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Abstract:

This study was made to investigate the interrelationships between the hematopoietic processes, serum
lipids and the biological oxidation mechanism as affected by dietary factors. Groups of male rats were
fed a basal hypercholesterolemia-inducing diet; a similar diet with and without a certain level of
ascorbic acid; also a similar diet but without iron; and the same basal diet with additional minerals for
seven weeks. Biochemical changes that occurred within the blood, serum, heart, liver and kidneys of
these rats were determined chemically and the data analyzed statistically. Rats fed any of the five
hypercholesterolemia diets, when compared to rats' fed the chow diet, had significantly (a) lower
hemoglobin and hematocrit levels; (b) higher values for serum protein; (c) higher values of succinic
dehydrogenase activity in the heart, when expressed in relationship to the rat weight; and (d) lower
values of succinic dehydrogenase activity in the liver and kidney when expressed either as pl O2/hr/mg
dry weight or related to the weight of the rat. Although not analyzed statistically, all rats fed the
hypercholesterolemia-inducing diets had hearts and livers weighing more than, and kidneys weighing
less than, those rats fed the chow diet, when expressed as g/100 g of rat, No statistical differences were
observed in the biochemical values obtained for rats fed either the diets with and without ascorbic acid
or the diet with the additional minerals, when these values were compared to those obtained from rats
fed the basal hypepeholesterolemia-inducing diet. A relationship was found, however, in rats fed an
iron-deficient high-fat diet between disturbances in the hematopoietic processes and the iron-transport
system.
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ABSTRACT

This study was made to investigate the interrelationships between
the hematop01etlo prooessesv gserum lipids and the biological oxidation
mechanism as affected by dietary factors. Groups of male rats were fed a
" basal hypercholesterolemia-inducing diet; a similar diet with and without
a certain level of ascorbic acid; also a similar diet but without ironj
and the same basal diet:with additional minerals for seven wéeks. Bio-
chemical changes that occurred within the blood, serum, heart, liver and
kidneys of these rats were determined chemically and the data analyzed
statistically. Rats fed any of the five hypercholesterolemic diets,
when compared to rats fed the chow diet, had significantly (a) lower
hemoglobin and hematocrit levels; (b) hlgher values for serum proteinj
( ) higher values of succinic dehydrogenase activity in the heart, when
expressed in relationship to the rat weight; and (d) lower values of
succinic dehydrogenase activity in the llver and kidney when expressed
either as ul Og/hr/mg dry weight or related to the weight of the rat.
Although not analyzed statistically, all rats fed the hypercholestero-
lemia—inducing diets had hearts and livers weighing more than, and kidneys
weighing less than, those rats fed the chow diet, when expressed as g/1OO
g of rat. No statistical differences were observed in the biochemical
values obtained for rats fed either the diets with and without ascorbic
‘acid or the diet with the additional minerals, when, these values were
compared to those obtained from rats fed the basal hypercholesterolemia—
inducing diet. " A relationship was found, however, in .rats fed an iron-
deficient high-fat diet between disturbances in the hematopoietic pro-
cesses and the iron-transport system.
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INTRODUCTION

Hypercholesterolemia—inducing diets, which contain adeguate amounts
of iron for the hematopoietic processes under normal dietary conditiouns,
have»been shown to induce a subopﬁimal blood state and a condition of
abnormal lipid metabolism in:rats, guinea pigs and rabbits (1-6). A
revigw of the_literatu?e (7—13) indicates a relationship between (a)'the
ascorbic acid intake of certain animals and the qonditioﬁ of hyperoholeé—
terolemia, (b) dietar& ascorbic acid and thé hematopoietic processes and,
(c) dietary ascorbic acid and the enzymatic system (biological oxidation
meohanism) of certain body organs.

However, there are no reports concerning the effect of dietary
ascorbic acid on these three conditions as they might be affected by the
feeding of high fat or hyperoholesterolemic diets. The iﬁtent of this
research is to investigate the effect of supplementary ascorbic acid‘on‘
these three phgnomena, serum lipids, hematopoietic processes.and the bio~-
ulogical oxidétion mechanism when hypercholesterolemic diets are fed.

The rat -was chosen as the experimental animal for these tegts even
though this animal is capable of synthesizing its own body needs for
ascorbic acid under normal conditions (14). It is known that the rat
responds to added ascorbic acid uﬁder certain conditions (14,15) and that
it is added to the usuval vitamin mixtures used in rat feeding experiments
(16). Ascorbic acid is a highly reductive substance and i1t is suggested
that the animal body mékes use of additional amounts of this factor in at
least one area (14), over‘and above that needed for normal body metabolism,

because of its chemical properties.




REVIEW OF LITERATURE

Pinter and Bailey (1) observe§ that rabbits fed cholesterol-
containing diets, developed a hemolytic anemia. The red cell count
decreased and reached the lowest level at about 8-12 weeks after the
rabbits were placed on the @ietg_ After conducting cross—transfusion
studiesg'they concluded that the anemia developed as the consequence of
the production of red cells through an alteration in the function of the
erythropoietic tissue. |

Roehm and Mayfield (2) using rats, fed diets c&ntaining a medium
level (13% fat) and a high level (34%) of éither animal or vegetable fat,
with and withqut.additional cholesterol. Both levels of fat were feq with
and without an additional mineral'suﬁialemente These additional minerals
did not affect the cholesterol and lipid values eof the serum aﬁd liver.
The .rats fed butter-containing diets had higher serum cholesterol and
] higher liver lipids than did rats fed the vegetable—fat diets. There was
no difference in liver cholesterol values due to the type of fat fed,
Diets with a high level of either fat brought about higher cholestercl and
liver 1ipid_§élues than did similar diets containing a‘medium level of
fat. The rats fed diets pontaining the high level of either wvegetable or
animal fat (34%) had hemoglobin levels of approximately 2 g/1OO ml lower
than did the rats fed similar diets with the medium level of fat (13%).

Hemolytic anemia in rats was examined by Priest and Normann (3).
They obsgrved that rats fed a diet high in butter, cholesterol, sodium
cholate and thiouracil became hyperlipemio and anemic. Two of these

animals that had the greatest concentration of serum cholesterol were also
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the most severely anemic. The anemia was characterized by lowered hemato-
crit levels, reticulocytosis, and hyperbilirubinemia.

Ostwald and Shannon (4) found that guinea pige fed a semi-synthetic
diet containing 1% cholesterol developed enlarged and fatt& livers, very
large spleens and hemolytic anemia. Feeding the cholesterol produced a
large increase in the cholesterol ester fraction of livers, plasma and
spleens. It also produced an increase in the unesterifiéq”gholesterolg
The authors suggested that, in the guinea pig,.the rate of cholesterol
estgrification was insufficient to maintain the normal'tissue—lipid '
composition when cholesterol was included in the diet.

In a study by Wohl and Merskey (5), rats were fed diets containing ’
cholesterol (5%), thiouracil and cholic acid. Hemoglobin and hematocrit
levels rose init”iall;yy thén fe;l progressively. After 60 days, the hemo-
globin levels were 1.5 g/1OO ml less and hematocrit levéls were 8% less
than the,con',t'rolé° They concluded that the atherogenic diets fed to the
rats brought about an abnormal development of the red cells.

Roehm and Mayfiéld (6) investigated the interrelationships between
hemoglobin levels and serum lipids in rats fed hypercholesterolemia—
inducing diets. These diets were fed with and without 1% added Qholesm
terol and with and without sufficient iron. The controlzrats were féé—df"
commercigl chow. Hemoglobin, hematocrit and serum iron of the rats fe@
the experimental diets Wé;e‘lower, and serum protein higher, than those
for the control rats. Serum cholesterql and serum triglycefide-levels

were markedly increased in the iron deficient rate,
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Similar decreases in hemoglobin and hematocrit values occurred when
man was given multipie infusions qf a fat emulsion as reported by Mueller
and Viteri (17). The anemic conditions they observed were of the nérmOu
cytic and normochromic types and associaﬁed only rarely with reticulocy-
tosis. The genesis was not es?ablished but by negative redsoning it was
ooncludeé to be "dilutional" anemia., The factors governing the phenomenon
of lowered hemoglobin and hematocrit levels have not been elucidated at
the present times

According to recent evidence, the activity of some of the enzymes
functioning in the electron transport—biological:oxidative mechanism,
particularly that of ;uccinic dehydrogenase (SDH), has Begn linked to the
iron content of the enzyme (18-20). Singer, et al. (18) state that the

iron of the SDH molecule is-bound so tightly that no method has been

found for its removal without causing denaturation of the protein. More

recent work by Kearney and.Singer (19) as summarized by Velick (20) states
that SDH contains one to two atoms of iron per molecule with the activ;ty
directly proportional to this i:;onu Also stated is that SDH is not
affected by chelating agents with high affinities for ferrous and ferric
ions,

The SDH activity in the heart; liver and ki@ney of rats fed iron—
deficient:diets was studied by Beutler and Blaisdell (21). They 'observed
that after prolonged, moderately severe iron deficiency,'no decrease in
SDH activity was found in the liver. Howejer, SDH activity was lowered in

the hearts and kidneys of these iron#@eficient rats.
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In their investigation, Roehm and Mayfield (6) rweport that the
liver SDH activity per. gram of rat appeared related to the hyperoholestero;
lemic effect of the diet and not to its effect of lowering the hemoglobin
level. The heart SDH activity'was not affected. The SDH activity of the
kidney was 1ower.and éppeared to be related to the lowered hemoglobin
level,

According to é recgnt article by Beutler-(22),~the symptoms of
iron-deficiency anemia, commonly attributed to the lowering 6f blood
hemoglobin levels were possibly due té disorders in tissue rr]e‘ba'bolisme
He also stated thaé in iron deficiency, cytochrome c, cytochrome oxidase,
aconitase and the SDH activity were deplefedo At the present time, the
exactlprinciple by which the SDH activity affects.theihematopdietic‘pfo—
cesses 1s unknown.,

Bagic investigations concerning the iron content and iron-binding
capacity of the serum or plasma of rats and humans unde¥ conditions of
normal nutrition have been reported (23~29)s 1In their studies, I%zhaki
(23) and Itéhaki and Belcher (29) found that rats of different strains,
fed diets varying'widely in their iron content, had similar ﬁlasma iron
levels. There was no correlation between either body weight or age and
plasma iron concgntrationo

Beutler (25) and Beutler and Blaisdell (21,26) using the rat,
investigatgd the relationship of the iron enzyme system to the iron
_content and iron-binding capacity of the serum under hypercholesterolemic
gonditions as well as in the normal state. It was reported by Rechenberger

and Hevelke (27) that when man was given intravenous iron (1 mg/kg) there
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was a definite relationship between the rate of disappearance of the iron
from the blood stream and the age of the person.

Diﬁrnal variations in the plasma ifon of man were observed by
.Hamilton, gi‘gio (28)o They found that the plasma iron underwent. a
regular variation with the hiéhest values Qccﬁrring.during the garly
morhing, decréasiné dﬁring the day and reaching the lowest level during
the evening.

Hemoglobin concentrations, fasting seTum ifon and servim iron—
binding capacity of men and women given a measured amount of iron daily
were studied by Verloop, et §l7 (29)0 Hemoglobin concentrations increased,
and fasting serum iron and serum iron-binding capacity decreaseq‘a gimilar
degree in both sex groups during.the time of the study. The differehce
between the sexes was attributed to differences in endocrine systems.

Investigations into the possibility that-nutyitionai.variations may
affect the hematopoietic and. iron transport systems have been made recently
(7-13). Takeda and Hara (7) stated that iron was part of the biological
oxidation system, in which ascorbic acid has been found to play a roles
It wés their proposal that the primary function of_ascorbic acid was to
mobilize the fergous iron.

Tn a study performed by Tantengco, et al. (8), ascorbicnaoid was
given to groups of cockerels in conjunction With.nicotinié acid and L=
triiodothyronine and a significant lowering of the serum cholesterol
level was observed. When the ascorbic acid was given‘alone, no hypo-
cholesterolemic affect was found.. The same.conclusion was found by -

Zaitsen, et al. (9) in their study with rabbits on the influence of




...'7._
ascorbic acid on the cholesterol distribution in experimental athero—
sclerosis.

Greqﬂberg_and Rinehart (10), working with monkeys in a condition of
chronic ascorbic acid deficiency, observed that oral administration of iron
had no influence on the accompanying state of anemia and only slightly
increased the erythrocyte and hemoglobin levels. However, when asco;bic
acid was added to the iron, they observed that.the combined therapy mark-
edly increased the hemoglobin gnd serum iron 1§vels over what was obtained
with only the iron.

.Histological examinations made by Coluzzi (11) on the blood of dogs

inoculated with Staphylococcus aureus.showed a greater number of reticular

cells in the inoculated subjeots:as.compared with the controls. The fact ‘
that these cells were found in-ppoximity to erythrogranuleé ofiiron‘sup~
ported his hypothesis  that ascorbic acid facilitates the passaée.of iron
from the retioular'cells to the erythroblasts.

Rats given foth ascorbic acid and alpha-tocopherol along with sup-—
plementary iron'showed a much greater hemoglobin regeneration rate
according to Greenberg, et al. (12), than when either vitamin was adminis-
tered separately with the iron. They also observed that hemoglobin levels
were better sustained after the ;essation of iron supplemehts if.the iron
was given with both ascorbic acid and alpha-tocopherol.

Benqze, et al. (13) noted that rats fed protein-deficient diets had
a‘deoreaéed hemoglobin'level, 3.4 &b as compared with 12.2 g in rats fed

normal'protein.dietsu However, when these protein-deficient animals
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received 40-60 mg of additional alpha~-tocopheral daily, the hemoglobin

-concentration increased to 13.1 g%.
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EXPERIMENTAL PROCEDURE

The methods used by Roehm and Mayfield (6) were employed as the
basis for the experimental procedure in this invegtigationn Sixty-five
weanling male rats of the Holtzman strain, three weeks of age, Wére
obtained at two different times during a three-month period ip lots of 24
.agd 39 rats respectively. Each iot was used in a complete replication of
the experimental design. The rats were réndomly placed in individual
screen—bottom cages, weighed and that weight recorded. They were main-
tained in a temperature-controlled room of approximately 240 C at an
elevation of j°46 km or 4800 feet. The rats were fed Purina Laboratory
Chow ad libifum‘(ad 1lib.) for a three day period after which they were
again weighed and that weight recorded. The average weight for both repli-

cations after the three day stgbilizing period was 65 grams.

Table 1

Distribution of Rats

Diets : © - Replications Total
1 2
I 4 5 9
II‘ 4 6 10
III 4 6 10
v 4 6 10
v 4 6 10
VI 4 10 | 14
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In the first lot, four yats were assigned to each of the fivé diet
groups with the remainder serving as controls. Because of poor health, two -
of the control rats in group VI died within three weeks of artrival. Autop-
sies revealed that the rats died from causes unrelated.to the experiment.
The second lot of rats was assigned to the diet groups in a similar manner
as shown in Table 1. The rats in the experimental groups I-V were then
fed; ad lib., one of the diets as desecribed in Table 2 with the number VI
group continuing to receive the laboratory chow. This group served as a
pormal control group. |

The hyperoholesterolem;a—inducing diets fed in thisuexperimenﬁ were
similar to those used by Okey and Lyman (30) and as modified by Roehm and
Mayfield (6). Group I was chosenifor the basal diet with rats in groups II
and IIT being fed similarly except the vitamin mixture did not contain
ascorbié acid. Group III rats received, orally, 50 mg qsoorbic acid per
day, five days per week. The diets fed to group IV differed from group I
in that all the iron salfé were omitted'from the salt mixture. Rats in
group V were fed the basal diet with.additional‘manggnese,;zinc and coppér.
These additional minerals were added to this diet in order to check on the
adequacy of these minerals as supplied by the USP XIV salt mixture. These
three mineralé, all of which may be involved in the hematopoietioAprocesses,
are supplied in the USP XIV salt mixture in lessey?amounts_thaﬁ are stated
in the National Research Councils recommendations for the nutrient require-
ments of the rat (31). Rat food intake was measured and recorded three
times per week and rat weight, two times. Distilled water was provided for

the rats to drink.
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Table 2

Composgition of Experimental Diets

Diet Groups I II .III Iv \i

‘ % % % % %
Albumin, egg 10.0 10.0 10.0 10,0 10,0
Casein® 5.0 5.0 5.0 5.0 5.0
Cottonseed 0il” 10.0 10.0 10.0 10,0 10.0
Sucrose 67.8 67:8. 67.8 67.8 67.8
" Salt mixture” 4.0 4.0 4.0 4.0° 4.0°
Vitamin mixture 2,2 2,28 2,289 5.0 2,2
Cholesterol1o 1.0 1.0 1.0 1.0 1.0

1thritional Biochemicals Corporation (NBC), Cleveland.
°Vitamin—Free Casein, NBC.

3Wesson 0il, Wésson 0il Sales Company, Fullerton, California.

4Salt mixture, USP XIV, NBC, containing the following in grams/kg: cupric

sulfate, 0.08; ferric ammonium citrate, 15.28; manganese  sulfate, 0.02;
ammonium alum, 0.093 potassium iodide, 0.04; sodium fluoride, 0.513 cal-
cium carbonate, 68.6; calcium citrate, 308.3; calcium biphosphate, 112.8;
dibasic potassium phosphate, 218.8; and sodium chloride, TT7.1.

5Sa1t mixture, USP XIV, as above but with all iron salts omitted, NBC.

6Sa1t mixture, USP X1V, as above but w1th these additions in g/1OO gs: - Man-—
ganese sulfate, 0, 365, zine carbonate, 0.115; and copper sulfate; 0.090.

7Vltamln Diet Fortificatiop Mixture, NBO, containing the following in g/kg‘
vitamin A concentrate, 4.5 (200,000 unlts/gm), vitamin D concentrate, 0.25
(400,000 unlts/gm), alpha—tocopherol, 5,0; ascorbic acid, 45.0; inositol,
5.0; choline -chloride, 75.0; menadione, 2.25; p—aminobenzoic acid, 5.0j
niacin, 4.5; riboflavin, 1. O; pyridoxine«HCL, 1 0; thiamine-HCL; 1.03 oal~
cium panothenate, 3.0; and the following in mg/kg' blotln, 20.03 folic
acid, 90.0; and vitamin qu, 1.35.

8V1tam1n Diet Fortificatiop Mixture as above -but without ascorbic acid and
alpha~tocopherol, NBC.. ‘5.0 g/kg alpha—tocopheral added to bring the level
up to the other-diets.

9Ascorblc acid, 50 mg, pipetted orally to each rat, daily, 5 days/weeko
1Oho1esterol USP, NEC.
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Hemoglobin, hematocrit.and serum protein determinations were made
three times on tail blood samples from nop—fasted rats after these rats
were fed for 3, 5 and 6% weeks on the experimental diets. These deter-
minations were made in the morning with one exception. The first deter~
mination qf the first replication was partially compleigd iq the morning:
and concluded in the early afternoon. Measurement of the hemoglobin in
duplicate samples was done by the cyanmethemoglobin method as described by
Wintrobe (32). This method utilizes the conversion of hemoglobin to cyan—
methemoglobin, then the measurement of the optical density of this solu-
tion againstfa known hemoglobin standard, Acuglobin1u Readings were made.
using a Beckman B speot?ophotometerh

Standard, heparanized capillary tubes were used in the hematocrit
determinations. Theée micro—hematocrits were f;rsﬁ centrifuged ‘in a
hematocrit centrifuge and then read in a micro-capillary reader. The
serum protein was determined directly from serum in the hematocrit
capillary tube by ﬁhe use of a tempgrature comﬁensated qudberg Proteino-
meter. At the end of the firgt three week period and after the hemoglobins
and hematocrits were measured, a 1.5-2.0 ml representative sample of blood
was withdrawn from the tail of each rat. This removal of blood was made in
order tq induce a slightly lowered hemoglobin level, a 6ondifion that would
call for hemoglobin regeneration in all six groups of rats., It was be-

lieved that this condition would better test the adequacy of all the diets

1Aouglobln, Hemoglobin Standard, supplied by the Ortho Pharmaceu~
tical Corporation, Raritan, New Jersey.
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for hemoglobin regeneration.

At the end of the seven-week feeding perioq aﬁd from 3 to 17 days
after the blood determinations were made, the rats were sacrificed. Food
was removed from the cages the night before, appyoximately,10 hours prior
to decapitation, With the weight of the ?at beiné recorded qt the same
time, The blood was collected and serum prepared, frozen and held at_—23o
C for later analyses. Because qf the length of time reéuired for the
enzyme determinations, only four rats could be sagrificed each mo;’ning;°
The heart, liver and kidneys'were removed as rapidly as possible, wiped
free of blood by pressing lightly on filter paper, plaqed on tére&
weighing papers and weighed. Homogenates were prepared at once using a
Virtis "45" Homogenigzer. They were placed in covered.flasks and chilled
in crushed ice until used for enzyme determinat;ons, The entire heart,
both kidneys and from a 1.0-2.0 gram representative sample of the liver
was used inlthe preparation of the respective homogenates for the enszyme
activity measurements. The succinic dehydrogenase (SDH)Aactivity was
determined by the procedure of Schneider and Potter (33) as'éiven by
Uﬁbreit, éﬁ al. (34). This meﬁhod measures the oxygen conéumption by
the SDH engyme in a flask held in a water bath at 370 C fhrough a pressure
change as recorded on a Johermpbarometero Also contained ip the flask is a
solution of phosphate buffer, cytothome Cy éaloium chloride, aluminum
chloride, and sodium succinate. A sodium hydroxide wiok is used to draw up
the carbon dioxide produced. One group of SDH dete:minations wes madé in

the morning and one in the afternoon.
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The SDH agtivity of thesé organs was measured in duplicate over a
40 minute interval using a 14-manometer Lardy'Warburg apparatus. SDH
activity’was first calculated and expressed in the usual manner as micro-—
liters of oxygen per hour per milligram of dry tiSSﬁe énd then later cal-~
culated on the basis.of activity per organ weight per gram of rat weight.
For purposes of these oaloulationgl the heart tissue was found to be 22%
solids, the liver was 30% and the kidneys were 22% solids. These per—
centages were established by analyses made on composite gampleg and the
average composition accepted by other workers in the field (6)i

The serum, which had been frozen at the time of sgcrifioe from the
fasted rats, was later‘ehemica;ly analyzed for‘iroﬁ content, ﬁotal iron;
binding capacity (TIBC), total cholesterol and triglyceride contgnto
Serum iron.and TIBC determinations were made on the frozen serum samples

using the method of Peters, et al. (35) as modified by Mandel (36). The

_serum iron procedure utilizes the oxidation of ferrous iron to ferric

iron and the coloxr produced is measpred using a spectrophotometer. In
the TIBC determination ferric.iron is added.to saturate thg serum trans—
ferrin, the excess iron is removed, and then colorimetric deterﬁinations
are made asg in the serum iron determination. A mic?oradaptation of the
procedure of Abel, et gi. (37).was used in’ the total cholesterol deter—
minations. The cholesterol determination utilizes_saponification with

alcoholic KOH to form glycerol, extraction with N-Hexane and color pro-

duction WitH the Lieberman—Burchérd.reagento Serum triglycerides were

.determined by using the method of Ven Handel and Zilversmit (38) as was

later modified by Van Handel (39)° In this determination the phospho-
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lipids afe first removed from the serum. The triglycerides are the?
extracted with chloroform, saponified to form glycerol, the glycerol
oxidized to formaldehyde and chromotropio acid added to produce a color-
which can be measured.

Statistical treatment of all data reported was ﬁade usiqg the
services of the Montana State University Computing Center. The treat-—
ment éonsisted of an analysis of variance and comparisons were made
‘using Duncen's multiple range test (40). Only differences considered

statistically significant at the 1% level have been considered.




RESULTS AND DISCUSSION

Food and growth records of groups of rats fed the five hypercholes-—
terolemia-~indicing diets and diet VI, Purina Laboratory Chowa are presented
;n Tablg 3. Biochemical changes in the blood, serum, heart, liver and
kidney of the rats fed these diets are shown in Tables 4, 6 and 9. Tables
5 and 7 show the accepted values for these biochemical measurements as
given by Albritton (41) and Roehm and Mayfield (6) for rats fed normal
diets. Table 8 presents the organ weights of the rats fed the expefimentall
and the chow.diets°.>
| ' Comparisons of the data were made using Duncan's multiple range
test (40) by which statistically significant differences between means for
each of the biochemical treatments were determined, as shown in Tables 4,

6 and 9. Means with dissimilar superscripis are considered statistically
different at the 1% level. The highest value(s) when the Duncan's multiple
range test was used are denoted with the superscript letter a, the next
highest value(s) with b and the lowest value with letter c. For simpli-
ficafion, the values .given in the tables in this study represent the aver-
age value or mean of each treatment for gach group of rats. Standard
errofs of the means were calcﬁlated for each treatment and are shown in
Tables 4, 6, 8 and 9. Treatment values: presented in this study will be
compared to values obtained by Roehm and Mayfield (6) as éimiiar diets
were used in both instances. However, rats used in the former study (6)

were 11 days older than those used in the present study.
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Table 3
Food and Growth Records of Rats Fed the Experimental Diets

Experimental Diets ’ Control
I iT 11T iv v Iv
Rats/group | .9 - 10 10 10 10 . 12~

Food consumption, g/day 13.6 13.9  12.9 11.3 14.0 18.8
Weight gain, g/49 days 229.0 218.0 201.0 185.0 228.0 232.0

Weight at end of test, g 252.0 241.0 220.0 210.0 256.0 .265.0

FOOD AND GROWTH

Food consumption,; weight gain and the weight at end of the test of
ratg.féd any of the hypercholes£§rolemia—inducing diets were lower than
the control rats fed the chow diet, as shown in Table 3. Rats fed the
basal diet, diet I3 diets II and III, wi%h and without ascorbic acidj; and
diet.V, with addiﬁional minerals all consumed'mpre food and gained more
in weight than did rats fed diet. IV which was iron—def?oient?A When
records are compared for rats fed diets II (no ascorbic acid present) and
diet IIT (50 mg ascorbic acid fed orally 5 days per week), it will be
noted that food consumption and growth rate levels were lower for rats
fed diet ITII. This may have been due,_ip part, to the added strain of
orally feeding thé‘ascorbic acid. ~Although food consumption and growth
rates of rats fed the hypercholesterolemia—inducihg diets were lower than
those of the control group, they still were within the range of values

given by other workers (31).,




~Hemoglobin,.Hematoofit and Serum Protein Levels of Ra’chl

Table 4

Fed the Experimental Diets

Experimental Diets Control
‘ ’ . I 1T 11T v v VI
. Rats/group 9 10 10 10 10 12
After 3 W‘k‘.so ‘on experlmental diets
b,2 3 - b b c b a
Hemoglpbln, g/100 ml 13, 2+O 22 12.6%0.21 12.9%0.34 7.8£0.50 13.2%0.24 14.1%1.66
. oo a, a b =" a-
Hematocri®, % 44.6;1.17 41.0%0.66  43.0%1.29  26.6%1.47 - 43.4%0.87 44.6%0.61
a a " a " a - a a
Serum protein, g/1OO ml 7.0X0.66 6.7£0.08 7.0£1.18 6.6%0,15 7.0%0.14 6.4+0.08
After 5 wks. on experimental dists o . ) . '
. ) - b b b c b a
Hemoglobin, g/1OO ml 14,0%0.23 13.6%0.12  13.6%0.18 5.4%70,34 14.3i0;22 15.5%0.07
. b b b. ‘ c a
Hematocrit, % 45.2%10,37 44.4+0.36  44.8%0.64 22.410.98  45. 9+O 46  48.6%0.66
a a a ' b c
Serum protein, g/100 ml  7.6£0.27 T.410.04 7.5%0.07 7.0%0.09 . 7. 3+O 10 6.8%0.07
After 6% wks. on experimental diets
: E b ) b b c b a
Hemoglobin, g/1OO ml 15.0%0.16 14.6¥0.16  14.5%0.14 5. 7+O 28  15.0%0.12 16.1%0.11
b. b b ’ b a
Hematocrit, % 46.8%0.46 A6.350.36 . 46.4%0.26  24. 2+O 89 47.3%0.50  49.3%0.36
T . a a a b a c
Serum protein, g/100 ml  8.0%0.24 7.6£0.08 7.6+0.08 7.2+0,10 7.8%0.08 7.0%0.08

g1

1Non;fasted;ra£sa

Duhcan's mﬁltlple range test (40) with comparisons made horizontally.

superscrlpts are statlstloally s1gn1flcant at the 1% level.

3Standard error of the mean.

Means with different
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HEMOGLOBIN, HEMATOCRIT AND SERUM PROTEIN

Mean hemoglobin and hematocridt valugs for rats‘fedfthe hyperf
oholesterplemig—ipduéing diets, as shown in Table'4, are significan%ly
lower than thoseﬁéor rats fed the chow diet. However, the removal of
ascorbic acid from the basal diet, diet II, and the addition.of minerals,
diet V, did not significantly alter thesé values when oompa:ed;to éhe
values obtainéd‘when the basal.hypercholesterolemia—induciné diet was fed.
Neither were the hemogiobin aﬁd hema%ocrit values signifioantly altered
when ascorbic acid was given or@lly to this group of féts; diét ITI. The
values for.diets I, II, IIT and V, were lower than those of rats on the?
control diet fed chow. However, they are within the ranges‘given by
Albritton (41) as presented in Téble 5. As a point of interest, Table 5
@lso includes these values for normal rats as reported by Roehm and
Mayfield (6). It will be noted that these mean values (6) for normal
ra,lts a;e all higher than those given by Albritton (41), probably reflec—
ting the effect of, altitude.

- When the iron was removed from the basal diet, these hemoglobin
and hematocrit values were significantly lower than the'vﬁlugs from rats’
fed either the basal hypercho}esterolemigfipducing diet or the control
chow diet. These hemoglobin‘and hematocrit values are slightly lower
than those reported by other workers .feeding similar diets (6). This
may be dﬁezto the age (26 days) of the rats when fed~the,gxperimentai
diets-in the present study, as compared to the age of the rats (36 days)

when fed the experimental diets in a previous study (6). Although the
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Table 5

Hemoglobin, Hematocrit and Serum Protein Values for Normal Rats as
Reported in the TLiterature (41,6).

Albritton (41) Roehm and Mayfield (6)

Mean ‘Range Mean Range
Hemoglobin, g/100 ml 14.80 12,0-17.5 16.1 16.0-16.2
Hematocrit, % 46,00 39.0-53.0 49 .4 49.1-49.7
Serum Protein, g/100 ml 6.04 5.5--T.9 6.5 6.4—6.6

hemoglobin values differed significantly after the rats were fednthe diets
for three weeks, the hematocrit values did not. After five weeks, however,
the differences were highly ;significant° Mean hemoglobin and hematocrit
levels for the control rats were slightly higher than values reported by
Albritton (41). This may be due to the effect of altitude (1.48 Xm or -
4800 feet) on the hematopoiefic processes. Similar increased hemoglobin
and hematocrit values were found at this altitude by Roehm and Mayfield
(6,42).

Serum protein values, as shown in Table 4, for rats fed aﬁy of the
five hypercholesterolemia—inducing diets for three weeks were higher on
those diets but became significantly higher after five and 6% weeks,
than those.of the control group. Even though this increase ié not large,
the levels of serum protein are greater ﬁhan those given by.Albritton'(41),
.Table 5. Rats fed the basal hypercﬁolestérolemig—inducing diet, diet I,

had slightly higher (not statistically significant) serum protein values

than did the rats fed the diets with and without ascorbic acid, diets IT
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and IIT, and with additional minerals, diet V. Rats fed diets I, II, III
and V had significantly higher serum protein values than did those fed
the Qiet which contained no iron. These higher serum protein ievels
agssociated with the hypercholesterolemia—inducing diets have been related
(6) to the accompanying changes in serum cholesterol and triglycerides.
This theo;y is basedlon an investigation by Rodbell, et al. (43) and a
discussion by Korn (44) which reports that when most of the exogenous
triglyoe;ide and cholesterol is traqsported from tﬁe intestinal tract fo
the tissues, via the lymph aﬁd blood, they are in the form of chylomicrous,
a complex of triglyceride, cholesterol ester, phospholipid and protein. .
These workers (43,44) reported that although in some instances the entire
chylomicron may leave the circulatory system intact, there was also .
evidence- that some of the protein may be left behind when the lipid
disappears. Because of these factors, Roehm and Mayfield (6) concluded
that this accompanying higher serum protein level may be due to the protein
being left behind in the blood stream‘after the partial hydrolysié of the
cholesterol-triglyceride~protein-containing chylomicrons. It is believed
thaf these higher serum protein levels suggest and support the theory
that the lowered hemoglobin and hematocrit values observed in these rats
were not the result éf a process of dilution of the blood stream. This
type of anemia was suggested by Mueller and Viteri (17) and discussed by
Popjak (45) since moré water than usual ma& be qonsumed by test animals

fed these hypercholesterolemia-inducing diets.
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SERUM IRON AND TIBC

Rats fed the iron-deficient, hypercholesterolemia-inducing diet
had significantly lower serum iron values than rate fed the other high-
fat diets and the laboratory chow diet. These valﬁes are presented in
Table 6, Even though rats fed diet V, the basal diet with additional
minerals, had a higher mean serum iron value than did those fed the
other diets, this valuelwas not significantly higher when Duncan's
multiple range test (40) was used. Tﬁe serum iron value for rats fed.
diet III (additional ascorbic acid) was higher than diet II (no ascorbic
acid) and very similar to diet I, but no significant difference occurred
“:between any of the diets. The serum iron values of rats fed any of the
diets with the exception of diet IV were lower than have been reported
(6). All of the serum irom values obtained were lower than values given
in Table T for normal rats by Albritton (4’])ef A possible explanation for
these lowered values may be the age (26 days) at which the.rats were
placed on the experimental diets.

TIBC values given in Table_6 for rats fed the hypercholesterolemia—
inducing diets were significantly higher than for rats fed the chow diet.
These values are the - -inverse of values found by Roehm and Mayfielé (6).
They found that rats fed simiiar high-fat diets had TIBC values signifi~
cantly lower than did rats fed the chow diet. The exact reason for this
phenomenon cannot be explaiﬁed at this time. No TIBCﬂvalues were given
by Albritton (41). In the analysis of the serum iron, TIBC, cholesterol

and tfiglyceride determination, a large standard error of the mean was.




Table 6
‘Serum Iron, Total Iron~Binding Capacity (TIBC), Serum Cholesterol and Serum Triglyceride

Levels of Ratsl Fed. the Experimental Diets

Control

: Experimental Diets
I 11 - III Iv v VI
Rats/group 9 .10 10° 10 10 12
: ‘. a,2 3 a a B y - —
Serum iron, mg/‘]OQ ml ¢ 183.2818.97  168.4%13.2  184.8%17.2  48.4% 4.2 212.2%14.6  174.4711.3
- : a = a - a a a v
TIBC, mg/100 ml T 696.2%36.8 680.0%29.9  678.0%26.5 693.6112.8 670.8%31.2 526.8+21,1
" ' a - a - a a ' a . b
Cholesterol, mg/100 ml 129.1+10.6 124.2% 9.8 116.2% 9.2 134.5%17.6 131.6%10.6 79.3% 3.5
- ' ) . b - a -~ a L a a : a .
Trlg;ycerldes, mg/100 ml 48,7t 7.6 68.6% 7.2 67.5% 8.8 83.0%10.5 54.2% 6.2 65.0% 6,2

1Fasted ;atsg

2 oy . ' .
Duncan's multiple range tes3t (40) with comparisons made horizontally. Means with different

superscripts are statistically significant at the 1%

3Standard error of the mean.

level.

— € a...
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observed. This may be due to individual differences in the rats them-—
selves rather than to an experimental error ag similar, and in some cases

higher, Variances were found (6) using the same type dietso; -

SERUM CHOLESTEROL .

Serum cholesterol values of rats fed the hypercholesterolemia-—
inducing diets shéwn in Table 6 were significantly highgr than>the values
of rats fed the laborator& chow. This was also reported by otheré (2,6)
but with values that were eithgr higher or lower than values reported in
this study. Rats fed the basal highffat diet, diet I had slightly higher
(non—signifieant)‘serum cholesterol levels than did rats fed diets with
and without ascorbic aeid, diets II and III, yet lower (non—signifioant)
than rats fed either diet IV, iron deficient or diet V, with additional
minerals. Rats fed diet III and receiving 50 mg ascorbic acid per day
had a lower, but not significantly lower serum cholesterol level than
rats fed diet II which contained no ascorbic acid. Hence there is no
statistically significant difference in the serum cholesterol of rats fed
any of the five hypercholesterolemia—indﬁcing diets, but all are signifi-

cantly higher than the contrdl diet values.

SERUM TRIGLYCERIDES

As shown in Table 6, the serum triglyceride levels of rats fed the
hypercholesterolemia-inducing diets II, III, IV and V were significantly

higher than those found in rats fed the basic hypercholesterolemia-inducing
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Table 7

Serum Iron, Total Iron-Binding Capacity (TIBC), Cholesterol and Triglycer— .
ide Levels for Normal Rats as Reported in the Literature (41,6).

Albritton (41) Roehm and Mayfield (6)

Mean ‘Range Mean Range '
Serum irqn, mg/1OO ml 261.0 —— 254..0 234.5-2T73.5
TIBC, mg/100 ml —_ — 728.0  706.8-749.2
Cholesterol, mg/100 ml 52.0 28.0—-76.0 76.2 T4.3--78.1

Triglyceride, mg/100 ml 85.0 26.0-144.0 90.4 86.2--94.6

diet I. Rats fed the iron-deficient diet, diet IV, had the highest serum
triglyceride level of any éf the groups, and those fed the additional
minefalﬁ was considerably lower. The omission of'asoorbic acid from diet
IT caused a significant inoreasé in the levei of serum triglycer;des
(diet I versus diet II). However,ﬁthe addition of orally fed ascorbic
acid did not alter the triglyceridg level (diet II versus diet_III)m
Serum triglyceride values for rats as repor@ed bleoehm and Mayfield (6)
and Bizzi, et al. (45), were oonsiderap;y highervthan were found iﬁ'this
study. Tinoco, et al. (47) report a lower value for rats fed a purified

diet somewhat low in methionine and vitamine B but otherwise complete.

127
However, serum triglyceride values found in this study are within the
range given by Albritton (41) in Table 7.

Serum cholesterol and triglyceride levels of rats fed these hyper-

cholesterolemia~inducing diets showed a very interesting phenomenon, they

did not respond to dietary variations by increasing or decreasing in a
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similar manner, - This inverse relationship was recognized by Albrink (48)
in work on coronary artery disease. Later work by Bizzi, et g;; (46)
also recognized,%hese variations and reversals in blood lipids but they
were not able to establish fully all factors. in the diet which bring this
phenomenon about. Their work showed high levels of serum triglycerides
accompanied a condition of thrombosis in the heart chambers of the rat
and that elevated serum cholesterol, together with a normal triglyceride
level, was associated with atherosclerosis of the aorta. This inverse
relationship was also Qoticed by Roehm and Mayfield (6) who concluded
that the degrge qf impairment in the.iron transport system, as Well as 1l
thq hematopoietic process, might be an influencing factor in the: throm-
bogenic sysﬁemn They based this conolpsién on the fact that raﬁs in the
group with the highest level of sefum ﬁriglycerides also had the lowest
hemoglobin and hematoqrit levels togefher with the reversed phenomenon of
.8 low serum iron level. Similar results were obtained in this study with
one additional point, the serum cholesterol level of rats fed this iron-
deficient diet were also high. Since the whqle héart was used in the

enzyme determination, no histological examination of this organ was made.

ORGAN WEIGHTS

Weights of the heart, liver and kidneys.of rats fed the experimental

diets and the laboratory chow, éxpressed in g/1OO g rat,; are shown in
Table 8. .The weight of the hearts of rats fed the five hypercholester9~

1eﬁia—inducing diets varied little between groups but were higher than




Table 8

Organ Weights of Rats1\Fed the Experimental Diets

Experimental Diets Control
) I I1I O IIT v v VI
Rats/group 9 10 10 10 10 12
Heart, /100 g _ o, : : .
rat weight 0.32%0.01 0.35%0,01 0.35%0.01 0.40%t0.01 0.32%0.01 0.30%0.01
Liver, g/’IOO g .
rat weight : 3.17£0.09 3.8110.08  3.82+0.16  3.18%0.06  3.7440.07 3.00%0.03
Kidney, g/100 g
0.67+0.01

rat weight 0.66%0,02 0.62%0.01 0.62+0.01 0.59%0.01 0.63%0.01,

_1 Fagted rats.

gétandard error of the mean.

....LZ_.
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 those of rats fed the laboratory chow. The largesf heart weighte were
observed in rats fed diet IV which was iron-deficient. Since no histologi-
cal examinations were made on this organ, it is not.kmown whether this
increased we%ght was due to normal tissﬁe development or to some abnormal-
ity,; such as'a thrombogenic'qondition within, the heart chambers as nofea
by Bizzi, et al. (46). As was the case in the heart weights, the lizer
welghts. of the rats fed the high-fat diets were higher than rats fed the
‘laboratory chow, It is known; however, that rats fed the hypercholestero-
lemia~inducing diets showed: a.deposition of fat within the structure of
the liver which was quite obvious to the ey'eo ﬁats fed the laboratory
chow diet had normal, non-lipogenic livers. The converselwasAtrue with
the kidney weights, as rats fed the high-fat diets, diets I-IV, had
slightly lower kidney weights than rats fed the laboratory chow. ﬁunoan?s
multiple range'ﬁesﬁvwas not performed on the values for organ weights.éo
it is not known if these values différ’signifieantly. Rats fed . .the iron-
deficient diet IV showed lowered hemoglobin values, a disturbance in the
iron transport system ahd also hadlkidney weights less than those of the
control rats. .Similar conditions were reported (6g21) in which the iron-
defiéieﬁt diet induced an increase in the ngght of the heaft and a
decrease in-the weight of the kidneys. Similar but larger organ weights
than were found in this survey were observed by Roehm and Mayfield (6) but
this increase may_be attributed directly to the age of the raﬁs gince rats

used in théir study were 11 days older.




Table 9

- 1
Succinic Dehydrogenase (SDH) Activity of Organs of Rats

Fed the Experimental Diets

—~_ .~

7

- - Bxperimental Diets ‘ ~Controi
I I III v : \ Vi
Rats/group 9 10 .10 10 10 12
SDH, Heart : a,2 3 a : a b a a
DIy weight, ml Og/hr/mg 248.1£6.8 248.557.1 244.8%4.0 207.0%4.5 258.6%5.0 242.0%5.6
) ' : a _ a _ a . a a . b
Relative SDH/g rat weight? 1768847 193,1%5.4  192.0%5.1  182.3%8.3  180.9%4.1 163.6%4.6
SDH, Liver ' b b b b b a
Dry, weighty; ml Oz/hr/mg A2.4%1.2 . 43.0%2.8 42.1%2.4  47.2%3.7 43,1%1.8 80.9%1.9
I b . b b b b a
Relative SDH/g rat weight 482.4%117.2  504.9%28.1 495.1%43.1 450.3%29.0 496.0f17.6 733.6+14.2
SDH, Kidney ' b b b c b a
Dry weight, fil, 02/hr/mg 149.6%3.0 151.626.0  150.612.3  108.6%2.6  156.2%4.4  170.6%3.7
T ' b b _ b o b " a
Relative SDH/g rat weight 221,3+7.5 210.3£8.0  206.9£6.0  142.3%5.4  220.2%¥11.0 253.9%4.4

—68—'

1Fa;sted rats.

Duncan's multiple range test (40) with comparisons made horizontally.
superscripts are statistically significant at the 1% level.

3Standard error of the mean.

4Relative SDH/g rat weiéﬁt calculated at follows:

Al 02/hr/mg moist tissue

Means with different

X orgen weight, in mg

rat weight in grams

_o
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SUCCINIC DEHYDROGENASE ACTIVITY (SDH) OF THE HEART

Rats fea the'hypercholasterolemia—inducing.diet which was iron-
deficient, showed a significant lowering in the SDH activity of the
heart when expressed as microliters of oxygen per hour,'ber milligram
of dry weight:tissued as presqpted in Table 9. However, when this was
calculated o# the basis of relative SDH activity per gram of rat weight,
this lowering was no longer.evident. This may be due in part to the fact
that the heart weights of the iron-deficient rats were increased and there-
fore, when the activity was expressed on a relative‘SDE basis, the total
amount per 100 g of rat weight for the control and iron-deficient animals
was appyoximately equal. These resglts agree in general, with those
reported by others (6,21). .When the SDH activity of the heart of ;ats fed
the laboratory chow was calculated on the relative SDH activity/g of rat
weight baéis, it was.found to be significantly lower than that of rats

fed any of the five hypercholesterolemia~inducing diets.

SDH ACTIVITY OF THE LIVER

The SDH activity of the liver of rats fed the hypercholesterolemia-
inducing diets waé gignificantly lower than that of rats fed the laboratory
chow diet when this activi%y was calculated both on the dry weight or the
per rat weight basis. Liver SDH levels of rats fed diet IV, which was
irdnjdeficienﬁ did ﬁot show_any further lowering. Therefore; these sig-

nifieant lower liver SDH values for rats fed these high~fat diets were

probably the result of the hypercholesterolemic effects of the diet and
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not of its effect of lowering hemoglobin. This is in agreement with what
was found by Roehm and Mayfield (6) and Beutler and Blasidell (21) who
reported that moderately severe iron-deficiency caused no decrease in the

SDH activity of the liver.

SDH ACTIVITY OF THE KIDNEY

The kidney SDH activity of rats fed the hfpercholesterolemia—
inducing digts was significantly lower thén was observed for the control
rats fed the laboratory chow as calculated on either basis. This de-
creased activity appeared to be related to the hemoglobin level since
rats fed the i;on—deficient diet IV had significantly less SDH activity
than rats fed the basal high-fat diet with a normal level of iron, Other
workérs (6,2{) have also reported similar signifiqant lowerings of kidney
SDH activity when rats were fed iron-deficient diets. As was the case in
the serum analyses, the SDH levels for the heart, liver and kiduney of
rats fed these experimenﬁal diets, showed a large standard\error of the -
mean. Similar but lower variances were noticed by others (6).

. No significant difference in heart, liver and kidney SDH levels
was observed when ratélwere fed the basal diet with and without ascorbic
acid, diets II and IITI. Neither was there any significant difference in
these values when - -additional minerals were added to the basal hypercho-

lesterolemia—inducing diet.




- SUMMARY

Six groups of weanling male rats, averaging 10 rats per group were
fed one of five experimental diets or a laboratory chow diet as follows:
diet I, a basal hypercholesterolemia-inducing diet; diet II, similar to
diet I but without ascorbic acidj diet IIT similar to diet IT but réts
were fed orally 50 mg of ascorbic acid five days per weekj; diet IV,
gimilar to diet I but with‘all iron:sélts omitted; diet'V, similar to-
diet I but with additional copper, zinc and manganese; and diet VI,

Purina Laboratory~0how with rats serving as a control group. Biochemical
changes that Qccurred in the blood, serum, heart, liver and kidneys of
these rats were determined chemically and theqdata analyzed statistically.

Food consumption and weight gains were considerably 1Qw¢r for rats
fed the hypercholesterolemia-inducing Qiet which was iron—déficient than
for rats fed any of the other diets.

Mean hemoglobin and hematocrit values for rats fed any of the five
hypercholesterolemia—inducing diets were significantly lower, and serum
protein levels higher than those for the control rats fed the chow diets.
The removal of ascorbic acid from the basal diet, or the addition of
copper, zinc and manganese to the basal diet did noﬁ affect the hemoglobin,
hematocrif or serum protein levels of the rats when compared to values for
rats fed the basal hypercholesterolemic diet. Rats fed the iron—éeficieht
hypercholesterolemié diet had significantly lower hemoglobin and hematocrit
levels than did the rats fed the other four hypercholesterolemic-inducing

diets. Serum protein levels of these iron-deficient rats were. similar
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tq those of the control, chow fed rats.

Serum iron was lowest in rats fed the iron-deficient diet but was
similar in all other groups.

Total iron—biﬁding capacity (TIBC) and cholesterol values were
significantly higher in rats fed the five experimental diets than in those
fed the chow diet. These values were not affected by the factors undef
investigation@_namely,:ascorbic acid or the minerals, copper; szinc and
manganese.

Rats fed the basal hypercholesterolemia~inducing diet had a sig-
mnificantly lower serum triglyceride level than did rats fed any of the
other diets. . These triglyceride:yalues were unaffected by the factors
under investigation. | ‘ | |

Succinic dehydrogenase (SDH) activity of the heart and the iron-—
deficient rats, when gxéressed.as pl Oz/hr/mg of dry weight of tissue,
was significantly lower than the SDH values of rats in the other groups.
This differeﬁée was not evident when expfessed on a relative SDH/g rat
weight basis. The SDH activity of the heart was not affected by the
presence or absence of ascorbic acid or the addition of the extra miner@ls
in the diet.

Raté fed:any of the hyperchplesterolemic diets had lower SDH
activity in'the liver‘than did the contrél rats. Likewise, these values
were not affected by the fécfprs under investigation, ascorbic acid and
additional minerals.

The SDH activity of the kidﬂey waé signifiCantly lower in the five

groups of rats fed the hypercholesterolemic diets than in the control,
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chow fed rats. This vglue was greatly lowered when the rats were fed
the iron-deficient diet but was not affected by the absence or presence
of ascorbic acid or the addition of minerals to the diet.

The weigh%s of the heart, liver and kidneys, expressed ag g/1OO
g rat Weight,‘were affected by the five hypercholesterolemia—inducing
diets. The weight of the heart and liver of rats fed any of the five
hypercholesterolemic diets were greater and the weight of the kidney
lower than the respective weights of the control, chow fed rats.. Rats

fed the iron-deficient diet had the largest heart weight and the ‘smallest

kidney weight of rats in any of the groups.




CONCLUSIONS

It has been concluded from the results of this study, that ascorbic
acid fed orally at the level of 50 mg/rat_for five days/week in association
with known hyﬁercholesterolemia—inducing diets did not'significantly effect
serum lipids, the hematopoietic processes, or the biological oxidation
mechanism. Likewise, the incluéion of additional_coppert-zinc and mangarnese

in the rat's diet did not affect. these same factors.
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