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INTRODUCTION.

Investigations into tissue lipides invariably
lead to a consideration of the activities of the
liver, for amongst the amazing variety of functions
ascribed to that orgean, not the least important is
the role it plays in the metabolism of fat. An
indication of the importance of the liver in lipide
metabolism is given by the observation that in a

great variety of conditions, neutral fat or choles-

:terol esters may accumulate in it to a much greater

extent than in any other organ. But here the -
border line between the normal and the abnormal is
not well aeTinea ana such fatty changes have often
been regarded as pathological rather than physio-
tlogical, And certainly, amongst the various
conditions which result in an excess of fat in the
liver, we find such pathological states of the body
as diabetes mellitus, pernicious anaemia, and
poisoning with phosphorus, chloroform or phloridzin.

Various infective fevers such as typhoid, small-

pox and dipnhtherias Or gross infestation with worm
perasites as in ascariasis or ankylostomiasis may
result in similar changes.
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In the conditions enumerated above there are
usually some signs of damage to the liver cells, and
this type of change is designated "fatty degenerationv.

In other cases, however, there is found an increase

of fat in the tissue without any accompanying

degeneration of the cell protoplasm, and such a
condition 1s termed “fatty infiltration™.

Fatty infiltration in the striect sense means
merely accurmlation in the cell of fat from the outside
and might theoretically be due to increased trensport
of fat to the tissue or to diminished utilisation or
to a combin&tion of both. Thus there is an increase
in the fat content of the liver within a few hours
of the ingestion of & meal containing large amounts
of fat, & phenomenon utilised on & commercial scale
in the production of paté'de foie gras. And fatiy
infiltration is & frequent accompaniment of gross
Tatness whether the latter be purely nutritional or
associated with endocrine disturbances. Such
changes are probably mainly associated with inereased
assimilation. on the other hand, factors which
interfere with normal oxidation and utilisation of fat,

s.g. chronic alecoholism or pulmonary tuberculosis,
have also an important effect in leading to
accumulation of fat in the liver.

During/
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During the last few years there has been a con-
:siderable amount of research on various factors
associated with fatty infiltration of the liver.
Thus, it has been reported to occur during fasting,
and this has been ascribed to mobilisation of depot
fat . for energy reguirements, Mottram (53) found
that an increase in liver fat occurred in fasting
rabbits whilst Best and Campbell (8) showed that
fasting produced & similar condition in guinea pigs
and mice, Rats, on the other hand, were found by
Best and Ridout (14) to give rather varieble results,
the increase in liver fat apparently being dependent
to a considerable extent on the calorie intake prior
to fasting. That the fat which accumulates in the
liver during fasting comes mainly, if not wholly, from
the body depots has been shown by Barret and his co-
workers (5) using deuterium as an indicator.

The production of fatty livers in rats by
edministration of a diep consisting of mixed grain and
40% beef fat was first demonstrated by Best, Hershey
and Huntsmen (11). Later it was shown by Best and
Huntsman (12) that the inclusion of choline in the
diet in the relatively small amount of about 1%
prevented the appearance of this "fat" fatty liver.
The phenomenon was further investigated by Best et al
(9) who showed that it was the neutral fat faction of
the liver which was increased in such experimentally
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produced fatty livers. And in addition to choline,
various analogues such as homocholine, triethylcholine
and tripropylcholine heve been found by Channon,Platt
and Smith (24) to be very efficient in preventing
and curing such "fat" fatty livers of dietary origin.
It has also been found possible to produce fatty
livers by feeding animels on diets containing choles-
:terol. Thus Okey (56) showed that the dietary
administration of 1% cholesterol to rats produced a
large increese in the lipide content of the liver and,
in particular, a remarksble rise in the amount of

total cholesterol, far the greater part of this being

present as cholesterol esters. Moreover, the inclusion

of choline (9) and various huﬁologues (24) will hinder

the abnormal deposition of lipide in the liver by these

high cholesterol diets.

Increasing the protein of the diet diminishes the
deposition of fat in the liver. In 1935 Channon and
Wilkinson (25) carried out experiments which indicated
that the amount of glyceride in the "fat" fatty liver
was inversely dependent on the amount of caseinogen
in the diet. This work has since been extended, and
it is now known that certain proteins such as caseino-
:gen (10) and emino-acids such as methionine (23)
exhibit a marked lipotrepié action when added to
diets which would otherwise produce fatty infiltration
of the liver.
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Another dietary factor concerned with fat
metabolism in the liver is the vitamin B complex.
According to McHenryl(48 & 49) vitamin By was found
markedly to increase the amount of fat in the liver
of rats maintained on a low choline diet. This was
confirmed by Best and Ridout (14) who showed that
the addition of crystalline vitamin B; to diets low
in choline or to sucrose diets increased the deposi-
:tion of fat in the livers of normal rats.

Endocrine factors have not been neglected, and
in psrticular it has been shown that injections of
anterior pituitary extracts rapidly produce an
increase in liver lipides. In 1936, Best and
Cempbell (7) studied the action of a ketogenic ex-
:tract of the anterior pituitary which produced an
intense infiltration of fat and a rapid increase in
the size of the livers of fasting rats; end subse-
touent observations by Mackay end Barnes (48) con-
tfirmed their results. Further work by Best end
Campbell (8) showed that in fasting animels the
anterior pituitary preparation used caused a much
greater increase in the liver fat in guinea pi&s and
mice than in rats.

Other internal secretions may also be of
importance in this respect. Some workers claim to
have demonstrated in pancreatic extracts a lipotropic
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factor other than choline and the factors associated
with protein (22), though this claim has been disputed
(15). And the suggestion that the adrenals may also
be concernéd in the deposition of liver fat has been |
put forward by Issekutz and Verzar (44). '
While there has thus been intensive research
work during recent years on several dietetic and hor-
imonal factors associated with fatty changes in the
livers of various species, relatively little attention
has been paid to the effect of pregnancy on liver
lipides.

According to some authors, e.g. Gaiger and Davies

(35), a fatty infiltration of the liver is a normal
accompaniment of pregnancy in various species. But
g search of the rather scanty literature on this

sub ject reveals considerable divergence of views,

In 1900, Miotti (52) recorded an abnormal emount of
faet in the livers of pregnant rabbits, and this was
confirmed by Coope and Mottram (26) who found a
decided increase in the liver fet of cats and rabbits
during pregnancy. On the other hand, macLean [quoted
by Best and Ridout (13)] failed to demonstrate a
constant increase in the amount of liver fat in
pregnant rabbits even when these animals received a
diet rich in fat; and Snook (63) found no evidence
of fatty infiltration of the liver near term in
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pregnant rats, rabbits, guinea pigs and sheep.

Accumulation of fat in the liver is the most
striking post-mortem feature in ewes affected with a
condition known as "pregnancy toxaemia", and this is
often used to confirm the diagnosis macde on the history
and clinical symptoms. It has been suggested, how-
:ever, by various authors (27, 38, and 69) that fatty
infiltration of the liver might be characteristic of
the pregnant ewe near term. Such suggestions were
presumably based on post-mortem experience, but no
data are quoted in support of the contention.

While there are numerous studies of the liver
lipides in small experimental animals such as rats and

rabbits, little analytical work has been done on the

liver lipides of sheep. Turner (68) analysed five
specimens of liver from non-pregnant sheep and found
that the totel fatty acids averaged 4% of the moist
tissues, with an iodine value about 120 and a mean
molecular weight of sbout 300. Hilditch and Shorland
(42) mede a more comprehensive study of the livers

of 22 sheep, also non-pregnant, and fractionated the
fatty acids obtained. They found that on an average
the livers contained 5.4% of ether-soluble material,
about half of which was phosphatide and the remainder
glyceride plus unsaponifiable material. Snook (63)
analysed three liver samples from non-pregnant sheep,

and found the average chloroform extract to amount to

about/
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about 5% of the wet liver tissue.

Only two workers give Tigures for the fat content
of the livers of healthy pregnant ewes. Roderick,
Harshfield and lierchant (59) reported that in 6
normal pregnant ewés the fat present in the liver
amounted on am average to 7% of the dry tissue (about
2% of the fresh liver) as compared with 60% of the |
dry tissue in eight cases of pregnancy toxaemia.
snook (loc.cit) found that in twelve healthy pregnant
evies, the chloroform extract amounted to about 5.5%
of the wet liver. 0f this, ether-soluble phosphorus
formed about 8¢ of the total extract, and unsaponifi- |
rable material about 8.5%, these figures being very
similar to the findings in non-pregnant sheep. Snook
therefore concluded that fatty infiltration of the
liver is not a necessary condomitant o pregnancy in
the ewe.

on the other hand, many veterinary practitioners
with considerable experience in post-mortem
examination of ewes in the field and in the abatioir
hold that fatty changes in the liver are quite common
in healthy pregnant ewes. In view of this diversity
Oof opinion and of the diagnostiec importance often
attached to the post-mortem finding of fatiy
infiltration in the livers of ewes suspected ©Of
Pregnancy toxaemia, it seemad desirable to make a
comprehensive survey ot the lipide content of the
liver in healthy pregnant aﬁa non-pregnant ewes.

Mhs o
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This was rendered possible by the kind co-operation of
Sir Joseph Barcroft, who was meking a study of the
development of the foetal nervous system in the sheep,
necessitating the killing of in-lamb ewes at various
steges of pregnancy. Arrangements.were made to
obtain specimens of liver from these animals, and in
addition a number of random samples from pregnant and
non-pregnant ewes were obtained from other sources,

It hes also been stated [Gilruth (37) and Dryerre
(Sll:lthat in pregnancy toxaemia the‘kidneys are also
Trequently pale and fatty. As there are no recorded
observations on the effect of pregnancy on kidney
lipides, occasional specimens of kidney were also
anglysed from healthy pregnant and non-pregnant ewes
to see if the lipide content differed in the two

groups.
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METHODS .

Scheme of Analysis.

Before commencing the analysis of liver and kidney
specimens, a comprehensive survey was made of the
various methods recommended for studying tissue lipides.
The details are discussed in subsequent pages, but
the following outline gives an indication of the
general scheme of analysis finally adopted.

A small portion of tissue(d - 1 gm.) was taken

for determination of meisture content and occasional

specimens submitted to histological examination.

Some 20 gm, of tissue sampled from different parts of
the organ were accurately weighed, ground up with
anhydrous sodium sulphate and then extracted with
elcohol and ether, the extracted lipides being finally
teken up in 250 c.c. of ether. This was then
analysed as follows:=-

(1) 25 c.c. were evaporated down, dried in
vacuo and weighed to give a measure of the total
lipides present.

(2) 100 c¢.c, were saponified and divided into
(a) unsaponifiable material and (b) total fatty acids,
each of these fractions being taken up separately in

200 c,c, of petroleum ether:-

(a) 50 c.c., were taken for the estimation of

total cholesterol whilst the remainder

evaporated/
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(3).

(4)
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evaporated down and weighed gave the total

unsaponifiable material.

100 c.c. evaporated down and weighed gave

the total fatty acids. These were then

redissolved in alcohol and titrated with

N/10 NaOH to get their mean molecular

weight.

The remaining 100 c.c. of petroleum ether
extract were evaporatéd down and the

iodine value of the fatty acids obtained.

I'ree cholesterol was estimated on 25 c.c.

of the original extract.

Lipoid phosphorus was estimated on 5 c.c.

portionsg of the original extract. (In occasional

specimens the phospholipides in the remaining ether

extract were precipitated by acetone plus magnesium

chloride and weighed as a check on the lipoid P.

estimation) .

From the data obtained, the following were

calculated:-
(a) Combined cholesterol
(b) Fatty acids combined with cholesterol
(¢c) Phospholipides
(d) Phospholipide fatty acids
(e) Neutral fat fatty acids
(f) Neutral fat.
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Extraction of Tissue Lipides.

Complete extraction of lipoid material from
tissues is no simple matter. Thus Leathes and Raper

(47) found that after four successive extrzctions

with alcohol followed by two with ether there remained

unextracted in the tissue more than 3% of the total
fatty substance of the liver. In the last decade
many modifications of Leethes and Raper's procedure
have been suggested (16, 67, and 45) with a view to
increasing the efficiency of the extraction, but the
essence of all the methods has been dehydration with
slcohol followed by a varying number of extractions
with boiling elcohol and ether, the extracts being
finally evaporsted to dryness end the residue taken
up in ether or chloroform. The most exhsustive
series of extractions is that used by Best, Channon
and Eidout (9) who subjected the minced tissue to
three extractions with hot alcohol followed by four
with ether, the combined alcohol-ether extracts
being evaporsted to dryness in vacuo anéd the regidue

re-extracted with warm ether seversl times and

s =z preliminsry, it wae decided to compare the

cormletenegss of extraction by various methocs, those

ot

chosen neing thaet of Eloor (16), vhich wae the mos

e - W 1
CO;ET%L%&G;V%/




~13="

4

corprehensive of the earlier series, and that of Best
et a1l (8). The principle used was to take in each
case some 20 - 30 gm. of tissue and extract the
lipides in the manner recommendea. Then the totsl
lipides extrscted and the residusl tissue were
seponified separately by the method of Lieberman {47)
and the total fatty acids plus unsaponifisble m=terial
estimated in each case. It was thus possible o get
a nmeasure of the completeness of the extraction by

e of Tatty acids plus unsaponifisble

ct
o
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material left in the extracted tissue. As g result
of & nurber of determinations it was found that the
method of Best et al was slightly more thorough than
that of Bloor, the percentage of lipoid material
remeining unextracted being usually about 2% with
the former as compered with slightly over 3% with the
latter. Experience with these methods, hovever,
sugzested that certain alterations might be an
improvement. Thus, the use of alcohol as a drying
agent was found to introduce complications later
when eveporating down the various extracts, &8
considerable frothing occurrec in the vresence of
water, It was decided therefore to adopt the
techniocue of Best et al.with minor modifications,
ViZe,

(a) +4he use of enhydrous sodium sulphete %o
remove water and fecilitete the grinoing of the
tissue

El
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(b) to discard the second grinding of the tissue
which proved tedious and was unnecessary in view of
the thorough trituration obtained with (a),

(c) to keep the alcohol and ether extracts
separate so as to facilitate recovery of solvents,

(d) to substitute extraction in a soxhlet
apparatus for shaking with hot solvent.

Having adopted these modifications, it remained
to see how many extractions were necessary to get as
nearly complete removal of'lipides as possible.

In order to do this some 20 gm. of tissue were
extracted and the various fractions kept separate,
evaporated down and weighed. It was found that the
use of a soxhlet in place of shaking with hot solvent
enabled one to extract all but 1 - 2% of the lipoid
material from the tissues whilst omitting several of
the extractions used by Best and his colleagues.
Thus, extracting the dried powdered tissue overnight
with cold alcohol was found to remove some 60% of

the total lipices vhilst subseauent shaking with warm
alcohol for a few hours removed another 20%.

Treating the tissue with alcohol in a soxhlet
appaeratus then succeeded in removing another 1lUm of
lipides, whilst subsequent extractions with boiling
alcohol proved relatively ineffective. But two

further/



further extractions of the tissue with ether in s
soxhlet for 2-3 hours each time removea respectively
some 6% and 2% of the total lipides, whilst further
extractions with ether removed only very small traces.
The method finally adopted, therefore, was as IolLlows:-
sbout 20 gm. of liver were taken, being sampled
from various parts of the organ, avoiding fat and
connective tissue as far as possible. This was
weighed accurately, transferred to a glazed mortar and
thoroughly pulped. Then about 25 gm, of anhydrous
sodium sulphaete were added and the whole ground
thoroughly into a paste. after about 30 minutes the
resulting dry mass was thoroughly powdered and
transferred completely to a conical flask with 100-150
c.c. of absolute alcohol. after being shaken, tnis
was stoppered and set aside for several hours, often
overnight. Then the alcohol was decanted through a
fat-free filter paper into a 500 c.c. conical flask.
About 100 c.c. hot alcohol were added to the residue
and set aside for a few hours with occasional
thorough shaking. The alcohol was then decanted off
as before and the tissue transferred to a soxhlet
extractor and treated with 100 c.c., of boiling alcohol
for about three hours. The alcoholic extract was
then filtereu off as before and the tissue extracted
twice with 100 - 150 c.c. of ether, for about three
hours each time. |

The/



Liver Lipides

TABLE 1I.

in Domestic

Animals.

Speéies Number Total Lipides
of | of | (gm. per cent.
; i moist tissue)
Animal 1 Specimens {
i E lean S.De
Horse 4 4.628 ¥ 0,62
0x 6 6.0 £ 0.8
Sheep 6 6.6 =*= 1:2
l
T
Pig 4 4,83 * 0.9
Dog 5 .8 L .8
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The alcohol and ether extracts were then
evaporatea to dryness under reduced pressure, the
temperature mnot being allowed to rise above 40° C.
The residue was extracted five times with warm ether,
filtered and made up to 250 c.c. in a standard flask,
then transferred to a tightly stoppered container
and suitable aliquots taken for analysis.

In revpeated experiments with this method it was
found possible to extract practically 99% of the

lipoid material from the tissues.

Estimetion of Total Lipides.

The method used was to pipette 25 c.c. of ether
extract into a weighed extraction flask end
eveporate down on a water bath in a stream of COg
until a1l the ether had been removed. Then the COp
was shut off and a vacuum applied for 10 - 15
minutes. The flask was then cooled for several
hours in a vacuum des%iéatér and weighed. Using
20 - 25 gm. of tissue‘fér the original extraction
and meking the ether extract up to 250 c.C. it was
found that 50 c.c. alicuots gave results within half
a per cent. of each othner, whilst 25 C.C. portions
gave a variation of one to two per cent. at the most.

As very few data were available on the lipide
content of the Liver in domesticated animals a few

analyses were made to find the range of variation

which/
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which might normally be encountered. the results

are given in Table I,

Separmation of Tissue Iiipides.

For a study of the effect of pregnancy on Liver
lipides, more detailed information was thought
desirable and the following methods were adopted.

hgtimation of ‘Lotal fatty Acids and Unsaponifiable
Material.

lwo methods for this were tried out, viz.,
Lieverman's method (47) and that of Channon and El
Saby (21). The first was found to be less tedious
ana wore ﬁnorougn than the second and was therefore
adopted with a further slight simplification. 100 c.c.
of the original ether extract were evaporated down
and 20 c.c. of absolute alcohol plus 5 c.c. of 2.5%
NaOH added. The solution was heated on a water bath
for one hour, then transferred to a separating funnel
with 50% alcohol and extracted five times with 20 - 30
c.c. portions of petroleum ether to remove
unsaponifiable material.

(a) The combined petroleum ether extracts were
shaken twice with 5U% alcohol, transferred to a
standard flask and made up to 200 c.c. A portion of
this was then set aside for total cholesterol
estimation, and the remainder transferred to a
weighed flask and evaporated down as for total lipldes.
The increase in weignt gave a measure of the total

unsaponifiable/



=18

unsaponifiable materiél present,

(b) The combined alcoholic solutions were
acidified with 10% Hp504 wuntil acid to phenol-
phthalein. Then the fatty acids were extracted
five times with 20 -~ 30 c.c, portions of pétroieum
ether, the combined extracts washed twice with
distilled water and then made up to 200 c.c. in a
standard rlask.

100 c.c. were taken for iodine value
determination and the remainder evaporated down and

weigheda, giving the total fatty acids.

Mean liolecular Weight of Fatty acids. (47)

The total fatty acids weighed in the previous
estimation were dissoived in 25 c.c. of alcohol and
a drop of 1% phenolphthalein added. ‘They were then
titratea with N/10 NaOH, as also a blank containing
only alcohol plus indicator. The difference gave
the amount of alkali reguired to neutralise the
fatty acids and the mean molecular weight =

wt, of fatty acid (mgm) x 10
c.C. N/10 NaOH

Iodine Value of Fatty Acids. (Wij's method).(47).

100 c.c. of the petroleum ether extract of
fatty acids were evaporated down as for total
Lipides but instead of being cooled and weighed
were immediately taken up in 10 c.c. of pure carbon
tetrachloride and 25 of Wij's iodine solution added.
4t the same time a control containing solvent and

iodine/
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jodine solution only was also prepared. The flasks
were stoppered and set aside in the dark over night,
The next morning the contents of the flask were poured
into a 150 c¢.c, Erlenmeyer flask and 1V c.c. of 10%
KI run into the former to dissolve traces of iodine
left in it. The contents were then washed
guantitatively into the Erlemmeyer flask with water
and the volume of fluid made up to 300 c.c. and
titrated with N/10 Sodium thiosulphate using starch
solution as an indicator. The difference between
the two titrations (% c.c.) gave the amount of iodine

absorbed by the fatty acids and the iodine velue =

12.2 X
10 x wt. of fatty acids

With the quantities normally available this method

was found to give results reproducible within Spe.

Estimation of Phospholipides.

Phospholipides may be precipitated from alcoholic
solution by means of acetone containing traces of
magnesium chloricde (62). This method is useful where
a detailed analysis of tne phospholipide is required,
but as a method of estimation it is somewhat
unsatisfactory, as it is by no means certein that
precipitation is always complete. A common methnod
of estimation therefore is to determine the amount of
etrner-soluble phosphorus by a method such as that of
Fiske and Subbarow (32) or its modificationsand to
calculate the amount of phospunolipide on the

assumption/
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gssumption that it 1s present as lecithin.
The method of lipoid P. estimation adopted in the

present investigation was that of Stewart and Hendry
(65) which had been found simple and very s&?israetory
for blood lipildes. The method was modified slightly
py adapting 1t to estimate somewhat larger amounts of
phosphorus, thus avolding any necessity for further
dilution or the cther extract.

5 ce.c. portions of the original ether extract were

pipetted into two 6 X 1 in. pyrex boiling tubes and a
glass bead aaded to each. The ether was then
evaporated off on a water-bath and 5 c¢.c. of 10 N HgSO04
added. Next each tube was heated over a microourner
until complete charring occurred. After cooling, a
Tew drops of 50% HyOg (perhydrol)] were added and the
tube again heated. If the solution dia not clear
completely, two more drops of perhydrol were added
ana the heating repeated. This process of adding
perhydrol, one or two drops at & time, and heating
arter esch aaaition, was continued until the liquid
wes clear. Then the solution was boiled up agailn

Tor a few minutes, when further charring usually

took place. ‘his was cleared as before by the
adtition .of a few drops of perhyarol, and then the
Hgz02 was poiled off. Lfter the solution had cooled,
it was transferred with distilled water to a 100 C.C.

stanaarﬁ/
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standard flask and a further 8 c,c¢. of 10 N HpsS04
added. In another flask were placed 10 c¢.c. of

10 N HQSOéand 5 c.c. of standard phosphorus solution
(L coce = 0.1 mgm. P.). To each flask was added

10 c.c. of 2.5% ammonium molybdate and 5 c.c. of an
0.25% solution of 1-2-4 amino-naphthol-sulphonic acid,
The contents of the flasks were then made up to the
mark and thoroughly mixed. A portion of the contents
of each flask was transferred to a separate boiling
tube and the tubes placed in a boiling water-bath for
ten minutes. After cooling in running water, the
solutions were compared in a colorimeter, with the
standard set at 20.

Reading of standard % 0.5
Reading of unknown $

= mgm P. present in
5 e.c. ether extract.

Repeated experiments with this technique geave

results reproducible within 2 - 3%.

Precipitation of phospholipides.

4s a check on the reliability of the above
method for giving a measure of the phospholipides
bresent, a number of experliments were carried out,
where, in addition to estimation of ether-soluble
phosphorus, the phospholipides present were
precipitated and estimated both gravimetrically and
by colorimetric estimation of phosphorus in the
precipitate, Thus, in one sample where estimation

of/
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of ether-soluble phosphorus gave a calculated phospho-
lipide value of 0,730 gm. present in the 250 c.c. of
ether extract, direct estimation by precipitation and
weighing gave a value of 0,712 gm. i.e. within 2 - 3%.
Colorimetric estimation of lipoid phosphorus in the
precipitate gave a calculated value of 0,745 gm.
showing that the factor used in the calculation was a
Satisfactory'approximation to the true value:. It
would appear, therefore, from this and other check
experiments that estimation of ether-soluble phosphorus
gave a reliable estimste of the amount of phospholipides

actually present in the tissues.

Bstimation of Cholesterol.

The small quantities of cholesterol. normally
present in tissue extracts are rather difficult to
estimate accurately, especially in the presence of
large quantities of other lipides., The methods
employed depend on digitonide precipitation and the
presence of large amounts of lipides renders the
filtration and washing of the digitonide tedious and
uncertain, Various techniques were tried out, and
the most satisfactory method of separation was found
in Yasuda's modification of Okey's method (71).

For the actual estimation Yasude employed Bloor's
oxidative technique but this was found to give very
veriable results, so a gravimetric method of estimation

vas/



was sought. The most satisfactory proved to be the
method of Szent-Gyorgi es modified by Jowett and
Lawson (45). The method finally adopted, therefore,
consisted of a combination of these two techniques.

(a) Total Cholesterol.

Aliquots were taken from the petroieum ether
extract of unseponifiable material, the solvent being
evaporated off on a water-bath and the lipides taken
up in 5 c.c. of absolute alcohol.l. 5 ¢.¢, of an 0,5%
solution of digitonin in alcohol were added, the
mixture heated almost to dr&ness on a hot plate and
the last traces of alcohol removed in a stream of Cog
Then 10 c.c. of distilled water were added and the
mixture heated with constant shaking till it began to
boil, After cooling, 20 c.c, of acetone were added
and the mixture thoroughly shaken. It was then
filtered through a weighed sintered gléss filter (Ggz)
using gentle suction. The inside of the flask and
the filter were washed twice with acetone and three
times with ethef, sucking dry each time.  After
drying in a hot-air oven at 1120 C. for 1 hour, the
filter was cooled in a dessicator and weighed.

Wt, of cholesterol = 0,243l x wt. of cholesterol
digitonide.

(b)/
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(b) Free Cholesterol.

&9 c.c. portions of the original ether extract
were evaporated down on a water-bath and the iipides
teken up in alcohol. The free cholesterol was then
precipitated as digitonide as for total cholesterol.

The results were found o0 be reproducible usually
within 37, though occasional devieations as large as

7 - 10% were found with total cholesterol estimations.

Estimation of Dry Weight of Tissues.

In case variations in lipide content might be
accompanied by marked changes in the moisture content
and thus give a misleading picture of the magnitude
oI Lhe changes involved, occasional determinations
were made oi the drylweight of the tissues. some
very thin slices, amounting in all to about 1 gm.
were removed from various parts of the specimen and
welghed rapidly in a covered glass dish. The dish
Was then placed, minus the cover, 1n a hot-air oven
at 1109C. for 4 = 5 days, and the percemtage -loss of

welght determined at the end of this period.



caleulated Values.

A number of check experiments showed that free
fatty acids were small in amount. Moreover, no
reliable method was av&ilable for the estimation of
galactosides. These two fractions, therefore, were |
included in the neutral fat fraction. The following

values were calculated from the data obtained by the

above methods.

(a) Bound cholesterocl = total - Iree.

(b) Cholesterol esters (&8s oleate] = 650 4 (a)

(¢) Fatuy acids, combined with cholesterol (as

oleic acid) = (a) x &82
486

(@) Phospholipides (as di-oleo-lecithin. P = 3.86%)
1 mgm. iipoid P. = 25.9 mgm. phospholipides,
(e) Phospholipide fatty acids (as oleic acid) =
70.4% of (d).
(f) Neutral fat fatty acids (as oleic acid) =
Total fatty acids =~ [(¢) +(e).]

(g) Neutral fat (as triolein) = (f) x 1.045.



Results of a tyvnical extraction.

Tissue:~ Sheep's liver - appeared normal

macroscopically and histologicelly.

Pata measured.

Wt., of liver extracted

% moisture present
Total lipides present
Total fatty acids

Mean molecular weight
of total fatty acids

Iodine value of
total fatty acids

Lipoid P.

Total unsaponifiable
material

Total cholesterol

f'ree cholesterol

Data Calculated.

Unsaponifiable material
other than cholesterol

Combined cholesterol
Cholesterol esters

Fatty acids combined
with cholesterol

Phospholipide present

Phospholipide fatty acids =

Neutral fat fatty acids

Neutral fat

Amouht/

i

20.88 gmn.
68.

1.65 gm, = 7.9% moist
1,095 gm,

293

90.

34,1 mgm,

0,191 gm.
0.0770 gm.
0.0605 gm.

0.0114 gm,
0.0165 gme.
0,0278 gm.

0.0122 gm.
0.882 gm.
0.621 gm.
0.462 gm.

0.485 gm.

tissue
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Amount of the verious fractions present in 100 em.
liver.

Phospholipide = 4.21 gnm,

I'ree cholesterol = 0.29 gm,

Cholesterol Esters - = 0.13 gm,

Other Unsaponifiable material = 0.54 gm,

Neutral fat - = 2,92 gn.
Total lipides = 7.49 gm. i.e.

about 5% less than direct estimation.

This discrepancy between the total lipides as
estimeted direct and as calculated has been noticed
before (9 and 41), and it has been suggested that

the difference may be due to the method of extraction
used removing substances which are not soluble in
alcohol or ether but are soluble in ethereal
solutions of phospholipides. That some such
explanation is probably correct can be shown by
comparing the weight of total lipides with the weight
of unsaponifiable material and total fatty acid
obtained. Saponification and subseguent removal of
water-soluble substances will cause loss of glycerol,
choline and phosphoric acid. On the assumption

that the phospholipide is lecithin, the expected

loss can be calculated for any sample if the amount

- of phospholipide present is known --- the loss of
glycerol from glyceride is usually small compared to
the amount of total lipide.

Total/
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Total lipides calculated from the sum of fatty &cids

plus unsaponitriable material, a correction being

introduced 1or the water-soluble products of
saponitication of phospholipide. (Assuming it is all
present &s di-oleo-lecithin with a water-soluble
fraction of 29.6%).

Total unsaponifiable material 4total fatiy acias-=

= ll 886 gl'il-

Total lipides = 1.286-4(89.6% Oof 0.882) =

= 1.548 gm. = 7.41% of moist liver.

Thus, the amount of total lipide calculated as
above is within about 1% of the amount derived Irom
aduing together the dirferent fractions estimated.
This conrirme the view that the method of extraction
adopted, though naving advantages in the completeness
of extraction obtained, suffers so far as direct
estimation of total lipides is concerned, from the ;
extraction of certain non-lipoid materials. In
subsequent investigations, therefore, the airect
weighing of total lipides has usually been dropped
(peing uone only occasionally as a check). The data
obtained have been expressed as the amounts of the
various fractions present in 100 gm. moist liver, and
the total lipides estimated as the sum of the various
Tfractions isolated.

Reproaucibility/



TABLE II,
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Reproducibility of Kesults.

As a check on the reproducibility of results, as
affected by sampling variations and experimental
errors, a large specimen of liver was obtained from
a young non-pregnant ewe slaughtered for food.

Three different lots of liver were taken, each being
approximately 20 gm. in weight, and the lipide
analysis carried through as described on previous
pages. The results are shown in Table II.

It will be seen that the greatest variation
occurred with cholesterol esters and unsaponifiable
material other than cholesterol. This is associated
with variebility in the results for total cholesterol
which were sometimes unsatisfactory, as prolonged
hydrolysis with elkali tended to interfere with the
precipitability of the cholesterol as digitonide.

In spite of all precautions, this remained the least
satisfectory of the estimations. Neutral fat, which
is obtained by difference, also showed considerable
variation, but results for phospholipides and free
cholesterol could be reproduced with considerable
accuracy and the figures for total lipides (which
depended mainly on the resulﬁs for phospholipides and
total fatty acids) were also reproducible within
reasonable limits. From the results it seems
unlikely that unegual sampling would give rise to more
then a 4 or 5% variation in the results for total

lipides/



1ipides, though the much smaller cuantities of
ynsaponifiable material present might show considerably
!

greater percentage veriations.
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The Effect of Pregnancy on Liver and Kidney Lipides.

Considerations of space render it impossible to
give a detailed account of the large number of
individual analyses performed, but a summary of the
results is presented in the following psges slong
with a statisticel survey and discussion. The

tissues studied can be considered in six groups.

GROUP I.

Liver specimens from 25 non-pregnant ewes,

The specimens from non-pregnant ewes were random
sarples obtained over two successive years at
intervals during the period when pregnancy normelly
occurs, viz., October to April. Animals of all ages
have been included and some specimens came from the
same flocks as the pregnant animsls studied. A
preponderance of specimens, however, ceme from animals
about one year old, which were being slaughtered for
humen consumption.

The results obtained are summarised in Table III,
They are in feirly close agreement with the few
observations of previous workers and with the findings
for other species (Table IV). The moisture content
is somewhat smaller then that found by Snook (63),
but both sets of results show considerable variation,
and the d@ifference between the means is practically

equal/
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equal to the standard error of the difference, so
that it is probably of no significance, The average
phospholipide content and average total lipides are
somevhat greseter than found by other workers, but

the difference is probably accounted for by the more

thorough methods of extraction adopted.
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GROUP TIT

Liver specimens from 90 pregnant ewes. (Table V)

The ninety specimens obtained from apparently
healthy pregnant ewes were also spresda over |
successive breeding seasons. When compared with
the previous group, the most obvious change is an '
increase of about 60% in the average total lipides,
and this increase is due practicelly entirely to an
increase in the neutral fat fraction,

Table VI shows the difference between the means
of the fwo grouns along with the standsra error of
the difference between the means. It will be seen |

that the most significant difference is certainly in

total lipides, where it is practicelly nine times ,
.
the standard error. 1The neutral fat fraction, whicﬁ
is meinly responsible for this, naturally also shows
& very significant difference, In the case of
phospholivides and the various unseponifiable
fractions the difference is barely lsrge enough to b?
significant unless for the unsaponifieble material
other than cholesterol where the difference between |
the two means is precticallyfour times the standard |
EXTOr. As the nature of this frasction is unknowm, |
the significence of the finaing is obscure, but the |
difference forms only about 2% of the increase in |

total/
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total livides.,

Moisture content and iodine values show a
difference between the means of the same order as the
standerd error of the difference, and such differences
would, therefore, appear to be of no significance,
However, these €éstimations were not carried out in
every case and the figures cuoted éo not give a true
indicetion of the real megnitude of the change.

When the moisture content of the liver is plotted
against total lipides (Fig. I), there is a slight but
definite fall, more or less linear in nature. This
is confirmed by the fact that the co-efficient of
correlation is =0.82, showing quite a high degree of
relationship between moisture content and the
percentage of fat present., This has been found by
cther observers, who heve studied experimentally
produced fatty livers, end may be due to the
transference to the liver of the more saturated
glycerides from the fat depots, causing an increase
in liver weight without a corresponding increase in
moisture content and thereby producing a fall in the
percentage of moisture present. That the fat, which
is appearing in the liver, may come from the fat
devots is suggested by the fact that the iodine value
of the fatty acids falls as the smount of liver fat
increases (Pig. I1I). Here there is more individual

variation/



Fig I

Tobal Lipides (in gm 7, moist liver).
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variation than in the case of the moisture content,
but the co-efficient of correlation is =0.72,
showing a fair degree of reletionship between the
two factors.

The 60% increase in total lipides, representing
a threefold increase in the neutral fat content,
being the most significant feature of the figures
shovn, a more detailed study of the results was
undertaken.,  ¥ig. IIT shows the individual lipide
analyses of Group II plotted against duration of
pregnancy. During the first two months of pregnancy
the mejority of the points fall within the range for
non-pregnant ewes, but after that there is a definite
gradual rise in the lipide content of the liver as
pregnancy progresses. .In spite of considersble
individual veriation there is obviously e relationship
between the duretion of pregnandy and the total lipide
content of the liver. This is confirmed
statistically by the %) test, where, essuming that
the duration of pregnancy does not seffect the liver
fet level, one finds that the difference between the
observed and calculested velues, as summed up by x:
is much greater than could be ascribed to chance.
Thus X~ = 32.36 and as n = 4, this gives a value
of P much less than 0.01. Teking the ccnventéonal
level of P = 0,05 as significant would indicate

that/
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that thé original testing hypothesis was wrong, so
that it is statistically highly probable that the
duration of pregrnancy does effect the liver fat level.
The marked individusel veriation is well shown in
Fig. 111, values as high as 19.5% totasl lipides
(practically 60% of the dry matter of the liver)
being obtained from apperently normal healthy pregnant
ewes . On the other hand, at all periods of pregnancy
a few.specimens were within the renge found for non-
pregnent animels, Fig. IV shows the same results
taken in monthly groups and the average total lipides
plotted egainst duration of pregnancy. This shows
more cleerly the graduel increase in lipide content,
commencing in the second month of pregnancy and
proceeding to a maximum of about 1l2% in the fourth
month, after which the'average percentage of lipides

remains fairly steady until parturition occurs.
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Effect of multiple pregnancy.

Many of the ewes carrying two or more lambs had
1ivers containing large cuantities of fat, end it
seemed poscible thet it might be mainly these
specimens which were responsible for raising the
average fat content of the liver, However, a
statistical comparison between the results for 63
ewes with only one foetus each and those for 27 ewes
carrving two or more foetuses (Table VII) showed that
with every constituent the difference between the
means is much less than the stendard error of the
differencé between the means, so thet none of the
differences observed between these groups can be
regarded as having eny significance. This is also
shown graphicaily in Fig. IV, where the monthly
average total lipides for single and multiple
pregnancies are elso recorded. It will be seen that
the monthly aversge for multiple pregnancies was
sometimes greaster and sometimes less thaen that for
single pregnencies. It would appeesr, therefore,
thet multinle pregnancy nas no significent eiTect on

the liver rTat content.
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Relationship of liver fat to foetal growth.

the increase in liver fat with the progress of
pregnancy might be ascribed to the increasing demands
of the foetus causing increasing fat transport from
the depots to the liver and accumulation of fat in
that organ. But the growth curve of the foetus,
as obtained from some forty determindtions of foetal
weight (Fig.IV) shows that the maximum growth occurs
in the last month of gestation, when the liver fat
has already reached its maximum. During the third
and fourth months of pregnancy, when the liver fat is
increasing to its maximum level, there is only a
small increase in the weight of the foetué, - viz.,
egbout 1 kilo. In the last month of pregnency the
weight of the foetus increases repidly to 4 or 5
kilos, whilst the average liver fat content remains
steady. Moreover, in the case of multiple
pregnancies, the demands on the maternal organism are
presumably greater than in single pregnancies, yetb
there is no significant difference between the two
groups., A more likely explanation would be that
some factor was causing a mobilisation of depot fat
in the liver at a greater rate than that organ could
deal with until the last month of pregnancy, when the
greatly increased foetal demands stimulated utilisa-

ttion of fat by the liver at about the same rate as
it/
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it was being brought in, so that the fat content

then remeined comparatively constant.

GROUP III.

Liver lipides in Pregnancy Toxaemia,

Only six cases of suspected pregnancy toxaemia
became available during the period of the experiment,
and in some of those cases the diagnosis was doubtful.
The results are summarised in Table VIII and a
contrast with the figures for Group I and II is also
provided. The only significent difference between
the means occurred in the neutral fat and total lipide
fractions of Groups I and III. In spite of
considerable individuael variation, the average total
lipide content of the liver in Group III (12.6%)
was only slightly higher than the average (11.8%)
for normal heelthy ewes in the last month of pregnancy -
the period when pregnancy toxaemia of sheep always
occurs., However, as the diagnosis was not always
certain and &s previous observers (63 and 59) quote
the liver fat content in pregnancy toxaemia as being
usuelly ebout 15 - 20%, the significance of the

above figures must remain doubtful.
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GROUP _ IV.

Liver lipides of castrated male sheep.

During the preliminary investigation of non-
pregnant animals six specimens were obtained from
healthy wedders (castrated male sheep) slaughtered for
human consumption. While not of direct interest to
the investigation, it was noticed that the liver fat
content in these cases (Table IX) was often markedly
higher than for non-pregnant ewes, therefore they have
been kept in a separate group. It will be seen that
the findings were much the same as for pregnant enimals
(Group IT)., Here again, considerable individual
variation occurred but there was a noticeable and
significant increase in the neutral fat fraction, of
the same order as that found towards the end of
pregnancy. In spite of the smsll number of specimens
in this group and the individual variation, the
difference between the means for neutral fat in Groups
I and IV is more then twice the standerd error of the
difference end is, therefore, of the order

conventionelly regarded as significant.
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Pregnancy and kidney lipides.

Fatty changes in the kidney are much rarer than
those in the liver, though a diffuse fatty
degeneration is occasionally met with in the general
conditions which lead to fetty degeneration of other
organs, e.g. anaemias, fevers, verious septic and
toxic conditions and various poisonings such as
chloroform and phosphorus. Fatty infiltration has
seldom been recorded.

According to some workers, in cases of pregnancy
toxaemia of ewes the kidneys ere also frequently
observed to be pale and fatty. In view, therefore,
of the findings with the livers of pregnent ewes, it
was thought desirablé to record the effect of

pregnancy on kidney lipides.
GROUP V.

Kidney lipides in non-pregnant ewes.

The results of snalyses of specimens from ten
non-pregnant ewes are given in Table X. There are
no previous figures for kidney lipides in the ewe,
but the results cobtained are similar to the findings
in other species. (The figures quoted for six
rebbits by Aylward and Stoit(3) are appended for

comparison).
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Kidney lipildes 1n pregnant ewes.

Table XI shows the results obtained with 35
specimengs from healthy pregnant ewes. There is a
slight incre@se in the neutral rat Ifraction, mainly
due to a Tew specimens near the end of pregnancy
which showed & tTendency to fatty 1lnitiltration.
But the difference between the means 1s not much
greater than the standard error of the difference, so
that the change would zppear to have little signiricance.
In two cases of suspected pregnancy toxaemia &lso
examined (Table XII) the analyses come within the

normal range.
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Histological Observations.

In the absence of direct determination of the
total amount of fat present in the liver it is
gifficult to express an opinion as to whether the
apparent increase in liver fat was absolute or merely
relative due to shrinkage of the orgen owing to loss
of water and glycogen. This problem has been
encountered by previous workers (29, 30 and 53) and
various methode have been tried to throw light on
the problem. The most suitable method available in
the present experiment was the histological one,
Small portions of tissue were exemined using Sharlach
Red or Sudan 1III to stain the fat globules. The
picture obtained conformed to the biochemical findings.
In nearly every cese exemined, &n increased percentege
of fat wes egssociated with a like increase in the fat
visible on histological examinetion, bearing out the
likelilood that the increase in percentage was due to
an actual increase in the fat content of the organ.
The photographs shown in Plates 1 - 4 are typical
exemples of liver sections at different stages of
pregnancy, showing graduslly increasing fetty
infiltretion associsted with a parallel rise in the
vercentage of liver fat as estimated chemically.

They are from frozen sections of liver stained with

Scharlach/






Scherlach Ked and photographed through a green filter
so that the fat globules appear black, Plate I
ghows & section from the liver of a ewe sixty days
pregnant where the liver fat(8.64%) was just at the
upnrer range of normality for non-pregnant ewes.,

Only a slight trace of fat is visible at the edge of
the lobules., Plate II is from a ewe eighty days
pregnant where the liver lipides amounted to 11.6%.
bhere the accumulation of fat at the periphery of the
lobules is much more definite. In Plete III, &
section from the liver of a ewe 103 days pregnant in
which the liver fat emounted to 16.8%, the fatty
change extends half-way into the lobule, Whilst in
a 125 day pregnant ewe, with total liver lipides
emounting to 19.5% (Plate IV), nracticelly the whole
of the lobule is infiltrated with fatb. The specimens
thus show varving degrees of true fatty infiltretion,
commencing in the liver cells adjacent to the portal
trects, i.e. at the periphery of the lobule, end
spreading graduzlly inwerds, till in advanced cases.
the bulk of the lobule is infiltrated. No signs of
cell degeneration were noticed in any of the
specimens examined.

In the few kidney sections which showed fatily
changes, viz., those from ewes near the end of their
gestation period, the fat globules appeered mainly in
the cells of the proximal convoluted tubules and in

those of the limbs of Henle,
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The efrect of Pregnancy on Blood Lipides.

Investigation of fat metabolism during pregnancy
has been approached largely through a study of blood
lipides. liany different species have been examined
and the eirrect heas been rTound to vary greatly from
species to species. Thus, Boyd (18) found quite a
markea lipaemid in pregnant women, due almost entirely
to an increase in plasma lipides, with over 100 per
cent, increase in neutral fat and about 25 per cent.
increase in phospholipides and free cholesterol.
Similerly in guinea pigs it has been shown by Boyd
and Fellows (19) and Harrison and licKay (40) that
gestation produced quite a marked increase in all the
plasma lipides except ester cholesterol, the lipaemila
being much more merked than in humen pregnancy; &and
in the mare, Brocg-Rousseau et al.(20) found quite a
derinite increase in total cholesterol, which was the
only fraction studied.

On the other hend, in rabbits, accoraing %o
Saumann and Holly (6) @and Boyd and Fellows (19) 5 &
lipopaenia develops during pregnancy with quite marked
decreases in the amounts of phospholipides and ITee
cholesterol but little change in the neutral fat
Tractions. ind cattle show a definite decrease in
the lipoid P. (51) and in the cholesterol content
(61) of the blood during the period of pregnancy.

whiLSt/



Whilst grevid rats (46) and dogs (6) apnear to show
little or no change in the blood lipides.

No records are available of the chenges in the
blood lipides of pregnant ewes, nor for that matter
on the blood lipides of the non-pregnant ewe, and in
view of the sbove species veriation, it was impossible
to forecast what changes might be encountered.
Accordingly, if was decided to carry through a series
of studies on the blood lipides of & number of
pregnant and non-pregnant ewes kept under identical
conditions. Twelve ewes, six being tupped end six
untupped, were obtained end kept on coarse grazing
supplemented with turnips and hay, whilst concentrates

were also provided when grazing was poor.

Methods.

A blood sample was taken from each animal once a
fortnight from Jenuary to April, six animals (three
from eszch lot) being bled on alternate weeks. A
Bloor extrect (17) was prepared from each sample and
determinetions were made oft-

(a) Lipoid Phosphorus by the method of Stewart

and Hendry (65)
(b) Free and Totsl Uholesterol by the method of

Schoenheimer and Sperry (60).
(¢) Total fatty ccids by the titretion method of

stewart and Hendry (65).

At/
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At the same time blood sugar estimations were

made On the fresh blood by the Hagedorn and Jensen (1)

method, and haemoglobin was estimated by the acia

haematin method using a Klett colorimeter snd Newcomer

dise (54).

Results.

The results were somewhat limited by two factors.
In the rfirst pléce, it proved impossible to ecommence
sampling before the second month of pregnancy.
‘However, thls was not necessarily serious, as the
changes which have been recorded in other species have
mainly been limited to the latter hali of pregnancy;
and the liver changes, on whieh it w&s hoped the
investigation might throw some light, did not occur
T0 any extent inbthe first two months of the gestation
period. Secondly, at the end of the experiment it

was found that only four of the tupped ewes had

conceived, so that the balance of the groups was upset,

being eight non-pregnent and four pregnant animals.

Blood lipides in non-pregnént ewes.

Lo get a rough idea of the significance of the
results obtained, the figures for each animel were
taken separately and the results for the individual
constituents over the whole period of the experiment
averaged. Tahle XIII shows this for non-pregnant
ewes and includes both observed constituents and those
calculsted from the experimental results using the

factors/
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factors glven Ior the lipides 6f human blood by
Stewart and Hendry (66). (Whilst these factors are
not necessarily strictly accurate for the sheep, they
are prooably near enough %o give a basis for comparison.)
I have been unable to iilnd any previous references
to the lipides of sheep's blood. When compared with
human blooa, 1% 1s.found that the majority of the
constituents are present in amounts ranging from
60 - 80% of the corresponding rigures for man. 4n
exception is ester cholesterol, which is very low in
sheep's Dblood, being only about one-quarter of the

amount found for man.

Blood lipiaes in pregnant ewes.

The corresponding data for the four pregnant ewes
are given in Table XIV. The comparison between the
two groups of animals, already disproportionate in
number, was somewhat upset by the tract that about the
fourth month of pregnancy sheep number 10 developed
marked clinical signs of anaemia and had to be treated
With heematiniec compounds. Even then it remained
weak until the end of pregnaney and had to De assisted
t0 get ria of a dead lamb. Acocordingly, there were
oniy three pregnant ewes which could Dbe regarded as
CompleLely.normal, so, in addition to giving the
average rigures for the four pregnant ewes, the
corresponuing data for the threse normal animals (i.e.
omitting No. 10) are included in brackets in those

columms where they are signiricantly aifrerent.

Taule/
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Table XV shows the difference between the means
for nregnant and non-pregnant groups, along with the
standard error of the difference between the means.
Taking the averages for all four pregnant ewes, the
most significant difference between the groups lies
in the lower blood suger and haemoglobin of the
pregnant ewes, where the difference between the means
is about twice fhe standard error of the difference.
The difference in blood sugar level is unaltered
if No. 10 be omitted, but the effect of such a
nrocedure on the haemoglobin is to raise the value:so
thet it is now not much lower than that of the non-
pregnant controls. This was, of course, to be
expected in view of tne marked anaemia of No, 10
over part of the experiment. But the anaemia of
No. 10 also involved a lowering of the average blood
lipides in the case of those constituents which are
vresent to a considerable extent in red blood
corpuscles, viz., lipoid phosphorus, phospholipide
fetty acids and frree cholesterol. The exclusion of
«heen No. 10 from the average in the case of these
letter constituents reveals that the phospholiplde
content of the blood of the three normal pregnant
enimels was significently greater than thet of the non-
pregnant group. The difference in the case of free

cholesterol/



cholesterol was not so marked and is hardly large
enough to be regarded as significant.

Lster cholesterol was also slightly larger in
the three pregnant animals, but the difference again
was barely significant. Total fatiy acids remained
rmuch the same in both groups but, when allowance is
made for fatty acids present as phospholipides and
cholesterol esters, the remaining fatty acids -
present presumably &s triglycerides and soaps - are
seen to be lower in the pregnant group, end almost
axgh¢ricaﬁtly SO 1if No. 10 be excluded.

averaged over the whole period of the experiment,
thererore, the only really significant differences
petween the three normal pregnant and eight control
non-pregnant ewes lay in a 5 - 6% increase in the
Phospholipides and a 75 decrease in the blood glucose.
The increases recorded in free and ester cholesterol
8nd the decrease in neutral fats and soaps can haraly
be regarded as significant in view of the small
number of pregnant animals.

Graphical studies of the effect of pregnancy on
the various constituents are recorded in Figs. V - X
where the averages for the eight non-pregnant ewes are
shown in green, those for the four pregnant ewes in

red (unbroken line) and for the three normel pregnant

GWGS/
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ewes in red (interrupted line).

Blood glucose in the pregnant ewes (Fig.V) was
consistently a few mgm. % below the level of the
controls which it followed closely. There was no
hypoglycaemla associated with the anaemia of No. 10,
so that omitting the figures for this animal mekes no
dirrerence to the pregnant group.

Fig. VI shows the haemoglobin figures for the
various groups. here was a progressive fall in the
heeroglodin level in all groups until the supply of
conoeﬂira;es was markedly increased about the middle
of April. ihe haemoglooin level ol the pregnant
animals 1e lower than that of the controls, even when
the aberrant Ko. 10 is excluded, but the difference
is not significant in view of the individual variation.

Other workers (4) have recorded a slight rise in the
haemoglobin of pregnant ewes in the last three months
of pregnancy, so that the fall recorded above 1is
probably associated with dietetic deficiency.

In spite of the low haemoglobin and presumably
associsted lLow red blood corpuscle content of the
bloou, the lipoid phosphorus (Fig. VII) is higher in
the pregnant animals than in the controls, even when
sheep No. 10 is included. It would appear, a&l:co,
that variations in lipoid phosphorus were roughly
inversely related to those in blood glucose, the one
usually increasing in emount as the other fell.

Ester/
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Lster cholesterol (Fig, VIII) would appeer to be
somewnat higher in the pregnant animals during the
last two months of pregnancy, though this is somewhat
masked by the fact that no, 10 had a low ester
cholestercl as well as a haemoglobin deficiency.
It seems unlikely thet the low haemoglobin and low
ester cholesterol cen be directly relatec, since ester
cholesterol is usually regarced as being present
entirely in the plasma. It is possible that the
changes observed in the blood of No. 1U were the
result of hydraemic plethore, for an increase in
plasma volume is known to occur to a slight extent in
normal pregnant ewes (4). On the other hand, wo. 10's
blood glucose remained normel end neutral fels and
soeps were somewhat higher than normal, lereover,
individual variations in ester cholesterol values,
assoclated probabliy with defects in the wmethod of
estimating totzl cholesterol, are such as to render
differences in this fraction of doubtful significance,

rree cholesterol (fig. IX) is also slightly higher
in the three normal pregnant ewes then in the controls,
the low figures for No. 10 being presumebly associated
with the low haemoglobin, since probably some two=-
thirds of the free cholesterol is present in the red
blood corpuscles, But the difference between the

groups /
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groups 1s even less well-marked than in the case of
previous constituents and can probably be disregarded.
as will be seen from Fig. X, fatty acids present

gs soaps and triglycerides fell in both groups during
February, rising again in liarch. The reason for this
fall is obscure, but it may be & seasonal variation
as Houehin and Turner (43) have shown that with rats
the plasma trat was influenced by environmental
temperatures, a low teﬁperature leading to a fall in
blood fat; and certainly during February, the sheep
were exposed to long spells of cold weather with
ggvere snbwstorms. But it is unsafe to argue Irom
species to species,and cattle, which are much more
closely allied to sheep, do not appear to show any
signiricant seasonal trends (1). The values for
pregnant ewes were in the main somewhat lower than
those for the controls, the difference being more
mariced when the high figures for No. 10 are excluaed,
and coming closé to the range usually regarded as
glgniricant.

~o far as the effect of pregnancy on bloocd lipides
is concerned, changes which can derinitely De aserivbed
to pregnancy are slight and therefore the sheep woula
seem to be most akin to those species such as rats and
doge which are said to show little or no change.
The data obtained throw little light on the phenomena
underlying the fatty infiltrations of the liver

Tecorded/
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recorded on previous pages, though the slightly higher
blood phospholiipiaes of the pregnant ewe might be
taken to indicate increased transport or increasea

metebolism of fat.



-85

Lhe effect of fasting on Tissue Lipides.,

#g referred to in the introduction (page %)
evicence has accumulated to show that certain dietetic
factors such as choline and various anélogues of
choline are of importance in preventing fatty
infiltration of the liver and deficiency of these
factors may lead to marked fatty changes in the livers
of animals fed on diets rich in fat. GCertain
proteins and amino-acids have also a marked lipotrcpic
action when added to diets which would otherwise
produce fatty livers.

It seems unlikely that deficiency of any of these
faectors could be the cause of the fatty inTiltration
observed in pregnent ewes. The diet of the sheep
concerned contained less than 2% of ether-soluble
material ana tilere was an adequate supply of protein
proviced, lioreover, the majority of non-pregnant
ewes from which samples were obtained were on the
same diet as the pregnant ewes or closely similar
diets.

One factor which must not be overlooked is that
of under-nutrition. The genersl conclusions of
Snook (63) and of Fraser and his collesgues (33, 34)
were that Ketosis and fatty infiltration of the liver
in pregnant ewes are essocieted with continued under-
nutrition or temporary leck: of food, that they are

inversely/
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inversely correlated with the caloriric wvslue of the
.uiet, and that multiple pregnancy accentuates the
susceptibility of the eﬁe to dietetic deficiency.
Thué, snook (63) who obtained a few liver samples
from the Cambridge sheep and noted guite an intense
fatty infiltration on histological examination,
suggested that the cause was "unsuspected under-
nutrition associated with variablé food consumption
by the ewes", A scrutin& of the diet of the animals
concerned shows that this is unlikely. They were
grazed on- good pastufe all through the winter, and
in addition each received a daily ration consisting
of 1 lb. crushed oats, 3/4 1b. bran and 4 1D. mixed
hay and chaff. The starch and protein equivalents
of thic extra ration amount to 1.8 lb. &8nd 0.25 lo.'
fesPectively, which is ample ror the requirements pf
5 ewe even in the absence of grazing and is more
libersl than the diet supplied by Fraser and his
collesgues (35)_t0 ewes ted to over-ratness. |
411 the pregnant sheep Irom which we obtained

liver sﬁecimens throve well'and put on welght
normallj throughout the duration of pregnancy.
Further, they were fed until just before death, so
that there is no question of fasting causing a sudden
mobilisation of depot fat.  ‘‘hus, though there was
no check on the amount of food consumed DY
individual ewes, it is reasonably certain that the

tlock/



flock as a ﬁhole Tecelved ample supplies of tood, so
that the steady rise in liver fat, which is showan on
an average ol the large number of specimens examined,
is not likely to be due to malnutrition. 4ilso there
was no evidence that multiple pregnancy accentuated
the condition.

It is well known, hdwever, that undernutrition
has & bearing on liver fet content. Fatty changes
in the liver associated with fasting were Iirst
demonstrated histologically by Statkewitsch (64) in
guinea pigs, dogs and cats, less obvious in rabbits
~and least.or all in pigeons. Nikolaides (55)
conrirmed his findings for dogs, and Gilbert and
Jomier ($6) had similar results with dogs and rabbits.
An extensive series of experiments were carrieda out
by Liottram (53),who found that in the rabbit and
guinea pig starvation caused & great increase in the
visible fat in the liver, which on chemical examination
brovea to represent an actﬁal increase br Irom Two to
Tive times the normal content. - He further showea
that in meny cases the increase in rat was an absolute
one and not due to any shrinkage of the organ, andlhe
ex?ressed the opinion that its source was an
intiltration of mobilised ifat from the storage cepots.
Similarly, Dible (29) showed that in the case of the
rat, starvation produced a considerable increase in
the visible livef fat which a quantitative examination
showed to represent a real and absolute increase.

Later/



Later (30) he demonstrated that the same condition
prevailed in rabbits, whilst Best ana Hidout (14) hed
similer findings with rats.

Whilst from the available evidence it was probable
that the fatty infiltrations observed in pregnant ewes
were not due to undernutrition, it seemed desirable
to determine the effect of fasting on the liver fat
of pregnant and non-pregnant ewes to see if there
was any decided difference between the two groups
which might help to account for the previous findings.
A factor which hampered an extensive survey,however,
was the .expense of the animals involved and this
rendered it undesirable to use methods involving
slaughter &f they could possibly be avoided. It
was deciaed, therefore, to try and obtain the
necessary specimens of iiver using the tecinnicue of

partial hepatectony.



Partisl Hepatectomy in Sheep.

Partial nepatectomy is a procedure ocuite commonly
emmloyed on dogs and smaller experiments)l animels ana
has elso been tried out on pigs (70). It has not,
however, been regarded as & feasiblie proposition for
ruminants, partly becsuse they are not good subjects
for general anaesthesia, so that abdominal operstions
are regarded as inﬁolving considerable risg; partly
because of the anatomical position of the liver -
pushed cranially and to the right under cover of the
ribs by the bulky complex stomach,

In view of the imporitant results which might
accrue from the successful adaptation of this technique
to ruminants - for it places a valusble extra tool in
the hands of biochemists studying the verious acpects

£ metabolism in which the liver is involved -~ it was
thought worth while experimenting witn tane tecinioue,
T'ne cuestion of anaesthetics was solved by the use of

ntrevenous injections of membutal., & 7% solution

|t

was employed and injections were mace very slovly int

sanhenous or jugular vein until complete relaxation

=
B

t
oceurred. Usually 15 - 20 c.c. were necessary,
representing 30 mg. nembutal per kiilo of pody weigatb,

whicn is of the ssme order zs for otuer species.,

+he injection was spread oubt over several minutes so

i 3578 5

=5 to minimise the risk of sudden fz21li in plood

pressure/
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pressure which intravenous injections of nembutal tend
to produce. h satisfactory degree of anaesthesia
could be readily attainea ana, though the effects
tended to wear off in about 35 - 45 minutes, it was
found possible - after a little practice - to complete
the operation without further administration of
anaesthetic.

‘'he anatomical problem proved more difficult.
1t was immossible tolreach the liver from the left side
owing to the interposition of the bulky rumen and
reticulum. Operations in the midline also proved
unsatisfactory, as the liver seldom reaches there and
also, since tne sheep was usually on its Tfeet and
moving about normally within an hour or so after the
operation, tnere was considerable risk of the sutured
muscles giving wéy under the weight of the abdominal
contents, thus producing a veﬁtral hernia. It was
found necessary to confine the operation to the right
flank and even there the scope was limited by the fact
that in the dorsal region mobility of tne liver was
greatly impeded by attacoment to the right kidney and
the surface of the reticulum. The grectest mobility
of the organs was found to D€ about midway down the
right flank, and even here it was seloom possible to

bring it out beyond the costal arch, However, in

this /
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this region the right border of the liver was fairly
thick, rendering it possible to remove several
grammes of liver without going deeply into the tissue.
The procedure finally adopted therefore was as follows:-
An incision 2 - 3 in. long was made through the
skin on the right hand side, parallel to the costal
arch and about helf-an-inch caudal to it, in the
region of the last coste-chondral junction., The
skin incision revealed the fibres of the external
obligue muscle running more or less horizontally
underneath. The incision through this muscle was
made parellel to the fibres, i.e. at right angles to
the previous incision, and the fibres retracted to
expose the underlying aponeurosis of the internal
oblique muscle. This was incised parallel to the
costal arch as also the underlying transverse
abdominal muscle. Itinally, the peritoneum was opened
taking care not to damege the viscera. The liver
lay slightly cranial to the costal arch and was not
mobile enough to be brought out through the opening.
But it was possible to grasp it with the fingers and
bring it fairly near the opening, where a piece
weighing some 4 - 5 gms. could be snipped of f with
scissors. In the case of fatty livers, it could be
easily broken off by hand, as the tissue in those

cases proved very friable and, indeed, pieces often

came/
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came away when attempté were made to bring the edge
of the liver close to the abdominal opening.

After the portion of liver had been removed, the
cut surface was grippea tightly with gauze swabs for
a few minutes to control haemorrhage, which was
usually slight. Then the abdbmen was closed by
suturing the several layers separately, the skin
wound being finally protected by & large swab soaked
in Fridr's Balsam and lightly sutured to the skin,
The animal was usually on its feet again and feeding
in a few hours. The whole procedure was carried
through - with stringent precautions against infection
end, in spite of the difficulty of protecting wounds
in snimals from contamination, no trouble with sepsis
was encountered. Adhesions occasionally occurred,
which hampered subsequent operations a little, but
the only untoward sequel was the develoPment in two
cases of ebdominal herniae which required further

surgical intervention to restore the animals to

normal .
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The effect pf fasting on liver lipides.

Sheep are not very suitable animals for use in
experiments where it is desired to estimate with
accuracy the duration of a fast, for the capacity of
the stomach is such that it continues to digest food
for a considerable and very variable period after this
has been withdrawn. Accordaing to Ritzmen and Benedict'_
(58) the post—absorﬁtiVe condition is not usually
reached in the ruminant until the fourth day of fasting.
This appeared to be confirmed by a preliminary series
of experiments which showeda thet on the fourth day of
fasting the liver fat of sheep & (lable xVI) was quite
normal in emount, whilst six days fasting produced a
marked increase in liver fat. A standarc fasting
period of six days was therefore adopted, as it was
felt that this would usually give one or two days of
actual fasting. Moreover, it was found impossible to
carry out the operative technique without some
reduction in the contents of the rumen and therefore,
in order to get specimens of normal liver, the animals
were usuelly starved for 24 hours prior to operation.
During this period the animal would undoubtealy be
deriving nourishment from the food stored in its rumen,

and therefore such a procedure should have little effect

on liver fat.

Method/
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Method,

The enimal wes starved for 24 hours and then
4 - 3 gm, of liver were removed under nembutal
anaesthesia and the total lipides estimateca. ihe
enimal was then allowed to recover from the operation
for about a week before the actual fasting began and
during this time it fed normally. Then it was fasted
for six days, at the end of which period a second
piece of liver was removed and tine total lipides once
more estimated. ‘'hree pregnant and three non-pregnant

ewes were thus examined.

Results.

It will be seen from tLable XVI that the mean
increase in lifer fat for the pregnant ewes was
somewhat greater than that for tine non-pregnent group,
though when expressed as a percentage of the lLiver
lipides origineily oresent the reverse is true, but
the standerd deviation in both groups is large, so
that the difference between the means (1.5 gm.p) is
muehn iess thnen the standard error of the difterence
(5.4gm.7) end cen therelore be regaraed &s
insignificant.

Tt will be observed that tnere is a great
varistion within eacin group. This has been found
also by workers with otner species., ‘Thus Mottram
(53) encountered some irregularities in his results

with rebbits and concludea tnat tnere were periodical

| variations/
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varigtions in the fat content of the liver during
starvation. Similarly Dible (29) found wita rats
that tine increases were inconsistent and uncertain
and seemed to bear no relation to tne duration of the
fast. His results indicatec rather that the degree
of fatty infiltration in the liver during starvation
depended more on the cuvantity of fat in the storage
depots than on the length of the fast. Later (30)
he reported similer findings with rabbits. beuel et
ale(28) found that with rats fasting was followed by
considerable increase in liver lipides if the rats
nad previously been fea on & high fat diet, whilst atfter
a normal diet they found only slight increases during
Pasting. Also Best and Ridout (14) found that
accumulation of fat in the liver during starvation
was an extremely variable phenomenon in the rat and
that it wés governed to a considerahle degree by the
previous diet of the. animals.

Their conclusions are borne out to some extent in
the above experiments. Sheep A was a large and
thriving animal which had been fed exceedingly
liberally for a considerable period prior to the
experiments and sheep No. 2 was also in very good
condition. Sheep No. 6, on the other hand, was in
POOr condition and very weak, whilst sheep lo. 16 was

only in moderately good condition. It would appear

therefore /
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therefore, that the state of nutrition was more
important than pregnancy in influencing the effect

of fasting on liver fat.



ﬁiuc:ose (ms ‘{o).

To T
No v-;mal. :
. '
3 |
:\_ > | . 4+ »
50 ; Y . A, - : [ =
i \ b S i -
:, \: . : ‘...\ | . ||. __,--'/"/
| N ¥ i > _./
SR IS
|
30 ! K I
! =D
I w’
i N‘%‘h -F"'esno.nl" ewes - B— . [
|
5P\*Ie panl™ ewes----t-&=—— 4 '
o |
|
I
Days. | | 3 5 ; I 3 )
| |
P Fasl _>!< Recoveré———;;
Fig I
fiy FO‘I d P (mg, °fo).
1 Norllﬂal, T
| |
i |
| r's ||
b . o .
8 ! = e h ~ /+‘ - B _— o
: \\l = o - . ¥ T o= ;.:h —~— =
I S |
| |
i
| |
T | :
Days.| ' 5 ! , 5 5
F': q. XM
Tolel Fafby Acids (ma !
j 3 0}.
430 T
Noval N :
| » l
[} { o - :
T = - f\ A
jo 1 I N 0
i |
I =0 T
= 4 v R > o7 \\ﬂ_ e
| / 7 | i
@ " |
I
| !
90 | |
|
o T T
| |
AR | '
Fasl > 1< chOveru—_——>}I



) -

The effect of fasting on blood lipides.

advantage was taken during these experiments of
the opportunity to study the effect of fasting on
blood lipides. Samples were taken daily during the
six-day fast period and for a few days after, and
analysed for blood glucose, lipoid phosphorus and total
fatty acids. The averages for four non-pregnant
sheep (green) and five pregnant ewes (red) are shown
graphically in Figs., XTI - XIIT,

The findings for blood glucose are given in
Fig. XI, which shows that the fall during fasting in
the case of the pregnant ewes is much greater than for
the non-pregnant. Both groups show a distinct rise
in the middle of the fasting period, about the time
when the post-absorptive state would normally be
reached. The cause of this peculiar phenomenon is
at present obscure, but the change is auite significant
in spite of the small size of the groups.

Lipoid phosphorus (Fig. XIT) is variable but
never fells below the normal range end is nob
significantly different in the two groups. ‘Total
fatty acids are, however, much greater in the pregnant
enimels (#ig. XIII) especially in the early part of
the fasting period. They would appear to a certain
extent to be inversely correlated with the blood
elucose, the one rising as the other falls.

these/
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These findings are in marked contrast to the
results during pregnancy in normelly fed animals, in
which case, as has been shovn previously, the lipoid
nhosphorus was significahtly slevated whilst the
total fatty ecids remained sbout normal, It may be,
therefore, that the upset in fat metabolism during
fasting was different in nature from that occurring
during pregnancy, which would be further evidence
that some other factor than undernutrition was at

work in the laetter case.
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BISCUSSION,

From the investigations reported, it would seem
that in the sheep fatty infiltration of the liver is
not necessarily limited to pathological conditions.
My findings show that such infiltrations are quite
common in apparently healthy pregnant ewes, the average
total lipides being about 10%(range 4.3 - 19.5%) of
the moist liver tissue as compared with 6% (4;5 - 8.,7)
for non-pregnant animels, these results being in
contrast to the claims made by Snook (63). The
increase is mainiy in the neutral fat fraction and
appears to be a gradual process, commencing about the
second month of pregnancy and rising to a maximum
about the end of the fourth month, after which the
liver fat level remains comparatively constant until
parturition at the end of the fifth month.

It is not easy to ascertain to what extent this
apparent increase is due to shrinkage of the organ
from loss of water and glycogen, but the fall in iodine
value of the fatty acids, combined with the histo-
:logical evidence of a true infiltration spreading
inwards from the portal tracts, suggests that much of
the change is due to actual transference to the liver
of saturated glycerides from the fat depots. Attempts
to verify this by a study of blood lipides during

pregnency were largely negative. The only significant

change/
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change was a &5 - 6% increase in blood phospholipides
during the last three months of pregnancy, which might
on current theories be taken as an indication of
increased transport or increased metabolism of fat.
The sheep would appear, in fact, to be meinly
analogous to species such as rats and dogs, which are
said to show little or no change in blood lipides
during gestation.

In the last few years, research has revealed many
unsuspected factors associated with fatty changes in
the liver. These have already been discussed but
will be rapidly reviewed, in order to see to what
extent they might account for this fatty liver of
pregnancy. Deficiency of choline and its analogues
may lead to intense fatty infiltration of the liver,
should the diet be rich in fat, but these factors are
hardly likely to be involved in such changes in the
sheep where the fat content of the diet seldom exceeds
o - 3%, Excess of cholesterol in the diet may be
dismissed, as, in addition to increasing the neutral
fat frection, it also produces a remarkable rise in
the cholesterol content of the liver, whereas in
pregnancy, liver cholesterol remains within normal
limits. Deficiency of protein or of specific amino -

-acids cannot be altogether ruled out, but they do not

play/
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play an important role in the etiology of fatty livers
seve when the diet is rich in lipides. And, in
considering all such dietetic deficiencies, it is well
to remember that the non-pregnant controls were on the
same diets as the pregnant ewes or on closely similar
diets.

There must also be considered the possibility of
fasting causing an increase in the liver fat. Some
workers such as Snook (63) and Fraser and his colleagues
(33, 34) are firmly convinced that fatty infiltrations
of the liver, such as are met with in ewes suffering
from pregnancy toxasemia or in pregnant ewes with an
expérimentally—induced ketosis, are associated with
malnutrition; and they suggest that fatty changes in
the liver during pregnancy are unlikely, unless some
such abnormal condition be present.

As regards pregnancy toxaemia, I have found no
evidence of the liver lipides in this condition being
much sbove the average for apparently healthy pregnant
ewes in the last fortnight of gestation, the period
when the disease nofmally occurs. As there were no
cases of illness recorded amongst the pregnant animals
from which specimens were obtained, and as the maximum
degree of fatty infiltration was reached by the end of
the fourth month, i.e, before pregnancy toxqemia

usually/,



“Ha.

usually appears, it can be dismissed as & causal
factor.

In the absence of direct information as to the
food consumption of individuél enimals it is not so
easy to rule out the possibility of mild ketosis due
to malnutrition, which Snook claims to be associated
with fatty infiltration of the liver. there is, of
course, a history as to the diet, health and condition
of the animals, which there is no reéson to doubt,
but the possibility is one which warrants further
consideration.

Accepting the explanation put forward by onook
(63) that these fatty livers were really the effect
of malnutrition, due to "variable food consumption by
the ewes", certain consequences follow. One would
expect, for example, that the condition would be most
scute during the last month of pregnancy when foetal
growth is very rapid, but the maximum degree of
infiltration has usually been reached before that
time. And, sccording to traser et al (32),"a caloric
deficiency in the diet will produce ketonaemia in
pregnant ewes more easily in multiple than in single
pregnancies". But a perusal of the data presented
in earlier pages shows that multiple pregnancy hgs
certainly no aggravating effect on fatty infiltration,

in spite of the greater demands on the maternal

organism.

Snook's/
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Shook's theory presupposes thst the effect of
fasting will be greater in pregnant than in non-
pregnant enimals and, so far as the production of
ketonaemia is concerned,'the experiments of Fraser and
his colleagues show this to be the case. And it is a
fact that fatty livers can occur in pregnant ewes and
yet be non-existent in non-pregnant animals under the
same conditions of feeding. If Snook's theory of
undernutrition as the cause of this also, be correct
it means that its effects must be greater in pregnant
then in non-pregnant animals - gquite a plausible
assumption. .But a study of the effects of fasting
on liver fat by the method of partial hepatectomy has
shown that the iﬁcrease is no more merked in pregnant
ewes than in non-pregnant controls. Both groups
showed an increase in liver fat over a period of five
to six days fasting, emounting to 5 - 6 gm. per 100 gm.
moist liver, i.e. about 70 - 80% of the original
liver lipides. And great individual variation was
observed, the intensity of the change being apparently
related to the condition of nutrition of tne animal
prior to fasting. The blood lipide picture during
fasting was very different from that in pregnancy,
the fatty acids being greatly increased in amount

while the phospholipides remained unaltered. from

a/
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a consideration of these facts along with general
evidence as to the diet and condition of the pregnant
animals, whose liver lipides were studied, it seems
unlikely that undernutrition played any important part
in the causation of this fatty infiltration of
pregnancy.

One aspect which has not yet been considered is
the role of endocrine orgens in the control of liver
fat in the pregnant ewe, It is well known that
anterior pituitary extracts can proacuce an increase in
liver lipides in various species (7, €, 48, and 54).
moreover, anselmino ana Hoffman (2) found that
extracts of the anterior pituitary of sheep contained
large quantities of a “fat metebolism hormone" which
produced fatty infiltration of the liver. And
castration of sheep, which has presumably some
associsted endocrine disturbances, has been shovn in
earlier pages to be accompanied by a definite increase
in liver fat.

As my findings lend no support to a dietetic
cause for the liver changes observed in pregnant ewes,
it seems quite possible that they may be assoclated
with hyperactivity of the anterior pituitary during
pregnancy. Tt was intended to investigate this

aspect , also, by the method of partial hepatectomny,

but/
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but owing tolwar—time restrictions it proved impossible
t0 getlsupplies of suitable material. All that can
be said at the moment is that, of the various factors
known experimentally to be associated with fatty
infiltration of the liver, this is the only likely

one which has not been eliminatea.
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S UMMARY,

Methods of lipide analysis have been surveyed
and suitable techniques adopted for a study of

tissue lipides in domestic animals.

Data are presented for liver lipides in twenty-
five non-pregnant and ninety pregnant ewes,showing
that fatty infiltretion of the liver is quite
common in epparently healthy pregnant animals.
These findings are analysed in detail,

Analyses of kidney specimens from the same

enimals are also TYecorded.

The effects of castration and of pregnancy

toxaemia on tissue lipides have been examined

and discussed.

Original data are given for blood lipides in tne
sheep, along witih a survey of the effects of

pregnancy and of fasting on the various fractiomns.

‘‘he operation of partial hepatectomy has been
successfully adaptea for use in ruminants and

apnlied to a study of the effect of fasting on

liver fat.
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