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obtained from these acids by changing the carboxyl into a primary alcohol
through treatment with l i thium aluminum hydride. Especial ly effective in-
fluences are obtained using acid lipidic fractions of refractive species in
order to reduce the virulence, or insaponifiable fractions of especially sensi-
tive species or of chicken embryos to enhance virulence. Treatment of the
host with lipoacid preparations, repeated for several passages of the virus,
has reduced virulence to the point where the virus no longer is pathogenic.
This treatment seems to provide a method for reducing virulence and
obtaining nonpathogenic live virus vaccines.

Chapter 6, Note 33. Microbes, Phages and Lipids

We have investigated the influence of various insaponifiable fractions
upon the relationship between microbes and bacteriophages. Coli bacilli, of
a strain which has shown considerable resistance to phage, were grown in
broth to which insaponifiable fractions from different sources-such as hu-
man placenta, eggs, butter-were added in colloidal suspensions. While in
these media the microbes showed a higher susceptibility to being attacked
by phage than the controls grown in simple broth, only very few microbes
if any remained resistant. In another experiment, this same strain of coli
resistant to phage was grown in successive passages in broth containing
insaponifiable fractions. After several such passages, the microbe was grown
in simple broth and its sensitivity to phage was tested in this medium. While
the phage used appeared unable to attack the microbes of the unreated
cultures, lysis was manifest in the treated coli. Thus, insaponifiable fractions
increased the sensitivity of the microbes to bacteriophage, not only as an
immediate eftect, but also as a transmissible character.

Chapter 6, Note 34. Lipids and Survival Time of Tetrahymena

Various fatty acids have shown a special influence on survival time of
tetrahymena pyriformis. Survival t ime was determined by keeping a few
drops of culture in a capillary closed at one end and by daily examination
of the mobility of the tetrahymena. By adding progressive amounts of an
agent and withdrawing such a capillary after each addition, we also were
able to determine the influence exerted by different concentrations.

In general, addit ion of very small amounts of fatty acids was found to
prolong survival. Similar effects were obtained with hydropersulfide, and
even with a solution of saponines which are known to bound sterols in
insoluble combinations. The most marked effect was obtained with a fatty
acid having a relatively low number of carbons. The addition of heptanoic
acid in progressive amounts greatly increased longevity. The longe"ity in-
creased as the concentration increased up to a point, after which it declined
rapidly when greater concentrations were used. Of all the substances
studied, heptanoic acid appeared to be most effective in increasing the
longevity of tetrahymena pyriformis.
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Chapter 6, Note 35. Lipids, Temperature and Tetrahymena

We have investigated the influence exerted by difterent lipids upon the
capacity of tetrahymena pyriformis to resist increased temperature. In gen-
eral, exposure of a culture of tetrahymcna pyriformis to increascd tempera-
ture induces rapid death. Kept in capillaries so a temperature of 37'C
could be quickly attained, tetrahymena died in about l5 minutes. By grow-
ing tetrahymena for several successive generations in a medium containing
insaponifiable fractions, increased sensitivity to temperature was obtained.
In some experiments, death occurred within five minutes after exposure to
37'C. On the other hand, gowth in media to which fatty acids were added
markedly increased resistance, and survival after more than 7z hour of
exposure to  37"C was seen.

Chapter 6, Note 36. Pain Induced by Lipids

During treatment of cancer patients with lipids, especially in exception-
ally large amounts, some who had been pain-free before, experienced pain.
Correlation could be established between the appearance of pain and the
administration of l ipids since pain increased with each new injection.
Furthermore, a difference was seen to exist bctween the pain induced by
the administration of fatty acids and insaponifiable fractions. While the
former had an alkaline pattern, the second had an acid one. In several
cases, pain subsided with discontinuation of the medication; in others, it
persisted. The pain always was controlled by the administration of the
opposite lipids, fatty acids for the acid type of pain and sterols for the
alkaline.

Chapter 6, Note 37. Lipids and Wound Healing

The influence exerted by lipids upon wounds was followed by the
changes induced in the healing processes. In order to compare the wounds,
one square centimeter of the skin was excised down to the aponeurosis on
the back of rats and rabbits after mechanical epi lat ion of the skin, and the
surface measured daily. We used transparent cel lophane on which the exact
dimensions of the wounds were drawn. The outl ines which corresponded
to the surface of the wounds werc then passed on paper and cut out. The
paper outlines were then weighed to give us a means of comparing the
changes in the actual surfaces of these wounds during healing.

While lipid acids in general induce a retardation in the healing of the
wound, the administration of lipoids with a positive character were seen
to have an opposite effect. It is worthwhile noting that the naturally oc-
curring sterols----cholesterol and insaponifiable fractions-are much more
active than the synthetic in inducing rapid wound healing.

We studied the histological and cytological changes in parallel incisions
made on the back of rats and rabbits and excised at intervals. In animals
treated with sterol preparations, a difterence was seen between the healing
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of epithelial and connective tissue wounds. While healing of the former was
enhanced, healing of the latter was not influenced. On the other hand, the
higher alcohols, such as polyunsaturated alcohols or butanol, were more
act ive in  incrcas ing heal ing of  conncct ive t issue wounds than of  ep i the l i r l .
I t  is interesting to note also that in the wounds treatcd with the sterol
preparations, the scar showed an epithcl ium with many more layers than
that of the normal surrounding skin. In rabbits, instead of two or three
layers, there were more than ten,

Chapter 6, Note 38. Liver Regeneration

The ability of rats to regenerate almost 3/n of their liver in a short time
has made them valuable for the study of the factors which intervene in
cellular multiplication and differentiation. A study which we made in col-
laboration with E. F. Taskier has shown thc importance of biological age
of the individual in these processes. Regeneration is rapidly completed in
young animals; much more time is required in the old. Liver regeneration
has been seen to be related to the appearance of fats in the form of droplets
f, l l ing up l iver cel ls. Regeneration fol lows this f irst phase. The appearance
of the fatty droplets provides a means of judgrng the velocity of regenera-
tion. The importance of age is shown by the fact that fatty droplets appear
early in the l iver cel ls of very young animals, f i l l ing up the cells, in the f irst
24 hours. They appear later-in about two days-in young adults; in three
days for middlc-aged rats; after the fourth day in old animals.

The inf lucnce exerted by administration of different agents upon re-
generation could also be judgcd through the changes induced in the appear-
ance of the fatty droplets, The administration of insaponif iable fractions in
general has induced an earlier appearance of the fatty cells. Injection of
2 cc.  o f  a  IOC/o so lut ion of  the insaponi f iab le f ract ion of  human or  even
cow placenta was seen to induce an early appearancc of the fatty droplets
and a filling up of the liver cells. Even in old rats such changes occurred on
the second day, contrasting markedly with control rats of the same age in
which this would happen on the fourth day or later. Under the inf luence of
these insaponifiable fractions, the old animals behave like youngsters, from
the point of view of l iver regeneration.

The opposite effect was exerted by the administration of I cc. of a
l0% solution in oi l  of the l ipoacids of human placenta or of a 107o solu-
tion of cod liver oil fatty acids. Appearance of fatty droplets was delayed.
In young animals, the droplets were not seen until the third or even the
fourth day. With a high dose such as 2 cc. twice a day, of the same prepara-
t ion in  animals of  l -50 gran ' ls ,  no fa t ty  droplets  appeared at  a l l .  I t  is  in terest -
ing to note that in animals treated with such large doses of l ipoacids,
regeneration sti l l  takes place even without the appearance of the fatty drop
lc ts .  In  thesc cascs thc l ivcr  cc l ls  are comparat ive ly  very smal l  and have
compact nuclei, instead of the reticular aspect of the nuclei in the controls.

It  is also to bc noted that a paral lel ism was seen between the appear-
ance of fatty droplets in liver cells and the richness of adrenals in sudano-
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phil  granules. In cases in which the administration of large amounts of
lipoacids was followed by nonappearance of fatty droplets in the liver, the
adrenals were found to be entirely depleted of fats.

The influence exerted by the lipids upon livcr regeneration confirms the
antagonistic role of the two groups of lipids in aging processes. The ad-
ministration of insaponif iable fractions produces a regenerative responsc
character is t ic  o f  young animals,  whi lc  l ipoacids produce the response of
aged animals. We have applied these f indings to other processes in which
age is known to be a major factor-such as in thc healing of wounds, and
especial ly of fractures, in older people, where administration of insaponi-
f iable fractions has bccn seen to change an atonic lesion into a rapidly
healing one.

The study of liver regeneration has also indicated qualitative differences
between various preparations. It  is thus interesting to note that, of al l  the
insaponif iable fractions used, the most active were those from placenta and
embryos. The insaponif iable fraction of l iver also has shown a special
capacity to induce rapid regcneration cspecial ly of l iver t issue. Higher al-
cohols have shown much less regenerative effect than the insaponifiable
f ractions.

Chapter 6, Note 39. Lipids and Convulsions

The administration of insaponif iable fractions of placenta or organs
sometimes produces no observable manifestations in rats and mice, except
an exophthalmia. However, more profound changes occur, since injections
of thiamine in doscs otherwise harmless are fol lowcd by lethal convulsions
in these animals. 80 to 100 mil l igrams of thiamine/100 gr. of body weight
produce lethal convulsions in rats or mice who received I cc. of. 57o in-
saponifiable fractions of placenta per 100 gr. of body weight in daily in-
ject ions for  a  week.  In  contro ls ,  150 mi l l igrams of  th iamine per  100 gr .  o f
body wciglrt werc neccssary to induce fatal convulsions.

High doses of insaponif iable fraction of organs alone, also produced
convulsions. The injcction twice a day of a 5% oily solution of insaponi-
f iable fraction of placenta in doses of.2 cc./100 gr. of body weight was
seen to induce lethal convulsions after less than a week of treatment.

Chaptcr  6 ,  Note 40.  L ipo ids and Coma

The administration of heptanol even in larger doscs rvas not seen to
induce somnolence or coma. Intravenous injection of a sal ine solution of
I  mi l l igram of  heptanol  per  cc.  induced dcath in  mice in  doses above 0.5
cc.  Wi th 0.3 cc. ,  the mice remained in  deep s leep,  somet imes wi th  respi ra-
tory arrest. Most of the animals, however, recovcred, start ing to breathe
in less than half a minute and awakening in about ten minutes. A dose as
high as 10 cc. of the same solution, containing 10 mil l igrams, injected
intravenously in rabbits, produced no more than a very short period of
inactivity, without inducing sleep. Intramuscular doses as high as 500 mil-
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ligrams of heptanol in oil in humans did not produce somnolence. However,
after several days of concomitant administration of heptanol and cortisone,
even in reduced amounts such as 50 milligrams of heptanol and of cortisone
daily, deep somnolence was seen to appear in some patients, and coma
in two cases. In one, a man of 85, we were unable to overcome the
coma. In the other, administration of cod liver oil fatty acids, sodium
thiosulfate, and especially Vi cc. of DOCA (desoxycorticosterol acetate),
brought the patient back to normal state.

Chapter 6, Note 4l. Cardiac Rhythm

The antagonistic influence exerted by the two groups of lipoids was
seen to have an especially interesting effect upon the cardiac cells. The
importance for the pharmacological study of the lipoids, as well as for the
cardiac physiology and pathology of the changes induced, has urged us
to study them in more detail.

The principal physiological property of the cardiac cell is its autom-
atism, that is, its capacity to produce the proper energetic influx which
when discharged, will induce the contraction of the myofibrils. Through the
cytoplasmatic bond formations characteristic of the myocardial cells, the
discharged inf lux passes also into the nearby cells where it  acts as an ex-
ternal incitat ion which, in turn, induces the discharge of the inf luxes
produced by these cells. It is through this progressive discharge of con-
tiguous cardiac cells that the contraction progresses in a centrifugal manner
through the heart.

Each cell needs a definite time to "mature" its own influx, a negative
period following each discharge. During this refractory period, the cell
does not respond to any influx, either from nearby cells or from any external
excitat ion. On the other hand, due to the same progressive maturation of
its proper energetic influx, if within a certain time this influx incitation
produced in the cell has not been discharged by an influx coming from a
nearby cell ,  the cell  i tself discharges it .  This automatism is common to
all  cardiac cel ls, l t  dif fers however. from one cell  to another in the t ime
necessary for the influx to mature, that is, in the time necessary to bring
the cell out of its negative refractory period or to discharge its own influx,
i f  not discharged by an external incitat ion to the cell .  A cel l  has a high
automatism if i t  has a short rcfractory period, i f  i t  rapidly produces its
inf lux, and if  i t  discharges it  early. A cell  has a low automatism if i ts
negative period is long and if  i t  requires a long t ime to discharge its own
influx i f  not discharged by an inf lux coming from the nearby cells. The
rhythm of the contractions of the entire heart wil l  be given by the dis-
charge t ime of the cells with the highest auromatism.

If groups of cel ls have an abnormally low automatism and their negative
period is so long that these cells will still be in the refractive negative period
when the influx from nearby cells arrives to them, they will not be dis--
charged by this flux. If the group of cells represents a part of the heart
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through ivhich the inf lux has to pass in order to attain the entire heart, i t  wil l
b lock i ts  propagat ion.

The normal cardiac physiology results from the inequali ty of the
automatism of the different cardiac cel ls. Those with the highest automatism
wil l  represent the pacemaker for the entire heart contraction. Under normal
condit ions the cells of the sino-auricular node show this highest autom-
atism. Other cel ls with an automatism lower than that of the pacemaker,
but st i l l  suff iciently high to be out of their rcfractive period, wil l  respond
when the inf lux started by the sino-auricular node arrives to them. The
automatism of the other centers present in the heart-Aschoff-Tawara's
node, Hiss's band, i ts branches, Purkinge's cel ls-progressively lower than
that of the sino-auricular node, wil l  supply an inf lux i f  that of the sino-
aur icu lar  fa i ls  to  reach them in due t ime.

Under  abnormal  condi t ions,  th is  automat ism is  in f luenced.  I t  can be
ei ther  increased or  decreased.  In  genera l ,  i f  the automat ism of  ce l ls  o ther
than those of the sino-auricular node, is increased above that corresponding
to thc rhythm of  th is  nodc.  thc i r  in f lux wi l l  be premature ly  d ischarged.
I f  the ce l ls  around i t  are out  o f  the i r  re f ract ive per iod,  th is  in f lux wi l l
propagatc and inducc a contraction. They appear as abnormal pacemaker
centers due to  the i r  premature d ischarge and a lso to  the i r  ectopic  pos i t ion.
The rcsult ing contractions wil l  bc manifested as extrasystoles, i f  the ab-
normal discharge appears as an isolatcd event, or as paroxysmal tachy-
card ia i f  the abnormal i ty  pers is ts .  In  aur icu lar  f ibr i l la t ion,  th is  abnormal i ty
takes place in a larger group of cel ls. Oppositely, a lowered automatism
affecting an entire group of ccl ls wil l  result in a blockage of the passage
of the normal inf lux due to this lengthened negative period.

The factor which appears to govern the differences seen in automatism
of the various centers in the heart, is the degree of differentiat ion of the
respective cells. As a gcneral rule. a less differentiated cell  has a higher
automatism, while a more differentiated cell  has a lower automatism.

We have secn that  up to  a ccr ta in  point .  the proper t ies re la ted to
the degree of  the d i f ferent ia t ion of  these ce l ls  can be connected wi th  youth
characters. The changcs seen in hcart ccl lular physiology, and especial ly
those which appear  under  abnormal  condi t ions,  can be conceived as tak ing
place through changcs in the degrcc of the differentiat ion of the cells.
We have seen above, in the study of the inf luence exerted by l ipids, that
rvhi le the unsaponif iable fraction induces a "prolonged youth" with a
degree of the dedifferentiat ion of the cells, the acid l ipid fractions induce
a process similar to a morc rapid aging, respectively a more advanced
differentiat ion. This effect was seen also to be general for the respective
posi t ive and negat ive l ipo ids.  Whi le  for  o ther  ce l ls  such a change may be
uneventful, for the cardiac cel l  i t  wi l l  be marked by a change in autom-
at ism.

From this specif ic point of view, we have studied the inf luence exerted
by differcnt agents upon the heart, seeking in the changes induced, modi-
f ication corresponding to an increased or decreased automatism. Clinical
observat ions have shown such corre lat ion.  Ext rasysto les were seen to appear
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in subjects who had previous extrasystoles, when l ipoids with posit ive polar
groups were administered in high doses. They disappeared when the medica-
t ion was stopped and reappeared when medication was resumed. In cases
with previous auricular f ibri l lat ion we have seen it  reappear with high
doses of posit ive l ipoids, disappear with cessation of the medication and
reappear when medication was resumed for even a short t ime. This was
ful ly control led by the administration of l ipoids with negative polar groups.

In hundreds of electrocardiograms taken of experimental animals,
such a correlation between the administration of l ipoids and induced
arrhythmias was investigated in col laboration with I.  Eroglu. We studied
thus various substances, l ipoids with posit ive or negative characters ad-
ministered intraperitoneaUy or intraveneously in rabbits. An extremely
high amount of the agent was necessary to inf luence the cardiac rhythm in
normal animals. I t  was usually near a lethal dose and in general, propor-
t ionately many hundred t imes that used therapeutical ly in humans. In
repeated injections howcver, changes could be induced with relatively
smaller doses. In suff icient doses, the posit ive l ipoids were seen to induce
extrasystoles. Figurcs 292 and 293 show such changes obtained with huge
doses of butanol and glycerol administered intravenously. (Page 714)

In animals, the negative l ipoids induce a dromotropic negative eftect.
leading to auricular contractions not passing to the ventricles. Huge doses
were seen to induce a bigeminated pulse.

The study of the intervention of l ipoids has lcd to a new therapeutic
approach. Extrasystoles, paroxysmal tachycardia and auricular f ibri l lat ion
were seen to respond well to the administration of l ipoacids and l ipoids
with negative polar groups, while partial blocks were influenced by lipoids
with posit ive polar groups.

Chapter 6, Note 42. Some General Considerations of the Role
of Lipids in Blood Physiology "

Lipids and Red Cells "ln Vitro"
Among the first experiments concerning the influence exerted by sterols

and polyunsaturated fatty acids in vitro, were those concerned with the
effects upon red cells. We have noted that when citrated blood is kept for
two hours at3l"C in a test tube. the walls of which have been coated with
crystals of cholesterol or with nonsaponifiable fractions obtained from vari-
ous natural sources, the red cells become more swollen and turgescent, and
less crenated than those not treated. Seen under the dark field microscope.
the cell crown appeared uniformly more refringent. It rvas also noted that
the treated red cells failed to form rouleaux or conglutinates similar to those
seen as sludge in vivo. At the same time, the cells appeared richer in their
sterol content. None of these changes were observed when the red cells
were separated from their plasma and washed with saline and kept in a
saline solution when treated with sterols, in the manner mentioned above.

+ Delivered at Gordon Research Conferences, Kimball Academy, Meriden, New
Hampshire.  1955
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Opposite effects were observed when fatty acids were added to blood.
As the direct contact with the red cells produces hemolysis, the following
technique was used. Fatty acid preparations cspecially as mixtures obtained
from blood or cod l iver oi l ,  were added to hcparinized or citrated plasma,
thoroughly agitated and the excess separated by centrifugation. The plasma
so treated was then added in various proportions to citrated or heparinized
blood f rom the samc subjcct .  This  por t ion of  th is  b lood was centr i fuged
and the treated plasma addcd to the supcrnatant plasma from which thc
same amount was withdrawn. The added plasma was mixed with the super-
natant plasma and thcn this was mixed with the red cells. In this way hemol-
ysis was prevented. Smail amounts of treated plasma caused the red cells
to shrink in size and frequently becomc crenatcd. In addit ion, a strong
tendency to conglutinate which exceeded that noted in corresponding con-
trol specimens, was observed. When the quantity of fatty acid-treated
plasma cxccedcd a cer ta in  amount ,  hcmolys is  was induced.  The addi t ion
of these two groups of l ipids to red blood cells, have appcared to exert
frank antagonistic effects.

Sedimentation Rate
The two groups of lipids were also found to influence oppositely the

red cell sedimentation rate in citrated blood. When citrated blood samples
having h igh sedinrcntat ion ve loc i t ics ,  wcre t reatcd wi th  cholestero l  or  an
insaponif iable fraction in the manner described above, the speed of sedi-
mentation was markedly reduccd. Tesr-e XXVIII shows results obtained

Trn r  r ,  XXVI I I

Rr .o Crr . l  Sr ,orvrxrer tox R,r r r  (n tm.  hr . )  S, , rvpr . rs  TRp_,r reo
Wtr l r  Uxs lpoNtF rABLE Fn rc r rox  o r  B looo  L tp tos

Cont ro l
l t 0
96
u l
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t 8
l 2
I
8
6

Treated
t 2
l 9
l 8
l 5
l 0
6
1

tl
5

mentation ratc tended to increase to abnormal values. This varicd with the
amount  of  t reated p lasma added.  (Tnnl t  XXIX)
in different blood samples in which the sedimcntarion rate during one hour,
was measured by the Westergren method. In gcneral, i t  can be seen that
the higher the sedimentation rate of the untreated sample, the greater was
the eftect of adding sterols,

on the other hand, whcn polyunsaturated fatty acids wcre added in the
manner already described, to citrated blood from healthly subjects, the sedi-
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Trnl r  XXIX

Reo Cells SeorpreNr,rtroN Rrrt '-ntm,i ' lst hour

Fatty Acid Used

Stearic
Palmitic
Linoleic
Linolenic
Cod Liver Oil

8 9
l 0  9

Quanti ty of Treated Plasma
Control Added to 5 cc. Citrated Blood

1/4 cc. l /2 cc. I  cc.
9
9
9
9
9

l 5
l 5

l 8
2 l

9
t 0
22
25

20 36 Hemolysis

Red Cell Volume

The same opposite effects of sterols and fatty acids were further ob-
served upon the volume of red cells, as determined by the hematocrit, or
also when the sedimentation in tubes was observed over a 24 hour period.
(TeuLE XXX) Sterol-treated blood showed a signif icant increase in red

TrsLE XXX

CHrNces rN Volupre on REo Cells rN CrrR,rreo Blooo TRrlreo rN VlrR<t
(Sedimentation After 24 Hours)

Substance Used
Unsaponif iable fract ion of blood
Stearic Acid
Saponif iable fract ion of blood

cell  volume, while on the other hand, with the addit ion of polyunsaturated
fatty acids, the red ceil volume decreased. This agrees with a retention of
water by the cells in general when richer in sterols, which Schaeffer has
described as the lipocytic index.

On further analysis, these effects of fatty acids upon red cells mentioned
above could be related to the polyunsaturation of these acids, since by treat-
ing the blood undcr the same condit ions with saturatcd members, such as
palmidg or stearic, these changes were not obtained.

The treatment of red cells with conjugated fatty acids, especial ly tr ienes.
induces a marked vacuolization. This is seen to occur through an ac-
cumulation of part of the content of the red cell  in droplets, strongly stained
w i th  eos in . (F iS .264a)  S im i l a r  changes  a rc  seen  to  occu r  i n  v i vo .  I n
lesions characterized by a predominance of fatty acids or induced by the
administration of conjugated fatty acids, such vacuolated red cells are often
seen. We used their presence, together with other characters, for the patho-
log ica l  d iagnosis  of  the type D present  in  a lcs ion. (F iS.264b)

Red Cells, Plasma and Lipids

As most of these changes did not occur with the red cells in suspension
in different isotonic sal ine solutions, we have attempted to explore the re-

Contro l

5 3
5 3
5 3

Treated
66
5 4
5 0
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lat ionship of  p lasma to red ce l ls  and l ip ids,  This  was done in  the fo l lowing
manner. The cholesterol content of red cells was seen to be progressively
lowered by repeated washings with isotonic sal ine. when the amount of
cholesterol is reduced below a certain level, hemolysis ensues. Standardiz-
ing these washings by replacing the plasma with an equal amount of sal ine,
hemolysis is usually obtained in some bloods after I or 2 washings while
in  most  af ter  more than l0  washings.  This  occurs when the cholestero l  con-

(a)  (b)
Ftc.  264.  T 'he t reatmcnt  of  red cel ls  in  v i t ro wi th conjugated fat ty  ac ids ( t r ienes)  in-
duces the appearance of  vacuoles.  (a)  In  spontaneous Ies ions character ized by an of f -
balance type D wi th a predominance of  fa t ty  ac ids or  in  les ions induced by the
adminis t rat ion of  conjugated t r ien ic  fat ty  ac ids,  vacuolated red cel ls  are secn.  (b)

tent of the red cells fal ls below 58 mgm. Vo . When the separated plasma is
again added to these repeatedly washed and consequently cholesterol-
impoverished blood cells, their cholesterol r ises. (Trnle XXXI) By
further addit ions of new port ions of the same plasma, the cholesterol con-
tent of the red cells can be progressively elevated to the original values.
Apparently cholesterol passes readily from the plasma to the red cells. This

Trs le  XXXI

INr . r -uErce  or  Ct rnareo P l , rsu l  Upox

Before Treatnrent
Af te r  l0  Wash ings
After First  Treatnrent

w i th  P lasma
After Second Treatment

w i th  P lasma

REo Ce l l  CHolesreRol

1 8 6  m g r . 9 t
6 2

l i l

o o
I C o2&

c ;

t42
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was confirmed by measuring the cholesterol content of the plasma before
and after it was mixed with cholesterol-impoverished cells. After treating
a portion of citrated plasma several times with other portions of cholesterol-
impoverished red cells, the amount of cholesterol in the plasma was
markedly reduced. The addition of the unwashed red cells to this choles-
terol-impoverished plasma raised back its cholesterol content. The content
could be increased still further almost back to the previous values by re-
peating this procedure. (Tnnre XXXII) It was clear that a balance in

Trs lp  XXXI I

INn'r-ur 'NcE on Rro Cel ls Upox Pl,rsu,r  CHolestenoL

Before Treatment
After Fi f th Treatment with

Washed Red Cells
After First Addition of

Unwashed Red Cells
After Second Addition of

Unwashed Red Cells

226 mgr.7o

96

1 6 3

1 8 0

the cholesterol content seems to be realized between plasma and red cells
through possible passages in both directions. This fact would imply that the
red cells may serve as a bufter reserve for rapid changes occurring in the
plasma sterols.

The role of red cells in the transportation and distribution of fatty acids
through the blood not only appears more evident, but also indicates a selec-
tive intervention. When plasma was treated as mentioned above with fatty
acids that were easily identif iable, and then mixed with the red cells, an
unequal distribution between plasma and red cells was seen. The difterent
influence of the different fatty acids became obvious. Saturated fatty acids
could not be found in the red cells when these acids were used, while un-
saturated fatty acids seemed to be selectively retained. Fatty acids such as
oleic, linolenic, eleostearic, or norbixine were found convenient to be used
for this pulpose. They were easily identified, the first through its chemical
character, the second after conjugation, and spectral analysis, the third
through its characteristic absorption in ultraviolet light, and the last through
its color in chromatographic column. After mixing with the red cells, they
were found unequally and selectively f ixed to the red cells: least for oleic,
f ixation was found to increase with the degree of desaturation. The same
fixation was seen to occur in vivo. When animals were treated with satu-
rated fatty acids, these substances did not appear in the red cells. When
treated with oleic, linolenic, eleostearic acid or norbixine, the content of
these acids in the red cells was found to be for the last acids as much as
five times higher than in plasma. A selective fixation of those fatty acids on
the red cells could thus be recognized. This appeared still mst. striking
when compared with that of cholesterol. In animals treated with choles-
terol, the relative proportions between the proportion in plasma and cells
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was not seen to be altered by a total increase in cholesterol. It appears that
the red cells have the capacity of selectively fixing from the plasma certain
fatty acids, part icularly the more unsaturated ones.

Lipids and Blood Oxygen Transporl

one of the most interesting observations and one of the simplest in
vitro experiments that indicates these opposite eftects of sterols and fatty
acids is their influence upon the oxidation processes in which red cclls
intervene. when a sample of ordinary venous blood is treated with a prepa-
ration of cholesterol or nonsaponifiable fractions, using the above men-
tioned technique and after i ts separation from the cholesterol i t  is agitated
with air or oxygen which is passed through these samples, the color becomes
a bright vermilion red, and this persists for a long time. when the same
venous blood is treated with a preparation of polyunsaturated fatty acids
as mentioned above, the color becomes very dark, almost black purple.
when air or oxygen is passed through these samples, the blood becomes
lighter in color for only a short time, the darker color reappearing within
a few minutes. one is immediately impressed by the similarity of the choles-
terol-treated blood to arterial blood, while the fatty acid-treated blood is
similar to venous blood, and especially to the color of venous blood in
cases of shock.

We tr ied to t ie in these f indings with the observation of Binet concern-
ing the changes in blood fatty acids when passing through the lungs. He
has been able to show that the amount of the polyunsaturated members
appears to be reduced by the passage of blood through the lungs. We could
show that the red cells leaving the pulmonary vascular bed are somewhat
richer in the unbound cholesterol than they have been in the blood which
entered the lungs. The lipid content is altered in an opposite way as the
blood travels through the general circulation. That is, the polyunsaturated
fatty acid content is increased in the red cells while the quantity of free
cholesterol seems to be diminished. The sterol-richer red cells appear capa-
ble of retaining for a longer period of time, the amount of oxygen which
hemoglobin has fixed, while a rapid reduction of oxyhemoglobin is seen in
the red cells when the polyunsaturated fatty acids intervene. This led us to
consider an intervention of these two groups of lipids in relation to the
oxygen transportation by the red cells. Bearing in mind the fact that while
cholesterol reduces cell permeability and polyunsaturated fatty acids in-
crease it ,  an alternating intervention of these l ipids seems to play a role in
a better distribution of oxygen. The oxygen which is fixed by hemoglobin
rvhen the red ccl ls have passed the lungs, is largely retained as such by
the intervention of the sterols until they reach the point in the tissues where
liberation of oxygen is necessary, this being favored now by the interven-
tion of the fatty acids.

Lipids and State ol Shock

The abnormally dark color of the blood resulting from its treatment in
vitro with polyunsaturated fatty acids has suggested the intervention of such
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substances in those cl inical condit ions in which similar color changes are
noted in the blood as in shock. We wil l  present our studies in shock belou'.
For the moment we wil l  only note that in the state of shock experimental ly
induced by trauma, burns or irradiation, or found in terminally i l l  adren-
alectomized animals, these animals have not only a high fatty acid content,
but that the kind of fatty acids encountered are not the same as in normal
animals. We have discussed these abnormal fatty acids above. The exist ing
differences have been shown by measuring the quantity of oxalic acid that
is produced when these fatty acids are submitted to a careful standardized
oxidative fission. The oxidative fission of the fatty acids not only from their
entire body but even from their blood has shown that for normal animals,
no oxalic acid could be found, leading to the assumption that no conju-
gated fatty acids are present. On the other hand, oxalic acid appearcd when
fatty acids obtained from animals in shock or from their blood were broken
down with the analytical method utilized.

Of part icular signif icance for the pathogenic role of these fatty acids is
the fact which we will discuss again below, that death appears to ensue
when the conjugation of fatty acids reaches a certain value, which is ap
proximately the same whether the animal has been traumatized, burned,
irradiated or adrenalectomized, and independent of the fact that death oc-
curs in a short t ime or severa-l days. It  corresponds to l4-17 mgm. of oxalic
acid per gram of fatty acids. I t  is also interesting to note that these ab-
normal fatty acids were found to be more abundant in the red cells than
in the plasma.

Eflect upon Leucocytes

The biological antagonism between sterols and fatty acids has appeared
in the influence upon other blood constituents. We have observcd that the
administration of sterols tends to elevate the total white blood cell  count
and especially the number of neutrophilic granulocytes. Polyunsaturated
fatty acids, on the other hand, produce rapid leucopenia, and again i t  is
the neutrophile elements that are f irst affected. A hyperleucocytosis often
was seen fol lowing the neutropenia induced by polyunsaturated fatty acids
if small amounts are administered. This effect could be considered as being
reactional to thc first leucopenia, since it is retarded or even prevented if
large doses of these fatty acids are injected. (Tnnr-e xxxIII) I t  is also
interesting to note that a deviation to the right, in Arneth's formula, was
seen after the treatment with fatty acids; and to the left after treatment
with sterols. Thus, this concords wcll  with the antagonistic effects upon
the aging process seen for these l ipids and which is discussed below.

Lipids and Blood Serum Cholesterol

Further study of the relationship between blood and l ipids has per-
mitted the recognition of several peculiarities concerning the blood serum
which when related to abnormal condit ions, acquires a special signif icance.
Policard has observed that when crystals of cholesterol are added to blood
sera, two opposite changes can ensue. In one, a precipitate appears while
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TrsLE XXXIII

Errecr  or  Lrpros Aovtxrs teRED lN Vlvo UpoN rHe Tor , r l  Nut ' ls rR
or  Leucocytes

Unsaponif iable Fraction of Blood-lO% Solution-S cc. I .P.
Before Administration 14,600 12,000
2 Hours Later 18,400 19,000
77r Hours Later 26,000 22600

Saponif iable Fraction of Blood-10% Solution-S cc. I .P.
Before Administration 13,200 16,200
2 Hours Later I 1.000 6,800
7V2 Hours Larer  5,000 5,100

Stear ic  Ac id-107o Solut ion-S cc.  I .P.
Before Admin is t rat ion I6 .100 14,200
2 Hours Later  12,800 15,100
7 7z Hours Later I 5,000 I 2,000

the serum cholesterol content decreases. On the contrary in the other, a part
of the added cholesterol passes in solution into the serum, thereby causing
an increase in cholesterol content. When animals were treated with large
amounts of sterols for a long time, their sera showed this tendency to pre-
cipitat ion when in contact with cholesterol in vitro, while the sera of ani-
mals treated with large amounts of fatty acids showed the capacity of
dissolving more cholesterol. We believe that this capacity of sera to precipi-
tate in the presence of cholesterol may be correlated with the clinical con-
ditions present in arteriosclerosis when acute episodes occur.

These studies of the role of l ipids in blood physiology suggest that the
general antagonism between sterols and polyunsaturated fatty acids also
intervenes in other important processes of blood physiology. It  has thus
raised the question of the role these lipids may play, through their opposite
eftects, in different metabolic balances of the body governed by blood
changes.

Chapter 7, Note l .  Analyses Used for the Study of Hemoshock

Besides body temperature and blood pressure, the following blood
analyses were made: complete blood count; coagulation t ime; clot retracta-
bi l i ty; values of albumin and globulin, total and free cholesterol. free
fatty acids, degradated proteins, antitryptic power of the serum, esterase
amylase, potassium, sodium, calcium and glucose. Most of these analyses
were made in venous blood samples obtaincd every f ivc minutes, during
the f i f teen minutes preceding and the half hour fol lowing the noxious in-
tervention.
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Chapter 7, Note 2. blorphine and Shock

T'hc possibility of inducing hemoshock simply through an intravenous
injection o[ colloid;rl metals has provided a useful method to study the
conditions under which hemoshock can be induced clr suppressed. We
have investigated a series of agents to determine their influence upon shock-
Adrenalin, quinine, ephedrine and atropinc havc not changed the coursr
of cl inical and hematic manifestations. On the other hand, nrorphine, as
well as other opium derivativcs, completely prevented thc development of
these manifestations, Subcutancous injection of 2 centigrams of morphine

630
subjects
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Ftc.  l6- i . ' I 'he propr : r t ' t ion of  ch i l ls  appear ing af ter  d i rect  t ransfus ion (wi th the
Jubi syringc, injecling 500 cc in less than l0 minutes) increases manifestly after cx-
erc ise (wulk ing in  the room).

sulfate lifteen minutes bcfore thc intravenous injection of tle metal al-
\\ 'ays suppressed the ntanifestations as did an intravenous injection of 5
mil l igrarns oi morphine sulfatc. Analyses have shown no leucopcnia, to
occur. Similar efTects were obtained, with none of the changes character-
istic of henroshock, for instlncc in lransfusions where 500 cc. were injected
in iess than tcn nrinutes and rvhere morphine prcvented the frequently ob-
served chills. 

'l 'hc 
inlluence of morphine upon the leucocytes has been

con{irmed in thc follorving cxperintcnt.
In rahbits. a pleural exudate was obtained by an intrapleural injection of

broth, 16 hours later, pleural punctures furnished fluid rich in leucocytes.
As we have noted above, the adclition of a colloidal suspension of silver
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proteinate (collargol) was followed by the appearance of rapidly gowing
vacuoles which led to bursting of leucocytes. (Fig. 76)

The addition of even minimal amounts of morphine or other opium
derivatives entirely prevented these changes in leucocytes. No lysis nor
vacuoles were seen.

Chapter 7, Note 3. Physical Exercise and Shock

The study of hemoshock has shown the inf luence exerced by physical
exercise upon shock. A leucopenia was observed in normal subjects after
an intensely sustained physical effort, such as after running for five minutes,
a fact which led us to try to see what influence exercise would have
on the shock induced by the intravenous injection of colloidal metal.
The shock was seen to be much stronger than usual. The chill which fol-
lowed 25 minutes later was also proportionately severe. We have since
correlated the appearance of hemoshock with exercise in patients having
direct transfusion. If the patient exercised immediately after the transfusion,
a chi l l  consistently fol lowed about a half hour later. (Fig.265)

Chapter 7, Note 4. Lymphocytes and Effects in Vitro

The capacity of lymphocytes to hydrolyze even higher esters can be
demonstrated by having lymphocytes separated and their activity tested.
Fluid obtained from tuberculous pleural effusion rich in lymphocytes was
centrifuged and the fluid decanted. The centrifugate was then put on a plate
of beeswax, covered with a cup and left for several hours at 37"C. A
clearly visible depression appeared where the lymphocyte preparation had
been added.

Chapter 7, Note 5. Lipids and Immunity

Three groups of five rabbits each, of the same sex and weight, were
injected intravenously on two consecutive days with the same amount of a
suspension of killed Eb. Thyphi. One group was kept as control, receiving
daily injections of I cc. of cottonseed oil. Of the other groups, one was
injected subcutaneously daily with 1 cc. of a SVo solution in cottonseed
oil of the acid lipids mixture obtained from human placenta. The third
group received daily I cc. of a 5l/c solution in cottonseed oi l  of the in-
saponifiable fraction of the same origin. Every second day, venous blood
was obtained and the agglutinating power of the serum determined. Figure
265A. shows the average values for each group.

Chapter 7, Note 6. Microbes Treated with Lipids

The injection of microbes ki l led by heat and treated in vitro with vari-
ous l ipids and l ipoids had an interesting effect on the appearance of anti-
bodies. Eb. typhi, cultivated on agar and suspended in saline so as to give
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nephelometrical values corresponding to 30 mil. p€r €., were killed by heat-
ingfor I hour at62oC. Different port ions of this suspension were treated by
mixing them with preparations of the acid lipidic or insaponifiable fractions
of various origins, such as human placenta, cow, carp or rabbit organs;
entire bodies of guinea pigs or rats; entire bodies of squid; seeds of Bixa
orel lana; microbes such as Esch. col i ,  B. subti l is, and tubercle bacil l i .  Fatty
acids such as oleic, linoleic, eleostearic or mixtures of acids obtained from

tf50f.

H-. Control
o-H I nsaponifiable fraction
.-r'| Lipoacids

1 ?  3  4  s  6  ?  8  I 1 0 n

D a v s
Flc. 265A. Lipids and ugglutinirres. lnfluence exerted by the administration of unsa-
ponifiable l ipid fraction and the acid l ipid fraction of human placenta upon the ap-
pearance of ugglutinine.r against Eb. typhi vaccines injected intravenously. Each curve
corresponds to the average value of  5 rabbi ts .  The agglut in ines appear ear l ier  and
thei r  amount  increases more rapid ly  in  the animals t reated wi th l ip ids than in thc
contro ls .

cod liver oil or butanol or heptanol also were used. 5 cc. of a 2Vo alcoholic
solution of the l ipoids were introduced in I l0 cc. dist i l led water and rhe
solvent el iminated by boil ing the mixture to bring the amount to l0O cc.
l-5 cc. of these milky preparations were added to 5 cc. of the microbe
suspension and incubated at 37oC for 24 hours. The treated microbes
were then separated by centrifugation, the fluid decanted and the microbes
resuspended in the same amount of saline. They were used in doses from
l/10-l cc. for subcutaneous injections in rabbis, repeated every third day
for two weeks. As controls, animals were injected with the same amounrs
of suspension of untreated microbes.

3
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For the f irst two weeks small amounts of blood were obtained every
third day from the ear veins of the treated animals. Blood was obtained
from the heart every second week for 8 weeks. The agglutinins were deter-
mined for al l  the samples. In thc rwo-week samples, the presence of im-
mune antibodies was determined by the capacity of different amounts of
the sera to  prevent  a le tha l  in fect ion in  mice g ivcn in t raper i toneal  in ject ions
of  s tandard amounts of  l iv ing microbcs.  The agglut in ins were seen to appear
earl ier than in s6n11615-in a manner similar to that seen when l ipids were
in jected in  the animal  as re la ted in  Chapter  7 Note 5.  I t  was especia l ly  in
the immune protective antibodies where the difference was manifest. I t  was
not  on ly  an ear l ier  appcarance of  thcsc ant ibodies,  but  the protect ion
against  a  le tha l  in ject ion was obta ined wi th  nruch smal ler  anrounts of  serum.

Chapter 7, Note 7. Skin Allergy

An aqueous extract of squid body was prepared by blending it  and
extracting with sal ine in a proport ion of 1720. After f i l trat ion, the mixture
was centri fuged and the supernatant f luid put in ampules with mcthiolate
added as a preservative. Some of the ampules were tyndall ized by heating
them at 56'C one hour daily for four consecutive days.

l /10 cc.  o f  thcse prcparat ions was in jected in t radermical ly  in  var ious
subjects who also received control injections of sal ine. Immediate and 24
hour reactions were noted. An induration present the second day was con-
sidered as a posit ive cel lular response, while the immediate appearance of a
hive was considered as a reaction taking place in the metazoic compart-
ment.

Twelve days after a f irst injection in exactly the same place, a second
injection was given with the same ntaterial.  The immediate and the 24 hour
reactions were judged. If  the reaction was negative, a third injection was
made, ten days after the second, in the same place. It  could be seen that
in normal individuals, the second somctimes, and the third injection always
induced second day induration which persisted for several days. In cancer
patients, including those in terminal condit ion, the injection of this antigen
induced virtual ly the same reaction as in normal individuals.

Chapter 9, Note l .  Hemoglobintrr ia a f igore (244)

Certain information about shock which has emerged from the study of
a rare condit ion is worth noting here, When a patient with paroxysmal
hemoglobinuria-also known as both hcmoglobinuria a fr igore and cold
hemoglobinuria, immerses his hand in icy water, he experiences a chi l l  a
half-hour later which is fol lowed by the appearance of hcmoglobin in the
urine. Classical ly, this phenomenon was considered to result from the in-
tervention of a hemoshock. We investigated such "attacks" of hemoglobin-
uria in three cases, inducing and studying the phenomenon several t imes
in each subject .  Usual ly ,  observat ions were carr icd out  dur ing a thrcc hour
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period after the immersion of the patient's hands for ten minutes in icy
water and included the fol lowing procedures:

1) Measurements of blood pressure and temperature every 5 minutes;
2) Determinations at ten minute intervals, of coagulation t ime, clot re-

traction, white cel l  count and differential;  serum hemoglobin content,
serum proteins, antitryptic power and esterase-al l  measu:ements being
made on venous blood.

3 ) White cell count and differential measured on capillary blood obtained
every l0 minutes by f inger puncture at 5 rninute intervals after with-
drawals of venous samples.

4) Tests for the presence and amount of hemoglobin in the urine at 15-
minute intervals.

Coagulation t imc was established in the centri fuge tube and was related
to the moment when blood ccased to flow if the vertical position of the tube
was changed. CIot retraction was determined by centri fuging the coagulated
blood after 2 hours at room temperature and measuring the amount of
serum obtained from l5 cc. of blood. The serum and urine hemoglobin
content was determined photometrical ly. For total protein content, we used
both the refractomctric indcx of the serum and gravimetric measurements
after adequate prccipitation. For antitryptic power we determined the in-
hibitory effect of the scrum upon the digestion of a solution of casein by
trypsin. The quantity of esterase present was determincd by the changes
upon cthy l -butyratc .

The data obtaincd were plotted as curves with t ime as common abscissa.
Paral lel variat ions rvere observed in al l  three patients during repeatedly
induced attacks.

For almost al l  analyses, except for the presence of hemoglobin in urine.
the var ia t ions ind icatcd : r  d iphasic  phcnomcnon.  (F ig.  266)  The f i rs t  phasc
was characterized cl inical ly by hypotension and sl ight hypothermia. The
characterist ic analyt ical changes were lcucopenia, prolonged coagrlation
time, reduction in clot retraction, lower refractometric serum value. lou,er
antitryptic serum power and increased scrum esterase. During this f irst phase
of the diphasic phenomenon, hemoglobin also appeared in the serum and.
when abundant in the serum, also was found in the urine. The f irst phase
was fol lowed by a second 5 to l0 minutes later. The cl inical manifesta-
t ions were a sensation of chi l l ,  varying from very sl ight to severe, fol lowed
by temperature elevation and sl ight hypertension. Analyt ical changes in
the opposite direction from those noted during the first phase could be
seen. Hyperleucocytosis, reduced coagulation t ime, higher retraction of the
clots, elevated refractometric value and antitryptic power, and reduced
estcrase content were charactcrist ic of the second phase. Hemoglobin pres-
ent in the serum in the previous phase disappeared at this t ime.

The most intercsting f inding in paroxysmal hemoglobinuria was that
two or three such dist inct diphasic episodes fol lowed each immersion. In
al l  cases, the f irst diphasic complex appeared in about 10 minutes after
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immersion. It was relatively mild and lasted in gcneral about l0 minutes,
after which all values rcturned to prc-attack.

About a half-hour later, however, a second diphasic conrplex, much
more intense in its manifestations, was noted. Hypothermia and hypotension
were more marked. Leucopenia was more intense, the number of leucocytes
falling to as low as 200 pcr cubic mm. The quantity of hemoglobin in thc
serum w&s very high. with hemoglobin spilling ovcr into the urine in large
amounts. Scrum antitryptic powcr dccreascd to nruch lowcr lcvels than
during the first diphasic complex. In sonre cases the coagulation timc in-
creased to l5 minutes and the clot almost failcd to rctract. Thesc chanscs
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Ftc.  266.  T 'hc c l in ica l  data and analyt ica l  changes of  h lLxrd and ur inc fo l lowing the
immersion in icy water clf the hand of a subiect with henroglobinuria a frigore re-
veai  three d is t inct  d iphasic phenomena corresponding rcspcct ivc ly '  to  thrce scparate
hemo shocks. Their intensity appe{irs correlated to the clegree of the occurring
leucopenia.

were followed by the second phase of the complex, with scvcrc chill and
manifest changes in the analyscs in the opposite direction. lt is the second
phase of the diphasic complcx that is recognizcd clinically as the "attack"
of hemoglobinuria. l'he chill was often very intense, followed by a tempera-
ture above 39"C, and hypertension. Leucocytes increasr:d to as much as
20,000 per cmm., blood coagulation timc rvas abnormllly shortened and
clot retraction increased. Hemoglobin disappeared rapidly from the serunl.
The albumin contcnt as well as the antitryptic porvcr of thc serum in-
creased, whilc the esterasc content fcll. In about 30 minutes, horvever, all
these changes were dampened and the blocld slowly rcsained its nornral
characteristics. This period, with almost all manifestations slorvly returning
to normal often rvas fol lowed by a third diphasic conrplcx. not cl inical ly
evident but revealed by hcmatological findings. In most cases, it appcared
about two hours after immersion. While it was much milder than the frrst
two, its diphasic character was quite clear. Occasionally thc patient rcported
a slight sensation of cold. Thc amount of hemoglobin in the serum was less
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than during the first complex, and hemoglobinuria was never seen. Figurc
266 shows thesc findings in a typical succession of these complexes.

An analysis of thesc cases indicated two striking characteristics. One
was the timc sequence of the three diphasic changes which was uniform for
all attacks in all subjects. The second was that although they differed in
intensity, al l  thc attacks were quali tat ivcly al ike.

In furthcr studies wc ried to undcrstand the mcaning of these changes.
similar changcs, but without henroglobin in serum and urine, and with only
slight chill as a clinical manifestation, could be observed rvhcn the hands
of normal individuals wcre placect in icy water for l0 minutes. Trvo similar
diphasic phenonrcna werc secn to appear. while their intensity was greatly
reduced, the time of appearance of the two diphasic phenomena observcd
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Ftc.267. In thc pat icnt  wi th hemoglobinur ia a f r igore.  exerc ise af ter  immersion of
the hand in icy water  induces a v io lent  ch i l l  wi th abundanl  hemoglobinur ia.

was basical ly the same as in paticnts rvith cold hemoglobinuria. This would
indicatc that thc leucolysis in hcmoglobinuria a fr igore corrcsponds to a
physiological response which induces hcmolysis because the red cells have
been scnsit izcd by cold. This scnsit ization is rccognized in thc Donath-
Landsteiner reaction. It appcnrs probable that leucolysis liberates the com-
plement nccessary to induce the hemolysis of the sensitized red cells.

We have tricd to correlatc thcsc changes with other processes encount-
ered in nornral and abnormal physiology. ln di lTerential studies of bltxnJ
smears obtaincd during an induccd attack of hcmoglobinuria, nuclear shad-
ows were obscrved in the smears at the tinre of the leucopenia of the first
phasc. This was exccptionally manifest for the second diphasic complex.
when a markcd lcucopenia occurs. We have seen above that this leucopenia
has been correlated to the lysis of the lcucocytes.

In patients with cold hemoglobinuria, rve were able to show that. if
with any physical exercise after the hands were out of the icy water, such
as even walking in the room, the scverity of the attack induced was much
greater than rvhen they werc allowed to rcst quietly. Not only was the
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severity of the chil l  and thc degree of hcmoglobinuria corresponding to the
second diphasic phenomenon greatly increased, but al l  other changes were
similarly intensif ied. The numbcr of leucocytes decreascd to lcss than 200
per cubic mm. Blood coagulation t ime went to valucs as high as over Vz
hour with almost no retraction of the clots. The antitryptic power of the
serum, obtained only after centri fugation, reached the lowest values ob-
served. Figs. 266 and 267 show the changes for the same subject with and
without physical exercise. These f indings could explain observations indicat-
ing the importance of rest, after blood transfusions. With the direct trans-
fusion method, where 500 cc. of blood was administered in less than 10
minutes, chi l l  was seldom seen in patients resting quietly, while i t  was con-
stantly seen to appear in subjects taking any exercise immcdiately fol lowing
the transfusion. (Fig. 265 )

v,(u
>\()
o()=
q,

Frc.  26E.  The adminis t rat ion of  0.03
mani festat ions af ter  lhe immersion of
hemoglobinuria a frigore.

Pantopon prevents the appearance of
hand in icy water ,  in  the subject  wi th
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This relationship of leucolysis to the pathogenesis of the diphasic com-
plex phenomenon in hemoglobinuria a frigore was confirmed when the at-
tack could be prevented by a pretreatment which influenced the leucocytes.
The study of the influence exercised by various agents in vitro upon the
Ieucocytes of a pleural effusion preparation from rabbits, when collargol
solutions were added, has shown that only morphine and other opium al-
kaloids were able to prevent lysis. Adrenaline and quinine-among others
-appeared inactive. Administered to patients with paroxysmal hemo-
globinuria, these last substanccs did not prevent attacks. However, mor-
phine in minimal doses, such as 5 mgr. (I  /  12 g,) or less, by intravenous
injection, entirely prevented the development of any cl inical manifestations
as well as analytic changes. Minimal or no leucopenia was secn, and there
were no changes in coagulation t ime, retraction of the clot, anti tryptic
power, refraction index of the serum. esterase, etc, (FiS. 268)

In addition to confirming the hypothesis that leucolysis intervenes in the
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pathogenesis of the diphasic complex, the influence of morphine has fur-
nished a means of preventing the attacks.

The presence of two or three successive diphasic phenomena in the
case of paroxystic hemoglobinuria attack has revealed another important
relationship. As mentioned above, hemolysis has been seen to occur only
in the first phase of the diphasic phenomenon. Hemoglobin disappears from
the serum between the complexes. It is classically accepted that in cold
hemoglobinuria two factors must intervene to produce hemolysis. One is
sensitization of the red cells which results from the influence of cold; the
other is the presence of the complement. It appears that while sensitization
persists for a while after exposure to cold, hemolysis witl occur when the
second condition is also fulfilled. Complement is released in the first phase
of the diphasic phenomena since it is during the first phase that hemolysis
occurs through the changes induced by the lysis of the leucocytes. The
correlation between these two processes is clear from the fact that, under
the influence of morphine, leucolysis does not take place and consequently
hemolysis is prevented.

Chapter 9, Note 2. Lipids and Rouleaux and Sludge Formation

Human blood obtained through venous puncture was mixed in the syr-
inge wi th  l /10 of  i ts  vo lume of  1 .57o sodium c i t ra te,  passed in to scvera l
centrifuge tubes and separated into plasma and cells. The plasma from the
various centrifuge tubes was placed in separatc test tubes. One of these
samples of plasma was treated with a mixture of conjugated fatty acids of
cod liver oi.l, another with a lipoacid preparation of human placenta, a
third with a preparation of the insaponifiable fraction of human placenta.
As control, the plasma was treated with liquid paraffin. The mixtures, fre-
quently shaken, were kept in a warm bath at 37'C for one hour, after
which they were centrifuged and the oiJy material separated. The plasma
treated with the l ipoacids was then added in proport ion of l07o to un-
treated plasmas which then were reunited with their red cells. The plasma
treated with the insaponifiable fraction was mixed directly with its respec-
tive red cells. Plasma and red cells were shaken for five minutes and left
at room temperature for another ten minutes. One small drop of this blood
obtained with a platinum loop or a capillary pipette was mixed with two
drops of sal ine on a sl ide covered by glass and examined under the micro-
scope. While the controls showed few short rouleaux, the blood treated
with insaponifiable fraction showed isolated cells. In the blood treated with
placenta lipoacids, almost all of the red cells formed rouleaux; in blood
treated with conjugated fatty acid, almost al l  cel ls formed sludges.

Chapter 9, Note 3. Dark Color of the Blood in Shock

In order to determine why dark-colored blood is seen in shock and the
role of fatty acids, the fol lowing experiments were performed.

Venous blood of patients in severe state of shock was drawn and mixed
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determined and saline added in order to bring it to the value of the normal
blood. Through these blood samples, oxygen was passed for five minutes
at the rate of 50 cc. per minute. At the same time, blood from a normal
person was obtained and similarly treated. The changes in color of the
two samples after cessation of oxygenation were compared. While the nor-
mal blood needed almost ten minutes to return to the previous color, the
blood from the patient in shock was back to the deep dark color in less than
tlree minutes.

Blood samples from subjccts in shock werc treated in vitro with un-
saponifiable fractions and subsequently with oxygen for five minutes at the
rate of 50 cc. per minute. While the color became red immediately, the
time required for it to return to the previous dark color was entirely differ-
ent from that of controls. As against a few minutes for controls, more
than twelve minutcs werc required for the blood trcated with insaponif iable
fraction. From these experiments i t  appears that the dark color of blood
in shock results from changes in the red cells and not because of impaired
circulation, and that these changes can be related to the intervention of
fatty acids. This was confirmed by the fact that the dark blood of shock
patients, if treated in vitro with insaponifiable fractions of placenta, for
instance, loses its characteristic color.

Chapter 9, Note 4. Induction of Acute Shock

Acute shock can be induced by intraperitoneal injections of mixtures
of conjugated fatty acids. The preparation largely used was a l07o solution
in oi l  of fatty acid of cod l iver oi l  conjugatcd through treatment with KOH
in ethylene glycol or in ethyl alcohol. For a rat of 200 grams, 8 cc. of this
preparation injected at once was able to induce an acute shock.

Chapter 9, Note 5. Induction of State of Shock

State of shock was induced by the repeated administration of a mixture
of conjugated fatty acids obtained from cod liver oil. To insure a progres-
sive systemic absorption, the preparation was injected subcutaneously. The
injection in rats of I cc. per 100 gram of body weight of the l07o solution
of these fatty acids in oil, repeated every hour was seen to induce after 3-5
injections a state of shock. The addit ion of 4% of, sodium thiosulfate in
a dose of 5 cc. per 100 gram of body weight in rats, was seen to favorize
the appearance of this state of shock.

Chapter 9, Note 6. Influence of Fatty Acids Upon Traumatic Shock

Rats of 250 grams were introduced in the Coll ip-Noble Drum with
their forepaws taped with adhesive and submitted to 500 fal ls at a rate of 40
per minute. 50% died of acute shock in less than two hours. I f  2 cc. of a
preparation of I OVo cod liver oil fatty acids in oil per 100 grams of body
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weight was injected intraperitoneally or even subcutaneously th hour be-
fore the animals were placed in the drum, more than 5OVo of the animals
died during the trauma itself and the fatality rate in some experiments
approached 100%. Bleeding from the nose and mouth was dark in color
and smaller in quantity than in untreated animals. I f  the same amount of
the lipoacid preparation was injected immediately after the animal came
out of the drum, it also increased mortality within the first two hours. For
some animals, death occurred in a few minutes after the injection.

Chapter 9, Note 7. Infuence of Unsaponiftable Fractions Upon
Traumatic Shock

The inf luence exerted by the unsaponif iable fractions upon traumatic
shock appeared evident in rats submitted to 5-700 fal ls in the Coll ip-Noble
drum. l07o solutions in sesame oil  of the unsaponif iable fraction of human
or cow placenta, of eggs or of butter, were used in these experiments. I  to
5 cc. of these solutions were injected intraperitoneally at different intervals
before or after trauma. The injection of 2 cc., Vz hour before trauma, rvas
seen to entirely prevent lethal shock (0/20) in a group of experiments
where the mortal i ty of controls was 18/20. The same results were obtained
with 2-3 cc. of the preparations injected immediately after the animals were
taken out of the drum. Doses as high as 5 cc. injected one hour after the an-
imal was removed from the drum, protected only a fewanimals ( l  l /20) and
generally only those without symptoms of shock. Once the symptoms of
shock were present, the effect of the unsaponif iable fractions was greatly
reduced. (From 2/20 to 5/20 in diffcrent experiments.)

Chapter 10, Notc I .  Oxalic Index

The need to havc quantitative information about the amount of double
bonds present in the organism or in i ts l ipoacids has led to a method of
analysis based on the fact that molecular breakdown or fission will furnish
characteristic components. With fission occurring at the level of the double
bonds, the fraction corresponding to a conjugated double bond will appear
as oxalic acid. The problem was to obtain this fission with a carboxyl corre-
sponding to each carbon and without having artificially induced displace-
ments of the double bond which is a frequent result of treatment.

We employed the fol lowing technique. Fatty acids from an organism
or any other preparation were neutral ized with the exact amount of sodium
carbonate necessary. This amount was established through the neutral iza-
t ion index of the substances to be treated. After suff icient di lut ion, an excess
of sodium carbonate was added with the aim of obtaining an alkal ine
medium. After bringing the solution to 4oC potassium permanganate was
added unti l  further discoloration of the permanganate stopped, after which
ZOVo more of the amount already used was added. The mixture was kept
refrigerated at 4oC for 16 hours, after which the excess of permanganate
was reduced by sodium bisulfide. The liquid obtained was filtered and the

' :  " l i !t i
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precipitate washed. The l iquid was extracted f irst with ether to el iminate
the higher fatty acids, after which it  was submitted to dist i l lat ion in order
to e l iminate the vo lat i le  fa t ty  ac ids.  In  the remain ing par t ,  the oxal ic  ac id
was precipitatcd with calcium chloride. From the precipitate, the part
corresponding to calcium malonate was separated from calcium oxalate,
by using the difference in solubil i ty at the boil ing temperature. The oxalic
acid was then t i trated in the usual manner. The amount of oxalic acid
divided by the quantity of lipoacids used represents the oxalic index of the
preparation. Carlos Huesca Mejia and Daisy Franco have widely studied
the changes of this oxalic acid index in our laboratories.

Pure nonconjugated fatty acids treated in this manner yield no oxalic
acid. When l inoleic acid is conjugated (e.9. by treating with KOH in ethyl-
ene glycol) oxa.l ic acid is found in the f ission products in amounts that
gradually change as the treatment continues. (Tlnr-e XXXIV)

Trsr-E XXXIV

THr Qurnrtry oF Oxnltc Acro Pnrse xr ARrrn Oxlo,rr tve Frssrol .r  , rxp IoolNe
Nur'{san oF S,rvples or LrNor-erc Acro CoN:ucr, tE'D FoR Dlrrenr.Nt PeRroos
or  T I l re .  (L rNo lerc  Acro  Mlxeo Wrrx  Equ l l  Qu, rx r r r res  o r  KOH:  Drs-
so lveo 59 t  lN  EtHyr - r .Ne Glycr_r r_ l  CoNrrNuous Tnr . , r rv r l r  lN  Rr ' r r -ux . )

Oxa l ic  Ac id
nrg gnr of Fatty_ Acid

0
t t 7
205
|  14 .2
l  1 9 . 4
99.9
9 2
u5
80
77 .3
40.8

Iod ine
NumberTime

Before treatment
After 30 minutes

" I hour
" 2 hours
" 4 hours
" 8 hours
"  12  hours
" 24 hours
" 36 hours
" 48 hours
" 1 44 hours

1 8 0
I 1 9 . 8
l  l 5 . l
94
96
9 l
86
8 l , 7
7 6
76.5
57.3

The quantitat ive relationship between known proport ions of conjugated
fatty acids and the oxalic acid obtained through their oxidative f ission has
been studied.

Autolyt ic changes have becn found to inf luence the nature of the fatty
acids extracted from tissues. Studies have shown that formalin f ixation
does not signif icantly change the fatty acids present. (TnrlE XXXV)

It has been noted that relatively stronger methods of conjugation, uti l iz-
ing KOH at higher concentration and higher tcmperature, are necessary to
conjugate the fatty acids of normal tissues, than are needed for the fatty
acids extracted from pathological t issucs (burn, shock, adrenalectomy,
tumor necrosis) which can readily be conjugated by much milder pro-
cedures.
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T, rsLe XXXV

Ernecr on FoRveltx UpoN rxr,  QulNrtry oF Oxl l rc Acro Pnoouce,o By
Oxro,rtrve Ftssrox on A Mrxrune on CoN.luc,rrep F,rrry Acns. (5 cc.
Alrquors or A MrxruRL, oF CoN.luclrro F,rrry Acros Wenr, MxEo Ix A
Sropprnrp Cyr-rxorn Wrrn l0 cc. oF A 20Vo Fonvol Solurlox. THE CyLrN-
oen Wrs Snlxen ,rNn S,rprpr-rs Wrnr Rrproveo Ar FneeuENT INTERVATJ

Fon DerenMrNArroN on Oxruc Acro.)

Mgm Oxalic Acid/gm
Time Fatty Acids

Before mixing
After I  hour

" 24 hours
" 48 hours
" 72 hours
" 144 hours

tzt .7
1 2 1 . 8
1 2 0 . 5
120.9
I  1 8 . 9
t2 t .9

Chapter 10, Note 2, Irradiation and Oxalic Index

Forty male albino rats separated in groups of l0 were irradiated with
nonfi l tered X-rays from a 200,000 v. machine, receiving in one session a
dose of 1500 r. which is considered a lethal dose. Similar experiments were
repeated scveral t imes, some with the radiation dose obtained from radio-
active cobalt. The four groups of animals were f irst mixed together and
thcn separated in four big cagcs. The animals and controls were kept on
Purina Chow and water as l ibitum. Two of the controls, two of the treated
animals, and any others approaching dcath were sacrif iced daily.

Each dead animal was saponified separately. The total amount of acid
lipids extracted was analyzed for conjugated fatty acids, using the method
indicated previously in which the amount of oxalic acid which appears as
the result of oxidative f ission is measured. The values were expressed in
oxalic index, which corresponds to the amount of oxalic acid in mil l igrams
pcr gram of fatty acids. Figure [ i5 shows the results of two such cxperi-
nlents.

Values found for normails wcre zcro or less than 0.5, but a constant
increase of the oxalic indcx was noted after irradiation. While irregular
values were sti l l  seen during the f irst three days, al l  were above 3 on thc
fourth day and continued to increase constantly afterward. Death occurrcd
when the oxalic indcx reached a crit ical point which was found to corre-
spond to l4-17 mgr. of oxalic acid per gram of thc fatty acids of the entire
body.

Chapter 10, Note 3. Oxalic Index in Sublethal Inadiation

We studied the changes in oxalic acid in animals treated with an amount
of radiation below the lethal doses. The oxalic acid rose after treatment
with values much lower than those seen when lethal doses were used. Three
groups of ten animals each were radiated with 600 r.,  and every few days
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two of the animals were sacrificed along with two of the controls. Figure 91
shows the values obtained for these animals. It could be seen that although
indices of 6 and 7 were found, these never reached the critical point of
14, and that the indices went down in an irregular fashion. While some ani-
mals had values of around 4 and 5 after the tenth day, others had high
values at the same time.

The administration of polyunsaturated conjugated fatty acids (l-2 cc.
daily of a 5Vo oily solution of conjugated cod liver oil fatty acid) induced
death in a high proportion (16/20) of animals irradiated with otherwise
nonlethal doses such as 800 r. In these animals the oxalic index was high,
often showing values above 17.

Chapter 10, Note 4. Radiation-induced Offbalances

Through the routine analyt ical technique used for the study of the
oftbalances, we studied the changes occurring in a goup of 56 subjects with
different conditions, submitted to radiotherapy alone, we tried to correlate
the clinical noxious effects of radiation to these offbalances.

ir-1;-_z-r7 
:---'wr==^.<r'i;-zv-Ul^. \,/-

Frc. 270. L.N., 59 years old. Cancer of tbe breast. Mastectomy two months earlier.
No recunence. Treated with radiation, l25r per seanc€. Entirely uneventful except
moderate erythema. Minimal or no changes in the analyses.

In this part of the study, we limited ourselves to the consideration of
the immediate changes. Figs. 270 and 271 show the analyses in two cases
in which no clinical, local or systemic changes were observed during and
after the radiation. It can also be seen that no changes occurred in the
analyses; they remained within normal limits during the entire period of
observation. It is especially noted that the peroxides were present, almost
constantly in high amounts in the urine.

Fig.272 shows a case who died during the radiotherapeutic treatment,
probably directly influenced by it. All the analyses show that a change to-
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ward offbalance type D had occurred. Among these, we want to single
out the urinary surface tension and the urinary chloride index. both evi-
dencing very manifest changes toward the patterns corresponding to type
D. The peroxides were on the contrary almost completely missing from the
urine.

Another case (Fig. 273) had severe cl inical reaction to radiation which
persisted unti l  the death of the patient. Again, we judged rhese effects of
radiation mainly through the changes occurring in the two analyses, urinary
surface tension and chloride index, which show the same shift  toward a
strong offbalance type D. The pcroxide reaction became negative at the end.

_-^---^

. -Vf .,^t--V\--: 1r.\ J-^v

Ftc .27  l .  K .L .52  yea rs  o ld .  Cance r  o f  t he  hypopha rynx .  T rea ted  w i th  300 r  f o r  each
session.  The h igh speci f ic  grav i ty  shows a tendency loward the type A.  a month
af ter  the complet ion of  the t reatment .

Whi le spcci f ic  grav i ty  and ST show a s l ight  of fbalancc [ )  dur ing the t reatment  and
the pH a mani fest  change toward the type D,  fo l lowing the radiat ion a l l  the analyses
show a change toward the type A,  one month af ter  complet ion of  rhe radiat ion.
Peroxides pers is ted in  the ur ine.  Cl in ica l ly  the ent i re evolut ion was event less.

When the different tests were discussed, we mentioned that each one
of  the analyscs used furn ishcd in format ion concern ing changes which take
place at a specif ic level of the organization. This would explain rvhy the
noxious effects are seen to be serious when the changes take place con-
comi tant ly  in  d i f ferent  analyses.  that  is .  a t  d i f ferent  levels ,  ind icat ing rhus
a more complete offbalance. When this concomitance does not exist, rvhen
the abnormal  pat tcrns conccrn only  one analys is ,  the c l in ica l  mani festa-
t ions are seen to bc less scr ious.  This  was seen t rue in  the case shown in
Fig.274.  The impor tance of  th is  conconr i tance in  the changes present  is  seen
in F ig.  275. ln  th is  case,  a l though mani fest  changes corresponding to  type
D are seen for some analysis, they do not coincide. The pcroxide reaction
in the urine is constantly posit ive. This seems to permit the patient to rvith-
stand the noxious effect of radiation. The evolution of the chanses in-
duced by radium application is shown in Fig, 276.

.:JJ.



The possibit i ty to evaluate through urine analyr., ; t : t-:"r ' .r . ' .1:
of  rad iat ions,  has appeared especia l ly  impor tant  for  thc prevcnt ion and
even treatment of the serious inconveniences during radiation therapy.
By observ ing the changes in  thc analyses.  par t icu lar ly  o f  the ur inary sur-
face tension and chloride index, valuable information can be obtained.
permi t t ing one to  guide the appl icat ion of  these therapeut ic  agcnts.  By
being easily and continuously informed about the occurring changes, we
need no longer consider thc amounts of radiation to be administered as
standard values for each patient. Through analyt ical ly guided radiotherapy
one can replace thc common pat tcrn prcscnt ly  uscd for  a l l  pat icnts  by
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Frc .272 .  L .W. ,58  yea rs  o ld .  Cance r  o f  t he  l ung .  A f te r  rece i v i ng  on l y  1000 r ,  vc ry
weak.  Much worse af ter ,  wi th very rapid downhi l l  course.  Af ter  tbe t reatment  on
3/5,  the pat ient  entered in to coma and d ied 3/7.  The extremely h igh values for  Cl  I
and h igh speci f ic  grav i ty  character ize the analyt ica l  changes.  I t  is  in terest ing to note
tbe negative reaction for peroxides for almost the entire time.
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individualized treatments adapted to the need and the response of each
subject.

Continuously followed analyses permit their utilization as a guide for
more general application of radiotherapy. When the surface teniion and
chloride index remain within normal vilues, treatment can be continued
with administration of doses above those originally intended, without any
danger of serious noxious effects. A change towird low surface tension

Frc.274.  Cancer of  the cerv ix  in tensively  i r radiated.  Al though changes occur  in
the analyses, the p""ssges in offbalance D do not coincide in the difterent tests. With
the continuation of the treatment, the patient passcs in offbalance A. No clinical,
noxious manifestations were seen.

below 65 dynes/cm. or high chloride index above 5, represents a warning
which should not be ignored. The treatment should be discontinued, the
dosage reduced or the sessions more widely spaced, even if the desired
radiation dose has not yet been attained. Concomitant changes of the anal-
yses should constitute a serious warning even when the general clinical
condition does not indicate any abnormality. The bad prognosis of persist-
ent strong "D" offbalance during radiation is related to the progression of
the anomaly as described in the experimental studies. For this reason, a
persistent strong offbalance D seen for the urinary surface tension and
chloride index indicates the need for the administration of lipoids with
positive character, even if the clinical manifestations are not too serious.

1iJ0 r.
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Ftc .276 .  F .8 . ,  64  yea rs  o ld .  Cance r  o f  t he  f undus  o f  t he  u te rus ,  t r ea ted  w i th  45
mgr.  radium for  122 hours in  s i tu .  wi th a tota l  o f  5490 mgr.  hours.  Fel t  subject ive ly
wel l  a f ter  radiat ion wi thout  any compla int .  The analyses show a mani fest  change for
almost one week from the type A to type D. For the S.T. it starts 2 days after the
inser t ion of  radium wi th the values dropping f rom 70 to 55.  For  the pH, the change
star ted a few days la ter  wi th the values passing f rom 7.8 to 4.6.  The cbanges of  Cl  I
show values as h igh as 7 wi thout  however,  having the changes coinc ide wi th the pH
and S.T.  t6  days af ter  radium was taken out ,  the analyses went  to prev ious values,
cxcept the peroxides, which remain present.

Chapter I l ,  Note 1. Carcinogenic Activity of Urethane

The interesting rcsearch of Bercnblum has brought an important con-
tr ibution not only for the largely debated role of urethane as carcinogen,
but also for the problem of carcinogenesis in general. The fact that croton
oil ,  applied to the skin, induces the appearance of malignant tumors in
animals previously fed with urethane, concords largely with the concept of
plural changes taking place in carcinogenesis. The analysis of the inf luence
exerted by carbamic acid upon amino-acids would place the intervention
of this agent at the f irst members of the biological realm. It  can thus be
seen that the bond between the amino-acid group and the carboxyl and
amine groups of carbamic acid occur in a way similar to that which occurs
between two amino-acids with the big difference that in the f irst case it
would resul t  in  the appearance of  thc CNCN format ion.  (F ig.277)  As
ment ioned above,  th is  CNCN format ion represents the group which
charcterizes the f irst biological entity. Thc placc of this CNCN group, not
at the end of the molecule opposed to the carboxyl as in the alkal ine amino-
acids, but as corresponding to thc bond which results in polymcrs, rcpre-
sents the anomaly, which according to the work hypothesis we advance.
would correspond to the f irst cancerous entity. The fact that the carcino-
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Frc. 277. The bond between the carbamic acid and an amino-acid group leads to the
formation of the NCNC group.

genic activity of urethane takes place at the lowest levels of organization,
explains the necessity that a certain t ime separates i ts intervention from
that of croton oi l ,  which would act only at the higher levels, probably
inducing the passage from noninvasive to invasive phase. This t imc is
necessary for the first cancerous changes to build up the series of cancerous
hierarchic entit ies sincc the cocarcinogcn, croton oi l ,  would act only in
those more evoluted cancerous entit ies. In experiments in course, the
passage of the noninvasive urethane-induced carcinogenesis entit ics into
invasive cancer, is successful ly induced by preparations of unsaponif iable
fractions.

Chapter 11, Note 2. Constitution of Viruses

It is superf luous to emphasize the interest with which viruses are being
studied from all  points of view. Their role in carcinogenesis has placed
them in the l imelight of cancer research, and any contribution concerning
their constitut ion or activity is of great interest. A much debated init ial
problem concerns the nature of viruscs and their place among the other
entit ies. (293)

Two fundamental groups of constituents-DNA and proteins-(301.
289 ) have been recognized to take part in the formation of the viruses. These
two groups could be separated and reunited, reproducing the original
virus with al l  i ts characters. Futhermore, new viruses could be created
when fractions result ing from different viruses were bound together. (289)
However, the fact that a part of the virus, the DNA fraction, was seen to
be furnished by the constituents of the host cel l ,  and the protein directly
by i t  ( 312) , has raised the <;uestion of the nature of the virus i tself .  Some
workers have gone so far as to see the viruses as parts of the constituents
of the cells. By considering the viruses in the concept of the hierarchic
organization presented abovc, a new aspect emerges.

According to this organizational concept, a virus represents an entity
that has reached a certain step in the hierarchic evolution, and remained
there throughout i ts individualization. Like al l  enti t ies, a virus can be con-
ceived to be formed by a principal part bound to a secondary part. the
ensuing entity l imited by a boundary formation. The principal part would
be formed by a group of immediately inferior entities in the hierarchic

/  - C - M
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scale. In thc case of viruscs, such inferior entit ies would be formed by what
we could cal l  "proviruses," which correspond to characterist ic DNA forma-
tions. The principal part of the virus would be formed by the grouping
together of provirus entit ies. proper to each virus. The secondary part is
conceived to result from the immediate environment of these entit ies, taken
directly from the host's own protoplasmatic or nuclear formation in which
the principal parts are present as free entit ies. This secondary part is
represented by the protein fraction furnished as such by the invaded nu-
cleus or cel l  protoplasmatic formations. This protein fraction conserving
its characterist ics can be recognized and identif ied.

Having nuclear formations, nuclei and protoplasmatic formations as
their environment, the principal part of the virus, the proviruses, mult iply
as proper hierarchic cnti t ies. These proviruses wil l  leave the host usually
when the cell  bursts. bound this t imc to the proper secondary parts
directly furnished by the host entity. Under these condit ions, the principal
part mult ipl ied in the protoplasmatic formations or in the nucleus and
the secondary parts, furnished as such by the host, would form an im-
mediate ly  h igher  ent i ty ,  the v i rus.  In  the mul t ip l icat ion of  the v i rus (299) ,
the pattern fol lowed is the same as that of other hierarchic entit ies. This
has to occur in the proper environment which, for the viruses, is the
immediately higher hierarchic entity, the nuclear level. This is represented
in microbes by the individual i tself,  and in cel ls by the nucleus or by the
protoplasmatic formations, which we consider to belong to the nuclear level,
due to their ribonucleo-proteins. It is in these nuclei or protoplasmatic
formations that the viruses mult iply. This explains the development of
viruses in cel ls in compact groups, which would correspond to parasitated
protoplasmatic formations and not in a diffuse form in the cytoplasma.
The virus loses its secondary part upon entcring thc entity where it  wil l
mult iply, but wil l  take it  back when it  leaves its host, becoming again the
entity, virus. The parasitatcd cntity has contributed two parts to the mul-
t ipl ication of the virus----one, indirectly, by furnishing material which wil l
be uti l ized by the provirus and transformed into i ts spccif ic DNA, and
two, the secondary part, directly formed by its own proteins. Like al l  the
secondary parts, that of the virus directly furnished by the host wil l  sur-
round the group of proviruses forming the principal part.

Chapter 12, Note 1. Lipids and Cytolyt ic Activity of Sera (245,246)

The fact that cancer cells are found circulating in the blood without
inducing metastases throughout the body, as might be expected, has made
various workers investigate the means by which the organism rids i tself of
these cells and which might represent part of a general process througb
which the organism could fight cancer. Research to confirm the capacity of
blood sera for influencing the lysis of cancer cells has been carried on in
our laboratories by Robcrt Wil lhcim and co-workers. Sera of both nor-
mal individuals and cancer patients were found to induce lysis of cancer
cells in vitro. Ehrlich, Krebs and Sa 180 ascites in mice were used, as well
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as ccl ls obtit incd fronr sol id turnors uith cnccphaloid charactcr. Tumors
obtained front biopsies or autopsies of hunran beings also werc used. Lytic
activity wils dctermined through the di lut ion of scra u,hich luter rvas mixed
rv i th  a suspcnsion of  a  knorvn numbe' r  o f  cc l ls .  Af tcr  incubt t ion for  onc hour
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at 37"C the product was examined and the cells counted in an adequate
chamber. (Fie.278)Relatively big variat ions were seen in different individ-
uals, the results being negative for I :1 dilution in some cases and positive
in 1:32 and even higher for other individuals. No correlation could be
established between this lytic power and the clinical condition of an in-
dividual.

With R. Wil lheim and M. Auber (247 ) we showed that the addir ion
of a suspension of unsaturated fatty acids is able to induce such a lytic
property in sera without this capacity, while the addition of insaponifiable
fractions or of cholesterol inhibitcd lyric activiry. With R. Wil lheim and
M. Auber we (248) have investigated the problem of the correlation
between the lytic activity and the structure of different fatry acids and their
sodium soaps. The higher members of the fatty acid series have shown
intense lytic activity. It could be shown that the lipoidic character of the
fatty acids increases their lytic capacity. The value of the lipoidic character
of the fatty acids used has appeared when members with the same number
of carbons but having an hydroxyl or carboxyl in their molecule, were
tested. With disappearance of lipoidic character, lytic property disappeared.
The research covered not only cancer cells but also liver, red blood cells and
lymphocytes. It could be seen that a correlation exists between the rapid
growth character of these cells and the capacity of the fatty acids to attack
them. It is interesting to note that cancer cells treated in vitro with fatry
acids having lytic activity no longer produced cancerous growths when
transplanted to animals. (2a9)

Chapter 12, Notc 2. Fatty Acids Transportation in the Blood

It appearcd especial ly interesting to study the distr ibution and transport
of polyunsaturated fatty acids in the body in view of the fact that parenteral
administration of the acid l ipidic fraction of various organs to subjects wit-h
acute pain had an effect within only a few minutes. The rapid action was
independent of the nature of the induced change, that is, decrease of the
intensity of pain of acid pattern, and increase of pain of an alkal ine pattern.
This effect in opposite directions, occurring after the same short interval
and seen in hundreds of cases, eliminated the possibility of a psychological
factor, as suspected at the beginning.

The fact that the change occurs at the level of the painful lesion itself
raised the question of rapid transport between the injection site and the
lesion. In order to investigate i t ,  we used two fatty acid preparations con-
taining easily identifiable substances, norbixine and polyconjugated fatty
acids. Norbixinc could be identif ied by i ts characterist ic color while the
polyconjugated fatty acids were identified by their specific curves in spectral
analysis in ultraviolct l ight.

Adult New Zealand rabbits were injected intraperitoneally with 8 cc. of
0.3% solution of bixine in sesame oil .  The injected animals were bled at
different intervals by heart puncturc. The red cells were separated from the
plasma by immediate rapid centri fugation. Each fraction, plasma and red
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cells, was hydrolyzed separately with 5 o/a KOH, The acid l ipidic fractions
obtained as a solution in benzcnc was passcd through a chromatographic
column with alumina, Bixine was casily recognizcd because of i ts red color.
After elution with chloroform the amount present was determined photo-
metrically. Similar experiments were made by using a l}Vo solution of
eleostearic acid in oil, The acid lipidic fractions obtaincd separately from
the red cells and the plasma were submitted to spectral analysis and the
presenoe and amount determined by the characterist ic peaks. Both nor-
bixine and eleostearic acid were seen to appear in the rcd cells in less than
two minutes, the amount increasing rapidly.

A marked diflerence was found between the amount of these fatty acids
in the red cells and in the plasma of the same blood, for all the samples.
The red cells contained 5 to 6 t imcs as much of the injected l ipids as the
plasma. This unequal distr ibution, also secn for other highly unsaturated
fatty acids, indicates an important physiological rolc for the rcd cells which
has not been recognized before. Red cells appear to bc preferred vehicles
for transport ing polyunsaturatcd fatty acids through the blood.

Chapter 12, Note 3. Coniugation l\{ethod

Spectral analysis of a mixture of fatty acids such as obtained from cod
liver oi l  has shown that prolonged conjugation sometimes is detrimental for
some members. Prolongation of conjugation was found necessary, however,
sincc the members with a lower number of conjugated double bonds needed
more t ime to appear. We investigated the factors which would intervene in
these changes. High temperaturc was seen to affect the polyconjugated
formations. With ethylcne glycol or glycerol as solvent, conjugation took
place rapid ly ,  but  the peaks of  te t raenes and especia l ly  pentaenes and
hexaenes were sccn to go down rapidly. 

' fhis was not sccn to occur i f  the
temperature of conjugation was lower. In this last case, the conjugation
was seen to take much more t ime. This study led us to use ethyl alcohol
as a so lvent .  Maximum conjugat ion howcver ,  rcqui red a longcr  t imc,
usually around 100 hours. With this method we could obtain from the
same preparations much highcr amounts not only of conjugated pentane
and hexane but  a lso d ienc and t r iene.  (F ig.  280)  We a lso ut i l ized the same
method for analyt ical purposes with the same good results.

Chaptcr 12, Note 4. Quenching Action and Anti-Carcinogenic Effect
of Conjugated Fatty Acids

We have investigated the inf luence exerted by different fatty acids, con-
jugated and nonconjugatcd, upon various carcinogens, In a f irst group of
experiments we studied this inf luence in vitro, and chose the quenching of
the f luorescence of the carcinogen as criterion of activity.

This  par t  o f  thc rcsearch was made in  co l laborat ion wi th  C.  Huesca-
Mejia and P. Teitelbaum.

The quenching effect has been studied as fol lows:
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The fluorescence of carcinogenic hydrocarbons is measured by means of
the f luorcscent attachment to the Beckman spectrophotometer using a
wave length around 365 mp. The sensit ivity of the apparatus is adjusted to
show a value of 100 for the fluorescent light utilizing the concentration of
the hydrocarbon having the maximum fluorescence. The carcinogenic hy-
drocarbons are dissolved in alcohol, iso-octans or cyclohexane, the last two
being purified and thus rendered optically inactive by passage through a
si l ica column.

The fatty acids are dissolved in varying di lut ions in the same solvents
and added to the solution of hydrocarbon carcinogen which has been previ-
ously chosen to give a fluorescent value of 100. The fluorescence of the
mixture is immediately determined. The quenching eflect of the fatty acid
is shown by the percent of the residual f luorescence of the carcinogen when
mixed with different solutions of a mixture of conjugated fish oil fatty acids.
Tesle xxxvl shows the quenching effect of mixtures of fatty acids con-
jugated by treatment with KoH upon differcnt carcinogenic and related
hydrocarbons.
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Conjugated Fatty Acids and Quenching
Nonconjugated fatty acids such as linoleic acid, linolenic acid, arachi-

donic acid, mixed fatty acids from body liver oil and cod liver oil have a
limited quenching action. Conjugated dienes such as isomers of linoleic
acid or conjugated trienes such as eleostearic acid obtained through con-
jugation of linolenic acid or extracted from China wood oil also have a
Iimited quenching effect upon hydrocarbon carcinogens and related com-
pounds. (TlnI-r XXXVII) The same is true for mixtures of conjugated
dienes and trienes.

dave Ienoth ( ry)

Ftc.  2El .  Spectra l  analys is  of  conjugated cod l iver  o i l  fa t ty  ac ids shows the presence
of  conjugated d i - ,  t r i - ,  te t ra- ,  penta-  and hexaenes.

Fatty acid mixtures having conjugated di-, tr i- ,  tctra-, penta- and
hexaenes as shown by spectra l  analys is  (F ig.  281)  have been found to ex-
h ib i t  a  h igh degrec of  qucnching act ivr ty  (F is .282)  (Tnsle XXXVII )
when mixed with hydrocarbon carcinogens.

The quenching action of fatty acids upon the fluorescence of hydro-
carbon carcinogens appears to be nonaddit ive, When the incident ray is
passed first through an 0.2Vo solution of conjugated fish oil fatty acids in
alcohol and then through an 0.012% solution of methylcholanthrene in
alcohol in separate vessels, the residual f luorescence is 8lVo. When the
same two solutions are mixed tosether in one cell .  the residual f luorescence
i s  l L . 2 % .

0.002 i  in  e thy l  a lcoho l , /e thy l
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