
AN ABSTRACT OF THE THESIS OF

Herschel Walden Pendell
(Name)

in Nutrition
(Major)

for the M. S.

presented on

(Degree)

(Date)

Title: CARDIAC CALCIFICATION AND LIPID CHANGES IN THE

COTTON RAT (Sigmodon hispidus texianus)

Abstract approved:
Redacted for privacy

Paul H. Wes Wig

The purpose of this thesis was (1) to determine a dietary regimen

which would produce the greatest incidence of cardiac calcification in

the cotton rat and (2) to determine the fatty acid composition of heart

tissue.

Maximum incidence of cardiac calcification occurred from

feeding torula yeast ration supplemented with 0, 5 sulfate as either

the sodium or potassium salt. Calcium and magnesium sulfate salts

had aprotective effect. Both 0. 25 and 1. 0% sulfate (potassium salt)

increased the incidence somewhat. Neither selenium (0. 1 ppm) nor

vitamin E (60 mg/kg) gave complete protection to the cotton rat from

the sulfate effect. Linolenic acid deficiency enhanced the condition

which was partially protected by linolenic acid supplementation. Sul-

fate nullified the effects of linolenic acid. Neither inositol (0. 1%) no

methionine (0. 5%) had any marked effect on the myopathy.



There was no significant difference in the lipid composition

between normal and calcified cardiac tissue. Changes in the fatty

acid composition were found as a function of the feeding regimen and

were independent of the myopathy. Supplemented sulfate reduced the

level of 18:1 and the di-valent sulfate salts markedly increased the

level of 18:0 more than did the mono-valent salts as compared to the

basal regimen. Other dietary regimens did not markedly alter the

fatty acid composition of the cardiac tissue.



Cardiac Calcification and Lipid.
Changes in the Cotton Rat

(Sigmodon hisPidus texianus)

by

Herschel Walden Pendell

A THESIS

submitted to

Oregon State University

in partial fulfillment of
the requirements for the

degree of

Master of Science

June 1970



APPROVED:

Redacted for privacy

Professor of Animal Science
in charge of Major

Redacted for privacy

Head r Department of A al Science

Redacted for privacy
Director of Nutrition Research Institute

Redacted for privacy

Dean of Graduate School

Date thesis is presented /.-``-4'
Typed by Cheryl E, Curb for Herschel Walden Pendell



ACKNOWLEDGEMENTS

The author wishes to thank his major professor, Dr. Paul H.

Weswig, for his assistance and guidance during this research.

Thanks are also due to Sheila Roffler for introducing the author to

this research. The valuable discussions with Drs. Muth, Tinsley,

and Whanger, and Mr. Lowry are also appreciated. A special

thanks is due to my wife, Judy, for her patience and understanding.



TABLE OF CONTENTS

Page

INTRODUCTION 1

Influence of Selenium and Vitamin E 2

Influence of Sulfur 5

Alterations in Lipid Composition 6
Influence of Inositol 11

PRODUCTION OF CARDIAC CALCIFICATION IN THE 13
COTTON RAT

Methods and Materials 13
Experimental Rations 15
Results and Discussion 18

Growth and Survival 18
Effects of Sulfur 20
Effect of Linolenic Acid 21
Effect of Selenium and Vitamin E 22
Effect of Inositol 24

Summary 24

FATTY ACID COMPOSITION OF COTTON RAT 26
CARDIAC TISSUE

Materials and Methods 26
Results and Discussion 29

Total Fatty Acid Composition 29
Composition of Fatty Acid Classes 29
Influence of Sulfate Levels 37
Influence of Cations 40
Influence of Linolenic Acid 40
Influence of Selenium and Vitamin E 43
Influence of Inositol and Methionine 44

Summary 46

CONJECTURE 48

BIBLIOGRAPHY 49

APPENDIX 5 5



LIST OF TABLES

Table Page

1 Low Vitamin E diet for nursing females. 14

2 Rating of cardiac calcification severity. 15

3 Modified Schwarz Factor 3 assay ration. 16

4 Experimental rations fed and numbers, calcification 17
and mortality of cotton rats.

5 Growth data for cotton rats on various dietary 19
regimens.

6 Fatty acid levels in normal and calcified cotton rat 30
heart tissue.

7 Changes in fatty acid classes associated with 31

heart calcification.

8 Relative percent of fatty acids within the 35
endogenous class.

9 Relative percentage of fatty acid within the 35
W6 class.

10 Relative percentage of fatty acids within the 36
(03 class.

11 Fatty acids of cotton rat heart tissue from rats 38
fed the basal or the commercial chow.

12 The effect of level of sulfate supplement (potassium 39
salt) on fatty acid levels in the cotton rat heart.

13 Effect of various cations as a 0. 5% SO4 addendum 41
on fatty acid levels in the cotton rat heart.

14 Effect of linolenic acid (18:3) and sulfate (0. 5%, 42
K) on fatty acid levels in the cotton rat heart.



LIST OF TABLES (Cont. )

Table Page

15 Effect of vitamin E and selenium on the fatty acid 44
levels in the cotton rat heart.

16 Influence of inositol and methionine on fatty acid 45
levels in the cotton rat heart.



LIST OF APPENDIX TABLES

Table Page

1 Relative percentage of fatty acids in cotton rat
heart tissue on different feeding regimens.

55

2 Table of differences for fatty acid 12:0. 56

3 Table of differences for fatty acid 14:0. 57

4 Table of differences for fatty acid 15:0. 58

5 Table of differences for fatty acid 16:0. 59

6 Table of differences for fatty acid 16:1. 60

7 Table of differences for fatty acid 16:2. 61

8 Table of differences for fatty acid 16:3. 62

9 Table of differences for fatty acid 18:0. 63

10 Table of differences for fatty acid 18:1. 64

11 Table of differences for fatty acid 18:2. 65

12 Table of differences for fatty acid 18:3. 66

13 Table of differences for fatty acid 20;4. 67

14 Table of differences for fatty acid 22:4. 68

15 Table of differences for fatty acid 22:5. 69

16 Table of differences for fatty acid 22:6. 70



LIST OF FIGURES

Figure

1 Sequence of fatty acid synthesis in the oleic acid,
w9 (endogenous), series.

2 Sequence of fatty acid synthesis in the linoleic
acid, o) 6, series.

3 Sequence of fatty acid synthesis in the linolenic
acid,w 3, series.

Page

32

33

34



CARDIAC CALCIFICATION AND LIPID CHANGES IN THE
COTTON RAT (SIGMODON HISPIDUS TEXIANUS)

INTRODUCTION

The cotton rat (Sigmodon hispidus texianus) is a hypersensitive

laboratory animal that has not been used extensively. Constant and

Phillips (5, 6) were the first to describe a calcinosis syndrome in

the cotton rat. The syndrome resulted from feeding magnesium de-

ficient diets. Bone, Roffler, and Weswig (4) reported a similar syn-

drome in the cotton rat from feeding rations based on torula yeast,

which was deficient in vitamin E and selenium. This ration was a

modification of Schwarz's Factor 3 assay ration (43) for activity of

selenium compounds in preventing liver necrosis in the white rat.

Calcinosis has been reported in other species (12, 16, 21, 53)

but with the exception of guinea pigs, sheep, and cattle, the nutri-

tional aspects usually involved complicated regimens and surgery.

Harris and Wulzen (11) have produced calcinosis in guinea pigs by

feeding diets deficient in an "anti-stiffness" factor. A similar con-

dition has been produced both experimentally and naturally in cattle

and sheep as part of the "White Muscle Disease" (WMD) (55) syn-

drome which appears to be the result of either vitamin E or selenium

deficient diets (28, 29).
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Calcification may be the terminal effect of several types of

necrotic or disease processes, or can be the result of hyperpara-

thyrodism, hypervitaminosis D, hyposelenesia, and hypomagnesemia.

Calcification per se is ordinarily harmless unless it interferes with

some vital function (49).

Influence of Selenium and Vitamin E

Livestock

Muth et al. (28) were the first workers to recognize that WMD

in sheep was the result of feeding natural regimens deficient in se-

lenium. The myopathy could be prevented by addition of 0.1 ppm

selenium (as selenite) to the ration.

The symptoms of WMD (27) are dyspnea and general weakness.

Autopsy reveals lesions of the skeletal and cardiac muscle, which

vary from a slightly lightened to a markedly bleached appearance.

Under microscopic examination the calcification of the muscle shows

up as rows of granules, sometimes filling up the sarcolemma. Car-

diac lesions frequently appear as complete loss of sarcoplasm, with

only the connective tissue remaining.

A very similar myopathy was produced by Hogue (17) in lambs

by feeding a ration of hay and raw cull kidney beans. This myopathy

was markedly reduced by the addition of either 1 ppm selenium (as
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selenite) or 100 IU of vitamin E per ewe per day to the ration.

This myopathy differs from WMD in that it is prevented by vita-

min E whereas WMD is not. Also, the feeding regimens of Muth

et al. are extremely low in selenium (0. 01 ppm) and adequate in vita-

min E (28).

Hartley and Grant (13) have reported similar observations in

New Zealand sheep. They reported that the myopathy was prevented

by selenium and partially by large doses of tocopherol. Their myo-

pathy is associated with sterility and "ill thr if t" ( reduced growth).

Finnish workers (31) have described a myopathy known as nu-

tritional muscular degeneration (NMD) that is prevented by selenium,

but not vitamin E. Their feeding regimen was based on feeding rain-

damaged hay or induced NMD by oral feeding of fish liver oil. They

concluded that the "enzootic" occurrence of NMD was due to a seleni-

um deficiency in the forage, but they also implicated the levels of

polyene fatty acids (linolenic acid) in the forage.

The same myopathy also occurs in calves. As in the case of

WMD, it can be prevented by the supplementation of selenium to the

diet and partially protected by vitamin E.

Laboratory Animals

Selenium deficiency in laboratory animals manifests itself

many ways (44). When rats are fed a torula yeast ration which is
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deficient in both selenium and vitamin E, there is necrosis of the

liver, kidney and heart, calcification of muscles, lung hemorrhage,

and pancreatic atrophy. The spectrum of symptoms for the mouse

is the same as the rat. The rabbit exhibits only liver necrosis and

lung hemorrhages, whereas the mink develops heart necrosis and

muscular dystrophy. Trout exhibit liver necrosis as the only symp-

tom.

All of the above conditions can be prevented by the addition of

selenium or Factor 3 (an unknown selenium compound [ s]) to the ex-

perimental diet.

The disease syndromes associated with vitamin E deficiency in

chicks and turkey poults are encephalomalacia, exudative diathesis,

muscular dystrophy, gizzard erosion and hock and adipose tissue

disorders (41). The first three uncomplicated disease syndromes

can be produced under proper experimental conditions by the addition

of certain dietary stress factors to a vitamin E deficient diet. The

disease syndromes produced by vitamin E deficient diets that are

responsive to selenium treatment in chicks and poults are exudative

diathesis and to some extent muscular dystrophy.
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Influence of Sulfur

Because of the chemical similarity of selenium and sulfur, it

would be expected that a biological interaction between these two

elements would exist. Muth et al. (29) and Hintz and Hogue (15)

reported that the addition of sulfur as Na2SO4 to the diet of ewes on

low selenium regimens, decreased the effectiveness of dietary sele-

nium as Na2Se03 in preventing WMD. Schubert et al. (42) observed

an increase in the incidence of WMD in sheep grazed on alfalfa after

the fields had been treated with gypsum. Whanger et al. (54) reported

that the supplementation of 1% K2SO4 (0. 55% SO4) to feeding regimens

of alfalfa hay increased the number of lambs with degenerative lesions

of the heart. Neither methionine (0. 5%) nor sulfate increased the

incidence of WMD, as measured by lesions of the semitendinosis

muscle.

Ganther and Baumann (8) found that sulfate supplementation

(1% sodium sulfate or 0, 5% sodium sulfate + 0. 5% potassium sulfate)

significantly improved growth (p<0. 05) in rats receiving 5 ppm sele-

nium as sodium selenite.

Muscular dystrophy in vitamin E deficient chicks was not pre-

vented by methylene blue or a variety of other antioxidants, but was

prevented by giving vitamin E or by adding 0. 5% cystine to the diet

(7). In 1956, Machlin and Shalkop (24) showed that muscular dystro-

phy in chicks fed a casein diet deficient in vitamin E and low in
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cystine could be prevented by supplementing the diet with vitamin E

or with either cystine or methionine. Scott and Calvert (47) found

that cystine appeared to be required specifically for the prevention

of muscular dystrophy in the vitamin E deficient chicks. Scott (48)

later showed that methionine at borderline levels for prevention of

nutritional muscular dystrophy, can be rendered ineffective by addi-

tion of choline, betaine, or creatine to the diet. They supposedly act

to prevent demethylation of methionine, a necessary step in the con-

version of methionine to cysteine. The borderline ineffective levels

of methionine were made effective by addition of guanidoacetic acid,

a methyl acceptor, thereby encouraging the conversion of methionine

to cysteine.

Alterations in Lipid Composition

Polyunsaturated fatty acids (PUFA) are necessary for the de-

velopment of most vitamin E deficient symptoms. Where they are

not absolutely necessary, PUFA almost invariably will exaggerate

the requirement (25).

The addition of 0. 33 ppm selenium to a vitamin E-selenium

deficient chick ration did not significantly alter the plasma or liver

fatty acid levels. However, the addition of vitamin E (0. 01% dl

a-tocopheryl acetate) significantly increased the plasma arachidonic

acid and decreased 5, 8, 11 eicosatrienoic acid (20:3, 0)9). The
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same significant changes also occurred in the liver fatty acids (1).

Jenkins and Ewen (19) reported that the addition of 4% cod liver

oil (high in PUFA) to a dystrophogenic chick diet markedly inhibited

the protectiveness of selenium and the sulfur amino acids against the

development of nutritional muscular dystrophy. They concluded that

the myopathy promoting effect was due to the eicosapentaenoic (20:5)

and docosahexaenoic (22:6) fatty acids of the cod liver oil.

A series of reports by Witting et al. (56, 57, 58, 59) discusses

the tissue lipid composition change in albino rats fed vitamin E-sele-

nium deficient casein rations. Feeding of the antioxidant deficient

ration with a source of both linoleate (18:2, ui 6) and linolenate (18:3,

0)3) showed a progressive net increase in arachidonate (20:4, u.) 6) and

a progressive net decrease in all other PUFA in the gastrocnemius

and quadriceps muscles. Associated with this were the concomitant

accumulation of fluorescent pigment of the lipo-fuscin or ceroid type.

The rates of decrease in the PUFA and the accumulation of the fluor-

escent pigment were correlated with the rate of production of creati-

nuria.

The liver showed a progressive net increase in eicosapentae-

noate (22:5, co 6), an increase in arachidonate (20:4, w6) and also the

accumulation of fluorescent pigments. There was an increase in the

incorporation of acetate-14C into the tetraenoic and penta plus hexae-

noic acid fraction, indicating the disappearance of PUFA was
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partially countered by increased synthesis.

A direct relationship between the essential fatty acids (EFA)

content of the testes and the rate of testicular degeneration was found,

but no effects of biologically available selenium and sulfur amino acids

were evident. The same effects of antioxidant-deficiency were noted

in the testes as in the liver and muscles.

Witting (59) concluded that the changes in the phospholipids of

antioxidant-deficient rats represents the balance to two opposing for-

ces. To compensate for (a) the preferential peroxidative destruction

of the most highly polyunsaturated fatty acids in the tissues there

occurs (b) an increase in the conversion of available precursors to

the higher polyunsaturated fatty acids. The onset of creatinuria

occurred after the "peroxidative disappearance" of approximately

125 p.g of phospholipid polyunsaturated fatty acid per gram wet weight

of tissue or 2% of the total muscle phospholipid fatty acids.

McCoy and We swig (26) recently reported that rats fed a necro-

genic diet of torula yeast with sufficient vitamin E had a lower per-

centage of polyunsaturated fatty acids (9. 8%) in the hairless rats as

compared to the selenium supplemented rats (19. 8%, p<0. 05). The

differences in levels of polyunsaturated fatty acids were found in the

levels of 18:3, 20:2, 20:5 and 22:4 fatty acids in particular.

Henrich and Mattil (14) found that the total and free cholesterol

in muscles was significantly increased in dystrophic (vitamin E-
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deficient) rats, but the proportions were not greatly altered. Total

lipids gradually increased as the dystrophy progressed. In brain

tissue there was a marked increase in cholesterol, especially the

free, such that the proportion of cholesterol esters was insignificant.

Bird and Szabo (2) found that there was a significant decrease in

tocopherol and ubiquinone and a significant increase in peroxidation

in heart, liver, masseter, and gastrocnemius from guinea pigs fed a

vitamin E deficient diet.

Poukka (37) also found similar trends in calves suffering from

nutritional muscular dystrophy (NMD). In calves there was no signi-

ficant decrease in ubiquinone-10 with the myopathy, but both a-toco-

pherol and ubiquinone levels in heart, skeletal muscle and liver in-

creased significantly with age. In an earlier paper Poukka (36) re-

ported that in young calves with NMD the content of linoleic acid

(18:2, w6) was higher and that the levels of monounsaturated fatty

acids were lower in corresponding tissues of healthy animals. In

both young and older calves, the level of arachidonic acid was higher

in the degenerated areas of skeletal muscles. There was no signifi-

cant difference in the lipid classes, e. g. , triglycerides, nor in the

percent of extracted lipids between normal and diseased animals.

The analysis of the phospholipids showed that there was a decrease

in the levels of 16:1 and 16:0 aldehyde in dystrophic animals. There

was also a decrease of 18:1 (p<0. 01) in the triglyceride fraction.
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In a later paper Poukka (38) found that there was no significant

changes in the types of phospholipids in heart tissue with the disease,

but there was a decrease of 16:1 (p<0. 01), 18:1 (p<0. 01) and an in-

crease of 18:2 (p<0. 01) in the phosphatidyl choline fraction. The same

significant changes also occurred in the skeletal muscle phosphatidyl

choline. In the phosphatidyl ethanolamine fraction the levels of 16:1

(p<0. 001) and 18:1 (p<0. 05) decreased and the levels of 18:0 (p<0. 01)

and 18:2 (p<0. 01) increased in dystrophic animals. Skeletal muscle

changes were the same for 18:0, 18:1 and 18:2. The level of 20:4

(p<0. 05) of skeletal muscle phosphatidyl ethanolamine also increased

in diseased animals.

Pendell et al. (33) have reported tissue lipid changes in WMD.

Their myopathy in sheep is selenium responsive, whereas the myo-

pathy of Poukka is both selenium and vitamin E responsive (31). They

(33) found an increased level of 18:1 (p<0. 05) and a decreased level

of 20:4 (p<0. 01) in WMD heart tissue. Skeletal muscle (semitendino-

'sus) also showed a decreased level of 18:2 (p<0. 05), but there was no

significant change in the level of 20:4. In the 6)3 class, the heart

fatty acid distribution suggested that selenium may be involved in the

synthesis of the higher molecular weight members of the class.

Their (33) analysis of liver and kidney fatty acids showed that

they were not indicative of WMD. Poukka (36) found significant

changes in the liver fatty acids. He also found significant interaction
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between the heart and skeletal muscle fatty acids which Pendell et al.

(33) did not find.

Takagi et al. (51) found similar changes in the phospholipids in

human progressive muscular dystrophy as had been found in WMD

sheep.

Kanze and Olthoff (20) reported that all plasmalogens, phos-

phatidyl choline, phosphatidyl ethanolamine and phosphatidyl inositol

were reduced and sphingomyelins were increased in progressive

muscular dystrophy of skeletal muscle (pectoralis major).

Influence of Inositol

Schweigert (45, 46) has reported that inositol is a nutritive

requirement for the cotton rat. Roffler (40) noted that there was no

growth response in the OSU colony by the supplementation of 0. 1%

inositol to a torula yeast ration. From an analysis of her data, it

can be concluded that inositol has a slight protective effect against

induced cardiac calcification.

Ralston (39) has reported that inositol has limited lipogenic

activity in beef cattle on a high concentrate finishing ration.

From these reports, it would appear that there are several fac-

tors associated with muscular dystrophy, in particular are the inter-

relationship between calcification, lipids, selenium, sulfur, inositol

and vitamin E.
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The calcification syndrome in livestock occurs first (4) with a

deposition of calcium with subsequent tissue degeneration and calcium
reabsorption. The syndrome in the cotton rat is manifested first by

tissue degeneration with a subsequent deposition of calcium (4, 10).
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PRODUCTION OF CARDIAC CALCIFICATION IN THE COTTON RAT

Materials and Methods

The nutritional experiments were designed to determine the ex-

perimental factors which produce the greatest incidence and severity

of calcinosis.

Wean ling cotton rats (Sigmodon hispidus texianus) were obtained

from the OSU cotton rat colony. All experimental animals were

housed in individual metal cages with food and distilled water pro-

vided ad libitum. The room temperature was thermostatic controlled

between 23-26°C with a relative humidity of approximately 50%.

Lighting was on a 12-hour cycle.

The female and her litter were fed a low Vitamin E preweaning

ration (1, Table 1) at birth of young. At 21 days of age, the young were

weaned and randomly distributed among experimental groups by sex

and litter. All animals were weighed initially and weekly until sac-

rifice.

At the termination of the experiment (eight weeks), the cotton

rats were sacrificed by CO2 inhalation, opened by midline ventral

incision and examined grossly. The heart was removed and sectioned

through the intra-ventricular septa. One portion was frozen at -4°C

for later analysis. The second portion was fixed in 10% buffered

neutral formalin, sectioned at six microns and stained routinely with
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Table 1. Low Vitamin E diet for nursing females.
Constituent grams/kg.

Ground polished rice

Sucrose

Torula yeast'

Skim milk powder

"Solka-floc" purified cellulose2

HMW Salt mix

Gelatin

Liver residue

Stripped lard3

Cod liver oil

Cho line Cl. (1g/10 ml 95% ethanol)

250

200

290

95

50

25

20

5

62

2

1

1 Type BSA, Lake States Yeast, Rhinelander, Wisconsin

2 BW 100, Brown & Co. New York, New York

3 Distillation Products Industries, Rochester, New York
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Harris hematoxylin-eosin. Severity of cardiace calcification was

based on the number of foci found (Table 2).

Table 2. Rating of cardiac calcification severity.
Calcification Index Number of Foci

0 0

1 1--3

2 4-10

3 11-30

4 31-100

5 > 100

Experimental Rations

The basal ration used in these studies was patterned after

Schwarz's Factor 3 assay ration (4, 43, Table 3). Selenium supple-

ments were added as sodium selenite (Amend Drug and Chemical Co. ,

New York) in an ethanol solution to enhance a homogenous distribu-

tion. Vitamin E was added as d-a-tocopheryl acetate (Nutritional

Biochemicals Corp. , Cleveland) in ethanol solution. Sulfate salts

were added as the reagent grade salts as specified in Table 4. Ra-

tions were usually prepared in eight kilogram batches using a large

Hobart mixer. The vitamin mix was compounded in one kilogram

batches with the aid of a wire sieve. The diets were stored at -4°C

in polyethylene containers.
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Table 3. Modified Schwarz Factor 3 assay ration (4, 43).
Constituent grams/kg.

Torula yeast' 300

HMW Salt mix 50

Sucrose 515

"Solka-floc" purified cellulose2 75

Stripped lard3 50

Vitamin mix 10

Vitamin A acetate (2 mg/ml 95% ethanol) 10 mg

Vitamin D4 100 [ig

Vitamin Mix

Thiamin--40 mg, Riboflavin-25 mg, Pyridoxine - -20 mg, D-Ca

Pantothenate-200 mg, Menadione--10 mg, Folic Acid-20 mg,

Biotin-10 mg, . 1% Vitamin B12 (mannitol trituration)-1 g, Niacin- -

1 g, Clio line C1-10 g, and Lactose to make a total of 100 g of mix.

Type BSA, Lake State Yeast, Rhinelander, Wisconsin

2 BW 100, Brown & Co. , New York, New York

3 Distillation Products Industries, Rochester, New York

4 Drisdol Winthrop Laboratories, New York, New York



Table 4. Experimental rations fed and numbers, calcification and mortality of cotton rats.
Group Ration Animals Calcification' Deaths2

started
(No. ) (%) (No. )

1 Basal + 0. 5% SO4 (Na) 35 89. 5 30

a Basal + 0. 5% SO4 .(K) 35 88. 2 30

3 Basal + 1. 0% SO4 (K) 22 33.3 15

4 Basal + 0.2.5% SO4 (K) 20 73. 3 9

5 Basal + 0. 5% SO4 (Ca) 10 33. 3 5

6 Basal + 0. 5% Met 10 60. 0 7

7 Basal + 0. 5% SO4 (Mg) 10 14.3 4

8 Basal + Linolenic Acid (18:3, (,) 3) 10 33. 3 3

9 Basal 49 50.0 11

10 Basal - Linolenic Acid (18:3, (.,)3) 10 70.0 7

11 Basal + 0.1% Inositol 10 62. 5 1

12 Basal + 0. 5% SO4 (K) + 0. 1 ppm Se (Se03) 10 100.0 2

13 Basal + 0. 5% SO4 (K) - Linolenic Acid (18:3, w3) 10 50. 0 5

14 Basal + 0. 5% SO4 (K) + Linolenic Acid (18:3, (.,) 3) 9 50.0 5

15 Basal + 0. 5% SO4 (K) + Vitamin E (60 mg/kg) 10 70. 0 0

16 Basal + 0, 5% SO4 (K) 10 100. 0 4

1 Percent of those examined
2 Number of animals dead before allotted time (8 weeks)
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Growth and Survival
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Growth data were analyzed using =',q,INREG, a linear regression

analysis program (60). Table 5 is a tabulation of the regression co-

efficients and a calculated eight week weight. All groups had a higher

initial weight than the control (Group 9) and eight of these were sig-

nificant at the 1% level and three at the 5% level. These differences

cannot be explained by the size of litters since Pendell and Weswig

(35) have shown that the birth weight and the weight gain by the female

during gestation are independent of litter size. They present no data

for seasonal variation in birth rates.

All groups had a significantly lower (p--10. 01) growth rate

(grams/week) than the control except for the group supplemented'

with 0. 5% methionine. The weight after eight weeks on experiment

(11 weeks of age) compared favorably with those of Pendell and Wes-

wig (35).

The survival rate (Table 4) varies between 20 and 100% with

no correlation with the feeding regimen. The group which was sup-

plemented with sulfate (0. 5%, K) plus vitamin E (60 mg/kg) had a

mortality rate of zero indicating a possible requirement for vitamin E

for longevity as well as reproduction.



Table 5. Growth data for cotton rats on various dietary regimens.
Group Regimen Initial Wt. Eight Week Wt. Gain/Wk.

(gms) (gms) (gms)
1 Basal + 0. 5% SO4 (Na) 25.7 80.9 6. 9*

2 Basal + 0. 5% SO4 (K) 27. 0 79. 0 6. 5*

3 Basal + 1. 0% SO4 (K) 45.1** 98.9 6. 1*

4 Basal + 0.25% SO4 (K) 52.0** 83.2 3. 9*

5 Basal + 0. 5% SO4 (Ca) 30. 8* 91.6 7. 6*

6 Basal + 0, 5% Met 26. 2 98. 2 9. 0

7 Basal + O. 5% SO4 (Mg) 40. 8** 88.8 6. 0*

8 Basal + Linolenic Acid (18:3, w 3) 29. 9* 89. 1 7. 4*

9 Basal 25.5 101: 5 9.5

10 Basal - Linolenic Acid (18:3, co 3) 32.9** 96. 9 8. 0*

11 Basal + 0. 1% Inositol 35.3** 87. 3 6. 5*

12 Basal + 0. 5% SO4 (K) + 0. 1 ppm Se (Se03) 36.7** 86. 3 6. 2*

13 Basal + 0. 5% SO4- (K) - Linolenic Acid (18:3,w 3) 30. 9* 94. 1 7.9*

14 Basal + 0. 5 % SO4 (K) + Linolenic Acid (18:3, G)3) 37.2** 96.4 7.4*

15 Basal + 0. 5% SO4 (K) + Vitamin E (60 mg/kg) 39.6** 94. 8 6. 9*

16 Basal + 0. 5% SO4- (K) 27. 0 90. 2 7. 9*

1, Calculated value from the regression equation, weight8 week= Initial wt + (gain /week) (8 weeks)
* Significantly different from control (group 9, p<0. 05)

Significantly different from control (group 9, p<0. 01)
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Effect of Sulfur

In the sheep experiments described by Whanger et al. (54), po-

tassium sulfate was added to give a level of 1% in the ration. This

level is equivalent to 0. 55% sulfate. Sulfate at this level added to the

basal ration (Groups 1 and 2, Table 4) produces 89. 5 and 88. 2% cal-

cification in the cotton rat for the sodium and potassium salts, respec-

tively. If the sulfate level is increased two-fold (potassium salt), the

percent calcification is about two-thirds of the basal value of 50%

(Group 9) and one-third of the 0. 5% sulfate level. When the sulfate

is supplemented at the O. 25% level (potassium salt), the incidence of

calcification is only about 15% lower than the 0. 5% level and about

50% greater than the control.

If casein is used as the protein source (isonitrogenous to basal

ration) and supplemented with 0. 5% sulfate as the potassium or sodium

salts the incidence of calcification is 50 and 14%, respectively. Cot-

ton rats do not develop cardiac calcification when fed the basal casein

ration (34).

When sulfate (0. 5%) is added as the calcium or magnesium

salts, the incidence of cardiac calcification is 33 and 14%, respectively.

These results would indicate that the type of cation has a significant

effect on the incidence of the myopathy. The addition of 0. 5% sulfate

(potassium or sodium salt) increases the dietary level of potassium



21

and sodium only slightly above what torula yeast and the salt mix con-

tribute to the diet (18). Supplemented calcium sulfate does not change

the calcium-phosphorus ratio significantly (30). The problem arises

whether the calcification is due to the influence of the mono- versus

di-valent cations on the calcification or is the sulfate acting alone in

regards to calcification and the cations influencing pathways not direct-

ly relating to sulfur metabolism.

Methionine (0.5%, Group 6) supplementation increases the inci-

dence about 20% over the basal value, but is only 75% of the value

from sodium or potassium sulfate (0.5%) supplements. These results

indicate that sulfate, if indeed it is the sulfate, is acting by another

pathway than methionine.

Effect of Lipids

The work of Pendell et al. (33) shows that there is an increase

in linolenate in the uw3" class of fatty acids in calcified heart tissue

from lambs suffering from white muscle disease. Their results in-

dicated that selenium could be acting as a cofactor in the chain elonga-

tion mechanism.

The supplementation of linolenic acid by the substitution of lin-

seed oil (non-cooked) for stripped lard in the ration did have a pro-

tective effect (33%) against calcification. When the ration was made

devoid of linolenic acid by extracting the torula yeast with diethyl
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ether for 24 hours before compounding the diet, the calcification in-

creased by 40%.

If sulfate (0. 5%, potassium salt) is added with or without lino-

lenic acid, the incidence of calcification is the same as the incidence

of the basal ration (50%). The interaction of sulfate plus linolenic

acid can be explained by the reversal of the effect of linolenic acid

on sulfate, whereas the sulfate minus linolenic acid should have

accentuated the sulfate effect. The latter case was due to biological

variability or other unknown factors and not to a direct sulfate minus

linolenic acid interaction.

Effect of Selenium and Vitamin E

The basal ration was formulated for the bioassay of selenium

using albino rats where selenium at very low levels ( 10 ppb) is pro-

tective against liver necrosis. Previous results with lambs (28) in-

dicate that selenium is the protective agent against white muscle

disease. Since the cotton rat develops a similar myopathy, selenium

could possibly provide protection against the onset of cardiac calcifi-

cation in the cotton rat (54). In Group 12 (Table 4), the selenium

supplement accentuated the sulfate response (100% calcification) and

did not provide the protection expected. The levels of sulfate and

selenium (54) in the sheep trials were 0. 55% sulfate and 0. 23 ppm

selenium, respectively. These levels calculate to be approximately
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7 Fig selenium and 0.18 g sulfate per kg body weight per day for the

ewes and for the cotton rat the corresponding values are 10 ;J.g

selenium and 0. 5 g sulfate. The ratio of sulfate to selenium for

ewes is 2.57 x 103, whereas for cotton rats it is 5 x 104. Therefore,

if selenium were added in the same ratio of sulfate: selenium in the

ewes, then the selenium level for cotton rats would have to be ap-

proximately 200 µg per body weight per day. This level would calcu-

late out to be approximately 2 ppm selenium in the ration, which is

about one-third the LD50 for an albino rat. For sheep, the 7 lig per

kg body weight per day is about one-tenth of an acute toxic dose for

sheep. If selenium had been added at the level of 2 ppm in the ration,

would the sulfate effect have been reversed or would the chronic

symptoms of selenium toxicity have occurred? This question will

remain unanswered in this work.

Vitamin E (60 mg/kg) was added to the ration at levels suffi-

cient for growth and reproduction in the albino rat (30, p 68). When

it was added to the sulfate supplement (0. 5%, potassium salt, Group

15) it gave a 22% reduction in cardiac calcification as compared to

the sulfate alone (Group 2), but it did not give complete protection.

The protective effect could be as an antioxidant in relation to the smal,

amounts of the higher members of the " w3" homologous series.
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Effect of Inositol

Schweigert (46) has reported that the cotton rat has a nutritional

requirement for inositol. Previous work (40) indicated that basal

rations with the inclusion of inositol did give a slightly lower incidence

of calcification. In Group 11 the incidence was slightly higher than

the basal. From these two observations, one can conclude that ino-

sitol has little or no effect on the incidence of calcification or growth

rate (Table 5) in the cotton rat.

Summary

The greatest incidence of cardiac calcification in the cotton rat

was produced on the basal dietary regimen of containing 0. 5% sulfate

as either the potassium or sodium salt . Conversely, the sulfate

(0. 5%) supplemented as the calcium or magnesium salt had a protec-

tive effect for the myopathy. Sulfur added as methionine (0. 5%) had

little or no effect on the myopathy.

Supplemented inositol (0. 1%) had no real effect in relation to

the myopathy, although it is a recorded nutritional requirement for

the cotton rat.

The role of linolenic acid and supplemented sulfate (0.5%, K) in

the myopathy is unclear. The linolenic acid deficient regimen did

produce results as expected. Also as expected, the supplementation



25

of linolenic acid did have a protective effect. The addition of 0. 5%

sulfate (potassium salt) nullified the effects of both deficient and

supplemented linolenic acid regimens.

The non-reversal of sulfate (0. 5%) by selenium (0. 1 ppm) was

probably due to the sulfate:selenium ratio. To achieve a ratio simi-

lar to that which is protective in sheep, the selenium level would be

approaching toxic amounts.

The addition of vitamin E (60 mgYkg) to the basal plus sulfate

(0. 5%, K) did reduce the incidence of cardiac calcification some 20%,

but did not give complete protection.

On the basis of these data, the maximum incidence of cardiac

calcification can be produced by feeding cotton rats the torula yeast

ration with 0. 5% sulfate added as either the potassium or sodium salt.
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FATTY ACID COMPOSITION OF COTTON RAT CARDIAC TISSUE

Materials and Methods

Solvents-- Chloroform, methanol and hexane were redistilled

from drum stock. Diethyl ether was not redistilled and pre-purified

nitrogen was used in all cases. All screw cap tubes were equipped

with teflon lined caps.

Methanol-HC1 for MethylationA half gram of iodine, five

grams of magnesium and 75 ml of reagent grade anhydrous methanol

were refluxed in a three-liter flask until the magnesium ceased to

react. Anhydrous methanol, 900 ml, was then added and refluxing

was renewed for 30 minutes. Distillation of the anhydrous methanol

was accomplished using care to avoid adsorption of water.

Thirty grams of oven dried reagent grade sodium chloride was

placed in the 500 ml flask of a gas generator. Eighty ml of concen-

trated sulfuric acid was added slowly from a separatory funnel to

permit a regulated evolution of HC1 gas into 100 ml of prepared

methanol. This process gave anhydrous methanol with an HC1 con-

tent of 3. 8 -4. 6 %.

Extraction of Lipids--The lipids were extracted utilizing the

procedure of Bligh and Dyer (8). Heart tissue which had been stored

at -4°C was placed in a stainless steel Omni mixer cup (Ivan Sorvall,

Inc. , Norwalk, Connecticut) with 15 ml of chloroform-methanol
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(2:1 v/v) and homogenized for two minutes in a water bath at room

temperature. The homogenate was filtered (S&S, No. 598) into a

30 x 100 mm screw cap centrifuge tube. The homogenizing cup was

rinsed for one minute with an additional 15 ml of chloroform-methanol

and was combined with the first portion. Sufficient distilled water

was added to give approximately a total water content of eight ml per

two grams of tissue.

The lower chloroform layer was transferred to a 50 ml beaker

and the contents taken to dryness in a 50°C water bath under a stream

of nitrogen. The lipid residue was then transferred to a 16 x 125 mm

screw cap culture tube with the aid of three 2 ml portions of chloro-

form and stored at 4°C for subsequent methylation.

Methylation of fatty acids -- The lipid solution was taken to

dryness in a 50°C water bath under a stream of nitrogen. To the

residue was added 2 ml of diethyl ether and 2 ml of the methanol-HC1

catalyst and the tubes tightly capped. The tubes were placed in a

heating block at 80 °C for 90 minutes. After cooling, the contents

were extracted twice with 2 ml portions of hexane.

The hexane-fatty acid ester solution was taken to dryness in

the 50°C water bath under a stream of nitrogen and redissolved in a

known volume of hexane. This solution was stored at 4°C for gas

chromatographic analysis at a later time.
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Gas chromatography of fatty acid methyl esters -- Methyl

esters of individual fatty acids and of mixtures of fatty acids were

analyzed with a Beckman GC-2 chromatograph (Beckman Instruments,

Inc. , Fullerton, California) equipped with a hydrogen flame detector

and a solid sample injector (22).

The aluminum column used was 1/8 inch by six feet, packed

with 15% ethylene glycol succinate on chromosorb "P", mesh size

60-80. The chromatograph was operated isothermally at 190°C, with

the helium flow rate at 60 ml per minute. The separation and quan-

tification of fatty acid methyl esters was repeatedly checked with

mixtures of fatty acid methyl esters of known content obtained from

the Hormel Institute (Austin, Minnesota).

Data analysis -- Peak areas were determined by the product

of the retention time and the peak height. The relative percentages

and relative retention times were calculated by use of LIPA1. Sta-

tistical analyses were done by use of programs in the OSU Statistical

Program Library (60).

lA Fortran program written for OS-3 by Miss Carol Settles of the
OSU Statistics Department. June, 1968
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Results and Discussion

Total Fatty Acid Composition

These data were analyzed to test the hypothesis that the fatty

acid levels resulting from these feeding regimens are not dependent

upon the regimen but are due to the calcification of the tissue only.

Table 6 lists the levels of fatty acids found in normal and calci-

fied cardiac muscle. No significant differences were found indicating

that the lipid composition does not change with the myopathy. Histo-

logically there is an initial acid degeneration of the tissue with a sub-

sequent deposition of calcium. Both of these reactions are occurring

simultaneously with the degeneration phase having marked effects on

the tissue membranes. It is surprising that the lipid composition

does not change with membrane degradation, which means that the

total tissue membranes are being degraded with no selectivity towards

a particular type or set of membranes.

Composition of Fatty Acid Classes

When the fatty acids are considered as members of one of three

classes, namely, endogenous, co 6, or cz4, then some changes do take

place. The endogenous class are those that the rat can synthesize

from acetate in vivo. The members of this class include the satu-

rates as: 12:0, 14:0, 15:0, 16:0 and 18:0; and the unsaturates as 16:1
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Table 6. Fatty acid levels in normal and calcified cotton rat heart
tissue (relative percent).

Fatty
Acid

Normal'
(21)2

Calcified'
(30)2

12:0

14:0

15:0

0. 02 + 0. 009

0. 72 + O. 04

O. 29 + O. 04

0. 02 + O. 002

O. 72 + O. 06

O. 27 + 0. 05

16:0 19. 17 + 1. 26 19. 44 + O. 82

1 6 : 1 1. 63 + O. 16 1. 59 + 0.16

16:2 O. 39 + O. 06 0 . 4 2 + 0 . 0 5

18:0 20. 34 + 2. 10 20. 50 + 1. 63

18:1 33. 66 + 1. 64 30. 92 + 1. 47

18:2 17. 77 + 0. 92 19. 22 + 0. 58

18:3 3 . 60 + 1 . 37 1. 28 + O. 72

20:4 5. 99 + O. 69 6. 57 + O. 90

22:4 1. 71 + 1. 17 1.90 + O. 96

22:5 1. 35 + O. 33 3. 72 + 1. 43

22:6 1. 69 + 0. 38 2. 53 + O. 50

'Mean + S E

2Number of tissues analyzed
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and 18:1. The members of the w6 include 18:2, 20:4, 22:4 and other

polyunsaturates of the w6 configuration. Members of this class

greater than 20 carbon-atom species were difficult to identify from

those of the w3 series, The w3 series are those acids which have

18:3 as the parent acid of the series.

Figures 1, 2 and 3 illustrate in a schematic form the synthesis

of fatty acids in these three classes. Each fatty acid is characteristic

to that class and members of one class cannot be converted to a mem-

ber of another class. The routes marked with boldface arrows have

been identified in mammalian systems (52).

When the levels of fatty acids are broken down into their three

respective classes and each class expressed as a percentage of the

total fatty acids (Table 7), calcified heart tissue had a significantly

lower (p<0. 01) percentage of endogenous class fatty acids. There are

no significant differences between the normal and calcified tissue for

the we) and (J3 classes.

Table 7. Changes in fatty acid classes associated with heart calcifi-
cation,

Class Normal.' Calcified'
% %

Endogenous 70. 83 + 0. 56 67. 77 + 0. 92**

c.) 6 22. 25 + 0. 58 24. 42 + 0.87

co 3 6. 92 + 0. 53 7. 99 + 0, 83

** Significantly different (p<O. 01)
1 Mean + S E
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18:1 (A9)

20:1(.6.11) 18:2 (A6)

22:1 (A13) 20:2(A8) 18:3(A3)

Ns I/ N1/4 Z
22:2(01 0) 20:3(A5)

24:2012) 22:3(07)

24:3(A9)

Figure 1. Sequence of fatty acid synthesis in the oleic acid, co9(endo-
genous), series. Fatty acids identified in mammalian
systems are underlined and proposed reaction sequences
are indicated by bold faced arrows (52).



18:2(A9)

20:2(A1 1 )

22:2(A13) 20:308)

18:3(A6)

18:4(A3)

22:3(p10) 20:4(6,5)

24:3(6.12) 22:4(6.7)

24:4(09) 2 :5( 6,4)

24:5(th)
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Figure 2. Sequence of fatty acid synthesis in the linolenic acid, w6,
series. Fatty acids identified in mammalian systems are
underlined and proposed reaction sequences are indicated
by bold arrows (52).
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18:.3(A9)

20:3( A11) 18:4( e6)

22: 3(6.13) 20: 4(e8) 18:5( e3)

22:4( e10) 20:5(e5)

24:4(e12) 22: 5( e7)N N
24:5(A9) 22:6(e4)

Figure 3. Sequence of fatty acid synthesis in the linolenic acid, co3,
series. Fatty acid identified in mammalian systems are
underlined and proposed reaction sequences are indicated
by bold faced arrows (52).



35

The decrease in endogenous class is not reflected within the

class itself (Table 8). No significant differences occur between the

fatty acids within the class. The same situation of no changes within

the class is also true in the (-06 class (Table 9).

Table 8. Relative percent of fatty acids within the endogenous class.
Fatty Acid Normal" Calcified'

12:0 0. 03 + 0. 00 0. 03 + 0. 00
14:0 0. 96 + 0. 03 1. 04 + 0. 09

15:0 O. 37 + O. 02 O. 38 + O. 04

16:0 25. 47 + 1. 03 26. 71 + O. 98

16:1 2. 18 + O. 12 2.30 + 0.21

16:2 0 . 5 1 + 0 . 0 4 O. 57 + O. 04

18:0 26. + 1. 43 26. 89 + 1. 35

18:1 44, 39 + 1, 09 42. 08 + 1. 25

"Mean + S E

Table 9. Relative percentage of fatty acids within the co6 class.
Fatty Acid Normal" Calcified'

18:2 72.16 + 1.46 71. 80 + 1. 94

20:4 23. 94 + 1 . 46 22. 50 + 1. 94

22:4 3 . 90 + 1 . 46 5. 70 + 1. 94

"Mean + S E
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Although there were no significant differences between normal

and calcified tissue in the (03 class, there are some definite changes

within the class (Table 10). There is a significant decrease in lino-

lenate in calcified tissues (p<0. 01).

Table 10, Relative percentage of fatty acids within the (03 class.

Fatty Acid Normal" Calcified'

18:3 51.79 + 2. 39 17. 09 + 2. 21**

22:5 20. 05 + 1 . 39 41. 94 + 2. 36**

22:6 24, 01 + 0, 84 34, 89 + 2. 47**

"Mean + S E

** Significantly different (p<O. 01)

These results are in opposition to those reported for the simi-

lar myopathy in lambs by Pendell et al. (32). They reported that in

lambs suffering from WMD there was a significant increase in the

level of linolenate and a stepwise decrease in the higher molecular

weight species within the class. In this study there was a significant

increase (p<0. 01) in 22:5 and 22:6 fatty acids within the class.

These data suggest that there are significant changes within and

between classes, but no significant changes between fatty acid levels

on a tissue basis. The total amount of chloroform-methanol extract-

able fat was within the normal mammalian range of 3 - 5% (50, p. 71)

for both the normal and calcified cardiac tissue.
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Since cardiac calcification had no significant effect on the total

lipid content or composition, the data were reanalyzed on the hypo-

thesis that lipid changes in the cardiac muscle were due to the dietary

regimen.

Table 11 is a tabulation of fatty acid level changes on the basal

as compared to a standard commercial rat chow. 2 The most notice-

able changes occurred in the levels of 18:1 (p<0. 01) and 22:6 (p<0. 01).

This large increase in 18:1 in the basal ration results in lower levels

of 16:3, 18:0, 18:2, 18:3, 20:4, 22:5 and 22:6. The other significant

changes (15:0 and 16:2) are minimal when compared to the total pic-

ture.

Influence of Sulfate Levels

The significant effect of sulfate level on the fatty acid composi-

tion as compared to the basal are listed in Table 12. Potassium sul-

fate (0. 5% SO4) reduces the levels of 14:0 (p<0. 05), 16:1 (p<0. 05) and

16:2 (p<0. 05) and significantly increases the level of 18:0 (p<0. 05).

It is interesting to note that this is the ration that produces the great-

est incidence of cardiac calcification. The other levels of sulfate

(0.25 and 1. 0%, K) also increased the level of 18:0 (p<0. 05). The

distribution of 18:0 levels follows the pattern very similar to the

2Laboratory Chow, Ralston Purina Company, St. Louis, Missouri.
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Table 11. Fatty acids of cotton rat heart tissue from rats fed the
basal or the commercial chow. 1

Diet
Fatty Acid Basalt Commercial Chow3

12:0:

14:0

0.02 + 0.0

0.82 + 0.08

ND3

0.87 + 0.05

15:0 0,29 + 0.04 0.16 + O. 01c*

16:0 20.25 + 2.69 18.70 + 0.67

16:1 2.32 + 0.36 2.32 + 0.16

16:2 0.42 + 0.04 0.47 + 0. 02 **

16:3 0.09 + 0.03 0.77 + 0.08**

18:0 12.69 + 1. 11 15.21 + 1.971

18:1 41.75 + 2,90 20.96 + 1.96**

18:2 16.05 + 1.04 20.08 + 0.88

18:3 ND 0.69 + 0.05

20:4 5.02 + 0.72 6,01 + 0.61

22:4 ND 0.86 + 0.14

22:5 (0.83)4 2.46 + 0.37

22:6 (0.61) 8.99 + 0. 59**

1Laboratory chow, Ralston Purina Co. , St. Louis, Missouri
2Mean + SE
3ND, not detected
4Numbers in parentheses are for a single determination

Significantly different (p<0. 01)



Table 12. The effect of level of sulfate supplement, potassium salt, on fatty acid levels in the
cotton rat heart.

Diet
Fatty acid'

Level. Treatment
1 Basal.

(1)
0. 25%
(2)

0.5%
(3)

1.0%
(4)

Comparisons
1/2 1/3 1/4

14:0 0.82 + 0.08 0.86 + 0.10 0.55 + 0.06 0.63 + 0.13

16:1 2.32 + 0.36 2.43 + 0.21 1.10 + 0.11 1.99 + 0.33

16:2 0.42 + 0.04 ND2 0.19 + 0.01 ND

18:0 12.69 + 1.11 17.28 + 1.11 24.08 + 4.18 17.77 + 1.37

18:1 41.75 + 2.90 31.62 + 1.85 37.38 + 2.71 30.12 + 3.68

20:4 5.02 + 0.71 7.27 + 0.92 5.20 + 0,74 10.44 + 1.39

1

2

Only those fatty acids showing significant changes are listed. Refer to Appendix Table 1
for complete fatty acid composition.
ND, not detected
Significantly different (p<0. 05)
Significantly different (p<0.01)
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distribution of the incidence of cardiac calcification, for these dietary

regimens (Table 4).

Influence of Cations

The di-valent sulfate salts (calcium and magnesium, Table 13)

increase the level of 18:0 as compared to the basal, but not as greatly

as did the mono-valent salts (potassium and sodium). Potassium

sulfate (0. 5% SO4) significantly reduced the level of 16:2 (p<0. 01)

and was not detected in the sodium sulfate supplemented animals.

Calcium or magnesium sulfate did not significantly alter this fatty

acid. All sulfate salts reduced the level of 16:1.

Influence of Linolenic Acid

The addition of linolenic acid (18:3, Table 14) to the basal ration

significantly increased the relative levels of 12:0, 16:1, 18:0, and

20:4 (p<0. 05) and 14:0, 18:1, and 18:2 (p<0. 01). The level of 18:3

itself was increased from no detectable level in the basal to a level

of almost eight percent.

When the torula yeast is extracted with diethyl ether, the ration

has no detectable level of linolenic acid. The basal minus 18:3 regi-

men has fatty acid levels very similar to the basal ration with one

exception, a significant increase (p<0. 05) of 18:2.



Table 13. Effect of various cations as a 0.5% SO4 addendum on fatty acid levels in the cotton rat
heart.

Diet
Fatty Acid'

Cation Treatment
Comparisons
1/2 1/3 1/4

Basal
(1)

K

(2)
Na
(3)

Ca
(4)

Mg
(5)

14:0 0.82 + 0.08 0.55 + 0.06 0.69 + 0.05 0.70 + 0.04 0.74 + 0.07 *

16:1 2.32+ 0.36 1.10+ 0.11 0.96+ 0.19 1.18+ 0.17 1.15+ 0.21 **

16:2 0.42 + 0.04 0.19 + 0.01 ND2 0.50 + 0.14 0,52 + 0.19 **

18:0 12.69 + 1.11 24.08 + 4.18 28.96 + 1.04 14,42 + 1.13 14.94 + 2.07 *

Only those fatty acids showing significant changes are listed. Refer to Appendix Table 1
for complete fatty acid composition.
ND, not detected
Significantly different (p<0. 05)
Significantly different (p <0. 01)



Table 14. Effect of linolenic acid (18:3) and sulfate (0. 5%, K) on fatty acid levels in the cotton rat
heart.

Diet
Fatty Acid' +sulfate

(1)
-18:3

(2)
+18:3

(3)
+sulfate- 18:3

(4)
+sulfate+18:3

(5)

Treatment
Comparisons

1/2 1/3 3/4 3/5
12:0 (0. 01)2 0.02+ 0.01 0.01 + 0.01 (0. 01) O. 16 + 0.03

16:3 0. 05 + 0.01 (0, 19) O. 14 + O. 02 (0. 07) ND3

18:1 37.38 + 2.71 27.71 + 11.09 25.15 + 1. 64 34.22 + 4.95 35.16 + 9.15 *

a'
18:2 17.43 + O. 49 (22. 15) 23. 68 + 0.36 18. 03 + 1.75 15, 18 + 5. 24 * *

18:3 1. 09 + 0. 30 ND 7.86 + 1.50 ND ND *

20:4 5.20 + O. 74 7. 35 + 3.89 2.93 + 0.51 7.75 + 1.79 (2. 75)

22:4 17.70 + 2.87 (0. 58) 0.77 + 0.05 ND ND

Only those fatty acids showing significant changes are listed. Refer to Appendix Table 1 for
complete fatty acid composition.

2 Values in parentheses are for a single determination.
ND, not detected.
Significantly different (p<0. 05)
Significantly different (p<0. 01)

3



43

The addition of sulfate to the deficient or supplemented lino-

lenic acid regimens has no significant effect on the fatty acid levels

with one exception. There is a significant increase (p<0. 05) in the

levels of 12:0 in the sulfate plus linolenic acid regimen as compared

to the linolenic acid supplemented regimen and there was no detect-

able level of 18:3. This indicates that sulfate may have an influence

on the metabolism of linolenic acid.

In general the addition of linolenic acid to the ration shifts the

fatty acid distribution towards the polyunsaturated types as compared

to the basal. The linolenic acid deficient ration shifts the distribu-

tion in the opposite direction towards the saturates.

Influence of Selenium and Vitamin E

The addition of selenium (0. 1 ppm) or vitamin E (60 mg/kg)

to the basal plus sulfate (0. 5%, K) altered the fatty acid level very

little (Table 15). Selenium supplemented to the basal plus sulfate

regimen only altered the level of 16:0 when compared to the basal

plus sulfate regimen. It significantly lowered the level (p-10. 05)

from 23.37 to 18. 05%. When vitamin E was added along with the

sulfate (0. 5%, K) the level of 16:0 was also lowered significantly

(p<0. 05) and the level of 18:2 was increased (p<0. 05).

These data indicate that the addition of selenium or vitamin E

have little effect of patterns established by the addition of sulfate
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(0, 5%, K) to the basal ration of the 15 identified fatty acids.

Table 15. Effect of vitamin E and selenium on the fatty acid levels
in the cotton rat heart,

Diet Basal +
Fatty Sulfate

Basal +
Sulfate +

Basal +
Sulfate +

Treatment
Comparisons

Acidl Vit. E selenium 1/2 1/3 2/3
(1) (2) (3)

16:0 21.37+ 1.87 15:56 + 2.30 18:05 + 1.17 * *

18:2 17. 43 + O. 49 20.64 + O. 99 22.38 + 1.93

lOnly those fatty acids showing significant changes are listed.
Refer to Appendix Table 1 for complete fatty acid composition.

*Significantly different (p<0. 05)
**Significantly different (p<0. 01)

Influence of Inositol and Methionine

The lipid data from other factors that influenced the lipid

levels are tabulated in Table 16. Although Schweigert (45, 46) has

found a nutritional requirement for inositol in the cotton rat, results

at this laboratory have not corroborated this. Lipid data shows some

striking alterations in the fatty acid patterns, The addition of inositol

(0. 1%) to the basal ration increases the level of 18:0 (p<0. 01) and

20:4 (p<0. 05). The levels of 14:0, 16:1, 16:Z, 18:1 and 18:2 were

significantly decreased (p<0. 01). Two of these differences (14:0 and

18:1) are in the direction of reducing the high levels present in the

basal regimen to the level found in the normal commercial chow.
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Table 16. Influence of inositol and methionine on fatty acid levels in
cotton rat heart.

Diet
Fatty
Acid'

Basal
(1)

Basal +
inositol

(2)

Basal +
methionine

(3)

Treatment
Comparisons
1/2 1/3 2/3

14:0

15:0
16:1

16:2

18:0

18:1

18:2

20:4

0.82
0.29
2.32
0.42

12.69
41.25
16,05

5.02

+ 0.08
+ 0.04
+ 0.36
+ 0.04
+ 1.11
+ 2.90
+ 1.04
+ 0. 7 2

0.44
0.33
0.50
0.17

43.52
24.28

0.15

8.38

+ 0.06
+ 0.05
+ 0.07
+ 0.03

+ 1.32
+ 1.45
+ 0.02

+ 1.01

0.73 + 0.02
0.74 + 0.02
1.39 + 0.05
0.62 + 0.10

15.95 + 0.64
33.07 + 3.86
16.11 + 2.06
6.38 + 1.37

**

**

e.c*

**

**

**

*

**

*

*

lOnly those fatty acids showing significant changes are listed.
Refer to Appendix Table 1 for complete fatty acid composition.

* Significantly different (p<0. 05)
**Significantly different (p <0. 01)

The supplementation of methionine (0. 5 %) to the basal increases

the level of 15:0 (p<0.01) and 18:0 (p <0. 05), The level of 16:1 was

significantly decreased (p<0.05). These data suggest that methionine

supplementation has little effect on the levels and species of fatty

acids as compared to the basal regime. Also, methionine supplemen-

tation did not alter the distribution as a sulfur source as did the sul-

fate, if sulfur per se is the causative agent.
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Summary

The fatty acid composition of the heart tissue did not differ sig-

nificantly between normal and calcified tissue on a histological basis.

If the fatty acids are calculated on the basis of classes (endogenous,

w6, and w3) the level of endogenous fatty acids was significantly less

(p<0. 01) in the calcified heart tissue as compared to the normal

heart tissue. There was no significant change in the levels of (,)6

and co3 classes. Within the class, changes only occurred in the (,)3

class where there was a significant decrease in 18:3 (p<0. 01) in cal-

cified heart tissue.

The more striking changes occurred when feeding regimens

were compared independent of calcification. The torula yeast basal

ration resulted in similar heart fatty acid composition to those on a

commercial chow regimen. The two exceptions to this were a sig-

nificant decrease of 18:1 (p<0. 01) and significant increase in 22:6

(p<0. 01).

The addition of sulfate (Table 12) at three levels (0. 25, 0. 5 and

1. 0%, K) tended to reduce the level of 18:1 with increasing level of

sulfate. The highest level of 18:0 occurred with the level of sulfate

(0. 5%) that produced the greatest incidence of cardiac calcification.

The di-valent sulfate salts (calcium and magnesium) increased the

level of 18:0 above the basal level, but not as greatly as did the
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mono-valent salts (potassium and sodium, Table 13).

The combination of sulfate (0. 5%, K) and linolenic acid in-

creased the level of 12:0 some eight times, but was a minor compo-

nent (0. 16%) of the total fatty acids.
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CONJECTURE

In this thesis I have presented one more facet in the confusing

world of selenium, vitamin E, lipids and myopathies. I must apolo-

gize if these results have not been properly evaluated and presented,

but this is the state of the field until someone finds a definite molecu-

lar role for selenium and/or vitamin E.

Since the data presented herein indicate that lipid composition

of the cardiac muscle does not change with histologically demonstra-

ted calcification, then maybe the recent implications of lysosomes

could be the answer. If selenium and/or vitamin E is required

("a molecular role") for maintaining the integrity of the lysosomal

membrane, then a deficiency of either could be one possible explana-

tion for the non-selective destruction or synthesis of fatty acids in

the myopathy described in this thesis. This is assuming that the

cardiac lipids are generally associated with some type of membrane

andthat the lysosomal activity is not specific for one type of membrane.

The role of sulfate in this overall scheme is still open to con-

jecture. Usually one thinks of selenium as a sulfur analogue, but is

sulfur a selenium analogue in this case?
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Appendix Table 1, Relative percentage of fatty acids in cotton rat heart tissue on different feeding regimes. 1

Group
Fatty Acid

Diet 12:0 14:0 15:0 16:0 16:1 16:2 16:3 18:0 18:1 18:2 18:3 20:4 22:4 22:5 22:6

1 Basal + lnositol (. 19;) 0.02 ± 0.44± 0.33± 16. 58± 0.50+ 0.17± ND2
43. 52 ± 24. 28± 0. 15± ND 8.38± 1.98± ND ND

0.0 0.06 0. 05 4, 47 0.07 0.03 1.32 1.45 0.02 1.01 0.21
3

2 Basal 0. 02 ± 0. 82± 0.29± 20.25± 2. 32 ± 0.42± 0.09± 12.69± 41. 75± 16. 05± ND 5. 02± ND (0. 83) (0.61)
0.0 0.08 0.04 2.69 0.36 0.04 0.03 1.11 2. 90 1.04 0. 71

3 Basal + MgSO4 (. 5%) ND 0. 74± 0.51± 21.42± 1. 51 ± 0.52± ND 14.94± 34. 77± 17. 95± ND 7. 80 ± ND ND ND
0.07 O. 20 0. 10 0.21 0.19 2.07 6. 59 1.94 2.64

4 Basal + CaSO4 (. 5%) ND 0.70+ 0.48± 21.83± 1.18± 0.50+ ND 14.42± 34. 71 ± 17. 67± ND 6. 70 ± ND ND ND
0.04 0. 16 0, 34 O. 17 0. 14 1. 13 3.50 1. 77 1. 69

5 Basal + Methioni ne ( . 5%) 0.02 ± 0. 72± 0.74± 23. 66 ± 1.39± 0.62± 0. 26 ± 15.95± 33. 07± 16. 11± ND 6. 38+ ND ND ND
0.0 0.15 0.02 1,04 0.05 0.10 0.01 0.63 3. 86 2.06 1. 37

6 Basal - Linolenic Acid 0.02 ± 0. 73± 0. 36 ± (23. 84) 1. 96 ± (0.94) (0.19) 35.07+ 27. 71 ± (22. 15) ND 7, 35+ (0. 58) ND ND
0.0 0. 10 0.32 0. 56 14. 54 11.09 3. 89

7 Basal + Linolenic Acid ()Jilt 0.47+ 0.20± 15.86+ 1. 16 ± 0. 42 ± 0.14+ 18.96± 24.15+ 23.68± 7. 86 ± 2.93+ 0.77± 1.29± 1.06±
0.0 0.04 0.07 0. 94 0.25 0.04 0.02 2.10 1.64 0.36 1. 50 0. 51 0.05 0.23 0. 12

8 Basal + K2 SO4 (. 5%) (0.01) 0.55± 0. 23 ± 23.37± 1. 10 ± 0.19± 0.05± 24.08+ 37. 38± 17. 43+ 1.04± 5.20± 17. 70± 6.23± 4.65±
0.06 0. 10 1.87 O. 11 0.01 0.01 4.18 2.71 0. 49 0.30 0.74 2,87 2.05 1.44

9 Basal + Na SO (. 5%) ND 0.69± ND 25. 57± 0. 96 ± ND ND 28. 96± ND ND 1.91± 5. 76 ± 15.51± (15.04) 6. 52 ±2 4
0.05 3.61 0. 19 1.04 0. 36 1. 53 3. 42 3. 25

10 Basal + Se (. 1 ppm) (0.01) 0.57± 0. 10± 18.05± 1.10± 0.22± 0.05t 15.34± 29. 11 ± 22. 38± ND 4. 89± ND ND ND
0.04 0.0 1.17 O. 02 0.01 0.0 2.20 3.39 1. 93 1. 54

11 Basal + K SO ( 5%) + Vit. E 0.02± 0.95± 0. 12± 15.66 ± 1.45± 0. 36 ± 0. 10 ± 15.18± 27. 12 ± 20.64+ ND 13. 19+ ND ND ND4
(NJ mg/kg) 0.01 0.27 0.03 2.30 2. 45 0.. 12 0. 04 0.91 2.02 0. 99 3.68

12 Basal + K., SO (. 59) - Linolenic (0.01) 0.58± 0. 13 ± 18.77+ 1.12± 0.33+ (0.07) 15.46+ 34. 22 ± 18. 03 ± ND 7. 75 ± ND ND ND4
Acid 0.08 0.02 0. 88 0.20 0.06 2. 46 4. 95 1. 75 1. 79

13 Basal + K2SO4 (. 5%) + Linolenic 0. 16± 0.98± (0. 46 ) 12. 23 ± 1. 62 ± 0.65± ND 25.78± 35. 16+ 15. 18± ND (2. 75) ND ND ND
Acid 0.03 0.15 5. 34 0.31 0.28 6.93 9. 15 5. 24

14 Basal +K2504 (. 25%) ND 0. 86 ± ND 17. 42 ± 2. 43 ± ND ND 17.28± 31.62+ 18. 64± 1.19+ 7.27+ ND ND (2. 59)
O. 10 0.99 0.21 1. 11 1.85 0. 79 0. 54 0.92

15 (1%) NDBasal + K
2

SO 0.62± ND 16. 55± 1.99± ND ND 17. 77+ 30. 12± 17.32+ 0.84± 10.44± ND ND ND4
0.13 2.02 0.33 1.37 3.68 1. 76 0.18 1.39

16 Commercial Chow ND 0.87± 0. 16± 18. 70± 2.32± 0.47± 0. 77+ 15.21± 20.96 ± 20. 08 ± 0.69+ 6.01+ 0.86+ 2. 46 ± 8.99±
0.05 0.01 0.67 0. 16 0.02 0.08 1.97 1.96 0.88 0.05 0.61 0.14 0.37 0.59

1

2

3

Mean ± S. E.

ND, Not detected.

Values in parentheses are for single determinations



Appendix Table 2. Table of differences for fatty acid 12:0.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

2 0

3

4

5 0 0

6 0 0 0
**

7 .01 .01 .01 .01 0

8 .01 .01 .01 .01

9

10 .01 .01 .01 .01 0 0

11 0 0 0 0 .01 .01

12 .01 .01 .01 .01 0 0 0
** ** * * * *

13 .14 .. 14 . .14 .15 .15 .15 .15 .14 .1 5

14

15

16

* Significantly different (p< 0. 05)

** Significantly different (p < 0. 01)

16



Appendix Table 3. Table of differences for fatty acid 14:0.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

**
2 .38

*
3 .30 .08

*
4 .26 .12 .04

**
5 .28 .10 .02 .02

6 .29 .09 .01 .03 .01
* *

7 .03 .* 35 .* 27 .23 .*25 .26
* *

8 .11 .27 .19 .15 .17 .18 .08
* *

9 .25 .13 .05 .01 .03 .04 .22 .14
* *

10 .13 .25 .17 .13 .15 .16 .10 .02 .12

11 .51 .13 .21 .25 .23 .22 .48 .40 .26 .36

12 .14 .24 .16 .12 .14 .15- .11 .03 .11 .01 .37
*

13 .54 .16 .24 .28 .26 .25 .51 .43 .29 .41 .03 .40

14 .** 42 .04 .12 .16 .14 .13 .**39 .* 31 .17 .29 .09 .28 .12

15 .18 .20 .12 .08 .10 .11 .15 .07 .07 .05 .33 .04 .36 .24
** ** ** * ** **

16 .43 .05 .13 .17 .15 .14 .40 .32 .18 .30 .08 .29 .11 .01 .25

* Significantly different (p< O. 05)

** Significantly different (p< 0.01)

16



Appendix Table 4. Table of differences for fatty acid 15:0.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

.04

.18

.15
**
.41

.03

.13

.10

**
.23

.21

.20

.13

**
.17

.22

.19
**
.45

.07

.09

.06

*
.1
*

9

.** 17

.* 1
*

6

.17

**
.13

.03

.23

.15

.31

.28

.41

.39

.38

.05

.35

.26

.12

.28

.25

.38

.36

.35

.02

.32

.38
**
.54
**
.51

**
.64

.** 62

.** 61

.28

**
.58

.16

.13

.26

.24

.23

.10

.20

.03

.10

.08

.07

.26

.04

.13

.11

.10

.23

.07 .16

.02

.03

.36

**
.06

.01

.34

.04

.33

.03 .16

16

**

Significantly different (p <O. 05)

Significantly different (p <O. 01)



Table 5. Table of differences for fatty acid 16:0

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

2 3.67

3 4. 84 1.17

4 5. 25 1.58 .41

5 7. 08 3. 41 2. 24 1.83

6 7. 26 3.59 2.42 2.01 .18
** *

7 .72 4.39 5.56 5.97 7.80 7.98
**

8 6.79 3.12 1.95 1.54 .29 .47 7.51

9 8.99 5.32 4.15 3.74 1.91 1.73 9.71 2.20
* * *

10 1.47 2.20 3.37 3.78 5.61 5.79 2.19 5.32 7.52
* * * *

11 .92 4.59 5.76 6.17 8.00 8.18 .20 7.71 9.91 2.39
* *

12 2.19 1.48 2.65 3. 06 4. 89 5.07 2.91 4.60 6.80 .72 3.11

13 4.35 8.02 9.19 9.60 11.43 11.61 3.63 11.14 13.34 5.82 3.43 6.54
** ** ** **

14 . 84 2. 83 4.00 4.41 6.24 6.42 1.56 5. 95 8.15 .63 1.76 1. 35 5.19

15 .03 3.70 4.87 5.28 7.11 7.29 .69 6.82 9.02 1.50 .89 2.22 4.32 .87
** ** ** * *

16 2.12 1.55 2. 72 3.13 4.96 5.14 2. 84 4.67 6.87 .65 3.04 .07 6.47 1.28 2.15

* Significantly different (p<0. 05)

** Significantly different (p<0. 01)

16



Appendix Table 6. Table of differences for fatty acid 16:1.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1.

**
2 1.82

**
3 1.01 .81

* *
4 .68 1.14 .33

* *
5 .89 .93 .12 .21

6 1.46 .36 .45 .78 .57

*
7 .66 1.16 .35 .02 .23 .80

** *
8 .60 1.*22 .41 .08 .29 .86 .06

*
9 .47 1.35 .54 .21 .42 .99 .19 .13

* *
10 .60 1.22 .41 .08 .29 .86 .06 0 .13

11 .95 .87 .06 .27 .06 .51 .29 .35 .48 .35

* *
12 .62 1.20 .39 .06 .27 .84 .04 .02 .15 .02 .33

*
13 1.12 .70 .11 .44 .23 .34 .46 .52 .65 .52 .17 .50

** ** ** ** ** ** ** **
14 1.93 .11 .92 1.25 1.04 .47 1.27 1.33 1.46 1.33 .98 1.31 .81

**
15 1.49 .33 .48 .81 .60 .03 .83 .89 1.02 .89 .54 .87 .37 .44

** ** ** ** ** ** ** **
16 1.82 0 .81 1.14 .93 .36 1.16 1.22 1.35 1.22 .87 1.20 .70 .11 .33

* Significantly different (p< 0.05)

** Significantly different (p< 0.01)

16



Appendix Table 7. Table of differences for fatty acid 16:2.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

**
2 .25

3 .35 .10

4 .33 .08 .02

5 .45 .20 .10 .12

6 .77 .52 .42 .44 .32
*

7 .05 0 .10 .08 .20 .52
** *

8 .02 .23 .33 .31 .43 .75 .**23

9

10 .05 .** 20 .30 .28 .*40 .72 .** 20 .03

11 .19 .06 .16 .14 .26 .58 .06 .17 .14

12 .16 .09 .19 .17 .29 .61 .09 .14 .11 .03

13 .48 .23 .13 .15 .03 .29 .23 .46 .43 .29 .32

14

15
** **

16 .30 .05 .05 .03 .15 .47 .05 .28 .25 .11 .14

* Significantly different (p< 0.05)

** Significantly different (p< 0.01)

16



Appendix Table 8. Table of differences for fatty acid 16:3.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

2

3

4
*

5 .17

6 .10 .07
*

7 .05 .12 .05
** *

8 .04 .21 .14 .09

9
** *

10 .04 .21 .14 .09 0
*

11 .01 .16 .09 .04 .05 .05

12 .02 .19 .12 .07 .02 .02 .03

13

14

15
** ** ** ** ** **

16 .68 .51 .58 .63 .72 .72 .67 .70

* Significantly different (p< 0.05)

** Significantly different (p< 0.01)

16



Appendix Table 9. Table of differences for fatty acid 18:0.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

**
2 30.83

**
3 28.58 2.25

**
4 29.10 1.73 .52

**
5 27.57 3.26 1.01 1.53

6 8.45 22.38 20.13 20.65 19.12
**

7 24.56 6.27 4.02 4.54 3.01 16.11
**

8 19.44 11.39 9.14 9.66 8.13 10.99 5.12
** ** ** **

9 14.56 16.27 14.02 14.54 13.01 6.11 10.00 4.88
**

10 28.18 2.65 .40 .92 .61 19.73 3.62 8.74 13.62
** **

11 28.34 2.49 .24 .76 .77 19.89 3.78 8.90 13.78 .16
**

12 28.06 2.77 .52 1.04 .49 19.61 3.50 8.62 13.50 .12 .28

13 17.74 13.09 10.84 11.36 9.83 9.29 6.82 1.70 3.18 10.44 10.60 10.32
** **

14 26.24 4.59 2.34 2.86 1.33 17.79 1.68 6.80 11.68 1.94 2.10 1.82 8.50
** **

15 25.75 5.08 2.83 3.35 1.82 17.30 1.19 6.31 11.19 2.43 2.59 2.31 8.01 .49
** **

16 28.31 2.52 .27 .79 .74 19.86 3.75 8.87 13.75 .13 .03 .25 10.57 2.07 2.56

Significantly different (p <O. 05)

** Significantly different (p <O. 01)

16



Appendix Table 10. Table of differences for fatty acid 18:1.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

**
2 17.47

3 10.49 6.98
*

4 10.43 7.04 .06

5 8.79 8.68 1.70 1.64

6 3.43 14.04 7.06 7.00 5.36
**

7 .13 17.60 10.62 10.56 8. 92 3.56
**

8 13.10 4.37 2.61 2.67 4.31 9.67 13.23

9

*
10 4.83 12.64 5.66 5.60 3.96 1.40 4.96 8.27

** *
11 2.84 14.63 7.65 7.59 5.95 .59 2.97 10.26 1.99

12 9. 94 7.53 .55 .49 1.15 6.51 10.07 3.16 5. 11 7.10

13 10.88 6.59 .39 .45 2.09 7.45 11.01 2.22 6.05 8.04 .94
** * *

14 7.34 10.13 3.15 3.09 1.45 3.91 7.47 5.76 2.51 4.50 2.60 3.54
*

15 5.84 11.63 4.65 4.59 2.96 2.41 5.97 7.26 1.01 3.00 4.10 5.04 1.50
** ** * ** ** ** *

16 3.32 20.79 13.81 13.75 12.11 6.75 3.19 16.42 8.15 6.16 13.26 14.20 10.66 9.16

* Significantly different (p< O. 05)

** Significantly different (p < 0. 01)

16



Appendix Table 11. Table of differences for fatty acid 18:2.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

**
2 15.90

**
3 17.80 1.90

**
4 17.52 1.62 .28

**
5 15.96 0.06 1.84 1.56

**
6 22.00 6.10 4.20 4.48 6.04

** **
7 23.53 7.63 5.73 6.01 7.57 1.53

** **
8 17. 28 1.38 . S2 . 24 1.32 4.72 6. 25

9
** *

10 22.23 6.33 4.43 4.71 6.27 .23 1.30 4.95
** * * *

11 20, 49 4.59 2.69 2. 97 4.53 1.51 3.04 3. 21 1.74
** *

12 17.88 1.98 .08 .36 1.92 4.12 5.65 .60 4.35 2.61
*

13 15.01 .89 2.79 2.51 .95 6.99 8.52 2.27 7.22 5.48 2.87
** **

14 18.49 2.59 .69 .97 2.53 3.51 5.04 1.21 3.74 2.00 .61 3.48
** **

15 17.17 1.27 .63 . 35 1.21 4.83 6. 36 .11 5.06 2. 32 .71 2.16 1.32
** * ** *

16 19. 93 4.03 2.13 2.41 3.92 2.07 3.60 2.65 2. 30 .56 2.05 4.92 1.44 2.76

* Significantly different (p< 0.05)

** Significantly different (p< 0.01)

16



Appendix Table 12. Table of differences for fatty acid 18:3..

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

2

3

4

5

6

7

8 6.77
*

9 5.95 .82

10

11

12

13
**

14 6.67 .10 .72
**

15 7.02 .25 1.07 .35
** **

16 7.17 .40 1.22 .50 .15

16



Appendix Table 13. Table of differences for fatty acid 20:4.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

2 3. 36

3 .58 2.78

4 1.68 1.68 1.10

5 2.00 1.36 1.42 . . 32

6 1.03 2.33 .45 .65 .97

**
7 5.45 2.09 4.87 3.77 3.45 4.42

*
8 3.18 .18 2.60 1.50 1.18 2.15 2.27

9 2.62 .74 2.04 .94 .62 1.59 2.83 .56

10 3.49 .13 2.91 1.81 1.49 2.46 1.96 .31 .87

*
11 4.81 8.17 5.39 6.49 6.81 5.84 10.26 7.99 7.43 8.30

12 .63 2.73 .05 1.05 1.37 .40 4.82 2.52 1.99 2.86 5.44

*
13 5.63 2.27 5.05 3.95 3.63 4.60 .18 2.45 3.01 2.14 10.44 5.00

** *
14 1.11 2.25 .53 .57 .89 .08 4.34 2.07 1.51 2.38 5.92 .48 4.52

** ** ** * *
15 2.06 5.42 2.64 3.74 4.06 3.09 7.51 5.24 4.68 5.55 2.75 2.69 7.69 3.17

** *
16 2.37 .99 1.79 .69 .37 1.34 3.08 .81 .25 1.12 7.18 1.74 3.26 1.26 4.43

16

Significantly different (p< 0. 05)

Significantly different (p< 0.01)



Appendix Table 14. Table of differences for fatty acid 22:4.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

2

3

4

5

6 1.40
**

7 1.21 .19
** * **

8 15.72 17.12 16.93
* *

9 13.53 14.93 14.74 2.19

10

11

12

13

14

15
** ** **

16 1.12 .28 .09 16.84 14.65

* Significantly different (p< 0.05)

** Significantly different (p< 0.01)

16



Appendix Table IS. Table of differences for fatty acid 22Z.

Group

Group 1

2

3

4

5

6

2 3 4 5 6 7 8 9

7 .46

8 5.40
9 14.21

4. 94

10

13.75

11

1.81

12

13

14

15

16 1.63

Significantly different (p <O. 05)

** Significantly different (i) <O. 01)

*
1.17 3.77 1

10 11 12 13 14 15 16

Cr,
NO



Appendix Table 16. Table of differences for fatty acid 22:6.

Group

Group 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

1

2

3

4

5

6

7 .45

8 4.04 3.5 9

9 5.91 5.46 1.87

10

11

12

13

14 1.98 2.59 1.53 3.93

15'
** ** **

16 8.38 7.93 4.34 2.47 6.40

Significantly different (p< 0.05)

** Significantly different (p< 0. 01)

16


