 -nucleotidase assay system. There was still 

some question concerning the effect of glycine on the chick muscle 

assay, but since reproducible results had been obtained, it was felt 

that this buffer would be satisfactory for the assay in question. 

The final selection of pH 8. 9 as the operating pH for the assay 

was based on a computation of AMP/NPP hydrolysis ratios. Since 
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the determination of 5 1 -nucleotidase is a subtractive method, it is ad

vantageous to minimize the non-specific phosphatase activity or, in 

other words, to maximize AMP /NPP . Figure 3 shows this ratio to be 

maximum in the range of approximately 8. 7 to 9. 0. 

An enhancement of 5 1 -nucleotidase activity was generally ob

served with dialyzed homogenates. Dialysis caused a decrease in 

hydrolysis of NPP while ordinarily increasing that of AMP. Dialysis 

also greatly decreased the phosphorus content of the enzyme blanks 

which was very high in the "fresh" preparations. 

Ahmed and Reis (6) found that Mn++ caused the highest activa

tion of human p lacental and aortic 5 1 -nucleotidase while Mg++ gave 

only a slight activation. Segal and Brenner (154) found no Mg++ ac

tivation of the enzy':me from rat liver microsomes. Magnesium ion 

addition to lamb assay tubes had no appreciable effect on hydrolysis 

due to 5' -nucleotidase activity ( 141 ). 

++ ++Studies of the effect of the divalent cations, Mg and Mn , 

on chick pectoral muscle 5 1 -nucleotidase are represented in Table 12. 

Both additions caused a decrease in 5 1 -nucleotidase at the highest 

concentration tested ( l o- 2 M). This wa.s d u e to a large increase in 

non-specific phosphatase activity. At the lower concentrations Mn++ 

-3appeared to have no influence. A possible enhancement by 10 M 

Mg++ was noted. To further ascertain whether such an activation 

3 ++could be demonstrated, 10- M Mg was added to a second set of 



Table 12. Effect':' of Mg++ and Mn++ on chick pectoral muscle 5 1 -nucleotidase. 

ed 
M Mn++ 

None 10- 2 M lo- 4 M lo- 2 M 10- 3 M 10- 4 M 

AMP hydrolysis 1. 72 2. 77 2.42 l. (2 1. 48 1. 63 1. 53 

NPP hydrolysis 1. 04 3.27 1. 23 0. 92 4.44 1. 08 0.94 

Hydrolysis due to 0. 68 -0. 50 1. 19 0. 70 -2. 96 0. 55 0. 59 
5 1 -nucleotidase activity 

'YI'he results are represented as p.M Pi liberated per 100 mg tissue per hour incubation at 38° Cat 
pH 8. 9 (0. 25 M glycine buffer) for chick no. 167, whole dialyzed homogenate. Similar results 
were obtained with chick no. 168. 
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tubes included in the routine assay of dystrophic and non-dystrophic 

birds (Table 13). Statistical analysis by Student's sample t test (99, 

p. 127-133) in Table 14 shows that a significant enhancement cannot 

be routinely illustrated. Therefore, neither of the ions tested need 

be included in the assay mixtures in future determinations. 

Under the conditions described, the enzyme was saturated 

with respect to AMP, and the hydrolysis of this substrate was pro

portional to the enzyme concentration. These experiments are il

lustrated in Figures 4 and 5. 

A somewhat disconcerting property of this assay is the pos

sibility of obtaining negative 5' -nucleotidase activity. That such 

values are obtained under some conditions of pH, or in the presence 

of certain ions, is evident from the data reported here. 

It is known that both the rate of hydrolysis and the pH optima 

of the same phosphatase preparation differ greatly with different 

phosphate esters (93). The definition of 5'-nucleotidase as the hydrol

ysis of NPP subtracted from that of AMP must be kept in mind. This 

should be considered as a measure of "probable" activity. Since 

alkaline phosphatase hydrolyzes NPP at a faster rate than other phos

phate esters (93) including AMP, the subtraction results in a low esti

mation of 5 1 -nucleotidase. However, the opposite error is made 

using other non- specific phosphatase substrates, such as (3- glycero

phosphate, which are hydrolyzed at a lower rate than AMP. Ahmed 
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Table 13. 5 1 -Nucleotidase activity of pectoral muscle from dystrophic 
and non-dystrophic chicks. 

Diet AMP NPP 5'-Nucleo. (n1+n2 -2) d. f. t* 

p.M P~ /100 mg tissue eq/hr 
without added Mg++ 

301-0 l. 49 0. 92 0.57 20 -2.85 

301-£80 2.08 0. 79 1. 31 

with added Mg++ {1 o-3 M) 

301-0 1. 83 1. 08 0. 77 20 -1. 70 

301-£80 2.32 1. 00 1. 3 5 

f-LM Pi/mg N/hr 
without added Mg++ 

301-0 0.60 0. 37 0.21 20 -2.50 

301-E80 0.76 0.29 0.46 

with added~++ ( 10-3 M) 

301-0 0. 73 0.43 0.32 20 -1. 36 

301-E80 0.84 0. 39 0.47 

~'Student's t-test (99. p. 127-133): The critical regions fort for 20 
degrees of freedom are where t < -2. 086 and t > 2. 086 when the five 
percent level of significance is chosen. 
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Table 14. Statistical analysis of effect of added Mg++ on chick pec
toral muscle 5 1 -nucleotidase activity. 

Diet 

301-0 

301-E80 

301-0 

301-E80 

Yl>:' 

0. 57 

0. 79 

0.21 

0.46 

- (M ++)"·Y2 g ··

f-LM Pi/100 tissue eq/hr 

0. 77 

1. 31 

20 

20 

f-LM P./100 mg tissue eq/hr
1 

0.32 20 

0.47 20 

-1. 33 

-0. 01 

-1. 22 

-0. 01 

>:'From re suits posted in Table 11. 
':'*Student's t-test (99, p. 127-133): The critical regions fort for 20 

degrees of freedom are where t < -2. 086 and t > 2. 086 when the five 
percent level of significance is chosen. 
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and Reis (6) have suggested the use of a specific inhibition such as 

Ni++ inhibition of human 5 1 -nucleotidase as perhaps a superior assay 

method. Such a procedure using only AMP as substrate would avoid 

the difficulties discussed here, and a closer estimation of the actual 

enzyme activity could be made. 

The routine assay of dystrophic and non-dystrophic breast 

muscle tissue utilized the birds from feeding experiment 4 (Table 1). 

These birds were fed the dystrophogenic 301-0 diet and the control 

ration 301-EBO. The first group of 11 chicks showed 100 percent 

incidence of white striations when sacrificed between five and six 

weeks of age. The average severity rating of the lesions was +5 with 

a range from 1-10. None of the 11 control birds showed symptoms. 

The birds fed diet 301-0 weighed an average 449 g, while those of the 

other group averaged 463 g. Pertinent individual sample data and 

assay results are found in Appendix Tables 1 and 2. 

Examination of the data summarized in Table 13 reveals a 

decrease in 5 1 -nucleotidase activity in dystrophic versus non

dystrophic muscle rather than the anticipated increase. On a wet 

tissue basis the difference was statistically significant only without 

theadditionof 10-3M Mg++ to the assay brei. When the specific 

activity of the enzyme was calculated, the decrease was again signi

ficant without but not with added Mg++. 

The difference in protein content of the two types of tis sue 
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should be noted. The dystrophic muscle had an average nitrogen 

content of 2. 49 percent as opposed to 2. 75 percent in the normal tis

sue. In addition, dystrophic chick muscle has been found to contain 

less dry matter than non-dystrophic muscle (29). Analysis in this 

laboratory of breast muscle from chicks fed diet 301-0 and a com

mercial chick ration showed the dry matter of the former groups to 

be 22. 9 percent as compared to 25. 3 percent for the latter group at 

five weeks of age (138). 

Alterations of various muscle protein fractions from animals 

with muscular dystrophy have been widely noted. For example the 

collagen content of nutritionally dystrophic rabbit muscle is in

creased (159) while the myosin and actomyosin content decreases (26). 

Twenty-one day old, vitamin E-deficient rats showed a pronounced 

loss in actomyosin associated with a marked elevation of insoluble 

protein. A similar increase in collagen nitrogen and decrease in 

contractile protein nitrogen accompanies dystrophy of guinea pig 

muscle (14). Such a change in the source of tissue nitrogen causes 

total nitrogen to become a dubious reference base for studies com

paring normal and diseased muscle. Appropriate expression of bio

chemical results is further complicated because of the variation in 

composition found within a single dystrophic muscle. This variation 

is due to areas of degeneration and regeneration, infiltration by in

terstitial connective tissue and fat, and areas of calcification. A 
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single dystrophic muscle may yield samples which may differ by as 

much as 50 percent in their fat content and 20 percent in concentra

tion of collagen (86, p. 204). In general, the increased amount of 

non-muscle cell phase in dystrophic tissue dilutes the relative amount 

of muscle cells and the chemical constituents, including enzymes, 

which they contain. 

The data presented here is reported on the basis of total 

nitrogen, and, therefore, the decrease in 5 1 -nucleotidase observed 

could be attributable to phase change. Many workers m ve adopted 

non-collagen nitrogen as a reference base when studying diseased 

muscle. Nitrogen determination is made of the weak alkali digest 

of the muscle homogenate which gives a closer estimation of the 

actual nitrogen content of the muscle cells free from their supporting 

tissues, collagen and elastin ( 100). 

Weinstock and Lukacs ( 177) found 20 percent less non-collagen 

protein nitrogen (NCPN) in breast muscle of genetically dystrophic 

chicks than in the control. If such a difference does exist in the 

nutritionally dystrophic chick, the decrease in 5 1 -nucleotidase found 

here would fast become insignificant. Even on the basis of total 

nitrogen, only two determinations (without Mg++) resulted in signifi

cant decreases at the five percent significance level. For this reason, 

one can conclude that the 5 1-nucleotidase activity of nutritionally 

dystrophic chick pectoral muscle is not significantly altered from 
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that of normal controls when assayed under the conditions described. 

The data indicate that any differences which might exist are in the 

direction of a decrease in activity, certainly an alteration opposite 

the large enhancement characteristic of dystrophic lamb muscle. 
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CONJECTURE 

The discussion presented in this thesis has indubitably inti

mated confusion. Indeed, apologies must be made if the results 

achieved in the area of vitamin E and nutritional muscular dystrophy 

have not been properly evaluated and presented. However, perhaps 

the reader is best left with the idea that many contradictions have 

arisen during the several decades which have passed since the orig

inal recognition of this vitamin. 

The most active controversy rages between the advocates of 

vitamin E as the biological lipid antioxidant and those seeking a 

specific function for the factor in a metabolic scheme. The latter 

group are perhaps somewhat prejudiced by the fact that most vitamins 

exhibit a specific cofactor role. However, vitamin Eisa vitamin 

only because of a definition and there is nothing inherent in this defini

tion which requires the substance to serve in a designated niche 1n 

the metabolic scheme. In fact, a substance is classified as a 

vitamin because it is required for normal growth and maintenance of 

animal life (38, p. 158). Chance, or perhaps the homogeneity of 

nature, has led to the eventual placement of these non-structural 

substances in definite metabolic reactions following their original 

discoveries. 

The true "vitaminicity1 
' of the tocopherols can be validly 
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questioned on the basis of the report of Bieri et al. (16) that normal 

chicks were raised on a diet devoid in vitamin E. The tissue content 

of the vitamin was reported to have reached a non-detectable level. 

Tocopherol assay methods are open for criticism (172, p. 81), and 

perhaps these results can be attributed to inadequacies in the assay 

procedure. 

Further ramification along these lines by Wagner and Folkers 

(173) suggest an evolutionary relationship between members of the 

vitamin E, vitamin K and coenzyme Q groups because of similarities 

in structure and certain possible common biological activities. Con

sidering primarily diseases of man, these authors wonder whether 

the tocopherols have been showing relatively poor quasi activity 

while substituting for one of the closely related compounds. Such 

speculation has small substantiation at the moment. S~ndergaard, 

Scott and Dam (158) have reported a delaying effect of ubiquinone-50 

(coenzpne o 10) or ubiquinone-30 (Q ) on encephalomalacia but not
6

on muscular dystrophy in the chick. Phytyl-ubichromenol had a 

slight effect on muscular dystrophy though not as great as on enceph

alomalacia. In this case the relationship, if any, would seem to be 

opposite to that suggested for man. 

The proponents of the antioxidant hypothesis have hit upon a 

beautiful catchall scheme. Such a generalized mechanism, based on 

the loosing of innumerable destruction bent chemical species in the 
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cell, can rationalize the diffuse lot of vitamin E deficiency symptoms 

and the biochemical deviations associated with them. 

The workers in this area are plagued by the very generality 

of their hypothesis. The knowledge of autoxidation reactions is 

scant and in biological systems is even more meager. The possible 

reactions and reacting species are multiple and the results are com

plex. Schwarz (146) has pointed out that hydroperoxides might be 

metabolized in a normal manner under physiological conditions. 

Some TBA reacting materials are known to be present in normal 

tissues (166, p. 384; 167) and therefore, the mere presence of such 

cannot be considered to be indicative of an abnormal state. The 

study of antioxidant activities by manometric and polarographic 

techniques (82) may prove to be an improvement over the TBA assay. 

Certainly more specific methods must be found for the detection and 

identification of lipid peroxidation products in the biological system. 

The concept of the lysosome is also very vague (51, p. 128

159) and neither the characteristics of the particles nor of the hy

drolases which they contain are clearly defined (54, p. 277-294; 140). 

The release of the lysosomal enzymes following the lysing of the 

particle membrane and their resultant hydrolysis of cellular con

stituents again beautifully accounts for the breakdown of structural 

units, i.e. increased turnover of nucleic acids due to increased acid 

ribonuclease and acid deoxyribonuclease activity ( 166, p. 3 78). This 
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enzymatic hydrolysis would be magnified further by breakdown of 

lysosomes from infiltrating "round cells" (45, p. 182-184), phago

cytes and lymphocytes, which are good sources of these particles 

(53). However, no direct evidence has been presented which shows 

that the lysing of the lysosomal membrane, which causes the increase 

of these hydrolases in the dystrophic tissue, is due to peroxidative 

damage. 

The multiple reports of increased or decreased concentrations 

of chemical constituents or of alterations of activities of various en

zymes have not led to a clear picture of the metabolic derangement 

responsible for muscle degeneration in vitamin E deficiency. The 

concept of the biochemical lesion forwarded by Schwarz ( 145, p. 509) 

involves a process of "transmaterialization" in which an initial defect 

at the molecular level eventually results in macroscopic degeneration 

of the cell, of tissue, or the organism as a whole. With this concept 

in mind, one could expect a single tis sue such as muscle to react 

grossly in the same manner to a number of diverse injuries at the 

molecular level. If these experimental myopathies are precipitated 

by a single biological aberration, the task of sorting out the initial 

abnormality from the mass of resultant abnormalities will be diffi

cult. 

The existence of an initial lesion in vitamin E deficiency di

seases infers a specific metabolic role, and an initial lesion of the 
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metabolic system involved. If this role is common to all species, a 

single aberration common to all the species affected by the deficiency 

should be found, and those many other metabolic abnormalities, de

tected in some but not other species, are a result of secondary de

rangements. Included in these could be actual metabolic impairment, 

and alteration due to macrophage infiltration, phase changes or in

creased membrane permeability. 

In a general sense the concept of the biochemical lesion could 

include the precipitation of muscular dystrophy by lipid peroxidation. 

The initial lesion can be considered as the reaction of the first free 

radical intermediate which would start the chain of reactions leading 

to the visible degeneration. However, such a mechanism would not 

involve a single molecular species nor a single metabolic system. 

This thesis has presented evidence that vitamin E is more 

effective in the prevention of nutritional muscular dystrophy in the 

chick than in the prevention of WMD in the lamb, while the reverse is 

true for the effect of selenium treatment on the two myopathies. 

The second criteria of comparison, 5' -nucleotidase activity, 

also indicates differences between the two diseases. While a signifi

cant increase in activity has been found in dystrophic lamb muscle 

(141), no definite alteration was evident in the dystrophic chick pec

toral muscle. An analogous situation was found by Golarz and Bourne 

(80) when they studied the 5 1 -nucleotidase activity of genetically 
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dystrophic mice. Histochemically they found little or no reaction in 

the proliferating connective tissue as found in the human disease 

and the reactions were generally confined to the capillaries, as were 

those of the controls. 

The results presented here do not lend support to the concep

tion that the two nutritional myopathies are the same or similar di

seases. However, a definite conclusion must await further compari

son and an elucidation of the problems discussed above. Szent-Gyorgi 

{163) recently summarized a similar situation very aptly when refer

ring to another muscular disorder , myasthenia, as a 11 'degenerative 

disease, 1 the word 'degenerative' meaning simply that we do not 

understand it. 11 
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APPENDIX 



Appendix Table 1, Assay of dystrophic chick pectoral muscle (five to six weeks of age, fed 301-0). 

without Mst+ 

H~drol~sis ! I:!:M Pj Lhr} 
with Mg++ po-3 M) 

No. 
Wt. 
(g) 

Incidence 
Rating 
( 1-10) 

Percent 

N* 

AMP 
(100 mg 

tissue) 

NPP 
(100 mg 

tissue) 

5' -nucleo, 
(100 mg 

tissue) (mgN) 

AMP 
(100 mg 

tissue) 

NPP 
(100 mg 

tissue) 

51-nucleo. 
(100 mg 

tissue) (mg N) 

175 524 + 6 2.20 1,50 0,82 0.68 0.11 1.80 1. OS 0,75 0.34 

176 449 +10 2. 16 1, 01 0,75 0.26 0,12 1,27 0,88 0,39 0,18 

177 471 + 9 2. 21 1, 42 0.71 0,71 o. 32 1, 63 0,94 0.69 0.31 

182 345 + 5 2.62 1, 71 1. 21 o.so 0.19 1,98 1, 44 0.54 o. 21 

183 551 + 3 2.93 1. 29 1.40 -0. 11+ -o.or 1. 57 1, 70 -0. 13+ -0. Q4+ 

184 369 + 3 2. 82 1. 74 0.84 0.90 0.32 2,05 1. 01 1, 04 0.37 

185 239 + 1 2. 16 1, 97 1,86 o. 11 o.os 2. 52 1, 09 1.43 0.67 

190 479 + 1 2.85 1, 57 0.80 0.77 0.27 1,99 0,91 1, 08 0.38 

191 506 + 7 2.46 1, so 0.66 0,84 0,34 2. 02 1, 20 0.82 0.33 

192 639 + 4 2. 85 1, 29 0.67 0.62 o. 21 1.48 0,93 o.ss 0. 19 

193 369 + 7 2.09 1, 35 0.45 0,90 0,43 1,87 0,73 1.14 0.54 

Average 449 + 5 2.49 1. 49 0.92 0,57 0,21 1.83 1, 08 0.77 

f~n<~Dt !:m~ Protein* Percent Nitrogen= +Negative activites averaged as zero,
6.25 

...0 
-.1 

0.32 



Appendix Table 2. Assay of non-dystrophic chick pectoral muscle (five to six weeks of age, fed 301-£80). 

No. 

Wt. 

(g) 

Incidence 

Rating 
( 1-10) 

Percent 

N* 

AM.l'_ 
(100 mg 

tissue) 

Hydrolysis ( b!= M Pj!hrl 
without Mg++ 

NPP 5'-nucleo. AMP 

(100 mg ( 100 mg (100 mg 

tissue) tissue) (mg ~) tissue) 

with Mg++ po-3 ML 

NPP 5' -!_~cleo. 

( 100 mg ( 100 mg 

tissue) tissue) (mg N) 

178 493 0 2.32 1. 00 0,73 o. 27 0.12 1. 32 1. 13 0.19 0.08 

179 430 0 2.58 2.54 0.96 1. 58 0.61 2.82 1. 15 1. 67 0.64 

180 .398 0 2.48 1. 62 0.66 0.96 0.38 2.02 0.91 1.11 0.44 

181 456 0 2.41 2. 13 1. 29 o. 84 0.34 2.58 1. 07 1. 51 0.44 

186 462 0 2. 73 1. 19 1. 01 0. 18 0.07 1. 31 1. 14 o. 1"l 0.06 

187 263 0 2.i32 2.95 0.66 2.46 0.82 3. OS o. 86 2. 19 0.78 

188 250 0 2.86 2. 85 0.51 2.34 0.82 2.71 0.69 2.02 0.71 

189 482 0 3.08 2.48 0.98 1. so 0,49 3,14 1. 26 1. 88 o. 61 

194 526 0 3, 00 2. 20 0,64 1. 56 0.52 2.56 0.89 1.67 0.55 

195 589 0 2.94 0.58 0.46 o. 12 0.04 0.56 0. 91 -0. 35+ -0. 1z+ 

Average 463 0 2. 75 2. 08 0,79 1. 31 0.46 2.32 1. 00 1. 35 0.47 

Percent Crude Protein 
*Percent Nitrogen = +Negative activities averaged as zero.6,25 
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