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Introduction

Pneumonila is genérally ecognized as an acute in-
fection of the lungs characterized by a massive inflome
natory exudate in one or more lobes.It is one of the
more serious infectious diseases afflicting man,ranking
next to tuberculosis as a cause of death.0f 2000 cases
collected at the Bellevue Hogpital in New York City,
95,6 % were éaused by the Diplococcus pneumoniae(5).0f
529 cases at the Hospital of the Rockefeller Institute
86 % were caused by this organism(l).

At present there is no specific treatment of defin
nite value for pneumococcus pneﬁmonia except for those
cases infected with type l.For these hofpologous anti-
pneumococcus serum has proven of value in reduging the
death rate(l,50).Aft§r the work of Neufeld(39),and of
Dochez and ?il}espie?and others at the Bockefellerxr
Institute(8,11,13,1),in which the differentiation into
the various types and its Importance was chovn,it was
found that type 1 antiserum,used early in the course of
the infection and in large amounts,gave the patients
having this type of pneumococcus a certain degree 9f
immunity and kept the blood cultures negative(l,5,9,
50).In the large,unsellected series of cases studied
at the big hosp;tals the death rate has been reduced |

about one third,while under more
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favorable conditions, such as in private practice, or if
the cases are sellected,the decrease is much more,

An extract of immune serum(%g),essentially a serum
free solution of the antibodies,has been tried with
equably favorable results.It was prepared in a poly-
valent form,but was of questionable value in type 2
cases and was definitely without any in cases due to
type 3 and 4(6).As with the whole antiserum,only in

infections of type 1 pneumococcus was there any action.
Its advantage lies in the fact that it does not contain

the blood proteins which often cause unfavorable re-

actions,
“ The antibodies have:been concentrated as much as
£ive to fifteen times(20,21) using a method of precip-
itation and resolution.With this preparation much more
of the effective antibodies can be given in a smaller
volume of solution and without many of ithe unfavorable
reactions(7,6).It has given results comparable to
those obtained with whole antiserum and with exiract.
Vaccines have been tried rather extensively,but
have proven useful only as a prophylactic measure,Their
therapeutic value is very doubtful(5,4%,59).Immune re-
sponses can not be elicited rapidly enough to influgnce
the course of the disecase.
The first compound tried extensively as a therapeu-

tic agent in pneumonia was ethyl-hydrocuprein(Optochin)
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Morgenroth and Levy,who introduced it(38),showed that
it killed the pneumococcus in very'high dilutions,and
that it had some protective and cuzative action when
administered to infected animals.Two years careful
trial of Optochin at the Rockefeller Institute(35)

has proven that its use does not reduce the death rate.
By careful regulation of the amounts given to the pa-
tients,it was possible to keep the blood cultures neg-
ative in many cases.However its action was confined to
the blood stream;the course of the pneumonic lesion
was wuninfluenced.In addition some developed symntoms

of poisoning.Cecil(5) likewise has found it of no value

Other cinchona derivatives have been tried experi-
mentally without promise(18).

A number of commercial quinine preparations have
been examined for their apility to kill the pneumo-
coccus in vitro(22,2%,32),and have been suggested for
clinical trial.Quinine in various forms has been exam-
ined experimentally(32,46,49,52),and has been used
clinically,especially by Soligs-Cohen.He claims as good
results for his "definite"™ treatment of all pneumonias
with quinine as have been obtained with antiserum in
the treatment of type 1 infections(48).How¢ver nmost
clinicians do not consider it favorably(5).

Many dye substances and coal tar products have been

examined with respect to toxicity and bactericidal
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properties.Felton and Dougherly (17) examined de;iva-
tives of triphenyl methane,of acridine squinolin,safri-
nin,phenazin,quinon,and quininekx; only in the latter
case were any compognds founq with a very great action
on the pneumococcus.in vitro.A number of mercurials
were found to have compargtively little action on the
pneumococcus in vitro(5l).Metaphen has been shown to
have some protective and curative action in ex)eri-
mental infections(12).No reports of the clinical trial
of these :.substances was found.

Micro-organisms have been isolated which decomnose
the spec;fic_polysaccharide of types 1,2,and 3 pneumo-
cocci(14,43).The enzyme that acts on the specific poly-
saccharide o? type 3 pneumococcus was isolated from
the organism,and was found to cure rabbits infected .
intradermally with Xz a type 3 pneumococcus.(2,23,24),
Apparently this enzyme hags not been tried clinically. ,

Comparatively little appears to have been done in
regard to the use of the bile salts in pnmeumonia.Case-
tellanos has used bile salts for treating empyema.And
Barjot has tried a solution of sodium taurocholate on
negroes suffering from pneumonia(57).The latter had but
four treated cases so that hig favorable results can

not be accepted as conclusive, Elton(17) appears to have
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found some correlation between the development of jaun-
dice and recovery in pneumonia patients.ziegler(56;57,l
53) has tried sodium taurq_cholate and sodium dehydro-
cholate clinically;he feels that the bile galts have a
specific action in terminating the pneunmonia.fBxneriment-
ally sodium dehydrocholate merely prolonged the lives of
infected rabbits,

By using small amounts of bile or of sodium tauro-
cholate Hilgermann(23) showed a curative action in mice
infectgd peritoneally or subcutaneously with pneumo=-
coccug.Larger ammounts of the bile salts,themselves non-
fatal,killed the animals in a very short time.REddy(15)
found that mice infected peritoneally with a pneumococcus
died vwhen bile salts were given intraperitoneally.Often
the peritoneum was sterile,but blood cultures were posi-
tive,Hilgermann feels that the bile salts act to dissolve
enough of the infecting pneunocccci so that endotoxins
are fo;med in sufficient amounts to produce an immune re-
sponse,while not in large enough amounts to be very tox-
ic.Ziegler(57) has shovm that pnéumococci treated with
sodium dehydrochclate immunized rabbits very rapidly,It
vould anspear then,if the bile salts do have any curative
action,that it is a secondary one in that they merely
aid in the production of an immunity.

Bile salts injected intravenously have been showm
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to disappear from the blood very rasidly(25).It is
doubt?ul whether appreciable a@ounts of the knowvn bile
salts,on intravenous injection,would reach the pneumo-
coccli in an actual pneumonic lesion.This together with
the fact that only under special experimental condi-
tions did they show a protective action makes it im-
probable that any of the bile salts investigated to-
date willnactually prove useful in the treatment of
pneumonia.Pneumocholin(pneumococeci treated with bile
salts),may find a use in rapidly inducing an immune re-
action,but its value is necessarily limited in that it
must be used very early in an infection.

The therapeutic agent desired is one that will
arrest the development of the pneunonic lesion and
effectively prevent it spreading.This is bgrne out by
a new treatment which seems very promising.If the in-
fection is configed to one side,the lung on that side
may be collapsed,localizing the infection by cutting
out the large peripheral circulation.The course of the
infection then resembles that of a common cold.The
chémotherap?utic agent must be relatively inert in the
animal body,being neither rapidly removed nor toxic,and
it must act upon the pneumococcus in comparatively high

’ diiutions.If such a satisfactory therapeutic agent

derived from or related to the bile acids is to be xk-
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obtained,we nmust know just vhat chemical structures of
the bile acids are responsible for their properties.

At present we know that the most active bacteri-
cidal bile salts are these cgntaining two hydroxyl
groups in positiops 3 and 12, the salts of deoxycholic
acid,of apocholic,and of the various choleic aclds
being abogt equal in their power to kill the pneumo-
coccus(18,30) .These salts are algo the most toxic(1d,3D
48) .The salt of cholic acid,which contains three hydrox-
yl groups in positions 3,7,and 12,is a much weaker
pactericidal agent than the salt of the dihydroxy acid,
and is much less toxic.The salt of the triketo acid is
a less active bactericidal agent than the salt of the ,
diketo acid.Further it is known that the salt of the
triketo acid has a lower_bactericidal action and tox-
;QityAthan the salt of the corresponding trihydroxy
acid,and that the salt of thé diketo acid is a weaker
bac?ericidal agent than the salt of the dihydroxy acid,
(la,Sm).However no very complete study of these sub-
stances appears to have been made,

It has been found that the absence of hydrgxyl and
(or) keto substitutents on the cholane nucleus,as in
cholanic and cpolatrienic acid,and that rupture of the

’ring structure,as in bilianic and cilianic acids,de~

stroys cholagogue action(38).
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The following investigation is an attempt to e-
lucidate more fully upon what chemical structure of the
bile acids and derivatives the well known toxic and
bactericidal powers of these substances depend.

It has been shovn that lecithin will antagqnize the
toxicity of the bile salts for guinea pigs(48),and that
lecithin does not antagonize the action of the bile
salts in inhibiting the growth of the pneumococcus
in vitro(1l8).However we have found that a solution con-
taining equal amounts of the conjugated bile salts and
of lecithin had no favorable influence upon rabbits in-
fected intradermally with a type 1 pneumococcus.It was
thought advisable,then,to study the effect of lecithin
uson the toxicity and antipneumococcal activity of the

substances being examined.,
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Preparations

Pure cholic and deoxycholic acids were prepared
from beef bile according to White(53).The cholic acid
after removal of the alcohol qf crystallixation,melt-
ed at the correct temperature,l197 degrees centigrade,
All the melting points were obtained in an apparatus
such that the whole of the mercury column of the ther-
nometer was heated to the game temperature,They were
not corrected.The acetic-choleic acid(the molecular
compound of acetic and deoxycholic acids)was recry-
stallixed twice from ethanol and heated at 110-120 de-
grees until the melting point came up to 170-171 ge-
grees.The temperature resorted is 172(5%).

The scdium salts of the two acids were prepared by
neutralization of the acids with sodium hydroxide in
absolute ethanol and recrystallizing once.The prepara-
tion of sodium deoxycholate was attended with consid-
erable loss since it crystallized poorly.The final pro-
duct was really the salt of ethanol-choleic acid.The
sodium deoxycholate was found to crystallize very well
from butanol,but the presence of butanol in the pro=-
'duct was considered less desirable than that of ethanol,

Dehydrocholic acid was prepared by the oxidation of
cholic acid according to Hammarsten(27).Recrystallized
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from acetone a pure prodgct was obtained with the re-
ported melting point(6R),long,flat plates,almost need-
les,m.p.237 degrees centigrade.Since no solvent was
found from which the salt could be crystallized,the
free acid was used in the experiments and neutralized
with the equivalent amount of sodium hydroxide in the
solution to be emsloyed.

Dehydro-deoxycholic acid was prepared by the oxida-
tion of deoxycholic acid with chromic acid(5%).If the
product obtained from the reaction mixture was too im-
pure,it would not crystallize from ether as described
(5%) ,being too soluble.However it was observed that‘an
excess of ether precinitated out amorphous material,and
almost pure dehydro-deoxycholic acid crystallized out
when the supernatant splution was concentrated.Recry-
gtallized twice from 70 % acetone it melted at 186 de-
greeé;z degrees ©below that reported.The sodium salt
was prepared by neutralizgtion of the acid with sodigm
hydroxide in methanol,evaporation to dryness,and cry-
stallization from 91 % isopropanol.

The oximes of the two keto acids were prepared by
treating their alkalin solutions with hydroxylamine(3d)
Hydroxylamine hydrochloride was added to the solutionm
of the salt and then sodium hydroxide to redissolve the

precipitated acid.After about eight hours on the steam
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bath the reaction is completed,The oximes were precip-
jtated with acid and recrystallized from 95 % ethanol.
The trioxime of dehydrocholic acid melted,with decom-
position,at 270-272 degrees.Mylius gives the melting
point as 270 degrees with decomsosition(3d).The di-
oxime of dehydro-deoxycholic acid did not crystallize
well from 95 % ethanol since it was rather insoluble.
But by prolonged treatments with large volumes of al-
cohol it was possible to effect purification.The crys-
tals were small and grew very slowly on digestion,but
finally were obtained some large enough that their form
could be made out.They were composed of two six sided
pyramides attached at their bases,one being about 3-4
times as tall as the othe;.zhey sintered at 169-170
degrees and melted at 183.5-184 with decomposition as
described(42).

Dehydrocholic acid was condensed with isatin by
heating an alkalin solution of the two.The product was
precipitated with acid and recrystallized from absolute
ethanol(4),.Purification was rather difficult so that but
a small amount of the pure product was obtained.The flat
needles decomposed at 296-297.The product used for the
determination of toxicity and bactericidal power was
not this pure;it had a slight brown color and decom-
posed about 290 degrees.

Bilianic acid was prepared by the oxidation of choid
1ic acid at room temperature with potassium permangan-

ate,
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It was precinitated with acid,after decolorization with
bisulfite as described(33),and crystallized from hot,
diluted ethanol.It melted at 264 degrees.The reported
melting point is 263.My product was a mixture of bili-
anic and isobilianic acids,no attempt being made to
separate the two because of the small amount obtained,

Methyl deoxycholate was prepared by the usual methé
od of refluxing the acid with methanol and sulfuric asd
acid.The ester was separated from the alcohol by an
excess of water.This ester was very difficult to purify
since no means of getting it to crystallize out free of
the impurities could be found.A fair degree of purity
was obtained in the following manner.The hot solution
of the ester in methanol was diluted with water just to
slight opacity and cooled.Amorphous material separated
out which contained most of the coloration.If cooled
in the ice box for a sufficient time,some of the ester
would crystallize.After separation of the colored mater-
ial,the rest of the ester was precipitated with more
water.Repetition of this process several times removed
all the coloration.The final colorless product melted
at 65-66 degrees on two successive purifications and was
‘composed of long needles.The reported melting point
of methyl deoxycholate is 71-73 degrees(56).

Methyl cholate was made by keating the acid and the

alcohol with sulfuric acid on the steanm bath and
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cooling the concentrated solution in the ice box,.The
ester crystallized out in clusters of needles.Recrys-
tallized several times from metlmanol it melted at 147
degrees(42).According to 2. Urakg?;fter repeated crys-
tallizations from alcohol,the ester melts at 155 degrees.
The methyl ester of dehydro-deoxucholic acid was
prepared as was the ester of deoxycholic acid.It crys-
tallized well from ether;the final product melted at
131.5-132 degrees,which is the reported melting point.
me by L ouenyarociioleve was prepared,m.p.242 degrees,
but was not usgd. » o |
Lecithin was obtained from.hngAbrain.After passing
through a megﬁ grinder the brain was thoroughly dried |
with acetone,and extracted with ether.The concentrated
ether extracts were precipitated with an excess of
acetone.The acetone insoluble fraction was dissolved

in ether and precipitated with absolute ethanol.Pre-
cipitation of the concentrated alcoholic solution with
acetone yielded crude lecithin.This product was largely
freed of the ether-insoluble lipins by allowing the
ether solution to stand in the ice box untilll all the
precipitate had settled out.The clear gupernatant

‘solution was precipitated with acetone,and the precipi-
tate dried in vacuo until free of the odor of acetone,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Methods

The M I.ID‘rr for white mice was used as the measure
of toxicity of the preparations.The animals were all
of the same stock,and many were raised in the labo;a-
tory.For a time the diet was Pratts Rabbit Pellets,but
later this was changed to Purina Dog Chow;this change
did not affect the resistance of the agimals.The nice
appeared to do quite well on this feed,and breed read-
ily. 7 _

7 The animals all were used approximately 24 hours
after the last feeding,having been about twelvg hours
without food.In the morning they were isolated,and
that evening weighed and injected intraperitoneally
with a sterile solution of the calculated amount of
the material being tested.Those that survived and
apparently recovered fully frpm one experiment were
used for a second.The M L D was taken as the smallest
amount of substance per unit of We@ght that killed at
least 90 % of the injected animals.

Solutions of the water soluble salts were made up
in saline for the'M:I.p 's and in broth for the experi-

‘ments with pneunococci,

# In brevity the minimum lethal dose is here express-
ed by the letters M L D.
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The esters were digsolved in olive oil that had been
treated with sodium hydroxide to remove the free fatiy
acids.The salts Weregweigged out into graduated @est
tubes;dissolved in saline, and diluted to volume.The
tubes were closed with cotton plugs and stgrilized in
live steam.Vhere the salt was not Hrepared,that amount
oféthe free acid necessary to give the desired concen-
tration of the salt was weighed out and soqium hydrox-
ide added until neutral to phenolphthalein.Only in
the case of the trioxime was the salt too insoluble to
give a solution concentrated enough’for use.However
in this case the salt separat§d out,after neutraliza-
tion of the acid with heating,in what appeared to be
a very.hydrated form so that a stable suspension wa.s
formed.This could be injected and was used as such.The
solutions of the esters were made as were the salts ex-
cept ﬁhat olive 0il was used as the solvent.Methyl chol-
ate was too insoluble in oil but formed in it a super-
saturated solution that was stable for as long as 12
hours.lMethyl dehydrocholate could not be used as no ei0d
suitable inert solvent could be found as a carrier.

To make the solutions‘pontaining the lecithin as
well as the bile compound,an amount of it equal to the
weight of the bile acid compound ﬁas weighed out in. the

test tube and the solution prepared as above.Usually
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it was necessary to break up the lecithin particles
mechanically to effect solution at all rapidly.

The solutions prepared in this manner and sterilize
ed remained stable at least two months and probably
longer.To the solutions of sodium deoxycholate and its
de;iyatives in broth and to their solutions containing
%:;2;11t was necessary to add more alkali to redissolve
frge acid that precipitated.In the case of sodium dehyd
drot@eoxycholate,when the splution in broth was steril-
ized,a crystalline precipitate formed which would not
dissolve with excess alkali.But if the concentrated
stock solution weré made up in wgter or saline no pre-
cipitate formed on sterilization,and the sterile solu-
tion could be added to broth and incubated widthout its
formation.

_For the experiments on pneumococei a type 1 strain
obtained from the Rockefeller Institute was used.The
stock culture was kept in the ;ce box in serum scmi-
solid agar.The broth uged was a beef heart infusion
with 2 % peptone and 0.5 % sodium chloride added.It was
adjusted to a final pH of 7.6-7.8.This plain broth was
used for the concentrated stock solutions of the bile
salts and for making the various dilutions in the bac-
tericidal tests.It is necessary to use an enriched

média for culturing the pneumococcus;this enriched
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media was formed by adding to each 800 cc lot of the
plain broth;at the time of disnensing,20 cc of sterile
20 % glucose and 25 cc of sterile rabbit blood.The
broth was then dispensed into sterile test tubes,each
containing at least 10 cc.This enriched broth was

used for all culturing.

The action of the water soluble preparations unron
pneumococci was tested in two ways?First the bacteri-
cidal concentration was determined,being taken as that
concentration in plain broth which would kill enough
of the organisms under the conditions of the experiment
so that no growth would cccur in a subculture made at a
given time(15 minutes unless specified otherwise).The
method more in detail is as followstby dilution of the
stock solutions of the bile salts with sterile plain
broth 4.9 cc lots were made up containing varying a-
mounts of the bile salt prgparation»being tested.Each
was then inoculated with 0.1 cc of a 6-8 hour calture
of pneumococcus and put in the incubator at 32-34 de-
grees.A?tdiffergnt time in?grva}s after the Minoculation
(15 min.,30 min.,lhr.,2hrs.,etc.)subcultures were made,
O.lcc being transfered into 10 cc or more of the en-
riched broth.Since there was at least a hundred fold
dilution in the subculture of the bile salt of which
the bactericidal action was being determined,and this

amount was later showvn not to be able to inhibit growth
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it may safely be qoncluded that when no growth occured
in the subculture,the bacteria had been killed by their
exposure to the more concentrated agent.

The second action measured was the ability to in-
hibit growth.The clear supernatant broth after the red
corpuscles had sgttled out was found suitable for the
inhibitiop tests.It contained the addgd glucose and
the serum,and supported a good growth.As before,4.9 cc
lots of broth(enriched) were made up containing varying
amounts of the substances being tested,These were inoc-
ulated with 0.1 cc of a 6'- 8 hour pneumococcus culture
and incubated 14 16 hours.The smallest concentration
that consistently prevented visible growth in this time
was taken as the inhibitive concentration.

The viability of the cultures used in each experi-
ment was controlled by a test tube of broth without
added bile salt.Sterility of the solutions and broth
was controlled by tubes containing these without inocu-

lation of pneumococci.
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Experimental
TOXICITY OF SODIUM DEOXYCHOJTATE:In table 1 are sume-
marized the results of the determination of the M L D
of sodium deoxycholate for male and female mice.
Table 1

’Sodium Deoxycholate
(3,12-dihydroxycholanate)

Males
Dose Total No. %
m mg/gm Mbles x 10~ 7/gm No. Died Died
0.14 3.24 3 3 100
0.12 2.78 4 4 100
0.10 2.32 5 5 100
0.08 1.86 7 3 43
0.06 1.40 3 0 0
S Females '
0,16 3,70 4 4 100
0.14 3,24 4 2 50
0.12 2,78 3 2 66
0,10 R2.32 3 1 33
0,08 1.86 4 0 0

In column 1 are,the doses in terms of millegrams perv
gram of body weight,in the second column are the‘doses
in terms of moles x 10~"7 per gram of body weight,in ﬁhe
third column is the total number of animals injected,
in the fourth column is the number of animals that died
and in the fifth is the percentage of deaths.

The M L D for the male mouse is 0,10 mg per egm of
body weight and for the female 0,16 mg per gm.

One cc of the‘solutions injected in these experi=-

ments contained 0.01 gm of the salt.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



DETOXIFICATION OF SODIUM DEOXYCHOLATE BY LECITIIN:
The effect of the addition of lecithip upon the tox-
icity of sodium deoxycholate is to decrease it,more
verhaps in the case of the female.than of the male.This
detoxifying action is shown in Table 2.

Table 2

Sodium Deoxycholate plus Lecithin

Males
Dose Total No. %

me/em Moles x 10=7/gm No, Died Died
0.18 4,16 1 1l 100
0.16 3,70 1 1 100
0.14 3,24 3 3 100
0.12 2,78 2 2 100
0.10 2.32 2 0 0
0,08 1.86 3 0 0

) ' Females o
0.18 4,16 3 2 66
0.16 3.70 4 1 25
0.14 3.24 1l 0 0

The { L D for the male was increased to 0.12 mg per

gm of body weight.The number of females used is small,
“but it is seen that the M L D for them is raised to at
least 0.18 mg per gm.

The concentration of the solutions used was such
that icc contained 6.0l gm of the bile salt and 0.0l gnm
of lecithin.The volumes injected ranged from 0,15 to
0.32 cc.

THE ACTION OF SODIUM DEOXYCHOIATE ON PNEUMOCOCCUS:
In four experiments the bactericidal concentration of

sodium deoxycholate was found to be 0,001 gm per cc.
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The inhibitive concentration was found to be 0.0006 gm
per cc in three experiments.

THE ACTION OF SODIUM DEOXYCHOLATE PLUS LECITHIN UPON
PNEUMOCOCCUS:In)the nresence of an equal amount of leca
ithin by weight,the bactericidal concentration is in-
creased to 0.004 gm ver cc.The inhipitive action of
this bile salt,however,is increased,the inhibitive con-
centration was 0.0004 gm per cc in three experiments.

TOXICITY OF SODIUM CHOIATE:Sodium cholate is much
less toxic than sodium deoxycholate,and like the latter
would appear to be a.little @ore toxic for the malesthen
for the female mouse.Table 3

Table 3

* * Sodium Cholate
(3,7,12-trihydroxycholanate)

¥ales
’ Total No. %
mg/gm Moles x 10~7/gm No. Died Died

0.32 7.14 2 2 100
0.30 6.70 2 1 50
0.28 6.25 2 2 100
0.26 5.80 6 6 100
0.24 5.35 8 3 37
0.20 4.25 9 3 33
0.18 3.30 4 0 0
' Females
0.30 6,70 3 3 100
0.28 6.25 4 4 100
0.26 5.80 8 5 62
0.24 5,35 5 p) 40
0.22 4.70 4 0 0
0.20 4.25 1 0 0
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The M L D for the male was Q.26 mg ver gm of body
weight,and for the female 0,28 mg per gm.
DETOXIFICATION OF SODIUM CHOIATE BY LECITHIN:Both
sexes are protected somewhat by lecithin and to about
the same extent.See Table 4.
Table 4

Sodium Cholate plus Lecithin

Males |
Dose Total No. %
me/egm Moles x 10™7/gm No. Died Died
0.40 8,93 1 1 100
0.38 8,49 3 3 100
0.36 8,04 2 2 100
0.34 7,59 3 1 33
0.30 6.70 3 1 33
0.26 5,80 1 0 0
o Females

0.44 9.71 1 1 100
0.40 8.93 4 4 100
0.36 8.04 3 2 66
0.32 7.14 3 2 66
0.28 6,25 1 0 0

The M LD for the male mouse és increased from 0.26 to
0,56 mg rer gm of body weight,and for.the female from
0.28 to 0,40 mg ver gm of body weight.

In most of the experiments on.the M LD of sodium
cholate a 2.5 % solution was used,and the volumes in-
jected varied from 0.20'to 0.62 cc,In some of the tests
al %_solution was used,apparently with identical re-
sults,

THE ACTION OF SODIUM CHOIATE ON PNEUMOCOCCUS:The

bactericidal concentration of sodium cholate was 6.012
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gm per cc.This value was repeatedly confirmed since
godium cholate was used as a control for the other
bile salts tested.The inhibitive concentration was
0.0010 gm per cc in three experiments,

THE ACTION OF SODIUM CHOTATE PLUS LECITHIN ON PNEUZ
MOCOCCUSsLecithin decreased the bactericidal activity
of sodium chglate,but much less than that of sodiunm
deoxycholate.The bactericidal concentration was 0,018
gm per cc in four experiments.Lecithin had no effect
upon the inhibitive action of sodium cholate.In three
experiments the inhibitive concentration of sodium
cholate ,in the presence of an equal amount of lecithin
was 0.0010 gm per cc,the same as of the bile salt
alone. 4

TOXICITY OF SODIUL DEHYDRO-DEOXYCHOYATE.Oxidation
of the hydroxyl groups to carbonyl greatly lowers the
toxicity.Tbe M L D of the sodium.salt of dehydro-de=-
oxycholic acid was found to be 0.44 mg per gm of body
weight for the male mouse and 0.48 mg per gm for the
female,Table 5,
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Table 5

Sodium Dehydro-deoxycholate
(3,12-diketo-cholanate)

Males '
Total No. %

Dose 7'
mg/gm Moles x 107 /egm No., Died Died
0.44 10,33 4 4 100
0,40 9,39 6 5 80
0.38 8.45 9 6 66
0.32 7.51 10 2 20
0.28  6.57 2 0 0
) Females
0.48 11.27 3 3 100
0.44 10,30 7 6 80
0.40 9,99 6 3 50
0.36 8.45 3 0 0

DETOXIFICATION OF SODIUM DEHYDRO-DEOXYCHOLATE BY
LECITHIN:Lecithin did not »rotect male nice,the M L D
being the same with and withou? it,while for the fe-
male the M L D was raised to 0.56 mg per gm of body
weight.Table 6.

A Table 6
Sodium Dehydro-deoxtholate plus Lecithin
Males

Dose -7 Total No. %
mg/em Moles x 10”‘/gm No. Died Died
0.50 11.73 1l 1 100
0.44 10,33 3 3 100 -
0.40 9,39 3 2 66
0.36 8.45 3 0 0

‘ ’ Females
0.56 13.12 2 2 100
0.52 12,20 P 1 50
0.48 11,27 0 0
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Although the number of female mice receiving this bile
galt pluslecithin is small it is enough to indicate
that there is a fair amount of protection.

In the experiments on the determination of the M L
D of sodium dehydro-deoxycholate,l cc of the solution
contained 0,025 gm;the volumes of solution injected
ranged from 0,15 to 0.46 cc.

The reactions of the animals to sodium dehydro-
deoxycholate were rather svectactular.With all the
other preparations there was at the most an irritation
immediately gfter the injection;the animals would
become quiet,annarently comatosé:gie with occasional
mild convulsions.Deathwas rather slow and appeared to
be due to resniratory fgilure.Only very large doses,
several times the M L D,killed in a short time.With
sodium dehydro-deoxycholate there was slight irritation
immediately after injection,but within a very short
time (2 - 10 minutes) the animals receiving a sufficienl
amount went into convulsions.The cgnvulsive movenments
were confined to the hind quarters,as nearly as could
be observed,and.became quite severe.A large amount of
fluid,colorless,and probably from the salivary glands
collected around the mouth and eaused choking.Those thal
died did so in less than 60 minutes,the breathing
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gradually becoming slower,convulsive,and finally stop-
ping.There was a marked cyanosis and many showed hem-
orrhage at the nose and mouth(those with hemorrhage
invariably died).In those that recovered,the breathing
began to improve in a short time,and would reach a re-
nmarkably rapid rate.By means of the presence or ab-
sence of hemorrhage and of the condition of the breath-
ing it was possible to predict quite aggurately whether
or not a given animal would survivg.Lecithin had no
apparent effect upon the reactions,

THE ACTION OF SODIUM DEHYDRO-DEOXYCHOLATE ON PNEU-
}O0COCCUS:The bactericidal concentration of sodium de-
hydro-deoxycholate wasefound to be nearly the same as
that of sodium cholate,0.014 gm ver cc.This concentra-
tion was effective in each of 4 experiments.The inhibi-
tive concentrationwas 0.006 gm per cc,and was confim-
in threé experiments.

The effect of lecithin upon the action of sodium
dehydro-deoxycholate on pneumococci was not determined.
TOXICITY OF SODIUM DEHYDROCHOLATE:The M L D of
sodium dehydrocﬁolate can not be defined as certainly
for the female as for the male mouse,It is practically

the same in each case,2.0 mg per gm of body weight.
Table 7.A larger number of animals might possibly show

a lesser toxicity for the female,as with sodium dehyds

dro-deoxycholate.
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Table 7

"Sodium Dehydrocholate
(3,7,12-triketo~cholanite)

Males
Dose " Total No. %

mg/gm Moles x 10™ ‘/gm No. Died Died
2.0 47.6 3 3 100
1.8 42.9 5 3 60
1.6 38,2 5 2 40
1.4 3365 6 0 0
l.256 28,3 3 0 0

Females
2,0 47.6 2 2 100
1.9 45,2 2 1 50
1.8 42,9 4 3 75
1.7 40,5 2 0 0
1.6 38.2 ) 1 33
l.4 3345 1 0 0

10 % solutions were used for the determination of
the I L D of sodium dehydrocholate;the volumes injected
varied from 0.24 to 0.70 cc.

The detoxification of sodium dehydrocholate by leci
ithin was not examined.,

THE ACTION OF SODIUM DEHYDROCHOLATE ON PNEULOCOCCUS
The bactericidal concentration of sodium dehydrocholate
was found to be 0,1 gm per cc.It has been reported that
at least a 2% solution of this bile salt is required to
inhibit the growth of,pneumococci in aecitis broth(31).
In the bactericidal test using a 10 % concentration,
the concentration of the bils salt in the subculture
will be one one hundredth of 16 % or 0.1 %,so that when
no growth occured in the subculture it may be concluded

that the organisms had been killed.A concentration of
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0.06 gm per cc did not kill the pneumococcus in one
hour,but 0.03 gm per cc did in this time.Table 8,
These figures were checked but once.
Table 8
Sodium Dehydrocholate

Concn., -6
gn/cc Moles x 10” 7/cc Time required to kill,

0.1 226 15 minutes
0.08 181 60 minutes
0.06 136 not in 60 minutes

o inhibitive tests were done with sodium dehydro-
cholate,nor was the effect of lecithin studied because
of the small amount of the salt available for use,

TOXICITY OF THI SALT OF 7,12-DIK¥0-F-CARBOXYLIC-
3,4(a,# )-QULINO-CHOLANLC AC1D:Vhen a mol of isatin is
condensed onto ring A of dehydrocholic there occurs a
further decrease in toxicity.lhe M L D of the salt of
the "quino" compound for both male and female is about
3.2 mg per gm of body weight.Since different doses were
used in the experiments with male mice than in those
with female,itappears that the preparation is slightly
more toxic for the female.The difference is small,and

probably apparent only.See Table 9.
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Table 9

Salt of "Quino" Compound

lnles ‘ )

Dose -7 Total No. %
mg/em Moles x 10™‘/gm No, Died Died
4,0 71.4 2 PA 100
346 64.3 1 1 100
3.4 60,7 4 4 100
3,0 53,7 4 2 50
2.6 46,4 1 1 100
2.0 3567 2 0 ¢}

| Females -
4.0 7.4 2 b2 100
3e6 64,3 1 1 100
342 5849 4 4 100
2.8 50.0 3 0 0
2.4 42,8 4 0 0

THE ACTION OF THE SALT OF THE "QUINO" COMPOUND ON
PNEUMOCOCCI:In Table 10 are the results of the bacteri-
cidal tests with this preparation.

Table 10 -
Salt of the "Quino" CGompound

Concn. 6
gm/ce Moles x 107°/ce Time required to kill

0.1 178 30 and GO nminutes
0.08 143 60 minutes

0.06 107 not in 60 minutes
0.05 not in 4 hours

By comparison with Table 8,it is seen that the salt of
the "quino" compound is possibly a little more active
in killing the pneuococcus than is sodium dehydro-
cholate.While it required 181 moles x’10'6per cc of
the latter salt to kill in 60 minutes,143 x lO-Gmoles

ke per ce of the "quino" compound killed the pneu-
mococcus
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in 30 migutes in one experiment and in 60 minutes in

a second.If it requires 178 moles x 10~¢ per cc of the

"quino" compound to be effective consistently,this salt
is about.equal to sodium dehydrocholate in bactericidal
activity. '

This condensation compound of isatin and dehyd?o-
cholic acid,first prepgred by Borsche and Frankgs),and
described by them as 7,12-diketo~{d-carboxylic-3,4(,, )=~
quino-cholanic acid,was tested for its "physiological
action".Because of its ring structure resembling the
cinchona alkaloids it was thought that it might have
some peculiar actions.However the above authors de-
gscribe it as being "physiologically inactive",

TOXICITY OF SODIUM BILIANATE:If ring A of cholic
acid is broken,forming bilianic acid,there is a further
fall in toxicity.Table 1l.

Table 1l
Sodium Bilianate

Males '
Total No. %

Dose -7
mg/gm Moles x 107 '/gm No. Died Died
10.0 193 2 2 100
8.0 155 1 1 100
6.5 126 2 2 100
6,0 116 2 1l 50
5.5 106 2 0 0
2.0 36 2 0 0

The ¥ L D for the male mouse is above 6.0 mg per
gm of body weight ,and is probably about 6.5 mg rer gm,
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The M L D for the female mouse was not determined,nor
was the effect of lecithin studied because of the small
amount of the »preparation obtained.

THE ACTION OF SODIUM BILIANATE ON PNEUMOCOCCUS:In
Table 12 are the results of the bactericidal tests.It
is seen that sodium bilianate is a little less potent
than the salts of the "quino® compound and of dehydro-

cholic acid.

Table 12
Concn. 6
gm/cc Moles x 107 °/cc Time required to kill
0.1 193 60 minutes
0,08 155 not in 3 hours
0.06 o not in 4 hours

While ab approximately 130 moles x lofsper c¢ sol-
ution of the salts of dehydrocholic acid and of the ,
"guino" compound killed the pneumococcus in 60 minutes,
it required a more concentrate@ solution of sodium
bilianate to kill in this time,193 moles x lo-Gper cc.

Because of the small amount of bilianic acid obtain
ed no inhibitive tests were done,and the effect of leci-
thin was not examined.

TOXICITY OF THE SALT OF THE DIOXIME:Conversion of
the ketolacids to the oximino derivatives restores
activity,but not equal to that of the hydroxy acids.
The M L D for the sodium salt of the 3,1l2-dioximino
acild was 0.22.mg ver gm of bodyw weight for the nmale as

compared to 0,10 mg per gn of the salt of the 3,12~
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dihydroxy acid.The M.L D of the salt of the dioxime
for the female was 0.34 pg ner gm of body weight.Table
13.

Table 13

Salt of 3,l12-dioximino-cholanic acid

Males '

Dose Total No. &%
me/em Moles x 10°S/gm No. Died Died
0.22 4.73 4 4 100
0,20 4,32 4 3 75
0,18 3.93 4 3 75
0.16 3.49 2 1 50
0.14 3.06 3 0 0

) Females
0,38 8.31 1 1 100
0.36 7.87 2 2 100
0.34 7.43 2 e 100
0.32 6.99 6 5 83
0.30 G.55 3 2 66
0.28 6.1l 4 0 0
0.26 5,67 1 0 0

DETOXIFICATION OF THE SALT OF THE DIOXIME BY LECI-
THIN:The effectlof lecithin upon the X L D of the ox-
imino compounds,as regards the two sexes,is just the
reverse of the effect of lecithin upon the M L D of
godium dehydro-deoxycholate.In the latter case it was
the female that received protection;in the case of both
the di~- and tri-oximes the male receives protection.
Table 14 shows the effect of lecithin on the M L D of

the salt of the dioxime.
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Table 14

Salt of the 3,12-dioximino-cholanic acid
plus Lecithin

Males

Dose 6 Total No. &
mg/gm Moles x 107 /cc No., Died Died
0.36 7.87 2 2 100
0.34 7,43 3 3 100
0.32 G,99 2 1 50
0,30 6,55 3 1 33
0.26 b5.67 4 3 75
0.22 4,73 1 0 0
0.20 4,32 1 0 0
S Females
0,40 8,75 . 1 1 100
0,36 7.87 "2 2 100
0.34 .43 2 2 100
0.32 6,99 4 3 75
0.30 G.55 4 2 50
0.28 6.11 1 0 0

The M L D for the male mouse is increased from 0,22
mg per gm of body weight to 0.34 mg per gm by the addi-
tion of lecithin.The M LD for the female remains un-
changed,0.34 mg per gm of body weight.

In all the gxperiments on the I L D of the calt of
the dioxime a 2.5 % solution was used;the volumes of
solution injected ramged from 0.20 to 0.58 cc.

THE ACTION OF THE SALT OF THE DIOXIME ON PNEUMOS
COCCUS:The bactericidal concentration of the salt of the
dioxime is almost the same as that of sodium deoxycho=-
1ate;ip three experiments it was found to be 030012 gm
per cc.A peculiar thing about this preparation,the in-
hibitive concentration is nearly equal to the bacteri-

cidal;0.001 gm per cc was found necessary to inhibit
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growth in two experiments.

THE ACTION OF THT SATT OF THE DIOXIME PLUS LECI-
THIN ON PNEUMOCOCCUS:Only one experiment was done on
‘the effect of lecithin upon the bactericidal activity
of the salt of the dioxime,It would appear to be de-
creased,how much can not be told.The inhibitive act-
ivity was found to be increased by the lecithin,0.0006
gm per cc of the salt in the o»resence of the lecithin
prevented visible growth in each of two experiments,
vhile it requires 0.001l gm per cc of the salt without
lecithin.

TOXICITY OF THE SATT OF THE TRIOXIME:For the male
mouse the M L D of the salt of the trioxime was 0,35
mg per gm of body weight.For the femalg the M L D was
0.65 mg per gn of body weight.Table 15.
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Table 15

Salt of 3,7,13-trioximino-cholanic acid

Uales '

Dose y Total No. %
mg/em Moles x 107 /em No. Died Died
0.40 3.2 1 1 100
0.35 7.21 3 3 100
0.3 6.19 6 4 66
0.25 5.17 5 1 =20
0.20 4,14 4 0 0

' ' Females
0.70 14.37 4 4 100
0,656 13,35 4 4 100
0.60 12.33 4 2 50
0.56- 11.51 6 0 0
0.50 10.23 5 0 0

DETOXIFICATION OF THE SALT OF THE TRIOXIME BY LECIZ
THIN:The M L D for the male mop.se:is not raised to the
same level as that for the female,but only to 0.55 nmg
per gm of body weight by the action of the lecithin.The
results with the female are uncertain;the M L D might
be lowered by the lecithin to 0.60 mg per gm,but this
does not seem probable.At any ré}te the ¥ L D is not in-

creased for the female.Table 16.
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Table 16

Salt of 3,7,l12-trioximino-cholanic acid
plus Lecithin

Males
Dose y Total No. %

mg/em Moles x 10~ ‘/gm No. Died Died
0.55 11,31 6 6 100
0.50 10.28 3 0 0
0,45 9.20 7 2 28
0.40 8.24 5 2 40
0.35 7.21 3 0 0

Females
0.70 14.37 4 4 100
0.65 13.35 4 3 75
0.60 12,35 4 4 100
0.55 11,31 3 2 66
0.50 10.28 2 0 0

The concentration of the solutions injected for the
determination of the M L D's of the trioxime was 2,5 %;
the volumes ranged from 0.20 to 0.8 cc.

THE ACTION OF THE SALT OF TIHE TRIOXIME ON PNEUMO-
COCCUS:No satisfactory results were obtained for the
action of the trioxime on the pneumococcus,apvarently
because of the insolubility of the salt.The most con-l’
centrated solution obtained in broth without undis-
solved salt was 0,35 %.This concentration poésibly acted
upon the bacteria but very slowly.In the inhibition
test this concentration did not prevent growth in as
muchas‘a heavy flocculent precipitate formed on incu-
bation{none in controls).This precipitate forms after
a heavy growth.The tube appeared to be sterile immedi-

ately after the incubation period;nam'growth occured

in a subculture.This was not repeated.
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TOXICITY OF METHYL CHOIATE:Methyl cholate was
found to be approximately as toxic as sodium cholate,
at least for the female.The results with the male nice
are not as clear as those with the fe@ales.A neculiar
thing about all three esters examined,there was ,com-
paratively,quite a wide range of doses over which male
mice would be killed,making the determination of the
M LD at first rather difficult.But with the female the
break from fatal to nonfatal doses xx was much more
abrupt.The M L D of methyl cholate for tiie male mouse
is probably about 0.26 mg ver gm of body weight;for the
female it is 0.24 mg ver gm.Table 17.

Table 17
Methyl Cholate
Dose Total No. %
mg/gm Moles x 10=7/gm No, Died Died
0.30 6.81 2 2 100
0.26 5.91 2 2 100
0.22 5,00 P 1 50
0,20 4,55 2 1 50
0,18 4,09 2 1 50
0.16 3,64 4 3 75
0.14 3.18 1l 1 100
0.12 2,73 1 0 0
Females
0.28 6,37 1 1 100
0.24 5,46 4 4 100
0.20 4,55 4 2 500
0.18 4,09 4 2 50
0,16 3,64 4 3 "5
0.14 3,18 2 0 0
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TOXICITY OF METHYL DZOXYCHOILATE:Methyl deoxycholate
was found t? be much less toxic than the salt of deoxy-
cholic acid,especially for the female mouse.The M L D
for the male is about 0,34 mg per gm of body weight,for
the female probably 0.50 mg »per gm,or evemn higher.
Hére again we see the comparatively wide range of doses
over which the male is killed.Table 13,

Table 18
Methyl Deoxycholate
Males

Dose - Total No. 7
mg/em Moles x 10 /gm No. Died Died
0.34 17.98 5 5 100
0.38 7.51 1 0 0
0,30 7.03 6 5 83
0.28 6,56 1 1 100
0.26 6,08 9 6 66
0.24 5,61 1 1 100
0.22 5,13 1l 1 100
0.20 4,66 3 1 33
0.16 3,71 1 0 0

- Females ‘
0.56 13.2 5 4 80
0.52 12,2 2 1 50
0.48 11,31 4 1 25
0.,44 10,36 1l 0 0
0.40 9.41 1 0 0

DETOXIFICATION OF METHYL DEOXYCHOILATZ BY LECITHIN:
The effect of lecithin upon the toxicity of methyl de-
oxycholate was tried only on male mice.Table 19,It is
impossible to say vhat is the M L D from the results

obtained.
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Table 19
Methyl Deoxycholate plus Lecithin

Males
Dose 7 Total No. %
mg/em Moles x 10” °/gm No, Died Died
0.38 8,95 1 1l 100
0.34 7,98 3 2 66
0.30 7.03 3 2 66
0.28 6.586 1 1 100
0.26 6,08 2 1l 50
0.24 5.61 3 1 33
0.22 5.13 1 1 100
0.20 4.66 3 2 66
0.18 4,18 1l 1 100

TOXICITY OF METHYL DEHYDRO-DEOXYCHOIATE:The M L D
of methyl dehydro-deoxycholate was 1.30 mg per gm of
body weight for the male and 2.2 mg per gm for the fe-
male mouse.Table 20.

_ Table 20
Methyl Dehydro-deoxycholate
Males

"~ Dose - Total No. %
mg/em Moles x 10 '/gm No. Died Died
1.8 43.06 P 2 100
1,6 38423 3 0 0
l.4 33450 3 2 66
1.2 28,72 1 0 0
1.0 23.94 1 0 ¢
0.8 19.16 3 2 66
Females

2.2 52.63 ) 3 100
2.0 47.84 2 1 50
1.8 43.06 4 2 50
1.6 38.28 2 1 50
1.4 33450 5 1 20
1.2 28,72 1 0 0
1.0 23.94 2 0 0
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Conclusions

Table 21 summarizes thc results of the M L D exper-
iments on all the yreparatiops.In the first cclum are
listed the substances tested;in the second the corres-
pondiné M L D'S for the male mouse;and ;n the third
column the M T D's for the female mause,in terms of
moles x 10~7 per gm of body weight;In the fourth column
are listed the éorresponding comparative toxicities for
the male,with sodium deoxycholate arbitrarily given the
value of 100;and in the fifth column are thg similar
comparative toxicities for the female mouse,

In Table 22 are collected the results of the exper-
iments on pneumococci.In the first column are the sub-
stances examined;in the second column the bactericidal
concentrations in terms of moles X lo-Gper cc;in the
third column are the comparative bactericidal activities
in temms of sodium deoxycholate with an evaluation of
100;The fourth column contains the inhibitive concentra-
tions in moles x lO'Gper cc,and the fifth contains the
comparative inhibitive activities in terms of sodium
deoxycholate with a value of 100,

Since sodium deoxycholate is the most toxic and
also the most active against the pneumococcus,it has,

as far as we know,the ideal structure for maximum

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 21

HLD N Comparative
Moles x 107 /gm  Toxicity

Tegt Substance:::::::Male Female t::lale Female

Sodium Deoxy-

cholate 2.32 3.24 100 71
plus lecithin .24 4,16 71 55
Sodium Cholate 5,30 6.2 40 37
plus lecithin 8.49 8,95 27 26
SR eorchotate 10.33 11,27 22 20
»lus lecithin 10.33 13.12 22 17
Sodium Dehydro=-

cholate 47.5 47,6 4.9 4.9
"Quino" compound 60.7 58.9 3.7 3.9
Sodium Bilianate 126 1.8
Sodium salt of the

Dioxime 4,73 7,43 50 31
plus lecithin Te43 7,43 31 31
Sodium salt of the

Trioxime 721 13.35 32 17
plus lecithin 11.31 13.35 20 17
Methyl Cholate 5,91 5.46 40 42

Methyl Deoxy=-
cholate 7.03 13.2 33 17

Methyl Dehydro-
deoxycholate 43.06 52,63 12 4,4
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Table 22

Batbericidal Action Inhibitive Action
Concn. Compara- Concn, Compara-
-6 " tive ' -g, ‘tive
Test Substance::x 10 /cc. Activity. x 10 /ec,Activity.

Sodiunm Deoxy- ‘
cholate 2¢3 100 1.38 100

plus lecithin 9.24 25 0.92 150
Sodium Cholate 26,3 3.6 2.23 62
plus lecithin 40.1 5.7 2.25 62

Sodium Dehydro-
deoxycholate 32473 7.0 14 9.8

Sodium Dehydro-
cholate 226 (15 min.g0.0IO
131( 60 min,

"Quino" com- '
pound 178 (60 nmin,.)0,010

Sodium Bilianatel93 (60 min) 0.0092.By comparison with
the "quino" comyound.

Sodium salt of '
the Dioxime 2.64 87 2.18 63

plus lecithin £2.64 <37 1.31 101
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activity both toward the animal grganism and toward the
pneumococcus.With the comparative activities of'each
preparation studied given in terms of it as 100,1it is
quite easy to follow the variations in each case.

The salts of 3,l2-disubstituted acids are more
toxic than the corresponding 3,7,12-trisubstituted ones,
If the toxicity of the so@ium salt of the dihydroxy
acid for male mice is 100,the toxicity of the salt of
the trihydroxy acid is 40,two fifths as toxic.On the
same basis of comgarison ,the toxicity of the sglt of
the diketo acid is 22,and of the triketo acid,s;aboﬁt
one fourth‘ds toxic.The toxicity of the salt of the di-

oximé is 50 and of the trioxime 32.It is thus apparent
that the substitution of hydrogen in position 7 has a
aefinite effect in lowering the toxicity.

As regards the bactericidal activity,it is possible
to compare only the hydroxy and keto acids since no
data wereobtained for the action of the trioxime on
the pneumococcus.Again the salt ofvthe dihydroxy acid
is given the activity evaluation of 100.The bactericida)
activity of the salt of the trihydroxy acid is but 8.6
The substitution of sosition 7 in the hydroxy acids re-

‘duces the bactericidal activity elemen times while the
toxicity is reduced but about iwo and a half times.In

the case of the keto acids,while substitution of
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position 7 reduces the toxicity about four times,the
bactericidal activity is reduced seven hundred times.

In comparing the hydrdxy acids with the correspond-
ing keto derivatives,we also find a greater fall in
bactericidal activity than in toxicity,when the hydrox-
vyl groups are replaced by keto.,The toxicity of the salt
of the disubstituted acid falls from 100 to 22 in this
change of structure;the bactericidal activity falls
from 100 to 7(about 14 times).The conversion of the sall
of the trihydroxy acid to the keto derivative lowers
the toxicity about eight times,but the bactericidal
activity is lowered 860 times.

It would then appear that conversion of the hydrox-
y1l groups to keto,and that substitution of position 7
in these acids,arc steps in the wrong direction in the
gsearch for a derivative with a high bactericidal action
and a low toxicity.It has been reported(56) that sod-
ium dehydrocholate was as active as sodium taurocholate
in dissolving pneumococci in the peritoneal washings
from an infected rabbit.In vitro,sodium dehydrocholate

- will not dissolve the pneumococcus in a concentration

of 2 é%%uoting Ziegler,"The chemistry of pneumococci
growvn on artificial media is apparently different from

that of those grown in animals",If this is true,sodium

dehydrocholate would be expected to be as effective in

vivo as any of the known bile salts,even though its
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action in vitro is very small.

If a molecule of isatin is condensed onto ring A
of dehydrocholic acld,there occurs a further decrease
in toxicity,with but a slight change in bactericidal
activity.Conversion to the "quino" derivative lowers the
toxicity of the salt from'4.9 to 3.7;the bactericidal
activity mag be increased,The change if any is small.If

ring A is broken as in the formation of bilianic acid,

there occurs a lowering of toxicity with a slight fall
of bactericidal activity.The toxicity of sodium bhilian-
ate is but 1.8;the bactericidal activity(from comj ari-
gon with the "quino" compound)}is 0,0092.The bactericidal
activity,once all the hydroxyl groups are removed,
would then aprear to be the property of that part of
the molecule other than ring A,at least in the greatest
part.

If thc relationships found between the 3,7,12-tri-
substituted and the 3,12-disubstituted acids holdx
vetween the latter and the 3-monosubstituted,then we
would expect to find that the principal activity was
due to the four ring system having ab hydroxyl in »osi-
tion 3.However, the salt of lithocholic acid is report-

| ed to be rather insoluble,This might affect its amtivi-

ty so that the dihydroxy acid would be the most actlve.
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Very unfortunately,due to laclk of material,it was im-
possible to prepare the G=hydroxy=-,7,l =dilzeto-cholanic
acid and thus posgsibly find out how much the activity

of the bile salts is due to the hydroxyl group in posi-
tion S'independent of hydroxyl groups in position 12 and
(or) 7.

A further voint in support of the imhortance of an
hydroxyl group on the nucleus is found in the marked
recovery of agtivity when the keto acids are converted
to the oximes.The nitrogen present in the oximes exerts
some influence,however,because recovery'is not complete,
A more important action of the nitrogen,nossibly,is seen
in the fact that the recovery of bactericidal activity
in the disubstituted derivatives is greater than the re-
covery of toxicity.The toxicity bf the salt.of the diox-
ime was 50;the bactericidal activity was 37.While this
separation of toxicity and bactericidal activity is not
great enough that we may exnect the dioxime to be of
much value therapeutically,it does show that the toxic-
ity and antipneumococcal activity can be influenced in
the desired directions,and it indicates a possible way
ﬁo compounds which may be valuable theraveutic agents.

The effects of lecithin are rather interesting.Due
to incompleteness of the data obtained with lecithin

we can point out some vossible correlations only.It

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



would appear that the Hresence of hydroxyl groups
favors the detoxifying action of lecithin.This action
of lecithin was studied ona only one derivative that
did not contain hydroxyl groups,sodium dehydro-deoxy-
cholate.lecithin did not affect the toxicity for the
male nmouse and lowercd the toxicity for the female but
'15 %.The lowering of the toxicity by lecithin of the
four hydroxyl-containing bile salts was greater in each
case.The toxicity of sodium deoxycholate for the male
was lowered 29 ¢ and for the female 22 %;the toxicitj
of sodium cholate was decreased about 30 % for both male
and female.While the toxicity of the salts of the
oximino acids for the female mouse was unchanged by the
lecithin,the toxicity for the male was lowered;in the |
cése of the dioxime the fall in toxicity was 33 %,in
the case of the trioxime,40 %.

Lecithin lowered the bactericidal actzivity of those
salts tested,anu especiallyfihe disubétituted onecs,
The bactericidal activity of sodium deoxycholate is low~
ered 400 % while the activit, of sodium cholate is low-
ere. bui a little over 30 .

Iecithin had the opposite effect,if any,upon the in-
hibitive activity of the bile salts.In examining the
amounts of the salts required to inhibit growth we see

that the inhibitive concentration of sodium cholate is
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only 8 % of the bactericidal concentration,but with the
other salts the percentage is much higher,60 % for
godiun deoxycholate,42 % for the salt of the diketo
acid,and 32 % for the salt of the dioxime.Since in the
inhibitive test serum was present while the pneumococci
were expnosed to the action of the bile salts,and since
gserun is known often to protect organisms in unfavorable
environments,it seems probable that the serum is having
such a protective action here.In the cases of the two
disubstituted derivatives studiied,deoxycholitm acid and
the dioxime,lecithin markedly increased the inhibitive
action.The inhibitive action of the salt of the tri-
hydroxy acid wad unchanggd by the lecithin.

It would appear,then,that the antipneumococcal
activity of the disubstituted dirivatives is peculiarly
gsusceptible to the influence of other materialg.This
may be linked up with those factors which cause the di-
hydroxy acid to form the stable molecular compounds with
other substances.The ability of the lecithin to promote
the action of the disubstituted bile salts in the pres-
ence of serum in vitro indicates that its presence in
actual therapeutic use might be desirable.

Two facts come out of the results of the M L D ex-

periments with the three esters.One is the comparatively
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wide range of doses over vhich male mice may be killed,
vhile with the female the break from fatal to nonfatal
doses is sharper.Tables 17,13,19,20)

And while the esters of the 3,12-disubstituted acids
are markedl#y less toxic than the salts of these acids,

methyl cholate is as toxic as sodium cholate and possib%y

_________ . Tad mln +avrd Ad wandlaer?l A

metiyl cholate "is as foxic as sodiwn chélate aﬁdﬁﬁggsib%y
may mean that the ester itself exerts a toxic action.The
nuch lower toxicity of the methyl esters of deoxgycholic
and of dehydro-deoxycholdc acids compared to the salts o
of these acids indicates that the esters are probably
inert,and that the salt of tpe acid,formed after the
slow hydrolysis of the ester,is responsible formthe toxic

action.
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