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5.

In the last decade biochemists have been increasingly
attracted to researches relating %o fats, fatity aclds,
glycolipids, phospholiplids, and stercls in order to better
understand physiological processes occurring in the body.

the lipld metabollsm of many organs of the body
ances has been investigated, the

under varying cirecumst
changes in the liver and blood has proven most
frultful in yilelding information. MNany disturbances in the

metabolic processes of the body are acocompanied by chang

in the concentration of the indlividual 1ipid constituents

of the liver. On the other hand, factors a&ﬁ&f&a the quality
of food ingested, toxic drugs, etc., may lead to fat deposi-
tion in the liver of such magnitude that the health of the
organism is affected. Definite alterations in blood lipids

may or may not accompany the changes in the liver.

Workers in the Futrition Laboratory of the Foods and

Hutrition Department of the Iowa State ﬁ@ll%§$>&t preuent
are interested in investipeting certain derangements induced
in the albino rat by dietery means, that seem to be charac-
terized by a fault in the metabolism of lipids. The abnor-
mallities appeared in the course of an,iﬁvnﬁtigaﬁﬁﬁa designed
to study the réle of meat in nutrition. A diet containing

dried autoclaved pork muscle as the main,saaraa of protein



was used in the study. Al the time the ratlon was formus

lated, 1t was believed adegquate Lrom the nnﬁritiﬁaal'sﬁaﬁﬁé

polint. A diet to be a%&ﬁﬁ&ﬁﬁ‘ﬁh@ﬂiﬁg@%ﬁ?ﬁéﬁ~f§¥'ﬁkﬁ'gﬁﬁﬁﬁﬁ
and maintenance ol ﬁ@ﬁ*ﬁ&iﬁ&i;.&ﬂ@?@?% normil reproduction
an§ iaa%a%iﬁm, prevent yr&ﬁﬁharm agiﬁg, allew & normal span
of life,
gﬁaar&%iﬁaﬁw. E@wévar} iaata&ﬁ mf m&inﬁaiaﬁag these 1life
funﬁ%iangé the feseding of ﬁhﬁ pork diet gra&unﬁﬁ_a series of
nutritional
a failﬁﬁ&;@f the ration to support
tion of animals. All of the latter g
Dyar (1935) found that growth was retarded and abnormalitles

and support the sg&siaﬂ;a?ar a ﬁ&ﬁ&ﬁﬁﬁi?ﬂ mumbeyr of

disasters. One of the earlier cbservations was

more than a second genera-

soup were sterile.

oecurred in reproduttive functions., Difficulties encountered

by the rat at parturition were most striking. Other workers
iiﬁ'%hiﬁ_l&hﬁ&ﬁﬁ@%g‘ﬁ&?ﬁ'ray&aﬁ%é&y~aaafimmﬁé¢ﬁ§&r§a findings
and have studisd certain of the metabolle éﬁr&ﬁgamﬁuta caused
by the pork dlet (King, 1936; Wilcox, 1837; Welliker, 1938;
Armstrong, 19393 ﬂm;:aﬁ%l?& s 19403 ?arraﬁkap » 1941; and Ho,
1941).

ﬁ?ﬁf‘ﬁﬁ?ﬁ?%&ﬁ‘ﬁhﬁ@»sﬁlgﬁfvﬁﬁﬂt of the rats died
during parturition. 8imllar toxemissz of pregnancy have been
observed in the sheep and rabbit (Roderick et al., 1932,

Greens, 1%&?}* There iﬁ, also, a 3§rikiﬁg‘raaamﬁzanaa between
many of the symptoms characterizing the §regn&&ay\disa&ge

in ﬁhase rats and toxemic pregnsncy in human beings.
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To all appearances the rats affected were normal until
the day of parturition vhen & most outstanding disturbance

was observed. External symptoms noted were: labored breathw

ing, erection of the fur, loss of muscle tone, lethargy,

very pale ears, and coldness of the body. Often the animal
was unable fo support its head which it rested om the food

ginal hemorrhege was & common ococurrence,. Hemaburia

oup. Va
accurred Treguently. In some ilnstances, convulsions Inmedi-

ately preceded death; in others, parturition was long and
labored. In the latbter case the animsl invariably dled dur-

ing the birth of the young. Other rats did not show early

signs of illﬁﬁgﬁﬁ They were found dead, evidence indicating
that they had dled in a convulsion.

The necropsy studles made on animals actually 111 and
sacrificed prlor to death were of particular intersat. The
abdominal cavity contained an abundance of fat. Bven though
the fetl might appesr normal and Iully develuvped, they were
dead, pale, and cold to the btouch. Sometimes tkﬁ feti had
died st different stages of development. Severe intrae-
uterine hemorrhage was afgén present, Placental comnections
were not always intact. Hemolysis of fetal blood and
thrombl in the umbilieal vai&# were &@t@&‘bg-&ﬁgstrang
{1939). Bhe alsc observed marked degeneration of the
tubular epithellum in the kidney. The blood was pale in

eolor, watery, and very slow to clot.
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Aonormalities of the liver were evident. The i&%&ra
were 1&%3@; pale, friable, and of & yellowlsh color indicat-
ing a ﬁa§¢aitiéﬁuﬁf fat globules in the tissues. Histologl~
cal studies were made by Armstrong {1%3&}% She found fatiy
infiltration and fatty depgeneration of the hepatic cells in
the moribund pork-fed rats. Chemical analysis éf the total
1ipid in the liver showsd an abnormally high 1ipid content
in all animels fed the pork diet, whether ar nob they became

sick. The percentage of fat, calculated on the dry basis,

in the livers of the eonbrol rats was 28 per cent a&s come
pared with 40 per cent for the pork-fed animals ﬁat getiing
slek and 47 per cent for the femalesn developing the pregnensy
disease.

Is thérﬁ interference with the functioning of the
liver when the hepatic cells become loaded with fat? If
this dose ocour, derangements in-t&ﬁ-fumukiaa&mg,af the
- liver might be asssccilated with the pregnancy disorder. One
type of metsbolle dysfunction has been described by Parran-
kﬁg (1941). She found no glycogen in the liver of two
toxemic anlmals and 1&% valuss iﬁiaﬁh@y pork-foed rats that
é&é~§ﬁ§~ﬁ&?§lﬁ?~%@@'ﬁis&ﬁaﬁg Or; under the condition de-
seribed, may ﬁhﬁr@-bﬁva decrease iﬁ-ﬁgﬁaxirying-@ﬁwarxaf the
liver with the x@sa1t ﬁ&ﬁt metabolites accumulabts in the
blood? Edema, hypertension, snd convulsions might then

follow. Certain of these r@i&ti@nﬁhﬁ@ﬁ»hav%'baﬁn suggented




. w@ﬂ

by Armstrong in a dlagrammstic representation (Figure 1)

of & theoretlcal seguence of evenis thet might result in

the disesse.

The finding that the livers of the pork-fed rats
eontained twice as mmch total lipid as 4dld those of the con-
ges under-
gone by the individusl components of the 1ipld. Such chang
have physlological significan
{1930) have demonstrated that the ?hﬁ%?ﬁﬁiiﬁiﬁ content and

trel group provided no evidence of possible chan

. DBloor and his ecollaborators

usually the free cholestercl content of a tissue inereases

with physiclogleal activity while degeneration and inectivity

of the tissue is eceompanied by decrsasing or low percentages

of these liplds end by an Increase in cholesterol esters and
neutral fat. Later work in Bloorts laboratory, by Boyd (1835b)s
and by Erlckson et al. (1937) has glven support to this
hypothesis. Thus, vﬁ?iaﬁ&sna inuﬁﬁﬁrliﬁié.ﬁﬁﬁﬁﬁiﬁﬁ&ﬁﬁﬁ of

the liver and bloed may be used as an index to measure a
disturbance in the metabollam of fat.

Various workers have found that ﬁh@*ﬁéiﬁt&%ﬂ of one
ligié~f?aﬁ§iﬁﬁ~%ﬁ another nay ﬁagﬁaﬁuﬁyﬁmﬁﬁhﬁ-ﬁ&ﬁtgry
reglme. Fatty livers induced by & high fat, low protein
dist (Best, Qh&ﬁﬁﬁﬁ@ and Hidout, 1954) are characterized
by a large incresase iaUasutraz‘fat'whils'ﬁhajfgﬁty'iivers
oceurring after cholesterol feeding show the greatest §$r~

centage increase in cholestercl esters, salthough
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FIGURE 1. THEORETICAL REPRESENTATION OF SEQUENCE OF a
EVENTS RESULTING IN ACUTE PREGNAECY DISOURDER

Feeding afy?ﬁwk'x Diet

Development of Accwmulation of
excessively large fat in the
fetl &md placentae - liver

Fatt degeneration
Unknown s&ﬁ&@g——-_“~*"”‘"“_'—~4——&aﬁ infiltration
of hepatlie cells

Disturbances in carbow- Lowered liver
hydrate mstabolism function
Resorption Incomplete - Accumulation of
plus partial detoxificaw- normal metabolites
starvation tion of in blood to high
of fetl products of ~ levels
resorbing '
fetl

Kidney injury

Injury to SBuppression of
live fetl ‘ excrebion

Y ,
Convulsions Hypertension Edema ﬁamaigsis Hemor-
of fetal rhage in

bleoocd kidney

&. Armstrong, ¥W. E. - _
1939, HMeat in nutrition. XV. Certain characteristics
of gestational performance in alblno rats fed a
diet contalning driled sutoclaved pork muscle.
Unpublished Thesisg, FPh. Bg, Library, lIowa State
College, Ames, Iowa.
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substantial incresse In the neutral fat also ococurs (Okey
and coworkers, 1934). |

The faet that Wilcox {(1937) ?r@vﬁﬁﬁeﬁ the syndrome

in the pregnant female by feeding lipocale, a& lipotrople
sﬁbatmnﬁa‘&xtraataﬁ(fr@m.gaﬁarﬁaa {Dragstedt et al., 1938)
also suggested a poslitive rﬁiaﬁiﬁﬁﬁh&p between fat metabo-
lism snd the pregnancy disorder. Therefore the present
atudy of the ?&rﬁitiﬁﬁ»ﬁf the lipiéa in the liver snd blood
of rats was undertaken to detect, if possible, sny derange-
ment of the fat metabolism
result of feeding the pork-containing dlet to preguant
animals. '

which might have occurred as &



TAL GROUPS

Three series of rats have been studled. In Series I,
the quantity of total fat in the livers of pregnent females
maintained on the pork diet and of yrﬁgﬁaﬁt lﬁ.mtml females
reared on the stoek ration wa# determined gr&v@imtrieaiﬁty
&f%xr aleohole-other extraction. Virgin control rats matche
ing certein of the snimsls in each expsrimental group im
regard to nge were slsc studied to determine the effect of
pregnancy %gg_;; se. Dyar (1935) found that only 350 to 40 per
cent of the pork-fed animals developed the pregnsncy dlseasse.
Henee, the experimental group fed the ratlon contalning pork
divided 1itselfl into two sub-groups, i.s. ,  mimls that
developed a toxle pregnancy and those that did not. A
second group of slck femsles whose basal pork diet had been
supplemented with various types of foods was obtalned from
animals comprising other studies in g&;ﬂﬁgﬁ@@ﬁ in the laboraw
tory.

A more refined analysis was made of the liver llpids
in the group of rats Inecluded in Series II. The individual
fractions of the liver 1lipld were determined by the oxidative
procedure.s As in Series I, data from a pregnant experimental

pork-fed group wers compared with those obtained from a



] B

pregnant control group. The experimental animals were again
divided into two groups, "toxle™ and %&mtaﬁm 7 In addi-
tion, a few virgio controls matehing specific experimental
snimals were studied. Also, a muall group of toxemie
femeles which had been fed various distary supplements was
&éaixaﬁlm o

The finsl series, III, was com
animels fed the contrel stock ration and pregnent rats fed
ining diet, variastions in the blood lipid

prised of pregnant

. the pork-conta:
values being compared.

In all series, the control groups received ﬁha atock
feglﬁﬂ# retion which will be design

ated hereafter aa Steen~
bock V. The dlet gilven the experimental grﬁ&§a w£2i be |
called Pork I. |

| ' The plan of the experiment showing the number of
animals used and their distribution in the ?ﬁfﬁﬁ&a,ﬁxgarim

mental groups 1s summarized in tsble 1. Individual numbers
of the rats composing each group are found in tables V and
VI in the Appendix.

ANINALS USED

The snimals used in the present invesbtigation were
albino rats (Mus ﬁ@r?ﬁ»iﬁﬁﬁ‘ﬁiﬁiﬁﬁai of Wistar stock, strain
A, obteined from the stock colony maintalned by the Foods
and Butrition Department at the Iowa Btate College. These




SUMMARY OF EXPERIMENT

SBeries

Hame of
dlet fed

Reproductive
status

Lipid fraction analyzed

ﬁt@&ﬁh@@k ¥

Fregnant
Virgin

Pork I

Pregnant
Honetoxle
Toxle

Virgin

Supplemented

pork diets

Pregnant
Toxie

21

Potal liplds

II

Steenboek V

Pregnant
Virgin

18

Pork 1

Pragnant
Non~toxie
Toxie

Virgin

15
13

Supplemented
pork dlets

 Pregnant

@wxia

Total fatty aclids; total

cholesterol, free
ﬁhﬂl&ﬁt&?@l, phospho=
lipid analyzed, Total

1liplds, neutral fat, and

gholegterol éstora calcus
lated from sbove data

III

Steenbock ¥V

Pregnant

Pork 1

Pregnsnt
Ronstoxle
Toxie

Total fatty sclds,
total cholesterol,
phospholipid

Total number of analga&a made :

141
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rats had been inbred by brother matings fﬁ?‘ﬁ%®3§~3§ genera-
tions. The experimental rats ﬁmy1§?$ﬁ ﬁar1ﬁgv§§§ fivs years
the study was in progress were r@?&%a&zxﬁ&%&*wa of animals

bred in the interval ra

wing from the seventy~second to the
elghty~first generations. | ‘

The ra&iﬁa upon which the stock a@lﬁmy*waﬁ.ﬁainﬁaiaaﬁ
snded by
Steenbock 1n 1923, The composition of the modified dlet,
designated as Steonbock ¥V, has remained the same since 1932
and the quality of the components of the ration has been

was a modification of the whole graln dlet recomm

kept as uniform as possible.
third litters of
stoek colony females were used in the experiment. These

Animals represenbing the second and

were removed from the colony at the time of weaning. Litter-
mate palrs were dilstributed between the axgariﬁggﬁal and
ﬁ@ﬁ&?ﬁ& groups. Some of the animals developing toxemis on
the Pork I ration 4id not have a littermate control because
often they were taken from other groups of rats In the lab-
oratory raised under ﬁhﬁ'ﬁ@ﬁﬁ”ﬁﬂﬁﬁi@ﬁ@ﬁﬁ# A1l of the rats
roceived the stock colony ration until the time of the opene
ing of the vaginal orifice. The dlet of the experimental

group was

changed to Pork I. The control animals were

- sontinued on the Steenbock V ration.

Healthy young lititermate males malntained on the

stock colony diet were used for bresding these females.




Brother and sister matings were employed in most lustances.
The uniformity of the animals used in Serles II and
III, at the initiation of the experiment, is shown in table
Re hﬁﬁ?ﬁ&iﬁ data were used ag indices far'ja&gﬁag unle
féawity#;ggg?g éyarags weight of the various groups at
wpaning, a%‘aﬁxaﬁizmaﬁﬁr&%g, and st the time af_%h& initis~
ﬁiﬁanef'%hﬁ,rirﬁkfpwagnanﬁy;\aﬁﬁ:av¢ﬁags»aga a$»s9x&ai
mmri'ﬁ?r and at the iime of the initiation of the first
pregnancy. The date show & surprising uniformity over the
four years covered in the éﬁﬁ%@ﬁiﬁg Any differences noted

between groups, therefore, pra%ab&y are n@ﬁs&tﬁgihutahla to
a i&&ﬁ'af'hamgg%@@i%3 &ﬁaﬁh&«&x§§§imﬁa£&i a§im@1$ used, The
values depiciting the uniformity of the animals Talls within
the range noted by Gresnwood (1940) iﬁ{&;sﬁaéy-@f 14 genera-
tions of the stock colony. T

he females in Series I were
a@i&at&& in the spame manner thaet was used In the other
series. Therefore, they could be judged just as uniform,

COMPOSITION A

HD PREPARATION OF DIETS

The Pork I Diet

%hﬁ»aiﬁt»fﬁﬁgﬁﬁﬁ.axp@rfa@ntai,gy@ag had the follow=

ing composition:



BLE 2.

UNIFORMITY OF ANIMALS USED

Series

Bxperimental
group

Fou of
animals

Body
wt. at

weaning

Age at
sexual

.Eﬁﬁy

wt. at
sexusl
maturity

Age at
initiation
of 13t
pregnancy

Body wt. at
initilation
of 1st
pregnaney

Ix

3‘%@%&3@% v
- Pregnant
' Virgin |

5111
52435

days

41e44
42,35

£

87.58
86,00

65,81

o

Bl

140, 44

-

Pork I
Toxie

Virgin

53.85
i@#5ﬁ~
53,50

| ﬁlﬂ%ﬁ
41,25
43,00

91,31
88,46
96,85

88,50
TO. 83

143.08
138,70

-

111

Steenbock V
Pork z

63,85
52,00

41,38
41.78

93,85
gz2.82

74,68
7600

150,88
lﬁ%w&?'

& Opening of vaginal orifice.

b 7% 1o
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Canned park masele (dried to one-halfl

its original WOLEHE) memmewmsommm——— 25 grams

Cﬁrﬁﬁ%&?ﬂh; e e 55 gTENE

&

4

FACLY o e e s e e L EPRNY
Salt mixture® - gt S i 4 grams

3

BUtEOrFat” memwmen - —————————————— 3 ZOEMS

Cod liver Qilg USRS — 2 grams

100 grams

-

At the time of 1ts formulation, the dlet, largely

synthetlec exeept in 1its source of protein, wae believed to

meet the requirements of an adequate ration. The experi~

mental aviéaﬁaa in support of the adequacy of the diet has

been discussed by Armstrong (1939). However, experlence
has demonstrated that the diet 1s deficient in one or more
‘as yet unldentified factors.

?areh&seé,iﬁ.ia@al market in 140 1b. lots

. Yeast foam tablet powder purchesed {rom the

lorthwestern Yeast Co., Chicago, Ill.

. Bacto«agar purchased from the Difec Laboratories,

. Purchased 1n local market,
Qﬁb@l’fﬂﬁ* T Eﬁ’ and ﬁﬁﬁﬁ@l, L gfig Jds Blol. ehw&,

37, BET=801, 1919.

Purchased at Iowa State College Dalry.

Refined Norweglan vitamin tested cod liver oil,
UsSsPuy purchased from the Pearson, Perguson
Co., Kansas City, Ho.



In order to reduce variation in the pork muscle,
large quaﬁ%&tiﬁa Eiﬁﬁa ranging from 800 to ?&@ﬁggﬂaéa} wore
purchased at one tlme. The green skinned hams
trimmed of all excess faf, @
medium plate of ﬁﬁ& meat grinder. One pound of ground meat

were boned,

nd ground once through the

was welghed and packed into each tin can. After sealing,

the cans were processed in the pressure cooker for 65

g pres-
4 for leaks, cooled im~

minutes at 15 pounds pressure. Upon removal from th

sure coolter, the cans wers examine
mediately in cold rumnin
aturs until needsd.

g water, and stored at room tempere

¥hen the g@ﬁk}ﬂﬁa prepared for use in the diet, all
'#i#ﬁbla fat congealed at the top of the can was removed
and the meat placed on a Monel metal tray covered with
cheese cloth. ©On each tray was sprsad 1000 grams of meat
which was then dried to aﬂﬁ#ﬁaif’iﬁa original weight in a
current of air kept below 100 degrees Centigrade. When
placed in a warm oven, 65 minutes were required for drying.

Bﬂ%t&?‘ﬁ&ﬁ”ﬁﬁ#@ﬁ& for two hours in a double boller
%& separate the butter fat. The coagulated protein and
salt rose to the surface while the waﬁ&r.anﬁreﬁharwminarals
'éﬁ11®¢ted at the bottom of the container. The m&ﬁ&i@f&&gﬁr
ﬁflgﬂra butter faﬁ'wﬁa decanted, filtered through a cotton
plug in a hot water funnel, cooled, and stored in the

refrigerator.
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Fresh diet was mixed twlice weekly. ?ﬁﬁ'ﬁﬁaaﬂéﬁﬁy
butter fat was melted st a low temperature and placed with
%;zw other weighed ingredients in & Hobart mixer, and the
whole nixed for 25 minutes at first speed md stored iIn tin

cang in the refrigerator.
The Steenbock ¥V Diet

The ration, Stesenbock V, repgulsrly fed to stock
colony. of the laboratory was given to the control group.
The basal portion of the ration consisted largely of casein,

a mixture of grains, yeast, and calelum carbonate. The

above food was supplemented daily with milk enriched by the
addition of trace minerals and ced liver oil. Lettuce and

fresh ground beef were offered on slternate days. The exact
composition of the dlet with i1ts supplements is shown on the

next page.
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Bagel diet:

Yellow 95’»‘&1‘1‘3:33%&&1g“ it s o 5&;%} grams

Crude ﬁ&$§£§§” s s e 540 gRAMS

L&n@a@ﬂrm@a&$9@~~~',,': smaminimmein 1640 grams

measiene o0 prOmS

ﬂalﬁiﬁﬁ»@hl@ﬁiéﬁf-: T ——— 0.5 gram

,Eﬁaa@g e e i ﬁ;ap7.~g"~ 1.5 granms

B :
Irradiated yeast ewesmmemmmmanw—e 0,6 gram

Whoat [Eerm mmmmmmmemmmmm

. Purchased from Ames Graln and
. Dehydrated alfalfa leaf meal purchased from

- Purchased from the local m
. Purchased from Cheulstry Stores, Iawa,ﬁﬁate

. Purchased from Grain Storapge, Iows State Collsge.
. Finely ground, purchased from the Wilkensw

Anderson Co., Chiesgo, Ill.
Coal Go. .

Penver A1lfalfa Co., Banvarigﬁaiﬁ,
TPRe T

College.

- Yeast fomm tablet powder yaraha&ﬁé;fram.garghw

western Yeast Co., Chicape, Ill.

Irradiated in 200 gm. lots for 11 min. at s

distance of 15 in. with a Gsneral Bleectric
Uviare lamp.

. Type 4, purchasad from Washburn Croaby Cos,

%ﬁxnaayaliﬁg Hinn.



II. Supplementary foods
A. Tigquified Klim fortifled as desoribed

below was fed as follows:

1. Hale =weecmmemeemens 12,5 ml, dally

2, Resting femsle =—wes 12,5 ml. daily

3. Pregnant female === 25.0 ml. daily

4. Female with litter~ 50.0 ml. dally
B. Lettuse fod three times weekly = 10 grams
¢, Baw ground round of boel™ fed i;ﬁma times

weekly on alternate days with

The 1iguid Xilm was made from dry Klimh purchaszsed in
sulfficiont quantities each winter to last throughout the
yeayr, Eash day's supply was mlxed in the proportion of 130

grams of Klim to one guart of distlilled water and one
teaapoon of cod liver @ﬁg in a Heobart alzer at third speed
for five minutes. To each quert of milk thus prepsred was

added 8 ml. of a solution of trace elements. The salt

&, Purechassed in the local market.

Be Powdered whole mllk obtalned from the Borden
Co. sy Hew York

¢« Refined Norwegian vitmuin tested liver oil,
VeBePuy mﬁ;@fz hy the E*amwﬁ’argmg Coe o
Kansas City, Ho.
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solution contained the following

110 ml. of dlstilled water:
‘\"»m.;w—-"’/ ’

z Potassium lodlde w=swmecwcmemmewes (,08 gram

e

-

. ¥

g SUlTRLe weammmwmmsmmmnmas Q316 gram

Hanga

Potassium alumlnum sulfate =ew——e- 0,098 gram

Anhydrous copper SULLALE e 0.875 gram

Each female rat after reaching sexual maburlty was
housed separately in & round wire cage with a raised
‘pottom. The cages were set In enamelsd pans lined with
paper towels and placed on a steel ghelf In a room maline

bained at a fairly con stant temperature (75 to 80° ». Yo

The paper btowels anzles:s%aé the urine and feces, and were

Pood end water wers given ad 11bitus
The food was placed in glass Jars wired to the side of the

cage with | copper wire., Distilled water was provided by

he use of glass bubble fountains inserted through openings
 in the cages. Small porcelsin cups which fitted into metal
brackets held the milk. Pood jJars and ullk cups wers

changed three times weekly, waeshed 1in strong soap suds, and
sterilized in live steam for 20 minutes. The cages, pans,
water famtaim, and metal holders were washed and

sterilized weskly.
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ﬁh@~éﬁi§§*?ﬁatina:axe8§t for Sunday consisted of
changing the paper towel in the pan, a%@&rvimg the general
condition of the animsl, and providing feod and water. A
quantity of food slightly in excess of the '
offered dally with the excepiion of Saturdsy when a double

rat?’s nesds was

portlon was glven. Each day ithe uneaten Pork I ration
‘whiech remsined in the cup was discarded to eliminate any
possible effects of developing r&n&iﬁi&g& The intake of

food was recorded every day for the Pork I rats.
Bach rat was welghed dally at the time the vaglnal
smear was observed. The pregnant females were welghed on

the b

enby=firat day of gestatlon at 10 p.m. and on the
twenty~second day at four-hour intervals until parturition
occurred. The procedure permitted the detection of early
signs of toxileity, and examination and weighing of the
litter immediately after birth.

The inﬁiviﬁaﬁlvwaighﬁa of the young and the welght
of the female were recorded ass soon after birth as possible.
Heating paper was provided for the litter. If any one ine
dividual of the litter was dead, 1ts welght was obtalned.
Then the lungs were removed and placed in water. If the
lungs floated, the rat was assumed to have been allve at
birth. |

On the fourth day, the litters were reduced to aix
rates. If posslible; three males and three females whose
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weight most nearly approached the average of each sex in
the litter wers kept. At varlous intervals, i.g., when

the young were 4, 7, 14, 17, 21, and 28 days old, they

were differentiated as to sex and weighed separstely.
Daily records of the total welght of the litter were kept.

wers weaned at 28 days.

In the rat, the course of the cestrous cycle may be
followed by a deily study of the type of cell characterizing
the vaginal epithelium {Long and Evans, 1922)}. The normal
the late pro-~

Ffemale rat will sccept mating during
ﬂﬁﬂ‘k&‘%& and early ocestrous stages {stages 1 and £). In
order to know when bto mate each rat, cells removed from
the vagina were examined daily from the ninth mgmm
m@ time that the rat was killed. A

In taking the smears, the rat was held on her baeck
in the palm of the left hand with the thumb and index
finger supporting the head. Small glass rods (2 mm. in
dlameter) with fire-polished ends were used in remeoving
the sample of cells from the vaginal wall, The cells ade

hering to the tip of the rod were placed in a drop of dils-

 tilled ﬁaﬁar on & clean slide snd examined under the low
power of the m&a’:&*&aﬁaﬁm Artifielal 1light was used for
i&lminatiﬁn. | |

Bvery effort was made Lo prevent infeetion of the |
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vagins by this manipulation. Immedlately aftsr use the
rﬁés were put In a strong sosp solublone The rods were
then washed and placed in test tubes contalining a small
amount of distilled water. The tubes were sealed with
cotbon and stesriliszed at 15 pounds pressurs for 15 minutes.
For the determlination of the siages of the ocestrous

Evans {1982) was

gyele the classification of Long and

‘used, i.8.,
Stage 1, Eplthelisl vells only
3&&%& 2. HBplthelial and eérmifi&ﬁ_aaiiﬁ
staga 3 Hany cornified cells
Stage 4. Cornified cells and many leucoccytes

Stage &, Leucocyites, eplthelial, aa&.aarni£1@é~$ailﬁ

Vaginal swmears were studled dally at approximately
the same hour and a record kept of the date, time of day,
welght of rat, stage of the cestrous cycle, and any changes
in the physical condlition ﬁf’iﬁﬁlﬁﬁiﬁaiil Bach female was
allowed to pass through one complete cycle before being
mated. Then, when stage 1 or 2 was observed, a brother male
wag gi&a&é.in.ﬁka’a&gﬁ with the female., The next day the
vaginal smear was examlned for sperm cells and the vagina
and paper beneath the cage for vaginal plugs. If neither
plugs nor sperm were found, the male was not removed undil
gﬁaggkﬁ was noted.

During gestation the asmears were observed from the



twelfth to the sixteenth day for the appearance of red blood
ﬂ%ilﬁm"Qﬁﬁiﬁ'?r&ﬁﬁﬁﬁ%~iﬁﬁié&ﬁ@& the implantation of the
fetl in the uterine wall.

Vaginal smears were not observed in sny of the
¥iﬁﬁiﬁAr&§§aaaés

T OF RATB

Each pregnant ral was allowed to ralse one litter.
¥hen osstrus reappeared aftsy the litter had dlsd or was
weaned, the rat was meted for & second litter. A vaginal
amear was taken at 10 p.m. én the day %ﬁﬁ male was pla@@&
with the female to debtermine whether mating had occurred.
With thils procedure we could determine falrly accurately
the 21.5 day of pregnency, the time chosen for killing the
rat for study. All pregnant animals, except a few of the
 sieck females, wers killed on the 2l.5 = day # 4 hours of

thelr second pregnan

- The animals were starved to deplete the liver and
bloed of any fat which might be directly traceable to food
fat. Williams et al. (1937) starved thelr rats approxi-
m&ﬁaly‘lﬁ hours. In the present experliment, it was

necessary to conslder the effect of starvation on the feti.



A lO-hour starvaltion period was chosen because 1t was be-

lleved long enough to eliminate the influence of fooed Tat,

and short enou

was a time interval that fitted convenlently into the

ghh not to injure the fetl. Also, 10 hours

laboratory routine. Hence, the food was removed from the
cage ﬁ-ﬁ 10 p.m. when the rat was to be killed at ‘
8 a.m. the next day or at 8 a.m. when 4 p.m. was the hour
of killing. v
~ The sick rats were not starved masmﬁh we many of
them showed no signs of iliness untll shortly before acute
symptoms were observed. However, 1t was belleved that the
m the starved

liver fat would be comparable to that
females because the sick animal starved herself. For
mtma@, a group of 10 sick snimals ate an average of 2
gine of food during their last 24 hours of 1life.

The litter mate virgins were killed when they were

approximately the same age as the pregnant females.

All animals were welghed befors and after starva=
tlon and the weights recorded. 4 record of th
physical conditlion of sach antmal %}&farﬁé it was killed was
en in form I In the

. gensral

made according to the outline sho

pendix,

At Neeropsy

Preparation of Liver for Removal

In cheoosing a method for killing these animals, two



points were given consideration. First, the liver should bs
fres from bleod thersby minimizing the possibility of
the fat of the

wéﬁing‘
blood to that in the liver snd second, it

should be removed as soon as possible after anestheslzing
In 1934, Enblom working in this laboratory developed
a technique of perfusing the liver with a wmodified Locke's
solution. This method was adopted. The preparation of the
Locke's solution 1s gilven in the Appendlx.
The rat was anesthetized by intrapleural injection
the

of a §:§$?”ﬁ§ﬁ% sﬁiﬁ%&é& of nembutal obtained from
Veterinary Department. The swount injected depended upon
the size of the animel. Usually 0.3 to 0.4 ml. was given.

When the rat failed to respond to axternal stimuli, it was

laid on its back. An incislon was made on the ventral
Eﬁ&iﬁﬁ-liﬁﬁ extending from the anns-té the ﬁi&?ﬁragm* A
transverssl cut was made in both sides of the abdominal
wall %o expose the viscera., Care was taken to avoid
éﬁ%ﬁi&g the larger %l@¢ﬁ va$3é13. The viscera and uterus
were pushed to one side and the abdominsl aorta ax?&ﬁ&é,
The fascla covering the aorta was carefully removed with
é small forceps. The &ﬁtraa§§ of the portal vein into the
' 1s with a threaded tip
inserted and tled in place. The cannula had previously

liver was then located and & cannu

bﬁaﬁ comnected by means of gum rubber tubing to an elevated
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separatory fummel containing the perfusien aalu%i@a warmed

to body tamggratura; A
rubber tubling was Inserted inte the asbdominal aarﬁé* The

??aﬁﬁﬁﬁﬁiﬁ‘ﬁﬁﬂéiﬁ é@ﬁﬁ%ﬁ%ﬁﬁ to

ﬁ@ﬁkﬁ*é aolutlion fl@wgﬁ‘by>gra?ity‘frﬁ&,ﬁﬁe sﬁg&x&%@?? |
funnel into the portal vein, through the liver snd out
%&ﬁ@rx§,ﬁﬁé'hﬁaf@awmi@ needle inserted into the zorta.
%hﬁrbla@%,ﬁhat'wa@'ﬁa&had.frﬁm.thﬁ rat was collected in a

beaker containing a smell amount of a 3 per cent solutien
.éf‘saﬂrwm oxslate. The rate of inflow of the pexrfusing
fiuid was adjusted aﬁ‘thahliﬁ~§&3-agg&a&&ﬁaﬁ%ﬁy.&ﬁaﬁl't@v
that of the rate of outflow from the acrta. The perfusion
was continued untll the liver became very pale and the out-
flowing fluid @ﬁlﬁ%&&ﬁﬁ*

| %&a&asa'ﬁf t&ﬁ weskened conditlon of many of the
impossible. In

siek rats, perfusion of their livers was

sorta was out and froe

each cese, however, the abd

bleeding allowed.

Bemovel of the Liver

The 1&?@? was removed by severing %hﬁkmga@m%ariﬁ
attachments and the blood vessels. The sxcised liver was
freed éf.&&ﬁ&ring\fat or connective tlssue aﬁﬁ blotted
free of fluld. A pilece of the largs lﬁbﬁifwaighingfa@m
proximately 1 gram, was placed in a welghling bottle,
welghed, and then dried ﬁe’a&ﬁaﬁanz»@eight at 105% ¢. for



an estimetlon of molsture content. The remainder of the
1&?@% m welghed and put immediabtely into the frae&&ﬁg
unlt of an electrical refrigerator. The frozen liver was
kﬁiﬁ% at a temperature of -7° C. until the chemical analysis

was made.

Removal of Blpod

The rat was anethetized by intrapleural injection
of nembutal and the ebdominal asoris sxposed In the ma

nner

described under Freparation of the liver for removal. The

blood was drawn inte a 10 mly. szfrizxge # transferred to a

' &éﬁ‘ﬁﬁ%ﬁﬁgﬁ- tube, and thoroughly mixed ‘%l‘i%&i a m}l .' mmmﬁ
Enough blood
was taken from each animal teo yield 2 to 3 ml. of plasma. |
All blood samples were secured within 5 minutes aﬁ't«mﬁ the

of heparin® previously plsced in the tube.

animal was anesthetized. Willlams ot al. (1987) emphasized
the necesslty of promptness in obtaining

ng blood samples to
prevent & rise in blood cholestercl. E@g&?ﬁ.ﬂ was used as
the antleoagulant Iinstead of oxs

ate bescause a mumber of

investigators have shown that error may be introduced by

’ah@ ges -In the lipid content of the plaswma brought sbout
by variatlion in osmotlic pressure introduced by the antiw-
eoagulent. Han and Gildes {(1932-33) found distinctly

lower ?amﬁﬁ for totel f&ttg acids in ox

lated plasma than
in heparinized plasma and serum. This fméing was v&rii‘ia&

&, :i ta 5# m;msm abt&izm& i‘m&m ﬁynsfm, ‘@@smatt
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by the more detalled study of the effect of anticosgulants
on blood lipids by Boyd and Murray (1957). Significantly
lower values of total snd Iree cholesterocl in oxalated
sand by Sperry &mﬁ Schoenheineyr (1935) than

plasma were I

in either serum or heparinized plaﬁma4

Kxaual &ﬁiﬁn of Other Tlassues

The Intact uberus was removed from the animal and

weighed on a trip balance. It was auﬁ‘lﬁﬁgitaé«‘mflywaﬁ&
each fetus with its placentae was removed, examined,
ﬁlﬁttaé frea from blood and @E&saﬁ;&a & welghing bﬂ%ﬁlﬁ to
be weighed. After the fetus and placentae wers weighed
together; the placanise was rﬁmﬂvéﬁ and the fetus agaln
weighed. Then the welght of the placentae was obtalned by
ﬁifférﬁﬂééw Any resorptlions were noted. The stripped
uterus was weighed on the trip b&laﬂaa* ?havﬁumhsr'af
eﬁrgara.iaﬁaa was recorded.

The relative amounts of fat iﬁ,ﬁha subcutaneocus,
genital, @ﬁ%&?@ﬁﬁl@ peritoneal, omental, and Intermuscular

depots were noted. The stomach was opened, washed in

ing water and examined for ulcers. The middle ear,
the base of the tongue and the lungs were inspected for

infection. Any sbnormal condition was recorded.
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CHEMICAL METHODS USED IN LIVER PAT ANALYSIS

Hethod
7

| w¢4MW%wﬂﬁwm¢w%m wm«w,wﬁwﬁ used by different workers

Chosen

to determine the 1ipid content of biological materlal. In
Series I, the fat in the liver was welighed directly aflter
alechol~sther sxtraction. After grinding in sand &W@
livers were first exbtracted for eight hours in sbsolute
aleohol, then in =& 13l mixture of alecohol and sther for
eight hours, and finally in awwm&mwwﬁ,wwa smue length of
time, The extracts were conbined and the mixbture reduced
in volume over & water baths, The last traces of solvent
were removed In & wacuum oven and the residue dried %o
constant welght., The erude fat thus obisinmed included the
fats, stercls, and other aleoclwwl-sther wﬁwmwwa materials
in the liver. _
Hethods for the analysis of the fat fractlions in the
tisgsues were needed for Series 1I. Therefore, methoda for
the separation of the varicus lipld fractions were investie
gated. In 19353 Boyd discussed the advantage of using the
szme method in the determination of each lipid conztituent.
Instead of having & summation of errors, that willl occur
with the use of several different methods, wWﬁﬁm will be
but one group of serrors when the procedure i1s based on the



same prineiple. Thils fact became especilally iwmportant when
values for the lipids not estimated directly were taleulated
from the values of the determined liplds, Therefore, the

- oxida
net only the total lipids but 1ts fractlions. Tobtal fatly
‘aeids, total cholesterocl, free cholesterol, phospholipld,
lodine number of phospholipld Fatty aclds and lcdine number
of the acetones soluble fatty acids were estimated directly
ing to the method of Boyd (1933) with modificatlons
.ﬁﬁgﬁﬁﬂtﬁﬁ'ﬁyvffm H, He ﬁ§1liﬁmﬁﬁ‘v The cholesterol ester,

tive procedure was chosen as the method of determining

neutral faﬁ, and totel lipid values were calculated from
date obtained in the direct determinations.

A deseription of methods used in the preparation of
the following analysias 1s

the ?ariaaa gﬁlﬁ%ﬁﬁﬁﬁ enployed in
given in the Appendix,

Extreetion of Liver

?ﬁ% liver was prepared for snalysis by a modification
of the technique of Bleoor {1929). The Lfrozen tissue was re-
ground in a mortar with

moved from the weighing bottle and
one teaspoon of acld-washed sand. The pasty mass was trana-
ferred gquantitatively to & 200 ml. Erlenmeyer flask. One

84 ?hﬁ m&ﬁh@ﬁg for iipié aaaiyaia were éﬁ?ﬁlﬂ?&ﬁ by
the authoy in Dr. Icey Macy - Hoocbler's Research
Laboratory at the Children's Fund of Michigan in
gﬁtﬁ'ﬁiﬁa :
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ml. of distilled water was added to the mortar and the grind-
ing continued to loosen the adherent material which was then
poured into the flask. Two additional ml. portlons of water

were used to completely clean the mortar. The meterial in
the flask was shaken to break up ar

y lerge lumps. In some

cases the washing of the moriar was done with absolute ethyl
aleochols The welghing bottle was washed with portions of
alcohol into the flask, About 85 ml. of a 5:1 mixture of
absolute &khy&léiﬁﬁhml and redistilled ethyl ether wers
added snd the mixture heated to bolling. It was then allowed

~to cool to room temperaturs and, in most instances, to stand
ﬁ?@ﬁ‘ﬁighﬁgv | , _

ﬁhé aleohol~ether a&tr&ﬁ%*ﬁaﬁ'filt&radqﬁhrgugh
 Whatman's no. 43 fat-free fillter paper into a 200 ml.
volumetric flask. After rinsing the contenta of the
filter paper wlth portlions of alcoochol-sther, the filter
paper and contents were wrapped in two additional filter
papers and placed in a Soxhlet condenser for a S~hour
extraction with redistilled anhydrous ethyl ether,

ether extract was then filtered Into the above volumetrie

flask and made up to volume.

 Determination of Totsl Patty Aclds

Total fatty acids, determined by the following pro~

cedure, ineludes total chelesterol. Hence, upon subtrscting
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the value for total cholestercol the remalnder represented
‘the total faity aecld éﬁnt@ﬁ% af the liver.

| ﬁgglia&%a;aligﬁﬁtﬁ of the slecholesther extract
were measured Into 125 ml., Erlenmeyer Ilasks for
saponification with 0.1 ml. of saturated sodlum hydroxlde.
Ten ml. of absolute aleohol was added and the whole
evaporated on the water bath until no odor of alcohol re=
mained: The last traces of slechol vapor wers swept out
by & gentle current of air, 2&&?%&@ & pasty residus. One
mls of {(1:3) sulfuric acld and one drop uf phenol red were

added. The solution was shaken to clump the fatty acids
together. The falty aclids were extracted with 5 ml. of
petroleun ether which was decanted from the watery residue
into a 25 ml. volumetric flask. The extraction waaﬁrgw
peated four timeSwith sbout 5 ml. portions of petroleum
ether and the mixture heated to bolling esech time. The
'solution wes brought %o room temperature, filled to the
mark and the conteonts well mixed.

The fatty acids in the sanple were oxldized to
carbon dloxids and water with dichromate aéé:ﬂuifnriﬂ
acld, silver serving ss the catalyst. The amount of
naterial oxidlzed is determined by titration of the unused
~r@aggnt‘hy.th§ Lodometriec procedure with standard thiow

aulfate.
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Oxidations were conducted in triplicate. Aliquots
‘of the petroleum ether solution which contained from 2 to
4 mg. of 1§§iﬁzﬂﬁ?ﬁ‘&ﬁ§§§ﬁ§$1§'ﬁﬁaﬁﬂfﬁﬁfiﬁ%@~12§km1‘ glass
stoppered oxldation flasks. The solvent was evaporated
on o water bath and the last traces of ether bhlown out
with a gentle stresm of alr. Five ml. of the sulfuriec
acid=dichr
exactly 3 ml. of 1 normal

nate reagent was measured into the flask. Next,

potagsium dlehromate was added
with rotation in & manner %o rinse the oxldizing reagent
from the walls of the flask. The flasks were loosely
stoppered and plaged in a steam heated water bath. After
five mirmates the stoppers werse mgng inserted and the
heating contlinued for 75 minutes. Then the flasks were
removed Ifrom the weter bath, 50 ml. of lee cold distilled
water added and the molutions placed in cold water for not
less then 20 mwﬁ nor longer than two hours. 31@#:;:- in
1928a emphasized the necessity of having the digestion
mixture remain definltely brown throughout the heating
period to _zmﬁi@atﬁ an excess of oxidiging sgent, | A hlmk
sﬁnh&in@é all the reagents except the fatty materlial wes

prepared and run abt the same time under exactly the same

condltions as the sasa

mples., One blank was run with every
thres samples. |
The solutlons were now ready to have the excess

dichromate measured by titration. Ten ml. of a 10 per



cent solutlon of potasslium lodide was added to the flask
without stirring snd & 0.1 normal solution of svdium
thiosulfate added from a burette. At first the contenis
of the flask were gently rotated, later more forcelful mix-
ing was used after %hﬁ»;a&iae content had diminished.

When the titration was nearly complete and just before the
last tint of yellow disappesred, 2 ml. of starch solution
was added. The end point was reached when the dark blue
of the starceh solution changed to a light blus. The silver
caussed the formation of a white precipltate which 4id not
interfere with the end point. The blank was titrated in
the seme way. The difference beltween the titrations of

the blank and the sample represented the amount of 0.1

normal dlehromate used by the fatty acids iIn the sample.
The titration difference was multiplied by the correction
factor for the thiocsulfate since 1t was not exectly 0.1
normel. Standardization of the thiosulfate 1s given in
sndix. The number of ml. of 0.1 normal thiosulfate

amate used was divided

. ax@rﬁsﬁaé.ﬁavml, of #;EAﬁﬁﬁﬁﬁl dichr
by 3.6 to estimste the &1lligraﬁs of fatty acld pregent in the
“aliquot anslyzed. The amount of fatty acld in the llver was
caloulated, 5.8 ml. of 0.l normal dichromate 1s the equivaw
lent of 1 ﬁg* of fatty aclds, Bloor (1928a) f@unﬁ'ﬁhia
factor, 3.6, very close to the theoretlcal oxidatlion values

of stearie, palmitic and oleic aclds and less than 10 per
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cent difTerent from ths theoretical value for cholestercl.

The oxidation flasks were cleaned for use by
completely Tilling them with cleaning solution {concentrated
sulfurie acld and dichromate} ami allowing them to stand
over night. After the flazlks were ringed five to seven
times in tap water followed by the sase number of rinsings
in distilled water, they were hung in a wire mesh to dry.

Phospholiplids were determined on & petroleunm ether
extract of the aleohole~ether resldue obtained sfter rew
duction in vmeno in an atmosphere of nitrogen asccording to
_the method used by Willlams et sl. (1938). Aliquots of 50
or 75 ml, of the alcoheol-ether extract were evaporated to

weas under a stresam of nitrogen in & vacuum maintalned

by a Cenco oll pump. All jeints In the reduction systen were
sealed with water. Ths temperature of the water bath was
not allowed to rise above 45% G» The residue was extracted
with & 10 ml. porilon of petroleum ether which was filtersd
into a 50 ml. volumetrlc flask. Additiona:
were made with five portions of petroleum ether, heating
the solution to boiling the last three times. The filter

sxtractions

paper was washed with five portions of petroleum ether.
The solution was cooled to room temperaturs and made up
Phospholipids, total cholestercl, fres

to volums.



- cholestercl, lodine number of phospholipld fatiy aclds

and lodine number of the a&wtong;ﬁﬁjf;;&;.f&tﬁy“ﬁéidauwara
determined on this extract. |

A4 15 ml. aliquot of the petroleum sther solution was
measured Inte a 50 ml. %ﬁﬁ%%if&gﬁ tube for graﬁiﬁiﬁﬁti@a of
%ﬁa~@h@$§haiz@iéaf§3 an excess of acetone which 1s essen-
tially the method used by Katsura and coworkers (1934). The
method of redustion of volume of gaggﬁmiukian,féllﬁwéﬁ the
~ plan described by Bloor {(1822). The volums of the solution
in the tube was reduced to & ml. by lmmersion in a beaker
lng hot water. A boiling tube, made by fusing about
1/2 in. of melting point tube to the @gﬁ,ﬁi a 6 in. 1amg£h 

contalin:

of 2 mm. adtlreiag

~red, was placed in the solution to prevent
ﬁ&&ﬁ%ﬁ%ﬁé %ﬁilﬁﬁﬁ; Noxt 5 ml. of ﬁry‘&me%aﬂﬁ {redistilled
from caleium chloride) was added and the vﬁlﬁmﬁ.again,ram
duced to 2% ml. The phospholipid was precipitated by add-
ing 20 ml. of scetone (redistilled acetone which was kept
on caleium chloride) and allowing the solution to stand
one-~half hour. The bolling tubes were removed carefully
nner that no adhering precipitate

and placed in such a =
was lost. The precipitate was separated by sentrifuging
gz :ﬁsfﬁ"

mabtes at 1400 revolutions. I the &a&uﬁi@ﬁ»&&x not

clear, the precipltatlion was repeated with .

another portion

of acetone. This step was necessary in only a few cases.

The acetone solutlon was filtered into a 25 ml., volumetric
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flask. The m&iy:ﬁ;a%m was waghed twice with smsll portions
of acetone followed by centrifugstion, dried in a current of
- nitrogen and dissolved in 10 ml. of warm molst ethyl ether.
The boliling tube was placed iIn the molst ether to dissolve.
the adhering precipltate. The above fillter paper was used
Lor fi:ﬁmrmg the molst sther extract inte a 25 ml. volu=
metric flask, The tube and later the filter paper were
washed with five portions of molst ether. The solutiona
. Wwere m&& up bo volume and aliguots which centalined 2«4 mg.
- of phosphollpid werse fi't:;amgi for oxidation. ,

The oxidatlon was carried cut as gz*éviaug?};y degcribed.
Three ml* of 0.1 normal dichr }
&g;:;&&ai&:x% to 1 mg« of phosphollpid. @his factor was used
in the calculation (Bloor, 1929; Boyd, 1931).

omate solutlion was considered

olesterol

The precipltation of cheolestercl by digitonin has

- been found by many workers to be | g precise method for ‘m&
measurement of cholestercl. By determlining the amounts of
and total cholesterol, the value for combined

free
cholesterol can be caleculated as the difference between
the two ‘?&1&@5& |

A modification of Okey's method deseribed by Turner
{1931) was essentlally the method J used in the determination
of the two #ﬁa&ea@az@i fr&et&m&g One extra ﬁ%ﬁ;@ was
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introduced into the procedure Just vefore the oxidation of
the precipitate. Since digitonin has been shown by HeEwen®
as quoted by Kelsey (1939) %o precipitate son

ns of the phos-
pholipid, the free cholesterocl determinations were made on
the acetone fraction. .

';é 15 ml. aliquot of the acetones solution which con=
tained sbout 1 mg. of cholestercl was measured into a 185
mls. centrifuge tube and slowly reduced to dryness in a
beaker of hot water. Care should be talen to prevent
explosive boliling during the evaporatlion. when the ealaw
tion Just reached dryness, the lipld waz dissolved in 4
ml. of absolute ethiyl alcohol and I ml. of a 1 per cent
‘solution of digitonin in 50 per cent aloohol added. Gentle
ng with a stirring rod ailded in precipitation. A blank
containing 1 ml. of the gitzmin was run at the same time.
The ethyl alcohol was evaporated by plecing the tube in a
beaker of hot water on the water bath., Drying as complebely

as possible at thls point greatly faclilitated subsequent
washings with ether and water. Three washings with ether
to dissolve the lipids remaining after preciplitation of the
cholestercl were followed by three washings with bolling

water to digsolve excess digitonin., Ten ml, of waym

a. Re@aﬁtiy MoRwen ;gubiish@& m fiﬁélﬁ%ﬁf ﬁcﬁwen,
He He, and MacLachlan, P. L., Proc. Boc. Expers
Biol. and Med., 48, 195-197, 1941.



s T

redlistilled ethyl ether was added to the dry precipltate
without stirring and the tubes were centrifuged 10 minutes
at 1800 revolutlionss The sther was drawn off through a
';g‘;iaws of glass tublng, drawn out to a capillary opening by
suction produced by a water pump. The glass tube was in-
serted carefully into the center of the centrifuge tube In

such a nmax

wr thet dislocatlon of any of the precipitate
adhering to the sides of the tube was avoided. "Two more
washings were made with 10 ml. portions of warm ethyl ether
which was mixed with the i;_wwigimm with & stirring rod
and then separated by centrifuging 10 minutes, The last
traces of %’&mr were evaporated by allowing the tubes to
stand over night af mm tewperature. The éig:itm&?a was
washed three tisss with boiling water. Hach time, the

digitonide was stirred snd centrifuged for 25 minutes at
2400 revolutions. If after the third washing with water,

the solution drawn off was fos

my showing the presence of
; ﬁigiﬁeaiﬁ* a fourth washing wags necessary. The water was

drawn off and the last trace of water removed by evapora-

tion in 5 steam heated water bath. ry gholestercl

digitonide was dissolved in 5 ml. of bolling absolute methyl
alﬁﬂéwl and transferred quantitatively to a glaas stoppered
oxidation flask. Flve 1 ml. portlons of beiling methyl
alechol were used to wash out the ‘tubes.

The steps described in the oxidatlion of total fatty



aclds were followed in the oxidatlon of cholesterol
digitonide. The milligrams of cholesterol were calculated
with the use of a factor, 10.62 of 0.1 normal dichromate
solution belng eaﬁsi&&g@ﬁ the egquivalent of 1 mg. of
'%&ﬁlﬁﬁtﬁwék digitonlde (Okey, 1930Q).

| ﬁkﬁ”mﬁa%ﬁ§ ua%é iﬁrﬁﬁﬁ saponification of the lipid
’éxtyaaﬁ.fﬁr-é@ﬁ@ﬁmi&&%ﬁﬁa~ﬁ£'t@ﬁai;ﬁkﬁiéaﬁéralrwaﬁ essen~
t1ally the sams as that desoribed by Kirk st al. (1934).
yﬁ§liﬁﬁ$$ &1&%@5@3 of the petroleum ether sxtract were
ﬁﬁ&ﬁﬁ?&& into saponification %ﬁh&ﬁ*ﬂk&ﬁh¢w§¥§ §y?$§;t&a%»

iﬁ%ﬁa-lﬁﬁva;ﬁﬁymm@ The solution was reduced to dryness

in a beaker of hot water and 2 ml. of saturated aleccholic
. sodium hydroxide added. Two blanks containing only the
aleoholic sodium h&ﬁfﬁ&ié&rﬁ§w$v?&ﬂ-&i%ﬁlﬁ&ﬂﬂ@ﬁ&iya The
tubes were heated Iin an electric oven at 85° $¢'f¢r~$%

hours, After saponification was co

mplete one drop of
phenol red was added and approximately 1 nnrmal,hgﬁrﬁw
ehlorie acld was added drop-wise until ths voleor changed
to yellow, The faity acids were extracted with five & ml.
pﬁrtienafnf‘gatra&aum %thﬁfi'hﬁﬁtiﬂg to boiling each time.
& special suctlon head was used in trs

naferring the
petroleum ether to a special B85 ml. volumetrie flask. The
solutions wﬁra‘maﬁ&'ng to volume. The cholesterocl in a

15 mi. aliquot of the petroleum ether soclution was
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ygﬂﬁipiﬁataﬁﬁga& oxidized in exactly the sams manner that
was used in determining the free cholestercl. Care was
talken to carefully evaporate the ether golution in the
Tirst step. |

Determination of Phospholipid Fatty Acid
| Iodine N | “

oo .ﬁ:‘l! e - |"| .

Thﬁ_%ﬁﬁhﬁﬁ~aﬁapﬁaﬁ‘§ﬁr the debtermination of iodine
mumbers was that of Yasuda {1951-32) with some modificatlons.
Iodine numbers obtalned on dlfferent am
ave found in taeble VII in the &p
with those obtained by Yasuda on olelec acld.

unts of ocleie acid
sendix. The values agreed

Phoapholiplds were preciplitated from the petroleun
sther solutlon, dissclved in molst ethyl ether and trans-
ferred directly into a 125 ml. Brlenmeyer flasgk., Ten ml.
of absolute ethyl alecohol, 0.1 ml. of & 0.1 per cent solu~
tion of hydroguinons, and two drops of a sabturstsd solubtlon
65 §@t&sa§m& hyér&xiﬁﬁ were added and the flask pleced on &
v@éai;&x« bath for saponification. Wilson gt al. in 1955 showed
that the aﬁ&iﬁiﬁ&,aﬂ‘hyﬁx@qaiaaﬁa'yrwwaaﬁﬁé oxidation of
the fatty acids during the saponificatlion and ﬁié'nﬁt
itmelf interfere with the subsequent determinatlions.
'E#aggr&@iaﬁ‘waﬁ.ailawaé to progress until the volume was
reduced to about 2 ml. Then nitrogen was admitted and the

volume finally reduced under nltrogen to a gumay residue.
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Last traces of solvent were swept oul with a gentle stream
of nitrogen. The residue was neutralized with 1 ml. of
{133} sulfuriec acid and one drop of phencol red added. ZEx-
%%%@%i@ﬁfﬁiﬁh petroleu
seribed under Total fatty acids. The solvent was filtered
into a E6 ml, volumetric flask ﬁﬁéﬁﬁﬁﬁ& up o volume.

&n aliquet of the petroleum sther extract whilch cone
tained 3 to 4 Eﬁﬁ of fatty scid was used for the sunalysils

: ether was done as previously de-

~ of the fatty acid content by the oxldative method
same slzed aliquot was measured into a 50 ml. glass
stoppered Erlenmeyer flask to determine ﬁ%ﬁ lodine nmumber.
| ﬁfﬁﬁr evaporation of the solvent under mitr@gén, the fatty
a@i&:was dissolved in 2 ml. of anhydrous chloroform. One
aaﬁyia-gﬁd i1ts blank and a @@%ﬁﬁ&.ﬁﬁ&@iﬁ and its blank
were prepared, Five ml. of pyridine dibromide solution

was added from a microburette to the four flasks in cone
secutive order. ;&ﬁs additlion of the reagent to each sganmple
and its blank at the same temperature is important since
variations in room temperature easily influence the amount

of the veagent in 5 ml.® After the first sample had set

15 minutes the four titratlons were run immediately. For
the titration the stopper was carefully washed off with a

&. The esuthor wishes to thenk Dr. J. A« Schulg
far his suggestions a&é.ba&gf&l advice,




stream of carbon dioxide-free water and the sldes of the
flask washed wm s Db mls. of 8 10 per cent solutlion of
potasaium iodide added and 0,02 normal thiosulfete run in
drop-wise from a 5 ml. mieroburette unitil the lodine color
' lor. Next, 1 ml. of starch solu-
tion was added and the titration \ continued until the dark
blue color changed Tirst to lavender and then to & color-
less hue with a sharp end point. The 0.02 normal thlo~

sulfate was standardized agaimt a 0.0 normal lodate solu~
tion svery day 1t was used.
Appendiz.

were made using the formula of Yasuda -

Typical standsrdizstion values

are given in the
Caleulstlion
(193132}

in which g is the titration value for the blauk; b the
$itration valzm for the sample; ¢ the number of gm. of fatiy
acids; and 4 the correction factor for the thicsulfate.
The factor 5.6 was used in the calculation of the fatty

acld content by the oxidative mathaﬁ*

Determinatlion of the Acetone Boluble

Fatty Acld Iodine Number

The iaﬁi&a number of the fatty ascids in the acetone
. fraction was determl ned in the acetone mother llquor and
gs from the precipitation of the phespholipid by the

was
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95 per cent of the neutral fat. Then the neutral fat was

g"'

mputed. The total zigiépwﬁa'ﬁﬁﬁsr&iﬁﬁé as the suu of
the phosphelipid plus the neubtral fab plusg the total
sholestercl plus the

echolesterol ester fatty aclds.

CHENICAL METHODS USED IN BLOOD

Lipld Fractions Studied

A complete analysis of all the 1lpid fractions in
blood would have been highly desirable. However, the
amount of time which could be devoted %o this phase of the

problem wee limited. It was belleved that snalysis of the
total fatty acids, phospholipids, and total cholesterol
would indicate changes that were taking place in the blood
lipids. &bt a later date messurement of the free and total
cholestercl would be desirable. The relationship between
the cholestercl esters and the other fractlons could then
be studled.

Hethod Chiogen

The oxidative procedure already deseribed was used
to determine the amou papholipid
iIn the hl@&ﬁ ylﬁﬁma* Total cholesterol was determined by

nt of total fatty scid and ph

the mﬁth@ﬁ aﬁ5aribaé,in the booklet, G

which accompanlied the Klett~Summerson yk@ts@&eatrie



B0

colerimeter. This method is a modiflcation of the method
of Bloor, Pelkan, and Allen (1822). | |

Extraction of Blood

The recoumendations for the extraction of bloed fat
given by Boyd in 1936 were followed, The heparinized bloed
red 40 minutes al & speed of 2400 revolutions

was centrifu

 per minute. The plaswa was slowly &ﬁ:@ﬂf}. with agitation Lo
80 ml. of a 311 mixture zaf absolute sthyl alecohol and re~
-*@@%ilxaé gﬁhgar@mg ethyl ether. A finely divided precipi-
tate was obtalned. The extract was heated to boliling with
fraﬁz%m% shakings for 5 minuteg, allowed to cool to room

An aliquot of the alcchol-ether extract of the
aination of total fabtty acids
which included tobtal cholesterol. The analysis followed
t%m iaz*amw& :dagm*ﬁwé for the determins
fatty aclds in the if;ivar ﬁxiraﬂtﬁ |

plasma was used for the detem

tion of total

Determination of Phos

Phospholipids wers precipitated in an excess of
nner thet phospholiplds

acetons and analyzed 1n the same ma

in the liver extiract were detsrmined.
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Determination of Total Cholestercl

- Total cholesterol was analyzed by dissolving th

1ipid in chloreform, treating the extract with acetic
anhyydride and copcentrated sulfuric acid, snd allowing the
sholesterol color to develop. The color was read in a
Kletbt-Summerson photoelectric colorimeiter using a blue
filter. ' 1c
acld must be of the highest quality. |

he chloroform, acetlc anhydride and sulfy

Triplicate aliquots of the acetone solution were

measured into 50 ml. Erlenmeyer flasks and the ascetone

evaporated on & water bath, A 1 ml. portion of snhydrous
~ehloreform was added to the dry residue, brought momentarily
to bolling on the water bath, and then the liquid carefully
decanted into a clean dry colorimeter tubs. Thls process
- was repeated with three more 1 ml. portions of chloroform.

The combined extracts wﬁra’allawﬁﬁ'%ﬁ eool to room temporti-

. ture before making up to a final volume of 5 ml.

A blank tube containing

5 ml. of anhydrous e¢hloroform
was @@ayﬁpsﬁﬁu Exaﬁhig»iumlﬁ of acetic a?=w@ﬁid@~waa &%&a&
from a burette to the blank and the tubes containing the
"ﬁng The contents of each tube was mixed with s dry

the tube in the
solorimeter. The blank tube was placed in the cclorimeter
and the inatrument adjusted %o its zeroc polnt. Then the
unkneown was read in the coleorimeter agalnst this zero point.

glass rod which was removed before placim




This resding of the unknown wes called the Ry mgﬁing and
sorrected for any color present in the solution before the
cholestercl coleor was developed by adding the sulfuric acld.
The stirring rod was returned to the colorimeter tube and
the tube set aside until the standard tube had been pré-
pared, | |

To prepare the standard tube 5 ml. of & standard sclu-

tion of cholesterol in chloroform (see Appendix) was placed

in & clean dry colorimeter tube and 1 ml. of scetle anhydride
added. The contents were mixed with a gla&a rod.
?cs both the ﬁt&nﬁar& and unknown was added 1 mle of

concentraeted sulfuric scld. The -ﬁi}ﬁ“&%ﬁﬁa were well mixed
with the glass rods and the solutions placed in a dark
place for 15 mimutes, A% ths end of that time the rods
were removed and the tubea read .iz; ﬁzxe cclorimeber against
the blank tube adjusted to the zero point, This reading
of the unkr tube is ealled the Ry reading.

The cholesterol content of the unknown is obtained

from the standard and unknown readings as f@fﬁ;}?&&&%

Bt
x {BRg~ ﬁg} ¥ gholesterol
in sample
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Under normal ﬁ@ﬁéﬁﬁi@ﬁﬁ the amount of fat which is
stored in hepatic tissue changes very little. The fat
which 1a brought there is worked over and transported to
the tissues. Bloor dlscussed in 1939 the char
ocecur in the fat %@f@yé it is stored in the liver. Early

gea which

workers had proposed the hypothesls on pursly theoretiecsal
grounds that the fal was phosphorylated in the liver. BHNore
recent work has substantliated this early assumption. Thils
fact has been studied by many lnvestlgators who have used a
variety of substances such as the raé;&aativa‘iasﬁape.af
phosphorus or certaln easily identified f&tﬁyﬁaﬁzﬁa as
tracers. Sinelalr (1935a, 1935b) demonsirated by feeding
elaldle scld that the phospholipid in the liver is found in
two forms, l.2., & structural and a metabolie form. The
latter form contained the ordinary food fatty aclds and
exnlblted & rapild %&mﬁgvarw When the dlstary supply of

the metabolie form of the

uwnsaturated fat was cut off,
phospholipid was believed to malntain 1ts hilgh degree of

unsaturation by retention of its own fatty aclds (S8inelair,

1935b).

The liver, kldney, and intestine have been found by
Periman et al. (1937) to be a group of organs particularly
active in phospholipid turnover. Other workers have also
noted that the liver ranks high among the organs in the
body engeged in phosphollpid metabolism., The laying hen
" has to produce largs guantities of phospholipid in the



the rate of phospholipld turnover. It should be pointed out
that these workers emphasized the fact that ﬁhii& the phog-
pholipid turnover may be rapid, the phospholipid content of
the liver itself is as constent as 1t is in:@ﬁhgrftiasﬁﬁﬁ‘

A vecent study on fat metabolism by Barnes st al.
{1941) 18 of interest. tagged the lipilds wilth fatty

aclds afﬂﬁ%@&ng spectral absorption. Adrenalectomized

rats ﬁﬁi&§~h&ﬂkhﬁ&ﬁfﬁéiﬁtﬁiﬁﬁé in good physical &aaﬁi%iaa
by the administration of salt exhibilted an impalred abllity
%ﬁ=ﬁﬁ§&&i&-&hﬁﬁ?ﬁﬁﬁ.ﬁat’iﬁ‘ﬁﬁﬁ neutral fat stores of the
liivaﬁw' ¥o such impalrment was noticed in ﬁhﬁltraﬁﬁﬁar%'af
these acids into the liver phospholipld.
t&&'ﬁag importance as well as the yﬁ@ayhmliyiﬁeim,faﬁ trang-

F@?’t;

FATTY LIVERS

Livers whiech contain an ascumulation of fat have been.
&aﬁsﬁ,byumﬂng“wﬁrkafﬁ'ﬁn&&@ a great varlety of circumstances,
The abllity of the liver to hold widely varying quantities
of fat 1s one of the most striking characteristics of the
organ, However, Hamm emphasized in\lﬁ§$ ﬁhﬁ#/ﬁhﬁ»iivaw=%ﬁ

lmpaired in regard to some of 1tz other fﬁﬁé%iﬁﬁﬁ by any
considerable increasse in the fat content of the liver, even

by an increase produced by physiologiec means.
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The a@zmﬁntr&%iam of total 1ipid or of any single
1lpid congtibtuent that is present in the liver at any gilven
time is influvenced by meny different factors. The speciles
of animal used, type of diet fed in&lu&ing its vitamin
content, sctlon of hormones and administration of tozie subw
stunces way be mentioned. A detailed cutline of the
literature in respect to the production, the cure, and the
prevention of fatty livers was made by Campbell in 1640.

A very brisf summary of the most lmportant clrcumstances

under whiech fatty livers are produced follows:

(1} ﬁ*&tﬁy livers gméﬁ@ﬁé by operdatlive procedurs
"éa} Depancreatlized dogs malntalned with
insulin (first reported by FPisher, i"@ﬁ&;
Allen et al., 1924; confirmed by many |
| later 'wrkazm}
{b) Pancreatic | ﬁzx&%liggaw dogs (Relll g;_g ale,
1938; Hontgomery st al., 1939)

() ?&%&y livers ;}mﬁim&d by &i«atw manlpulation.

-{&l} Mtx@%} feeding a high fat, low protein
diet {Best, Channon, and Ridout, 1934)

{b) J-.ﬁ-if%’t-ez‘ sholestorol feeding {(Okey 8% al.,
1934; Best et al., 1934)

| {¢) After cystine feeding to rats fed low
protein, high fat dlets (Tucker and
Bokstein, 1957) |



(d) After feeding diets which contaln or lack
certain mémbera of the vitamin}ﬁ complex
(McHenry, 1937; Gavin and MeHenry, 1941b)
{3} Patty livers produced by fasting (Best and
Ridout, 1938a)
(4) Patty livers produced by the administration of
poisons (Barrett gt sl., 1939-40)
{5} Patty livers produced by aﬁmimiﬁtraéi@n of
hormones, i.e., anterlor pliultary sxtract

{Best and Campbell, 1938)

It should alsoc be nobted that fatiy livers may be associated
with eertain pathological conditions {(Connor, 1938),

The prevention and cure of thess various types of
fatty livers have been the subject of extensive investiga-
tion by many workers. Choline 1s the substance which has
baen found to have the most lipotropilc activiiy when used
to prevent or cure certain types of fatty livers. It will
control the increase in neutral fat found in the fatty
livers produced by feeding a high f&t}.lﬁwlygﬁﬁﬁiﬁ diet or
& high cholestersl ration (Best and coworkers, 1934). In
the latter type of fatiy liver the depeosition of cholesterocl
eater is only partially controlled by choline. It will
cause & 60 per cent decrease in cholesterocl esters when
provided in adequate amounts.

The fatty 1i§sr&,§§vduﬁaﬁ by feeding thismi
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by & pyridoxine defleclency were controlled by cholilne
{Halliday, 1958; Gavin and MeHenry, 1940). However, the
large accumulation of fat produced in livers by the k_
administration of blotin, anobther member of the vitamin
complex, was only slightly affected by chollne while
iiposaie prevented the conditicn {(Gavin and MeHenry, 1941b).
Extracts of liver, kidney, muscls, %hﬁat\g@ﬁm; yeast, and
rice polishivngs made a@a&rﬁimg;ﬁa the procedure which had
been used for the preparstion of lipocailc from pancreas
were found to have the same liga%?apie sffect as lipocale
{Gavin end HeHenry, lﬁéla}. Later inositol proved to be
as effective as lipecalec in preventing the "bioctin™ type
of f&tty 1iV@?x

The eurative effect of dletary §¥ﬁtﬁiﬁ in slleviating
fatty'ii%&?s was first observed iﬁ&&y&aﬁﬁﬁt&g by Best and
Huntsman in 19&5 and by Chamnon and Wilkinson i& 1985,
Later Pucker and Eckstein (1937) and Chennon, Manifold, snd
?la%%.{iﬁ%&}.pﬁ@%&ﬁq%h&t«ﬁ@%ﬁi@ﬁiﬁ@ was also effective in
this respect. The action of methionine was similar %o
that of choline in decreasing the depoaltion of neuntral fat
but differed iﬁ‘ﬁh&%~ib,&aﬁwﬁaa%ézﬁﬁ%h the free ﬁﬁﬁ+ﬁﬁtﬁw
cholesterol in the "cholesterol™ fatty liver {(Chs

nion,
Manifold, and Platt, 1938; 1940). However, the effect on

the meutral fai was @ﬁiy~ahﬁ&f¥%é»wﬁﬁm the fat content of
the livers of the control animals was high {20 to 25 per
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cent) while no effect was notleeable when the ameunt present
did not rise above 15 per cent. |

Patty livers %ﬁvﬁgg&n&rgaﬁ&seﬁ,ﬁﬁga‘mainiaiﬁgﬂawiﬁﬁ‘
insulin have been prevented by feeding raw paucreas,
choline in adequate amounts, lipoecalc (5@&@3%@&%, 1958},

an extract of panereas designated as "Fraction AR™
1E§&$nman and &h&ikﬁff,,;ﬁéléj and fresh pancresatle julce
{@ﬁatgamﬁfy‘génggy, 1641). At present, the results obw
tained by the several lnvestlgators are at varlanes as to
whether the sctlive principle is an internal or sztermal
secretion of ﬁha,yéaaraaayl It is not within the scope of
this &iﬁeﬁﬁﬁiﬁa.te,ﬁu?ﬁﬁa-tha details 6§'ﬁ%£ €ﬁﬁ%?ﬁ$&@§$&
The early experiments in whieh lipocsie was tested
for its effect on fatty livers of rats showed that the sub-
stance d4ld not exert aﬁgvﬁ&raﬁivﬁ:aﬁti&ﬁuﬁh&ﬁ eaﬁlé not be
hﬁﬁﬁﬁnﬁ&ﬁiﬁﬁy'b?‘ﬁ&ﬁ'&%ﬁﬁﬁ%%ﬁﬁﬁff&@ﬁwﬁf'%hwlﬁﬁﬂﬁiﬂﬁ present
in %ﬁﬁ preparation and the dletary proteln (Best and Biémuﬁy
1938b; MacKay and Barnes, 1988). After more extensive re-
on, Loach, and Tristram (1938) concluded that
_liyaéaia did contain a ﬁ%@éifia\31§&%&a§ia,faﬁtarm

sesreh, Chann

SIGNIFICANCE OF CHANGES IN LIPID FRACTIONS

The @hamgeglwhiﬁh ogcur in the liver and in the
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various lipld fractlons following an accumulsation of fat
are of in%a#&at@ & general inerease in the size and weight
of the liver as 1%t becomes loaded with fat hes been noted
by many workers. This increase in sisze 1s acvcompanled by
a decreasse in molsture content. Xaplan and Chalkoff (1936)

king a detailed study of the relation of glyecogen,
fat, and protein to water storage in the liver, concluded
that the decrease In molsture content is due to a dilution
of the contents ﬁﬁ'ﬁh@ liver with fat entering the orgsan.
s lipld
freactionas of aa-ﬁrgaﬁkaﬁg definltely related to its

Changes in the voncentratlicong of the varliou

physlologlical sctivity or efficiency. Yet as Bloor et al.
gtated iﬁ.ﬁﬁﬁﬂAit ja not only the concentrations but also
the balance between ﬁhﬁsﬁ ﬁﬁhﬁ%&ﬁgﬁﬁwﬁki&ﬁ are of physloe
logical significance. Uholestercl and phospholipid sre

ponents of tissues and

@@ﬁ&i&&r&ﬁ.imﬁggraﬁ,gﬁﬁ.a@mﬁgﬁm% com

are not altered in amount except under extreme cha;

the nutritional status of the animal., Neutral fat, on the
nd, has been found to be the most variable lipid
ecomponent. In 1928b, Bloor studied the lipid content of
various beel tissues. He observed that @ﬁ&'?ﬁﬁ@%@ﬁlﬁ?i&

other hs

content of & tissue 1la &1magaveharaﬁta§istig‘ﬂf an organ,
not varying in any tissue wmore than 30 per cent zbove or
below the average velus. VFor exsmple, he found beel llver
contained 2.1 %a.ﬁfg gm. of §%;5§%ﬁ1i§i5~§$r 100 gme of
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tissue. Cholesterol occurs malnly in the free form

in normal tissues while cholesterocl esters are present in
notable amounts only in blood plasma and in degenerating
tissues. A& study by Bloor et al. (1930) of the $ariaﬁi@ag
in the 1ipld centent of the corpus luteum, an orgsn which
passes through perlods of asctivity and regresslion, demonw
strated the fact that the phospholipld econtent and the
free cholesterol to a lesser degrese increase &aring
activity of the organ. Associabted with refrogression or
lowered physlologieal inactiviity are increased concentraw
tions of neutral fat &ﬂﬁ‘ﬁhﬁlﬁﬁﬁﬁrﬂl esters. Later, Boyd
{&%ﬁﬁ&} strengthened this hypothesis with results from a
ly of the lipids in the jJelly of Wharion from

bilieal cord, one of the least active of all the body

tissues. The insetive tissue contained very little phos-
phollipid and free cholesterol. FProm the finding that
choleatercl esters were sbsent in the insctlve tissue, he

concluded that the presence of large s

mounts of the esters
in & tissue indlcate a degeneration or retrogression.

The remarkable ability of the liver to maintain s

tancy in the absolute amount of phospholipid regard-
leas of the degree of infiltration of fat has been demon-

- strated. FPor instance, Channon and his asscclates (1937)
after extensive cbmervations concluded that the btotal con-

tent of 1liver phospholipld is Independent of dlietary



choline and the degree of fatty inflltration. Alse, the
ma jority of workers agres that after cholesterol feeding
and Yokela,

no change occurs in total phospholipid (Okey
1936; Loizides, 1958). Another confirmation of the fact
%ha@-%h&~yka@@haligiéa”ramﬁin!rﬁmagkably'@aﬁatanﬁ in
amount desplte an enormous insreass in tobal lipid is
found in the work of Longenecker and coworkers {(1941}.
They examined fatby 1i¥§?$ F?ﬁéﬁ$$§-§§:fé&é&ng‘bﬁﬁf liver
extract, Helther does polsoning of the liver by carbon
tetrachloride produce mach change in the phospholiplds
{#inters, 1940). The only contradictory evidence found

appearsd in the work of Bseston and ﬁﬁwﬁékﬁyﬁ {iﬁﬁﬁi:ﬁhﬂ
‘?ﬁ?ﬁrt@d:&ﬁ inerease in the actual welght of lecithin |
present in the liver as they increased the percentage of
pﬁaﬁ&iﬁ in the dist of rats from 5 te 15 per cent.
Variations in the free cholesterol content of the
liver under different circumstances follow closely those

hanges are re-=

found in phospholipid values, §ﬁ§§§'£¢§ ¥
ported in the different types of fatty livers. PFree
¢holesterol apparently is not increased in the |

| "echolesterol®™ fatty liver (Best et al., 1934; Okey st al.,
1§5¢}w Finally, in a fatéty liver pr&éuéﬁa by beef liver
extract, the percentage of fres cholestercl is not appre-

eiaﬁly af§@at@& {%&rﬁ@ﬁﬁ@kﬁ? and coworkers, 1941).

However, the picture of the ﬁhﬂi&atar&i %stars in
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wrylng experimental circumstances does not follow the
pattern of phospholipld and fres cholestercl. Big in~
ereases ocour 1n certalin types of fatty livers: The most
striking effect is observed in the ”ﬁhﬁlﬁﬁtﬁé@l? fatty
liver where the insreasse in cholesterol ssters 1s greater
in degree than that noted in any of the other lipid
fractions {Best et al., 1934). These authors also noted
8 small but definite rise Iin ester content in the fatiy
iivers produced by high fat feeding. Variation
cholesterol should follow thoses found in the sster fraction

since no significant changes were found in free cholesterol.
Hence, the increase by approximately 5 times in total
cholestercl observed by Gavin and MeHenry {1941k} in the
"blotin®™ fatty liver may be assumed to be due to cholesbercl

asters.

luportance of the

cholesterol esters in the blood
plasms has been discussed by Bloor {1938). Two-thirds or
more of the total cholesterol in the plasma is combined
wi%ﬁif&t%y aclds as esters, Choleaterol eater is aaériy as
lmportent as phospholipid in the bleod in fatty &ﬁid trang-
ports As the cholestercl esters of the blood pass into the
tissues they are belleved to be deprived of thelr fabty
seids which then are avsilsble for use by the ﬁ@lia;
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In the experimental anims

Ly certain conditions have
produced a reduction in cholestercl esters in the blood.
Chalkoff and Kaplan {1934) noted in depsnereatized dogs
maintained with insulin a storage in cholesterol esters
and neutral fat in the liver that was accomps

nied by a
decided decrease of cholesterel ssters in the bloeod.

Blood 1lipld values were reduced to half their normal value.
Feeding choline did affect a reduction in liver lipids but
did not alter the low blood wvalues. Raw panereas, lipocale
 {(Dragstedt et al., 1989), and fresh pancreatic Julce
{Entenman gt al., 1941) have proved effective in maintaine
ing normal ﬁﬁ&#ﬁﬁtratiﬁﬁé of blood lipids.

Hypolipemia in the hl%@ﬁ has also bsen produced exe-

perimentally by iﬁ&ﬁétiﬁg an anterior plitultary extract in
rabbits {Eﬁuﬁhm' and Turner, 1939). The decline in blood
plasma fat values reached an average of 36 per cent of the
initial value within 6 to 8 hours. Fatty livers also re-
sulted efter injectlon of anterior pituitary extract in
mice, gu
Campbell, 1938). Hence, again the lowered blood lipid

nea plgs and to a lesser extent in rats {Beat and

values appear to be assoclated with fatty livers.

In rata given a dlet contalning 2 yar’eant choles-
terol, the lsvel of blood cholesterol was slevated to about
three times the normal value (Cook and MeCullagh, 1939). A
fatty liver agcompanlied this rise in blood fat. This



finding does not agree with that of Qhanuﬁin,aﬁﬁwﬁﬁéawig in
1933, who added 2.5 per cent chelesterol to the diet and
found blood liplds varied litile from those in s normal
EXoup.

The 1ipild values of the blood in a gr&ug of rats
having fatty livers éﬁﬁﬁlﬁ?@é.&?‘gyﬁﬁiﬁﬁ feeding and in

lonine were determined
by Channon et al. {1@%&}, Ho differences in values for the

ancther group of rais recelving metr

two groups of rats were debected.

e @ﬁfan3 time up to 31 hours alter

CHANGES IN LIVER AND

BLOOD LIPIDS IN TOXEMIC PREGHAWCY

There 1is considerable é?ﬁéﬂﬁ%ﬁ\t@&% & derangement in
fat metabolism occurs in toxemlas of pregns

ney. Roderick
§§;§§§,£1$%$},?a§@rﬁaﬁ an enoymous elevation in the fat
content of livers of pregnant ewes which developed prag-
nancy disesse. They d4dld not find aﬁg.gggnifiaank»ésviﬁg
tionms in blood cholesterol, only a slight dr
in the sick animals.

op being noted

The physical state of sheep in flocks where pregnancy
disease i1s prone to develop varles; the owe may be well fed
and underexerclsed, or it may be undernourished. Its condie
tion seems to bear some relation to the appearance of fatty
li?erag For example, Eﬁ&ériﬁk-a§~al¢ (1837) produced fattiy
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livers in ewes by starvation %ﬁ&%-ﬁaﬁr&&p&%ﬁ%ﬁ to those
found in field cases of pregnancy dlsease. They soncluded
that the problem was related to carbohydrate metabolism.
As the glycogen was withdrawn from the liver to msintein
the blood sugar level, the fat took 1ts place.

Snock {1935-40) also cobserved fatty Infiltration in
the livers of ewes developing pregnancy disease. They oXw-
preasgsed &sdﬁ% a8 to whether the losz of liver function was

significant in precipitating the decline of the ketonemle

animals because many ewes, which by inference had fatiy
Livers of long standing, went to term successfully. The

finding by theas workers that livers found in pregnent
owWes devsloping toxemla contalned more fat than dld the

~ livers of healthy g?&%ﬂﬁﬁ%‘&ﬁi@&ia:waa not confirmed by

ﬁ??éﬁrﬁ_ﬁﬁﬁaRﬁhﬁ?ﬁﬁ@ﬂﬁflﬁﬁﬁwél}¢ They observed no differ-

ences.

The toxemia of pregunancy oceccurring in the rabblt by

. Greens (1937) is also of Iintereat. The 1ivers of these

animels showed wildespread fatty infiltration and degeners-
tion. Plasme fat vaelues and whole blood cholesterol values
in twelve fatal cases of toxemlsa were not greatly sltersd
- from those obtalned inghﬁa&%hy'&nimﬁla* Later Greene {1839)

produced s dlsordsr resembling spontanecus toxemla of

pregnancy by administration of agueous anterior pltultsry

extract. The livers showed latty degeneratlion and areas
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of necrosis. \

Another method af,graﬁﬁeiﬁg toxemls experimentally
in the rabbit was employed by Patterson gt al. (1938).

Rabbilts which were completely thyroldectomlzed, developsd
convulsiona at term and dled. A gresater lowering of blood
choleaterol oceourred in these animals than in healthy preg-
nant rabbits. ‘

Hany clinilcal studles have been made of sclampsia
iﬁ‘hﬁmﬁﬁvbaingag Howsver, Tew detalled reports of labora-
tory findings are available. Blood 1ipids in eclaumptic
patients have been studled in detail by Boyd (1935a). ,ﬁﬁ
found the coneentration of the lipids varied greatly but
there was no aignificant varistlon In the value of any
single 1ipid. All values reported for the varlous fat
froactions were within the normal range. However, the ﬁhﬁagh@«
lipid %o cholestercl ?ﬂ&ia'Qn'ﬁh& plasma without exception
wag found to be higher in selampsie than in normal gesta-
tion. Hany workers have noted & hypercholesteremla in
pregnancy. Slightly |

igher cholesterol values were noted
by Bartholomew and Kracke (1936) and by Patterson st al.
{1938}« Reductlon of the high cholestercl values could
be aﬁ@am@iiahaﬁ.by glving ﬁhg%ai& extract. Hypobthroldism
is an important factor in excessive hypercholesteremia.
The two latter groups of workers disagree as to detells

but both support the theory that the hypercholesteremia
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is the basis for vascular changes in the placental arteries
which result in placental Infarectlon and degeneration.

%ﬁxiﬁs abaerbed from the degenerating placentae might then

cause eclampsla.
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FAT CONTENT OF THE DIET

In preparing the pork muscle for canning, a conslider~
able gértian of the fat present 1is r&m@#&é'by trimming. By
nx#rﬂising:@&ra in this process and later, hy=rﬁmmving.ﬁhe
layer of congealed fat on the top of the canned meat, the
fat ean%ent of the Porik I diet may be kept at a minimum
Jﬁﬁaa in 1931 found that the diet aantained 24 per aaat of
fat. 8She %ﬁighaé the fat éireﬁtly aftaﬁ alechol-ether ex-
traction of the entire ratlion.

Iin the present s%&ﬁy, the total &leﬁhﬁlnathar 801~
uble constituents of only those components of the ration
that might contaln fat were ﬁn%ﬁr&iﬁa&wgravimat%i&allyx&
Total fat, thus ﬁﬁfiﬁ&ﬁ,lm&éﬁ up 13.6 per cent of the
Pork I dlet. Two contribubting factors probably sare respon-
sible for the dlscrepancy between this value and the ons re-
gmrgaﬁ by Jones. Closer sgiﬁmxsg of the fat from the pork
musele and better removal of the congealed fat on the auto-
alawaé‘mﬁaﬁ.ﬁay'aaaﬁnat for part of this reduction.

Analysis of only the fabt-carryling constituents of the dlet

&, The fat content of dried pork, yoast, butter
and eod liver oil @qui?al&ﬁt to 8 gwe of dilet
is 1.085 gm.



Tl

is also undoubtedly a factor.

It was interesting, also, o secure Informat
garding the cholesterol content of the dist since the sterol
plays a part in the development of fatty livers. Therefore,
the qaan%ity of cholesterel was debtermined. Inasmuch as
the percentage of cholesterol in all ingredlents except ths
meat of the dlet is negligible, only the dried pork muscle
was analyzed.® fThe oxidative procedure was used. The data
showed that the free cholesterol content of the diet was
0.031 per cent, _

. These enalyses indicate that the amount of total fat
in the diet and of cholesterol in the wmeat are of a low
enough magnitude to ellminate the possibility that dietary
lipids slone are responsible for ﬁka_ﬁgvﬁiaﬁwwﬁﬁvﬁf”faﬁtg

livers.

RELATIVE MOISTURE CONTENT AND SIZE OF LIVERS

Steenboeck V Virgins ve. Pork I Virgins

The moist weighls of the livers and the relative
moisture contents of the organ were studied in the virgin
pork-fed rats and the virgin control rets. Animaels in

Series I and Series II were grouped together for comparison.

8. 3.727 mg. free cholestercl in 3 gm. dried pork.
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§nﬁiﬁiﬁual weights of the livers from the animals in the
two series ares given in tables XIV and XV {Appendix). The
data are summarized in table 3., Analyses of the signifi.
gance of the mean differences noted are presented in tabls
4. The P test of significance was u&&é@a {One star indi~
cates that F was significant; two stars, highly significant).
In the two groups, the livers did not vary silgnificantly in
regard to weight or to moisture content, Thus, in}ﬁh&
virgin rat, the effect of fé@é1§§ %ha pork diest is not re-
flected in any change 1n size of the liver or in its mols-
ture vonbtenb. | )
It will be shown latsr that a deposition of fat, some~
what above normal, occurs in the livers of non-gravid rats
fed the pork dlet. The finding that liver size is not in-
ereased in thes Pork I virgin is noet in sgreement with re-
sults reported in the literature regarding the welght of

the organ when fatty livers appear. Best and Huntsman
{1635) found that the livers may inerease to twice their

normal size when they become infiltrated with fat.

lrpgin ve. Pregnant Rats

A comparison of the weighta of the liver of each

© 1938. Statistlcsl Hethods, revised ed,,
Colleglate Preas Inc,, Ames, lowa



&?ﬁﬁéﬁﬁ HOISTURE CONTERT AWD ﬁﬁ&@ﬁ? OF LIVER:
RATS IN SERIES I .

8D Ix&

Dlet

B@ﬁ&@&&@kﬁ?ﬁ
status

 Number

of rats

Boisture
content

Bteenbock V

Virgin

e

per cent

88,9

Pregnant

9

T0.8

Pork I

Virgin

69,7

65,8

2« The values for Series I and 3@?1@& II wore a@mkina&
in this table.

-Gl



TABLE 4, ANALYSIS OF VARIANCE OF M
ARD WEIGHTS OF LIVERS

I¥ VIRGIN RATS

MOISTURE CONTERTS, LIPID CONTENTS,

Analyses
made '

Bource of
variation

Degrees
of freedom

Sum of

Hean
square

Welghts
of livers

Items with
the groups

& 41

Between group
means

Total

22

.
23

10,333

0,717
11,080

0.470

0. 717

1.52

Relative
amount of
molsture
{per cent)

Items within
the groups

22

23

102.41

4,50
107,91

4.70

4,50

Helative
amount of
total 1lipid
{per cent)

Items within
the groups

Between group

Total

18

16

B2 50

81,00

14,73 |
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virgin group in Series I and Series Il with similar data
characteristic of h&ﬁ aﬁrragggﬁéing pregnant group is in-
teresting (Table 3}, Only the pork-fed animals wﬁiﬁhrﬁxa
not develop toxemia were included in this snalysis. In
'ﬁaﬁh.tha control and experimental groups, the ﬁ?ﬂ?&g&
wﬁightg of the livara of the pregnant rats were gresater
than those of virgins, the varisncs being highly signifi-
cant (Table 5).

In pregnaney, the per cent of water in the livers

of the contrel rats did not change from that'ah&raetgriﬁtia

of livers in the virgin rat. However, the pregna

receiving the pork ration had a significantly lower per-
centage of water in their livers than did ﬁhé virgin rats
fed the same dlet {(Table 5). For example, the average per
@gnﬁ'ﬁfxmgiatﬁra in the livers of the virgins was 69.73 “
 in the livers of the gravid femsles, 65.5.

Thus, the data show that prsgnancy ils assoclated
with a definite increase in the size of the liver. The
phenomenon is apparent in both the experimental and control
groups. With the liver enlargement;,; thers is no con-
aemikant.ﬁhaﬁgﬂvi&rﬁﬁﬁ»maigéara~¢aﬁﬁen%;g£7§ﬁﬁ,arga&viﬁ.tha
control Eroup. ﬁ@wwﬁar, the smount of water in the hepatic

tissue of the gravid female fed the pork diet is low.



TABLE 5.

IN VIRGIN ARD PREGNANT RATS

ANALYSES OF VARIANCE OF LIVER WEIGHTS AND LIVER HOISTURES

Analyses
‘made

‘Source of
variation

Degrees

of freedom

Bum of
squares

Hean
square

Weights of
liver of
Steenbock V
rats

Itema within

the groups

Betwesn group -

_ WBANS
Total /

24

1
35

19,4585

19,124
58,877

0.8%2
16,128

55.428™"

11?@?% ef‘ |
Pork I rats

Items within
. the groups

- Between group

.. Heans
Total

32

1
40

£1.514

16,805
38,319

0. 551
16,805

30,47""

Relative
amount of
noigture -
Steenboek ¥
rats

Items within
the groups
Between group

means

34

1
35

139,35

160,93

4,10
21,58

5,26

Relative
amount

of molsturs -
Pork I rats

Items within
the groups
Between group
 means

Total

59

5w

522,24

160, 98
&35,

13, 3¢
lﬁ’g %

12, 02"
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Steenbock V Pregnant Rats vs. Pork I Pregnsnt Rats

The average welghts of the livers and the average
percentages of molsture present in the organs of the prege
nant control and the gravid experimentsl rats in each
series are presented In table 6. The variences in the
weights of the livers in different pairs of the groups
studled were analyzed. (Tables 7 and 8)s For example,
the welights of the livers of the toxie and non-toxie rats
fed the pork diet were compared; then the liver welghts
of the conirol group were compared with those of the pork-
fed rats that showed no symptoms of pregnancy dlsease; and
finally, the liver weights of the control group were com-
pared with those of all pork-fed rats, toxlec and non-toxie.
A simlilar comparison of differences in percentages of liver
mﬂiaﬁare; a8 presented in tables 8 and 10, was made also.

In Beries I, the group of btoxemic rats rscelving
the pork diet had heavier livers than did the non~toxie
animals. The difference in the average welghts of the
organ in the two groups 1ls highly significant. However,
mals in Serles

the data from the larger group of toxie anl

IT 414 not confirm this finding. x
More wvariation im liver welight ceccurred within the

fgrﬁn@ﬁ-thﬁﬁ betwesn groups when the control animals in

elther seriess were compared with the correspoending groups

of non-toxiec pork-~fed rats. Hence, there was no real
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TABLE 7.

ANALYSIS OF VARIANCE OF MOIST %ﬁiﬁﬁ? OF LIVERS IN
PREGHANT RATS IN BERIER I

Groups
compared

Soures of
variation

Degrees

of freedom

Mean
aquare

Toxie and
none$oxle
Pork I rats

Items within

the groups

Between group
means

Potal

21

22

8:1667
15,2218

0. 3359

8.1667

25,81 %%

Steenbock ¥
and non-toxle
Pork I rats

Items within
the groups

Between group

moans
Total

- 6,5834

00004
- 6.58388

0.2008

0. 0004

Steenbock V
and all
Pork 1 rats

Ttems within
the groups

Between group

Total

31

102841

8. 4561
18,720

3. 4280

9, 4361

2,75

—EhL=



TABLE 8,

ANALYSIS OF VARIANCE OF W
IN PREGNANT RATS IE SERI

0IST WEIGHT OF LIV
ES 11

' :-ﬁ ;

Groups
compared

Souree of
variation

Degrees
of ﬁr&&é&%

Sum of
squares

Kean

square

Toxiec and nons
toxic Pork I rats

Items within
the groups

Batweon group

means
Total

24

25

20,746

2,158
28, 004

2.158

2,50

Steenbock V and
nonwtoxic Pork I
rats ‘

Itenms within
the groups

Betweon group

means
Totel

27

£4.061

ﬁ@&ﬁﬁ
24,516

0.466

Steenbock V
&1 $1117
Pork I rats

Items within
the groups

Between group
meany

Total

40

41

31,180

5,078
36,238

0,778

| 5,078

8,58

~08



TABLE 9, ANALYSIS OF VARIANCE OF RELATIVE HOIST

LIVERS IN PREGRANT RAYS IN SERIES I

RE CONTENT OF

Source of
variation

Degrees
of freedon

Sum of
squares

Hean

3@&&?@

Toxic and nons
toxic Pork I
rats

Items within
the groups

Betwesn g
means

oup

TPotal

21

1
22

136,73

130, 57
166,10

6446

50. 37

4,70

Steenbock V and
nonstoxic Pork I
rats

Items within
the groups

Between group
means ‘

Total

22

75,91

146.98

282,086

3,45

146,95

42, 56"

Bteenbock V and
all Pork I rats

Bstween group
mMeans

Total

137.74

148,48
286,18

4.59

148,482

32,54

-8~



TABLE 10, ANALYSIS OF VARIANC
'LIVERS IN P

by
&5

[ANCE OF RELATIVE MOISTUR
REGNANT RATS IN SERIES IX

CONTENT OF

Source of
varistion

Degrees
of freedom

Sum of
squares

Hoan
square

‘%ﬁ#&e and none
toxie Pork I
rats

Between group
means

Total

24

g5

56164

579,58

23,40

17.94

S8teenbook V and
non«toxie Pork I

rats

Items within
the groups

Between group

means
Total

27

582,27

172.86
75513

21.56

172.86

808"

Steenbock V and
all Pork I rats

ITtems within
the groups

Betwaen group
means

Tobtal

40

41

692,07

- 182.68

874.75

17,30

182,68

10.56*%

~zg-
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VERMINATION OF A PRECISE METHOD FOR THE
EXPRESSION OF LIPID VALUES

various means used for expressing

A survey of the
1i§i& v&rﬁ$$ sbiained in an “ﬁﬁiyaiﬁ by different workers
in the fleld show & lack of uniformity. & 1lipid value may
be expressed as the total amount in the liver, a8 a per-
centage figure based on eithsr fresh or dry liver weight,
or as a percentage figure related to body weight. Beeston
ot al- (1983) ﬁﬁmﬁﬁﬁiyaﬁﬁﬁ; for exsmple, that different
values representing the concentration of free cholesterol
mey be obtained depending upon the base used for comparison.

To determine which of the above procedures represents
the most satisfactory method for expressing experimental re-

sults, the liver weight, water in the liver, and 3ﬁ?§3'1&pi§

in the liver calculated as percentages of body welght were
plotted against body weight, the normal yyggnsn% rats com~
posing Series II being used for the study. Scattergrams
showing the relaticnships in the control rats are presented
in figure 2. Inspection of these scattergrama 5&@3& that
relative 1ivar’wﬁi§ht and relstive water content of liver
are positively correlated with body welight. Therefore,

the use of fresh liver w&igﬁt as & base would at once in~

crease variation smong individual ratios, perhaps to the

point where true differences between groups might not be
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- detected. Awhﬁra is no correlatlion of total lipild with body
‘wvigh%;,gﬁgp, the amount of fat in the liver is independent
of &sﬁy*&aight‘ As additlional evidence, liver lipld values
ylﬁ%tgé.fgr the group of rats raa&ivimg the pork ration slso
shﬁwe& ne correlation with body wsight/{ﬁiguré £2D). Hence,
ealeulating the 1iplid content in the liver as a percentage
of the 100 gm. rat is a precise method of expression. |
Channen et al. (1937) belisve this base ﬁﬁﬁlaﬁﬁs'ﬁﬁﬁh the

| p@%&ﬂ&ﬁaga increase in fat aﬁé the inar@aaé in size of the

ﬁi&%ﬁy liver. |

the amount of setlve liver tissue of aa@h rat is

reyras&ﬁ%a& by the welght of the éryudéfattad,livsr‘ Aver~
aﬁﬁ:vﬁluas-@f the dry-defatted liver sre summarized in
table 11. é,gﬁaﬁiﬁtiﬁai analysls of these dats, based on

~DEPATTED

TABLE 11. AVERAGE WEIGHT OF DRY
| LIVERS, SERIES II

Diet Hou of Wt. of dry
rata defatted liver

- BES8s
Steenbook V 11 1.7428

Pork 1
- Hon~toxlc 12 1.807
Toxie . 1l , 1.696

" the F test, showed that no significant differences existed



BT

between any two groups studied (Table 18). The uniformity
of the values indicates that the 1lipids can be expressed
as é,ﬁé@ﬁéaﬁag& of the dry liver welght. Also, when the
values were ?1@%%@&.&@&&&3@ é&ﬁhfﬁﬁéﬁyg'ﬁhﬁ dry~defatted
iivar’&aigh&»&zgrﬁsa&ﬁgaava percentages of body welght was
found to have no correlation with b@ﬁy~wéigh$, Thus,
either method, i.8., lipld caleulated as a percentage of
dry 1&?%?'%@&@%%1¢? caleulated in relation to body welght,
appeara %o be egually satisfactory. Theresfore, the data

- reported In this study are presented from both standpointa.

RELATIVE CONCEN

PRATION OF TOTAL LIPID IN LIVERS

Steenboek ¥ Virgins vs. Pork I ¥ix

The average concentration of total 1ipid in the liver

was determined in a group of virgin ra@a.raaéﬁﬁ on the stock
ﬁiﬁ%'&ﬁé in a group of virgin rats reared on the porkw

: containing dietb. .ﬁﬁ&iytiﬁal results are presented in tables

XIv &aﬁuX? {Ap:

ahﬁaiﬁ§&~inqﬁha_%wa7gari@ﬂ of rats (Table 13) are not

ndix}. The average values for total lipid

strictly comparable beceuse the welght of the alcohol-ether
soluble substances determined in the livers in Series I
i@ﬂiﬁﬁ@ﬁ some subgtaneces which are not fat. Hence, this
value i1s slightly higher than the amount of lipid obtained
by the oxidative procedure.
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G

Eﬁ‘ﬁaries I, the total lipid conecentration was 20.8
per cent for the virgin controls and £5.0 per cent for the
experimental virgins, caleulated as ﬁh@ﬁper~¢$ﬂt of dry
liver welght. The varistion is hﬁghly ﬁigﬂifﬁé&ﬁ$ {Table 4).
The same difference apparently holds In Series II where a
smaller mumber of anlmals was studled. Hesults based on
the 100 gm. rat show the same trend. Therefore, the feed-
ing of the Pork I dist %o é&ﬁgiﬂ rats 1s assoclated with

an inerease in btotal iiplds.

Vir,

in Rats vs, Pregnant Ra’

The effect of pfagnaaﬁy'ggg(gﬁbﬁaAtaﬁ;%@tﬁi 1iver
liplids was next investigsted. HNean valuez of the concentra~
tion of total 1lipids inm livers of virgin and gravid rats
fed both dlets are presented In tebls 13. Insignificant
differences were noted when the total 1ivar~fﬁ% in the

erant and virgin r&&a»éf the control groups in Serles I

were compared (Table l4). 4 highly significant variance is

shown in the liver lipid values in the pregnant and virgin

- pork-fed rats (40 ys. 25 per cent, respectively). Values
for the femsles 1n Beries II showed the same trend but the
manber of virgins was too small to allow a statlistical
analysls.

The findi
pork diet have a significantly higher percentage of total

ngs that the virgin rats reared on the



TABLE 14, ANALYSIS OF VARIANCE OF ,
| \ND VIRGIN RATS = SERIES I

PREGNART

POTAL ﬁzymﬁa T8 LIVER

Groups
compared

Source of
varistlion

Degrecs

of freedom

Hum of
square

Hean
square

Bteenbosk V
rats

| Items within

the groups

Between group |

Total

18

1
16

47.00

ﬁﬁm %

3.15

8,23

2.62 -

Pork I
rata

Items within
the groups

Betwesn group
neans

Total

22

1
23

1082,40

- 1278.51
Qﬁﬁﬁ@ﬁl

46.47

1876,51

s, Caloulated as a percentage of the dry weight of the llver.



-9

1ipid in their livers than do virgins fed the conitrol diet
and that the ﬁapmsiﬁigﬁzﬁf-fat is further increased in the
gravid &n&m&i, indicate that pregnancy dsfinltely augments
disturbances in fat metabolism induced by Ieeding the Pork
I dlet. |

Steenbock V Pregnant Rats vs. Pork I Pregnant Rats

The aversge aaﬁa&mtraﬁian,ﬂf 11ipid in the livera of
the pregnant control animals was next compared with that in
the livers of the pregnant animals reared on the pork-
containing diet. The sxperimental data pertaining to indi-
viduel rats are reported in tables VIII to XI {(Appendix).
iiean values for the percentages of total 1ipid on the basia
of dry liver weight and for the amounts in the 100 gm.
gravid female are presented in table 13. Both values indl-
eate that In the pork-fed group of Series I, the qm&ntiﬁg
of liver 1lipid in the toxemlc animals was not signlficantly
different from that in the "healthy" rats (Table 15). In
Series II, the &varaga value for the group of toxlic rats
was higher than that for the non~toxie group when referred
to the 100 gm. rat. However, this difference d4id not prove
to be signifieants Hence, there is no real difference in
the quantities of fat present in the livers of boxie and
n@ﬁwtﬁxia pork-fed rats.

In each geries, the non~toxie animals reared on the

pork ration had a liver fat content more than double the


mailto:m@taW3.taa

TABLE 15, ANALYSIS OF VARIAWCE OF TOTAL LIPID® IN LIVERS

OF PREGUANT RATS IN SERIES I

Groups
compared

ﬁauraa of
variation

Degrees

of freedom

Sum ef

Hean
square

Toxie and
nonetoxie
Pork I rata

Items within
the groups

means

Total

21

squares
1275,80

288,90
1498,70

. 80.78

229, 90

3.78

Steenbock V
and nonetoxie
Pork I rats

Items within
the groups

Batween group
means

Total

786,40

iB31.08
261,45

55.74

1831.03

51,28

Steenbock ¥
end all
Pork I rabs

Items within
the groups

Between group

means

Total

1296, 50

2908. 05
4205,55

43,21

2809, 05

67,340

a. Caleulated as the percentage of the dry welght of liver,

-gg-



o« 1, T

amount mbaﬁrvad‘in the control rats, 1.8., &@riaa I,

40.1 vs. 22,0 per cent; Serlies 1II, 34.3 ys8. 15;3 per s&atg
respectively (See tables 15 and 16 for analysls of variance.].
Total 1ipld related to the 100 gm. gravid female showed ‘
the same ﬁiffaraaea between th@ control and experimental
groups of animals.

Sinece no significant difference was demonstrated in

the lipiﬁ contents of the livera of the toxlc and non~toxie
ratas, date derived from all rais that had recelved the pork
dlet, were Qambinsﬁ, and compared once more with the control
group. The é&fﬁ@r%aﬁ@m between the averages for the groups
in each serles remsined highly significant, F in Series I
being 67.343 and in Serles II, 77.39 {&ﬁblﬁﬁ,&ﬁian& ls}ﬁb
Thus, the feeding of the Pork I dlet causes & marked in-
crease iﬁ~§ﬁﬁal 1lipid in the liver. The development éf

the toxic atate ls not assoclated with any further augmenta
tian of liver fat. |

The average number af resorptions Qb&ﬁ??&é p&r fam&la
in Series XI of the pork-fed group was 1.3 the average nume
ber of fetl, 9.5; and the average welght of the intact
uterus, 51 gm. {?ah&ﬁ 17). These data corresponded very
well with the normal vmlusm The influence that each
variant m&ght have on the amount of total liver lipid was
tested by inspectlion of the individual data. Ths valﬁgs
showed wide varistions with no correlation hatw&aﬁ the

amount of lilver fat and the number of live feti, the muber



TABLE 16, AWALYSIS OF VARIANCE OF TOTAL LIPID® IN LIVERS OF

* PREGNANT RATS IN SERIES II

Groups
compared

Source of

| variation

| Degrses
of fresdon

Sum of
gquares

sguars

Steenbock V.
and nonw-toxle
Pork I rabs

the groups

Between group
means

Total

21

23

713,23

1949, 64

2662,87

33.98

1949, 64

| 5’?,§@%

Bteenbock V
Pork I rats

Items within

the groups

Between group
means

Total

32

1
35

1085.26

8504.85

32. 04

2479, 59

T

‘8. Caleulated as the percentage of the dry weight of liver,

~g6~
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of resorptlions, or the weight of the Intact uterus.

It 1s appropriate at this polnt to compare the data
herein reported with data on typleal rfatty livers recorded
e "sholesterol” fatty liver sontains

in the literature.
approximately B times more fat than doss the liver of a
rat maintained on & mixed grain diet; the fatty llver proe-
duced by feeding a high fat diet has 4.7 times nmore fat
than the counbrol liver {Best et sl., 1934). The livers
produced in the present lnvestigation contained approxi~-
mately twice the normsl content of fat. It appears that
‘the fattiness of the livers produced by feeding the Pork I
diest 18 much less pronounced than that of typleal fattiy
livers described in the literature. However, it nust be
kept in mind that the "Pork I fatty liver"™ developed on a
diet contalning only 13 per cent of fat whereas the dlet
u&a& by Best contalned 40 per cent of fat.

Fregnant Rats Recelving the
Diet « Series I

Livers from a group of 21 toxemle females whose
basal pork diet had been enriched with wvarious types of
food supplements were obtained for analysis. The experi-
mental data including the supplement added to the dliet are
found in table X?E'{A@peﬁﬁgx}m Armstrong {(1938) has de~
seribed the diets to whigh;lipaa&ie&;aﬁ& the liver axhrﬁﬁtb

a. Obtained from Ell Lilly Co.,
be L1lly Liwver Extract, no. 543.



were added. The rats receiving the lactoflavin had 50 ganma
of Bordent®s lant@fl&%iﬁ added to the Pork z‘ﬁiaﬁ; Raw pork
was substituted for the dried autoclaved pork In the case
of one rat. ‘

.ﬁﬁaé.?azuﬁg for the total 1lipid eh&r&atariﬁing the
ized in table 13. It may |
be ﬁﬁhﬁd that the average quantity af livﬁr'ii§ié in the

1ivara-ar this group are suma

group reaeiving a supplemented Pork X dilet was lower
than that in the baaal yﬁfkﬁfﬂﬁ gwﬁayaw The diffargn@a&
aa.ﬁh@wﬁ by the F test were significant (Table 18). While
the supplements added to the Pork I ration seem to have
exerted a lipotropic action, liver r&tﬂr&mainﬁﬁ,ét a higher
than normel level. The average value for this group of
ai&k &aim&ls was l.5 times higher than that for thﬁ control
group (32.5 ¥s. 22.0 per cent, respectively).

The data presented represent the over-all ploture.
When the quantitles pertaining to the effect of individusal

supplements are examined (Tables XVI, ﬁppan&ix}g other ine

teresting points may be noted. Approximatsly one~half of

the rats fed the lipocalc had liver fat values within the
normal range but the rest had about the same amount of fat
iﬁ,thair livers as had the rats on the b&a&l,gafk‘ﬁiaﬁw
Then, of the six rats fed the Lilly Liver Extract no. 343,
all but one showed liver fat values within the normal

FangS.

Agalin, one female in a group of four receiving laetoflavin



@&ﬁLE 13*

ANALYSIS OF VARIANCE OF TOTAL LipIns®
ERS OF PREGNANT RATS - SERIES I

Groups
compared

- Bource of
- varistion

Degrees
of ﬁra&ﬁﬁm

Sum of

~ squares

Nean
square

Pork I |
supplemented
diet and
toxle Pork I
rats

| ==

Items within
the groups

 5&%%%@§ group

neansg
Total

_7

2472, 51

1169.57
3641,88

91.57

1169.64

12,770

Pork I
supplemented
diet and
non=toxic
Pork I rats

Itens within

~the groups

Between group
means

Total

34

L
35

2719, ﬁl

B0L.47
3219, 358

79,94

501,47

&fﬁ'fﬁ

&, Caleulated ss the percentage of the dry welght of liver.

~g6~
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hed a liver normal in respect to fabt. Apparently then, the
boxie conditfon osn develop without the concomitent develop~
ment éf a fatty liver. In fact, toxle conditions as severs
as any noted, sppeared in the liver extract-fed group where
the fat content of livers with one exception Waé normal.

It can only be concluded that the fatty liver is not the
basic cause of the pregnancy disesse.

RELATIVE CONCENTRATION OF LIPID FRACTIONS IN LIVERS
OF PREGNANT RATS IN SERIES II

Total Fatty Aclds and Neutral Fat

The concenbtrations of the various 1lipid fractions
in the livers of the pregnant experimental and control
groups were determined by the oxldative procedure. Mean
values for tetal fetty acids and neutral fat (a caleulated
value) are given in table 19, Examination of the data
shows that 47 per cenit of thes total fatty acid in the con-
trol livers was neutral fat as compared Lo 88 per sent in
the livers of the pork-fed group.

Only date pertaining to the fatty acid fraection
were analyzed statistleally, bscause cerialn facts concernw

ing the data indicate =

n svaluation of differences in this

component will yleld not only complete but the most reliable



TABLE 19.
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AVERAGE CONCENTRATION oF HEUTRAL ?}ﬁ‘
AND TOTAL PATTY ACIDS ig

Diet

k’aaml
fat

Neutral fat

- per 100 gm.
gravid rab

Total fatty

ary liver

Total fatty

acld per

100 gm.

gravid rat

%’ﬁﬁé@%@k ¥

57.0

per cent
12,1

121.4

Pork 1
%%meta:aig

Toxic

251.6
275.6

29.2
28.3

286,686
293.4
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information. Filrst, since ﬁhm naaﬁval fat contributes such
& large part to the total fatty aeid fraction, values for
both constituents will vary in a simllar msnner; second,
the neutral fat figure is a calculated valuej and bhird,
data are more complete for total fatty acids then for
neutral fat.
The guantlities of total fatiy acids 1In the livers

of ﬁﬁa control and pork-fed groups were first compared
(Table %ﬁ}g The difference, 17.1 per ﬁaﬁﬁg @&é highig
significant. The wariance of the relative amounts of total
fatty scidas present in the livers of the experimental
females which &avalapa&bﬁax&mia and those that were "healthy™
was not Si@ﬂiﬁiﬁﬁﬂﬁ:fﬁ3§5 E§3'ﬁQs3 per cent, respectively).
hus, the data agaln show that the feeding of the Pork I

ration has definltely caused an accumulation of lipids in
%hs liver of the pregnant rat which 1s not augﬁanﬁaé.hg
pregnancy diseass. This fat ie largely composed of neutral
fat. |

Some values for the concentration of neutral fat and
total fatty acids In the liv&r §£ rats as ?ﬁ?@?ﬁaﬁéh§‘ﬁﬁhﬁy
investigators are compiled in table 21, The normal values,
54 mg. neutral fat and 112 mg. total fatty aecid per 100 gm.
rat, reported by Lolzldes £i§§@) are below the values ob- |
‘served in the control animals of this study, 1.8., 57 mg.
neutral fat and 118 mg. total fatty acild. Loizides' atudy,



IN LIVERS OP PREGHANT RATS

LE 20, AWALYSIS OF VARIANCE OF TOTAL PATTY ACIDS®

ﬁﬁ@mﬁﬁ .

Bource of
variastion

Degrees

of freedom

Bum of

squares

Hean

square

Toxle and
Pork I rats

Items within
the groups

Between group
neans

Total

24

es

1020, 36

5,92
lﬁgﬁiﬁg

42,51

8, 08

Steenbock V
and nonetozle
Pork I rats

Items within
the groups

Between group

Tobtal

27

858,50

2117.87
2776, 87

24,39

2117.87

86,85

Steenboek V
| and all
Pork I rats

Itens within
the groups

Between group |

means
Total

1045, 99

2770, 49
3816,48

26,15

70, 49

105, 95

a, CGalculated as the percentage of the dry welght of liver.

~Q0T



| VARIATIONS IN GONCENTRATION OF NEUTRAL PAT AND TOTAL
FATTY ACIDS IN LIVER AS REPORTED IN THE LITERATURE

Date

Plet

Reutral fat

Total fatty scids

Loigides

1988

Hormal mixed diet

LO0 gm.

per
rat

34 mg. 1.0

'yar-egmta

per
100 g

per ﬂﬁﬁkﬁ

Beat;, Chann

Ridowt

1954

High fat dleb

' éhﬁl&staral + ¢holine

Grain diet

Bigh fat + choline
od. cholesterel dlet

0.40
lg*?ﬁ
- 1,51

L A

24776
15,96
2,98
12,83
£.38

(key g&wgéyb’

lg%s

Cholesterol-low diet
1€ cholestercl diet

¥

%

41
10,0

Beegton
ot al,

1935

Low protelin, h&gh,fa%L -

High proteln, high Ta

: 3

Ghannen
et al.

1940

Gontrol diet
Cystine dlet
Hethionine dist

117 gme
1.75 g
0. 58 gm.

21,70
27,22
13,14

| Gavin and
HeHenry

1841b

Control diet

Blotin diet

Blotin +
lipocaic dlet

"

5.6
15.6
3.7

a, Per cent of molst livar‘waignt;
b. The rats in this study were pregnant.

~8C0T~



howsver, is based on virgin agim&ls.

The only study on prﬁgﬁ&mﬁ rats included in the
table was made by Okey et al. (1838). They found 2.4
times as much btotal fatty scid in the livers of the rats
recelving the scholssierol dlet as they did in the control
livers. This value corresponds to the 2.4 increase in the
liver lipid fractlon observed in the pork-fed rats in the
present study. ’

There 1s a very great lncreass in total fa%ty acids
in fatty livers produced by other workers in non-pregnent
animals, 1.8., 4.9 times more than normal total fatty aclds
for the fatty liver induced by high fat feeding, and 4.5
times more than normal for the "cholesterol™ fatty liver
{Beat et al., 19834), and 4.3 times more for the "biotin"
fatty liver (Gavin and KeHenry, 1941bj.

The third 1lipid fraction studled was the phosphow
1igi& group. Hean values for the contentration of the frac-
tion in the livers of sach teat group are given in table 22.
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TABLE 22. AVERAGE CONCENTRATION OF
PHOSPHOLIPIDS IN LIVER

Group h Ho. of Phospholipid | Phospholipid
rats in dry liver | per 100 gm.
‘ gravid rat

per gent HEs
Steenbock V 1¢ T. 89 58.9
Fork I

Hon-toxie 13 8.19 T76.7

Analysis of ?ayianﬁﬁ‘ar the percentages of phoaspholipld
m&l@uiaﬁa& on the basls of dry liver weight showed that,
no matter what two groups wers compared, the differences
within the groups were greater then ﬁhﬁ&ﬁ between the
groups {(Table 23). Eaﬁmimati@akaf the individusl data
shows & wide range of values {Tables XI to XIII,
.égg@ﬁﬁix}; Since the livers were stored in the frozen
3@ﬁd&ﬁi#&, the qaeaﬁién-aﬁasg as to whether variation was
&n& to @haaga&,émva&@@ing during the period of storage.
In %aﬁl% XVII (2

ppendix) the values are grouped according
' to the length of time that the liver was stored. However,
iﬁﬁﬁ@@tiﬁﬁ of the data did not show any correlation between
the time of stezﬁgé and the phospholipld value.

It is known that wide varlabllitles are to be ex-
pected in lipid analysls although phospholiplid is the most



TABLE 23, ANALYSIS OF VARLANCE OF PHOSPHOLIPIDS® IN LIVERS

OF PR

RGNANT RATS

Groups
compared

Source of
variation

Degrees
of freedon

Sum of

Yean

. fguare

Toxie and
non-toxic
Pork I rats

Items within
the groups

Between group

means

Total

24

25

118,36

$.81
120,16

4,85

3.81

Steenbock V
and nonw-toxle
Pork I rats

Itens within
the groups

Between group
means

Total

25

26

89,62

1.70
91,52

5458

1.70

Slesnbock V
snd all
Pork I rats

Items within
the groups

Betwsen group
Total

38
39

- 153,68

5493
167.61

4.04
3. 83

a, Calculated as the percentage af’%h#-&wy~liv¢y'waigh%;

=0T~
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constant of any 1lipld component of the tlssues, not varying
mere than 30 per cent above or below the average (Bloor,
1928bj). In the contrel group and in the pork-fed animals
that were not toxemie, the values fall within a range of
35 per cent above or below the average while the 1lipid in
thaﬁlivera‘mf the toxemic rats varied over a 80 per cent

range. However, If one high figure 1s omitted, the rest

ara.iaaznéa& in a 45 per cent range. Can the wider range
in the phospholipld concentratlions noted in the toxie rats
be indlcative of some disturbance in the metabollsm of the
substance.

The above &ﬁ&lyaes“warﬁ made on the gquantitles of
phospholiplds present in the dry liver, Evaluation of the
data when the amount of the 1ipid 1s expressed In terms of
the 100 gm. rat leads to a different interpretation, It
was found that the concentration of phospholipid related
the 100 gm
higher than that in the contrel group. Thus, reference to
this base would indlcate that there ls a differsnce in the

rat in the pork-fed groups was significantly

guantity of phospholipid in the livers of the two groups.
At first, 1t was thought that this Llnding might be ex-
plained on the basis of the average body welghts of the two
groups. However, 1t was found that even though the body
welghts of the control rats wers heavier than those of the
experimental enimals, (Table 17) the absolute quantity of



ghasphalig&é,in the llvers of the smaller pork rats was
actually greater 2h$n in the control animals. yﬁha dig~
erepancy canncot bs explained,

| | Results obtalined when phospholipld is calculated
on dry liver welght af& more ia line with the data re~
par%é& by other investigators than they are when calcu-
lated on the basis of the 100 pgm. rat. As appears to be
the case in the present study, no appreciable inaraas&,iﬁ
phospholipild values has been nﬁta§ §y the various workers
when the liver becomes fatty {Channon et al., 1837; ékey
and Yokela, i@%ﬁ};

Cholssterol

A complete pleture of ﬁﬁa cholestercl storage in the
lliver was obbtalned by an analysis of the guaniity of the
free and total cholesterol fractions present and &y.eélaﬁy
lation of the cholestercl sster concentration. The amount
ﬁf‘fraév@ha1a$teral was subtracted from the valus for the
total fraction te give the combined or @ﬁtﬁ?‘ﬁhﬁlﬁaﬁﬁrélg
from which datum, in turn, the cholesterol esters weve cal-
culated. Mean values for the cholesterol fractlons are
given in table 24. In both groups of pork-fed rats, the
percentages of the total cholestercl based on dry 1iveﬁ,
welght were slightly higher than that in the control group.

However, the free ahalaaterml values were low. It 1is the



TABLE 24, AVERAGE CONCENTRATION OF CHOLESTEROL FRACTIONS IN LIVER

Diet

Total
terol
in ary
liver

Total
choles-
terol

| per 100 gm,

—n

‘ahﬁiﬁﬁa
terol
imrdyy

Free

terol
por 100 gm,
gravid rat

Bater

terol
t‘iﬁ &ry
liver

ﬁhﬁlﬁﬁw/

Ester
choles~
terol

per 100 ga.
gravid rat

Stesnbosk V

Pork I
Nonwtoxle
Poxic

Pork I + 1%
cholesterol

per gent
0.84

0. 97
0,83

14,84

g,
P

9,71

ﬁgﬁiﬁﬁﬁg
0.70

0.65

5,54

6,086
6+ 10

0.13

0s 58
0. 30

14,10

e
1408

5.89
3,17

-BOT~
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increase in ester cholesterol that ralses the total value.
The significance of the varlance of the concentra-
tions of each of the three cholesterol fractlons in the
control snd experimental groups was tested. The differ~
ence between the total cholesterol values proved to be ine
significant. However, the decrease in the percentage of
free cholesterol moted in the liver when the entlre porke
fed proup was coupared with the control snimals was
gnificant (Table 85}, Accompanying this decrease wes &
significent increase in ester cholssterol (Table 26).

Hence, a disturbance in cholestercl metabolism appesrs to
have occurred.

Increased gquantitlies of cholestercl ester in a
tissue are associated wiibth inactlivity @?»&ﬁgaaarati@ﬁ while
free cholesterocl is considered an integral component of
normal tlssue (Bloor, 1928b; Boyd, 1935b). Thersfore, the
finding that the proportion of free cholesterol in the
liver fat of the gravid pork-fed rat 1s reduced while that

of the ester cholesterol is simultsneously imercased ls
indicstive of hepatic ﬁﬁﬁﬁﬁéa

¥He slignificant differences were noted in the rela-
tive concentrations @f*thﬁrﬁh&as cholestercl fractions in
the livers of the toxie and non~toxiec groups receiving the
pork diet. iﬂﬁra&ﬁéé dysfunction of the iiver, therefore,

does not &@@ﬁm@&ﬁy pregnancy dlsease.



TABLE 25.

AKQLKEIB OF VARIANCE OF QUANTITIES OF FREE CHOLESTEROL®

IN LIVERS OF PREGNANT RATS

@Groups
pompared

Source of
variation

Degrees
of {reedom

Sum of
squares

Hean

square

Toxic and
ﬁ&ﬁwtgxig
Pork I rats

Items within
the groups

Between groug
mesns

Total

24

1
25

0.48

0,01
0. B0

0,08

0,01

Bteenbock ¥

Items within
‘the groups

Between group
means

Total

27

o

Dy 46

0,02
0.48

0.01

.08

EQ@@

Steenboek V
and all
Pork I rats

the groups

neans

Total

0. 87

0,08
0, 65

0.01

0.08

@wﬁﬁ§ﬁ

B Q&lﬁﬁlﬁﬁ&ﬁ a8 m ?awﬁﬁtagﬁ ﬁf %hﬁ ‘ &w liyﬁy waigh‘b‘
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¥With one exceptlion, the cholesterol values when cale
culated on the basis of the quantity of the f#aa&iaﬁ»par*
100 gm. gravid rat, iﬁ&igateé%hﬁ trends noted when calculaw-
tions were made on the basis of dry liver welght. The ex-
ceptlon was In the free cholesterol {rection where the data

amounts of free

showed an increase, However, the absolute
cholesterel {see tubles XI to XIII In the Appendix) varled
in the same way as did the percentages of free cholesterol

based on dry liver welght. The control animals were heavier

an the pork rats (Table 18) which probably accounts for
the lower free cholesterel values referred to the 100 gnm.
rat in thie group.

A comparison of the variation in the cholesterol
values reported herein with values taken from the literature
should be made. In contrast to the decresse in free choles-
tercl In the livers of the pork-~led r&%&,,a.siighﬁ.inareaaa
in this fraction 1z reported in the "cholesterol™ and "high
fat dilet® types of fatty livers. 4Alsoc, the rats reared on
the Pork I diet stored 2.8 times as much eholestercl sater
and 1.2 times as much total cholestercl as did the contwol
animals. These increases in the fractlions correspond falrly
closely to the increases in values reported by Best et al.
in 1934 (Table 27). In general, the condltlon described
in the present experiment more nearly approaches the “ﬁigh
fat diet™ type of fatty liver than eny other. In the
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TABLE 27, INCREASES IN LIVER CHOLESTEROL
REPORTED IN THE LITERATURE

Investigator

Date

Diet

Increase
over normal
of cholesw
terol estey

Increase
over normal
of total

cholestercl|

1934

High fat

4.4 times

le4d tlmes

Best ot al.

Cholesterel | 120 o 12.6 *

2%
1938 Qhﬂ%;ﬂﬁé@ﬁl 20 ®

Okey ot al. 23 "

Gavin and
MeHenxy

1941b | Biotin - 5 n

fcholestercl” fatty liver, the increase in the quantity of
stercl present is of great magnitude. In this study it was
found also that the additlon of one per cent of cholestsrol
to the faﬁk I diet ralses the cholestercl esters to a

flgure 108 times the control valuses

Iodine Humbers

fhe iodine number of the fatty acids in the liver
iﬁﬁi&ék@& o what extent the fat deposited in the organ is
saturated or unsaturated. The phmayhﬁ&ﬁpiﬁ fatty acld and
the acetone soluble fatty acid lodine numbers of the fats
characteristic of the livers of the two test groups are
summarized in table 28, individual data beling shown in
tables XVIII and XIX in the Appendix, The phospholipid
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TABLE 28, IODINE NUMB

ERS OF LIVER LIPID3

Diet Ho« of Phospholipid Acetone in ‘
rata fatty aecld soluble fatty
I.R. aslid I.XH. k

Steenbock V 10 149 141

Pork I
Non=~boxle | 5 153 iga
Toxie 7 is2 1@&

fatty acld lodine number relates to the saturation of the
ﬁﬁaay&a&igiﬁa while the acetone soluble fatiy acld lodine

pumber gives an index of the saturation of the neutral fat
and the cholesterol esters. The ﬁumhar‘@f'ﬁatﬁwminatiaaa
is somewhat limited becsuse 1t was found that the lodine
(aumbara of the ascetone soluble fatty aclds decreased after
the liver waa stored six months. Therefore, values ob-
tained from livers that had been stored longer than six
months are not yayaﬁtagw

. The ifodine numbers of the fractions of the liver
lipids of the control animals were not significantly difw
ferent from those of the experimental rats. Thus, the ex-
tent to which the fatty acids of the lipids in the liver
are normelly saturated or unsaturated has not changed fol-
lowing the feeding of the pork diet.
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ﬁmﬂ%&ﬁ:&&ﬁ&ﬁﬁwﬂﬁxgﬂ% while the values for phosphollipid and
, The Lmportance of the mpﬁw in
wﬁ@ww,.ww@Wﬁ& 18 to be guestioned because the liver of the

ﬁﬁﬁﬁwat The values for the different

the 100 gm. rat sre as %@H@ﬁﬁﬁg phoaspholipid 11) mg., total

cholesterol 8-10 mg., ester cholesterol 0.33 mg., neubral
fat 34 mg., and totel fatty acid 112 mg.
‘mwQ @&@a%&yﬁﬁww@ regarding the partition of fat in
virgin livers were the sawe as those noted in gravid rats
{Table 29). wa&%wawa%» therefore, induces no marked further
| , nts in the lipid in the liver beyond
7y Teeding the pork dlet.

RELATIVE CONCENTRATION OF ﬁMﬁHﬁ FRACTIONS HM
PREGNANT RATS RECEIVING THE SUPPLEMENWTED
RK I DIET ~ SERIES IX

The surative elfect of the sddition of certaln subs-
stances to the pork %wﬁﬁwﬁmmxw@mww%“mw)aﬁwaw studies 1in
the lsboratory. In these experiments, & few females
dsveloped the toxemis in spite of the dietary treatment.
The partition of fats in the livers of these rats was

studied as well as one rat to whose dist one per cent

cholesterol had been added to test the sffect of this



wi;ﬁﬁ*

substance in precipltating the toxemla. The female used In
this analysis had not developed the pregnency disease. The
lipovaic added to the
laboratory according to the directlons of Dragdstedt. The

‘diet of one rat was prepared in this

Easiﬁals supplement repressnted desicated whole fresh bile
snd the Cerophyl addition contained the grass julce Tactor.

The absolubte amount of each lipid component is
recorded in table XX in the Appendix and the relative con~-
ecentration of each is given in table 30. The data from
ﬁhm\graup.ﬁaw@»nﬁﬁ been averaged becsuse the effects of the
dietary supplements on the several 1lipid components varigd.

ihﬁ'ﬁﬁhaﬁitﬁ%i@ﬁ of raw pork for the drled auto~
¢laved pork or the addition of Desicole to the Pork I
ration did not change the plcture of the 1lipld components
induced by feeding the basal Pork I diet. Both lipocale
and Cerophyl reduced the eszter cholesterel to normsal.
However, while lipoeailc reduced the neutral fat, Cerophyl
had no effect., Only lipocaie controlled both the neutral
fat and the cholestercl esters and thus, the total 1lipid
in the liver of this animel was normal.

The data concerning the rat with added cholesterol
in its dlet showed an elewetion in all the lipid fractions
sxcept phospholipid above those of the snimals receiving
- the pork-containing dlet. The rise in cholesterol esters

was most marked. These data are in confirmation of the



TABLE 30, RELATIVE CONCENTRATI
" OF PREGEANT RATS RECEIVING THE SUPPLEMENTED PORK I DIET

TI0K OF LIPID FRi

CTIONS® IN LIVERS

Bupplement

ﬁ&w
of
rats

?@tﬁi
1ipid

Total
fatty
aclds

Heutyral
fat

Phog~

pho=

1ipld

Cholesterol

Total

Free

Ester

Lipocale
Raw pork
Desicole
Cerophyl
Choleaterol

SR A

—
gent

18,9
39.8
3646
29,7

60.8

psr
cent

per
cent

13.5
35.6
381
25:1
42.9

9.5
55,8
29.4
20,2
32,8

per

gent
6.84
4.89

B5.75

%@?5
4,96

per

cent

0.75
Q.92
1.12
0.71
14,84

0.51

0.68

0,62
0. 74

Sent

005
0.4l

- 0.46

0,08
14,310

8. Caleulated as the percentage of the dry welght of liver.

-08T-
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results noted in preceding sections that the fatty liver
produced by feeding the Pork I dlet la of a-é&ffarentl
order than that of the "cholesterol®” fatty liver.

RELATIVE CONCERTRATION OF BLOOD PLASHMA LIPIDS

The concentratlions of total fatbty aecids, phospholipid,
and total cholestercl were determined in blood plasma taken
from pregnant animals meintained on the stock diet and from
pregnant pork-fed ratas. These groups were fasted 10 hours
before the blood was drawn on the 21.5 day of pregnancy for
anelysis. The experimental data &?&vyﬁﬁ#ﬁﬁiﬁé iﬁ4ﬁﬂﬁiﬁﬁ
XXI and XXIT (4p
rized in table 31 in the body of the btext.

A comparison of the findings (See tables 31 and 32)
relating to the concentration of the variocus 1lipid frac-~
ﬁi&ﬁa‘ia the blood of the control group of gravid animals
fed the Steenbock V ration with similer data rsported by

endix}, snd the average values are summa-

Boyd (1942) for normal non-pregnant rats shows that preg-
nancy has caused an approxlmate doubling of normsl velues.
an {Boyd,
1934; Schwarz et al., 1940) and in gulnea plgs {Boyd and
Pellows, 1935-358). Eence the hipgh concentration of the
various fractlons of the blood lipids noted in the control
group studled herein are in accord with findings reported

Lipemia 1s also characteristic of pregnancy in m

for other specles during pregnancy.
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TABLE ﬁﬂg COHCENTRATION OF hi?!ﬁ% In ﬁiﬁﬁﬁ OF HOM«
PREGHANT ANDIALS AS ﬂ%@ﬂﬁ?">ﬁ? Vﬁﬁlﬁﬁﬁ INVESTIGATORS

Investigators | Date | Animal| Status of  [Ho. of | Portion | Lipid fraction
| | animal ~ |animals | of blood |  analyzed

Boyd 1948 | Rat Hormal male 1186 Plagma '%“,ng'tgtazufatty acid
| and female 82 mg. total cholesterol
83 mg. phospholipid

Gook, 1939 | Rat | 2% choles- |
Bebullagh : tercl in éiaéf 3 Serum
o Hormal 4 Serum

222 mg. total cholesterel
) mg+ total cholesterol

Chanutin, 1933 | Rat | 2.5% choles~ o o
Ludewig tercl in dlegy & Plasma | 112 mg;*%a%ﬁi cholesterol
Gontrol dlet % 886 mgs btotal cholesterol

-eaT~

Chaikoff, 1954 | Dog ‘ﬁapanar&nw 10 Whole | Total fatty acids, ahaiasw
Kaplan tized terol and phospholipid

- é&gra&a@ 1/2 to 1/3 normal
value

Entenman 1939 | Dog Panereatic
st al, - | dueteligated | 11 Fhole . | “

Bnag&tadt, 1859 | Dog Depancresw ‘ lﬁf Serum Potal lipid 1/2 normel value|

tized

Rubin,f 1840 | Dog Depancrea~ 4 Plasma | Total fatty acids, total
Ralll tized and | e¢holesterol and phosphow
| pancreatle ‘ 1ipid values decrease

ducteligated 3 Plasma | 1/2 to 1/5 normal value



It should be noted that the feedlng of the pork
ration to @f@gﬁ&ﬁ%irﬁta causes & profound slteration of
the normal plcture. In the case of each ractlon studled,
the average value per 100 ml. of plasma obtained for the
aa&t@gl.grau@ was twice the corresponding value fa& the
‘axgerimaﬁ%am group, l.g., 448 vs. 214 ng. total faetty eclids,

178 vs. 87 mg. phospholipid, snd 86 vs. 49 mg. total choles-
terol in the control and experimental groups, respectively.
These diffesrences indicate ﬁhaﬁwfﬁe&ing'ﬁﬁa Pork I diet has
Aﬂﬁfiniﬁaly-&auae&.ﬁ_&i#turhanaa in the fat metabolism in
pregnant rats., ‘

ﬁ%yﬁ {1@5&&}3hax~ﬁxitﬁ@ﬁ that under normal conditions
the ratio of phospholipid to total cholesterol in the blood
is fairly constant. In the present axgarim&nt, the feeding
of the pork dlet apparently has not affected this ratlo.

While the difference between the two P/TC ratios, 2.09 vs.
1.79, migh% indlcate a change in relationship, imspection
of the individual data will show that seven of the nine
values pr&ésﬁtaﬁ for the #&@erimanta17gramp'faix’wiﬁhin ﬁhe

ange of values characterizing the control group.

" | Only one ani&alV&Qvﬁlapingvgragaanﬁg~éiaaaﬁﬁ'aﬂ the
result of 1&#33& ﬁﬁ the yark‘ﬁiat-w&s available for study.
The vaiia&& 1i§ié values, in this instance, were very close
to %hﬁ-av&?aga asnéaa%ratiaﬁ of each 1lipld constituent in
the blood of the rats that did not become alek upon the
dletary regimen. However, aﬁﬁit&én&i analyses on toxle
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rats are nesded to werify or dlsprove the assumption that
toxemie.
Some blood 1llipid values in toxic and non-toxic preg-

the blood 1lipids are not altered in

nant animals are complled from the literature in table 33.
In most instances, %h% %i@@é_liﬁ&é'vgluﬁa remalined falrly
constant. The drop in values produced by feeding the
pork diet, therefors, becomes doubly Iinteresting.
Helther is the change in blood cholesterol in the
&amﬁ,ﬁir&eti%a as that produced by feeding a high choleg=
terol &iﬁt {8ee table 32 for v&ln@gﬂmﬁyﬁr%aﬁyﬁg Chanmatin
and Ludewlg, lmg Cook and Melullagh, 1939, }g. This ob~
~servation is In agreement with the finding previously men-
tioned that the changes 1n‘%hﬁyfﬁ%$y'l&vam produced by

feeding the pork diet were not analogus to those in the
cholesterol type of fatty liver. .
' Purther survey of the literature shows that the
ange in blood lipid values produ

: ed in this experiment
is also exhibited &nﬁﬁywaﬁagrfaxpavﬁﬁﬁaﬁal condibions. A
drop in blood lipids to half their normal values has been
e%aa?vﬁﬁ in depancreatized dogs by several warkﬁrs
(Chalkoff and Kaplan, 1934; Dragstedt et al., 19593 Rubin
and Ralll, 1940). 4 marked fatty infiltration of the
anles the hypolipemla. BEntenman et al. (19359)
and Rubin and Ralli (1940} note 2 similar hypolipemia in

liver acooup

g&ﬁgr&a&ie#ﬁﬁet.iigaﬁéé doga. Dragstedt, ;&févgr, does



?&ﬁ&ﬁ 53e ﬁ@ﬁﬁﬁﬁ?ﬂﬁﬁiﬁﬁ OF LIPIDS IN BLOOD OF PREGHANT

ﬁﬁfﬁﬁﬁ% AS REPORTED BY VARIOUS INV

f«TI&&T@E&

Investigators

Date

Status of
animal

Bo, of
cases

?@?ﬁiﬁ@d

(7

m&lyﬁﬁé

Roderick,
lierchant

| 1933

Sheep

Hormal
pregnant

| Blek

pregnant

‘1@2 mg* t@ﬁal gh@l&ﬁtsr@l

1&9 mg. total ah@leaﬁara& ,

Greene

1937

Rabbit

Toxemia of

preguancy

12

%ﬁ%&lkﬁhai@éﬁéwel r&ia&d
slightly

Patterson,
Bunt,
Nicodemus

1938

Rabblt

Human

Yormal

proegnant

Thyroidectoms

lzed
pregnant
(fatal)
Normal
patients
Eelamptic
patients

3
160

e

Whole

Whole

¥hole

80 mzs
53 mge.
247 wmg.

268 mg.

total cholesterol

totel cholesterol

botal cholesterol

total cholesterol

Bartholomew,
Kracke

1836

Hormal
preguant

Eclamptic
patients

12
10

¥hole
Whole

161 ng.

total cholesterol
%é%ﬂl cholesterol

Boyd

19358 Human

- pregus

Normal
nt

Eelamptie
patients

?kaaga

- Plesnms

M
205 ng.
lG]ﬁ ﬁgﬁ
216 ug.

345 mg,

total lipid
total cholesterol
- phosphollipid
total lipld
total cholestercl
phospholipid

~9gT~
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Raw pancreas proved effective in remedying both the
depressed blood fats and the fatty livers cbserved by the
‘above investigators. Whether or not the external secre-
tion of the pancreas is also curative is a question that

has not yet been settled. Dragastedt believes this is not

the case, However, & preparation derived from pancreas
tlseue, known ss lipocalce, i& very potent in his bhands in
raising the 1lipld velues to normal. A sample of lipocale

- prepared by Dragetedt was fed by Wilcox iIn 1937 to & group
of females receiving the pork diet. The substance pre-
vented the toxemic syndrome characterized by a fatiy liver.
The similarity iﬁwﬁhﬁ‘blﬁe&_yiﬁtaras~@%@ﬁm@@ﬁin,ﬁha ?ﬁrk
fed rets studied in the present experiment and in dogs with
fatty livers adds valldlity to the conclusion that a dis-

turbsnce fﬂ fat m&%&b&i&ﬁm:ﬁﬁﬁﬁ$avi&-gﬁ@gﬁ@nﬁ ratas that
have been maintained on the Pork I diet since the time of
weaning.

This hypothesls, also, has some corroboratlon in
gertain statements made by Bloor (1933, p. 152). He has
related the concentration of cholestercl ester in the blood
with liver damage stating that a drop in sater parallels
parenchyma damage. Although only total cholesterol was
determined in the present study, exsmination of the
iit@réﬁﬂra indicates that the varlations in this aanstitn~
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ent should parallel those of cholesterol sster. For in-
stance, work by Sperry (19368) has demonstrated that the
amount of free in totel cholesterol in blood serum 1s very
constant under varying elrcumstances (24.3 to 30.1 per
eent). His findings should apply to studles of plasme s
well, since Sperry and Scheoenhelimer (18935) found no sigw
nificant difference between determinations of total and
free agﬂ,@ﬂw&ﬂaw in serum and heparinized plasma, If this
reasoning is true, then 1t can be concluded that the ,H.@K
lipid values in the blood of pregnant rate Ted the pork
ration are a direct reflection of the liver injury induced
by the dleb.




\ND CORCLUSIONS

SUMMAR

@ﬁrknr% in ﬁhﬁvﬁﬁtritiaﬁfﬁaﬁaratary at the Iowa State
-&ﬁ&i&gﬁ have found that the feeding of a‘snyyﬁgaﬂly'aésqaata
diet éﬁaﬁaﬁ&iﬁg ériaé,autaala?ﬁé'gnrk muscle bo vaia COn~
sia%antly gr@éagés a:yragn&aﬁy dlsorder at g&rtariti@n in
agﬁraximateiy one-third of the animels maintained on the
ration. A& fat%y—ywllnw liver is a characteristic finding
at necropsy. |

Ehavp&aﬁan% 1ﬁ§$atigﬁ$ian,waa aﬁémrtakaaﬂta dober-

wgéﬁhﬁr any derangement in the metabolism of fat ceccurs

mine
as & sequence of feeding the pork diet to rats. The total
quantity af,fat;gyaaaat and the relative aa&aﬁnﬁratiaﬁ# of

' the various lipld fractions in the liver and blood were used
as indlces of wsaaarﬁmﬁn%w The reiakiaﬁ#hi9'@£'§h¢ fatty
1iv$r to ﬁﬁa pregnancy disease was also studled.

In the analyses relating to the liver, data obtained
ﬁrgm_pragn&mﬁ.fama&$avfﬁd the pork-containing dlet were
compared with those derived from groups of normasl animals
‘maintained on the diet fed to the stock colony of the
laboratory. The experimentdl diet was designated as Pork I
%&a'a@atral Kﬁrﬁtﬁﬁﬁﬁﬂﬁk V. The group of experimental
gravid females, arbitrarily, divided itself into two sub~
groups, i.e., m@&maia’th&t‘ﬁﬁvﬁiageﬁgﬁwxie pregnancy and
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those that d4id not. ﬁwﬁwwﬂkﬁmwﬁmw% rearsd on each dlet
wore also studled to determlne the effect of pregnauncy per
B

Each pregnant anlual was allowed to rear the first

1itter. On the wwsm day Q@ the second pregnancy, alfter a

10 W&ﬁ%ﬁ&&ﬁ%ﬂ%ﬂﬂﬁﬁ %w@w@&ﬁ the liver was sﬁwﬁdma for
snalyslises The virgins were killed when they wers ﬁ%@%@ﬁwz
mataly the same ﬁ%ﬁ as the gravid %@w@g

At the time the liver was removed from the animal,
w.wa%ﬁmﬁw,&w the larpe lobe was taken for an sstimation
of the moisture content. The remaining portion of liver
was ﬁ&a@ﬁ@% and stored in a frozen condition until the
chemical analysis was made, The frozen liver was ground
with send before it was extracted with alcohol and ether,

In one series of experiments, the guantity of total
fat in the liver of the test animal waz determined graviw
metriecally from the alechol-sther extracty in & second
serlies, the oxidative procedure of Bloor was used to
estimate the concentrations of total fatty acids, phoapho-
lipids, total and W%%m amﬁwmmw@%ow in the sleohol-sther
extract of the liver. The valueg for the guantities of
tobal 1ipid, neutral fat and cholestercl ﬁwﬁ@ calculated.
mwm‘wﬁﬁﬁﬁw,ﬁ%§W@%m of the phospholipid fatty acids and
the acetons mﬁwﬁwww‘ww«ww acids in the liver liplds wers
alsc determined, |
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The first analysis dealt with the effect of the feedw
ing of the pork diet on the welght of the iivery and on the
relative smounts of moisture and fat pr&aﬁatg Characteristic
differsnces betweon the experimental and control group ere
summarized in table 34. The é@mpamiaﬁnﬁ elearly demonstrate

the following points:

1, Peeding the pork dlet to virgin rats produces no
change in the welsht of the liver or in ita
‘.ﬁﬁigﬁar& content. However, the gﬁﬁﬁ%&%yr@f
tosal lipiﬁﬂinar@aaaﬂ*

2. Pregnancy per s¢ 1s assoelsied with a definite

ineresse in liver size in the normal animal.
With the liver enlargement, there is no cone
henge in the molsture or 1ipid

content of the mrgﬁn;

B« In the gravid pork-fed animal the expected enw
largement of the liver occcurs. However, the
diet is responsible for a dehydration of tissue
and a deposition of fat grester than that noted
in ﬁhﬁrvirgia*

4, The feeding of the Pork I ration to gravid rats
sa&aéa a éﬁhyératiﬁﬁ of liver tlssue and s
'ﬁay@&ihiaa:@f £a§ i3u§he organ greater than that
occurrling iﬁfﬁﬁ&mai‘pﬁﬁgnﬂﬂﬁ animals. |



TABLE 54, COMPARISOR OF CHANGES IE WEIGHT, ﬁ@lﬁ?ﬁﬁﬁ CONTENT, AND
LIPID CONTENT OF LIVERS IN DIFFERENT GROUPS OF E&@&

Analysis Pork I vs. Stesnboek V Pork I Pork 1 Pork 1
Steenbock V gravid vs. gravid vs. | gravid vs toxic ¥s.
virging Steenbock V Pork 1 Steenbock V Pork I
virgin virgin gravid | nonwtoxie
Liver welght | No change Greater Greater Mo chenge Greater in
Series i

aaéiﬁa II

Holsture ¥o change Fo change Lower Lower

Total lipid Greater Ko changse ireater | Doubled

-FQT
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» toxemlc condltlon in the porkefed rat may
or may not be associsted with a further in-
erease in liver welght, The condition does
not affect elither the molisture or the fat

content of the organ.

In the second ansalysls, the fats in the livers of
the experimental and control rats were partitioned and the
relative concentrations of the various components deter
mined. Changes induced in the various lipld fractions are
gummarized in table 38, The table shows that the feeding

of the Pork I ratlon to the pregnant rat produces:

1. 4 definite accumulatlon of fatty aclds in the
liver that is largely composed of nsutral fat;
2. Ko change in the proportion of the phospho-

1ipids®y

3« ¥Fo increass in total cholestercl;

4. A definlte reduction in free cholesterol;

5. ﬁ.ﬁéfinitw rise in ester cholesterol}
change in phospholipld fatty acid lodine

numbers;
7. Ho change 1in acetone soluble fatty acid lcdine

manmbers.

a. Based on data caloulated as the percentage of
the dry liver welght.



. PABLE 55, CONCENTRATION OF LIPID FRACTIONS IF LIVERS OF
PORK-FED RATS COMPARED TO THAT IN THE LIVERS OF CONTROL RATS

Lipid fraction

Concentratlion on basls of
dry liver welght

Significance
of differences

Total lipid

Total fatty aclds
Heutral fat
Phospholiplds
Total Cholesterol
Pree Cholesterol
Ester Cholesterol
Phospholipid fatiy

acid lodine number

Acetone soluble
fatty aclid
‘fodine number

2.2 times greater than normal

2,4 times greater than normal

3.1 times greater than nommal
1,1 times grester than normal
1.1 times greater than normal
1.1 times less than normal

2,5 times greater than normal

the normal value

the same as

1.1 times greater than normal

-

~HC T~
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The high concentration of total fatty acids is indicative
of a disturbance in fat metabolism. The nature of the
disturbance is characterized by an inerease in neutral fat
and cholesterol esters and a reduction in free cholesterocl.
Other workers have assoclated these gaaﬁiti&nﬁ with a de~
generating and inactive tissue. The constancy of the phos-
pholipid fraction demonstrated by other lnvestigators is

noted herein. Apparently nc marked change in the satura-

tion of the fatty acids ooou
the fat distribution in the liver gilve evidence of an
abnormal metabolism, while others indlcete no disturbance
of @ normal condition.

r. Thus certaln aspecits of

Pregnancy disease does not changs

the various lipid fractlons in the liver from those ahaéw
acteristic of the liver fat in the non-toxie group of
 animals fed the pork ration. .

| In the ﬁhir& analyslis, the blood lipids in pregnant
eantraluﬁniﬁaia-w&wu.@ﬁmgawaﬁAwiﬁh those in thﬁ'hlﬁa& of
gwaviﬁ ?&%ﬁ'ﬁ%@ﬁi?iﬁgl%hﬁ,?@?k I dlet. The Blaed waS
heparinized and the plesma separated by centrifugation.
Total fatty sclds and phospholipids were determined in an
alechol-ether extract of the plaﬁma by the oxidative pro-
cedure. Total chelesterol was estimabed colorimetrically
by reading the intensity of the color produced in az Klebb-

smmerson photelectric colorimeter,
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In the case of each fraction studled, the average
value per 100 ml. of plasma obtained for the control group
was twice the corresponding value for the experimental |
group. The constancy of the phospholiplds and the choles~
terol esters, whieh in the blood are as Important as the
 phospholipids in fat transport; was not maintalned. A de~
erease in the cholesterol ester of the blood reflects
hepatic damaga. |

’ One pork«fed animel which devseloped the pregnancy

disease had 1lipid valﬁﬁa which were very close to the aver~
age concentration of the corresponding lipid constituent
in the blood of the non-toxic rat reseiving the pork dist.
analysis of the investigation related to
the 1ipids in the livers of a group of toxemic females
which were fed the basal pork diet enriched with various

The fourth

dietary supplements. Approximately one~half of the livers
analyzed for total fat in this group of animals were normal
with rﬁayaet to fat. %hé liver lipids were fractionated
in a few instances. Records show that one animal that had
recelved lipoecsic in its‘ﬁ&st developed the boxemla even
though all the lipld components were normal.

Two general conclusions may be drawn from the dats
reported iIn the pressnt investligatlon. Th@f may be stated
ag follows:

1. Fat metabollsm as revealed by analysls of the
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lipids in the liver and in the bleood 1s
altered in the pregnant rat following the
feeding of & diet containing drisd auiow

elaved pork muscle.

The development of & fatty liver iz not a
basic aaﬁﬁ&'af the pregnancy disease as
shown by ammlyaea‘@f the 1lipids Iin the livers
of toxlec and non-toxic rats fed the Pork I
dlet and of toxemic females fed the basal

diet enriched with varlous dletary supple-

ments.
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PREPARATION AND STANDARDIZATION OF REAGENTS
5Q Per Cent Alcohol

B0 ml. of 95 per cent ethyl alechol was diluted to
95 ml. with distilled water.

ridive Sulfate-dibromlde

B8.25 ml. {8 gm.) of purified pyridine snd 5,45 ml,
(10 gm.) of ¢.p. concentrated HoS0,; were measured into
separate beakers containing about 20 ml. of purified
glacial scetic acld and cooled. Thesée solutions were com~
bined 1n a 1 l. volumetriec flask. 2.5 ml. (8 gm.) of
bromine was dissolved in 20 ml. of glacial acetic acid,
added to the flask and the whols volume made up to 1 1. with
g&a@iéi acetic acid. The solution was made up in sufficlent
gquantities to last a year and stored in & dark bottle. This
solution which is about 0.8 ¥ according to the eontent of
H,S0, was diluted to sbout 0.05 N (in respect to Hy804)
with glaeial acetic acid before using 1t. Ususlly 50 ml.
of the 0.2 ¥ solutlion was measured accurately lnto a 200 ml.
volumetrle flask, diluted to thﬁ'ﬁ&?kr&ﬁﬁJmiX$§@ The dilu-

tions were made at frequent intervals te insure the
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stabllity of the soclublon.

Standard Cholesterol Solutions

was made by dissolving exactly

A stock stan

160 mg. of c.p. cholesterol®™ in 100 ml. enhydrous chlorc-
form. This solution was kept in the refrigerator.

the stoek
standard by diluting 1 ml. %o 25 ml. with anhydrous
ahlﬁréfeamg This standard can be kept several days in the
w&frigﬁﬁaﬁﬁwy. Five ml, of the working stendard contalned
0. 32 mg*caf ﬁﬁ&lﬁﬁﬁﬁ?ﬂli

The working standard was prepared from

Several dllutions of the stock standard solution
w&ra.méﬁa and analyzed colorimetrically with the Klett-
Summerson gﬁg&aﬁi&@%ﬁ&a colorimeter. The raaéiﬁgg,iﬂaluﬂa&
%ﬁ@irang@af'rﬁ&&iﬁg§~within.Whiah.ﬁhﬁ'anknwwm‘ﬁag expected
to fall, table I.

1 ¥ Fotassium Dichromate Solutlonm

. 0f CaPw Kﬁﬁ?gﬂ?-waa'ﬁiaaﬁl¥ﬂé in distilled

water and made up to 1 1.

Peroxide~free freshly distilled enhydrous &ﬁhgl
ether was shaken with a small quantity of distilled water

- a,yﬁhaléﬁﬁﬁrﬁivﬁgkaléa%afinﬁ ﬁ« Fg pﬁr@hasaﬁ from \
A. H, Thomas Go. * ?hii&éﬁl}?hi&y



wl5Gm
until saturated. Only the fraction containing the first
third of the vapor distilled was used. The molst ether was
stored in a bottle containing a plece of copper wire to keep
1t peroxide~Tree.

Potroleum Ether

A e.ps grade of petroleum ether was allowed to stand

over one~tenth its volume of concentrated Hy80,; for three
days, The solutlions were shaken svery day. The petroleunm
ether was distilled and the fraction bolling between 30°

and 60° €. was collected, .

Approximately 1 H Hydrochlorie Acid Solution

88+45 ml. of e.p. concentrated HCl (sp. gr. 1.18)
was dissolved in disiilled water and made up to 1.

H f:ix?ia inone Solution

A 0.1 per cent solution by welght was made up in 956

per cent ethyl alcohol., This solution wes made up fresh

aach week.
Stendard Iodate Solutlions

Exactly 3.5687 gme

of pure KIOs was dlssclved in 1 1.
of CO0p free-water. This solution was O.1 N with reaspect to
I, vwhen in contact with an excess of KI and Hy80, and was
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uged te standardize the @&M,%«%mmwMQMW

A KIOz solution equivalent to a 0.05 N concentration
was ﬁm,% by &.Hﬁﬂwg aw the ebove solution to use in
stendardizing the 0.05 W NagSgOze Ususlly 5 ml. of the
original lodate solution was measured aceurately into a
£8 ml. volumetrie flask, diluted to the mark and mixed.

Locket's Solution

The Locke's solution was mede sccerding to the
directions of Bognlard and Whipple (1932) based on the
formula given by Howell (19827).

mw%.&m‘. .:Q

KCc1L O 42

Dextrose 50,00

The mixture was dissolved in distilled water and made up

%o a 4&&.@@ of 1 1.

A 0,04 per cent agusous solution by welight was made
by dlssolving 40 mg. of phenel red in 100 ml. of distilled

waber.

The solution was Tiltered and stored in the

refrigerator to prevent mold growth
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Sulfuric Acid-dichromate Re

To 2.5 gm. of AgNOy dlissolved in 12.5 ml. of dls~
tilled water in a 50 ml. centrifuge tube was sdded 2.5 gm.
of BolraOq dissolved in aboubt 25 ml. of dlstilled water.
The §§aai?1ta%§é $ii?ar'%iﬁhrcﬁﬁta was separated by centri-~
,fagiag and washed %wiaé‘wiﬁ&4watsr-%@ get rid of nitric
aeid. §k$ w@t‘praﬁi§itatﬁ was dissolved in 250 ml. of c.pe
soncentrated HgS80, with thQ‘ai& of gentle heating.

Sterch Indleator

. Two gm. of soluble starch (Merck's Lintner) and
5 mg. of mercurdic iodide were triturated with a little
water and added slowly to 500 ml, of bolling water. The
solution was boliled until clear and after cooling stored

in the refrigerator.

{8p. grs 1:84) was dissolved in distilled water and made
Cup to 1 l¢ The solutlion was not standardizeds

{1:13) Sulfuric Acid Bolution

Three parts of distllled water waas added to one
part of ¢.p. concentrated H,S0,.
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dlluted to 1 1. This solution was stendardized every day
it was used. Typleal standardization values are found in
table IV. To 3 ml. of 0.02 ¥ lodate in an Erlenmeyer flask
was added 1 ml. of a 10 per cent solution of KI, a little
water and 2 ml. of 1 N HySO4. Titration was carried out

using a%&r@h solution for the indicator.
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RECOVERY OF CHOLESTEROL IN STANDARD SOLUTIONS

Pilution

Actual quantity of

Cholesterol determined
colorimetrically ~

cholesterol present

1

0.128 mg.

G192 mg,

in 3 ml.

0.181 mg.
0.181 B

ﬁtlgl Bighe

- in 2 ml.
mﬁm.
2 ml.

3 ml.
5 ml.
3 ml.

&?"M’ ’5‘

in 2 ml.

e.zﬁa‘mg*

0. 258 ng.

2 ml.
2 ml.

0.576 mg.

in 3 ml.

in 4 ml.

0.384 mg.
Qe D64 W
0,381 mg.

0. 564 mg.
i 5'?{'3 xa@,;

0. 579 mg.
5; 5?% m@t

oo | 5w ey | wop
E
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TABLE II. STANDARDIZATIONS OF APPROXIMATELY

0.1 N NagSg0z SOLUTIONS

| NagSp04
- solution
tested

K105
solution
used

Hormality

Normality

i

1

1

2

0.1000
0+ 1000

Oa 1000

0. 09960
0. 09956

0+ 1000

0.1000

G. 10154

0. 10148

010154

0.1000

0. 1000

0. 09652

'Q’a ﬁ%*ﬁ

0. 1000

0.10072

&« 3 mo. later than first enalysis in group.

€« 4 mo. later than first analysie In groupe.
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TABLE I1I. CHANGES IN THE CONCENTRATION OF Ra_S_0_ SOLUTION

272”3
NO. 1 WITH PROGRESSION OF TIME AS CHECKED AGATNST 0.1 ¥ KIOg

Time KIO, Ha 8,0 Hormality

interval solution used used of NagSa0s

At beglmning - S ' 25,10
| 25.12 0. 000586

After 1 Moy 2 £85.15 |
: 25.14 0. 08044

After 2 mo. 2 £25.12
26, 10 0.09956

After 3 mo. 2 25.16 |
£5.18 . 089938

After 5 mo. 2 25.21 -
25,22 0.09913

After 6 wo. 2 25,22 . |
- 25,25 0.09913

After 7 mo. 2 25.82 '
£5.22 0.09913
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STANDARDIZATIONS OF APPROXIMATELY
Q*@ﬁ ﬁ FagB,0x SOLUTIONS

He S0

solution
tested

interval

9

Hormality
of ROy

HagSp0s

Normality

of RagSy05

b 8

i

0408
h‘a ﬁ%
. 0.02

Q.02

2.925
2.962
2. 861
E;%ﬁ%
2.9

2.969
2.968

. 0.02082
0. 02026
0. 02026

0. 02022

21 da.

0.02

3.104
5,104

5.106

- 3.106

0. 01033

0.01932

12 de.

Q.02

2,755
2.755

2.750
2. 750

0.02162

0.02182
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MDERS OF RATS IN SERIES II AND BERIES III

TABLE VI. INDIVIDUAL NU

Ssries II | . Series I11

Steenbock V Pork I ﬁugp&&mﬂntad Steenbock V | Pork 1
pork diet -

Pregnant | Virgin | — Pregnant - Virgin | Pregnant Pregnant Pregnant
| Ron~toxie | toxie

23732 | 25841 23779 | 23011 | 25840 | 24459 50369 30404
23837 | 25886 23685 | 24929 | 25885 | 25935 - 30495 - 30786
23947 | 25981 25889 | 24206 | 26101 | 25962 30599 | 30840
23950 23946 | 24418 | 26133 | 27995 . 30693 30877
24103 | 23949 | 27887 . 30757 30901
24106 - pel0s | 27930 | 30902 30957
24160 | - g4158 | 28851 31025 30954
24164 24162 | 28255 51051 31136
24250 25883 | 28256 31162
24801 | 28337 | 28435 -

25839 28864 | 28842
25884 | 30622 | 28862
25979 30711 | 28894
27683 |

27892
27693

Tobal | . |
16 3 13 13 4 4 8 g

~B9T~
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MBERS OF OLEIC AGID AS DETERMINE
TIES OF THE FATTY ACID

.26 88
4.52 . sg
3.15 90

2,46 89

B memmtiaal vaim@ far olele acid is




TABLE VIIL.

CONCENTRATION OF TOTAL LIPID IN LIVERS OF PREGNANT
CONTROL RATS OF SERIES I |

Rat
nunber

Age

Weight

- Hoist whe
of liver

Dry wh.

of 1iver

Tobtal
lipid

21357
21558
21579
21539
21484
21506
21056
21749
22028

daye
158

138

154

158
162

170

121
149
170

e
1,782
1,839
2,046
1,971
2.096

1,878

2,061
2,458

b4

4656.5

| 424, 9
413.3

408.7
400,9
486,0
519,82

498.4

AV,

158

2,088

450.8

~OLT=



PABLE IX, CONCENTRATION OF TOTAL LIPID IN LIVERS OF PREGNANT
| HON~TOXIC PORK-FED RATS OF SHRIES I

Rab Age Weight Bolst wh, Dry wh. Total

nunbeyp | of liver of liver li@iﬁ

B B

6,833 2,526 1183,9
L2086 24446 1162,5
7. 460 2,754 1328,8
6.337 2,166 3.7
T, 226 £.561 1161.8
7,143 2,402 9600
6,088 2.187 . 650.6
7,452 2. 670 1087, 2
6,694 2,197 785, 2
8,510 2,228 955, 7
5,938 : 2 1% 1‘&1&&
61680 2,362 508, 1
7,536 2,585 1362, 5
21487 | 172 7.482 20343 25,7
28150 158 6,494 8,031 5371

218512 121
21559 117
21695 128
21359 121
21459 152
21583 170
21611 175
21785 139
21882 131
21073 128
21585 | 117
21535 138
21561 154

~TLT~

iV, 141 250 6,917 2,401 @vga@




NCRNTRATION OF TOTAL LIPID IN LIVERS OF PREGNANT
TOXIC FORK-FED RATS OF SERIES I

Rat Age Welght Nolst wi. bry wh. Total
runber of liver of liver 1lipid

968.3
870.6

21928
21929 oz | =259

21599 9 | em 8,278 3,108 1424,6
21706 | 113 | 263 8,158 2,832 1319,1
s1v40 | 124 | 273 8.567 2,626 10236
21848 99 | 2m 7,866 2,629 1520.4
25308 | 104 | 284 8.924 | 2918 15086

26165 g5 | 2822 9,078 2,882 1790.2

Ave | 101 | 259 8,168 2. 644 1263, 4

~ZLT~




CONCENTRATION OF LIPID FRACTIONS IN LIVERS OF PREGHANT
CONTROL RATS OF SERIES I1

Cholesterol
Total

?hﬁ&w
f*lipiﬁ

Heutral
fat

Total
lipia

Total
fatty
acids

'Fraa Ester

g
16.16

ng. | mg

15,30 | O.86
14,13 -
12,38 11,99
17.80 | 0400
11,47 | 8.61
18.25 | 2,84
14,14
12,98 .i;%?
11,08 §,&9
18,25 &.7@‘
16,02 1;63
@*&9
2:14

8331
28B.4
198.1
186.3
282.8 | 18
806,00 | 141.8
850.6 | 182.8
231.4 | -
214.7 -
164.8

267,7 | 1

215,4 | 118.7

965,1 | 152.1
132,35

877.9
£80.6 | 215.0
198,1

L.
102:9

Ligte
B13.2 - 175.6
w 156.0
164.9
122, 4
Qﬁﬁtﬁ
104.6
111,9
158.3

24,37
17.80
14,08
lﬁ%ll

lénﬁﬁ
16.56
19,482
12,87
1?;&&

15*88
15.986

1014
128.1

35@1‘
38%. 9
261.7
312.7

~SLT~

162, 4
158,85
178.5
287.2
127.6

348,90
264.7
349, 1
575, 7
345,1
341.0

16,16
11.82

18425
275.1
148.9 .76

5@5@1 335»3 155¢5 15369 lgwﬁﬁ




TABLE XII,

CONCEN

TRATION OF LIPID PRACTICNS IN LIVERS

RON«TOXIC PORE-FED BATS OF SERIES IX

OF PREGNART

Dry
wt, of
liver

Total
lipid

Total
fatty
aclds

Heutral |

fat

Fhog=
pho=
1ipid

Cheleaterol

Total

Freoe

Egter

286

A
1,964

ﬁ@@

l@l?ul
505, 9
418, 7
91063
531.8
%@ii@
BT4.9
1698, 9
1221.5
8655
998, 4
1081.6

. ERe

542,1

- B98.4

&11%@
380.4

. 78845

443,5
746,82
583.8

1488,5

550, 3
845,9
017, 2

B

8077
328.0
192,35
678, 9
368.8
693, 6
498,0
13565.6
1011.8
420,86
801.4
T79.5

ﬁﬁg

%@hﬁﬁ
36.61

16,94
18.98

18,90
21,08
18,74
56,03

26,93

28,03
204580
19,76

B8

22.85
18,74
17.34

13.44 |
15,27
13.78 |

12.18

-1&*@@

18.84
15.72
15,52
15,68

10.486
I‘mﬁ?
3+ 50
B 72
5,11
8,85

2,14

3718
11.21

8451
4,82
4,45

877, 9

W39

850, 9

15,41

9,85

~PLT~



TABLE XIII.

CONCENTRATION OF LIPID FRACTIONS IN LIVERS OF PREGNART
POXIC PORE-FED RATS OF SERIES II

Rat
N0«

Felght

Holat
wtse of
liver

wis of

liver

Total
1lipid

Total
fatty
acids

Heutral
fat

Phos~
pho=

lipid

Cholesterol

Potal

Free

Batey

23811
24296
24920

ed18

27687
27930
28251
28435
28894

23862 |

28642
28256
28255

239 |

- 860
27
- 2285
- 288
- 808
‘ 3@1
'2@9.
2ve

267
B3
- B52

"ﬁﬁ?

8,420

8,857

8,387

‘ﬁ@ 5@3

8,438

T.845
B4 443
T T34
7.408

7.8620
8,606

B, 456

g

24500

1,058
2,888
2.07%
29383
2,698
2,800
2.744
2,518

2. 204
| &,810

2,538
2.785

.

-

598, 5

8678

1196,8
10175
841.1

1219.8
8003

TE7.6

956.8

788.9
795, 0

176&3

2

BE.

16,94

14,47
17.38
12,91
16,56
l%ﬁ@?

1$*$ﬁ
14.68
18,82

6 | 16.00
| 14,63 |

14,00

AV

848

7. 7286

2,817

875,3

15,03

4T



OF SERIES I

CONCENTRATION OF TOTAL LIPID IN LIVERE OF VIRGIN RATS

Diet

Bat
nusbey

Welght

Hoist wt.
of liver

Dry wi.
of liver

Total
lipid

Steenbock V

21489

21403

21479
21575
81551
21609
£1903
21838

£

4,865
54146
5,713
4. 710
4,828
54908
6.162
5. 581

g

1.51%
1.596
1,796
1,475
1.428
1,768
1.908
1.781

Hgs

36342
351, 9
4038, 8

290, 1

289,7
351,4
387,0
554,53

AV

8,859

'lwﬁgﬁ

. 342,86

Pork I

21573

| 21433

£1633
21784
21490

21588

22057
21017

' 82059

5.896
4. 914
6.194
6,325
5,632
5,184
B.517
4,814
5,194

1.741
1.+ 605

- 1.9388

1.955
L1719
1.584
1. 750
1,457
1,592

ﬁﬁzwﬂ'

3818

5ﬁﬁ¢1
8187

461.8
413,58
467.2
8982
358.6

AV

188

5,490

1,702

428.8

~94T=



TABLE XV.

i1

COUCERTRATION OF %I?Eﬁ ?R&GTQGE& IN LIVERS
M?S Qﬁi

OF VIRGIN

Diet and
rat no.

Welght

E@iaﬁ
Wo ﬁ}g
liver

Dry
whe of
liver

Total

lipid |

Total
fatty

aolds |

‘ﬁwﬂ%vaiv

fat

Phog~

pho=
11pid

Cholesterol

Total

Free

Ester

Steenbock ¥

25886
25841
25981

B2

182
171
171

B

8.714
4,905
4,166

: %&Qﬁ@

1,475

1,57

nge

282, 7 |

198.1
178.9

HEe

£16.2

188,0
140.7

gy

28.8
3244
98,9

179,38
155, 4
6944

g

14,37
10.15
10437

B

13,90
10,10
10,00

0.47
ﬁq Q5
0,87

AV

178

5.262

1,634

223,82

165.5

76.6

134,79

11,83

11.33

0430

Pork I

25085
25840
26101
26133

195
184
188
187

5765
5,268
8.404
8.720

1,987
1.643
1,802

1.629

513.3

- RT9.T

350, 9

B25.5

454,0
' ﬂﬁ“@i 8

£96.8

@ﬁgx ‘Q :

- 369.9

X?Qa Q
248, 8
186.4

1117
8.8
86.8

124,9

23,98
11,71
12,92

12,63

12,81
11, 00
.58
10,18

11,47 |

0. 72
5. 87
2,48

Av

lgg

3_@ Qﬁﬁ

1,715

367.4

3044 8

100,56

15,381

10.80

4,51

246.2

~LALT=



TABLE XVI.

GONCENTRATION OF TOTAL LIPID IN LIVERS OF PREGNANT

RATS RECEIVING THE SUPPLEMENTED PORE I DIET ~ SERIES I

Supplement

Welght

Holst wh,

of liver

9§$“ﬁ@n
of liver

Total
1ipid

mwa ale

Liver

#
n
u

22 e%ad s2sanmE

-

zz,mgﬁmvm |

| 2
"
Raw pork

aﬁ@g&ﬂ%:

Bl

5.884
7:449
8.5681
7. 298
8,656
»?y?%ﬁ
QJ 9«%
4,763
8.878
€.270
7. 000
5. 629
50082
9,208
8. 818
64358
9.064
8,118
10,087
8.581

BB

1,445
2.244
2.167
2,430
2.818
2,857
1,815
1,426
1,842
1,758
1778
1.696
1,403
1,636
2,389
2.882
1.868
2. 988
1,947
2,968
1. 950

420, 0
934,1
558, 2
1272.4

vm&
1515.8
766, 0

1084,1 |

7956.8

8,958

8.014

680.5

~8LT~
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VI RELATIVE ﬁﬁﬂﬁﬁﬁfﬁﬁ@IQﬁ OF PHOSPHOLIPID
Aﬁéﬁ Lwﬁ?ﬁ OF TIME OF ﬁ‘f‘&ﬁ AGE OF LIVER

Length of Pork I rabs Steenbock ¥

time of
storage
of 1ivey

Hon~toxic

| Poxle

rats

G days to
1 week

Per gent

2. 49
B.73
11.29
D.82

Per cent

9. 34
8.

Per cent

7.44
9.99

2 woeks

7,08
T8

3 weeks

707
6.93

1 month

T.82

5.23

2 months

6.63
6.80

§

¥

8487

5 months

5.10

7e1l%

& months

B. 70
10.87

B.28

7 wmonths

e £
K%
5.27

.04

8 months

12.58

§ months

gﬂq 5’5

10 months

- B.7B
10492

11 months

5.88
hdan d




w1 B0

ILE XVIII. IODINE NUMBERS OF LIVER LIPIDS IN
PREGNANT CONTROL RATS IN SERIES IT

Rat Phospholipid | Acetone
Bumber fatty aclid soluble fatiy
I8, : acid I.H.
23887 | 149 | -
ga7eg | 153 154

23947 180 | 12

23950 162

25884 182 148

25859 | 187 149

25979 -

Av. . 149 141
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CONCENTRATION OF LIPID ?E&@%ﬁ@ﬁﬁ IN ﬁivﬂﬁﬁ oF ?ﬁgﬁﬁﬁﬁ?

)

s REGEIVING THE SUPPLE)

i

{TED PORK I DIET « SERIES II

Supplement
and rat no.

| Weight

%@iatu'*ﬁry

wt. of

‘ liver

wb. of

1iver

Total
iipid

Total
Tatby

acids |

Keutral
fat

Phogw

‘phow

lipid

Cholesterol

Potal

" Freeg

Bgter

Lipoecalc
4439

Raw pork
25935

Desicole
25962

Cerophyl
27995

Cholesterol
28572

235
199
2236
300

250

7.8728
6,811
Qa%ﬁ@
8.062

9,088

E%%
351.9
987, 1
ggv.2
784,5

2639.6

i
279.8
Ba7.8

815,82

662.8

1872.0

mEs
193.58

795.8

! ?ﬁég?

533, 2

1434.2

ng,

142.1

115.0

£50,8

145,1

g

Kﬁ&ﬁg'

21,75
28,53
18,92

847,80

g

11. 91

18,62

16,51

32, 33| 6]

14,47




NCEWTRATION OF LIPID FRACTIONS IN BLOOD

PLASMA IN CONTROL RATS

Total
fatty
soid

Phospho=

lipid

Potal
eholestersl

B/1C

days

118
139
168

118

138
155
161
180

602, 94
758,09
390,13
262,77
444,41

99,83
7954 58
253,80

194, 50
151,05

E*%ﬁ

2&@5
2.15
2,056
1.7%
169

144

448,19

177.85

2,00

~2eT~
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'PORM 1. CONDITION OF FEMALE RATS AT NECROPSY (EXTERNAL CONDITION)

Rat no. _ Diet no. , » Desgeription of diet
Age rat (in ﬁaya) _ " Necropsy date _ Post atarvati@m.yérfé‘ ¥
Pregnaney no. Hour 4 Food -
Day of gestation period___ Perlod of starvetion Quantity
Wt. before starving Hour initiated Length of pericd
Wt, after sterving Hour terminate -
Phyaiaal condition™
‘General ~ Alert Paws pinkish _ Eyelids ,
Pab__ — Gaunt_ Gyes pink Inflemed  Infected
Muszcle tone E@ﬁpiratian
General Abdominal - _ Sniffy _
o ’ ‘ ?alg&%a ions
Galt " ‘ R
Dragging Blevated _ Exudates”’ o
Sprawling____~ Awkwerd Nasal ¢
| S ’ Oral
Haly '
Clean ____Snmooth - Hematuria
sreamy  Thiek . e |
Pine ‘ | _ | ~ Remarks:
Tall
Clean_ _____Smooth
Discolored Sores

a, Not checked in this atudy.

b. In recording the degres to which any condition ls present use
a seale ranging from minus (=) to four plusses (++++}.

¢, Indicate character of exudate,




?@ﬁﬂAEs¢‘ﬁG§EI$$ﬁﬂ OF PENALE RATS AT ﬁﬁﬂﬁﬂﬁﬁf {1%%%&%&5 &ﬁﬁﬂl?lﬂ%}

Raﬁ'nﬁ,',‘__ N | ‘Dietno._ B@aaripti@n of dleb

Fat Qapatg | P A stamaah'aiaara
sm%aamm ' L “Humber
F&riﬁama&l
@mmal

ﬁ%vﬁriﬁg

| 2&&%&
Yﬁl&ﬁw

Lobe l._

??1ﬁﬁl$’w';'3f} i

B

Eiﬁnaya

‘Cortex, - color Ss

Hedulla, aolav

P&lvia; amlar*  »?,“f‘friab1@- ‘5:'f7'j 4o

(P‘smmwg m?’ ﬁmss amamlitwm e Pua Wﬁk@tm -

‘ﬁﬁ;;ara Iutﬁa :

‘o, in left cwam ri@m; _
@ﬁl@r R

Fetal ﬁi%ﬁﬁ, nos af
Live rsti, nm* of

Resorptions, nos of

8, Use & scale ranging from minus (w) ﬁa faur pluaaas (*++¢} in so far
as possible in recording the degree to Whieh any condition is present,

-981~
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