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CHAPTER I

IRTRODUCTIOR

Alterations in serum lipoproteins in different patholo-
gioal conditions have Veen reported(66). These studies have been
sspecially oriented towards the eluclidation of atherosclerosis
and related syndromes.

Por many years the clarity of serum and plasme has sug-
gested that ite lipild content is stabilized in solution by linkege|
to proteins. The properties and struoture of the lipoprotein oom
plexes, and the enzyme aystem responsidble for the intersction de.
tween lipid and protein are not well known, However, since the
synthesis of alpha- and beta-globulins takes place in the liver,
it geems of great importance to stuldy the role of the liver in
the syntheslis of the lipoproteins.

There are a large number of papers devoted to the study
of the serum protein fractions of animals with liver damsge ooused
by liver polsons., A review on the effecta of carbon tetrachloride
was pudlished by Hardin(3l), in 19%4. Hanada(30), in electro~
phoretic studles of the plasma proteins in liver impaiment found
that total protein is normal in radbita polesoned with carbon
tetrachloride and that the alpha-globulin fraction was generally
increagsed. These results are not in agreement with those of
Shdmure and Kurihara(76) and thoss of Shirai(77) who rsported an
increase in slpha- and baza-glemm in this experimental con.
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| tion.

Usually, carbon tetrachloride is used to induce liver
[damage, which can be evidenced by histological methods(35)(59)(60)
This damage obvicusly impliea all sorts of alterantions; e.gs af-
feoting enzynes, such as alkaline phosphatase, suocinic dehydro-
lgenase, transaminases(59), eto. Sinoe some of these enzymes are
involved in protein synthesis, alterations in serum proteins are
%o be expeoted.

Purthermore, alterations in the lipid metabolism have
lalse been observed. Weatphal and Priest(87) reported an inorease
in the alsotrophoretic mobllity of albunmin in the sermm of rats
treated with ocarbon tetrachloride. The difference in modility
was found to correspond to an lnerement of approximately one nega-
tive charge per albumin molegule. This fasoct was explained as
being due to an interancstion of aldbumin with fatty acide.

In 1951, Koch-Weser, Farber and Popper(35%) in bochen.
1cal and histologioal investigatione of fatty liver with and with
jout nearcsis were adble to detect a marked inorease in serum
phospholipids of rats injeoted with carbon tetrsohloride., Purther
evidenace for the effect of liver damage on lipid tranaport was
furnishsd dy Spitzer and Miller(80) who showed that carhon tetra-
chloride poisoned dogs trensport fat primaerily as unesterified
fatty soida., It is also well known that ohelestersl levels in-
craase under these axpcrimnmw?gndiﬁ&m as shown by Saka gt
al.(71), among others. SR
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Hartmann, Ruwe and Schulze(32), showed that in dogs
poisoned with carbon tetrachloride there is an increase in blood
neutral fat and a decrease in phosphatides. Sinoce the transport
of fat ocours as neutral fat and cholesterol esters and phoopho-
1ipids transported in two groups of lipoproteins, the importance
of the lipoprotein levels in serum becomes evident.

Iittle is known about the changes in serum lipoprotoelns
in experimental liver damsge by carbon tetrechloride. The most
important contribution in this fleld seenms to be that of Plerce
and Gofman(62). They atudied the effect of ocardon tetrashloride
poisoning on serum lipoproteins assoolated with atherosolerosis
using ultrecentrifugation. They noted that cardon tetrachloride
produced an increage of the 5, 3-12 class of lipoproteln in
rabhits.

Another mnspeet of the problem is the effect of garbdon
tetrachloride on enzymes which ara, in s way, related to the
1ipide of gerun and liver. It has been shown that sone enzymeas,
1ike xanthine oxidase, are activated by carbon tetrachloride(l).
In other publications(53)(54) we were able to demonstrate by means
of paper eleotrophoresis that xanthine dehydrogennse aotivity hae
the sama distribution as the lipoproteins in rat serum ns well as
in rat liver. Sinoce this enzyme activity is confined to the lipg
proteins, 1% was suggested that the activation by carbon tetra-
chloride ocould he attridbuted %ﬂw?he gplitting of the linkages be-
twoen the enzyme and the liy&éazir‘
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The explanation given seems %o be reasonadle szinoce the
game fact is obacrved when rdlk{63) and liver(8%) xanthine do.
hydrogenase are treated by other organie solvents. Purthermore,
it haz boon well netablished thot zanthdne dehydrogennse is ob-
tained from the soluble aytoplasmic fraotion of liver homogenzics
({86}, possidle exclusive aslte of Tatsy =2cld synthesis(40). Since
Zanthine dehydrogoanase may possibly be loosely bound o 1ipo-
protein or fot bodies, the study of these in serunm seems of inm.
portance. This dinding of zanthine dehydrogenssae to lipoprotoins
nt the surface of mitochondris would permit the chain oxidation
of zonthine to allantoin to take place within an efficlent gpatial
relationship, once uricnse is loeated in the liver mitochondria.

In view of all these facts, there appears o be o resl
naed for a more detalled ctudy of the effect of earbon tetra-
chleride on the rnetaboliam of lipoproteins in the liver and,
consequentely, to find such varinztions aos are reflected by the
hlood serum levels of lipoprotelns,

Tleetrophoresin offers the possibility of the easy and
inexpenaive determination of serunm lipoprotelina. A grent mmber
of supporting nmedis may be used for this purpose, incluﬁ&ng!
gtareh dlooks(M(3TY(3B), starch gola(28), agar gels(B9), esllu-
loae acetate membranes(36), starch columne(16){17), eto.

For our study, paper clectrophoresls waa chosen beonuse
of 14%p simplicity and zlso b&ﬁﬂ&?? it requires only small amounts
of sermun for the &atarminatichﬁ;'xfhnaa sdvantages over other
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Twmauw are evident, Mowever, some rostrictions onn de mede

o mast of the procedures so far describad for llpoprotein de-
E&mimtiam by raper elsolrophoresis, Among these, inedequate
atnintng of lipoproteina and retention of the dye by the paper
taelf, otende out. Alno the use of rinsing solutions to remove
he dye from the papar background may alsme remove some of the dye
from the lipoprotein zones.
Several methods have been proponed for the determination
bf serun lipoproteine by paper slectrophoresis. Among the dyes
ch have been tried for staining the lipid sones on the paper
can mention: Sudan IV(69)(70)(79), Sudan IIX(26)(27)(37), 041
ted 0(12)(24)(33) and Sudan Black B(67)(82), first introduced in
Lwor slectrvphoresis by Swahn(8l). In our own experience and
that of others(66) Fudan Bxsél;/:ﬁ ggems to be the most suidable
Fys for lipeprotein stalning in paper electrophoresis,
Resides the above mﬁmﬁ dyes, others have been
tried as well. Thum, Loeffler and Wunderly(43) tried s combd~
nution of Ciba blue and Sudan Black B and, noir au gres was wti-
14z0d by Baudoin et al.(5)(6). Common et a1.(20) loeslized
1ipids by exposing the paper atrips Yo vapora of a )7 omle anid
in 1% ohronioc acid sulu‘biom ‘Raagently, Barrellier{4) propeossd
Wm interoating method which permite the presentation of douhle
bonds in fatty acide and lipoids, besed on a resction with Ams
and iodine bromide and £inally dylag with Sudan VIT B(2)(3).

BRIV r

Some additional procedures have been tried with greater
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or leas success., Salide(72) included in his studies experiments
with osmic aclid, dimethylaminoazobenzol, diluted Puschin, Secarlet
R, #to., GSearoy et al.(74) proposed a rapld staining of serum
lipoproteins and later(73) desorided the fluorescent detection
of these by staining with an solid solution of protoporphyrin.

Sone authors have tried to determine eserum lipoproteins
indirectly by their cholestercl contemt(13)(39)(56). Nury and
Smith(57) proposed a time-saving simplifiocation of the method of
Langan, Durrum and Jenoke(39) whioh seems to yileld wvery good re-
sults. The most recent aproaches in this respect are those of
Crawford(22) and of Searey gt al.(7%). The phospholipid content
of the lipid zones may also be determined(16){17)(27)(38). Al-
though these techniques may be used sucoessfully, most suthors
prefer %o use fat-soluble dyes for the study of serum lipoprotelinal

It 48 obvious from an inspection of the literature that
011 Red 0 and Sudan Black B have been the most widely used stalinsg
Talluto gt al.(83) proposed the use of a 50% squeous solution of
diacetin gaturated with 0i1 Red O as a more sensitive mathod for
the quantitative measure o0f serum lipide fractions. However, the
prodlems already mentioned which are involved in post-staining
methods were not solved. The same commenis omn be extended $o
the method of Moinat, Appel and Tuller(55) in which the authors
proposed the use of a saturanted solution of Sudan Black 3 in a
mixture gontaining 30% methanol, ;Bg@ isopropanol, and 40% dietil.
led water, o
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Casselman(18)(19) in 1954, propogsed the use of nmeetyl~
ated Sudan Black B as & more speclfio higtochenieal reagent for
lipidens, Trom our obsarvntions and that of others this reagent
is indeed advantageous but otill left something to be desired.
In order to avold the inconvenience so far mentionoed,
MoDonald and Nermes(46)(48), in 1955, proposed a pre-staining
method for the deterrdnation e¢f lipoproteins by paper electro-
phoresias, By this new procedwe, the lipoproteins are pre-stained
(by means of a saturated solution of sncetylatsd Sudan Dlack B in
9% ethanol) direectly in the blood serum sample before appli-
oatlon to the paper. The excers of aleohol ig evaporated and
after the electrophoretic separation the lipoprotein zones appean
ag blue zones against o prectically white backpround, This tech-
nique eliminates the resirictions to¢ the post-staining methods
egpecialy beosnuse 1% avoids weshing of the astripe and because it

gives an almost white backgroux!, between the separested zonocs{4g)

The acceptance of this nethod grew rapidly and s 1ittl
later Bermes et al.(7) applied the procedure Tor the determin:ti
of the serum lipoprotein levels in rheumatic fever. Rernsohn(8),
in 1957, used this method with sucoess in studies on the isolation
of gerum lipoproteina by zone electrophoresis, and Boggs gt ol.
(11) 4in lipoprotein studien in oaseas of idlopathie hyperlipemiz.
However, the use of ethanol is snid to present some poesible
limitations to the use of thls ﬁ%’:‘m(m)'

In order to svold this drawback, Solinas et al.(78) in
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1957, proposed n method in which discetin ies used as the sclvent
for Sudan Black B. Nevertheless, Viloox gt 81.(88), 4in 1958, re-
| turned to the use of alcokhwol. They proposed o teshnigue in which
the evaporntion of the excess aleohol 1s avoided and clainmed very
good repulta and reproducible separstions with this new procedure

Kanabrooki et al.(34) published o modification of the
riethod of MoDeonald and Bermes(48) which is simple to perfom and
relatively inexpensive. ILater, Hohatgl and Banerjee(€8) used the
previously desaribed method of 'MoDonald and Bermes(48) in studics
0f the gserum lipoproteins in aninopterin-trented rats. In 1959,
Bigler ot al.(9) again used the pre.staining method sucoessfully
for the study of indorn errors of lipid metabolism.

among the most reoent voriations of the pre-staining
technique we can mention the one proposed by Larkey and Belko{4l)
in which & mixture of petroleum ether -~ ethyl aleohol in the
ratio of 1l:4 is nsed as solvent for Sudan Dlack B.

In our experiesnce we have found that dincetin, although
being o good solvent for Tudan Black B, hos the inconverndence of
being 4ifficult to hendle, espeoially beosuse of 1tes high visoosl
ty. In an attorpt to ovepoone this di28ioculty, solvents other
than ethyl alcohol and diacetin were re-inveastigoted by MeDonsld
and Aibeire(s51). After several trials 4t was found that both
propylene and ethylene glycol ponsessed some lnherent advantages
as compared to the solvente pmviﬁzﬁsly used.

Iater, it wvas shown ﬁhatﬁ other solvent systens may be
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used. Zakel] and Groa(90) proposad the use of n mivture of
dioxane and ethylene glycol, while MeDonald, Banaazak and issane
{47){50) used a system containing ethyl ncetate and propylene
Slyeol.

Tue $o the intorest chown by c¢linical chemlists in thesel
pre-staining methods we decided o unlertake o mm detniled
gtuly of the use of propylenes and othylene zlyeol am solvends forny
cudan Blacgk R in the pre-steining of lipoproteins for paper ow
leotrophoreain., In this way, we hope %o ba able to atablish a
more gsensitive nnd reproducidle nothod and to epply 1% to the
determdnation of sorun lipoprotein levels in experinontnl liver
danage produced by carbon tetrmchloride,

.




CHAPTER IX

GENERAL METHODS AND MATERIALS

1. Animals.

Male Wistar white rats weighing between 100 to 1%0 g
were used in the experinments. The animale were maintained on a
wall alanced standard diet throughout the experiments,

The animals were divided into ¢two groups. One of the
groups was kept as oontrols and the animals from the other group
were injected subcutaneously with a eingle dose of 0.1 ml of
carbon tetrachloride per 100 g body welght. It has been shown
that oarbon tetrachloride is quite effeotive in producing liver
damage at this dosage(l).

2. Blood samples.

Blood samples were withdrawn from both groups of simals
by hsart puncture under light ether ansstheslia. PFrom the injeoted
enimale, samples were usually obtsilned 24 hours after the injeotion]
unless otherwise specified,

The blood was allowed to clot at room temperature and
after congulation it was centrifuged at 2,500 r.p.n., and the glear
serum separated. Hemolyzed samples were digcarded since it was
obgerved that hemolysis intarta{gﬂf ‘with both protein and lipo-

protein determinations hy papér ‘élsémpmmaia. The bdlood sermm




-11~
samples were stored at -52C for no longer than 3 days, since aging
of serum changes the electrophoretic pattern.

3. Staining dyes.
a. Protein staining dye.

Proteins were stained with bromophenol blue obtained
from E. Merck Darmstadt, Germany. The dye solutions were prepa-
red as follows:

bromophenol blue ............;.;.. 0.1 g

Zine SWILALE +eeveereveroererrense 50 &

glaoial acetic scld .vecvvevvonece 50 ml

made up to 1,000 ml with distilled water.

The procedure used for staining was essentially as
follows:
"After the electrophoretic run the strips were removed
from the apparatus and dried in an oven at 110-12000
for 30 minutes in a perfect horizontal position. They
were then transfered to the dyeing rack and kept in the
dye bath for 16 hours. The strips were then rinsed
twice in a 24 (v/v) acetic acid solution for 10 minutes
each time, and a third time for 20 minutes. Following
this procedure they were placed for 2 minutes in a 24
(w/v) sodium acetate solution containing 104 (v/+¥)
glaéial acetic acid: f&fﬁer removing the strips from




the washing bath, they were blotted and dried in a horis
gontal position for 20 minutes at 120%C. The strips
wore in this way made ready for color measurements®.

be Idpid dye.

Fudan Black B was the dye selected for lipld staining.
Two dye samples wers tested; the first was from Haritman.leddon
Company, Philadelphis, Pa., certifioation No. Cib-%5, and the
peoond was obtained from a apecial experimontal lot B,6.56 from
the Banting and Best Department of Medical Research of the Uni.
varsity of Toronto, Canada, and kindly supplied by hr. W.G.Bruce
Cagselman. ‘ '

Preliminary experiments showed that both samples guve
praotioally the same results and therefore the work was oarried
ot with the commercial sample obtained from Hartman-leddon
Company.

Acetylated Sudan Black B samples had been prepared from
the dyes lot mentioned above, The procedure used for asetylation
was the one suggested by Casselman(42) and essentially it roads
as. follows:

*Digsolve 1 g of Sudan BElsak B in 100 ml of diethyl

ether and filter the solution in order to remove the

insoluble fraction., Under a reflux condenser, heat the
ether solution to bhoiling and add 0.5 ml of acetic
anhydride dissolved 14 %0 ml of ether. Reflux the
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mixture for 20 minutes, oool and filter it. Transfer
the filtrate 0 a meparating funne) and oxtract 4t
repeatodly with cold diptilled wator until the aqueous
layer is no longer colored and is not appreciadly acidie
to *universal” indiocator paper. Pour the solution of
acetylated Zudan Black B into a dish and evaporate off
the ethor”.

The blaok produet thus prepared had s metallie lustre.
Congentrated sclutions of both Sudan Dlack B and acety)
dan Black B were prepared according to the following pro~

"100 ml of propylene glycol (Festman Eodsk Company,
Rogheater, N.Y.) are hemted to 100-11020 and 1 g of
Sudan Black B (or of the acetylated derivative)is added
to the hot golvent, with thorough stirring for % minutesd
The solution is filtered hot on Whatman No. 2 filter
paper, ocooled and re~filtered on the same kind of papery

The concentration of the Lfinal solution thus prepared
was approximately 0.5 g° with reapect %0 the dye. Care must be
taken not to excveed 1102C when preparing these solutions or else
a useless gelatinous mixture will result, as stated in a previous
report(5l).
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B. Apparatus,
All eleotrophoretie separations were oarried out em.
ploying a horigontal atrip type of apparatus from Laboeratory
Glagss and Instruwsents Corp., New York City.

b. Fllter papar.
™0 kinds of paper wors used in preliminary experiments
Vhatmann 31, and “eoherey & Nagal No, 2214 £f, a fat-free type
ol filter paper.
In both ocuses the paper strips wera 2.% om in width and
33 om long, with an effactive length of 28 cm, for potential gmdl
ont caleulations.

¢« Bulfer sglution.
All elecirophoretic separations were carried out in
veronal buffer having a pH of 3.6 and an ionle strength of 0.0%.
This buflfer was preopared ia the following ways
Stock solutions This was propared by dlesolving 20.60 g of sodium
veronal and 3.68 g of veronal in 00 - free dis-
tilled water, the {inal volume being made up to
1,000 ml.
Yorking solution: Thiz wae obtained by diluting the atock soluticy
to one half its concentration with cagmfrae
diatilled water.

d. Elegtrophoretic saparationg.«
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The proocedure used for the eleotrophoretioc separations
was ossentianlly as follows:

“The paper strips acre wetted with some of ths bulifer
solution and the exvess liguld is removed by blotting.
The wetted strips are then placged in the plastic frame
of the instrument and adjusted until taut. The strip-
holder is then placed in the eleotrophoretic chamber
and the ende of the filter paper strips are dipped into
the buffer vessels, containing sbout 400 ml of buffer
solution each. Af%er the frame is in the proper place,
the chamber is closed and the power supply twrned on
{100 volts) for 2 hours in order %o achieve equilibrium}
After this perdiod of time, the frame was removed and
the stripe adjusted again so that they were in a pexfect]
horizontal position. The freme was then replaced in
the chamber lor another 45 minutes with the current on,
sa before. In all cases the nigrant wes added albex
the equilibration period es a thin sireak soross the
width of the sirips midway between the ends. After copy)
pletion o the run the strips were removed and dried
always in a perlect horizontal position®.

The dyed strips Jor bath protein and lipoprotein were
soanned with the aid of the Phnmt Trensnission Densitometer
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Model 525 and the measurements made at %95 . {(Photovolt Corpo
ration, Few York City).

The instrument was equipped with a secamning stage for
seni-autonmatic plotting or with a Variocord (obtained from the same)
Company), a variable-response recorder for automatio drewing eof
the ourves. _

In the ocase of protein determinations the strips were
clarified with mineral oll privr to scanning.

6. Quantitation of dlagrems.

Quantitative detorminations were made by planimeiry of
the areas under the peaks of the elegtrophoretis ourves. The
lareas were always fixed by extending the curves to the baseline
rather than simply dropping perpendiculars downwards from the
jmidpointe of the valleys of the disgrems, when determining prote-
ins., This procedure was followed sinee 1t has heen shown that
lirawing perpendiculars may lead $0 errors whea planimetry iz ear-
ried out(45).

In the oase of lipoprotein determination, perpendicu..
lars could be dropped sinse the error was negligible., Pig. 1
hows an example where the same ocurve was analyzed by the two
rogesses.

The planimetry of the areas (three determinations in
each onse) showed the following M’Ms (in on” )}, expressed am
plus or nminus standard deviations:
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For "A"; alphs = 1.13 + 0.11, beta » 3.00 + 0.l4, and
chylomiorons » 2.50 + 0,10
For "B"; alpha = 1.10 + 0.00, beta = 3.06 + 0,06, and
chylomiorons = 2.44 + 0.08
As can bes noted, there is preotically no difference
between the values of the ¢orresponding fractions and the sta~
tietical analysis (student's "¢t" test) oconfirmed that no statio.
tical differences gould be found batween the two sets of measure~
ants (alphat € = 0.4762, P >0.6; beta: ¢ = 0.7500, P >0.5; ochylo
E:;mz t = 0.85T1, P>0e4)s This was due to the faot that the
valleys of the diasgrams are near the beseline, due to the low
background in the stained strips. |
Theee are general methods umed, In some cases small
difigations were lntroduged and whenaver this was done it is
E etated in the text. Therefore, unless othervise specified,
the above desoribed methods ware employed.




CHAPTER III

PRE-STAINING LIPOPROTEINS FOR ELECTROPHORESIS

As already mentioned in the introduetory chapter, in
our experience we have found that both propylene and ethylene
glycol possessed some inherent advantages as sompared to solvents
previously used to prepare Sudan Black B ~olutions. This faot
lead us to a more detalled study of the use of propylene and
ethylens glycol as solvenis for Sudan Black B in the pre-staining
of lipoproteins for paper eleotrophoresis.

1. Preliminary experiments.

Preliminary experiments have shown that propylene gly-
col solutions of Sudan Black B always contained more dissolved
Aye than those prepared with ethylene glycol. This ean be seen
casily by speetrophotometric measurements. The shape of the ab-
sorption curves was the same but the propylene glycol solution
alwayé presented a greater optleal density at practieally all
wave lengths (from 400 to 700 mp). This is a clear indication
that there is a greater solubility of the dye in propylene glyeol

v

Pherefore, this solvent wae used in all subsequent experiments.
In an attempt to select, at as early a date as possible|
the particular dye to be used in this investigation, Sudan Blaek
B and acetylated Sudan Black B #dbiutions were used in these
- 19 -
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preliminary experiments. Using the technijue previously desorided
by MeDonald and Ribeiro(51), we were able t0 show that the aocetyl:
sted derivative slways gave sharper differentiation between the
gones of the alpha- snd data-lipoproteins. The results of these
experiments are 1lllustrated in Figure 2,

In view of these results and that of others(%50)(45) we
decided to use acetylated Sudan Black B in owr investigation.

Onge these two preliminary conditions were established,
a detalled study of the conditions for pre-staining lipoproteins
was undertaken. The prinoipal aspects of the technique which had
to be studied weres (a) the amount of dye solution to be added to
the serum; (b) the ingubation time of the sexum with the dye ao-
lution; (o) the amount of pre~stalned serunm $¢ be applied to the
paper atrip; (4) the stability of the golor of the lipid sones
after the electrophoretio separation; (e) the reproducibility and
arror of the method; (f) the proposed technique.

Naturally, toe conditions for the eleotrophoretic sepa-
ration itaelf will also be established in the course of experi~
menta. By trying different sete of conditions it was oconoluded
that, in general, a potential gradient of 8 volt/om for two hours
gave very good resulta. Hevertheless, the conditions used for
any partioular typs of experiment will always be stated in the
gourse of the explanation.

All detarminations wers oarried out with six different
serum samples. However, for éz@nuzm only one example will ‘bcr

b
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Pige 2 -~ Comperison bebween two runs of the same
serum samples (A) pre-siained with Sudan Black B;
(B} pre-stained with agetyluted Suden Blagk 3.

(B)
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€iven in eaoh cnwe, the one given being the most reprosentative
of the property under study.

2. amount of dye solution to be sdded to the gerwm.

Sinoe excess solvent may oanuse altorstions in the lipo-
protein patterns, the asmount of dye solution to be andded to the
gerun should be such ns t0 avoid these compliocations. On the
other hand, this amount of dye solution showld be sufficlently
great t0 glve satlisfuactory colored lipoprotein gones in the
sleotropherogran.

In order t establish the proper amount of dye molutiond
$0 be added to the serum, a gseries of elx experiments were uniopr.
taken. These conelsted of preparing a set of centrifuge tubes,
each eonteining 0.5 ml of Lresh human bWlood serum; %o eagh tudbe
wae added slowly, with constant, gentle stirring, increasing
amounts of a saturated solution of acetylated Sudan Black B, pre-
pared as previously desoribed. In Table I, is shown the way in
which the set of tubes were prepared.

The serun with the added dye gsolution was left to stand]
at room tempernture Tor 45 minutes and then ceatrifuged in an
International Clinioal Centrifugs Model O at maximum speed for
15 minutes., The supernatant solution was used for the eleotro-
phoretic separations.

Paper eleotrophoresis.was oarried out using the proge-
dure deseribed under general mﬁhﬁdm 8ixz strips of Vhatman IMM




- 23 -

TABLE X

AMOURT OF SJATURATED SUDAN BLACK B SOLUTION IN
PROPYLEFME OLYICOL AIDED 20 THE SAME SERUM SAMPLE

Tabe No. Ampunt of serum Ampunt of dye soln.
1 0s50 md 0.025 ml
2 0. 50 0.0%0
3 e 50 0.07%
4 0. 50 0.100
5 050 0.12%
6

0«50 ~ 0.1.50
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filter paper were mounted in the strip-holder of the instrument
sand after the equilibration period wes over, 20 pl of sach of the
prepared samples were spplied to individual paper strips. The
ations were omrrled out ot 25:¢0, using a potential gradient
of 8 volt/on, and lasted two hours. After this period of time
the o ~Jipoprotein zone had moved about 3 om from the starting
point and the A <lipoprotein fraetion moved about 1.2 om. There
i3 slewo a lipid zone extending fron the origin %o the beta-lipo-
protein fraotion which corresponde to the chylomiorons. This

separ

fraotion appears as & pesult of tihe adsoprption of the fat parti-
cles having a dlameter not lower then 0.5 n and we have seleoted
blood samples containing more of these than ususl, in order to
ses the effeot of it on the beta-lipoprotein fraction. It seems
from the diagrame that will follow thet this freotion aan be de-
termined gquite satiefaotorily snd that the separation betwoen
chylomiorons and bete-lipoproteins can be easily asoeertained YWy
this method.

After the eleotrophoretic separations the strips were
removed from the inatrument chanber and dried in the derk, at
room tempersture, overnight. Pigure 3} shows a typlosl experiment
of this kind.

The dried atrips were than seanned in oerder to ewvaluate
the amount of dye present in each lipid zone. The oriteria
adopted for selegting the bant ennditiana in thie case were to
consider the intensity of the haakawauaﬁ and whether the eolor of




P

Pig. 3. Papor cleotrophoresis of the same sample of humen

blood serun lipoproteins pre-stained with increasing smounte

of dye solution. Humber in the strips corresponds to the
tube mumber in Table I.
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the lipdd fractions was measurable within s good runge of sensi~
tivity of the scanncr.

To avold an wnecessary excess of illugtrations, we arpe

regenting in Plgure 4 only the pmtierns corresponding to the
cannding of the strips of gerun samplos pre-gtalned as deseribed
wier Noc. 1, 2, and 3 in Table I.

An analdysis of these patterns clearly indicetes that
tlhiere sre ingressed arwunts of color in the lipid zones with ine
iemaaing anounts of dye solution added to the serum. The baok-
prowxd is quite low end therefore sstlefroetory for the purpose of
the investigution. The remaining question would be %o find out

roportionsl to the amount of dye solution added to the serun.

In order to verify the relationship between the emount
b dye solution added to the serum and the oolor intensity of the
1ipid zones, the aress under the pesks in the diegfms wers de-
[termined Ly planimetry, The mean values obtained, after dupli.
raata determinations of esoh srea, are shown in Table IX.

As ¢an be seen fror the data in Table II, there is not
conatant inerease of the sreas with increasing amounts of dye
olution added to the serum. The real dependence between amount
f dye and color intensity of the lipid zounes can better be evaln
ated when the areas are plotted on & graph agninst the amount of
ye solution present in the alikp,c; ‘a@pliad to the paper strip.

typieal sxperiment of this kind is shown in Pigure 5.

Fhether the increase in color intensity of the lipid zones wes
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TABLE IX

AREA OF THE DIFFLAENT LIPID ZOWES IN THE ELECTRO-
PHORRTIC PATTERNS OF SERUM SAMPLES PRE-STAINED WITH INCREASING
ARUNTS OF DYY SCLUTION

Area (mz )
Strt To- beta-lipo- alpha-lipo- totel
Chy 3“’“’““‘%’ pmtaiggﬂ mt&in? ares
b § 1.0% 2450 0495 450
2 2425 4450 1.65% 8.40
3 3429 6.85 2.5% 12.6%
4 5.05 6025 2445 13.75
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As osn be ssen from the desoription of the teolnique
used, inoreasing amounts of dye solution were added to the same
voluse of serum. This means that the final volume is not the
pame in esch case and therefore the amount of lipid material pre-
sent in the aliquot applied to the paper is not the same either.
Although the dilution effect is small, we deolded to take this
faot into consideration in order to have & more aococurate and resl
plature of the effeot under investigstion. That is the main
reason why we have plotted the areas under the peaks against the
amount of dye solution present in the paper strip instead of
simply plotting it againet the amount of dye solution added to
the serum.

Interpretation of the curves shown in Pigure 4 is rescon
ably simple. It can De seen that the areas of the zones con-
taining lipids and the total area ingrease up to the point where
0,296 ul of dye solution are present in the paper strip, that is,
when 0.075 ml of the dye sclution were added to 0.50 ml of the
serum pample. Purthermore, it is also evident that this inocreass
is linear up to this point. Above this concentration, the total
ares atarts to level off and the alphe- and bets~lipoprotein
zones actually decresse. Meanwhile, the area corresponding to
the ohylomlorons starts to rise quite repidly.

A search for the gause or causes that would explain
these faote 1s not easy %0 Tind @%W‘ leaving a mapgin of doudbty
However, it sseme that the ressoning presented below would mmm]
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at least in part, what may be the oauses for the behavior illus-
trated in Fligure S.

I% is well known that the presence of organic solvents
may upset the equilibrium between the lipid and the protein rolety
in the lipld-protein complex. Denmaturation of the protein iteelf
may also coour to some extent but the main slteration would be
the breakdown of the linkages between the 1ipid and the protein
portion of the complex. This breakdown of bonds would pet soms
of the lipid of the complex free. With less lipid, the alphs-
and b«é@n—l&pﬁprﬁh&n sonas should present amaller areas in the
eleatrophoretic diagrams. On the other hand, the protein.free
lipid from the lipoprotein complex would incresse the sone of
nzsylomimm or of neutral fat,

However, it would aleo scem evident that, in spite of
this meohanism, the total ares should gontinue to inorease pro-
portionally with the amount of dye solution added to the serum
and that the inorease in the ochylomiorons zone should compensate,
gsomehow, for the deorease in the alpha~ and hete~lipoprotein zonesy

It is generally accepted that lipid dyes like 3udan
Rlsck B ooclor l1ipids by dimsolving in them rather than by a chenl
cal combination. Thersfore, the dissolving capacity of the lipids
will play an important role in the dyeing process. The partition
coefficient of 3uden Blaok B betweon propylene glycol and the
biood 1lipids must be much more in favor of the latter and thus
3udan Black B dissolves more rnény in the lipida. The level-

T
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ling of the totul area would therefore indiecate that the equl-
1ibrium point was belng reached. It 1s obvious that 2 linear in-
orease of the total ares, o of the lipid fractions, could not
hold indefinitely, unless the solublllity of Sudan Blsck B in then
wags unlimited, wihleh is an unlikely ocourrenss. Therefore, the
levelling of the total ares is to be expeoted,.

It nlso may be of interest to mention that every point
in the ocurve representative of the total ares truly corsreaponds
to the sum of the areas for chylomierons, slpha- snd beta-lipo~
proteins, In view of these faots, the explanation glven above
geenms to be one which fite with the experimentsl faets, at leust
for the conditions used in the present investigation.

The remaining question to be analyszed, in order to
support our reasoning, was whether the inereases in the alphs
and bete-lipoproteln zones were proportional %6 each other, that
iz, whether both inoremse at the meme rate.

To verify this relationship, the sasiest and quiockest
vay was to determine the bYeta/alphe retic. The values obtained
for each point in the ourve, whioch have been experinentally de
termined, are presented in Table III,

The data in Table IXX show that up to the point where
the linear relationshipy between amount of dye smolutd on present
in the paper strip and the ares of the lipid zenes holds, the
beta/alpha ratio is practioally the same, witihdn the limivs of
the experimental error and u&#hié-the numbeyr of significant

4
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TADLE 11X ‘

BETA/ALPEA RATIO OF THE RUNS ILLUSTRATED IN PIC. 4

Strdp Ro. Beto/alpha ratio
b § 2.7
2 2.7
3 2.7

4 245




- 34 -
{figures used %o ocalculate the values. VWowever, this value ie
lower for strip Yo. 4, where 0,100 ml of dye solution were added
to 0.%0 nl of gerum. This ls n clesr indlcation that ithe increuse|
in alpha- and beta-lipoprotein arcas follows the sane rate.
In view of {he vesults obtained here, sll Turther ex-
periments were conducted by stalning the gerum with the same
amount of dye solution. To 10 volumes of serum there was added

1 volume of the dye scolutlion, with the precsutions montionsd
previously.

3. Inoubation time of serun with dye solution.

The time of incubation between the serum sample and the
dye svlution was determined after s series of six experiments.
Theee conslated of incubating aliquote of 0.50 ml of the sane
serum sampie with 0,050 ml of the snturated solution of acetyl-
ated Sudan Black B, for different periocde of time. Table IV
shows how the incudbation mixture was prepared.

After the incubstion perieod was over, all tudes were
centrifuged sinmultanecusly, as desoribved under general methods.
Allquots of 20 ul. of esch preparution were added to the oorre-
gponding atrip of Macherey and Nagel Hr. 2214ff filter paper.
The electrophoretic meparations lasted 2 hre., using s potentisl
gradient of 10 volte per om., at 2%:2(,

After the electrophoretic separations, the atrips were
dried at room temperature, in the durk, and scanned.




TABLE IV

TIME OF INCUBATION BETWEEN SERUM AND DIYE SOLUTION.
(ALL TUBES WERE INCUBATED AT 25°0)

*
Tube No., ml. 0f serum ml. 0f ACSEB Inoubation time

{minutes)
i «50 -050 S
2 « 50 +0%0 15
3 « 50 050 | a5
4 « 50 + 050 35
5 «50 <050 45
é » 50 «050 60

* rcetylated Sutan Blaok B.
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The areas obtained by plunimetry of the acanning curves
for alpha- ond beta-lipoproteins sre shown in Table ¥V, vhere the
gtrip nunbern correspond to tube nmumbers presented in Table IV,

It 1g evident from the dota in Tadle Vv, that the incu-
bation for 15, 4% =nd 60 nimutos sives practioally the same ro-
sulte.

Tor shorter vericds ¢f inoubation, the results are
gquite different, "The dote/alpha rutioc was nlao saloulsted for
oach caase and the results obtalned are presented in Tadble VI,

The values were caloulated oince it was possidle that
the bets/alpha ratio for the first three strips was the same as
for those in which longer periode of incudation were used,although
the individual valuwes were quite different. The data in Table VI
ahows that even the betsa/alpha ratio differs markedly from those
obtained for the three last strips.

In Mz. 6 the results of these experinents are shown in
order to present mors clearly the rogion where constant values
are obtainable., The smaller imner graph represents the beteAlpha
ratie variations,

fine mey oconclude ithat the minlmm time of ineubation
Betwoen the serum sample and the dye solution should bde adbout 35
minutes. To meke sure that s perfect equilibriun between the
gerum and the dye solution hee bosn attalned, we have selected
an incubation period of 45 mimxggag for all subsequent sxyperimen

In a few inatances, 'méf #m and the dye solution we
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TABLE ¥

AREA OF THE ALPHA= AND BETA-LIPGPROTEIN PRACTIONS APERR
INCUBATING THE SHRUM WITH THE DYE SOLUTION POR DIFPERENT
PERIONS OF TIME 1

‘ 2
Aven (om®) Inoudbation
Strdp Wo, : time (min.)
alphe~-lipoproteing beta-lipoproteins

i 0450 2.61 5
2 055 2460 5
3 0. 50 2470 2%
4 0.84 3430 35
5 0.83 3.28 45
é 0.85 3.3 60




TABLE VI

BETA/ALPRA RATIO OBTAINED POR THE RUNS YLLUSTRATED
IN TARLE ¥
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incubated at 37°C for 30 minutes and 45 minutes, respectively.
The resultas obtained olearly showed that there is no improvement
when the inoubation mixture is kept at 37°C. This temperature
has been proposed by Larkey and Belko(4l) but since no improvement
in the resulte were noted, we declded ¢to avoid it in our experi.
nents. Also, inoreasing the temperature may alter the protein.
11p1d oomplex whioh is mensitive to heat. At 25°C no visible
alterations osould be detected by paper eleotrophoresia.

4. Amount of gtsined serum 1o be added to the paper.

After sstablishing the conditions slready discussed, we
deoided to chegk the dependence of the amount of pre-stained serws
in the strip with Beer's luw. This could give us an idea of the
proper amounts %o be used in routine determinations of the alphae|
and bets-lipoprotein fractions and aleso permit us to determine
whether the method could be used on a semi.quantitative basls,

This dependence was studied by a series of six experd.
ments in which different aliquots of the same pre-stained gserum
wvere applied to the paper amxm. To 0.50 ml of each of the six
serum samples ‘uwd, 0.0%0 ml of the scetylated 3udan Black B 80~
lutlon were added and the mixture inoubated at 25°C for 45 mimubesy
After centrifuging, sliquots of 5, 10, 20, 30, 40 and 50 pl were
used for the eleotrophoretio fraotiomation. In this partioular
type of experiment, we have used freferably Vhatman 3IMM filter

paper strips sinos they are thlcker and gan, therefore, hold
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more solution. The eleotrophoretio senarmtions lasted 2 hours
and 30 minutes at a potential gradient of 7,8 volts/on.

After the eslecirophoretio runs, the strips were alr-
dried in the dark as ususl, snd scanned. Ths wvalusg odtained by
planimetry of the areas for the alpha- and bsta-lipoproteins are
presented in Table VII, together with the beta.alpha ratio for
ench onsae,

The values thus obtelined wers then plotted on a graph
ageinat the volume of pre-stained serum applied to the paper
gtrips as shown in Pig. 7.

This graph clearly shows that thers ls a linsar in-
orease of the area between the points where 10 Ml snd 40 Ml of
the pre-stained serum were applied ¢o the paper strips, Inoressing]
the volume of serum above 40 ml ocaused a variation from linearity,
under the exparimental conditions deseribed. The beta/alpha ratis]
was praotically oconstent throughout the runge where linearity
holde. Furthermore, i1¢ should be noted that the linear inorease
observed followe a stralght line passing through the origin of
soordinases.

Kanabrooki et al.(34), in similar experiments also
found a linear incorease of integration unite of thelir scamning
instrument with inoereasing anmounts of dyed serum applied to the
paper strips, between 10 pl and 60 ul., However, the lines ob~

tained, both for alpha~ and b@wpcpmwm do not pass
zexo. Also, these authors stated that the beta/alpha lipoprotel
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TABLE Vil

VARIATION GF THZ AREA FOR THE ALPHA- ARD BETA-LIPOPROTEING
WITH INCREASING VOLUMES OF PUB-STAINED SERUM

")
Yolme of Area {om®) Bets/alphs
serwms Bl qopa.3ipoproteins Beta-lipoproteins ratio

s 050 0.7% 350
io OeTH .95 2.60
20 145 375 2059
Jo 2450 Se 80 2.58
40 3.0 8.15 2463
% 3.60 9.00 2450
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ratlio vas relatively congtant in this range. Rough ozlouwlations
from their graph showed that the ratioc varies somewhore from 1.1
t0 2.4, which 48 8 quite high variation for the same serwm sample}

The results we have obtalined here oleariy indieste that
the method as deseribed is sultadle for semi-quantitative determ
nations, ainoe the oolor of the lipoprotein zones follows Beor's
law when velumss varying from 10 pl to 40 pl are used, Ve have
seleoted 20 pd as the best volume to be used in further experi-
mental determinationa.

5. 3%abllity of the golor of he stained lipoproteins.

It 1e known that the stained lipoproteins are extremsly
senoitive to light(34). In order to eveluate the effest of 11
on the stained lipoproteine, six serum semples were run simultan
ously. These samples were pre-stsined using the conditions se.
leoted in the previous experiments.

Por the eleotrophoretio separatione, 20 pl of esch pre
stained serwm were applied to Mecherey & Nagel No. 22347f filter
paper strips. A potential gradient of 8 volte/om wae used and
the run lasted for two hours.

After the electrophoretic separations, the strips wers
immediately removed and dried at 50°C, in the derk. As soon as
they were dried they were soanned and separated into two groups
of three strips each. One group-wvas kept in the dark all the
tine and the othar group was left exposed to the ordinary 1ight
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of the lsboretory (daylight and artifieial 1ight), except nights.
The strips of both groups were scanned periodically., 1

The results of these experiments are shown in Tables
VIII and XX, in which the walues reported represent the mean
values obtained for the 3} stripa of vach group after duplicate
individual determinations. Since we were only concerned with the
effect of light, no other posasidle causes for variations were
tested,

As oan be seen from the data presented in Tables VIIY
and IX there is a marked fall in the intensity of the color of
the stalned lipoproteins whon the atrips are left exposed to
light. On the other hand, the vnluees are preactioslly constant
for the sitrips which huve been kept in the derk. 3Since the od.
served foll in color in thome strips whiob have been left exposed
to light could de somewhat proportional for each individual
fraction, the bdeta/alpha retio was caloulated and included in thei
tedles,

The effeat of light on the stained lipoprotelns ocsn bLe
more ¢learly seen when the results are expressed as per cent of
the original rendings. This dats is presented in Tables 1 and I14

The values for the totnl area were plotted on »n gragh
as shown in Tig. 8. Sinee the totul wres represents the total
eoloxr in the stripe, only this vilue was plotted to Llluatrate
the effeot of light on the atn&:ﬁa{; 1lipoproteins. The color
changs in the strips exposed to light can readily be appreciated




THOLE VIIT

*4@6»

AREA (om?) OF THE LIPOPROTEIN TRACTIONS, TOTAL ARTA, AND
THE POTA/ALPHA RATIO POR THR STRIPR EEPT IN THE DARK

Hours kept in the dask

Trastion 33 3 1Ty5 25,5 50

alpha 247 2453 2453 2443 250 2.43
beta 3483 387 3090 7 3.70 3430 3.7
chylomicrons 2,87 2,83 2+97 2593 2.77 277
total area 917 9423 .40 9,06 9.07  8.97
bets/alpha 155 1e33 leb4 1.%2 152 1.5%




ATmA {am?) OF THY LIPOPLOTEIN PRACTIONS, TOTAL AREA, AMD

DATLE IX

THE ARTA/ALPHA RATIO POR THT STRIPS EXPOSED 70 LIGHT

Bours expomed to light

fraesen 75 1 2 T, 25
alpha 240 227 190 LT3 .67
beta 383 3.80 343 3.0 2,47
ohylomiorons 2.43 213 L93 197 L0
total ares  8.66  8.20 726 67T 594
bets/alphe 1,60  1.67 L8117 1.48
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PABLE X
PRR CENT OF INITIAL AREA POR LIPOPROTYINS IN THE
aTEIPs KEPP? IR THE DA
Hours kept in the derk
Pragtion
L] 18 3 17.8 2%.9 50

alpha 100 10°.4 624 98.4 101,22 9.4
beta 100 101.0 101.8 96.6 99.2 98,4
total area 300 100.7 102.5% 98.8 9849 97.8




TABRLE XI

PER ORNT OF IRITIAL AREA POR LIPOPROTEINS 1IN THE

BTRIPS FXPOSED TO LIGHT

w G -

Fraction

Houre exposed to light

3 2 17

25

bets
ahylomiorons
Sotal area

100
100
100
100
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in Pge 3. The amall imner graph represents the variation in the
betn/alpha ratic in each oase, in order to show that the change
in ¢olor is not proportional to each individual fruotion.

Trom these experiments 1t is oconeluded that the stained
lipoproteing are very sonsitive to light. However, the cgolor in
the lipidogrems 1s perfeotly stable, at least for 50 hours, when
the strips are kept in the dayrk. It ig therefore proposed that
strips should be kept in the durk and that resdings should be
nade within 48 hours after the completlon of the run.

6. Zroposed Seghnlque.

In view of the results so far discussed, the following
technique is proposed for the determination of serwm lipoprotelins
by paper slectrophoresis, using pro~stained serum.

a. Steining solution:

10 m) propylens glycol {analytieal grade) are heated
to 100°C and 0.1g of acstylated Sudan Black B (Hartman-Leddon Couf
Philadelphia, Pa.) is added with through stirring for % minutes.
The solution is filtered hot on Whatman Wo. 2 filter paper,cooled
and re.filtered on the samw kind of paper.

b Pre-stoining:
The sataining nsolution is added to fresh smerum, nt room

temperature, with constant gentle stirring, in the ratio of 1510
v/v, vespsotively. The wm&;éfmxtm is left at room temper-
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ature (25°C) for 45 minutes and then gentrifuged 0 remove the 51
excass dyey if any (2.500 repeme for 15 minutes in an internstiony |
al (linieal Centrifuge !lodel UL is most cunvenient). The supor-

natant is uged for the electirophoretic smeparation.

¢. Paper elestrophoreaia:
The technique and inatrument for the eleoatrophoretio

separntions have been described under General Pﬁuﬁm@m The recO-
mended procedure is us follows; the pre~stained serum (20 wl) is
added as a thin streak aorcss the width of Hacherey & Nagel HNo.
2214 ££ paper strips (2.5 om x 33 om in our appuratus) miduny
between the ends. A potentisl gradient of 8 volta/om is sapplied
for two hours, at 25%. which guve a ourrent of 1.% mi/strip at
the end of the experiment, under our experimental eoonditions.
Separstions are carried out using veronal buffer, pH 8.6, ionie
atrength of 0.05. Aft{er ocomplotion of the run the strips are
removed and dried immediately in a horisontal pesition, at 50°0,
in the dork. Duplicate runs of individual semples are always |
nade.
d. Seanr g

The dried atrips are kept in the dark and scanned at
595 mp within 48 hours. Quantitation of the diagrams oan be made
by planimetry, self-integrating sonmnera or by elution. Binoce in
routine determinations ons is concerned only with alphae~ and deta.
lipoproteins, only these fraotibnk ure determined and the results|
are expressed as percentages of the sum of thess two fraotions,
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The beta/alpha ratio is osloulated from these values.

The method descrided here can be adapted 0 any partioy|
lar set of gonditions. MeDonald and Kissane(50), for instance,
have proposed a solubllieing proeedure for the preparation of
Sudan Black B solutions whieh has been used successfully(47).
Also, they recommend that pre-staining should be done using s 1:5%
v/¥ ratio Detween dye solution and serum, respeotively. Thie
procedure should de most useful espeglially for serun samples with
8 low lipoprotein content.

Naturally, the electrophoretie technique oan be wvaried
in nany ways, sccording to the individual oconditions and labore-
tory facllities. Larger strips of f£ilter paper were tried and
gave very good results, In this last case, volumes greater than
20 pl may be appliied to the paper. Although we have used Whetmen]
3MM filter paper with suocess, improved separations have always
been obtained by the uese of Macherey & Nagel Fo. 2214 1 paper
atrips.

The color atability is very good when the strips are
kept in the dark as mentioned previocusly. However, it should be
mentioned that light alone is net the sale oause for ¢olor changes|
uf the stalned lipoproteina. Ve bave also observed that when the
strips are govered with transparent gellophane tape the intensl gy
of staining remmins for longer periocds of time even when the
strips are exposed to light. Thig observation agrees with the
recommendations of Kenabrooki et al.(34) who have dried the strips|
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in the dark and then sprayed them with a ocvat of acrylate, and
finally oovered them with tape. Aocgording to them, the acrylie
cont alone ig sufficlent for mantaining the oolor stadle for many
monthe.

With any kind of modiffication in inetrument and gon
ditions the method gan be used satisfaotorily, us long as the
negessary pracautions are teken. As desoridbed here, the method
leg shown to be reproducible and %o have s good precielon, as ve
shall see naxt.

T+ Beprodugdbility and sryor of the method.

After desoribing the proposed technique i1t becume neoeg
sary %o check the reproducibillity and to determine the error of
the method. Tor this purpose, seven samples of the sams serun
werd individually pre-steined and run in two separate assts, on
two conseoutive days. The eleotrophoresis was performed with the|
regommendations desoribed in the preceeding seciion, using
Macherey & Nagel No. 2214 £f filter paper strips. The usual 8
voltas/am potential gradient was umed for a period of two hours.

After eleotrophoresis, the strips were immedistely
dried in the dark, and soanned. Table XII shows the resulis ob-
tained after planimetry of the areas. The results are expressed
as percentages of the totnl ares, which inciudes the ohylomiorons,
in this particular cases The beta/alphe retio for each determi-
nation is also shown.




TABLE XIX

PER CENT QOMPOSITION OF ALPHA-, BETA-LIPOPROTEINS, CHYLO-
MEQRONS AND THE BUTA/ALPHA RATIO TOR 7 RUNS OF THE SAME SERUM

- %54

un

Per gent composmition

alpha beta ahylonderens :
1 28.71 40460 30.69 1.41
2 28,42 41,05 30.53 1a 44
3 27.84 4124 30.92 1.48
4 27.06 43.71 29.23 1,62
5 26.88 40,36 32,26 1,52
6 29.07 40,69 30024 1440
toaneS.Ds  28.09¢0.85  41.32¢1.08  30.58:0.91  1.47:0.08

SuDs & + (5 (x-E)3/(0e1))3/2
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As oan Do noticed, the reproducibdility of the method s
guite matisfeotory and the stondard deviation (3.7.) for each
fraction und for the beta/zlpha ratio is very small., Prom this

ata pregonted in Table XIT we were able to ocaloulate the coeffl-
clent of variation for each fraction, whioh permitted us to have
an ides of the error of the methed, In Table YIII, these vori.-
stione are expresaed as perventages, which represent the error
of the method.

The data in Table XIIT shows that the results obtained
by the method desoribed are quite reproducidle and that they are
within 3+ 3.0 per cent for each individual fraction. The beta/
alpha ratio showed a reproducibddlity of results whilch is within
+ Se4 per gent. The method gan therefors be considered to have
a good preclieion and reproducidility.




TABLE XIIX

COZPPICINNT OF VARIATION POR THZ VALUES OF THE DIPFERE
LIPOPROTEIN PRACTION3, EXPRESSED AS PERCENTAGES

Fraotion Vardation
alpha * 3.0 % ‘
bata + 2,6 %
chylomiarons + 3.0 %

e g




CHAPTER IV

LYPOPROTEIN LLVELS IN EXPEHIMENTAL LIVER DAMAGE

It is known that onrbon tetrachloride canuses liver
|damage. This impairement of the liver is followed by an acoumu.
lation of fat in the liver, prodbably because %14 poisons the se-
oretory mechanism by which the liver is oonstantly seoreting
large amounts of triglycerides into the plaasma{65).

The liver has been shown to de the site of plasma
choleastorol and phospholipid synthenis(29)(40). Iater evidence
that the liver is oapable of aynthesiging plasma lipoproteins wes
furnished by Miller et al.(52) and more reeently, b Marsh and
vhareat(44).

These findings, end those mentioned previeusly in
esariier sections of this thesis, suggested the present study of
the serum lipoprotein levels of rats poisoned with carbon tetre~
chloride.

A group of 12 male Wistar white rats, welghing detween
100 and 150g was selected for these experiments. Singe distary
protein guality may alter the serum lipoprotein pattemns(25), the
animals wers Xept in the laboratory on the same well balanced
standard diet for at least two weeks prior to use. The andmals
were fed and watered ad 1Sbitum-dvring this period of time.
- 58 .
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After this adaptation period, the control animala were
injeoted subcutaneously with 0.1 ml isctonlc ssline/l00 g body
welght. They were than starved for 12-24 hours in order % -
chdeve a metabolic equilibrium in all animels.

RBiood eamples were withdrawn by heart puncture under
1ight ether aneathesis and the serum separated as descoridbed under
genersl methodas.

Lipoprotein patterns were obtained using the mothod
desoribed in Chapter III. The mean values obtained after dupli-
cate determinationsz of emch individual sample for the alpha. and
beta~-lipoproteins are shown in Table XIV.

Table XIV also showa the values for beta/alphs retio,
gnloulated for cach cnse. The lower figures represent the mean
plus oz minus standard devistion obtelned for emch lipoproteln
fraction and for the beta/alphs ratio in this group of animele.

2. Bffeot of 001, on the lipoproteins of rata.

Por thess experiments, a group of 8 rats was used.
After keeping the animals on the standard diet for ) weeks, all
8 animals wers injected suboutzneonely with 0.1 ml of Gﬂl‘, per
100 g body welght. The animals were starved lLumediately afber
the injection wnd bdlood sumples oolleoted 24 hours leter. The
results obtained for the serum lipoproteins and for the bata/
alpha ratio in these osses are shoyn in Table XV,




TABLE XIV |

PER OBERT COMPOSITION OF ALPHA- AND BETA-LIPCPROTEINS,
ARD THE BRTA/ALFPHA RATIO IN SWRUM OP CONTROL RATS !

Animel Alpha~ Bata~ Baeta/alpha

Re lipoproteins lipoproteins ratio

1 60.6 ‘ 319.4 0.6%

2 57.0 43.0 075

3 5448 4542 0.82

4 56.6 43.4 077

5 53.9 46.1 0.56

6 53.1 46.9 0.88

7 50+ 6 4944 0.98 |

8 5449 45.1 0.82 !

9 51.1 48.9 0.96 §
10 S4e 3 45.7 0.84 ‘
11 54.8 45.2 0.82
12 53.5 46,5 0,87

Hean + Beile 54.6 > 2T 454 4 247 Q-ﬁﬁr * 0.09 \“

8 = + [Z(x - 92/(n - 1)] 1/2 ;\




PABLE XV |

LIPOPROTEIN LEVELE OF RATS INJECTED WITH CC1 4’ 24 HOURRY
APTER THE ADIIINISTRATIOR COF THE DRUG

Animal Alp Beta Beta/

No. () (:%) Alpha
13 20.8 T9e2 3.82
14 30.6 69.4 2.27
15 25.6 T4.4 2.91
16 33.2 66.8 2.0
17 24.3 T57 3,12
18 28.4 T1.6 2452
19 31.2 68.8 2.2
20 30.0 7.0 2423
, 1)
f
Mean * 8.8, 28.0 bl 4ol T2.0 & 4.1 264 + 060 '
_ i
¢
\3
\l
M'
Ll :‘i}
i
J
|
h‘j
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As oan be seen in Tadls XV, there is 2 great increase
in the peromtage values for the beta-lipoproteins 24 hours aften
the injeetion of OC1 4 Beoauge of thin fnot, we tocems interw
ested in knowing whether the shange was pormanent or transitory.
Por this study, a growp of 30 animale was used. All the
animals woere kept on the standaxd diet, as belfore and injeeted |
with the same domege of Gﬁ:l‘ ies0., C.) ml per 10U g body weight.
Blood ssuples were collected from groups of animals suceessively
at 48, 72, 96 and 120 W after the injcction. |
Baoch group waes starved for 24 hours before bleeding

and fed the standard dlet the rest of the time. 7Two samples, ¢
belonging to the 48 heurs group and other frum the 72 hours grow
wers discarded, sines they exhivited sligzht szigny of honmolysis.
The results od%ained for the lipoprotsin levels in
thesc groups are presented in Tables XVI, XVIX, XVIII and XIY. |
The results obtalned were anslyned statistieslly in
order $o determine whether the inerense wns significant or note |
Sinas only relative percentages are involved, amym of indi.
vidunl fraotions are not nacesssry. *The changes are reflegted |
in the beta/slphas ratic. An increace in the velue of this ratio
would have to indigate an inorease in the relstive amount of the
beta component and vice-versa. Only tuz bota/alpha variatiens
wore, therefore, taken into conaideratisn, |
It may be of 1ntera§ﬁwgp state that the signifieange
of essh individual mean for the alpha- and beta-lipoproteins wnd




LIPOPHOTRIN LUVELS OF RATS INJECTED WITH 9(31‘,, 43 HOURS I
APTER THE ADMINISTHRATION OF THE DRUG

A R
21 24.8 T5.2 3.0}

22 3.6 68,4 2416

23 24.0 T6.0 3417

24 34.2 65.8 1.92

25 271 T2.9 2.69

26 30.0 70.0 233

27 - - -

Mean & 8.4, 234:5 : 4.0 Ti.4 + 4.0 2455 * 050
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LIPOPROTEIN LEVELS OPF RATS INJECTED WITH 0314. 72 HOURS
APIER THE ADMINISTRATION OF THE DRUG

Rat Alpha Beta Beta/
No. () () Alpha
28 32.0 68.0 2.13

29 29.1 T70.9 2.44

36 - . -

3 36.2 63.8 1.76

32 26,2 73.8 2.82

33 334 66.6 1+99

34 26.8 T3e2 2473

Moan b Bade 39:6 * 3.9 @*4 * 3.9 233 + Ged2




LIPOPROTEIN LEVELS OF RATS IRJECTED WITH m‘, 96 HOURS
APTER THE ADVINISTRATION OF THRE DRUG

TADLE XVIIX

Hat

= B
s 28,8 T2 2:47
36 33.6 66s4 1.98
37 27.6 T2.4 2.62
38 33.0 67.0 2,03
» 29.8 10.2 2436
40 .4 68.6 2.18
4 3840 6240 1,63

Mean + Sede LT 3 305 6843 2 3.5 2418 & 0,34
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TARLE XXX

LIPOPROTEIN LEVELS OF RATS INJECTED WITH Gﬁl‘, 120 HOURS
APTER THE ADMINISTRATION OF THE DRUG

Rat Alpha Beta Nata/
Fo. (%) (%) Alpha
42 4303 5649 1.32
43 42.3 57.7 1.36
44 3945 6045 1453
43 4041 59.9 1.49
46 4153 58.5 1.41
47 360 64.0 1.78
48 32 62.8 1.69
49 4949 50,1 1.00
50 38.8 6.2 1.58
Moan + 8.de  40+9 & 4.0 5941 + 440 1446 & 0,23
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for the bveta/alpha ratio was tested. This was sooomplished in o
simple way by dividing the mean by ite standard deviation and
decking up the corresponding probability in the proper tables.
Ve have used Student's “%" test in all the casea., In testing %o
see whether the individual means differed significantly from serq
or not, we have always found velues lying between I < 0,001 and
P<0.01. This was & olear indication that the means were highly
slgnifigant.
Teating the slgnificanae of the difference of two means
we have used the following formdas:

| 1/2
5 m

where: S, » the standand deviation of the difference of the means
X and ¥,
S3¢ 80d 844 » She standard deviation of the first and
se¢ond samples, respeotively,
R, and N, = the mumber of items in the firet end second
sanples, respsctively.
(Seet Arkin, H, and Colton, He Rey "Tables for ftatistiolans”,
P+ l4y Barnes and Nodble, Ina., New York, 19531 and *Outline of

He Yoy 1942) -
Table XX shows the results obtained in the amalysis of




ARALYSZIS OF ‘°HE VARIATICHN OF THE BETA/ALPHA RATIO 0F RATS INJEOTED VITH am.‘

TABLE XX

P |

Time Ms%&iﬁé‘%dp Meun 4 Bode gﬁg ?ﬁ‘d. ﬁ% ?( ?/i&}hrs Pf?fié}ﬂ
0 | 12 [54.6 3+ 2.7 [45.4 + 2.7 [0.84 & 0,09 - - -
24 8 |28.0 4 401 |72.0 ¢ 4a1 |2.64 5 0.60|<.000 - -
48 6 |28.6 + 4.0 |Thed + 400 [2.55 & 0.50/<.002 | > .80 -
72 6 |30:6 1 3.9 [69¢4 & 369 [2.31 3 0.42{<.000 | > .30 -
96 T [31.7 1+ 3.5 [68.3 + 3¢5 [2.28 2 0.34(¢.000 >+10 -
120 9 |40+9 & 440 [59.1 + 440 {1446 & 0.231<.000 > +001 < «001

I~ 89 -
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the results for the beta/alpha ratic, As one ocan ses, the ratio
ig ineressed in all groups of rate injected with *w%. Parther-
more, 1t is evident that the maximum increase was found 24 hours
after thae injection.

The value starts falling slightly but the statistiocal
analysis showed that the fall was only significant, 120 hours
after the injection. In faot, the fall of the value for 120 houre
is even statistiocally different from the value for 96 hoursm.

The behavior analysed sbove can be seen in Fig. 9 m.rJ

the range of variations are plotured. There is a vigidble fall 4
the value for the beta/alpha ratio 120 hours after the injeotion
as compared to the vaiue obtained 24 hours aftsr the adminigs.

tration of CCl,. Nevertheless, thls value at 120 howrs is still
inoreased as ovmpared with the value obtained for sontrol animels,
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CHAPTRER ¥

DIBCUSSION AND GONCLUBIONS

To begin with, some final comments on the proposed
mothod for the determination of semwm lipoproteins sre in order.

Piret, 1t would be sdvisable to comment on what is
being determined by this method. Based on ultracentrifugal g
nalysis and density determinations, the humsn serum lipoproteins
are generally classified into 4 groups or classes of lipoproteins
snd the ohylomiorons which have & very low protein content(42)
(58).

By peper elegtrophoresis, using veronal buffer of pH
B.6, 1t 1s not possible to separate the 4 groups from the ohylo-
miorons, Usually, only two fractions are obtained; i.e. the |
alpha- and the beta-lipoproteins. The relaticnahip between
eleoatrophoretical findinge and the results obtalned by ultra.
centrifugation is shown in Tadble XXI.

As shown in Table XXI, what is oslled beta-lipoproteis
in the present Ainvestigation correspond %o the lipoproteins hsvi
& S¢ value of 0-400., The alpha~lipoproteins correspond to the
high deneity lipoproteins. The ohylomicrons have the same desig-
nation as in ultracentrifugal analysie and oorrespond %o lipo-
proteins having a S¢ value grester than 400, Tids corresponience
batwean paper electrophoretic and ultrecentrifugel anslysis hae

- L -
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TABLE XXX

ARLATIONBHIP BRTWEEN ULTRACENPRIPUGAL AND FTLECTROPHORTIIC
AVALYSIS OF HDUAE SERUM LIPOPRUTEING

T s | , !
. 4 Eleatrophoretio Designation in
Density|y . 1,063 |medility (free solution) present investigasion
J+ paper electropho. ‘mmlq
——— . L
0,94 > 400 variable ohylorderons
' ﬁ%wn '
~ -t beta-livoproteine
1.0} | 20-0 beta, -globulin
1,09 (0 &l phay ~globulin |
' . ~ ' alpha~iipoproteins
224 | <O alpha, -globulin
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bean confirmed recently Ly Pezold, Delalla and Gofman(é6l).

The proposed methed secems to bs very useful in the
determination of these lipoproteins, The error of the method is
low and the reprodueibility iz very good as shownn in the preces
shapter, Some suthors prefer to determine the lipoproteins
on thelr cholestercl content{(23). This technique may lead to
false conelusions in some inetances. Blokm, Xariya and Laughlin
(10) ehowed that 1-{(4-diethylaminoethoxy)phenyl]—1-{p-Tolyl)=a~
(p-Chlorophenyl)ethansl (MER-29) is able to inhidit cholesterol
blosynthesis. Murther, they showed that this compound reduces
the cholesterol/phospholipid ratio and also reduces the choleo
terol content of lipoproteins, FRowesver, 1t does not ehange the
total amount of lipoproteins es determined by fat soluble dJdyes.
In view of these fuots the determination of oholesterocl alone mey
lead to false results in the estimation of total lipoproteins.

The wse of dyes atill acens to be the more adequate

regie of serum lipoproteins. Pre-
staining offered real advantages over othar methods, ng has ale
roady been akoun. ‘The pre-stainiag seciniqua has bdbeen sosepted
rather generally and bhas even Been proposed in the ulwwmﬁm
analysis of lipoproteins(2li).

The proposed method oan therefore be applied sucocanw
fully to the determination of lipoprotein levels as we have @w
in the case of liver polsoning by esrbon tetrachloride.

The most important finding in this osse was the inereass
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in the beta-lipoprotein levelec in prats poisoned with 0.1 ml of
8614 per 100 g body welight. This incresse iz observed 24 houra
after the administration of the drug and remains et higher levels
for appromnmately 96 hours. It starts falling 120 hours after
the injeotion but still is above cortrol levele at this time. }

2his inerease eon be vigunlized through the variations
in the analysis of the Yeta/glphs ratic. There is a marked in-
arease in the values of this rotio which persiste steadily for
about 96 houre. After that reriod of time the values start re
turning to those observed in the normal controls.

™ias tendeney of the beta/alphs ratio to retwn %o
normal control levels probadly refleots a regenerasion of the
damaged liver. It is known that cardon tetracliloride, ot the
dose indleated, produges a leaion that 1s perfeotly reversidle,.
Also, if one gonsiders the faot that the Jdiet supplled containa
suall amounts of lipotroploe agents, sspeoially eholine, this red ‘
genepration of the liver is to be expegted. | f

It is known thst in some forms of hepatic dipsmse (as
in bviliary cirrhoeis) the “lstridution of lipide and the lipid
eomposition of the lipcprotein fractions may vary form the normal
patterns, Usunlly, there is an inorensed gontent of choleoaterol
(71). Since cholestercl 1s chiefly transported by beto-lipo.
proteins the increase of this fraction founmd in our lavestiy-tion
nay rofleoct an increasc in ohﬁxgq?arﬁl esters in rats poisoned Ly |
czrbon tetrachloride. o

o}
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These results confirm previous findings thaet there la
an elevation of serum 1ipids in the initial =tage of earbon tetry
chloride polsoning, This initial eclevation of serum lipids 1is
somewhat parallsl to the ingreansed contont of fat in the depots
as demonstrated by hlstopathologleal techniques by several authors
(3%) (76).

The ineresse In serum lipids (in terms of the lipo-
proteins involved) iz probably due to impairment of ithe degra-
dation mechanisma, for fatty aclds dut certainly not of the
neahaniem responeibdle for the mohilization of fat from the liver
%0 the depots.

7% is intoresting %0 nention that Plerce and Gofman(62)
showed by ultrscentrifugotion analysles that 001 4 is able %0 pro-
duge a marked increase in all claswes of lipoproteins (8e 3-12,
12-20 and 20-40) in rabbits injeoted with the drug, and that
these olusecs correspond to the beta-lipoproteins of the present
inveastigntion.

swanarizing the obuervatlons of aseveral authors(15)(64)
it seoms rather convinocing that uncouwpling of oxidetive phosphow
rylation ¢r fallure of fat oxidation comld not alone account for
the eurly rise in liver triglyceride content during f;‘.-.'(:fl.‘5 POLEON-
ing. Purther, the work of Byers and Priedman(l4) olearly denctie
strates that the liver iez oopable of segreting large amounts of
trdglycerides in'o she plasma., Therefore, 1% scoms tha¥ 0OC1,
rcte by poleoning thie seoretory mechardem.
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It clso seems that the high levels of serum bota.lipo.
proteins ocould be a consequence of this fat and gholesterol ao-
cuwnlation in the liver. The inability of the damaged liver to
handle endogenous or exogenous fate and gholesterel would Iin.
orease the synthesis of protein-lipid complexes and also thelr
degradation by an odsoure meghaniem. However, one still may not
axolude the possidility of other organs or aystens being involved
in the lipoprotein metabolism in this abnomsl state, slthough
it bhas been demonstrated that the "normal® llver is able %o
synthegize sorum llipoproteins.

Ag found by many investigators(76)(77), 063.‘ produces
s murked lneicase in the concentrations of saeiun deta-gloduline,
Our findings strongly suggest that this rige in the beta-glodu-
lins i1s probably due to inareassed lipoprotein concentrations,

Pinally, one may conclude that 0Cl, csuses an elevatim
of gerun beta~iipoproteins probably as & result of fat seocumue
lation in the liver in the early stages of this intoxication.
The well known feoet that the fallure of the hepatic searetory
neetanicm causes a fall ilu plasna trigiycerides and a correepons
ding elevation of iiver trigiyeerides suyiests that Qﬂl‘ y@iaam'
this seoretory nechanisme. The elevated fat and cholestercl
content of the liver would increase the roete of synthesls of
beta-lipoprotein o sn alternative to ellminutling the excese fat
und gholesterol from the llvers . .
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SUrMARY

In the present paper, there is desorided a simple technique
for the determination of serum lipoproteins by paper sleotro-
phoresis. The method consists in pre-staining the serum lipod
proteins with a saturated solution of acetylated Sudan Xlaok
B in propylene glyeol, The dye solution is added to the sexum
in the ratio of 1 volume of dye %t 10 velumes of serums The
serus-dye mixture is allowed to stand at 25°C for 45 mimtes,
esntrifuged, and the supernatant used for the electrophoretia
separation.

The beast conditions for the paper electrophoretice separantion
of the pre-stained serum were:

Filter paper: Macherey and Nagel Nr., 2214 £f

Buffer: veronal/Ne-veronal, pH 8.6, lonic strength of 0.05
Volume applied to paper: 30 mioro-.litere

Potential gradient: 8 volt/om

Current: 1.5 mA/strip

Tenperature: 25°0 + 2%

Duration of the rum 2 hours.

Afser the electrophoretic sepuration the stripe are dried in
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the dark at 50°C and scanned at 595 mp. The curves are ans-
lysed by planinmetry or by electronie integrators and the re-
sults exproseed as percentages of the total ares or total inty
gration unita. The alpha/beta ratio ie ocaleulated from these
values.

The ovler in the atripe is stable for 48 hours Af the strips
are kept in the dark. The method was shown t0 be very repro-
dueidle snd the error in the determination of individual
fractions 1s of the oxder of M.

The deseribed methed was used to determine serwm lipoprotein
levels of rats intoxicated with carbon tetrschloride. The anly
nals were injeated suboutansously with 0.1 ml w&‘ per 100 g
body welght. A oontrol group wes injeoted with the same wilume|
of isotonic saline,

Rormal controls were starved for 24 hours after the injeetion
of saline., The serum lipoproteins were determined and showed

the following mean pereent values for 12 animals (mean

-

standard deviation):
alpha-1ipoproteins: 54.6 « 2.7
beta~lipoproteins: 45.4 ¢+ 2.7
Beta/alpha ratios 0.84 ¢ 0.08 ,
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The animals injeoted with CCl, were divided in%o 5 groups,
Blood samples were collected st intervals of 24, 48, 72, 96
and 120 hours after the injection. All animals were starved
for 24 hours before bleeding.

The animals bled 24 houres after the administration of c;a%
{8 animale) showed the following velues
alpha-lipoproteins: 28.0 + 4.1

beta~lipoprotoine: T72.0 » 4.1

bate/alpha retle: 2.64 + 0.60

The animals bled 48, 72 and 96 hours after the adminietrution
of 001, showed somowhat Jower values for the bet

and for the beta/alpha ratic., However, these values did not
differ statistically from those obtained 24 hours after the
injestion.

The animals hled 120 hours after the administretion of the
drug (9 snimals) showed the following valuest
alpha-lipoproteins: 40.9 + 4.0

beta-lipoproteins: 59.1 + 4.0

beta/alpha ratio: 1.46 + 0.23

These results are statistically different from those cbtained
24 hours aftoer the in;mﬁcga.,af afm‘. However, the bete-lipg
protein values are still above those of normal controls.
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1l. These results show that there is an inocreased concentration
of beta~lipoproteins in serum of rants polaoned with Qﬁl‘.
This inereanse gstays at high levele for 96 hours and then
starts falling to normal conftrol range, Nevertheloss, the
levels are still above the controls 120 hours after the
injection.

12« The significance of these changes are discussed and it is

inferved from the work of others that 601, possidly poisons
the seoretory mechanism by whieh the liver sercretes 4¢tri.
&lyocerides and ohwlestercl intoe the bBlood stresm.
The increase in beta-lipoproteins in this case is explained
as deing due to an inoressed synthesls of these complexes ns
an alternative to elimination of excess fat asowmulated in
the liver, in the early stuges of 8814 poisoning.
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