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NTRO ON

The presence of cholesterol in egg yolk was first shown
by Lecanmu (1829). Gobley (1846) and Menozzi (1908) examined
the choleaterol prepared from this source and found it to be
identical with that from gsll-stones and bile. _

Although other sterols have been found in egg yolk it
has been ghown that these are present in relatively smell
emount. Efgosterol separated from ‘egg cholesterol'
(Windeus end Stenge, 1936) was shown by ultreviolet sbsorp-
tion anelysis to constitute about 0.1% of the totsl sterol
(Schoenheimer and Dam, 19323 Windaus and Stange, 1936;
Skarzynski, 1936). Skarzynski (1936) found the sterol
content of the egg to include 3«4% dihydrocholesterol and
showed that this proportion did not change efter 20 days'
incubstion. Stokes, Fish aend Hickey (1953) employing
counter=current distribution methods observed that 95% of
the digitonin precipitable material from the egg appesred to
congist of cholesterol,

The existence of a high concentration of cholesterol

(more than 1%) in egg yolk has aroused considersble interest

and meny workers have been attrscted to problems concerning

the metgbolism of this substance during embryonic development)
Although much of the early work has been vitiated by the use i
of / i
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of crude enalyticel technigues or by failure to tszke into
account the variation in total cholesterol from egg to egg,
it is fairly well establighed that little net change occurs
in the cholesterol content of thé egg after incubation (Dem,
1928; 1929; Skerzynski, 1936; Stokes, Fish and Hickey,
1953)s

Kusui (1929) showed that apart from strey traces
cholesterol in the incubated egg is confined to embryo and
yolk,

The distribution of total cholesterol between embryo
and yolk hegs interested two groups of workers (Roffo and
Azeretti, 1926; Serono, Montezomolo and Balboni, 1936) but
in both cases the work involved the amslysis of only one egg
st each of several stasges of incubation. It is therefore
not surprising that the conclusions obtained show wide

dissgreenent,

Mueller (1915) first observed that esterified cholesterol

which accounts for about 10% of the totel cholestercl in the
egg at the beginning of incubetion inercasges to over 40% at
hatehing. Although later workers (Thannhauser and Schaber,
1923; Kusui, 19293 Dam, 1929) confirmed Mueller's (1915)
conclugion, little atltempt has been made to determine the
distribution of ester cholesterol in the incubgted egg.

Kusui (1929) studied free and esterified cholesterol in both
embryc and yolk but his results can be of little significance
gince the entire investigsbtion was made on a total of only

six /
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slx eggs. It has, hovever, been shown (Entenmen, Lorenz
and Chaikoff, 1940) that the liver of the newly hatched
chick contains as much as 7% cholesterol (wet weight tissue)
of which some 90% is esterified, and that this high con-
centration of cholesterol diminishes to less than 1% within
two weeks following hatching.

" Entenman ¢ al. (1940) also observed g high concen-
tration of cholesterol in the blood of the newly hatched
chick, snd o decresse of some 60% during the first two weeks
of 1life, These results are, however, in disagreement with
the observations of Zorn and Dalton (1936) who found a
hypércholesterolaemia in the blood of the 18 day embryo, a
disappesrance of this condition at hatehing and a rige in
blood total cholesterol two days aftter hatching,

In recent yeers it hes become evident that at leasgt in
memmals end more perticularly in men, cholesterol is trans-
ported in the blood serum in the form of two main lipoprotein
fractions which migrate electrophoretically near the 0&,
globulins and the (31 globulins respectively. This work has
been collected snd reviewed by Cohn (1953). The first work
of this kind to be done on birds was reported by McKinley,
Oliver, Maw end Common (1953) who found two distinet lipid
components in the serum of immature pullets by the applic—
ation of lipid staining techniques to psper electrophoresis
diagrenms,

The /




The work reported in this thesis comprised:

(1) An investigation of the changes in free snd ester
cholesterol in the embrye and the remsginder of the egg
throughout the course of incubatlion.

(i1) A study of the lipid changes in the developing
chick liver, which seemed of interest in view of the observ-
ation by Entenman et gl, (1940) thet the liver of the newly
hatched chick is rich in cholesterol esters.

(iii) An attempt to locate the site, or sites, of a
cholesterol ester synthesizing system in the incubated egg.

(iv) A re-investigstion of the changes in blood chol-
esterol concentration during embryonic development and in
the newly hatched chick.

(v) A study of protein-bound ohnlaateroi in the serum

of the late ambryo snd the newly hatched chick.







SECTION I.
THE DISTRIGUTION OF FREE AND ESTERIFIED CHOLESTEROL
Il EMBRYQ AND REMATNDER

DUCTION .
Lipid solvent extracts of the embryo snd the remeinder

of the egg were used for free and totel cholesterol determ-
ination by the method of Schoenheimer and Sperry (1934).
The modifications suggested by Sperry and Webb (1950) were
used, except bhelt the origingl technigue for the neutral-
isation of the KOH hydrolysate was reteined. Proof that
the method was spplicable to the experimental materisl used
is given in Appendices II and III,

EXPERTMENTAL,
Eggs weighing 555%5g. from the Brown Leghorn streain of
the Poultry Reseerch Centre, Edinburgh, were incubsted for
verious periods and then dropped into en scetone-C0y freezing
mixture for sbout five minutes, The shell was removed and
the egg weighed., The embryo was then dissected out from the

frozen egg, trensferred to a tared glass.dish and weighed,

the weight of the remainder being found by difference. The
remainder consists of yolk, white, smniotic fluid, sllantoic |

fluid aznd membranes.

Bubryo /
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Embryo and remainder were scparately homogenized in a
Potter-Elvehjem (1936) apparatus with measured volumes of
water, Late embryos from which the spare yolk had been
removed were first reduced to & crude suspension in an
Atomix blendor before being homogenized in the glass=-glass
spparatuse

Duplicate lml, samples of freshly piepmd homo.genate
(occasionally the homogenates were stored overnight in a
refrigerator at 4°C) were pipetted into 50mls volumetric
flasks fitted with ground-gless joints, and extracted by
refluxing vith ehloroform-nethanol .(131, v/v)- on a steem
bath for five mimites. The contents of each flask were
cooled and made up to the 50ml, mark with more chloroform-
-methanol, Suitable volumes (uauélly 1-3ml,) of the
extracts were transferred to 15ml. centrifugal tubes for
determination of free and total cholesterol, To avoid the

inclusion of protein precipita.te in gample exbtrects, pipettes

were fitted with cotton wool filter plugs.

tas

Acetone~gbsolute aleohol (131, v/v)

Ether A.R. Grade ~ peroxide free

Aastone~ether (132, v/v)

Digitonin solution, 0,5%. !Made by dissolving
500mg. Digitonin (B.D.H. Analar) in 45ml, 954
ethanol and 55ml, distilled water,

Potagsium hydroxide solution., Made by diasolving
10g. potassium hydroxide (B,D,H, Analar) in 20ml,
water,

Hydroehlorie /
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Hydrochloric Acid, 5¢. Made by diluting 15ml.
concentrated hydrochloric acid to 100ml,

Acetic Acid, 100%, BeD.H. Analar.

Acetic Acid, 10%. Made by diluting 1O0ml,
glacigl ecotic aeid to 100ml. with distilled
water,. ;

Acetic Wdrida. B.D.H, Ansler.

Sulphuric Acid, concentrateds B.D.H. Analar.

Phenolphthalein, 1.

The tubes were heated on a water bath and the aolvant
removed in & gentle air-st.raam. 2ul, scetone~alcohol (1s1)

were edded to each residue (containing O.1-0e2ng. free |
cholesterol) and the tubes heated momentarily to aid |
solution. After cooling, lml, newly filtered clear digitoniL
solution was added, follaued by 1 drop 10% acetic acid and
the edn‘bents of the 't;ube thoroughly stirréd with a glass rod.
The tubes ecntaining the glass vods weie placed in - tightly
sealed preserving jars and left overnight (18 hours) at room
temperature. After standing, the tubes were gently stirred
again end then centrifuged for 15 minutes at 2,500 repeme

The supernatant liquid was carefully decanted without

disturbing the precipitate.

After replacing the stirring rods in the appropriate
tubes both tube and rod were washed down with 2ml. acetone= |
-ather (13:2) end the precipitate thoroughly stirred up, ‘
The tubes were centrifuged at 2,500 repsm, for 10 minutes \
and the supernatent decanted off as before. Two further |
weshings, each of 2ml, ether, were carried out in the same
fashion,

After /




After the final washing the tubes together with glass
rods were placed in a beaker containing sand to a depth of
3-4om. end heated in an oven st 110-115°C for 30 minutes.
The besker was then removed from the oven and lml, glacial
ncetie acid pipetted into each tube still in the werm send,
The tubes were stirred to dissolve the precipitete and
removed from the sand after not longer than 3 mimutess The
tubes were then ready for colour development.

Residues (containing 0,1~0s2mge totel cholesterol)
obtelned by the eveporation of chloroforme-methanol extracts
in centrifuge tubes, were dissolved in lml, acetone-alcohol
(131) and 1 drop potassium hydroxide added, After the
alkali drop was dispersed by vigorous stirring the tubes
together with rods were placed in a Kilner jer containing

| sand previously heated to 4500, end the jer placed in an

| incubator at 37 °c for 30 minutes. On completion of

| hydrolysis the tubes were removed, allowed to cool and 1lml,
acetone-glechol (1:l) addeds 1 drop phenolphthalein
indicator was then ;‘..ntroduoad into each tube and the alkeli
neutrglized by the drop-wise addition of 5% hydrochlorie
acid. Care was teken to ensure the acid was present in
slight excess.

! The precipitation and washing were as for free

. cholesterol with the exception that only one ether wash wes
ineluded,

- el /




Golour Development.

~ The tubes containing iml, glacial acetic acid mére
| placed in a water bath at 25°C £ 0.5. The reagent was
| then made wp by sdding lml. coneentrated sulphuric acid
slowly and with shaking to 20ml. acetic anhydride, the
whole being kept at 0°C in an ice-bath. The resgent was
allowed to stand for 10 minutes before use. 2ml. acetic
anhydride~sulphuric acid reagent were then added to each
tube, the solution thoroughly stirred and the tube returned
to the water bath for incubation during 30 minutes in the
dark.

The coloured solution was decanted into a 3ml. cuvette
and the optical density messured in a Unicem S.P, 350 at @
wavelength of 620 millimicrons, Readings were msde against
| & reagent blank.

Two stendards of 0,1lmg. cholesterol were included in
each experimentel series to guard sgainst errors arising
from day to day variations in the colour reasction, The
gtandards were put through the digitonin procedure since
there is & smell but perceptible extinetion due to the
digitonin,

Calibration curves were determined at intervals using
amounts of cholesterol verying from 50-300 microgrammes.

SSULT DISTRIBUTIO : vt




CHOLESTEROL .(mg.)

FIG.I.

00— SERIES I.
EMBRYO
200} PERIOD OF INCUBATION.
i o 10 12 16 19 2t (Dpavs.)
100 §
B S ESTER CHOLESTEROL.
I N
[] FREE CHOLESTEROL.
o
Wk N
200}— N
o0l N

REMAINDER.

290%14 303%16 290%18 310t23 280%t36 290t39  TOTAL CHOLESTEROL IN mg

PER EGG.(* S D).
1" 9 8 4 10 5 TOTAL No. OF EGGS.



mg. CHOLESTEROL.

100

FIG.3.

X ey
i 380
50 oS
I 83
8°
b o >
. o:“?a i1
- o °.
° . - ?.
o ..
10 ~ eg .
= oo P
i %o
3= WPy e
™. ', ]
° & n. = )
“1— QF iy .
= i’
o5
i o:FREE CHOLESTEROL.
i <% ESTER CHOLESTEROL.
°.| PR I 1 1 , 1 1 13 ' 2 - g2 1 l [ -
(o 1] .05 5 10 50 100

EMBRYO WEIGHT.(g.)



Results from the analysis of 47 eggs between April and
October, 1951 (Series I) are shown in Fige 1, while Fig. 2
sunmarises determinations made on 56 eggs from February to
May, 1952 (Series II). Individuel results for both
investigations ere reported in Appendix IA,

From Figs, 1 and 2 there seems to be no net change in
total cholesterol throughout incubations This is in
accordance with the findings of Dem (1929) and Stokes,

Fish and Rickey (1953).

The difference between the total cholesterol velues
in Series I and those in Series II is not a matter of egg
gsige, since the cholesterol content per 50g. unincubated
egg is 256mg. in the former cese and 230mg, in the latter,
The possibility that this disparity might be due to an
undetected chenge in analyticel technique is ﬂalidated
by the identical plot of the embryo analyses in g;h Series
{see Fig.3).

Increases in the proportion of ester cholesterol in
the egg during incubation were from 10% to 43% in Series I
and from 6% to 50% in Series II, and show good agreement
with the observations of Mueller (1915), Thannhauser and
Schaber (1923), Fusui (1929) and Dam (1929). It can be
geen from Figs. 1 and 2 that this change in ester cholesterol
falls roughly into two parts; a relatively small increase

| meinly /
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out the period studied, while ester cholesterol roughly

the carcass of the newly hatched chick,

meinly in the remeinder between 12 and 15 days' incubation,
end a large increase, confined to the embryo, which ocecurs
during the last six days of incubation, : __ |
Fig. 3 gives all values (Series I and II) for free and
esterified cholesterol in the embryo plotted logarithmically
ageinst embryo weight end shows more strikingly what can
glready be concluded fyom Figs. 1 and 23 free cholesterol
inereases in direct proportion to the embryo weight throughe

perellels the rise in free cholesterol until an embryo welght
of sbout 16g. is reached (about 16 days' incubation) and
then increases ever more rapidly until the time of hatching.
This difference in rate of appearance of free and esterified
cholegterol in the embryo during thq last five days of
ineubation ig further shown by the faet that the péoportion
of esterified cholesterol in the embryo increases from about
25% of the total at 12 and 15 days of incubstion to 60% in







CTION II.

D CHANGES TN
OF THE DEVELOPING CHICK EMBRYO

INTRODUCTION.

In the previous section it wes shown that cholesterol .
esters in perticular accumulate in the embryo towerds the
end of incubation, Since Entenmen, Lorenz end Chaikoff
(1940) found the liver of the chiek at hatching to have an
enormous content of ester cholesterol, the development of
this condition in the liver during the course of incubation
wes studied.

Phogpholipid and total fattf acid estimations were
included in the enalyses.

EXPERIMENTAL,

Livers were dissected out from embryos of 12 to 20 days'
incubation and from newly hatched chicks. The gall=bladders
were removed snd contamination with yolk and embryonic fluids
was scrupulously avoided. 1In the case of embryos younger
then 20 days it was necessary to pool several livers for
anglysis, but whenever possible the organs were snalysed
individually.

The weighed livers were homogenised with an equal weight
| of water. Duplicate lml. samples of homogenate were

extracted /




extracted with chloroforme-methanol (1311, v/v) and mede up to |
50ml. as deseribed in Section I, Suitable volumes of [
extract were removed for the determination of phospholipid
phosphorus (ususlly 2-3ml.),total fatty acid (25«30ml.) end
free and totel cholesterol (0.5«3.0ml.).

Phospholipid wes estimated from phosphorus content of
the chloroformemethanol extract using the perchloric aeid
eshing technique and the molybdenum blue phosphate determ-
‘ination ascording to Allen (1940), Phospholipid was
caleulated by multiplying the phosphorus content by 25

(Janieson and MeKinney, 1935). Appendix IIT includes

avidence showing that the phosphorus content of the lipid

extract is slmost entirely of phospholipid origin.
Anglysis of totel fatty acid wes conducted according to

|
|
1
l
f
the method of Stodderd and Drury (1929) modified by Man !
and Gildea (1932). 1In order to avoid the tedium of the ]'
Gooeh filtration used by the latter workers the precipiteted ]
| fatty acids were filtered off on paper as described by fl
Stewart and Hendry (1935). |

Free and totel cholesterol determinations were made as

elready deseribed (p. ©).
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BESULT .

Chenges in concentration end amount of free end ester-
ified cholesterol in the liver of the chick embryo during
the last 9 days of incubation are shown in Fig. 4, Individ-
ugl results for ell liver analyses are given in Appendix IB.

Changes in the ester cholesterol content of the embryo
body (Series II) during the same period of incubation are
summerised in Table 1,

In accordance with the findings of Entenman, Lorenz
and Chaikoff (1940) the liver of the newly hatched chick
(21 days' incubation) has been found to contain sbout 7%
cholesterol of which somes 90% is esterified. From Fig. 4
it can be seen that this high concentration of eater |
cholesterol mainly acecumulates after the 16th dey of
incubgtion, The incresse in smount of ester cholesterol
per liver is even more striking snd about 95% of the 60mg.
esterified cholesterol in the liver of the newly hatched
chick appeers in the liver during the last 5 days of
incubation. By comparison with ester cholesterol, the
increase in free cholesterol is smell, rising from about
2+5mz. per g. tissue st the 12th day of incubation to 7.5mg.
per g. tissue ab hatching,

Phospholipid analyses summerised in Table 2 show that
there is no change in the concentration of this lipid

throughout the period studied, the values varying between

30.0 and 35.0mg. per g. liver.
Table /
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Igble 1.

od _ o Amount of Cholesterol
h?m%sm af_ﬁﬂm&.&?z

days mg. per embryo

12 2.6

15 : 7.9

19 59.0

21 7940

m%&gj_%_g mge/8e wet m. equiv. g+ wet

liver tissue liver tissue
12 33.0 0.096
14 33.0 0,107
16 3045 0,109
17 35.0 0,168 |
18 33.3 0.191 |
19 34.5 0.252
20 33.9 04275

21 34.0 0.280




Teble 2 glso includes results for total fatty acid,
whioh show little ohange between 12 and 16 days' incubation
end s rapid rise during the remeinder of development. The
latter increase broadly parallels that of the ester choleatert
concentration since caleoulation shows thet the cholesterol
ester fatty acids account for nesrly 90% of the change in
total fatty acid.

At haﬁching, sbout 60% of the total fatty aecid is in
the form of cholesterol ester, 30% as phospholipid and 10%
as neutrsl fat, |

It is interesting to note that evar the period.studied
the embryo livecr. changes from the pink e_oloﬁr normally
associated with this tissue, at 12 and 14 days! incubation,
to a bright yellow during the iatter gtages of incubation.

The high wﬁeentration of esterified cholesterol which
develops in the liver during the latter stagesl of incubation,
largely accounts for the accumulation of cholesterol esters
in the body of the late embryo and the newly hatched chick.

ol
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SECTION III.

Because the incresse in cholesterol ester in the yolk
precedes that in the embryo (see Fig.2, 15 days) it seemed
possible that cholesterol esters might be aynthesized in the
yolk-sac membrene. The proportion of ester cholesterol was
determined in yolk semples free from, and heavily contamin-
ated with, yolk-sac. Since the latber specimens proved
rich in ester cholesterol the tissue itself was examined for
cholegterol esterifying activity.

Determinstion of the Proportions of Ester Cholesterol
in Yolk ond Yolk-Spc Membrane

IMENT D RE .

Eggs incubeted for 10, 14 and 19 dgys were broken into
0.9% sodium chloride solution and the inteet yolkesac
separated from embryoc, membranes snd fluids. An incision
was made in the freed yolk-sac end the yolk wes drained off
end collected. No attempt was made to remove yolk adhering
to0 yolk-gac membrane. TYolk and yolk=-sac membrane were
separately homogenized with roughly equal volumes of water
end /
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and enslysed for free and total cholesterol by the method
previously deseribed (p. 6 ).

The results are shown in Table 3 from which it can be
seen that the proportion of ester cholesterol in the yolk-
~-gac membrane (conteminated with yolk) is 2 to 7 times that
in the yolk. Also the quantities of ester cholesterol in
the yolk ore within the range found in the unincubsted egg.

These results suggest that the cholesterol esterifying
reaction mey be located in the yolk-gac membrane, and that
esterification tekes place as early as the 10th day of
incubgbion., This experiment does not preélude the poss=-
ibility that esterificstion takes place in the yolk immedw

iately in contact with the yolk-gac membrane.

Attempts'uere nade to demonstrate cholesterol ester-
ifieation in homogensies of yolkesae contemingted with yolk
and in homogenates of yolk-sac membrene from which as much
yolk as possible had been removed by washing with seline.

In no case was any cholesterol esterification detected after
incubation for even as long as 72 hours. More success,
however, atbended experiments made by ineubating yolk-sae

nembrane preparations from which much of the ester cholesterol

had been removed.

EXPERIMENTAL /
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EXPERTMENTAL AND RESULTS.

Yolk-sae membrenes were obtained from eggs incubated
between 7 and 13 days. The membranes were washed repeatedly
with 0.9% sodium chloride solution until no more yolk could
be removed and then homogenized with en equal volume of
ice~cold 0.9% saline solution in = Potbter-Elvehjem (1936)
apparatus.

Pooled homogenates from & to 8 membranes were trans-
ferred to 15ml. tubes and spun for 30 minutes at 2,000 r.p.m.
in a refrigerated centrifuge at 2°C. The yolk-like material
which formed a semi-golid top layer of the centrifugate was
found to contein almost gll the ester cholesterol. It was
discarded. The small smount of perticulate residue was
resuspended in the supernatsnt liquid by vigorous stirring,
Duplicete lml, samples of the suspension were pipetted into
glags=-gtoppered tubes graduated at 1lOml. and the tubes placed
in en ineubator at 37 C for 72 hours. Shorter incubation
times were found to be less effective. Control samples
‘eonsisting of boiled preparations were included in eech
geries of incubations. The glass spparatus and sodium
chloride solutions were sterilised by heat before use,

At the end of incubstion acetone-ethanol (1il) wes
added to each tube and the tubes heated on a wabter bath under
reflux for 5 mimtes. After allowing to cool, the volume
in each tube was made up to 10ml. with more sacetone-ethanol

end / |
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and the tubes centrifuged at 3,000 r.p.m. for 5 minutes.
Semples of extract were removed for analysis of free end
total aholesterol'by the method deseribed previously (p. 6 ).

Results obtained from a series of preparations before
and after incubation are summerised in Teble 4. In each
experiment the concentration of total cholesterocl was found
to be unchanged at the end of incubstion. The results in
Table 4 show that esterification of cholesterol can teke place
in yolk-gsac membrene preparations between 10 end 13 days'
incubation and possibly as early as 7 daya:

It wvas not always possible to obtain preparations with
a small proportion of ester cholesterol and in general when
the initial proportion of ester cholesterol exceeded 30% no
esterification took place on incubation. This effect was
gtriking and the "unsuccessful" empefiments heve therefore
been separately grouped in Table 5.

The lack of observations at later stages of incubation
srose from the fact that after the 13th dey of incubation the
yolk-gac membrane becahe progressively more engorged with
yolk, The yolk thus occluded could not be removed with
galine snd resulted in e fallure of the technique for the
separation of the ester cholesterol.

These experiments suggest that the inecresse in choleat-
erol esters in the "remainder" of the egg mey be the result

of cholesterol esterifying asctivity by the yolk-sac membranc.

It /
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It is in the liver, however, that most of the esterified
cholesterol ultimately appesrs and the possibility that some
esterification tekes place in the liver cannot be dismissed.
All ebtempts to demonstrate the formation of cholesterol
ester in liver tissue were oompl_etely unsuccessful even when
preparations low in initisl cholesterol ester were made,

An gecount of these experiments is included in Appendix
IV,

24.






25.

The ch__angga in cholesterol distribution during incubation
are so striking that it is importent to have a clear picture
of the stete of affairs in the transport system of the blood.
Since the figures and results of Entemman, Lorenz end
Chaikoff (1940) ere et variance with those of Zorn and
Daihon (1936) a re-investigation wes undertaken,

Eggs incubated for periods between 11 and 21 days were
auppérted end=wise and the shell covering the sir-space
removed together with the outer membranes The membrane of
the allantols was perforated end the fluid allowed to drain
off by tilting the egg. A large blood vessel was tﬁen
| looped over the side of the shell and adhering allantoic
fluid dried off with cotton wool. The loop, placed in the
mouth of an oxalated specimen tube, was severed and the

blood sample collected.
In the case of embryocs later than 18 days' incubation l

the blood was obtained from the carotid artery of the chick.,
Hatched chicks were snaesthetised with ether before with-
drawsl of the blood.

Duplicete /



Period of

b
ida;rs%

Zgble 6.

Cholesterol
mg, per 100ml. blood

Eree

104
116
113
117
132
145
151
154

Ester  Total
77 181
76 192

112 225
152 269
183 315
208 353
206 357
211 365

R6,



Duplicate 0.2ml, volumes from single and pooled samples
were pipetted into glass-stoppered tubes graduated at 7,5ml.
and extracted under reflux with acetone-ethenol (1:1) for
5 minutes. The cooled extracts were made up to 7.5ml, with
more asetone-ethanol and ecentrifuged for 5 mimutes at
3,000 repems Semples of the clear supernatant liquid
extract were removed for anslysis of free and total
cholesterol by the method previously deseribed (p.6 ).

The results of free and total cholesterol enalyses in
chick embryo blood between 11 and 21 days of incubation are
summarised in Table 6, Individusl values ere inecluded in
Appendix 16, ' | |

From Table 6 it can be seen that following the 13th day
of incubation there is a steady increase in blood totel
eholesferol to a high value at the 19th day, after which
time little further change takes place,

About 70% of the inerease in total cholesterol which
ocours between 13 and 19 days' ineubatlon is accounted for
by the rise in ester cholesterol. During this period the
propﬁrtion of esterified cholesterol changes from 40% of the
total cholesterol to 60%s ' {

| The results reported here are in agreement with the !
| observations of Entenmen, Lorenz and Chaikoff (1940).







ODUCTION.,

The development of o hypercholesterolsemic condition in
E?ﬁ“P1°?q-°f the late chick embryo (Section IV) prompted an
investigation into changes of serum protein~bound cholegterol
during the latter period of incubstion. In view of the
additional interest afforded by the observation that the high
blood cholesterol coneentrstion in the newly hatched chick
diminishes during the first two weeks of life (Entenman,
Lorenz and Cheikoff, 1940), it was thought worth-while to
extend the study to include the hatehed chick.

EXPERIMENTAL,

Embryos were bled from the vitelline vessels end hetched
chicks from the cerotid. Blood serum samples were stored in
a refrigerator at 4°C and used for enalysis within 7 days.

The method adopted in this investigetion was that of

Boyd (1954) and involves zone electrophoresis on filter paper

Apperatus. /
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Apparatus.

The filter paper supporting medium 14" x 5" was sus-
pended between four perspex strips in an air-space formed
by two glass sheets 9" x 6" which were clamped to a brass
cooling plate. Cooling was provided by the circulation of
tap water through a copper coil soldered to the lower surface
of the brass plate.

Perspex electrode vessels, fitted with platimm elec=-
trodes, were placed one at each end of the clamped plates.
The whole gpparstus wee covered with an inverted glass tenk.

The assembly is showm in Fig. 5.

Method.

About 500ml, 0.04M veronal buffer pH 8.6 was run into

eaech electrode vessel and the liguid levels equilibrated by

means of a siphon tube placed temporarily between the troughs.

A peneil line was drawn scross a piece of Whatmen 3 MM
filter paper 14" x 5" gbout 4" from one end, Serum (0,06
or 0,12ml,) wes evenly applied to the line previously
moistened by spreying with buffer, to within 1/4" from either
end. Buffér solution wes spreyed on to the paper over the
area to be covered_byxkhe glass plates, the peper inserted

between the glass plates and clamped taut. The ends of the

paper were dipped into the buffer solution and a period of
]r

15 minutes was allowed for equilibretion,

Electrophoresis was carried out for & hours at 12 C

with /




| with a current of 6 millismps. st 300 volis.

At the end of the run the paper was dried in warm air,
and a naervow strip 9" x % removed from the centre of the
paper and stained with bromophenol blue to loeste the protein
fraetions., The mein portion of the paper was cut into lem.
gections parallel to the line of origin for individual

cholesterol analysis.

Duplicate transverse segments of filter paper were
placed into each centrifuge tube and 7 ml. acetone-gthanol
(1s1) added. The tubes were heated on & water-bath to
66 C and maintained at this temperature for 10 mimtes.
After allowing the tubes to cool the peper strips were
removed by forceps aend washed with a jet of acetone~ethanol.
Gholesterol Estimgtion,

The dried residue in each tube was dissolved by the
addition of 0.5ml. A.R. glaciel acetic seid. 1Iml. acetiec ;
anhydride~sulphuric scid resgent (prepavred as described on
p. 9) was added to the acetic acid solution and colour
developed by incubation of the tubes in the dark for 30
minutes at 25°C. The coloured solutions were ransferred
by dry Pasteur pipettes to a lml. gless cell with a 2em.
light path and the optical density of each solution read in

& Spekker absorptiometer using filter 607, spectrum orange.
Protein /
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Protein Staining Technigue.

The narrow strip of filter paper retsined for protein
detectlion was heated in an oven at 110°c for 15 minutes, and
then allowed to stand for 30 minutes in a 1% solution of
bromophenol blue in methanol saturated with mercuric chloride
The paper strip was then washed with 2% acetic aeid solution
and dried in a warm air-strean.

RESULTS.

Sera from l4=~ and 1l7-day embryos, and from chicks 0, 7,
14, 21 and 28 days after hatehing, were subjected to electro-
phoregis on filter paper in the manner deseribed.

Pig. 6 represents the distribution of totsl cholesterol
and the corresponding separation of protein fractions on
filter peper following electrophoresis of serum from a 2l-day
old chick, The protein-stained gtrip ie typical snd shows
four distinet fractions compsred with the five described by
Common, McKinley snd Maw (1953). These workers, following
the precedent established in humen studies, named the |
frections, albumin,X , X , ﬁa:nd X globulins, The teclmiqué
employed in this investigation has not separated the two
slowly moving components (which tended to run together in the|
work of Common gt al., 1953) end the(X globulin was s ome‘bimeal
found to be partielly obscured by the slbumin fraction,

There seems to be justificetion for claiming the sepsration

into /
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into albumin,X , X, end {3 + ¥ globulin frections. There
wes no marked devigtion from the genersl pattern over the
development period studied. This is in accordance with the
observations of Heim and Schechtman (1954) who showed by
Tiselius electrophoresis that albumin,X , X 3 and Y
globulin fractions which exist in chick embryo serum are
also present after hatching.

Fig. 6 shous two distinct cholesterol components which
might be termed X lipoprotein (fast-moving component) and
(3 lipoprotein by anslogy with studies on human sera,

(Kunkel and Slater, 19523 Nikkila, 1953; Boyd, 1954), It
gshould, however, be pointed out that these terms are not
intended to imply association of the cholesterol fractions
with X, and (3, globuling respectively, as is reported to be
the case in human blood serum (Cohn, 1953).

Fig. 7 shows lipoprotein patterns of serum from three
nevly hatched chicks, and from a 21-dsy old chiek., It will
be seen thet there is a striking difference between the two.
In the younger bird only a very small proportion of the total
migrated es o lipoprotein while in the older chick nesrly 50%
wes found in this fraection.

Changes in gerum cholesterol concentration sre shown in
Teble 7 from which it ean be seen that the total serum
cholesterol concentration increased after the 14th day of
ineubation to a meximum shout the time of hatching end
declined /
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Table 7.

(days £rom hatching) 318.9100:31.

Free Iotsl

=7 101 206

-4 99 316

0 112 390

% 73 324

14 53 231

21 50 234

28 48 214

Teble 8.
Agze of Chick Gholesterol in mg,/100ml.
(days from hatching)  -lipoprotein (_=lipoprotein

-7 13 193
il 5 311
0 45 345
7 62 262
14 63 163
21 107 127

28 96 118




declined again until about 14 days after hatching.

| The quantities of cholesterol present in the two major
fractions are shown in Table 8 which summarises the findings
at the various ages. These quantities were calculated from
the mean totel serum cholesterol concentration and the mean
percentage of cholesterol in the X and (3 lipoproteins. The
latter values were obtained by summing the ares under each
cholesterol peak ('background! excluded) and expressing the
result as a percenbege of the totel (Boyd, 1954)., (Individ-
ual resulits for serum cholesterol concentration, and the
percentege cholesterol in the X and (3 Lipoproteins are shown
in Appendix ID.)

The cholesterol in the 3 lipoprotein rose to a maximum
about the time of hatching and decreased rapidly for 2 to 3
weeks while that in the & lipoprotein was almost negligible
in the embryo bleod and rose steadily from the time of hatch-
ing for 2 to 3 weeks.,

Since ester cholesterol is known to give a more intense
colour then free cholesterol with the Liebermann-Burchard
reaction the proportion of ester cholesterol in both X and
@ lipoproteins was d etermined. Blood serum from six 21-
=day old chicks was subjected to Tiselius electrophoresis
and theX and (3, globulin fractions enelysed for free and
total cholesterol in the manmer desecribed previously (p. 6 ).
The results which are showm in Table 9 indicate that there

is /
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is a slightly greater proportion of ester cholesterol in the
K lipoprotein., These velues are comparaeble with observe
gtions made on humen serum (Kunkel and Slater, 1952).

Ester Total
mg./  mg./
X lipoprotein (3 Lipoprotein 100mi. 100ml.
0.79 0,75 145 190

Since this work was completed Schjeide (1954) has
reported a full study of chick serum lipoproteins. He used
the ultracentrifuge to separste from the serum of both
embryos and hatched chicks, two lipoprotein groups. Schjelde
(1954) applied staining techniques to the lipoproteins sube-
Jjected to ionophoresls and showed that the lipid matier
assoclated with Lipoprotein I scarcely moved from the origin,
while the greaber part of the lipid from Lipoprotein II
migrated immediately behind the a2lbumin. The striking
gimilarity thus showm between Lipoproteins I and II end the
(3 end K lipoproteins (respectively) reported here, is furthex
emphasized by the fact that Schjeide (1954) found most of the
embryo plasma lipid to be present in the form of Lipoprotein
I, while in the hatched chick the plasma lipid was slmogt

equelly /
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equally distributed between Lipoproteing I and II. It is
importent to note however that the latter change took place
between the 18th day of incubation and hatching end ig

consequently much more repld than the corresponding changes

in protein<bound cholesterol noted here.

36.






DISCUSSION

lutrient materials from the yolk are made availeble to
the embryo by absorption through the yolk-sac. This
membrene which encloses the yolk grows steadily from the
beginming of incubation up to the 15th day, end its highly
vascular structure facilitates trensportation of yolk
congtituents into the blood stream and thence to the embryo.

During the course of incubation the cholesterol content
of the yolk decreasges ever more rapidly end the concomitant
appearance of cholesterol in the embryo in equal amount is
attended by the development of a hypercholesteroleemia in
the embryonie blood. About 75% of the cholesterol in the
carcass of the newly hatched chick gecumulates in the laest
5 days of incubation end the rate of uptske of cholesterol
by the embryo during this time emounte to as much as 0.8mg.
per g. embryo wet weight per day, while the blood cholesterol
concentration rises by some 80%.

The general plcture afforded by the changes of chol-
esterol distribution in the developing egg is therefore
compatible with the view that absorption of cholesterol from
the yolk takes place. It ig important to note, however,
that these changes in the egg may, to some extent, be the
result of a process involving the synthesis end breskdowm
of cholesterol. Stokes, Fish and Hickey (1‘553) were able
to demonstrate the contimious upteke of G cerboxyl-labelled
acetate /
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i
acetate into cholesterol during the latter half of incubation
and concluded that the apparent rate of conversion of acetate
to cholesterol was at all times greater in the embryo than
in the yolk-gae or other membranes. These workers however

were unable to determine the extent to which cholesterol

gynthesis and degradation oeccur. 5
The latter half of incubation is marked by the appearancia
of cholesterol esters in the egg end this work has shown the
ineresse in the ester cholesterol content of the 'remainder?
is the result of cholesterol esterifying activity in the ;
yolk-gac. In view of the fact that it was not possible to
demengtrate cholesterol esterification in the chieck liver
and since the changes in blood cholesterol concentration
lergely reflect an increesed proportion of esterified ehol-

esterol 1t is difficult to avoid the conclusion that the

yolke~gac membrane ig the site of formation of the cholesterol

esters which subsequently appear in ever increasing emount in

the liver of the embryo. The high concentration of choleste!

]

ol esters in the liver after the 1l6th day of incubation
accounts for most of the esterified cholesterol in the carcasp
of the newly hatched chick.

The finding of a cholesterol esterifying system in the
yolk-gac membrane ié of considerable interest since this
tissue hag already been shown to be metabolicslly active,

(Proteinase / i
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(Proteinese activity: Borger end Peters, 1933; Goldstein |
end Gingburg, 19371 Phosphoprotein breakdown: Sutherland, |
1953).

0f particular importance is the study mede by Ammon
and Schfitte (1935) on lipase activity in the yolk-sae in
view of the fact that this may furnish the fabty acids
necegsexry for cholesterol esterification. Another possible

source of fatty acids for the esterificstion of cholesterol

was revealed by the work of Hevesey, Levi end Rebbe (1938).
Thege workers injected P32 labelled phosphate into hen eggs |
at the beginning of incubation and found that while this
isotope was incorporated into phospholipid in the embryo,
yolk phospholipid was almost devoid of activity. '‘Hevesey
et al. (1938) concluded that the embryo synthesized its own
phospholipid and that there was no direct trensfer of this
material from yolk to embryo. Sinee it is well known that
the phospholipid in yolk-sasc and contents decresses during
the course of incubation, it is clear that breakdown of
phospholipid must take place between the yolk and the ambryO|
The breskdown of phospholipid might furnish fabty aecids in
a suitable form for esterificstion with cholestercl. Omne is
reminded of the lecithinase~B end the cholesterol esterifying
enzyme which Le Breton and Pantaleon (1947) claim to be
present in blood plasma. |
The /
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The poseibility thet endoerine influences might be
concerned with the changes which take place in the chick
following hatching is suggested by the observation that the

"cholesterol fatty liver" condition which is usually resistant
to most lipotropic factors (Stamler, Bolene, Herris and Katz,
1950) readily yields to trestment with thyroxine (Stamler,
Bolene, Levinson and Dudley, 1950). Despite the fact that
the spare yolk with its high concentration of cholesterol is
completely sbsorbed within about 7 days after hatehing, the
decrease in the cholesterol content of the liver is already
congiderably sdvenced at the end of that time (Entenman
et al., 1940).

It is worth noting at this stage the interesting
parallelism which exisgts between the changes in the serum
of the hatched chick end those occurring in the gerum from
myxoedematous human patients treated with thyroxine (Malmros
and Swahn, 1953). These workers, using filter paper electro
phoresis and lipid staining, found the serum from untreated
subjects to be rich in {Elipoprotein and that after thyroxine
adminigtration this fraction decreased together with serum
cholesterol concentration. Sinece two groups of workers
(Brody, Punk and Kempster, 1932; Barrott, Fritz, Pringle
and Titus, 1938) have demonstrated o merked rise in the basal
metabolic rate of the chick during the first two to three

weeks of life it is difficult to svoid drawing the complete |

parallel /

|§
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parallel and abtributing the changes in cholesterol distribe
ubion in the hateched chick to thyroid activity.

SUMUARY .

l. The growving chick embryo subsists on & high chol~-
esterol diet producing a hypercholesterolsemis in the blood
and tissues of the late embrye and the newly hatched chick.

2+ Cholesterol esters are formed in ever inecreasing
amount during the latter half of incubation and the last
five days of incubation sre marked by the accumulation of
these esters in the liver,

3. The yolk-sac membrene is a site of cholesterol
esterifying activity. Cholesterol esterification commences
at least as early as the 10th day of inecubation.

4, The development of a high concentration of cholestero
in the blood of the late embryo and the decrease following
hatching is attended by marked changes in protein-bound
cholesterol.

5. Possible mechanisme for the esterification of
cholesterol and the possibility of endocrine influence in
the newly hatched chick, have been discussed.

1l
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SERIES 1.
Unincubgted Eaag
* Cholesterol
NO. wt- %xﬂg %ﬁ% 2
k (g') mg-) mga mg-
1 55.8 243 54 297
2 54,5 262 29 201
3 §5.)Y " 481 284
4 873 211 » 310
5 58,6 251 20 271
6 60.0 270 40 310
7 575 281 24 305
8 57.8 262 19 281
9 5.7 264 20 284
10 2.2 % 2 281
11 245 255 20 215
Mean (3S.D.) 86,7 281 b 290 £ 14

#* Ineluding shell.
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SERIES I.
0 Davs' Incub
{ Enbryo
No. We. Cholesterol Cholesterol
(ge) . Fﬂ%
ng.) (mg. mg.) (mg.
2 1.2 1.6 0.6 45,5 284 15 301
3 1.5 = - 454 299 22 323
4 2,5 3,8 1.6 43.1 287 25 317
5 2.4 3.7 1.8 431 262 3 301
6 3.7 5.3 2.1 49,7 Ul B 293
'?' 3.1 4::2 1:8 45-? 247 40 293
8 3.3 4.8 2.3 46,1 274 28 300
9 el 4.7 1.8 45.9 240 24 271
Meen (S.D.) 2.7 4.1 1.8 451 267 30 303 = 16
D ' batlo
Enbryo Remginder Total
No. Wt, Cholesterol Wt, Cholesterol .
(g.) %s_tei: (g.) Iree E ng.)
mg.) (mg. (ng.) (mg.
1 5.2 8,1 3.6 39.4 235 6l 307
2 5.3 8,1 3.8 42,8 247 O 308
3 6.0 T8 4,2 2,7 2060 38 - 309
4 5.3 Tuh 14 9,3 242 26 277
5 6.7 9.0 3.9 34.8 238 36 287
6 8.6 12,9 4.9 370 252 24 294
7 9.0 12,5 4.2 33.0 229 16 264
8 6.8 10,2 3.1 36,8 245 15 273
Mean (£3.D.) 6.6 9.8 3.6 37.9 24 33 290 = 18




SERIES I.
16 Days' Incubation

Embryo Remginder
No. Wt, Cholesterol W,

Total
Sholepterol, :
o i @ R

1 14.4 19,9 16,1 27.1 203 49 288

2 15.0 25.0 20,0 30,5 229 68 @ 342

3 14.2 219 12.6 29.3 216 51 302

4 12,2 22,1 8.4 33.6 248 28 307
Mesn (£S.D.) 14.2 22.2 14,3 30.1 224 49 310 £ 23

Daya! Incub

1 2T B oM
R A2 4L B
3 19:5 36 a3
4 29 » 25
5 23.8 40 40

No.  (Yty Gholesterel Wt

ng. ) nge iy %T %ﬁﬁ %%)

3 19.5 37 24 25,8 182
2 22,0 41 21 22.0 197 308
3 18,9 34 17 26,8 202 45 298
4 19:3 M4 16 A3 19 5 286
5 19.5 33 17 28,0 168 48 266
6 17.1 26 12 25,7 182 16 236
7 219 37 54 19.6 126 €0 277
8 25,9 52 52 14,6 109 26 229
9 28.8 53 5 A7 1 19 236
10 28,5 53 70 16,7 141 82 346

Mean (=5.D,) 22,1 40 34 21,3 160 46 280 & 36




No,

.Ds)

SERIES 1.
D neub
Hatching
M Eﬁﬁﬁéﬁiﬂl’.
We.
(g-) Fﬂ %ﬂ% (g.) %’m& %ﬂ!@.y img.)
33.4 63 11.9 121 315
35.3 65 82 6,7 70 35 252
35.3 €1 66 12,6 132 66 325
31.3 67 78 9.9 315
28,0 54 84 7.0 & @a_ 244
32,7 62 75 9,6 103 50 290539

45.



Unincubgted Egzg
No. *Ht. olastero
(g.) Wholg Bgg 3
O
mg-) %‘;ﬁ %;g%
1 54,2 229 20 249
2 54,5 213 7 220
3 54.5 238 24 262
4 54,8 i Al B § 245
5 633 237 8 245
6 53.8 248 8 256
7 52.0 213 3 221
8 55.5 233 5 238
9 54,0 207 18 225
10 53,8 237 18 255
11 50,0 230 25 255
12 55,7 260 28 297
Mean (= 8.D.) 53.8 233 15 248 L 21

* Ineluding shell.




o,

SO e W

Meen(® S.D.)

SERIES II.

L

tio

o)
23

Wt %heleﬁﬁsxg%
(e.) Whole Egg

o)

42,7 216 239
44,8 227 18 245
46,0 245 13 258
43,5 215 17 232
44,7 221 23 244
440 252 30 282
45.0 246 36 282
d 232 23 255 £ 20

¥ Excluding shell.
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No.

Mean

Enbryo Rompinder Total
(Wti Cholesterol (Wts Cholesterol ;
Eeo Ze Ngs

mge ) img.g mg, ) Smg.g
1.6 2.0 14 402 232 M 270
1.6 20 13 A5 o 9 233
1.6 1.9 09 I 220 A 244
1.5 1.8 0.8 39.5 207 18 228
1.1 120 0.6 373 198 ‘14 214
1.7 2.0 0.7 #4537 =99 1y 257
2.2 37.8 227 30 257
1.6 ik 9 33 311
2.0 38,5 242 7 249
2.0 39,5 228 19 247
1.5 45,0 27 26 253
1.6 7.1 U2 A 273
2.0 45,8 212 22 224
1.5 T1.8 Yo 8 9 22 252 £ 24

Nog. 7=l3 inclusives

* Meen of 6 values,

Included in Total.

Embryo Cholesterol
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49.

No. Embryo

Cholegterol
(g.) Free  Ester
(mg.) (mg.)

5.1 8.6 2.4
4.3 745 2.1
35 545 2.6
2.9 4.4 147
6.0 9.9 4.6
220 1.8 2:2

Mean 4.5 73 2.6

v e o




SERIES II.
Days? &
Re Total
No. (Wﬁs Cholssterol (Ht. e 0 5
Ee gt% bo = E§t3§ mne
Emgv) mg mg*) (mg'
1 15,5 27,1 13.2 27.0 365 38 243
2 18,0 35:1 13.5 26,6 178 37 264
3 9.4 18.8 4.7 33.1 206 25 255
4 10.0 19,5 4.5 36,0 242 32 208
5 12,0 24,0 6.6 31,3 191 44 266
6 16.0 29,6 8.0 23.0 149 35 222
7 10,0 21.5 645 27.0 18y 91 266
8 12.5 28,1 7.9 ' 25,7 141 46 223
9 L2 132 6,3 34,8 170 44 234
Mean (% S.D.) 12.4 24,1 7,9 29.4 181 39 252% 25
SERIES 1.
Days! b
Embryo Remainder Iotsl
Mo, (W‘t«i Cholesterol (Wts lestero ;
ge) Iree Eegt e a T \MZe
(mg.) (mg. 5mg.) mg,
: 2.0 51 70 2.0 69 36 226
2 25.0 38 54 10.0 100 31 223
3 290 565 74 1050 87 5 269
4 19.0 46 50 14,3 a7 42 225
5 2l,5 4 43 13.3 13 4 258
6 23,0 50 58 110 92 36 236
7 27,8 45 66...10,0 102 31 244
|
Mean (* 8.D.) 24.9 47 5% 111 96 39 240~ 18i

|
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neubati

Embryo Romainder

No. (Wts Q@ Llegberol ( Cholesterol ¢
Ee g.

mg. E E nge ) Emg.g
1 27.0 9.0 100 40 260
2 30,0 53 85 7.0 80 65 283
3 24,0 43 T4 6,0 79 44 240
4 24,5 53 73 7.0 69 43 238
5 2.0 56 78 6.0 52 34 220
6 29.5 55 79 345 40 29 213
7 30.0 53 80 7.0 79 34 246
8 33,0 56 87 7.0 68 34 245

Mean (% 8.D.) 28.4 52 P 65 T 42 243% 24







We.  Cholesterol Ehospho-

per  mg. per g l}%ﬂ zmuug
No, of liver tigsue  © mg./g. me equiv,

livers (g.) Free Esgter tissue  g. tissue

6 0106 2.4 2.0 33.0 -

;£ 0.07 2.0 2.4 325 0,0971

é 08 e ; 33:7 00955

19 Mean 0.07 2v3 2 33.9 0.0963

Days' Incub

4 0.18 2.7 59 33.0 0,110

5 0,18 2,6 4,8 3245 0,107

7 0,16 . 2.6 5.4 ' 332 0,102

16 Mean 0.17 2-6 5.3 33&0 0.107
6 Days' Incubation

' 0.34 3.9 9.1 33.0 0.116

- 023 2.6 6.3 25,0 0,0034

10 Mean 0'31 305 803 3005 0-109
& ! (o}

4 045 5.7 2063 35.0 0,164

4 0e45 5.0 28,0 35.0 0,173

8 Mean 0.45 5-4 24.‘2 35-0 00168
g D, ! In b

4 050 6.4 35.0 32,5 0.191

2 0.55 4.6 37,5 _ 34,4 0,192

7 Mean 0052 5-6 3601 3343 0,191

19 Days' Incubstion /




o of
livers

& bowvew

L e e

| NN

10

Mean

Mean

Mean

65.3

D 't TInecub (o)

Wo.  Cholesterol, Phospho- Total

per  mg. per ge id Eobty Acid
liver  tissue mg./g. me aquiv, /

(g+) Free Ester tissue ge tissue
0,51 9.5 43.0 35.0 04220
0,52 5:6 44,9 3342 0,244
0.58 6.8 55.3 35,0 06277
0e51 5.6 49.9 34.5 0.268
e84 5,6 52,9  35.0 0,260
0453 6.8 48,8 34,5 0,252

i tio
0.2 11.0 5L.5 35.0 0,246
0.8 1043 332 3545 0e246
048 705 64!5 37‘5 0;298
0,79 6.4 59.6 32.0 04290
083 745 475 35.5 04256
0.87 9.0 62,5 33.2 0.281
067 9.0 83.3 32,5 0,315
075 __ 9.0 _69.5  30.0 04266
0,79 8.7 5.0 33.9 0.275
Deys! b

0,95 9.0 51.0 33.7 0,238
1,00 8,3 472 320 0,216
069 7:2 54,3 30,0 04235
1,15 Te? 68,9 35,0 0,300
0.86 5 13,3 35.0 0,296
0.73 7.2 67.8 35.0 0,285
0,95 _ 7e4 72,6 35,0 0,309
092 7.6 34.0 0,280
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days

==,:

=28

= 3333 36

233::5

20 /

Total

Totel

Tobal

Total

Total

Totel

G: Lom\.nwu

o~ brrrre o hrwrere o bo 2o o 20

Meen

Mean

Mean

Mean

mg.slosml.

Free Ester Total

106 68 174
106 83 189

0L 70 180
104 77 181

113 74 187
119 71 190

119 83 202
116 76 192

125 101 226
94 126 220
110 124 234
315" 101 216

18, 111 230
13 12 225

119 148 267
115 155 270
112 136 248

123 166 289
17 152 269

120 1% 290
135 235 360
12 203 315
112 203 315
147 161 308
130 173 303

37193 222
132 183 315

151 211 360
144 202 346
158 217 375
137 194 332
144 216 360

137 209 346
145 208 353
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Period of b holesterol
tio 1 nation mg.?lOOml.

days Free Total
14 6 99 208
: ) 04 204
Total 12 Mean 102 206
17 4 105 317
" 4 - 308
n 4 87 295
Total 16 Mean 929 316

Age of No. of Ghicks/ Sholegteral 12

i natio ng./100ml.

days Eree Total
0 4 68 308
* 3 127 402
n 4 144 483
a 3 102 382
. 3 130 321
n 3 104 458
" I | ar 2375
Totel 23 Mean 12 390
7 3 87 348
n 3 78 278
" 2 20 392
" ) 33 28
n 2 63 342
Totel 12 Mean 73 324
14 2 67 234
" 2 69 260
" 2 42 204
n 2 - 214
f ‘2 36 241
Total 10 Mean 54 231
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BLOOD SERUM CHOLESTEROL VALUES

No, of Chicks/ M%@M

1 t O mg ® lOOml -
Free Iotel

1 65 259

1 42 265

1 40 174

1 - 185

& 88 i 287

Total 5 Mean 51 234

2 57 227

2 49 216

4 44 188

1 49 237

3l 49 237

~k 41 244

Total 11 - Meean 48 214
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1

%
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L
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2

Total 6
2

2

4

1

1

i

Total 11

Mean

Mean

14.7
31.3
37.2
22,6

2947

46.8
33.3
5L.1
59.3
41.8

45,8

S
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40.3
36.8
40,7

£1.8
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The method of cholesterol determination employed

throughout this work depends on application of the Liebermann+

=Burchard reaction to the digitonide precipitate. Since it
is known that a number of sterols give colours with this
reaction a study was made of the digitonin precipitsble

gterol content of the egg.

The entire contents of six S5-day eggs (total weight
322g.) were homogenized in an Atomix blendor and onewsixth
part (by weight) of the homogenste extracted by refluxing
with 1 litre chloroformemethanol (1:1, v/v) for 2 hours.

The extract was filtered by suction on filter paper (lipid
free) end the precipitate washed with two 100ml. volumes

hot chloroforme-methanol. The combined filtrate and washings
were teken to drymess on s steam~bath and the residue
dissolved in 200ml, 10% (w/v) potassium hydroxide in 95%
ethanol, After refluxing for 4 hours the solution was
cooled and made slightly scid (phenolphthalein indicator)
with concentrsted hydrochloric asecid. Precipitation with
digitonin was carried out according to Windsus'! (1910)
procedure. After centrifuging for 15 minutes at 2,000 r,p.m,
the /




the supernatent was decanted off and the residue thoroughly
gtirred with 100ml. acebtone-ether (132, v/v). The process
of eentrifugation and decantation was repested. Two
further washings each of 100ml. ether were given in the
same manner.

After heating in an oven at 110°C for 30 mimutes (to
remove ether) the digitonide was treated with 30ml. pyridine
on a steam~bath for 1 hour and then 500ml., ether added.

The precipitete which formed was submitted to a second
regenerstion with pyridine. The combined ether extracts
were taeken to dryness under reduced pressure on a water-bath
and the residue re-extracted with five 20ml. portions of
ether, The brownish-white erystelline mgterial remaining
after evaporation of the ether was dried for 24 hours at

110 C under reduced presgure - yield, 235mg.; m.p. 141=145 C,

(b) Isolation of Cholesterol.
120mg, erude sterol were dissolved in 3ml, ether and

the solution maintained at 0 G, Bromine wes sdded drop~-wige
until in slight excess. After 30 minutes at O C, 3ml,
glé.eial acetic acid were added and crystals which formed
during the next 10 minutes were filtered, washed with 5ml, .
cold methanol and sucked dry. The white crystalline material
was sbirred for 30 minutes with 2g, zinc dust and 3ml. glacial
acetic /
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acetic acid. The mixture was then extracted four times
with 15ml. ether and the combined ether extracts washed
twice with 10ml, 10% sodium hydroxide solution and twice
with 20ml, water. The ether solution was teken to dryness
under nitrogen and the residue recrystallised from methanol
to which a few drops ethyl'acetate had been added. The
crystalline product was filtered, washed with cold methanol
and dried at 110°C under vecuun for 12 hours., ileld, 95mg. ;
m.ps 149°C; mixed m.p. with pure cholesterol, 149°C.

The acetate was prepared from the purified sterol by
treatment with acetic anhydride and pyridine at room
temperature for 48 hours. The product was recrystallised
from gcetone-ether yielding a white crystalline material,
m.p. end mixed m.p. (with cholesterol acetete) 115 T.

All melting points were made on a Kofler hot-stage

apparatus,

100mg, erude cholesterol (prepared from the digitonide

precipitate) were dissolved in scetone-ethanol (1:l, v/v)
and the solution made up to 100ml. in a volumetric flask.
Aliquots of this solution were diluted tenfold with acetone=
~ethanol (1:1, v/v) and 2ml. samples (containing 0.2mg.
crude cholesterol) pipetted into a series of tubes. The
samples were evaporated on a water-beth and then heated in

an /
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an oven et 110 C for 30 minutes. The residues were dissolved
by the addition of lml. glaclal acetic aecid and the tubes
transferred to a water-bath maintained at 25°C % 0.5,

The colouring reagent was made by adding lml. con-
centrated sulphuric acid to 19ml. acetic anhydride, and
cooled to room temperature before use (Moore and Baumann,
1952). 2ml. freshly prepared reagent were added to each
tube and the optiecal dengities of the solutions were measured
on a Unicam spectrophotometer S.P. 350 at 620 millimicrouns,
againgt & reagent blank. Readings were made at 1 minute
intervals during the first 5 minutes after the addition of
the colouring reegent and thereafter at 24 minute intervals
to a total time of 35 minutes. Duplicate 0,2mg. cholesterol
(purified through the dibromide) standsrds were incubated for
30 minutes with each sgeries of colour development experiments,

The rate of colour formation was also studied on
cholesterol purified through the dibromide, using an exactly
similar procedure to that deseribed for the crude cholesterol
sample.

Fig. A shows the rates of colour formation of pure
cholesterol and of sgterol isclated from the digitonide
precipitate, on addition of the modified Schoenheimer-Sperry
reagent., The two curves represent triplicate determinations
and are qulte comparabls sinee the pure cholesterol standards
showed good agreement.

It /




It can be seen from Fig. A that the colour development
cuxrves are of similar form and that the maximum colour given
by the crude eholesterol does not include eny contribution
from 'fast-acting' sterols (Idler and Baumann, 1953) which
might be present. The differences shown between the two
curves suggest that the crude cholesterol sample includes
about 4% non-chromogenic material,







The contents of three 5-day eggs were Pooled and homo-
genized with an equal weight of water in an Atomix blendor,
Three 1lml. samples of homogenate were separately extracted
with chloroform-methanol (1sl, v/v) and made up to 50ml. as
previously deseribed (p. 6 ). The protein precipitates were
filtered by suetion on filter paper (lipid free) and the
filtrates transferred to glass-stoppered tubes. Individual
samples (3ml.) of the clear filirate were withdrawn for
analysis of total cholesterol as described on p. 6.

The protein precipitates together with fillter psapers were
re-extracted with chloroform-methanol (1:1) as before, and
agein made up to 50ml. Total cholesterol determinationg
were mede on the entire filtered extracts.

A second experiment was performed in exectly the same
manner on homogenates from three unincubsted eggs.

The results are shown in Tgble A from which it can be
geen that the second extraction contains as little as 1% of

the amount of cholesterol present in the initial chloroform-

~methanol extracts.

Table A. /
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Zable A.
olestero
a b ¢
Experiment I 1lst Extraction 3.20 3,20 3:20
2nd Extraection 0.03 0,04 0,03
Experiment II lst Extraction 3.40 3.40 3,40
2nd Extraction 0.03 0.03 0,03

The seame procedure was also applied to homogenates of
chick liver. In these experiments livers from three newly
hatched chicks were pooled end homogenized in a glass-glass
apparatus with 2 volumes of water. As before, flltered
chloroform-methanol extracts were made up to a total volume
of 50ml. 0O.5ml, samples of the firsgt extracts and 10ml,
portions of the second extrachbs were faken for cholesterol
analysis.

The results from two separate experiments are given in
Table B and show that despite a high concentration of chol-
estercl in the homogenate, the proportion of cholesterol
which could be removed from the protein precipitate by a
second extraction was again of the order of 1%.

Tgble B. /
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Experiment I lat Extraction 21,6 21.6 21.6
2nd Extraction 0,22 0,24 0,20

Experiment II 1lst Extraction 24,8 24,8 24,8
2nd Extraction 0.20 0,20 0,24

Samples of the above extraects were also taken (2ml.,
lat extracts; 20ml., 2nd extracts) for determination of
phosphorus content by the method of Allen (1940). The
values thus obtained are shown in Tsble G from which it can
be seen that less than 1% of chloroforme-methanol soluble |
phosphorus remains in the protein precipitate after the first
extraction.

Igble C.
a b ¢
Bxperiment I 1st Extraction 400 400 400
2nd Extraction 25 25 23
Bxperiment II 1lst Extraction 450 450 450
2nd Bxtraction 38 25 38

(e) /
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An unincubated egg was homogenized with an equal volume
of water, 1ml. of the homogenate wag transferred to flask
A containing 30ml, chloroform-methanol (1:l, v/v) end a
duplicate sample pipetited into flask B which contained 25ml.
chloroform-methencl and 5ml. standerd cholesterol solution
(L.0mg. per ml., in chloroform=methancl). The samples of
homogenate were extracted as in (a) and mede up to 50ml.
volumes with more chloroform-methanol. Duplicate portions
of each extract (3ml, from A, lml, from B) were removed by
pipette (fitted with cotton wool filter plugs) and total
cholesterol determined as before.

This procedure was repeated on homogenates from 5
unincubated eggs.

The results which are summerised in Table D show a
ninimm recovery of 97.4% end a maximum recovery of 100%.

Teble D.
Homogenate Cholesterol (mg,)/50ml. Extract
; A B
1 231 7.3
2 2,56 7,50
3 2,50 7450
4 2,53 7.40
5 240 7+40
6 3.07  8.00

(a) /
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Chloroform-methanol (1:l, v/v) extracts of liver homo-
genate (livers from three newly hatched chicks) were prepared
in triplicate as in (b)s 3ml. samples of the filtered
extracts were transferred to digestion flasks, the solvent
evaporated in a gentle air-stresm and the residue analysed
for phosphorus content by the method of Allen (1940).

A second series of 3ml. volumes were pipetted into
boiling tubes and taken to dryness at a temperature of 40 C
in a stream of nitrogen., The residues were extracted four
times with 5ml. portions petroleum-ebher (40-60 cl*f:), each
extract being passed through a sintered-glass plate. The
combined extracts from each tube were collected in digestion
flasks and concentrated to dryness. Total phosphorus was
determined on the residues by Allen's (1940) method.

Results from two separate experiments are given in Table E
from which it can be seen thabt 97.6 - 99.1% of the total
phosphorus extracted by chloroform-methanol was soluble in
petroleun~ether (40-60 QG).

Table B. /




Experiment I

Experiment II

(1)
(2)
(3)

(1)
(2)
(3)

_.J.! " & Ext;:ggt

Chloroform- Petroleume

methanol
extract

467
467
467

ether
extract

458
458
450

433
433
433

:
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ATTEMPTS TO DEMONSTRATE CHOLESTEROL ESTFRIFICATION

Homogenates prepared by treating livera from newly
hatched chicks with measured volumes (l=4 times wet weight
of liver) of 0,9% sodiunm chloride solution in a Potter-
~Elvehjem (1936) apparatua_, were incubated for periods up to
72 hours, but in no case was any change in free and total
cholesterol concentretions detected.

By analogy with the incubation of yolkesac membrane
preparations 1t was thm_xgh‘b that the high conecentration of
ester cholesterol present in the liver homogenates might
exert an inhibiting effect. A technique similar to that
deseribed for the removal of cholesterol esters from the
yolk~sac wag therefore applied to livers from newly hatched
chicks. The resulting prepa&ationa were incubated glone
end with heat inactivabed humen plasme (Klein, 1938).

bation of Liver Pre tions.

Livers from newly hatched chicks were pooled (6 in each
pool) aend hemogenized in a glass-glass apparetus with twice
the weight of 0.9% sodium chloride solution. The homo~
genates were centrifuged for 10 minutes at 3,000 r.p,m. and
the yellow fatty layer (containing most of the cholesterol
esters) on top of the centrifugate was discerded. Duplicate
iml, /




1ml, samples of supernatant liquid were transferred to
ground-glass stoppered tubes graduated at 10ml, and incubated
for 24 hours at 37 C. Controls consisting of boiled prep=
arabions were included in each series of incubations. The
sgline solutions and glass-ware were sterilised by heat
before use.

Acetons~ethanol (11l) extracts were made as described
on ps 20 , Samples of the extracte were analysed for free
and total cholesterol by the method reported on p. 6.

The results from these incubations exre ghown in Table E
from which it egn be seen that glight hydrelysie of chol=-

egtercl esters has taken place,

Table E.
Experiment  Rercentage of Total Gholesterol
o, in Estorified Forn
Before After
Incubation Incubation
L 21 15
2 5 3
3 ) § 26
4 18 9

Incubation /
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Citrated humen blood was centrifuged and the plasma
thus obtained wag hegted in a sterile flask on a water bath
at 60°C for 1 hour and then stored in a refrigerator at 2°C.

Iml. volumes heat inactivabted plasma were pipetted into
ground-glass stoppered tubes (graduated at 25ml.) followed
by 0.8ml, liver preparation and 0.2ml. M acetate buffer,
pH 5.7,

After incubating the tubes for 24 hours at 37°C, acetone+

-gthanol (13l) extracts were made (totel volume 25ml.) and
free and total cholesterol determined as described in the
previous experiment, All incubstions were cerried out in
duplicate.

Controls consisting of heat inactivated plasma, boiled
liver preparation snd aeetate buffer were ineluded 1n each
gerles of incubations.

The results vhich are swmmarised in Table F clearly
show hydrolysis of cholesterol esters to have taken place,
Ag in the previous experiment (Teble E ) there was no
evidence of cholesiterol esterification despite the presence
of low concentrations of ssterified cholesterol at the
beginning of incubation.

Tgh;a F. /
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Before
Incubstion

22
25
31
26
24
34

After
Incubation

6
14
X7
13
14
25
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(a) Beagents.

(1) Acetic Acid: 2 L acetic aeid (B.D.H, 'Analar!)
were refluxed with 100g. potassium dichromate for 8 hours
and then distilled. The first rumings were digcarded and
the main frection boiling at constant temperature collected.

(2) Acetie Anhvdride: Acetic anhydride (B.D.H. 'Analar!)
was distilled without pretreatment, the main .conatant boiling
point fraction being collected.

(3) Cholesterol: Cholesterol (B.D.H., A.R. Grade) was
purified through bromination. The method is egsentially
that of Schwenk and Werthessen (1952) and is described on

page

(b) Solvents.

(1) Acetone: 2 1. acetone (commercial) were treated
under reflux with 100g. potessium permangenate for & hours
and then distilled.

(2) Chloroform: GChloroform was washed first with 5%
gsodium bicsrbonate solution and then three times with
distilled water. The chloroform was dried over sodium
sulphate and distilled.

(3) Ethanol: 2 l. absolute ethanol were refluxed in
the presence of 150g. potassium hydroxide for 8 hours and
then / |
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then distilled through a fractionabing column, The main
niddlie fractlon was collscted.
(4) Methgnol: Methanol was treated as for ethanol.

76,






ACKNOWLEDGEMENTS




I have great pleasure in recording my thanks to
Profesgor G.F, Marrian, F.R.S. and Dr, W.N.M:; Ramsay for
the helpful advice and criticlsm which I have received
throughout these studies.

My thanks are due to Dr. Greenwood and Staff at the
Agricultural Resesrch Council, Poultry Research Centre,
Edinburgh, without whose co-operation this work would nbt
have been possible.

I gleo wish to thank Dr. G.S. Boyd of this Department
for his kindness in meking his paper electrophoresis
apparatus available for my use.

Finally, I wish bo record my indebtedness to the
Agricultural Regearch Couneil, who provided a generous
monetary grant to defray the expenses of these researches.







REFERBICES

Allen, R.J.L. (1940) Biochem. J. 34, 858,
Ammon, R. and Schittte, E. (1935) Biochem. Z. 275, 216.

Barrott, H.G., Frits, J.C., Pringle, E.M., and Titus, H.W.
(1938)  J. Nutrit, 15, 145,

Borger, G. and Peters, T. (1933) Hoppe~Seyl. Z. 214, 91.
Boyd, G.S. (1954) Biochem. J. 58, 620,
Brody, S., Funk, B.M. snd Kempster, H.L. (1932) Univ.

Missouri, Coll, Agric., Agric.
Eltp. S‘l':a.'b. RGSQ Bull. HOQ 166.

Cohn, B.J. (1953) In Tullis, J.L. Blood cells and plasma
_ proteins., (Mem, Univ. Lab. Phys.
Chem,, Harverd Univ., No. 2,) pp.
117, 337-403, New YorkiAcademic
Pross.

Common, R.H., McKinley, W.P. and Maw, M.A. (1953) Secience
18, a6,

Delton, A.J. (1937) Anat. Rec, 68, 393.
Dam, H. (1928) Biochem. Z. 194, 128.

Dem, H. (1929) Bilochem. Z. 215, 475.

Entenman, C., Lorenz, F.W. and Chaikoeff, I.L. (1940)
J. blol. Chem. 133, 231.

Gobley, /

78.



Gobley, M. (1846) J. Pharm, Chim., Peris sér. 3, 9, &1.
Goldstein, B, and Ginzburg, M. (1937) Enzymologia 1, 369.

Heim, W.G. and Schsehimen, AM, (1954) J. biol. Chem,
209, 241,

Hevesey, G.C., Levi, H.B. and Rebbe, 0.H, (1938) Biochem,
J. 32, 2147.

Idler, D.R. and Baumann, C.A. (1953) J. biol. Chem, 203,

L

Jemieson, G.S. and McKinney, R.S. (1935) 04l and Soap 12,
70.

Klain, W. (1933) Hoppa—Sey‘l. Ze m, 1.
Kunkel, H.G. and Slaber, Ré-T- (1952) J. elin, Invest. 31,

Kusul, K. (1929) Hoppe~-Seyl. Z._l81, 101

Le Breton, E, and Pentaleon, J. (1947) Arch. Sei. physiol,
&, 199.

Lecanu (1829) (Cited by Gobley, M. (1846) J. Pharm. Chim,,
Paris sér. 3, 9, 81,

Melmros, H. and Swahn, B. (1953) Acts med, Seand. 145, 361.

Man, E.B. and Gildes, E.F. (1932) J. biol. Chem. 99, 43.

MeKinley, W.P., Oliver, W.F., Maw, W.A, and Common, R.H.
1%11.%?3%& Ij’zgt.:. Soe. exp. Biol.,

| Menozzi, /




Menozzi, A, (1908) R.C. Accad. Lincel, sér. 5, 171lsim.,
91"94- w Billa, G.E'.
(1935) Ph}’ﬂiol. RQVQ J;i’ 15

Moore, P R. and Baumann, céi. (1952) J. biol. Chem. 195,

meller, Jdels (1915) Js biol. Chenm, &, 231
Nikkila, B. (1953) Scand. J. clin. Lab. Invests. 3, suppl. 8|

Potter, V.R. and Elvehjem, C. (1936) J. biol. Chem, 114,
4

£

Roffo, A.H. and Azaretti, I. (1926) Bol. Inst. Med. exp.
Cénger B. Aires 2, 629.

Schjeide, 0.,A. (1954) J. biol. Chem, 211, 355.

Schoenheimer, R. and Dam, H, (1932) Hoppe-Seyl. Z. 211, 241,

Schoenheimer, R, and Sperry, W.M, (1934) J. biol. Chem,
106, 745,

Serono, C., Montezemolo, R. gnd Balboni, G. (1936) Rass,
Clin, Terap. Anno 35, Fase. 5.

Skarzynski, B. (1936) Bull, int. Acad. Cracovie, Cl. Méd.
4357,

Sperry, W.M. and Webb, M, (1950) J. blol. Chem. 187, 97.

Stemler, J., Bolens, C., Herris, R. and Katz, L.N. (1950)
Circulation 2, 714.

Stamler, J., Bolene, C,, Levinson, E, and Dudley, M. (1950)
Endoerinology 46, 382. }
|

Stewart, C.P. and Hendry, E.B. (1935) Biochem, J. 29, 1677, |
Stoddard, J.L. and Drury, P.E. (1929) J. biol. Chem. 84, 741.
Stokes, / !

80,



Stokes, W.M,, Figh, W.A. and Hickey, F.C., (1953) J. biol.
Chem, 200, 683,

Sutherland, T.M, (1953) Ph.D. Thesis, Edinburgh.

Thennhenser, S.J. end Schaber, H. (1923) Hoppe-Seyl. Ze
| 127, 278.

Windeus, A. (1910) Hoppe-Seyl. Z. §5, 110.

Windaus, A. end Stange, O. (1936) Hoppe-Seyl. Z. 244, 218.

Zorn, C.M. and Dalton, A.J. (1936) Proe. Soc. exp. Biol,,
N.Y. 35, 451,




