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INTRODUCTION

Lipid metabolism is one of the most active of research fields
today and the subject of transport of lipids from one organ to another
is a major phase being investigétedo Interest in this area has been
heightened by reports that elevated serum lipids seem to be related in
some manner to the incidence of coronary heart disease and atheroscle-
rosis, one of the primary degenerative diseases and a major cause of
death in our population. Epidemiological studies of various population
groups throughout the world have shown a close association between low
incidence of atherosclerotic disease, iow~fat diet and low serum lipid
ievel (1) This has led to intensive research concerning important
factors which effect changes in fat transport, thus altering the serum
‘1ipid pattern and its relation to nutritidnal and en&ocrine status,

To date, studies have emphasized changes in the serum lipids of subjects
with abnormal patterns and levels; more information is needed, however,
on these factors in clinically healthy peoples

It is now well accepted that.all lipids present in serum com-
bine with protein to produce a variety of lipid-protein complexes which
exhibit a more or less coanstant composition. Thesé‘complexes while
odntaining a characteriétic’prétein§ carry varying proportions of Qne
or more types of lipids. Three general methods are employed for iso=-
lating or quantitatively détermining serum lipoproteins: Gofman's
ultracentrifugation, Tiselius' electrophoresis, and Cehn's solubility‘

1



2
method, There are many variations of each general method, but they are
principally variations in density of the medium as used in ultracentri-
fugationy in supporting media, pHg and dye in zone electrophoresis, and
chemicals in the solubility method, It is difficult to compare the
results of studies on lipopﬁotein 1eve;s involving these methods, since
each separafes the lipid-protein complexes differently and éxpresses
results in units characteristic of the method. Table l; prepared by
Straus and Warm correlates these methods on ﬁhe basis qf five groups
related toldénsity rangeo.

The effect of diet on serum lipids levels mayvﬁe evaluated by
determining quantitatively the concentration of the individual serum
lipids such as phospholipids;.cholestérol9 and triglycerides, and the
concentration of the different lipoprotein fractions. To date, because
of the relative ease of analysis, most investigations have utilized only
total serum cholesterol as an index of thé serum lipid concentratiéns?
However, it is necessary to know the effect not only on serum lipid but
lipoprotein fractions as well, since unusuél elevations of specifiec
lipids, esfecially of the triglycerides, as reflected in changes in
1ipopro£ein fraétionsﬁ may occur as a result of dietary changes despite
normal serum cholesterol levels (2, 3).

The effects of a number of dietary nutrients on human lipid
levels has been investigated. Elevated serum cholesterol concentration
is often associated with the degenerative diseases and cholesterol is a
major constituent in arterial deposits. Therefore, the influence of
dietary cholesterol, the importance of which is still controversial,

was among the first to be studied. Since the endogenous production of



Table 1 Interrelation of Various ILipoprotein Designationsl
v | ‘Electrophore51s Tthanol
Density Sf Sf a b ¢ 4 e Fractions
1,006 20 70  Chyl. Chyl. a, a, N.F. I+ IIT
1,006-1,019 12-20 40-70  Chyl. a, B a, I + III
1.019-1.063 ~ 0-12 25-40 B, B, B B B I+ III
1.063-1.125 HDL2 20f25 a2‘ a, al al al IV+V
- - ~ +
1 ° 125 1 ° 210 H:DL3 ‘ l 10 v al al a.l al Lo A ° IV V

a = Density 1.063 after De Lalla and Gofman et al, (1954),
Lindgren, Elliott and Gofman (1951).

b = Density 1.2l after Lewis and Page (1953).

¢ = Starch electrophoresis (Kunkel and Trautman9 1956),
d = Eder (1957) | |

e = Straus and Wurm (1958).

f = Oncley (1956).

lStraus9 M., and Wurm, M.: Lipoproteins in serum. A. Character-
ization and methods of analysis; in ILipids and the Steroid Hormones in
Clinical Medicine (ed, F.W. Sunderman and F.W, Sunderman, Jr.)., Lipinn-
cott, Philadelphia - Montreal, 1960; pp. 47-57.
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eholesterolvby the liver in the homeostatic regulation of biosynthesis
of éholesterol is greater than‘the amount normally consumed, it has |
been concluded by most invéstigators that cholesterol i&ilégg as present
in the "average! American diet, is of little importance. However,
recent experiments by Beveridge et é;@ (4) have shown that, over the
lower ranges of cholesterol ihgesti”qn9 beginning'at zero level, there
is a positive correlation between iﬁtake and serum cholesterol concen~-
tration. This, ﬁe states, is modified by the ty?e of triglyceride pres-
ent in the diet. Recently, Comnor et als (5) and Steiner et al. (6)
reported that cholestérol9 added to the diet in the form of egg yoik
powder or as a mixture with olive oil, ele#ated seruii eﬁelesterol sig=
nificantly. They attributed’thé increase to better absorption from thé
gastrointestinal tracf than'when cholesﬁefel wés fed in crystalline
form as was used in eaflier experiments§

Serum lipid concentrations are affected by the quality of the
fat in the diet. A decade ago Gréen éﬁ élo (7) observed that vegetariahs
had considerably lower serum cholesterol values than non-vegetarians,
and that this effect was independent of the level of total fat ingested.
Tn the same year, Kinsell éi'él? (8) reported that the isocaloric
substitution of vegetable fat for animai fat dramatically reduced the
serum cholesterol and phospholipid concentrations, But the terms
‘animal” and 'vegetable® do not distinguish between fatslwhich raise
and lower serﬁm 1ipids;"coconut 0il and butter both raise serum choles=-
terol. The hypercholesterolemie»effeét of butter has been attributed

~to the chain length of the saturated fatty acids, 06 to 6149
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The developﬁent of new’analytical'methods for easily separating
and identifying the fatty acids in 1ipicis9 namelyg:gas-liquid chromato-
graphy, makes it possible to détermine éaéily the kind and amounts of
each fatty acid pfesent in the experimental diet. Ahrens (é) and'oﬁhers
have shown that unsaturated fats lower serum cholestercl and Bronte-
Stewart éi élo (10) and Gofman éﬁ élo (11) reported that such fats lower

the conpentration of the beta lipoproteins, corresponding to S, 0-20,

£
’Non-essentiél and essential polyunsaturated fatty acids are both effec-
tive iﬁ this respect (12).

Keysv(13) proposed the "formula'' given below for describing
quantitativeveffects of.variatién in kind and amount of dietary fat upon
serum cholesterol in men who are normocholeSterolemic‘(cao 230 mg. per
cent) and who consume a diet containing about 40 per cent fat calories,
an amouﬁt considered to be characteristic of the diet of middle-aged
adults in this-céuntry° His formula specified that change in serum cho-
lesterol elicited by a change in dietary fat equals the change in satu-
rated fatty acids, plus the change in monoethehoid fatty acids plus the
change in polyethenoid fatty acids; all fatty acid intakes being ex-
pressed in terms of per cent of total calories. According to this con-
cept, saturated fatty acids are twice as effective in raising serum
cholesterol as equal amounts of polyunsafurated fatty acids in lowering
‘éhem9 oleic acid being neutral. Hov\}ever9 Ahrens was of the opinion
that the formula represented little more than an expressidn of the
iodine number of the fat which was fed (I4).

There are only a few reports on the effect of monoethenoid fatty
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acids on serum lipids. In 1958 Keys éﬁﬂgl@ (15) reported that oleic acid
‘had a neutral effect on serum cholesteroi; Armstrong gi éic (16) found
that olive oil, rich in triolein, was about one-half as effective as
corn Oilg rich in linoleic acide
In the average American diet a large portlon of the fat calories
derlve from partially hydrogenated fa'to Hydrogenation saturates the
doublé bonds of the natural oils, thus introducing unnatural isomerss;
the tyﬁe and amount vary with the process employed. Little is known
-about the mechanism for metabolizing these unnaturél isomers of their
effect on serum lipids. It appears (17) that humans are capable of
metabollzlng 1ngested ethenoid fatty a01ds with theﬂffAﬁé configuration.
Bronte=-Stewart (18) reported that hydrogenation of the polyunsaturated
vegetable oils greatly reduced their effectiveness in lowering serum’
cholestefols while-&hrené éE éi° (2) reported no difference in the effect
of corn oily natural and partiallj hydrogénated9 on the serum'lipids'of
one normocholesterolemic subject. Recently Horlick (19) reported that
feediﬁg partially hydrogenated oil at the level of 40 per cent of the
calories, following a period on a low-fat diet, resulted in a gradual
rise in serum cholesﬁeroie
'~ The present invesﬁigation has been made because it was considered
valuable to know how fat, which has been partially hydrogenated with no
change in chain length, affects the serum lipids of clinically healthy
young women. Sinece 12 to 15 per cent of the serum proteins are associ-
ated with iipoproteins9 it would also be important to know if any changes
in the lipoprotein fractions are accompanled by correspondlng changes in

the plasma protein fractlonso



PROCEDURE

The experiment was divided into three periods, eighf weeks each
in Periods I'and III and nine iniPeriod IT,. Thé effect of a controlled .
adequate diéﬁ, the fat content of which had a high proportion of poly-
unsaturatea 0il, was measured in Peyiod I, and that of the éame diet
With the same oil partially hydrogenated was measured in Peribd.IIIo
The subjecfsbconsumed a self séiec#ed diet duriné Period II which served
as aﬁ adjustment period§ allowing blood values to return, presumably, to

- approximately the same level as that which preceeded Period_Ig

A. Subjects
,.fhree female,graduéte studenﬁs in nutrition, 34 to‘38 years of
age, volunteered to serve as subjects. .All were judged cliniecally
healthy, aftér a comprehensive medical exaﬁination at a local medical
-center which'includgd.an electrocardiogram, a compléte blood count, and
urine analysis (Appendix Tables la and 1b),

Subjects were weighed twice weekly for the purpose of maintaining
constant weight. .Bloqd pressure was measured monthly. Hematologic
examinationhs, including hemoglobin9 hematocrit, differential white cell
count and cell maturation, were repeated at the end of Periods I and

_IIT. The basal metabolism of each subjeét was measured in the present
laboratory .at the beginnipg»and end of the experiment; Each subject
kept a daily record of activities and of any events which might affect
in any way her state of héalfho"f |

7.



B. Methods of Analysis
Fasting finger—tip blood was taken on the first, third, and
-fifth days of each week ﬁhroughout the three periods., Aliquots of
sefum were frozen for‘choleéterol determination at termination of the
experiment. Sgra for protein and lipoprotein measurements were refrig-

erated at‘34~36°F¢ and analyses begun within twelve hoursg

Serum Cholesterol

Serum- total cholesterol concentrations of each subject were
‘measured in triplicate three times weekly by Adamson's micromodification
of the Pearson, Stern, and McGavack method§i Pooled human serum was used

as the control for cholesterol analyses,

~ 8erum Proteins and Lipoproteins

Sefum proteins and lipoproteins were measured in duplicate twice
' weekly, ¥sing the Spinco Modél R. Paper Blectrophoresis System. Sera
samplés% 0,006 mi, for érotéins and 0,020 ml. for lipoproteiné9 were
fractionated in‘ﬁurrum type electrophéretic cells'on paper strips in |
Veronal buffer, witi a pH of 806 and 0,0?S ionie strength; A constant
current of 2,5 milliamperes for proteins and 4.0 milliamperes for lipo=-
proteins was maintained by a Duostat power regulator and applied across
paper strips for seventeen hours, Serum proteins were separated at

room temperature and lipoproteins at h-lO°C§

_:LAdamson9 L.F., Leeper, GoKo,fand Ross, B.: Influence of dietary
fats and cholesterol on tissue lipids in chickens. J. Nutrition 73:247,
196'19 . .
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The paper strips containing the separated proteiﬁ fractions were
then dyed with alcoheiic bremphenol blue, using the Spinco '"Procedure BY
methodsl The dye solution was newly prepared weekly. Idipoprotein
fractions were stained with freshly prepared Fat Red 7 B (Ciba) dye
solution according to Straus and Wurm's method (Am. J. Clin. Path. 29:
581, 1958), Strips were scanned immeéiately in a Spinco model RB
analytrol equipped with a B~5 balancing cam andftwo 500 millimicron
' interference filters.

The relative concentration of each of the five protein fractions
per sfrip was calculated as a perceﬁtage of the total area under the
curve as recorded by the integrator, When~Fat Red 7 B is used for stain-
ing lipoproteins five fractions, which correspond to the protein frac-
tions, are demonstrated. These, like the serum protein fractions, were
evaluated in terms of relative concentratione Beta/alpha ratios repre-

sent the ratio of the beta fraction to the combined alphaz9 alpha. , and

19
lipalbumin fractions. Beta/lipalbumin ratios were also derived.
The total protein concentration of each subject's serum was

measured by refi'actometry2 twice weekly throughout Period.III.

C. Experimental Dietaries
- The diet for Periods I amd IIT consisted of three simply pre-

pared and palatable menus (Appendix Tables 2a, 2b, and 2c) rotated

lA Method for Serum Proteins using Bromphenol Blue Dye in
Alcoholic Solution, Technical Bull, No., TB 6050A. Beckman Spinco

Division, PaloAltoy Calif., April, 1958, -

:%S Meter for Protein-and Index, American Obtical Co., Buffalo,
NoYo ' )
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daily for variety, Each menu met the recommended dietary allowances of

1 The

the Food and Nutrition Board of the National Research Gouncil.
mitritive values of the diets were calculated from standard food composi-
tion tables (20). The amount of cholesterol in the diets was also
approxiﬁated k2l)o ﬁietary computations weré based on the needs of
Subject 2, since she required fewer calories. ‘As observed during tﬁe
first adjustment period, all nutrients for the other two subjects re-
~quired 122 per cent of the basiec diet. In each case, fat constituted
4O per cent of the total dietary caloriess pro%ein9 16 to 17 per cent,
computed on the basis of 1.5 gm/kg of body weight; the balance, 43 to
Lk per centg'wés derived from‘eafbohydrate (Table 2),
Fat_Content

Dﬁring Period I9 77 per cent of the total fat calories, or 30
per cent of the tofal dietary caloriés9 was derived from safflower oil,
For Period III_the natural oil was replaced by the same amount of the
same oil partiaily hydrogenated. All’other constituents were quantita-
tively the same in both periods,; thus minimizing possible variables im
the diet. In the process of partial hydrogenation of the oily most of
the linoleic acid was~converted to elaidic acid and the stearic aéid
was increased from 2.5 per cent to 13.4 pef cent (Table 3)o Thus the
polyunsaturated/saturated acid ratio (P/S) for the natural oil was

changed from 9,26 to 0,18 for the partially hydrogenated.

lFood and Nutrition Board: Recommended Dietary Allowances,
Pub. 589$;revised 1958, National Academy of Sciences-~National Research
Council, Washington, D.C.g 1958?



Table 2 Dietary Nutrients, Amounts and/or Distribution
Fatty acids
Suggfct Calories Protein __ Carbohydrate TFat S gﬁiiturgzii Cholesterol
gt ,,%,l: . % gn. % gie. g en mg.
- ' , Period I | _ |
1 2,200 8 16 2hh b %8 4o 14 20 60 401
2 1,800 8 17 192 43 80 ko 12 16 49 327
3 2,200 92 17 238 43 98 Lo 14 20 60 ’401
| | _ Period II
1 1,435 7 20 162 45 %6 35 21 22 5 331
2 1,436 67 18 170 46 58 3% 20 23 7 433
3 1,857 76 16 kbbb 8 4o 3k 31 8 469
| Period .III
1 2,200 86 16 24t b 98 4o 2h 66 4 4ol
2 1,800 78 17 192 43 80 ko 20 53 3 327
3 2,200 92 17 238 43 98 Lo 2k 66 b hoi

loer cent of total calories

TT
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Table 3 Composition and Constants of Safflower oixt

Safflower Oil

Description ) Natural _Partially Hydrogenated
Fatty acids in percentage

Caprylic - ' trace

Capric o trace
Lauric trace 0.5
Myristic : 0.1 0.3
Palmitic _ ‘ 5.8 7.2
Stearic 2,5 13.4
Palmitoleic , trace _
Gleic ) 130 7 lae 7
Flaidic A 62.0
, Linoleic~ILinolenic - 77.8 - 3.9
Experimental iodine value 142.2 - 7h.3
Calculated iodine value 146.3 71.0
Color  0.7r-6y 0. 5r=by
Refractive index at 48°C. 59,20 hé .7
Mod. W, melting point S— 102.5°F.

Fatty acid ratios

9.26 , 0,18

P/Si
M/s c 1,63 3,49
P + M/S” S 10.89 3,67
#p/s = Polyunsaturated/Saturated
'bM/S = Monounsaturated/Saturated

°p + /8 = Poly and Monounsaturated/Saturated

1Information furnished by Pacific Vegetable Cil Corporation,
Research Laboratory, Richmond, California
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Sixty-one per cent of the total fat calories was derived from
polyunsaturated fatty acids in Period Ia-four per cent in ?eriod IIT
(Table 4); a negligible pereentageifrom,menounsaturated fatty'acids in
Period I, 67 per cent in Period III. Forty-eight per cent of the mono-
unsaturated fatty acids in Period IIT had the trans configurationj -
elaidic acid contributing approximately 19 per ceat of the total calories
in the diet. The P/S ratio of the dietafy fat for Period I was 4.15,
and for Period IIT, 0.16 (Table 5).

Precautionary measures were taken that the same percentage and
type of fat be consumed by each subject during Perlods I and IIT, OCne
lot of extra lean ground round beef was purchased, portioned imto
individual servings9 énd frozen, Si@ilarly; all eggs were purchased
from the same source in one lot, mixed thoroughly, portioned into
individual servings, and frozen, Turkey breasts were also prepared in
~advance. Since packaged foods, such as nonfat dry milk, canned fruit
--and frozen vegetables, mey differ in nutrient value, the same brand and
lot number were purchased for the entire experiment.

Edible_portions of each food were weighed to the nearest gram
after cooking. ‘Each subject added the safflower oil, natural or
partielly hydrogenated, to the food as served; to eggs and cereal at
breakfast, soup and salad at lunch, and potatoes and vegetables at

dinner.

Do Self Selected Dletarles
Each subject kept a record of the food consumed durlng the third

and sixth weeks of Period II. The total nutritive value of each week's



- Table 4 Percentage Distributiohs of Fat and Fatty Acid Calories

___Percent total calories of the diet

Fatty aclds

Percent fatty acid calories

"‘in total fat calories

Fatty_acids

D Unsaturated Unsaturated
Subject T v > — : T 3 -
No.o : Total Saturated Mono ‘Elaidic Poly Saturated‘ ‘Monq 3 Elaidic Poly
Period I
1, 2, 3 Lo 6 8 2k 15 16 61
Period II
1 35 13 14 3 38 39 9
2 36 13 14 L 35 #O 12
3 ko 17 15 L 5o 37 9
Period IIT
1, 2, 3 40 10 27 - 19 2 25 67 48 I

1Includes both trans and cis configuration.

ZKnown elaidic in the partially hydrogenated oil.

KL



Table 5 Ratios of the Fatty Acids

Subject : - ,
Noo P/S M/S_ P+ M/S
Period I
1,2,3 4l5 1,36 550
Period II
1 0,24 1,05 1.29
2 - 0035 1.5 1.50
3 0,28 0.91 1.15

Period IIT

1,2,3 0,16 2,70 2,87
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diet was thained by computer, using the program of Thompson and Tucker
(22). Average nutritive values of the subjects' individual diets for
Period II are given in Table 3 of the Appendixo'

A1l subjects consumed fewer calories on the self selected than
on the experimental dieto Since there was little variation in body
weight it appears that there méy have been less expenditure of energy
or perhaps less accurate estimation of total ecalories during Period II.
In géne;&:*’al,9 the diets were well‘balanced~and9vwith few exceptions, met
the recommended daily dietary allowances of the National Research Coun-
cil, The diet of Subject 2 was somewhat low in calcium, namely, 549
'mgog and diets of Subjects 1 and 3 were bélow recommended>allewances in
iron, namely, 9 mg. and 1l mg., reépectivelye The percentages of di-
etary calories derived from protein, carbohydrate, and fat were not
significantly different from the expérimental diets of Periods I and
III (Table 2). The P/S ratios of dietary fat in the three diets for
Period II, namely, O.24, 0.359 and 0.24, respectively, were slightly

larger than those of Period III.



RESUITLS
As Serum Total Cholesterol Concentration

PeriodAI

‘The serum total cholesterol of all subjects diminished in con-
centration during Period I, Weekly means (Table 6) represent the aver-
age of fasting serum samples obtained on three alternating days each
week., After three weeks, the serum cholestercl weekly means of Subject
1 stabilized to within + 3 mg. per cent of the mean (202 mg. per cent)
of the last five weeks. Those of Subjectsrz and 3 stabilized after
four weeks to within & 5 and % 1 mg. per cent, respectively, of the
means (204 and 149 mg. percent, respectively) of the last four weeks,
The variability (Figo 1) was similar in all cases. Weekly changes dur-
ing Peried Igiexpressed as per cént of the mean valué‘of the first week,
are shown in Table 8, The average weekly decreases over the first four
weeks of the pefiod for Subjects 1, 29’and 3, respectively, were 14,0
(statistieally significant, P<0,05), 6.5, and 2.8 mg. per cent. The
standard deviations (S.D.) were * 19, + 18, and + 14 mg. per cent,
respectively; the standard érrors (B.Eo)y + 3.89, # 3,61, and + 2.92
mg. per cent, respectively; the coefficients of variation (C.V.), 9, 8,

and 9 per cent, respectively (Table 7).

Period II
The weekly serum eholesterol concentrations of all subjects
varied at random during Period II with no definable pattern for any of

17
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Table 6 Weekly Means of Serum Total Cholesterol Concentrations, mg. %

" Weeks

Period _ 1st _ 2nd _ 3rd . hth _ Sth _ bth __7eh __ 8th __ Oth
Subjeet No. 1
I 257 217 220 203 199 205 199 202
II 218 24 27 22 237 250 255 223 219
TII 268 230 209 197 216 220 215 219
. Subject No, 2
I 230 197 238 215 208 199 208 201
II 215 228  2k2 225 246 243 239 208 232
III 233 228 227 211 251 225 237 233
Subject Noo. 3
I 160  131. 167 160 149 149 150 149
II 158 176 165 175 191 195' 190 171 179
III 193 175 179 192 168 179 182

172
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the subjects. In eaeh‘ease9 however, there was little difference in the
8:Doy SoF., and C.V, for Periods I and II (Pable 7). The means for
Period II.were 10, 9, and 18 per cent, respectively, higher than those

- for Period I.

4Period III

The serum total cholesterol of Subjects 1 and 3 diminished in
concentration during Period III. The pattern of change for Subject 1
was similar to that for Period I (Fig. 1), showing a continuous decrease
in concentration through the fourfh week, increasing at the fifth week,
at which level it stabilized to within & 3 mgs. per cent of the mean
(218 mg. per cent) of the iast fdur weeks. The average weekly serum
cholesterol values of Subject 3 suggest a pattern in variability which -
seemed to repeat itself (Fig. 1l). It dropped during the second week
and then increased gradually for the next three weeks, reaching the
initial value fof Period III in the fifth week. There was.another de-
crease during the siith week and, as before, a graduai inerease followed,
stabilizing in the seventh week to within + 2 mng. per eenf of the mean
(180 mg. per cent) of the last two weeks. No significant change in
sexrum chelesterol'concentration was observed for Subject 2 during this
period (Table 8), The mean of the last week (233 mg. per cent) was the
same as the mean of the first week and the average of the means of the
last four weeks (236 +.l5:mg° per cent) was not significantly different.

The average weekly decreases over the ﬁxst four weeks of the
period for SubJects 1 and 3, respectﬂvely9 were 12 2 and 302 mgo. per

cent, Standard deviations are correlated with the mean and for the



Table 7 Variability in Serum Cholesterol Concentration, mg. %

acrece
oo

Period Weeks

N

Mean S.Do

S8,

CoV¥o

T 9
111 8
I 8
IT 9
ITT -8
I 8
II 9
ITI 8

2h
27

24

24
27

24

23
27
2h

Subject No. 1

210 19,0k

232 +20,23
222 +28.60

Subject No, 2

L. £17.71
231 +16,68
231 416,25

Subject No. 3

151 +14.00
178 +15.38
180 #13635

+3.89
3,97
+5.84

43,61

+3.21

+3.32

+2.92

+2.96

"F2.72

13
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subject with the highest cholesterol concentration, the week to week

variation was greater than for the subjects with the lower cholesterol

concentratiegso Standard deviations are for Subjects 1, 2; and 3,

respectively, i 29, %
+ 5.8%, + 3.32, and %

13, 7, and 7 per cent

2.72 gme per cent; coefficients of variation,

(Table 7)o

16, and * 13 mg. per cent; standard errors,

Table 8 Variability in Serum Total Cholesterol,
' . Per Cent of Mean Concentration of First Week
Subject Weeks
' Noo __2nd 2ra Gth Sth 6th 7Eh. 8th_
Period I
1 -16 -16 =21 =23 =20 =23 ~21
2 ~14 +3 -7 210 -13 -10 ~13
3 =18 + 4 0 -7 -7 -8 -7
Period III
1 =14 =22 -26 ~19 -18 ~20 -18
2 -2 -3 -9 + 8 -3 S+ 2 0
3 -11 -10 -7 0 -13 -7 -6
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B, Serum Lipoprotein Percenfages

‘Changes in the lipoprotein fractions in the individual experi-
mental perioeds did not correlate with the ehanges in cholesterol con-
dentratione However, the mean percentage éoncentrati?ns of the beta
fractions of the three subjects for the three periods'were directly
pr#portional té their initiai total chqleéterol coﬁcentrationso Con-
versely, the alpha (alpha1 plﬁs alpﬁaz) fracﬁioné were inversely pro-
portional to total cholesterol concentrations and the other fractions?
namely, gamma plus neutral fat, and lipalbumin, showed 51m11ar trendsa

but less significant (Table 9)o

Table 9 Mean Percentage of Lipoprotein Fractions for the Three
. Experimental Periods Referred to the Initial Total Cholesterol

Concentratlon

— Llpoproteln Fractlon ‘
Subjéct Total - Alpha + Gamma,. +

Noe Cholesterol Iipalbumin Alph%2 Beta Neutral fat
mgo % % % % %
1 257 22,0 17,5 40,8 19.6
2 230 26,7 18,2 35.3 20,1
3 ' 194 26,8 20,2 31.5 21.5
Period I

The average weekly decline of the beta fraction of Subject 2
was statistically significant (P<0,05), namely, 0.39 per cent, during

Period I and the alpha

2 fraction increased significantly (P<0.05),
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namely, 0,28 per cent (Appendix Table 4), Two ratios9 beta/élphal
plus‘alphaz and beté{élphal plus alpha, plus lipalbumin, decreased
_significantly‘(P~<OoQ5) (Appendix Table 5). There were no signifiéant
chaﬁges in fhe fractipns or :atios of Subjects 1 and 3 during Period I

(Appendix Tables 4 and 5). Variability in 8.D.; S.E., and C.V. was

negligible in all cases (Appendix Tables 6 and 7).

Period IT
Percentage concentrations of the various lipoprotein fractions
er all subjects were approximately the same for Periods I and II

(Appendix Tables 6 and 7). However, variability in most fractions for

all subjects was greater in Period IT.

Peridd-IiI
The lipoprotein patterams of Subjects 1 and 2 changed signifi-
éantly (P<0.05) during Period III; the average weekly decline of the
lipalbumin fractiqﬁ‘was‘O@29 per cent‘and 0,60 per cent, respecfiveiyo
This decrease-in Subject 1 was compensated by an increase in the gamma
plus néutral fat fraction and in Subject 2 in the beta{fractiqn (F"ig° 2)3
‘the average weekly increases'were 0,27 per dent’and 0,67 per cent,
respectivelyg For Subject 2y three of four of the ratios increased
equally significantly: bgta/l_ipalbumin9 beta/alpha

plus alpha, plus

1 2
lipalbumin, and beta/gamma plus neutral fat. There was little change in
the lipoprotein pattern of Subject 3 duripg Period III, With the excep-
tion of alphal9 variability in 8S.Doy S.Eey and CoVo was negii@ible_in

all cases_(Appendik Table 6)
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Qa Serum Protein Percentages

Change in diet did not appear to modifyg‘to any extent, the
electrophoretic serum protein patterns of any of the three éubjects
(Appendix Tables 8 and 9);vall fractions, with one exception, were
relatively constant throughout the’experimento~ The gamma globulin
fraction of Subject 2 increased significantly'(P<:Oo05) during Periods
II and III. It appears that this:increase is the result of a response
to the virus infection which she had during the fourth week of Period II,
prior to the increase. In ail cases, the variabilitvaas small (Appendix
‘ Tablés 10 and 11); as would be exPeéteC?.9 albumin, the largest fraction,

had the least variability (3 per cent), and alpha, globulin, the smallest

1
fréc‘tiong showed the greatest variabiiity (l5 per cent). There was
slightly more variability in the fractions during Period III9 but in‘all
cases, the coefficients of variation of the subjecfs" sera and of the
standard were similars

Total protein concentration, measured during Peri_od_III9 was
also cqn§tant‘(Tabie lO); the mean valﬁes for Su_bjects'l9 zgland 3, were,
namely, 6.9 (6.7 to 7.2), 6.8 (6.6 to 7.1) and 6.5 (6.1 to 6;§) gmo per
cenégwrespectivelyo The first two were within & 0.3 gm. per §eﬁt_of
the indi%idual means for the. period, and the thitd was ﬁithin + 0ol gms

pver cent,
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Table 10 Serum Total Protein Concentration, Period III,; gmoe %

-Subject Nog .

eek 1 2 3
1 7.1 659 6.5
7.0 6.6 6.6

2 7.2 6.8 6.6

6.7 6.7 6.6

3 6.9 70 6.6
6.8 6.9 6.4

b 6.9 7°1H 6.6
7.0 6.8 6.5

5 6.8 6.7 6.1

| 7.0 6.6 6ol

6 6.9 6.6 6.5
6.7 6.8 6.5

7 6.8 6.8 6.9
7.1 6.9 6.4

8 — 6.8 6.5
7.0 6;8 506
Av. 6.9 6.8 —Z;_




DISCUSSION

In 1957, Lawry et al. (23) reported that the average serum total
cholesterolvvalue for fifty-six healthy American women between the ages
of 30 and 39 years was 209 + 32 mg. per cent. By this standard, Subject
1 would be considered hypercholestérolemic; Subjects 2 and 3, average.

Few studies have been»reporfed‘on the electrophoretic pattern of
serum lipids stained with Fat Red 7 B dyeo Sfraus and Wurm (24) reported
the following lipoprotein values for Lo normal individuals (25 males
. ranging in age from 10 to 86 years, and 15 females from 11 to 60 years):
lipalbumin, 19.8 + 5.86; alpha, , L.67 + 2,07; alyha,, 7.06 + 2.35; beta,
52,5 * 9,20; and gamma plus neutral faty 15,5 * 4.56 pei cent, The
. ratios were: beta/élphai plus alpha29 1;81 + 0,685 and béta/élphal plus

alpha, plus lipalbuming BQOQ + 1.360 In comparison, the lipoprotein

2
. patterns of the three subjects in this experiment contain less percentages
of beta and more of all othef fractions (Appendix Table 6)o

Minor variations are reported by investigators in the electro-
phoretic péttern of serum prétein in apparently healthy persons. Wall
(25), using paﬁer electrophoresis ﬂo separate the serum protein frac-
tions and bromphencl blue dye for staining, reported the following fer
normal adults: albumin, 66 (60-70); alpha), 3 (2-5); alpha,, 7 (5-10);
beta, 9 (8-12); and gamma, 12 (10-15) per cent. The serum protein frac-
tion percentages for the three subjects are iﬁ close agreement with the
above percentagés throughout the experiment (Appendileable 8)% The
B B
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absolute values of serum total protein of the three subjeéﬁs (Table 10)

also fall within the normal range, 6.0 to 8.0 mgoﬁlob ml. (26),

In agreement.with other workers (6, 7, ana 8); in the present
study, safflower oil lowered the serum total cholesterol concentration
of all subjectss Swell EE é;o (27) fed sixteen clinically healthy sub=
jects a diet which contained 30 gm. of linoleic acid daily (25 per cént'
of the fat calqries)o At the end of 10 weeks, those subjects withAnormai
initial cholesterol values (150-250 mg. per cent) had an average decline
in serum cholesterol of 12,3 per cent (26 méo per cent);.rIndividual
respoase to the high linoleic aciq diet varied; one subject showed a
decrease of 28.9 per cent whereas another showed no decrease at all.

In the group with initially elevated blobd cholesterol levels (above

250 mg. per cent) there was a significant decline in the serum choles-
terol of every subject.at the end of 10 weeks. The average decline fqr
this group was 62 mg. per cent (21.2 per ceﬁt)a Joliffe EE glg (28)
also reported that~decreases in cholesterol were greatest in those sub~
Jeets who initiallyrhad the highest values and least in those with lower
initial values. The results of this experiment are in agreement with
this finding. ‘ 7

Brown and Page.(295 reported that a diet having 30 per cent of
the total calories as coﬁtonseed 0il and 8 per cent as saturated fatty
acids significantly lowered the serum cthestérol level of forty—éix
.normal men and women, agéd 25 to 55 years.

While consuming a diet rich in saffiower oil, the lipoprotein

- pattern of one subject (Subject 2) changed; the beta fraction decreased
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énd the alpha, fraction increased. Horlick (19) reported that a diet
having 40 per cent of the calories as corn oil produced an increase in
alpha lipoprotein. fhtenman (30) found that there was.no change in
" beta lipoprotein when corn oil fﬁrnishea 25 per cent of the dietary

calorieé but with 40 per cent of the calories from corn oil, there was
a marked decrease in beta, Ahrens (9) and Bronte-Stemart EE é;u (10)
found that feeding polyunsaturated fat lowered beta lipoprotein-eholeé—
terel. In this experiment, two subjects had decreases in serum choles—
terol with no éhanée in lipofrotein patterns.

As Lewis (31) poiﬁted out, heredity, diet, hormonal palance and
'hebatic function all affect the éergm lipeprotein pattern. She reforted
that when a 40 per éent fat diet (30 per cent cottonseed 0il) was fed
to patients with elevated blood lipids those of the group having hyper-
cholesterolemia (as in the case of Subject 1) showed variable changeso
However, she reported that décreases in serum chglesterol (7 to 40 per
cent) were 'usually' associated with a pfoportionafe decrease in beta
1ipoprotein‘concentfationse ‘

Boylevéz ale (32) studied the lipoprotein éatterns of 2,306
persons.and found six distinctive types; only one type of which he con-
SiQ9red normal. Brown and Page (33) reportedg‘after two years of experi-
mentation with the effect of low-fat and vegetable oil food patterns on
the serum lipids of thirty%four patientsv that abnqrmal serum lipid
levels responded to dietary treatment according to the typé of abnormal-

Cdity pfesent§

The varied response to the controlled diet of the serum lipids



31
of the three subjects in ﬁhis experiment bear out the above-mentioned
reports; lipoprotein patterns and serum 1ipid levels vary among sub-
jects., Thus, response to experimental diet is diverseo

?he‘different responses to partially hydrogenated safflower oil
continue to support thg-hypothesis thaérthe fat metabolism pattern is
individualistic. The serum cholesterol of Subjects lzand 3 was lowered;
that of Subject 2 showed no changée On the other hand, the liboprotein
patterns of Subjects 1 and 2 changed;‘that of Subject Bjremained constant.,

The reports in the literature'gre‘also controversial., Horlick
(19) fed two types of hydrogénated vegetable oil to healthy subjects
(linoleic/saturated ratios, 1.3 and 0.6) as 40 per cent of the dietary
c&lories)following a basic diet containing 4 per cent fat. In one of
three trials serum cholesterocl levels returned to‘control levels; in the
other two trials they stabilized at 10 per cent below the control levels.
Anderson et al. (34) replaced 20 gm, of safflower oil in the basic diet
of twenty-seven heélthy male subjects by the hydrogenated oil. The mean
increase in serum cholesterol was 10 mgo‘pef cent, When 100 mg. of
safflower oil were replaced with hydroéénated oil, the meén increase in
serum cholesterol of twelve of the group was 25 mg. per cent. ‘Replace=
ment of 100 gm. of corn oil by am equal amount of hydrogenated corn oil
caused a mean increase of 21 mg. per cent of cholesterol in thirteen of
the groupe.

Anderson compared the effect of two dietary fats, matched in
total saturated, total monoene and total polyene fatty acids. One of the

mixtures, hydrogenated corn oil (HCO)i contained unnatural isomers
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produced by hydfogenation (36 per cent éééégfmchoene and 12 per cent
Eggég-diene)o The other, a mixture of‘vegetable oils, was made up of
naturally occurring isomers. When HCO replaced the natural mixture in
the diet of twenty-three méﬁg there were significant mean increases in
cholesterol9 phospholipids and trlglycerldeso It is interesting to note
that the trans isomers caused a rise in trlglyéerldes° Subject 1 of
this experiment had a rise in the gamma plus neutral fat fraction, which
igs rich in triglycerides. ILittle is known about the mechanism for
metabolizing Eéégé isomers; some believe that the pathway is different
from that of natural isomers,

McOsker éﬁ élo (35) fed four different partially hydrogenated
vegétable fats to healthy male subjects as 40 per cent of the dietary
calories. Three of the fats having an iodine value (I.V.) of 95 or
greater, and P/S ratio, 1.2 or greater, produced significantly lower
serum cholesterol leveis then those maintained on a diet representative
of the "average" American diet. The results were 1nterpreted to suggest
no dlfference between effects of the partially hydrogenated and the
natural oil. One margarine, the fourth fat fed9 having an I.V. of 61
and P/S, 0.3, produced no change in serum cholesterol. The latter mar-
garine compares moré closely‘with thé partially hydrogenatéd fat used
during Period III of this experiment. The above margarine contained 52
per cent oleic acid, 35.3 per cent saturated acids.(l6 and 18 C) and
“11.6 per cent llnolelc aeid; 7. 8 per cent of the fatty acids had the
trans conflguratlono

Beveridge gg al. (36) concluded from an eight day experiment
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with eighty healthy university students that hydrogenated corn oil
(I.Vo, 69.6) ﬁad significant hyfocholesterolemic effects when added to
a diet containing a hypercholesterolemic fat fbutter) and no effect
when added to a fat free dieto' Ahrens éﬁ élo (2) fed hydrogenated corn
0il (I.V., 80) to one normocholesterolemic patient and reported that it
produced no increase in cholesterol level over that of the unhydrogen-
ated oil. However, the feeding of hydrogenated oils to hypercholester=
olemic patiénts resulted in increases in s‘erum'c;holesterol9 varying
with the Iove of the fat. He concluded that féts with an I.V. of 100
or more produced equally low levels of cholesterol, suggesting a limit
to the effect produced by ingestion of umsaturated fats;‘ He reported
that by feeding fats with iodine values below 90, the chelesterol content
of the serum was increased aé the saturation of the dietary fat increased.

Bronte-Stewart éEléiv (10) fed hydrogenated ground nut fat

(IOVQ9 55) to Bantus in two experiments aﬁd in both there occurred a

slight rise in serum lipid levels, including that of serum cholesterol.



SUMMARY

In this investigation, when safflower oil contributed 30 per
cent of the calories in the experimental diet, the serum total choles-
‘terol concentration was lowered in the three subjects. The change was
statistiecally significant (P<0.05) in the case with the highest ini-
tial weekly mean of 257 mg. pef cent; the other two subjects having
: initiai weekly means of 230 mg. per cent and 160 mg. per cent, respec-
tively. The means of the last four weeks fof‘Subjects 1, 24 and 3
- respectively, were 22, 12, and 7 per cent below those of the first weeko
There were no significant changes in the'lipoprotein:patterns of Sub-~
jects 1 and 35 the beta fraction of Subject 2 decreased significantly
(P<0.05) while the alpha |

2
When the safflower oil was replaced by the partially hydrogenated

fraction increased significantly.

| product, the serum cholesterol concentration was lcwered.in two of the
three subjects. As before, the greatest change ocecurred in the case with
the highest initial weekly mean value. The means of the 1as£ four weeks
fof Subjects lsand 3 were below those of the first ﬁeek9 19 per cent and
7 per cent respectively; that of Subject 2 showed no change. The serum
cholesterol of Subject 1 was more vafiable during Period III (va;g 13
per cent) than during Period I (C.V., 9 éer cent; that of Subjects 2 and
3 showed élightly less variability during Period IiI (CoVoy 7 per cent)
than during Period I (é;Vq; 8 pef‘cent and 9 per cent§ respectively).

3k
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The lipoprotein patterns of Subjects 1 and 2 chaﬁged signifi-
~cantly during Period IIT; that of Subject 3 showed little change. In-
creases in the gamma plus neutral fat fraction of Subject 1 and the beta
fraction of Subject 2 céﬁpensated for decreasés in the lipalbumin frac-
tion of both subjects. Throughout the experiment, the alphal fraction
was more variable than the otheréo

Changes in the 1ipoprqteih7ffacﬁions in the individual experi-
mental perieds did not correlate with the changes in cholesterol concen—
tration. Tﬁe initial total cholesterol concentrations of the three sub-
jects, however, were directly proportional to the mean percentége concen-
trations of the respective beta fractions for the three periods; but they
were inversely proportional to the aléha concentratiohs (alphal plus
alphaa)o

Change in dietary fat did not appear te modify the eiectropho—

retic serum protein patterns of the three subjects. Total protein con-

centrations, measured during Period III, were approximately constant,



CONCLUSION

The results in this investigation point up the fact that fat
‘metabolism varies among subjects. If appears that the initial serum
lipid level and the characteristic pattern of the individual are impor-
tant fgctors in determining the effect of dietary fat or serum lipids,
It would seenm theréfore that no single measurement of dietary fat, such
the effect on serum lipids of all individuals.

Since the subjects maintained constant weight when 19 per éent
of the dietary caiories was subplied by iégég-monoene fatty acids, the
conclusion is made that, under the conditions in this experiment, 22323—
monoene fatty aéids‘are_utilized by the human body but the change in‘
the 1ipdprotein pattern of two of three subjects might indiéate thét
the ﬁetaboiié pathway is different for this isomer. More detailed
measurements of the different lipid components in the individual lipo=-

Vprotein fractions would be most interesting amnd informative,

%6 -
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Appendix Table la - Physical and Physiological Measurements

P — e e cmwacemcancece
p——— — S — ————

Phjéicél_‘ R o 'Physioiogicél

Basal Metabolism

' : e : Electro- © . % Deviation
Subject Weight Surface Pulse Blood cardio- > Mayo
 No, ~ Period Age Height Beg. End Area Rate ~ Pressure  gram Cal/m~/hr Foundation

yr;\' e, kge ‘ mah /min, mm. Hge | :
1 I k.2 164 57 56 1,62 88 124/74  pormal 34,23 - 4,09
IIT ' 55 5h 35,23 - 1,32
2 I 38.6 158 52 51 1.51 8 132/78  normal 30,88 . =13,50
oI o 50 50 | . 29.84 16,42
3 I 38.6 - 180 62 61 1.78 88 128/74 normal 32,64 = 8,57
111 62 62 3419 = 4,23

Ty



Appendix Table 1b Biochemical Measurements--Blood and Urine

o o e —
s o ——— —

Blood - " @rine

: White Cell . Serum
Subject : Hemoglobin Hematocrit Count Cholesterol Protein Specific
No. Period Beg. End Beg. Ind Beg. End Beg, End Beg. End Gravity
gm./100 ml, % , cu.mm. mg./100 ml.  gm./100 ml,

1 T 136 13.6 42,5 42,0 7,750 6,500 237 199 | 1,015
IIT 13.6 b5 6,500 235 231 6.7 7.0

2 I 13.2 12.8  37.5 38.5 5,450 5,400 243 199 1,025
I1T 12,8 12.8 39,0 3,850 237 232 7.2 6.8

3 I 13,6 14,0 42,0 43,5 8,600 8,050 173 137 1009
| 11T 13,2 43,0 6,800 173 179 6.5 6.6

2
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Appendix-Table 2a Menu No, 1 of the Experimental Dietl
|
Fatty acids :
Mono=  Poly= Vitamin Vig-
~ Galo= . Pro- ~ Satu- unsatu- unsatu= |Carbo- Cal-. . A Thia~ Ribo-. amin Choles-
. Food Weight ~ ries  tein TFat rated rated rated |hydrate cium Trom Value mine flavin Niaein C  terol
i Pexidly - gmo  gmo gio gmo gne | gm. = mEo Mo I.Us ‘mgs = mge ngs ng. Mmgo
Breakfast: ' S o o ‘ o : S o o
Orange and grapefruit juice 124 55 0.5 Tro : 13,0 10 0.1 135 0008 0,01 0.k 51 ¢}
Oatmeal, ‘cooked 118 75 2.5 1.5 0.5 0.5 065 13,0 11 0.9 0 0,11 06,02 0.2 0 0
Egg, raw ' : 50 80 6.0 6,0 2.0 3.0 Tr.. Tro 27 1.1 590 0,05 0C.15 Tro 0 248
Bread, white, enriched 23 60 2,0 1.0 .k Ook 0.1 12.0 19 0.6 Tr. 0,06 0,05 0.6 Tro 1
Milk, dry, nonfat 13 45 .5 T, : 6.5 149 0.1 5 0,05 0.22 = 0.1 1 1
Safflower oil 12 ' : .
Iunchs 1
Soup | o | |
Rice, raw 6 21 0.4k Tr. 4.5 1 Tre 0 0,11 0.02 0.2 0 0
Tomato juice 145 30 - 1.2 Tr. 6.0 10 0.6 1524 . 0.07 0,04 1.1 23 0
Salad , ‘ . o
Cottage cheese, dry 56 50 10,0 Tro 2.0 52 0,2 Tro 0.02 0,16 Trs 0 0
Carrot 28 11 0.3 Tr. 2,5 11 0.2 3300 0,02 0,02 0.2 2 0
- Lettuce 25 3 0.5 Tre o5 6 0.1 135 0.01 0.02 0.1 2 0
Pineapple, canned, crushed 87 68 0.3 Tr. 18.3 25 0.5 70 0,07 0,01 0.1 8 0
Gelatin, dry, desseft pwd. 14 - 54 1.3 Tre 12.7 0 0 6 o o O 0 0
Bread, white, enriched 23 60 2,0 1.0 0.k Oolkt 0.1 12,0 19 0.6 Tr. 0,06 0.05 0,6 Tr. 1
Milk, dry, nonfat 25 g0 9.0 Tr. 13,0 298 Col 10 0,10 O.kh 0.2 0] 1
Safflower oil 18- : -
Dinner: , : E o » ' :
Ground lean beef, cooked 85 7185 23,0 10,0 5.0 4,0 Tr. 0 10 3.0 20 0,08 0,20 5.1 0 77
Potato, baked, peeled 78 71 2.4 Tr, ceee seee ——— 16.6 7 0,6 Tro 0008- 0.03 1.3 16 0
Peas, green, cooked 100 68 3.7 0.6 : 11.8 22 1.9 . #7233 0,25 0.1k 2.3 15 0
Bread, white, enriched 23 60 2.0 1.0 Ok Ok 0.1 12,0 19 0.6 Tro. ~0.06 0.05 0.6 Tro 1
Pudding, dry, instant 21 80 Tr. 0.1 20,3 0 0 0O 0O o 0. 0 0
Strawberries, frozen 36 38 0.3 0.1 SR 8 0,2 15 0,01 0.02 0.1 15 0
Milk, dry, nonfat 10 36 3.6 Tr, i 5e2 119 Tr, b  o.0b 0.18 0.l 1 Tr.
Safflower oil 28,5 ' :
Total, safflower oil, omitted 1250 75,5 21,3 8,7 8.7 0.8 191.3 823 1l.k 6521 1,33 1,83 13,3 134 330
3 . o ’ :
" " " § included 1767 75,5 79.8 13,6 16,7 46,3 |191.3 823 1l.h 6521 1.33 1.83 13.3 13k 330
H ® " partially - o A ‘ ' :
hydrogenated, included 1767 755 79,8 21,2 52,4 3.1 119153 823 llo4 6521 1,33 ‘1083 13,3 13k 330
1Qnantities are for Subject No. 1
Niacin equivalent, 25 mgo -
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Appendix Table 2b. ' Menu No. 2 of the Experimental |Diet®

_Fatty acids

 Mono-  Poly- Vitamin Vit

. . Calo= Pro= . Satu~ unsatu- unsatu~ |Carbo= Cal= A Thia= Ribo- amin Choles-
Food ___VWeight ries teln Fat rated rated rated 'hydrate cium Iron Value mine flavin Niacin~ €  terol
N BE o - N T gmo R i gmo . @no _gino ; gmo ‘ng = gmo mgo mge ‘ IoUs mgg mge mgo mgo mgo
Breakiast: : - , ‘ |
Orange and grapefruit Juice 124 55 0,5 Tro - | 13.0 10 0.1 135 0,08 0.0% Ot 51 0
Farina, cooked - . 119 52 1.5 Tre : 11.0 16 Ok 0 0.05 0.0k 0.5 0 )
Egg, raw 50 80 6,0 6.0 2.0 3,0 Tro Tro 27 1.1 5% 0,05 0.15 Tr. 0 248
Bread, white, enriched 23 60 2.0 1.0 Ok 0Ooh 0.1 12.0 19 0.6 Tr. 0,06 0.05 . 0.6 Tr, 1
Milkg,dryg‘nonfat : 13 45 - L5 Tr, 6.5 149 0.1 5 0.05 0.22 0.1 1 1
Safflower oil : , 12 : i
Iunche v : . | A
Beans, kidney, canned 128 115 7.5 0.5 21,0 37 2.3 0 0.07 0.07 0.8  Tr. o
Catsup .17 15 Tro Tre .  —=== 4,0 2 0.1 320 0,02 0,01 0ok 2 0
Salad - . ' :
Green pepper _ L2 10 0.6 Tr. 2.0 L 0,3 174 0.0 0.0k 0.2 53 0
Lettuce 50 5 1.0 Try,  —ee=  come oe-- 1.0 11 0,2 270 0,02 0.0k 0.1 L 0
Bread, white, enriched 23 60 2.0 1.0 0.4 0.4 0.1 12,0 19 0.6 - Tr, 0.06 0,05 0.6  Trs 1
Apr:.cots9 canned in heavy syrup 61 53 0.5 Tro : 13,5 7 0,2 1065 0,0L 0.02 0.2 3 0
Milk, dry, nonfat 25 90 9.0 Tr. : 13.0 298 0.l 10 0,10 O.4k 0,2 2 1
Safflower oil . L ‘
Dlnner° : ' A o :
Turkey breast, baked 82 168 28,0 6.1 1.5 3.0 1.0 | O 10 1.l 62 0,03 0,32 8.6 0 10
Potato, bakedgvpeeled 78 71 2.5 Tr, 16.6 7 0.6 Tr. 0,08 0,03 1.3 5 0
Asparagus, cooked 100 21 23 Tre : 3ol 19 1.0 1037 0,13 0,17 1.2 23 0
Bread, white, enriched 23 60 2,0 1.0  O.4  C.k 0.1 12.0 19 0,6 Tro 0,06 0.05 0.6  Tre 1
Pudding, dry, instant 21 80. Tr. Ool mmmm mmem wmee | 2053 0 0 0 0 0 0 o 0
Plums, no pits, canned . l22 90 Tr, Tr, ' 1 25.0 10 1.3 280 0,03 0,03 0.5 1 0
Milk, dry, nonfat 13 b5 4,5 Tr, : . 6.5 149 0.1 5 0,05 0,22 0.1 1 1
Safflower oil . 27 7
Total, safflower oil, omitted 1175 743 15,7 A7 7.2 1.3 - 192,8 813 10.8 ~.3953 0.99 1.9  16.4 156 26k
L mo o ipcluded 1742 7h.3 78,7 10,0 15.9 50,6  192.8 813 10,8 3955 0.99 1.9  16.4 1% 264
" " W' partially v . S
hydrogenated, included 1742  7h.3 78,7 18,3 54,5 3.8 192.8 813 10,8 3953 0.99 1.96 16,4 1% 26k
lQnantities are for Subject No. 1 :
}
2Niacin equivalent, 29 mgo 5
|
|
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Appendix Table 2¢ , . Menw No, 3 of the Experimental Dietl
Fatty acids _
Mono=  Poly- : Vitamin Vit=
Calo- Pro= ~ Satu- unsatu- unsatu- Carbo- Cal- A Thia- Ribo- amin Choles=
 Food ; Weight ries tein PFat rated rated rated |hydrate cium Jron Value mine flavin Niacin C terol
’ s 311 gmhe - gie . 8o s | 8l nge nge I.0o mg. mgs nge nge Mg
Breakfast: ' _ C :

Prune juice 80 - 56 03 Tro cmmm | meem eeeooo 15.0 11 3.3 0 Trs 0,01 0.4 1 0

Shredded wheat 23 85 2,2 0.3 18,3 13 0.8 0 0.0k 0,03 1.0 0 0

Egg, raw ‘ 50 8o 6.0 6.0 2,0 3.0 ~Tr, Tr, 27 1.1 590 0,05 0,15  Tro. 0 248

Bread, white, enriched 23 60 2,0 1.0 0.4 Oot . 0.1 | 12,0 19 0.6 Tr. 0.06 0,05 0.6 Tr, 1

Butter 6 Lo  Tr, 4.9 2.4 1.6 0 ¢ 1 0 186 o . 0 o o 16

Milk, dry, nonfat 13 L5 . 4,5 Tr, : 6.5 1497 0.1 5 0405 0,22 0.1 1 1

Safflower oil : 12 : : T

Tunchs ) '
8plit pea soup 125 145 10,0 0.5 | 26,0 1h 2.1 60 0:18 0.11 1.1 Tr, 0
Salad ' : :
Cottage cheese, dry 38 33 6.3 Tr. 1.0 34 0.2 3 0,01 . 0,11 Tr, . o] 0
Celery 50 10 0.5 Tro 2,0 25 0.3 0. 0,03 0,02 0.2 4 0
Tomato, raw 100 20 1.3 Tre 4,0 11 0.6 1099 0.05 0.0k 0.5 23 0
Vinegar 5 i 0 e emme cee- ———— Tre Tro. Tre ——e mmem= eee= ————— ——— -

Bread, white, enriched 23 60 2,0 1.0 0ok 0.4 0.1 12.0 19 0.6 Tr. 0,06 0,05 0.6 Tro 1

Orange, navel 146 49 1.6 Tr. - .1 13,0 . Lo 0.4 194 0,10 0.04 O.k 61 0

Milk, dry, nonfat 25 90 9.0 Tr. : 13,0 298 0.1 10 0,10 O.hh 0.2 2 1

Safflower cil 25 :

Dinner: - -

Shrimp, cooked 82 106 22,2 1.0 , 95 2.5 48 0,01 © 0.03 1.8 0 . 125
Catsup 17 15  Tr, Tr, ' 4.0 2 0.1 320 0,02 0,01 0.4 2 0
Lemon juice 15 5 - Tr, Tro P 1,0 1 Tre Tro Tr. . Tre Tr. 7 o)

Potato, baked, peeled 728 . 7 2.4 - Tr, ——— - ———— - 16.6 7 0.6 Tr. 0.08 0,03 1.3 16 0

Broccoli: spears, cooked 75 23 25 Tre ———— oo e 4,0 98~ 1.0 2500 0,05 0,11 0.6 55 0

" Bread, white, enriched . .23 60 2.0 1.0 0.k 0.k 0oL . 12.0 19 C.b Tr, 0,06 0,05 0.6 Tre 1

Pudding, dry, instant 21 80  Tr. 0.1 20,3 0 0 0O © o - 0 0 0

Banana : 38 21 0.3 Tre 5.7 2 0.2 k8 0.01 - 0,02 0.2 3 0

Milk, dry, nonfat 10 36 3.6 Tro 5.2 119 Tr, L o0.04 0,18 0.1 1 Tr.

Safflower oil 27 ‘ ' '

Total, safflower oil, omitted S 1191 - 78,7  15.8 5.6 5.8 0.3  |191.6 1004 15.2 5067 1,00 1,70 10,1 176 394

" " " o included 1767 78.7 79,8 11,06 1k.6 50,1 191,6 100k 15,2 5067 1,00 1,70 10,1 ~ 176 39

t1 " "’ N partially . . ‘ .

hydrogenated; included 1767 78:7 79.8 19.3 53.6 2,8 191.6 1004 15,2 5067 1,00 1,70 10,1 176 394

lQuantities are for Subject No, 1

2Niacin equivalent, 23 mg.



Appendix Table 3

"3

Average Nutrient Intake per Subject, Period II,
Third and Sixth Weeks

“ ___ Subject No._
1 , , 2 3
Nutrient Week AvoAb Week AvVo Week AV,
3rd ~ 6th rd  6th 3rd  bth

Calories 1534 1335 1435 14377 1h3h 1436 1917 1796 1857
Prétein9 gu. 90 -57 7h 69 65 67 Y L
Fat, gme s 60 56 61 56 58 % 8 85
Fatty acids, gm. ‘

Saturated 17 25 21 20 20 20 3% 32 3k

Monounsaturated 19 25 22 25 22 24 3 3 3

Polyunsatu:ated' 6 L | 5 7 ‘6 7 A 8 8 | 8
Carbohydrate, gme 187 137 162 168 172 170 21k 213 21k
Calcium, mgo 1061 570 816 591 506 Sh9 891 835 863
Iron, mgo. 10,1 8,1 9.1 11.9 1l.k 11.7 1l.k 10,1 10,8
Vitamin A, I.Us 7864 4161 6013 10300 12314 11307 5927 5720 582k
Thia@ineg mgo 14 0.7 1. 1.2 1.1 1.2 1.7 L.l 1ok
Riboflavin, mgo 2.4 1.4 1.9 2.0 1.9 2.0 2,1 1.9 2.0
Niacin, mg. 3 9 il 13 13 13 14 14 -14
Ascorbic acid, mg. 113 67 90 99 1k2 121 151 118 135
Cholesterol, mgQV 273 388 331 hhp 423 QQQ 537 469

433




Appendix Tablé b Weekly Means of Serum Iipeprotein Fractions,

Percentage Concentration

b7

Weeks

Fraction Period 1st 2nd 35& bth ~ 5th  6th ' 7th 8th  Oth
Subject\Ndo 1

Lipalbumin I 20,2 22,9 21,7 21.8 23.1 19.4 22.1 21.0
' II ‘ 2307 2008 2105 2200 2202 2066 2202 2301 2009

IIT 21,9 234 22.8 22.2 22.9 21.5 19.7 21.5

Alpha, I 7.1 764 7.2 éoh 6.5 6,9 7.0 7.2
II 763 7.9 7.2 6.5 7.8 8.6 7.2 8.5 7.8

I1I 6.4 7.1 6.6 5.5 L.Oo 5.8 6.9 6.3

Alpha, I 11.7 1062 11,5 11.6 11,7 13,0 12,4 10.% )

IT 19,0 9.7 11.7 10,8 1l.1 1l.2 10.5 11,5 1l.5

III 11,5 10.2 8.7 10.5 9.4 10,1 9.9 10.2

Beta T 39,4 41.2 38,2 39.2 39.3 40,5 8.4 hi.k

II 40,0 44,1 40,1 41,9 38.8 40,7 38.3 37.5 42,2

IIT h2.2 40.1 41.9 42,9 b4.5 Ll.b" 43.6 4.9
Gamma + T 21.5 18.2 2l.4 19.4 1905 20,2 20,2 20,0 )
Neutral fat II 20,0 17.6 19.5 18.8 20.0 18,9 21.8 19,3 17.6

TIITI 18,0 19.3 19.6 18.9 19.2 21.2 19,9 20.1

Subject Noo 2

Lipalbumin I 26,4 28,0 28,8 26.5 26.1 22,4 27,8 26.1
II 303 27.1 24,7 27.2 27,7 25,0 2h,1 29.2 29.5

o IIT 26,5 26,2 26,9 26.3 26.8 24,9 21.6 233

Alphal I 7.7 6.4 7.1 7.3 8.4 2.8 7.5 7.1
IT 8,0 10,0 9.5 7.4 8.0 9.7 8.7 8.1 7.9

ITI 6.2 8.7 6.7 6.8 6.8 6,7 8.6 6.9

Alpha., I 10.2 9.8 9,3 10,0 10.4 13.0 12,2 1l.h
S IT 9.4 10,6 10,1 10.2 11.5 11,1 10,8 9,8 11.2

. IIT 11.3 10.4 9.1 10.0 8.8 10,0 11l.1 10.6

Beta I‘ 35,8 35,2 34,9 36,8 34,0 36,8 34.3 32,4
' CII . 3l.1l Bkl 37.4 34,9 33,1 33,8 35.3 3l.3 32.2

III b5 35,7 36.8 37.9 38.4 38.6 38.0 40,2

Gamma + I 19.8 20,7 20,1 19.4 21.1 20,0 18,2 23.0
Neutral fat II 21,2 18,2 18.4 20,2 19.6 20,5 21.2 2l.6 19.2

ITT 21.5 19.1 20,6 18.4 1917 20.0 20.6 18.9



Appendix Table 4 (cont.)

Fraction Peried lst 8thA 9%th
Nqa 3 |

Lipalbumin I 30.1 26,7 2h.1 27,2
II 28.8 2703 30,5 2.9 27,7

IIT 26,3 25,2 26,5 25.3 24,0

Alpha, I 6.6 7.9 7.3 8,2 9.0 9.3
II 10.4 7.6 9.5 7.8 8.2 9,2 7.8

IIT 7.2 8.8 7.1 7.0 7.7 9.1

Alpha, I 12.2 10.4 11.1 10.7 12.9 12,0
' II 11.3 10,8 12,0 11.9 11.5 12.2 12.h4

IIT  11.8 12.5 12.7 1l.1 10.8 12,0

Beta I 27.4 29.7 30.8 32.7 32,2 27,8
. II 30,1 34.2 33,1 32.6 29,8 304 31,7

| IIT 32,8 32,1 34,3 34k 33,9 3he3

Geamma + I 23.6 22.5 21.8 21.7 21.9 23,8
Neutral fat II 19.5 19.8 20.8 20.4 - 20,0 23,k 20,5

' IIT 22,0 20.6 20,7 21.0 22,2

20,6




Appendix Table 5

e

leeks

Ratios of Serum Lipoprotein Fractions,
Weekly Means

b9

_Batic __Period ist “Snd__5vd__Gh  Sth Gih_ 7th  8ih Oth
Subject No. 1 _

Beta/Alpha, I 2,10 2,38 2,05 2,11 2,18 2,04 1.99 2.36
+ Alpha,, II 2,46 2,52 2.13 2,43 2,07 2.06 2,16 1.88 2.20

ITI 2.38 2034 2.32 2,69 3,34 2,67 2,63 2,55

Beta/Alpha I 1,01 1.03 0,95 0.98 0.96 1.03 0;93 1.08
+ Alpha. + . II 1,00 1,15 1.00 1,07 0.95 1.01 0.96 0.87 1,05

Lipalbuiiin IIT 1,06 00,99 1.06 1.23 . 1.16 1,20 1.13 1.1l

Beta/Lip= I 1095. 1981 1076 ,1083 lo?l .2009' 1074‘ 1098
albumin II 1.69 2:14 1,89 1,92 1.75 1.97 1.7% 1.63 2.03

IIT 3093 1.71 1.85 1.93 1.9% 1.93 2.21 1.9

Beta,/Gamma I 1.95 2,29 1,79 2.05 2.03 2.01 1.93 2.12
+ Neutral II 2,00 2,52 2:07 2.23 1,95 2,15 1.78 1.95 2.40

fat III 2,34 2,08 2,16 2,27 2.36 2,00 2,19 2.19

| Sﬁbject No. 2 _

Beta/Alphal I 2,00 2,22 2,13 2.15 1.81 1,80 1.7% 1.76
+ Alpha, 11 1.87 1,67 1,92 1.98 1.71 1,63 1.81 1.75 1l.71

III 1,97 1.88 2,36 2.36 2.44k 2,32 1.9% 2.30

Beta/ﬁlphal I 0.81 0.80 0,77 0.8% 0.76 0,86 ©.72 0,73
+ Alpha. + II 0.66 0,72 0.85 0.78 0.70 0.7% 0.81 0.67 0.66

Iipalbufiin III 0,79 0.79 0.87 0,90 0.90 0,93 0,92 0.99

Beta/Lip- I 1.36 1,26 1,21 1,39 1.30 1.64 1.24 1.24
albumin I 1.03 1,29 1.52 1.29 1.20 1.3 1.48 1.08 1.10

III 1030 1037 1037 1947 lo%l'2 lo55 1076 71073

Beta/Gamma I 1.85 1.7 1.75 1.90 1.62 1.8% 1,89 1,41
+ Neutral II 1.49 1.89 2.0k 1,74 1.71 1.66 1.67 1.45 1.72

fat . IIT 1.88 1.79 2,11 1.92 1.92 1.87 2.13

1.61
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Appendix Table 5 (cont.)

: 4 Weeks . .
Ratio Period 1l1st 2nd  3rd Lth Sth. 6th 7th __ 8th 9th

Subject No., 3

Beta/Alpha, I  1.75 1.63 1.68 1.7h 1,49 1.47 1.31 1.31
+ Alpha,” IT 1,39 1.86 1.54 1.67 1,30 1.52 1.34 1.45 1.58
| IIT Lo7h- 1.52 1.7% 1.92 1.73 1.84 1.37 1.64
| Beta/Alphél 1 0,56 0.62 0,65 0,72 0,63 0,70 0459 0,57
+ Alpha,. "+ II 0,60 0,75 0.72 0,70 0,58 0,60 0,58 0.67 0.67
Lipalbumin III ~ 0.73 0.68 0.77 0.78 0,70 ©0.78 @.67 0.7
Beta/Iip- I 0,91 1,01 1,07 1.23 1.08 1,34 1.05 1.02 :
albumin II 1,06 1.25 1,35 1,20 1,03 0.98 1,04 1.23 1.16
III 1.25 1.2k 1.36 1.30 1.18 1.34% 1.30 1.44
Beta/Gamma I 1.16 1.33 1.41 1.51 1.46 1.47 1.22 1.18 ~
+ Neutral II. 1.57 1.7% 1,59 1.61 1.33 1.50 1.17 1,30 1.55
1,56 1.53 1.62 1.68 :

fat. III 1.50 1.57 1.67 1.66



Appendix Table 6 Variability in Serum Lipoprotein Fractions

Fraction Period Weeks N __ Mean SoDs S.Eo CoVo

Subject No. 1

Iipalbumin I 8 17 21,6  #l.41  #0.34k - 7

II 9 18 21,9 L. 44 30,34 7

IIT 8 16 22,0 | #1.33 #0.33 6

Alpha, I 8 17 7.1 20.7% 0,18 10

II . 9 18 7.7  #0.90 20,21 12

IIT 8 16 6.1 %1,20 40,30 20

Alpha, I 8 17 11.6  #1.22 20,30 10

. 11 9 18 10.8  #.l2  x0.26 10

III 8 16 10,1  #1,10 20,27 11

Beta I 8 17 39,7  #2.19  #0.53 6

' II 9 18 4ok 2,66 20,63 7

11T 8 16 h2.4 %2.19  #0.55 5

Gamma-+ - I 8 17 20,0  #2.35 0,57 12

‘Neutral fat II 9 - 18 19.3 *1,57 20,37 8
IIT 8 16 19,5  #l.62 0,40 8 .

V Subject Noo 2

Iipalbumin I 8 17 26,6  #1.9%  0.47 7

- II 9 18 27,2 #2.69 0,63 10

11T 8 16 25.3 +2.12 +0.53 8

Alpha, I 8 17 7ol #0.97  g0.24 13

o II 9 18 8.6 +1.60 038 19

' III 8 16 7.2  #1.09 0,27 15

Alpha, I 8 17 10,8 1,28 0.3l 12

' II 9 18 10.5 +0.85 40,20 8

111 8 16 10,1 #l.17 0,29 12

Beta I 8 17 34.8  #2.11 20,51 6

II 9 18 33.7 +2.60 0,61 8

11T 8 16 37.5 +s,16 0.5k .6

Ganma, + I 8 17 20,3  #l.72  #0.42. 8

Neutral fat II 9 18 20,0 - #1.85 0.4k 9

III 8 16 19,9 .41 20,35 7



Appendix Table 6 (cont.)

—
——

52

Fraction Period Weeks N Meaﬁ S:Do S.Eo C‘ o Vo
Subject No.o
Lipalbumin . I 8 19 27,6 #1.91 20,48 7
~ : I 9 18 27.3 - #2.09 0,49 8
III 8 16 25,7  #l.48 20.37 6
Alpha, I 8 17 8.4  #1,05  20.26 12
11 9 18 8.8  xl.22  20.29 1k
11T 8 16 8.1  #.51  20.38 19
Alpha, I - 8 17  11.6  #1.01 20,25 9
: II 9 18 11.8  #.08  0.25 9
IIT 8 16 11.9 1,04 20,26 9
Beta I 8 17 20,2  #2.11 20,53 7
II 9 18 30,9  #2.75  0.65 9
III 8 16 33,3 #1.75 0.4k 5
Gamma. + I 8 17 22,3  #1.64 20,41 7
Neutral fat II 9 18 21.1 £1.97  £0.46 9
IIT 8 16 21,0 #l.32 0.33 6
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Appendiﬁc Table 7 Variability in Ratios of Serum Lipoprotein Fractions

Retio Period Weeks N Mean  S.De  SuE,  CoVe

Subject No., 1

Beta/Alpha, I 8 17 2,13 #0,26 20,06 12
+ Alpha, II 9 18 . 2,21 10.26  #0.06 12
III 8 16 2,67  20.42 10,10 16
Beta/Alphal I 8 17 ' 0.99 +0.08 iOoQé 8
+ Alpha. ™+ II 9 18 1.01 30,11 +0.03 11
Lipalbufiin  III 8 16 1,12  #0,10  30.03 -9
Beta/Lip- I 8 17 1,85  #0.15  #0.04 8
albumin I 9 18 1.86 0,23  #0.05 12
: IIT 8 16 1.93 10.16 40,04 8
Beta/Gamma I 8 17 2,02  #0.31  20.08 15
+ Neutral II 9 18 2.11  #0.28  0.07 13
fat III 8 16 2,19 - #0.26 10,06 12

. Bubject Nos 2
Beta/Alpha, 1 8 17 1.9% 30,27 0,07 14
+ Alpha, II 9 18 1.78 0.24 10,06 13-
‘ IIT 8§ 16 2,19 0,31 10,08 14
Beta/ﬁlphal B 8 .17 0,78  #0.07 20,02 9
+ Alpha. ™+ = II 9 18  0.73  £0.08  10.02 11
Lipalbufin  III 8 6 0.8 0,08 10,02 9
Beta/Tip- I 8 17 1.32  0.15 0,04 11
albumin II 9 18 1.26 - 0,20 10,05 16
o IIT 8 16 1.50 0,18 +0.05 12
Beta/Gamma I 8 17 1.73 +0.23 +0.06 13
+ Neutral . II 9 18 1.7 40,26 . #0.06 15
fat I 8 16 1,9 - 0,21 40,05 11



Appendix Table 7 (cont.)

Period Weeksv N Meaﬁ_ '

SeDe

SeEe_

CoVe

Ratiq

'Subj‘ect Noo
Beta/Alpha, I 8 17  1.55  #0.19  #0.05 12
+ Alpha, II 9 18  1.51 0,21 - 20,05 14
III 8 16 . 1.68 0,23 0,06 14
Beta/Alpha, I 8 17 0.64 20,06  20.01 . 9
+ Alpha. ™+  II 9 18-  0.65 0,08 +0.02 12
Iipalbumin  III 8 16 0.73 20,06 20,01 8
Beta/Lip- I 8 17 . 1.10 20,12 20,03 11
albumin 11 9 .18 1.14 0,12 0,04 14
III 8 16 1.30 #0,10-  #0.02 8
Beta/Gamma I 8 17 1,37 20,19 20,05 14
+ Neutral II 9 18 1.48 20,24 20,06 16
- IIT 8 20,04 10

fat

16 1060 ‘ ‘
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Weekly Means of Serum Protein Fractions,

‘Appendix Table 8

Percentage Concentration

Heeks

Znd

8th _ 9th

7eh

bth S5th  6th

Brd

lst

Period

e

Fraction

~ Subjeet No. 1
67,0 66,9 69.4 68,1 66.3 64,0 66,2 67.7
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Appendix Table 8 (cont.)

Weeks
S5th

7th __ Sth

6th

3rd  bth

2nd

lst

9th

Period

Fraction

Subject No. 3

67.8 67.9 69,5 68.9 67.0 66,0 68,0 7L.6

I
IT
IIT

Albumin

70,3 68,0 65,8 69,0 68,7 68.3 69.7 68,6 66,3
69.4 67,7 72,0 70,8 70,0 66,3 66.6 69.8

5 O Oy
e & o
QW i oV]

1.43
h.-u(.u.
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11,6 12,0 11.3 11,5 12.2 13,6 12.2 11l.4

I
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IIT

Gamma
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Appendix Table 9 Ratios of Serum Protein Fractions, Weekly Means

I

‘ . Weeks
Ratio - Period lst 2nd Srd bth  5th 6th 7th  Sth 9th

Subject No. 1

Albumin/ I 2,06 2,03 2,28 2.15 1,97 1.78 1.9 2.13

Globulin IT 2,02 1.93 1,79 2.00 1,99 2.01 2,08 2,02 1.76
III 1,90 2.19 2,30 2@28 2.22 1.91 1.69 1.88

Beta/ I 0,16 0,14 0,12 0.14 0.14 0,17 0.14 0.14
Albumin 11 0.16 0,14 0.16 0,15 0,14 0,14 0.14 0.14 0,16
IIT 0.15 0,15 0,13 0,14 0,13 0,16 0,18 0.18

Beta/Alpha, I 0.95 0.81 0.71 0.81 0.73 0.83 0.7 0,80 -
+Alpha,” II 0,91 0,70 0.7k 0.79 0.74 0,77 0.81L 0,85 0.72
11T 0,75 1.00 0,85 0,98 0.8% 0.84 0.88 0.96

Beta/ﬁlphal I 0,14 0,12 0,11 0,12 0.12 0O.1% 0,12 0,12
+ A.lpha2 + II 0.14 0,12 0.13 0,13 0,12 0,12 0,12 0,12 0,13
Albumin™ IIT 0,13 0,13 0,11 0,13 0,11 0,14 0.15 0.15

Subject Noo, 2

Albumin/ I 2,18 2,15 2.43 2.36 2,28 2,00 2,16 2.55
Globulin IT 2,45 2,33 2,00 2.23 2.07 2,19 2.19 2.2k 1.86
IIT 2,10 2,18 2,54 2,49 2,3% 2,05 1.77 2.14

Beta/ I 0.13 0,13 0,11 0,12 0,12 0,14 0.14 0.12
-~ Albumin IT 0,12 0,12 0,15 0,12 0,13 ©0.12 0.13 0,11 0,15
111 O.1% 0,13 0.12 0.12 0,12 0.15 0.18 0.13

Beta/Alphal I 0,79 0.83 0,70 0179 0.82 0,81 0.93 0.88
+ Alpha IT 0.84 0,77 0,90 0.80 0,76 0.79 0.78 0.7% 0.77

’ IIT  0.86 0.84 0.99 0.91 0.88 0,99 0.95 0.85

Beta/Alphal I 0,11 0.12 0,09 0,10 0,11 0,12 0.13 0.1l
+ Alpha. ™+ II 0,11 0,11 0,13 0,11 0,11 0,11 0,11 0,10 0.1l3

Albumin ITI°  ©0.12 0.1l 0,11 0,11 0,10 0,13 0,15 0,12



Appendix Table 9 (cont.).
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, __6th

Ratio _ Period 1st 2nd rd  Lth 8th __ 9th
Subject No. 3 |
Albumin/ I 2,42 2.12 2,28 2,22 1,95 2.13 2.53
Globulin  II ° 2.37 2,13 1.92 2.23 2,16 2,31 2.18 1.97
IIT  2.27 2,10 2.58 2.45 1,97 1,99 2.32
Beta/ I 0,12 0.12 0,11 0.12 0.25 0.14 0.12
Albumin II  0.13 0,12 0.15 . 0.13 0.13 0.12 0.13 0,14
IIT  0.12 0.13 0,10 0.11 0.13 0,15 0.13
Beta/Alpha; I 0.73 0.75 0.68 0.71 0.87 0.80 0.79
+ Alpha,” II  0.85 0,73 0.85 0.78 0.76 0.72 0.9% 0,70
. III 0081 : '0071'} Oo‘78 0077 0974 0982 0081" i
Beta/Alpha, I 0.11. 0,11 0,09 0,10 0.13 0,10
+-Alpha_+ II. 0.1l 0.11 0.13 0.l 0,11 0,12 0.12
Albumin®  IIT 0,11 0,11 0.09 0.10 0.11 0.11
Standard
Albumin/ T 1.2 1.9% 1.91 1.9 1,62 1.75 1.9%
Globulin  II 2,10 1,97 1.73 1.79 . 1,93 1.77 1.98 1.58
' IIT 1.59 1.92 2,14 2,31 1?8; 1,68 1.79
Beta/ : I0.7:0.16 0.14 0.14% 0.14 0.16 0.16 0.16
Albumin II  0.1% 0.14 0.16 0.15 0,14 0.15 0.15 0.16
‘III  0.18 0.1% 0,13 0,12 0.16 0.17 0.17
Beta/Alpha, I 0,79 0.84 0.84 0.81. 0,80 0.90 0.85
+Alpha, = II 0.90 0,80 . 0.83 0,83 0.80 0,77 0.9 0,76 -
ITI  0.90 0.82-0.38 0.9% 0.90 0.90 0.97
Beta/Alpha, I 0.13 0.12 0.12 0.l2 0.1% 0,14 0.12
+ Alphay+ II 0,12 0.12 0.13 0.13 0.12 0.13 0,13 0.13
Albumin® III  0.15 0.12 0.11 0.1l Oolh 0,14 0.14




Appendix Table 10

Variability in Serum Protein Fractions,
. Percentage Concentration '

Fraction Period Weeks N ' Mean

S:De  S.Be  CeVo
",Subject”Noo
Albumin I '8 17~ 67.2 2,11  30.51 3
I1 .9 17 66,0 11,55 20,38 2
I1I 8 16 66.9  #2.82 20,71 b
Alpha, T 8 17 3.6 0.4k 20,11 12
' IT 9 - 17 4,0 0. 47 0,11 12
IIT 8 16 - 3.k 30,59 #0,15 17
Alpha, I 8 17 8,3  10.77 20,19 9
1T 9 17 8,6  0.67  20.16 8
111 8 16 8,0  0.94 0.2k 12
‘Beta I 8 17- 9.4 20,90  20.22 10
II 9 17 9.7 20,63 30,15 6
III 8 16 10.0 $0.99 +0,25 10
Gamma, . 1 .8 17  11.5  #0.83 30,20 7
11 9 17 11‘07 :L'Oo83 i‘Oo,ZO 7
111 8 16 11,7 #0.91 20,23 8
' SubjectuNoo )
Albumin I 8 17  69.k 22,16 20,52 3
11 9 17 68.3 12,16 30,52 3
ITI 8 15 68.4 32,93 .76 L
Alpha, I 8 17 3,9 20.43 10.10 11
" 11 9 17 .0  0.50  0.12 13
I11 8 15 3¢5 0,73 20.19 21
Alpha,, T 8 17 6.7 30,69 30,17 10
i1 9 17 7.1 30.60 20,15 8
111 8 15 6.6 30,88  20.23 13
Beta I 8 17 8.6 20,95 0,23 11
| i1 9 17 8.8  20.83  10.20 9
IIT 8 15 - 9.2 1,06 20,27 12
Gamma I 8 17 11,5 #0.80 0,19 7
II 9 17 11.9  #.16  20.28 10
III 8 15 12,3 +1.20 30,31 10



Appendix Table 10 (cont.)

0
B

CaV,

mgractioﬁs .Péfiod.i weeks‘ N “.Meaﬁi _h“é;§;
Subject Noo 3 »
Albumin I 8 17 © 68.5 2.0  0.49 3
Iz 9 - 17 68.3 +1.66 10,40 2
111 8 16 69,0  #2,36  #0,59 3
Alpha, I 8 17 4.0  30.51  20.12 13
IT 9 17 4.1 e.k2 10,10 10
II1 8 16 3.7 40,67 +0,17 18
Alpha, I 8 17 7.1 0,61  %0.15 9
II 9 17 7.1 #0.79 0,19 11
ITI 8 16 7.1 #0.59  #0.15 8
Beta I 8 17 8.3 30,93 #0.23 11
II 9 17 8.6  20.61 0415 7
III 8 16 8.3 0,97 ioozg' 12
Ganma 1 8 17 12,1 .06 30,26 9
11 9 17 11.9  #0.86 £©.21 7
III 8 16 12,0  #0.87  #0.22 7
Standgrd

Albumin I 8 17 6h.6  #2.33  20.57 4
III 8 16 65,5 +%.38 30.84 5
Alpha, I '8 17 3.6 0,57 20,14 16
' ITT 8 16 Z.h +0.59 +0.15 17
Alpha,, . 1 8 17 7.8 0.8  20.21 11
IIT 8 16 7.3 20,74 +0.18 10
Beta I 8 17 9.2 40,80 0,19 9
IIT 8 16 9.5 +1.25 $0.31 13
Gamma I 8 17 1k.7  £1,06  20.26 7
III 8 16 lL?' ] 2 - il o-ZLX' io ° 31 9
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Appendix Table 11 Variability in Ratios of Serum Protein Fractions

o2}

Ratio _Period Weeks N . Mean oDo SeEo CoVo

Subject No. 1

Albumin/ I

8 17 2,06  #0,20 0,05 10

Globulin 1T 9 17 1.95 10,13 20,03 ?

III 8 16 2,05  #0.,27. #0.,07 T 13

Beta/ o1 8 17  0.14  #0,02 0,00k 13

Albumin II 9 17 0.15 +0.01°  +0.003 9

I1T 8 16 0.15 +0,02 0,005 14

Beta/ﬂlphal I 8 17 0,79 +0,08 +0.02 10

~ + Alpha, IT 9 17 - 0.77 10,08 #0.02 10

' III 8 16 0,89  #0,09 30,02 11

Befa/Alphal I 8 17 0,12  #0.01  0.003 12

+ Alpha "+ Iz 9 17 0,12 20,01 20,002 8

Albumin I11 8 16 0.13 #0.02 = 20,004 12
Bubject No, 2

Albumin/ I 8 17 2.28  40.25  0.06 . 11

Globulin 1T 9. 17 2,17 +0.21 #0.05 = 10

IT1I 8 15 . 2.19 40,30 +0,08 14

Beta/i I 8 17  0.12  #0.02  0.004 13

Albumin 1T 9 17 0.13 +0,02 0,004 13

IIT 8 15 0,14 +0.02 +0.006 16

Beta/Alpha, I '8 17 . 0,82  #0.08  10.02 9

* +Alpha, II 9 17 0.80 30,06 20.02 8

' III 8 15 0,91  0.10  20.03 11

Beta/Alpha, . I 8 17  0.11. 0,01 0,004 1k

tAlpha, ¥ II 9 17 0,11  0.01  #0.003 11

8 $0.02 0,004 14

Albumif ITI 15  0.12




Appendix Table 11 (cont.)

Ratio Period Weeks N Mean  £iB. S,  C.Ve

Subject No. 3

Albumin/ I 8 17 2,19  #0.21  20.05 9
Globulin 11 9 17 2,16  #0.17  0.0% 8
a III 8 16 202!;> i@aas i0006_ 11
Beta/ 1 8§ 17 0,12 20.02 20.004 13
Albumin 1T 9 17 0,13  0.01  0.002. 8
III '8 16 0.12. 30,02  #0,004 14
Beta/Alpha, 1 8 17 0.75 0,07 #0.02 10
+ Alpha, 11 9 17 . 0,77  #0.08  0.02 11
IIT 8 16 0.77 30,08 0,02 11
Beta/Alpha, I 8 17 0,10 0,01 0,003 13
+ Alpha ~+ I 9 17 - 0.11 20,01 30,003 9
Albumin® ITI 8 16 0,11 0.0l  30.003 13

| Standard
Albaming/ I 8 17 1.8%  30.19  20.05 10
Globulin 11 9 17 1.84  0.19 10,04 10
N III 8 16 1093 :t0028 . iOoO? v 15
Beta/ 1 8 17 0.1%  #0.02  +0.004 12
Albumin 11 9 17  0.15 20,01 0,003 9
IIT 8 16 0.15 +0,02 30,007 18
Beta/Alpha, - I 8 17 0.82  10.08  30.02 10
+ Alpha, 1T 9 17 0,82 10,08 10,02 10
: I11 3 16 0,89  #0.07 - 0,02 38
Beta/Alpha, I 8 17 0,12 20,01 - 20.00k 12
+ Alpha, ™+ II 9 17 0,12 30,01  #0.002 8
8 16 0,13 20,02 30,005 16

Albumin I1I -



