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The interest of the biochemist in para-atninobenzoic acid is
very recent and, indeed, only goes back about five years, but in
this time quite a voluminous literature has accumulated on the
biological aspects and importance of this aniline derivative.

Attention was originally focussed on it indirectly as a
result of the intensive research devoted to the understanding
of the mode of action of the various sulphon&mides, which were
%hown dUﬁﬂpqlthg last de?adg ﬁo be.verxrpoweﬁful ghemothera—
peutic agents against many bacteria. Fildes (19b0O>propounded
the hypothesis that p-aminobenzoic acid was an essential meta-
bolite for bacteria, that i1t was normally associated with an
enzyme system in the bacterial cell, and that sulphanilamide,
being structurally similar to p-aminobenzoic acid, was capbble
in sufficient concentration of displacing p-aminobenzoic acid
from 1ts enzyme and stopping this essential line of metabolism.
Fildes further suggested that a substance which was found to be
an essential metabolite for bactei*ia would also be essential in
the animal kingdom, so thet such a substance might be found to
act as a vitamin iIn the higher animals and even iIn man.

In 19U1 interest in p-arainobenzoic acid was intensified
with the announcement by Ansbacher ((191*1) that p-sminobenzoic
acid was actually a vitamin and should be included in the vita-
min B complex.

In this thesis, studies on the absorption and excretion of
p-erainobenzoic acid are reported, the estimation of p-amino-

benzoic acid being based on its property of antagonising the
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sulphonamides. Evidence 1is presented that p-aminobenzoic acid
is excreted bb p-acetylaminobenzoic acid, and that its conjuga-
tion with the acetyl radical probably takes place in the liver.
Further it is suggested that the experiments performed do not
lend support to the view that p-aminobenzoic acid is a vitamin
for man.

Finally the various physiological effects of p-aminobenzoic
acid are discussed and an attempt 1iIs made to gauge 1its function
in the living organism. Preliminary experiments indicating a
new, hitherto unreported, role of p-aminobenzoic acid are re-
corded, namely its ability in large doses to increase the re-

sistance of animals to disease.



CHAPTER L.

THK K&LATICK 0? ,~AMINCBKK?.CIC ACID
TO SUL-

Since the earlier work on p-aminobenzoic acid consisted en-
tirely of investigations into its effect of antagonising sulphona-
mides, and since the experimental method used here is baied on
these considerations, it has been thought advisable to discuss
this relationship befrre describing the actual experimental pro-
cedures used*

FlUra." “th;-G\KTI Ah KFfTABCIJTE** KY CTF\-0I0.

Stamp (1939 1isolated from cultures of haemolytic strepto-
cocci a fraction capable of antagonising the bacteriostatic ac-
tion of sulphanilamide and eulphapyridine in vitro. He found
that this fraction could be extracted from the bacterial cell by
means of dilute alkali, that it wan resistant to heat, free from
protein (gave a positive nlnhydrin reaction, indicating the pre-
sence of free amino-acids , and consisted of material of rela-
tively low molecular weight. It was active in low concentra-
tions. All of these properties are compatible with the active
substance being para-arainobenzoic acid, although Stamp did not
identify the active substance in hie extract. This author,
however, discussed the possibility of an enzyme system affected
by the sulphonamide drugs, thus anticipating Pildes®™ (191%0,?
hypothesis.

code and Flldes (19V J observed in in vitro experiments
that para-aminobenzoic acid exerted an anti-eulphanilamide ef-
fect. Woods (191*0,, also showed that yeast extracts contained
a substance which reversed the inhibitory action of sulphani-
lamide on the growth of haemolytic streptococci, and suggested

on the basis of the chemical properties of this substance and



Page U.
its behaviour in growth tests that it might be chemically re-
lated to eulphanilamide (p-aminobenzeneRulphonaraide, . Since
p-arainobenzoic acid had high activity in antagonising sulphsni-
lamide inhibition, he concluded that the evidence, though cir-
cumstantial, indicated that the yeast factor was in fact p-araino-
benzoic acid, and further suggested that p-aininobenzoic acid and
sulphanilamide had a common point of action on some enzyme sy-
stem or systems in the bacterial body. Fildes” hypothesis has
already been mentioned, and although he offers no proof Ibr his
statement that essential metabolites are common to most or all
cells, whether bacteria or not, his hypothesis has been chiefly
valuable in that it has indicated a rational approach to research
in chemotherapy. This* however, cannot be discussed here.

The following formulae show the relationship between these

compounds
BgH -< ~ — CCOH 2*»—- 0 -—-—-s02*m 2
p-aniinobenzoic acid. p-aminobenzene-sulphcnamid”.
(sulphanilainide.
eulphapyridine eulphathiazole

/ -CH u

sulphadiazine. sulphaguanidine.
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Selbie (19U» - also showed that the therapeutic effect
of 3ulphaniland.de in mice infected with streptococci could
be i1nhibited by p-eminobenzoic acid. Findlay (19140, con-
firmed that p-aminobenzoic acid inhibited the chemothera-
peutic activity of sulphanilamide on haemolytic etreptococci
in mice, and also showed that p-atninobenzoic acid could
inhibit the chemotherapeutic action of sulphanxlamiue on
the virus cf lymphogranulona venereum. He suggested that
p-aminobenzoic acid or some closely allied compound formed
from it in the iissues, w uld thus appear to be an essen-
tial metabolite for the virus cf lymphogranulona venereum
Since this virus and that of trachoma are the only cnee-
known to be acted upon by sulphanilamide, Findlay suggests
that these viruses might be regarded as the only two which
require p-aminoberizoic acid for their -etaboliBm. For all
other viruses p-aminobenzoic acid would thus not be an
essential metabolite. However. since as yet-viruses cannot
be cultivated in the absence of living cells, and since there
is also some doubt as to whether viruses are living agents
at all, this suggestion is a very difficult one to prove or
disprove. . There is, for instance, the possibility that
the presence of p-arainobenzoic acid in, or its synthesis by,

the different cells iIn which the development and growth cf
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viruses occurs, determines whether viruses will grow in such
cells and whether eulphonamidee have an action against such
viruses. This question require® investigation and is of
greet practical significance. For example, Yeomans et al
(19hh) 1n showing that p-aminobenzoie acid has a therapeutic
effect in typhus fever suggestp® that its effect might be due
to its action on the cells of the host in which the causative
organism, Rickettsia prowaaeki, multiplies. This organism,
like filterable viruses, cannot be cultivated in vitro. Pre-
liminary experiments conducted here on typhoid fever iIn mice
end reported on p.137 indicate that p-arainobenzoic acid has

mammalian

Oota® effect on the resistance of the/organism to infection,
possibly acting on the R-1 system. A further paper of in-
terest in this connection is the finding of Marshall, Litch-
field end White {19k2jJ that p-arainobenzoic acid had a slight
but definite activity against duck malaria, caused by Plas-
modium lophure# - a protozoan parasite which in 1ts early
development also multiplies iIn the B-S system.

oode T19h0. demonstrated the activity of p-amlnobenzoic
acid iIn antagonising sulphanilaralde inhibition ©gainst bac-
teria. He used Escherichia coll as the test organism and
an entirely synthetic basal medium to culture the organism.
McLeod (19n0,1, using aleo an entirely synthetic basal medium
end Escherichia coll®as the test organism, demonstrated the
presence of an unidentified eulphonamide inhibitor in extracts
of fresh normal muscle, pancreas, and spleen of certain ani-
mals. The ©Omount of this inhibitor was greatly increased

when autolysis of the tissue had t&ken place, and it could
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then be demonstratea In the livers of beef,rabbit and guinea-
pig, and in the rabbit kidney. Similar results were obtain-
ed after acid hydrolysis of these tissues. a modification
of McLeod"s medium and method has been used to estimate
p-aalnobensoic acid in the experiments reported in this thesis.
Under the condition®© of these experiments, p-aminobenzoic acid
antagonise® the inhibitory action of eulphapyridlne, the eul-
phonatnide derivative used by MclLeod, which indicates the pro-
bability that McLeod*e inhibitor was actually p-aminobenssoio
acid. It is also probable that the inactive form of this
inhibitor was the acetyl derivative of p-aminobenzoic acid -
namely p-acetyl omlnobenzoic acid - and an experiment con-
firming this point is described later (Experiment 2; p .6j$. )
McLeod, however, reported the presence of sulphonaraide in-
hibitor in normal human urine after acid hydrolysis, but this
fact 1 have been unable to confirm (Lxpta. 5-9; pp. 75/87;
Bulphonamide Inhibitor was also found in some, but not all,
sterile serous effusions occurring during certain diseases,
and in pus but not in blood serum. It 1s probable that
where negative findings were obtained, the explanation is
that the technique used was not sufficiently sensitive to
demonstrate the minute mounte of p-a.ninobensoie acid present.
These point® are further discussed later, (p- Uhantf Kxpt.7/»
where 1t is shown that when normal urine was concentrated
sufficiently, the presence of p-aminobenzolc acid could be
demonstrated. The development of eulphapyrldine fastness
in a strain of Liplococcus pneumoniae Type I was also shown

by McLeod to result in a greatly increased production of
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eulphonaatde inhibitor. This fact hep been confirmed by

fawo ! & e - Y * <& "H < %
Spink, Wright, Vivino and Skeggs (1944), who state that
auiphonarr_.ide-resistant strains of ei&phylococei produce
more di&zotizsble substance, i.e. aromatic primary amines,
than do sulphonamide-sensitive strains. finee exposing
this diaxotizable substance to Mirick"s (19411 soil bacil-
lus, which is specially adapted to oxidize p-at&lnobenzoic
acid, destroys it, it can be inferred that this diazotiz-
able substance is probably p-atainubenzoic acid. However,
these workers point out that although in general sulphona-
seide-reaietant strains produce more p-aminobenzoie acid
than suiphonawide-eenc-itive strains, these result® are in-
constant.

This"msy.be- due fo.thf.- Inf;(e_rep.t. er_rorf presenE .i_n
the micro-biological assay methods employed or may in
fact indicate that the development of aulphonamide-resis-
to ce is not very closely related to p-arainobenzoic acid
synthesis as claimed by Eevag and hia co-workers 1in a
series of papers discussed below.

handy, Lar”um, Oswald and Streightoff (1943.- who
present evidence that sulphonamide-resistant strains of
etaphylococcus aureus produce significantly more p-srsiino-
benzoic acid (as much as 7 : 1 in some experiments. than
the corresponding sensitive strains, were unable, however,
to show by their method of p-amlnobenxoic acid assay,
Ve, e fn t n -\g € tor 740 -
significantly increased p-atuinobenzoic acid production by

sulphonamide-reciatant strains of Hiplococcus pneumoniae

and other ox*g&nisms, .Escherichia coli, Vibrio cholerae and
> 10 L oAX T VAR AR g D
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find Shigella dyeentertae. They suggest on the busies of this
evidence that the development of ability to synthesise
p-aminotensoic acid in excess of the normal metabolic re-
quirements, as a result of continued exposure to sulphana-
isides, explains the phenomenon of sulphonamide fastness In
S. aureus. Their experiments are, however, of greater
significance in that these demonstrate very clearly the
intimate nature of the antagonism between p-sminobenzaic
acid and eulphonaroide® iIn the metabolism of bacteria.
kubbo and Gillespie (190" showed that p-arainobeazoic
acid and certain of its derivatives act as growth factors
for the anaerobic bacillus Clostridium acetobutyllcu®.
They also showed that the growth factor iIn yeoat was
p-acsinobenzoic acid which they extracted from yeast and
isolated as the benzoyl derivative. They also found
that one mol of p-aminobenzoic acid wae able to anta-
gonise 23*C00 mol©® of sulphanilamide. Further, Kubbo,
Maxwell, ~airbridge and Gillespie (19hl> reported that
the growth factor required by Cl. acetobutylieuis con-
formed to the structural pattern of a di-substituted ben-
zene ring in which the substituents occupy the 1 :U posi-
tions. Optimal activity is developed when the eubstitu-
ente are an amino-group on the one side and a carboxyl or
eorboxyiaethyl on the- other. Thus p-aminobenzoic acid
stimulated growth in as small a concentration of 1_h6 X
and p-atcinophenylacetic acid in 1.32 X 1U~"™M

concentration. Substances which yield p-eminobenzoie

acid by hydrolysis, reduction or oxidation, or by a
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combination of these reactions, also function as growth fac-
tors. In a later paper, Rubbo and Gilleepie (191*2, showed
that the bacteriostatic effect of the aulphonamide drugs is
countered by increasing the concentration of growth factor
10- to loo fold above the amount necessary to promote growth,
and that 1 part by weight of p-aminobenzoic acid reverses the
baeterioateels caused by 26,C00 parts by weight bf sulphanila-
mide. They agree with Fildes* hypothesis, that the struc-
tural configuration of a chemotherapeutic agent must conform
to the structural pattern of an essential metabolite for the
organism.

Inuring 19hl and 19U2 several further reports confirming
the antagonism between p-aniinobenzoic acid and the eulphona-
talde group of substances, and supporting Plldes®™ hypothesis,
appeared in the literature. ftreuse, 1,0well and Finland! 191*1>
found a rough linear relationship between the concentrations
of sulphonamides with bacteriostatic action on pneumococci 1iIn
blood broth and the minimum concentration of p-sminobenzoic
acid required to ibfaiblt that action. The action of p-amino-
benzoic acid was most marked against eulphanllamide, less
against sulphapyridlne and least marked against sulphathi&sole*
Mirick (191*1 utilised a suspension of a coil bacillus which
he adapted to oxidize p-amincbenzoic acid specifically, and
found that this suspension rapidly destroyed the eulphonamide-
inhibiting substance present in the filtrate prepared from a
sulphonaraide-resistant etrain of pneumococcus. lie showed,
further, MIrlck, 191*3/ that sulphapyridlne is bacteriostatic
for this bacillus and this effect is inhibited by p-amino-

benzoic acid. Loomis, Hubbard and Keter <I"Jkh investigating
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the inhibition of the bacteriostatic action of eulphanllamide
by yeaet extracts, found that there sere at least two factors
in their extracts which had anti-sulphanilaraide activity.
The one had properties which closely resembled p-cminobenzoio
ecid, but the other factor or factors which were not i1denti-
fied, had very different chemical propertiee. Ho further
reports have appeared on the nature of these other substan-
ces, but later work confirms that p-aminobenzoic acid iIs not
the only compound which antagonises eulphonamide activity
and souse interesting hypotheses have been developed to ac-
count for this antagonism. Timond (19bl; recorded the ap-
plication of *ooda* (19%0) findings to the action of sulphani-
leraide on a dermatophyte, Trichophyton purpureum. The addi-
tion of sillphanilarnide in 1 1 10CO concentration caused com-
plete inhibition of growth, this inhibition being completely
nullified by the addition of p-aminobenzolc acid in concen-
trations as low as 1 i 500,000. P-aainobenaoic acid alone,
however, had no effect in increasing the rate of growth,
handy end vyeno (19U1 confirmed the bacteriostatic effect,
as measured in vitro, of sulphanilaralfie, eulphapyridine and
sulphathiazole on streptococci, pneumococci and staphylococci,
and found this effect was completely neutralised by p-amino
benzoic acid. They also demonstrated the inactivity of the
ortho- and aseta-iaomers of p-aminobenzolc acid, from which
they concluded, perhaps hastily, that p-aminobenzoic acid
specifically neutralises sulphonamide activity. In the
following year, landy and llcken (191*2/ showed that yeast
growth was completely Inhibited by eulphonamides, and that

this Inhibitlon/iifctralieed by p-aminobenaoic acid. They
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found that ycest synthesizes either p-aminobenzoic acid or
its biologically active equivalent and, therefore, suggest
that p-ttminobenzoic acid is of importance iIn yeast metabol-
ism, possibly as the ™essential metabolite” of Pildee.

viedling (19h1J conducted experiments in the bacterio-
logical laboratory of the Swedish State at Stockholm from
which he concluded that p aminobenzoic acid is of the same
importance to autotrophic plants as it is to the heterotro-
phic&lly living bacteria. In experiments with two strains
of the small fresh-water diatom Nitgschia pales var. debills,
which were grown on an agar made up with tap-water and miner
al salts, an inhibition of the effect of aulphonamide and its
derivatives (sulphapyridine and sulphathiazole] was produced
by p-aminobenzoic acid.

In a series of experiments attempting to elucidate the
mode of action of Oulph&nilamide, Green and Bielschowaky
(19u2a), (19h2b), concluded that the bacterial ©Onti-eulpbani-
lamide factor showed chemical and biological properties simi-
lar to those of p-aninobenzoic acid and considered that the
hypothesis advanced by Hides and Woods provided the beet
explanation of the facts. They suggested that p-aminobenzoic
acid is utilised by all bacteria, and synthesized by most,
and that the rat®© of its synthesis determine® the degree of
sensitivity of the bacterial cell to eulphanilaraide. They
also found that some of the bacterial anti-sulphanilainide
factor is present iIn a conjugated form which only became
ether-soluble (p -aminobenzoic acid is ether-eoluble> after
acid hydrolysis, thus confirming in bacteria what MacLeod

(19h0) had found to hold for mapsalian tissues. On the
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basis of in vitro findings with a number of aroraatlc sulphur
compounds, these authors suggested that the active principle

of compound® with a eulphanilemlde-like action is the

8 radical, and that the sensitivity of bacteria
to eulphanilaroide is probably determined by the rate at which
p-aminobenzoic acid is synthesized in the bacterial cell or
is released iInto the surrounding medium. These author©® also
suggested thet the Oore effectively a compound blacks the bac-
terial enzvroe whose natural substrate is p-emlnobenzoic acid,
the greater is its bacteriostatic action.

Paler and Riley (191*2" extended the observations on the
antagonism of p-aminobenzolc acid and sulphonamides in
viruses and bacteria by investigating this relationship in
the plasojodial class of protozoa. They studied the inhibl
tion of the antinsalé&rial action of sulphonamides by p-amino-
benzoic acid, using Plasmodium gallinaceua as the test infec-
tion iIn chicks, and found that whereas p-aminobenzoic acid
itself produced no increase in the incubation period and no
change in the infection itself, at certain dosage levels it
antagonised completely the inhibitory effect of sulphanila
$aide, sulphathlazolc and eulphadiwEine. It failed, however,
to alter the effect of the commonly used antimalerlal drugs,
quinine and atebrine. Their results suggest that the mechan-
ism of inhibition by sulphonamides is similar for bacteria,
viruses and plasn>odia. Marshall, Litchfield and White (132*2,
Independently made similar observations on malaria in ducks,
and their experiments showed thet p-aminobenzoic acid anta-

gonised the antiraalarial action of eulphaguanidine. They
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also considered it probable that this antagonlEtic effect
1® intimately associated with the mode of action of sulphona-
midts in plasmodia bb It is in bacteria.

Wood (19k2; reported etudicc adding direct evidence in
favour of Wood®* and Slides* theory. he observed that*
over a wide range of concentrations* p-aminobenzolc acid
neutralised the bacteriostatic properties of all of the six
sulphonamitfe compounds studied, eulphanilaaside, sulphaguani-
dine,eulphapyridine, sulphathiassole, sulphadlozine and dia-
mino-diphenylaulphone, regardless of the differences iH
their chemical structure. It was found also that the
amount of p-aminobenzoic acid needed to prevent bacterio-
stasis was directly proportional to the bacteriostatic
potency OF the drug, provided all other variables? were held
constant. Both of these observation® suggested to the
author that the bacteriostatic mechanism of the Oulphonamide
drug® work©® mainly, if not entirely, through the p-araino
nucleus which Is common to p-amlnobenzoie Ocid end to all
the drugs tested. The experimental finding that an organ-
ism made "drug fast* to sulphathiazole is found to be resis-
tant to the action of other sulphonamide compounds also sub-
stantiates this concept#

IT p-aminobenzoic acid i1s ecoential for bacterial
growth, and the sulphonamide drugs, through their chemical
similarity to this essential metabolite,succeed in block-
ing the enzyme cyetera normally Involved in its utilisation,
it obviously follows that the bacteria will not grow. The

experimental finding that one mol of p-aminobensole acid
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will antagonise the action of several thousand tnhols of sulpha
drugs - 1000 to 26,000 mole in different reports - does not
invalidate this theory as to the mechanise of bacteriostasisj
it may only indicate that the essential metabolite has a far
greater affinity for the enzyme than has the drug, in which
case a great excess of drug will be required to block the
essential metabolite from its bacterial enzyme, or that there
are variable amounts of sulphonamine antagonists already pre-
sent in the culture medium which have also to be neutralised
by the sulphonaraide added. The wellknown lag in the bac-
teriostatic action of these drugs may be explained by assuming
that the supply of p-aminobenzoic acid already in the medium
(and possibly combined with bacterial enzyme> must become in-
adequate before the rate of bacterial growth will be notice-

ably affected.

ID~T*NTI?ZJTCATION OP ANZYrfS SYSTEMS LilvOhYiL IN UTILISATION OF
P-AMINJIBMITQIC ACID -

Several studies on this problem have already been re-
ported. As an example of the competition between sulphani-
lamide and p-arainrbenzoic acid in some essential enzymatic
reaction in the cells, Lipmann (I1?hl/ callac/attention to
the experimental fact that peroxidase catalysed the oxida-
tion of p-aminobenzoic acid by hydrogen peroxide and that this
reaction iIs inhibited by sulphonamidee. No reaction takes
place between p-aminobenzoic acid and HpOp without the enzyme,
the addition of which causes a red dye to be formed H2<-2
disappearing in amounts proportional to the colour formed.

In the presence of sulphanilamide, less of the red dye 1is
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produced and proportionately leea hydrogen peroxide disappears.
Sulphathiasole and sulphapyridine are similarly active.
However, Lipraann also found that peroxidase catalysed the
reaction between H202 and other substrates, pyrogallol and
tyraralne, and that these reactions were likewise inhibited
by aulph&nilamide. Further, in the presence of catalytic
amounts of catechol, p-aminobenzoie acid is oxidised by a
phenol oxidase, a red dye again resulting. This reaction,
however, was not inhibited by eulphanilarnide. It is diffi-
cult to correlate these enzymatic reactions and the biolog-
ical activity of p-aminobenzoic acid and eulphanilamide
since McLeod (1939; showed that many organisms susceptible
to the action of sulphanilaraide are unable to decompose hy-
drogen peroxide. This makes it difficult to imagine any
general inter-relation between a peroxidase reaction and
eulphanilamide activity. However, connection between the
metabolism of phenolic substances and p-aminobenzolc acid
is confirmed by Martin and Anebacher’c (1?hl; Tfindings
that the graying of the fur of animals produced by hydro
quinone, Tfirst shown by (.ettel (1936; and later confirmed
by Martin could be cured by administering p-aminobenzoic
acid. The amount of p-aminobenzoic acid required was
0.73 daily to prevent hydroquinone achromotrichia in
mice weighing 10 to 12 ga. - a relatively larfe quantity.
Later, Martin, Ichnlowski, Wieansky and Ansbacher (111*2;
showed that the oxidative destruction of adrenaline in a
tyrosinase-adrenalin system is promoted by O-aubetltuted

phenol and inhibited by arcinobenzoie acids. Including p-amino-
benzoic .acid.
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- :2VAO*S IHKOKY OF *SHaBITICK 0? BaCTBKXAL RKSFI KATIOST BY
SIL\HOWAMIr/58.

$«vag and Shelburne (19U2,, could not support the
“"anti-catalase theory ” of the action of eulphonamldee,
and considered that sulphanllamide acted primarily by
blocking the respiratory enzymes rather than by inter-
fering with the synthetic processes necessary for growth,
as stated by Pildee.. further, Sevag, Shelburne and kudd
(19h2, investigated the inhibition of bacterial and yeast
carboxylases by sulphonamide drugs structurally related
to cocarboxylase, and concluded that their* results suppor-
ted the hypothesis that eulphonaxridea exert their bacterio-
s*atic action through chemical affinity for the carrier
protein® of certain respiratory enzymes of the bacterial
cell, and that this affinity may in part be related to
structure! similarity between components of the drugs and
the corresponding respiratory coenzymes. hevag and Shel-
burne’s results (192*%2; in addition provide strong criti-
cisms of Pildes* hypothesis, Cn Hides” view, the *sensi-

tivity” of a microbe to sulphanilamide would depend at

1/

least iIn part upon whether it could synthesize p-arainobenzoic

acid readily or not. An organism whose synthetic powers
were poor should be more sensitive than one with greater
powers. Similarly a large number of bacteria should be
less affected by a certain concentration of eulphanilamide
than a small number. Inhibition or not would become a
question of the proportion of sulphanilamide to p-amino-
fcenzeic acid affecting the enzymea of each cell. Sevag

and Shelburne’s findings are at variance with the above
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view expressed by Hides regarding the role of p-arainobenzoic
acid. They found that 0.C12 to (.*O35 M p-aminobenzoic acid,
In the absence of aulpjjanilaraide, inhibits the aerobic and
anaerobic respiration of streptococci to the extent of 10 -
50/5 during a 1- to 3-hour period. In growth experiments,
observed after 2*, 8-, 19- end 23-hour periods, Q.035 M
p-aminobenzoic acid per se inhibited the growth 22, 3b, 63»
67# respectively, end with 0.CO6 M concentration this effect
was, respectively, 0, 0. 23 and 20#. Lower concentrations
neither inhibited nor accelerated growth. G.012 to 0.35 ™
p-aminobenzoic acid exercises a continuous additive inhibit
ing effect on the respiration of streptococci 1In the presence
of tsulphanilaraidt. The i1nhibiting effect of sulphanllaraide
on respiration may sometimes be nearly completely or parti-
ally reversed foy C.CO6 to 0.0006 M p-aminobenzoic acid, but
at other times i1t has no effect whatsoever.

This Inhibition of respiration of F.coll, 8. aureus

and Streptococcus pyogenes hue been confirmed by “yes,
Strendskov, and Schraelkee (191+2), but then®© latter workers,
however, also reported that the inhibition of respiration
could not be correlated with the bacteriostatic potency of
eulphsnilaraide since i1ts inactive isomers, mete- and ortho-
erninotenzenesulphonaraide also inhibit? respiration and, in
addition, eulphenilamide inhibited respiration equally of
a resistant strain of E, coli, but did not affect growth,
which thrown some doubt on the validity of Sevag®"s criti-

cism of Hides* hypothesis, since it indicates that eulphona-

midec may act on different enzyme systems iIn the bacterial
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cell to produce effecte both on respiration and growth.
&ysa» Ktrandskov and Schmelkes concluded that the inhibi-
tion of bacterial respiration by sulphonamides should not
be regarded as typical of sulphonaroide activity and that
it was not a suitable criterion of the presence or absence
of true sulphonamide activity
THENARCOTIC HYPOTHESIS" OF JOHNSON-

Johnson (19U2; presented an entirely new theory of the
mechanism of p-atninobenzoic acid and sulphonarside action.
He drew attention to the fact that narcotics and mehy toxic =
materials have stimulatory effects in low, and inhibitory
effects/ithﬁtrgéx%gfwtgagéfgoben50|c acid and sulphonamides
acted in the manner of narcotics. He found that ethyl
carbonate (urethane), as well as p-aralnobensoic acid, exerted
an antleulphanilamide effect on luminous bacteria. The re-
sults were more striking in relation to luminescence than to
growth, although both were influenced. Johnson considered
that structural similarities between the molecules of ure-
thane and sulphanilaiaide were so remote as to rule out com-
petitive action and urethane could hardly be considered an
essential metabolite. All three compounds, urethane, p-
aminobensolc acid and sulphanilaiaide, could, however, act
in the manner of narcotics on luminous bacteria, stimulating
growth and luminescence in low, while inhibiting in high con-
centrations. Lamanna (1342/ also reported a stimulatory
effect on growth of some bacteria and some yeasts by aulphanl-
larnica in low concentrations. Many narcotics have been found
to have similar effects.

A further point emphasised by Johnson is that the stimu-

latory effects of one narcotic may antagonise or completely
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overcome the Inhibitory effects of another that is simultaneously
present. IT the Inhibitor la eulphanilaraide, the antagonist is
naturally locked upon as wanti-sulphanilarnide’. The anti-
eulphanilamide action of both urethane and p-arainobenzoic acid
might well belong iIn this category, end the molecular structure
of the antagonist narcotics need not be closely related, as would
be required for competitive inhibition in the physico chemical
sense. Johnson’s argument, however, cannot gainsay that it 1is
equally feasible for p-eroinobenzoic acid to antagonise eulphona-
niides by virtue of its being an '"eeeentiul metabolite®, while
urethane neutralises sulphonamide in an entirely different way.
His work, therefore, cannot be considered to have conclusively
disproved Pildes” hypothesis. Support for this view 1is offered
by Mcllwain (19h2).
KclIL AIN’S ilOri 1 GATItH 0? FILING’ HYPQTKKSICF

forking in Wood’s laboratory, Mcllwain examined Johnson’s
emtentions, and pointed out an important difference between
the antagonistic actions of urethane and p-arainobenzoic acid on
sulphonamide inhibition of the growth of ether bacteria. Mcllwain
found that urethane, under certain conditions, antagonised growth
inhibition of S. haemolyticus and E. coli caused by sulphanilamlde,
but that these conditions were limited, and illustrated well the
reason for TFTildes* and wood’s hypothesis. He found that much
more urethane (between 1-100 mole than p-arainobenzoic acld(1/5GGO
mol was necessary to antagonise the antibacterial action of a
given quantity of sulphcnil&mide (1 mol; and that this effect
was not reproducible with certainty. Mcllwain, therefore,

considered that it was difficult to picture the mode of
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action of no email a proportion of p-aminobenzoic acid except
by © specific enzyme mechanism, but that this did not necee-
eerily apply to urethane* Further, the urethane antagonism
was shown only towards low concentrations of sulphanilamide,
which were Just anti-etreptococcal. whereas Pildee found that
the ratio C#/Cp, where Cb was the minimal concentration of
Bulphanilsnslde necessary for baoterioatasls in the presence
of a concentration Cp of p-aminobenzoio acid,was constant,
which is cone latent with the view that eulphanilasside acted
by inhibition of an enzyme normally reacting with p-amino-
benzoic acid. The non-competitive type of antagonism shown
by urethane is also known to be given by tnethionlne, the ac-
tion of which is harmonised with the p-aminobenzoic acid
theory by an interesting extension of Wood*® and Fildes”’
hypothesis by Harris and Kohn in their eerie® of papers dis-
cussed below. Mcllwain deduced further evidence against
Johnson’s "narcotic hypothesis'™ by a study of the action of
other antibacterial agents, which were, like eulphanilamide,
related to growth essentials, and whose action could be
readily explained in terms of competitive enzyme IhMbition.
Thus the i1nhibition of pyridine-3-sulphonamide was unaffec-
ted by the presence of p-aminobenzoic acid or pantothenic
acid, but was antagonised by a definite fraction of 1t® con-
centration of nicotinic acid; pantothenic acid, but not
nicotinic Ocid or p-aminobeazoic acid, reversed the inhibi-
tion due to pantoyltaurine. However, som other publica-
tions discussed later have appeared more recently, querying
Fildes” and food*® theory. Hirsch (19h2jJ found that the

antibacterial effects of p-aminobenzamide and p-aruinophenylar-
sinic



acid (or atoxyl; on £. coli, which la not ea strong as sulphani-

laraide, Ore also antagonised by p-aminobenzoio acid.
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Wood and Austrian (19h2), however, found that, using
cultures of staphylococcus aureus In a synthetic medium,
nicotinamide and cozymaee (diphoephopyridine-adenine-nucleo-
tide, blocked the bacteriostatic action of chemically unre-
lated sulphonaraide drugs as well as the chemically related
compound eulphapyridine, and further that the antagonistic
action of the pyridine-containing coenzyme, cozymase, was
no greater against eulphapyridine than against other struc-
turally dissimilar eulphonocside compounds. They observed
that the antidrui; effects of nicotinamide and cosymaee in
staphylococcal cultures were directly proportional to their
ability to stimulate the growth of the organism iIn the eyn

thetie medium. >hen tested in cultures of 2. coli i1n which
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they failed to accelerate bacterial growth, these same sub-
stances fTailed to influence the bacteriostatic action of the
sulphonanjide drugs. Another observation made by these wor
kers was that the in vitro action of the coenzyme, cocarboxylase,
as measured In the arburg respircmeter, was unaffected by the
chemically related drug, eulphathiazole, even then the Ilatter
was present in great excess. These observations fail to con-
firm Mcilwaln*8 experiments and do not support the theory that
eulphapyridine, Bulphathlazele and sulphadiazine prevent bac-
terial growth by interfering with the functioning of the chem-
ically related coenzymes, cozyrsase and cocarboxylase. The
greater antibacterial powers of the substituted culphonsmide
compounds way be explained by assuming that the chemical group
attached to the sulphonamide radical enables the compounds to
interfere with the metabolism of p-aminobenzoic acid wore ef-
fectively than does the simpler sulphanilamide molecule.
According to this “Unitarian theory”, the only metabolic func-
tion of the bacterial cell iInterfered with by the sulphonamide
compounds 1ie that concerned with the utilisation of p-amino-
benzcie acid, the degree to which this function is disturbed

determining the relative bacteriostatic potency of the drug.

KOHK AND HARRIS* MOBIFIC.-TIOK C- PILELfr* ?1Y?0TTi:.fIS-

Kohn and Karris (19U1) formulated a new theory which
transferred p-aminobenzoic acid from the role of a substrate
to that of a catalyst. Their theory was based upon the fact

that several other compounds had been shown to have an anti
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eulphcnamide effect. For example, the same authors showed
that methionine antagonised the action of eulphanilumide#
sulphapyridine, eulph&diazine and sulphathiasole on 2. coli.
But methionine, unlike p-eminofcenzoic acid, was only effec-
tive against low concentrations of the sulphonaraides, and
did not exhibit a simple relationship in the concentrations
necessary to antagonise increasing amounts of the eulphona-
raidee. Commercial peptone, used as an ingredient for many
routine culture media was also shown to have an anti-aulphona
raids action.

Kohn and Harris (19hl, schematised sulphonaraide action
as follows; among the syntheses in the cell necessary for
growth and multiplication there is a special group X {termed
secondary reactions; into which enter substances (including
methionine and peptone, the production of which is catalysed
by p-aninobenzoic acid (termed primary reactions). -lain
the stores of X fall below a critical concentration, growth
rate decreases. This state of affairs iIs brought about by
sulphonaraides. Lethionine exhibits an antisulphonaraide ac-
tion when the eulphonanlde concentration is email, since the
primary reaction involving methionine synthesis only is in-
hibited by such low concentrations. Therefore, both methio-
nine end p-aminotenzoic acid are effective. As the drug
concentretion is increased more primary reactions become in-
hibited, and the synthesis of the other X components, in turn
is inhibited. P aminobenaoic acid still remains effective
as an antagonist since it restores the primary reactions and
all the secondary reactions theu follow. This theory thus

proposes an alternative extension to Hides * and Wood"s
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hypothesis of the fundamental antagonism between p-aaino
benzola sold and sulphonamldes.

Henry (19U3, p.212), in a review on the ©ode of sotion
of sulphonaraldes, criticised Kohn and Harris* theory on the
following grounds. The essential facte underlying Kohn
and Harris ™ interpretation were the following: First* that
a latent period existed before eulphona™idc action manifes-
ted itself iIn vitro. Second, methionine was able to coun
teract sulphonataide action, but only at low concentrations
of sulphonaraldes. Third, ethionine, norvaline and norleu-
cine inhibited bacterial growth and syrvergieed sulph&nilsolde
action, possibly by competing with anddisplacing methionine
in the cell, since addition of methionine (or peptone;, but
not p-aminobensoic acid, abolished these iInhibitions. This
was interpreted as placing the methionine antagonism in a
reaction secondary to primary reaction® involving p-amino-
lensole acid. Henry considered that two objections can be
raised to this theory: Tirstly, the delay in eulphonamide
action, though reported by many workers, was not always found,
and secondly, there was no known example where an excess of
enzyme produced an inhibition, and it was well-established
that p-arainobenzoic acid acted as an inhibitor iIn concentra-
tions above those which antagonised eulphonamide activity.
This finding Incidentally was confirmed here under quite dif-
ferent experimental conditions. (p- ]

Henry (19h3* P-220; summed up the present status of
eulphonamide antagonists as follows: A great number of sub-
stances with a great diversity of source antagonised eulphona-

mide inhibition. “The first question to be answered was whether



theilr antagonistic activity was due to their p-aminobenzoic
acid content. This obviously could not be the case with
methionine, urethane, glucose and other substances of known
composition. For the remainder of the antagonists, those
of unknown composition, it was thought, after the appearance
of the 7?.ooda-Fildes theory, that they owed their activity to
their p—aiainobenzoiQagéﬂtent. This assumption still persis-
ted largely to-day, although there was no absolutely con-
clusive proof that p-aminobenzole acid was present in any of
these substances. Such evidence as the demonstration of
the presence of diazotisable compounds in these substances
indicated the presence of a primary aromatic amine, which
might not necessarily be p-aminobenzoic acid. Further,
Bulphonaraide antagonists had been ehown to act either by
specific interference or by non-specific growth-stimulation,
or by ipactive complex formation, whereas p-amlnobenzolc acid
had been conclusively shown to act by the first method, cer-
tainly not by the second, and only possibly by the third method.
It must be admitted that the antagonism of the eulphonaraide
inhibition of the carboxylase enzyme system by p-aminobenzoic
acid could scarcely be explained on the basis of the latter’s
functioning as an essential metabolite or substrate. Second-
ly, in the fxperitaenta of 3evag and his co-workers with live
bacteria, the experimental conditions were such that growth
could not take place, yet antagonism of respiratory inhibition
by sulphOna-aides was obtainable in the presence of p-aminobenzoic
acid. Since, therefoi*e, this antagonism took place la the
absence of growth, the contention of these workers that the

counteraction of the growth-inhibiting effect of sulphonaraidee
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with p-onlnobenzolc ecld could occur through the pathway of
respiratory enzymes appears reasonable. But# again, these
enzyme systems have not as yet been identified with certainty*

More recently, fevag and Green (IGUha; reported that
the formation of an arylaoiine, 1.a. a primary aromatic amine#
by a strain of etaphyloccua aureus which had been rendered
resistant to eulphonaxaidee, depended on the presence simul-
taneously of glucose and tryptophane, or pyruvate and trypto-
phane, 1in the medium, and that in the absence of glucose,
pyruvate and tryptophane, growth took place without the for-
mation of p-acilnobenzolc acid.

Later Sevsg and Green (19hhbj reported that the aryla-
mine found in the culture fluids of rstaphyloocus aureus was
derived from tryptophane. They also found, unlike Landy
et €1 (191+3/» that any degree of growth of a resistant
strain of S. aureus could take place without the formation
of arylamina. A susceptible strain could also be made to
produce large amounts of arylamlne without a corresponding
change 1n resistance to aulphonamldea. The development of
resistance and increased arylamint formation were, therefore#
considered by the authors to be ur.aaaocioted processes. This
finding that a micro-organism could become resistant to
eulphonemides# without this resistance being due to increased
synthesis of p-aminobenzolc acid, constitutes perhaps the
severest blow to the Voode-?ildea* theory.

A possible link between the development of resistance
and increased Oryl&wine formation, If this does occur,might
arise from the interference of sulphanami ties with trypto-

phane metabolism, and the conversion of tryptophane to



arylamine* fevag and Green {ljUkoJ stressed that there was
as yet no adequate, rigorous, chemical or physlolorfcdl evi-
dence that p-ominobensoic acid ryntheeie oecuxred at all
under normal conditions of bacterial growth. It should tfao
be noted that the focde-Fildea* hypothesis of the mode of
cction of eulphonsmidee, and those concepts which were formu-
lated os extent3ora? or adaptations of their hypothesis were
primarily beeed on the results obtained with p-nminobensoic
acid added to the bacterial growth systems, whereas the re-
sults of Sevag and Green Indicate that this concept was not
applicable to conditions ?f normal bacterial growth, 1iIn par-
ticular to that of 8. aureus. Their results, moreover,

show that the development of resistance to eulphonamldes was
associated with the development of a eulphonamlde-reaiRtant
type of glucose metabolism and not to an increased synthesis
of p-arainobenzolc acid. In the presence of glucose, growth
of & resistant strain of r. aureus occurred after the addi-
tion of sulphonemidee. In the absence of glucose, the
growth of the resistant S. aureus wee iInhibited. This was
in striking contrast to the high degree of inhibition of the
growth of susceptible strains iIn the presence end abeer.ee of
glucose. These observations indicate that during the devel-
opment of realstance to sulphoneridee, F. aureus bad acquired
the specialised ability of metabolising glucose iIn a manner
which was not susceptible to the iInhibitory action of eulphona-
raides. fT"evag and Green found that they couldp by numerous
subcultures of their rulphonnnilde-reslstsnt strain of 8_aureus

on b.medium without added glucose (and eulphonamidee J, eo
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alter the strain that it assumed a high degree of resistance
to eulphonaoaidep, even in the absence of glucose. Cince the
addition of tryptophane to the original eulphonapifie-resis-
tant strain (i.e.showing resistance only in the presence of
glucose), antagonised inhibition by eulphonatnidee in the ab-
sence of glucose, the authors considered that the synthesis
of growth-essential tryptophane from other amino-acide was
inhibited by eulphonataidee, but that this was counteracted
in the presence of glucose* The i1nter-relationship, how-
ever, of glucose and amino-acid metabolism in such eplphona-
mltfe-reaietant organisms ie still obscure, although in a
further paper 8evag and Green (19hhd; reported that panto-
thenic acid mediated (a 1in the njetabolism of glucose lead-
ing to, or involved in, the synthesis of tryptophane essen-
tial for the $owth of the exacting strains of staphylococcus
aureus; (b) in oxidation of tryptophane when glucose ie
present to one or more arylenines (not y-aojinobenzoic acid/;
and (c in the glucose-tryptophane metabolism 3n counter-
acting the inhibitory action of aulphonamides on the utilisa-
tion of added tryptophane. Hence they fTinally decided that
the inhibition of the synthesis of tryptophane from glucose
and amino-acids, and not the eyntheels of p-aminobenzoic
acid, appeared to be the critical action of eulphonataidee
on B.aureus.

In other papers, Bevag and hie co-workers hove reported
further studies dn their "inhibition of respiration theory”,
as the mode of action of Oulphonamidee, which they put for-
ward In 19U2 and to which reference has already been «aade.(P-17)

((Sevag and helburne (19U2); eevag, helburne and studd, (19h2 je
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They found (Devag, helburne and fcudd, 19b52 that sulphathia-
zole inhibited the carboxylase activity of whole yeast, and
that one molecule of cocarboxylaee added to the reaction »y
stem was capable of counteroding the inhibitory effect of
from 8,088 to 53»hQO0 molecules of sulphathiazole. 2n a
second paper, Sevag, Henry and Hichardson {191*52 reported
tiIMt p-atnlnobenzoic acid was incapable of reversing the in-
hibition, exercised on the carboxylase activity of K. coli,
by acetaldehyde, the decarboxylation product of sodium pyru-
vate. The authors accepted as self-evident the fact that
acetaldehyde combined specifically with the active site of
the carboxylase enzyme and so prevented its activity. In
contrast, p-atainobenzoic acid certainly counteracted the
inhibition exerted on carboxylase by sulphathiazole, but
its inhibitory effect was shown to be 10- to 20-fold less
effective aa a sulphathiazole antagonist than was the co-
enzyme , cocarboxylaee. While antagonising the inhibitory
effect of sulphathiazole on carboxylase, p-atsinobenzolc
ecid at the same time, unlike cocarboxylase, also maintain-
ed a certain degree of inhibitory action on its own. In
other words, p-aminobenzoic acid was thus shown to function
as an inhibitor, as well as an anti-inhibitor, which is iIn-
consistent with the view that p-arainobenzoic acid iIs an
essential metabolite. Various other investigators have
reported similar observations. Further, in all the other
experiments performed by revag and his collaborators, no
evidence was found that p-aminobenzolc acid ever participated
actively iIn the metabolic activities of the organisms

studied to account for i1ts sulphonamide-antagonising property.
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Thie »at* particularly true in those cases in which resting
cells, and isolated enzyme systems, were tested. It has
already been indicated (p-2S of thie thesis®™ that no direct,
conclusive evidence has been obtained by other investigators
for cod"s and Tildes®™ ""essential metabolite* theory. In a
subsequent chapter the available literature on the status of
p-arainobenzeic ecid as a member of the vitamin B complex is
critically reviewed, from which i1t is concluded that here,
too, no cgftgjn progI Qﬁr}h%ressqgti%#,parg play%g_by p-amino-
benzoic acid in the wetabollsm of higher or loser animals has
been obtained.
BVLATIOSrHX? BTT.KTN P-AMINORXS201C ACID bHHIVATIVSS ASD)
mju*HmMAINwWS.

Many p-sminobenzolc Ocid derivatives are of great phar-
macological importance ee local anaesthetics. Kelteh, Baker,
Krahl end Clowes (1941 investigated the Onti-eulphapyridine
and enti-eulphathiazcle effect in vitro against E. coli of
several local anaesthetics derived from p-eminobensoic acid,
including benzoeeine or anaesthesia (ethyl-p-amino-benzoate)
and novccalne or procaine (beta-diethylamino-ethyl-p-aaiino-
benzo&te) and several other local anaesthetics not derived
from p-tmincbensoic acid. They found that each of the
p-aminobenzoic acid derivatives tested, partially cr complete-
ly blocked the bacteriostatic effect of the sulphonamide,
whereas none of the non-p-amincbenzoic acid derivatives had
any effect. Their experiments also iIndicated that the
blocking effect was reduced but not eliminated by substitu-
tion iIn the amino-group or esterification of the carboxyl

group of p-aminobenzoic acid. Peterson and .-Inland (19hh)
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found that procaine, 1in aidants ordinarily employed for local
anaesthesia, may be absorbed into the circulation in suffici-
ent concentration to exert an inhibiting effect on the action

of sulphonaaside drugs that might be present in the blood.

McCarty® (19Ul * reported that p-smlnofcenzoic acid had no
observable effect upon the i1mmediate fatal toxicity of sulpha
pyridine for mice. Strauss end Finland (19Ul1, found that
fevers and rashes due to sulphathiazole could neither be over-
come nor prevented by the administration of p-amlnobenzcic
acid, even when given in amounts sufficient to overcome the
antlbacterlal actlon of the sulphoné&mide drug in the blood and

-- 3! % Wy - g 4e- v 4
urine. |ﬂﬁre flndlngs lend additional support to the view
that the action of the sulphonarcide drugs are not invariably
related to a displacement of p-aainobenzolc acid &e an essen-
tial metabolite for bacterial development.

SUMMARY .
i *! f ,® a >

Plldes I49hC) focussed attention on p- amlnoben20|c acid by
suggesting that it was an essential metabolite for bacteria and
that it was normally associated with an enzyme system in the bac-
terial cell. He propounded the hypothesis that the eulphonatnlde
group of drugs owed theilr bacteriostatic action to their struc-
tural sieililarity to p-eminobenzoic acid which enabled them to die*
place it from its enzyme and stop an essential line of metabolism
in the bacterial cell. Experimental support for this hypothesis
has been provided by several investigators who have established
that p-aminobenzoic acid could antagonise the inhibitory effect

of the sulphonemldes on the growth of viruses, bacteria, i1jungi

and protozoa.
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Though Fildea* hypothesis is generally accepted today, at-

tempts to identify the enzyme system involved in the utilisation
of p-uminobenzoic acid have led to inconclusive results. In ad-

dition, several other compound@ have been found  to have an anti-
. *. V\L ‘ * la m. - o titr -‘ ‘fS 4(

eulphonamide action. Other theories have, therefore, been pro-
posed to explain the action of Bulphon&micles. These include

the "ltercotic hypothesis* of Johnson and the "“eulphonamide inhibi-
tion of bacterial respiration’ theor*y of Sevag. The latter and
his co-workers have perhaps struck the severest blew to =ildes”’
theory by their demcretration that micrc-crz.anicms could develop
resistance to sulphonamidee without synthesizing an increased
amount of_ p-aminebenzoie acid.

fluid n , *he , ;fm vF *- -
To explaln the experimental finding that totally unrelated

ma - .- B? _ v _."m K "

compounds could under certailn circumstances antagonise eulphona-
r.ide action on bacteria, Kchn and Harris developed an interesting
modification of Fifties” hypothesis. They suggested that
p-arainobenzole acid catalysed the production of various eub-
stancee (primary reactions), and that these were necessary to
promote cell growth and multiplication (secondary reactions .
fulphonamides acted by inhibiting the catalysis of the primary
reactions and bo l«d to a drop iIn the concentration of the sub-
stance® required for the secondary reactions. Under certain
conditions,such as U low concentration of the drug, the direct
addition of one of the compqgnds‘promoting the secondary reuc-
tion® might be sufficient to antagonise it. When, however,

the drug concentration was high, only p- amlnoben20|c acid was

evf m hi 3Ok -JOo* - «i V= 5

effective since it restored the primary reactions and all the
A m; S 1*7Q K 1p ... = e-0

secondary reactions then followed.
\L >e_ vt "j.s —F



Brig®! Sh
CliiuT~ 11
Tc. op
I"AMIKUBINSOIC AG1P.

The methods described for the eetiiaation of p-aralno-
benzoic acid can be divided into two types:

A. Chemical raethods.

B. Microbiological methods.

A. Chemical Methods.

Since p-amlnobenzoic acid is a primary aromatic amine,
it 1s dlazotizable, and such a reaction can be used as the
basis of one method of estimating i1ts concentration in body-
fluids end foodstuffs. ?0r example, the method of Bratton
and Marshall (1939, for the estimation of sulphonataidee,
which ere also primary aromatic amine derivatives, has been
used for the estimation of p-aminobenzoic acid. In this
method the Oulphonamide i1s diazotlzed and coupled in acid
solution with dinethyl-x-naphthylanlne or with K-(l-naph-
thyl j ethylenediamine dihydrochloride to fora a red pigment,
which i® deterisined coloriraetrically, Although this test
is non-specific since any primary aromatic amine will react,
it is stated that the test can be rmde specific provided
that the different reaction rates of the various diazotlzed
substances, e.g. diazotlzed aniline, p-aminobenzoic acid
and its isomers, sulphonaraides and related compounds (Ans-
bacher, 19hh, p.2kO» are taken into account. */hen, how-
ever, an assay of biological fluids for p-aminobenzoic acid
is made after feeding or otherwise administering this com-

pound , the objection of non-epecificity iIs not a great one,



?cgc 35.
eince a control estimation before feeding p-amlnobenzoic
acid will serve to indicate the presence of any other
primary aromatic amine or derivative in that organl!era.
Blanchard (19U1, has employed this method for the quanti-
tative determination of p-Ominobenzoie acid in yeast.

Eckert (19U3/ has determined the free end conjugated p-
ominobenzolc acid in blood, using a modification of Brat-
ton and Marshall*e method, which he claims to be extremely
sensitive, and capable of detecting 1 microgram (%j of
p-sminobenzoic acid in 0.J c.c. blood, or 200 tnicrograms

per 10C c.c. blood. More recently, Rose and Sevan(19M*/
have described a simplified method for the estimation of
sulphonamide drugs in blood, urine and other body fluids,
using a new coupling component N-"~-eulphatoethyl-m-toluldine.
lions of these methods could be tried here since the reagents
were unobtainable.

Another colour reaction for pamlnobensoic acid wee
described by Tauber and lauffer (1971;. They showed
that on the addition of p-diraethylaminobenzaldehyde to p-
aminobenzoic acid in glacial acetic acid a deep yellow col-
our developed. They considered that the coloured compound
was probably a Bchiff base, and found that the isomers of
p-aminobenzoic acid and their alkyl esters also gave this
test.

The use of p-diraethylarainobenzaldehyde for the deter-
mination of sulphonamlde drugs had, however, already been
advocated by Corner (1939> and by Morris (19U1). This
compound has since been employed by rUlier (19B2;, using a

test-paper method for the estimation of sulphonamides iIn
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laked blood, end the method further modified by La Hoea (1973;
for the direct amlyaia of free eulphonamideE and other pri-
mary e tinee, including p-aminobenzoic acid, iIn eerum. However,
tdaweon (19U2, pointed out difficulties in the use of this re-
agent for the estimation of aulphonamidee iIn blood end has
described a method to overcome them. 1 have tried out his
method here and found it satisfactory for the concentrations
of Bulphonamidea present in blood during treatment with these
drugs (i.e. 5 - 15 rag® per cent.,. It has not been used for
the estimation of p-atninobenzoic acid iIn the experiments re-
ported in this thesis since the minute amounts of p-aw*ino-
henzoic acid to be assayed made it essential to use a much
more sensitive method, but Mowaon*a method is suitable for
the detection of large quantities of p-arainobenzoic acid
(G - 1C , and ia, therefore, being used In experiments
investigating the effects of p-aminobenxoic acid In iIncseseing
the resistance -of animals and man to infections, which are
at present in progress.

Kirch and Bergeim (19h3, deecrlbed a method for the
determination of p-nmlnobenzoic acid based on a colour re-
action with diazotized thiamine. The smallest amount of
P-aminobenzoic acid found to give a colour woe about 10
microgrome. This method is applicable to urine, and com-
plete recoveries of known amounts of p-aralnobenaoic acid
added to urine have been obtained. Free and conjugated
p-aminobenzoic odd can be estimated even in the presence
of most of the aulphonataide® by a variation in this tech-
nique.

A procedure which makes use of tyrosinase may also
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be employed (vieansicy, Grattan, Cawron and Ansbacher, unpub-
lished data, quoted from Ansbacher 19Kkk» p.2i*G>. Vhen this
enzyme catalyses the aerobic oxidation of catechol, a transi-
ent pale yellow-green colour is observed. IT the medium
contains p-arainobenzaic acid, this colour is not noticed,
but a red colour is formed. The reaction is sensitive for
the coloritaetrie determination of p-aniinobenzoic acid in
amounts of as low as 5 -1 - mlcrograma. The same colour is
apparently developed, when the system tyrosinase-oxygen is
replaced by ceric sulphate, which is said to be easier to
obtain and lees expensive than the enzyme.

B. Microbiological Methods,

These methods fTall iInto two groups. Group 1 methods
are based upon the antagonism of p-aminobenzoic acid to
sulphon&ndde bacteriostasle, and consist of determining 1in
a simple, entirely synthetic, basal, bacteriological cul-
ture medium, to which a known quantity of a aulphonamide
has been added, the amount of p-aminabenzolc acid required
to allow growth to proceed. Using this a» a standard, the
amount of p-aminobenzoic acid in the material assayed is
then determined. Theee aiethods have been criticised on
the grounds (@) that sulphonaralde antagonlem is not due
to p-aminobenzoic acid alone, but may result from the presence
of many other compounds, as has already been discussed in
Chapter I, and also that these methods are lelatively insen-
sitive compared to Group Il methods, discursed below. As
methods of assay of p-aminobenzoic acid in unknown materials,

animal body tissues, fluids, yeasts, etc., they are certainly
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unsuitable. Nevertheless, in certain circumstances this
objection does not bold. Fbr example, the concentration

of p-aminobenzoic acid iIn a pure solution of this substance
can be reliably estimated by such methods. Secondly, after
p-aminobenzoic acid has been administered, the Increase of
©ulphonamide-ontagonistic substance in, say, the urine can
be Justifiably considered to be p-aminobenzoic acid. Since
the experiments reported in this thesis are mainly concerned
with such circumstances, it is claimed that the method"of
assay used, and described in detail below, is in fact a re-
liable measure of the p-aminobenaoic acid present. In
addition, these method©, based on eulphonamide antagonism,
have the great advantage that the constituents of the cul-
ture mediums used are inexpensive and easily obtainable in
any laboratory. It should also be noted that the more ela-
borate methods of the second group described below, for which
specificity ha® been claimed, can also be strongly criticised,
on the basis of recent report®. In fact, no method yet de-
vised for the assay of p-amlnobensoic acid, either chemical
or microbiological, has been conclusively proved to be ab
solutely specific.

McLeod (19U0) demonstrated the presence of eulphonamide-
antagonists iIn extract® of various animal tissue© and body
fluids. Hi®© method consisted of determining the effect of
different amounte of the various material© upon the growth
of Escherichia coli observed in an inhibitor-free synthetic
medium, to which wae added an ©mount of neutral solution of
eulphepyridlne sufficient to prevent the visible growth of a

standard inoculum of the org&niem®. The usual concentration
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of sulphapyridine required was 1/20. tu> - 1/60,COG. Growth
wae estimated by observing the presence or absence of gross
turbidity after Incubation for 2K hour® at 37°C. The syn-
thetic medium alone, plus inoculum of E. coll, served &e the
control. Ey varying the concentration of culphapyrldine,
differences in the amount of antagonist present could be es-
timated.

A modification of McLeod"s method has been employed in

these experiments. McLeod gives no figures for the sensi-
tivity of his method since, as has already been mentioned,
he did not know that the eulphonaraide-antagoniets he measured
consisted mainly, 1f not entirely, of p-aminobenzoic acid.
The modification used here permitted the detection of 1 tnicro-
graia of p-aminobenzolc acid in the volume of material assayed,
end a later change In the basal taediuro used iIncreased the sen-
sitivity to 0.2 micrograme.

Group XI methods are based upon the fact that p-amino-
benzoic acid ia a growth factor for certain bacteria which
are unable to synthesize p-aminobenzoio acid and which will
not grow unless p-atainobenzoio acid is added to the medium.
Rubbo end Gillespie {19hOy showed that p-aminobenzoic acid
and its derivatives acted as growth factors for an anaerobic
bacillus, Clostridium acetobutylicum. In a further paper
Pubbo, Maxwell, Airbridge and Gillespie (19hl; developed
this finding into a microbiological essay for p-aminobenzoic
acid. They found that CI. acetobutylicum required a factor
for growth conforming to the structural pattern of a di-sub-
stituted benzene ring in which the substituents occupied the

1:h positions. Optimal activity was developed when the
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subBtituente were an amino-group on the one hand end a car-
boxyl-group on the other. P-eminobenzoic acid was found
to stimulate growth in concentrations of 1.L6 X i.e.
approximately .002 micrograms per 100 c.c. of solution. Park
and vood (19h2/, however, found that p-efainobenzolc acid
alone was i1nsufficient to cause growth of Cl._acetobutyllcura
and that biotin was required in addition. Mcllwain (19U2a;
used the same organism in a different medium (plus biotin;
and found the method of essay satisfactory. Tie showed that
methionine, which is known to antagonise eulphonamide-Inhibi-
tion of B» coli, did not promote growth of Cl_acetobutylicu®.

Landy and Bicken (19h2) developed & new microbiological
assay method based upon the growth response of icetobacter
suboxydans to p-aminobenzoic acid, which they claimed to be
rapid, accurate and specific. The turbidity resulting from
the growth of the bacteria was measured in a photoelectric
colorimeter. They reported, however, assay values of a
group of compounds derived from or related to p-aminobenzoic
acid, which shewd that the method could not be considered
strictly specific for p-aolnobenzoic acid, although relative-
ly very large quantities of the latter compounds were needed
to give a positive result. Thie method has been used by
several other investigators.

In the same year Lewis (19k2) dsccribed another assay
method based upon the growth factor uotivity of p-aminobenzoic
acid for Lactobacilluc arablnosus. The ~aatobacillus methods,
which are used also for the assay of various members of the

vitamin B complex, offer the great advantage that a chemical
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titration can be Oubstituted for an estimation of growth and
turbidity. At the end of the growth period allowed the lactic
acid which is formed by the bacillus during growth is titrated
and affords a simpler* more sensitive and exact index of the»
quantity of p-aminobenaoic acid present than does turbidity
estimated visually. The i1ellabllity of Lewis* method is in-
dicated by reproducibility of assays, by agreement of assay
values obtained with various levels of added samples, and by
recoveries of p-aminobeneoic acid added to various samples.
The method is very sensitive, the assay range being 0.0G015
to 0.0005 mierogrsrae.

Beadle and Tatum (191+1} discovered end maintained X-ray
induced mutant strain®© of the mould TTeurospora erases which
were characterised by their inability to carry out specific
biochemical processes. One of these mutant strains was
apparently unable to eyntheslae p-arainobensoic acid and could
not grow until p-smlnobenzoic acid was added to the medium.
Hence p-amlnobensoic acid becomes a growth factor for the
"eninobenzolc-leee” mutant strain cf ITeurospora. Tatum and
Teadie (19h2), following up these very interesting findings,
showed that the growth of the mutant strain of Ifeurospora was
e functiqg of the amount of p-aminobenzoie acid supplied.

They consider that the mutant differed from the normal strain
only by a single gene which must, therefore, control an essen-
tial step in the synthesis of p-aralnobenxoic acid, and which
was presumably primarily concerned only with the synthesis of
p-aminobenzoic acid. A number of substances related to p-
aralnobenssoic acid were, however, able to replace i1t, but their

activities were much less than that of p-eriinobensoic acid
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Itself* These authors further described h method of Pleasur-
ing the growth of the would. Mitchell, Isbell end Thompson
(19U3/ employed this wutant strain in a microbiological essay
method for p-amlnobensoic acid, end determined the p-aiaino-
benzoic acid content 1in various natural eubatancee. Their
results suggest that the method of handy and !'lekeh (19U2)
determined only a fraction of the total amount of p-amino-
bensoic acid present. In a further paper, Thompson, Isbell
and Mitchell (19U3) claimed that their method had a high
specificity and a sensitivity of .001* - _Ob micrograms. The
method is rapid (20 hours* incubation at 3w°C.} and the re-
sults reproducible. These authors employed a different
method of estimating the growth of Keurospora crasaa to that
of Tatum and Beadle.

hirick (19b31 presented still another method for quanti-
tatively estimating small amounts of p-nminobenzaic acid,
utilising hia ©oil bacillus of the rseudomonacefte family,
which was specifically adapted to produce enzymes capable of
oxidising p-aminobecsoic acid apparently to carbon dioxide,
water and ammonia (Mirick, 19blj. For this bsciHub»p-atslno-
bensoic acid was neither a growth factor nor wise it released
into the medium in which the bacillus was cultured, but on
the other hand it was completely destroyed by the bacillus.
The quantity of primary aromatic amine in the solution was
determined by sdiszotizatlcm technique before and after the
action of the coil bacillus, the difference being the quan-
tity of p-aminobtnsoic acid present. The specific adaptive
enzymes of this soil bacillus may te used for the identifica-
tion of quantities down to It mlcrograms of p-aminobenssoic acid.

vvtmuiu acxa, snows mat xne sinroie ossal medium ue«*d flow*
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The limitation In sensitivity of the method was shown to be
due to the relative iInsensitivity of the diazo reaction as
compared to the other microbiological methods. Neverthe-
less, this method appears to possess a specificity greater
than any yet described. Mirick also discussed in his paper
the other microbiological techniques of this group already

described and severely criticised their so-celled specific-

ity.

"SELECTION OF AD3AY METHOD FGi< F-AKINQBKHzZOIC ACID.

The microbiological method used for the estimation of
p-aminobenzoic acid iIn the experiments described in this
thesis has been selected for the following reasons

(ly Availability of the reagents required for the cul-
ture media. mFor every other method described above a few,
usually several, of the reagents required could not be ob-
tained despite strenuous efforts.*

(2] Despite the fallacy of considering all sulpbona-
mide-antagoniets to be p-aminobenzoic acid, it was felt
that this objection was not a valid one when pure solutions
of p-aminobenzoic acid and its derivatives were measured or
when its excretion in the urine after feeding was estimated,
since a control experiment on the material assayed was always
carried out before p-aminobenzoic acid was administered. /7 A
consideration of the work reported so far (a) on substances
which act synergistically with p-aminobenzoie acid iIn anta-
gonising sulphonamiaes and (bj on sulphonamide-antagonists
which are produced in a medium on the addition of p-amino-

benzoic acid, shows that the simole basal medium used does
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not contain any substance which may introduce an error on
these grounds* . In fact, many of the more elaborate micro-
biological experimenta described under B, Group 13 above,
employ media containing various amino-acids, purines and
meiull_t\a/rs..of/\the vitamin B complex, some of which have already
been shown, particularly by Eev&g et al , to influence the
antagonism of p-atainobenaoic acid to eulphonamidee, and
other® have hot as yet been tested. it 1u probable, there-
fore, that these substances influence the action of p-amino-
benzoic acid as a growth factor on the test organism used,

‘e 1T \VF e/ e V¥ i v, «f IR ) Bt Y,

so that this objectlon holds throughout all the assay pro-
cedures yet described, with the possible exception of MIrick"e
(1943) method.

The greatest objection to the method used in these ex-
periments , which could only be partly remedied, is its rela-
tive iInsensitivity as compared to the other group of micro-
biological methods described. luring the course of these
experiments the method used was iImproved so as to Increase
Its sensitivity from measuring a minimum of 1 microgram in
the volume of material added to the medium to 0.2 micrograms,
but this is not sufficiently sensitive to measure the ipitn-
tity of p-aminobensoic acid in normal urine which is of the
order of 0*02 micrograms/c.c. However, by concentrating
normal urine to 1/10 mod 1/1CO of its volume, the ~u&ntity
of p-aailnober.solc acid present could be estimated. fever-
theleee, thin technique i1e too laborious to make it prac-
ticable as a routine procedux® and it has only been uaed in

a Tew experimente.
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/Mo&lfled from McLeod (19ho,7.

Principle

A synthetic culture medium which supports the growth
of Escherichia coll ie prepared. To It is added suffici-
ent sulphapyridine to prevent growth of the organism. The
material to be assayed for p-assinobenzoic acid is added
and the amount required to neutralise the action of sulpha-
pyridine le compared with a standard solution of p-amino-
benzoie Ocid. The quantity of p-a”inobenzoic acid preeent
can then be calculated.
Basal Culture ¥ediura.

The synthetic medium used was that developed by Gahyum,

Beard, defaultz, Snow and Cross (1936, , and consists of

Ammonium sulphate h.72 grammes
Asparagine P 2.0 gramme*
Sodium Chloride . 5.w grammea
Glucose 2.0 gramme®
HoRB(/ By Ly 100 e
.KauHv (itfl; 16.K c.c.

KgCl2; FCI2 ; CaCl2(]> wixtac# 1.0 co.

Tietilled water to 10vO c.c.

> 1 VA X A2 A i a \v X oree v el a

pH adjusted to 7%*6. Tubed in h.c.e. quantities and
sterilised iIn the autoclave at 5 Ibs. pressure for 3b minutes.
Culture of h. coli.

A strain of 1. coli obtained fro® a specimen of faeces

was transferred on to Loftier*& serum medium. Stock cultures
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were kept In the smooth phase on this medium, stored in the
refrigerator and usually subcultures on to fresh Loffler*s
medium at b-weekly intervale. Since on two occasion® 8-week
old cultures were used, experiments were carried out to deter-
mine whether the duration of cold storage of the stock cul-
ture had any deleterious effect on the growth of the organism.
These experiments are not reported in detail, but within the
maximum period (8 weeks) at which subcultures were made Hom
the stock culture, no difference was noted.

At the outset, this strain of & coli would not grow
when transferred from the stock Loffler’e medium to the
above basal medium. gcleod (19n0, apparently experienced
e similar difficulty since fee later added a casein hydroly-
sate known to be free of eulphonamide-antsgonlBtie material
to his medium and claimed that this modification ensured an
optimum growth rate. An attempt was Tfirst made here to ita-
prove the basal raediuse used in the same way, namely by the
addition of a vitamin-free casein hydrolysate, (kindly sup-
plied by hr. L. Gol/berg of the B.A.l.ii.K. ) Unfortunately
this preparation was not free of Bulphonamide-antagonletlc
substances, and produced variable gz*owth in the basal medium
even after the addition of considerably larger amounts of
sulphapyridine than that used below. The problem was,
therefore, tackled in other w®%ye and was finally solved by
subculturing the strain of S. coli used several times from
one Loffler’e medium to another after 2K hours incubation
each time, and i1noculating tubes of basal medium with heavy

suspensions of organisms from each subculture. The basal
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medium tubes were then incubated for 2K hours at 37°C. and
subcultures were then again made from each basal medium tube
on to fresh Loffler’s medium. Prom the first three of these
basal mediums no growth developed on the Loffierce subculture,
showing that the organisms ted died out, but from the fourth
basal medium tube, a poor growth was obtained on the Loffler’s
medium after 2K hours incubation. This growth was now inocu-
lated back and forth from basal medium to teJdTier’s medium
at 2h-hourly Intervale (during which time it was kept at 37°w
and it was noted that successive inoculations into the basal
medium produced heavier and heavier growths. Finally, maxi-
mal growth in the banal medium was produced after 2K hours
with the size of inoculum detailed below, this quantity then
being used aa a standard inoculum throughout the experiments
reported. The organism thus apparently ted adopted itself
to an existence on a poorly nutrient medium and had accus-
tomed itself to the use of relatively simple nutrients.
Simultaneously with this adaptation, another phenomenon was
observed. filth repeated subcultures, the quantity of p-
ftmInobtnsoie acid required by the organism to neutralise
added sulphona&ide gradually diminished. In experiment 1
a few results of typical experiments done are recorded.

These show that whereas at the outset of this work 2.5 micro-
grams of p-fat2inobens:oic acid were required to neutralise the
1/2b, too eulphapyridine added (» 200 Biierograme of eulphapy-
ridine) and allow growth of the organism to proceed, only 1
fciicrogrem of p-aiainobenzoic acid was required six month®

later. Then the basal medium used was modified at about
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this tine bp the indue idn of emmnimtt phosphate (KK~gBPO~"
an the source of nitrogen in place of asparagine, which be-
came unobtainable, (glucose was retained as the source of
carbons, the sensitivity of the method was further improved,
and 0.2 mXerogrmm of p-aminobenzoic acid was found to neut-
ralise the 200 rolerugraws of sulphapyridine added, From
this stage no further alteration In the p-eroinobenzoie acid
requirements was noted. It should be noted that when cal
dilating the quantity of p-aminobenzolc acid present In the
solution or urine assayed, the figures quoted in the various
experiments recorded, were derived by reference to a known p-
amincbenzoic acid solution simultaneously tested*

Inoculum.

A subculture on l.offler’s serum mS made and incubated
at 37°C. for 2K hours. The resulting growth wae washed off
with 10 c.c. of sterile normal saline and centrifuged at
3000 r.p.sn until the sediment was firmly packed down. The
supernatant saline solution was decanted off completely end
the sediment resuspended in 20 c.c. sterile saline. This
washing of the bacterial suspension was carried out as a
routine since, if the original suspension of organisms from
the Loffler®s elope was used, growth with the size of inocu-
lum used sometimes occurred in the basal medium with 1/25000
sulphapyridine added. This wae considered to be due to one
or both of the following causes: (ay the bacteria growing
on the Baffler*a medium synthesize p-arainobenzoic acid which
ie present iIn the eeline suepension and neutralise the sulpha-
pyridine, hence allowing growth to proceed and (b) that other

eulphonamide-antAgonlat substances present in the Baffler®s
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Berm medium or water of condensation, e.g. peptones, dee-
cribed in Chapter I, neutralise the eulphapyridine and
hence allow growth to proceed. hen the ealine used to
wash the organisms off the “effler’e elope was decanted off
the well-centrifuged organisms, and the latter re-suspended
in fresh, sterile, normal saline, trouble was only very
occasionally encountered. Cne drop of this washed bacterial
suspension (approximately 0.05 c.c.; was added to the culture
medium (K c.c.). After addition of the volume of the mater-
ial to be assayed, sterile, normal saline wag added to the
medium to make a total volume of 5 c.c. At the outset

~NoT= el -" " s
attempts were made to standardise, ae most workers have
done, the volume of bacterial inoculum, 1i.e. the number of
organisms added by comparing the turbidity of the suspension
with Brown*e standard opacity tubes, but preliminary experi-
ments (not quoted in detail;indicated that the cumber of bac-
teria could be varied fairly considerably without influencing
the end result, since estimations of presence or absence of
growth was Biade visually and not by a photo-electric method.
Rohn and Karris (19kl; obtained quantitative data on the

t..... [ ]
growth of K.

coll in different med;a in the presence and ab-
sence of sulphonamidee, rind reported that the size of the
inoculum had no real effect on the results. The apparent
effect they found to be due to the limitations of the medium
and the time course of the inhibition. Large i1nocula (above
76,000 organisms, exhaust the medium and cease growth within
6 - 7 hours. The inoculum used in the following experiments

exceeded this figure, as estimate! by comparison with Brown®s

opacity tubes. further, since the degree of growth was only
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estimated roughly ae slight. moderate or maximal growth, or
no growth, it was decided not to measure very accurately
the else of the inoculum need. All volumes were added from
sterile pipettes kept in a sterile copper pipette container.
Addition of Euiphapyrtdlne.

The optimal concentration of aulph&pyridine required
was estimated in preliminary experiments and this concentra-
tion kept constant throughout the experiments. It was found
that a fTinal concentration of 1/25*0CO eulphapyridine was the
minimal quantity required to ensure that no growth would
occur with the above i1noculum until p-atalnobenxoic acid was
added. Kohn and Harris (19hl/ plotted the relationship be-
tween rate of growth and drug relationship, and found this
to be a simple one in a salt-glucose medium such as the above.
A stock 0.025S solution of eulphapyridine in distilled water
was then prepared and 200 c.c. added to the constituents of
the basal medium above, the final volume being again made
up with distilled water to 1000 c.c. This medium was again
tubed in it*c.c.—quantities,?i%ese tubee distinguished from
tubes of the basal medium by inserting a blue glass bead in
each tube, whereas the basal medium tubee contained a yellow
glace bead. The concentration of eulphapyridine in the
basal medium is, therefore, 1/20,000. After addition of
the test solution, the final volume was made up to 5.cc.
in which, therefore, the eulphapyridine concentration is
1/25000 (i.e. 200 micrograms in 5.cc.)
Active and Inactive forms of P-aminobenzoic add .

Mc-eod (19U0™ noted in his search for sulpbonsmide-

antegonists in various tissues, that much of the antagonistic
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substance is precent in some bound, Inactive form, since its
anount apparently increased greatly when autolyale of the
tissue was allowed to take place. He also fount! that some
tissues, for example fresh liver and kidney, were free of
active substance, although this became demonstrable after
autolyeis of these organa had taken place. Similar results
were obtained if acid hydrolysis of the tissue was first per-
formed. The 5boundn eulphonaraid® antagonist was, therefore,
split by such procedures. It should be noted that MclLeod
also found that, whereas normal human urine contained little
or no active entagoniet, this was uniformly present after
acid hydrolysis. I have been unable to confirm thie obser-
vation despite numerous assays of normal urine in the course
of the experiments reported. Indeed, it ie difficult to
agree with McLeod’e observation, since the technique he
adopted is certainly not sensitive enough to react to the
presence of 0.C2 raicrograias of p-aminobenzoic acid iIn the
urine, which s the upper limit of the range found by the
more elaborate and very sensitive micro-biological techniques
described above. ihen the urine was concentrated IbG times,
aa described in experiment 7 , p-arainobenEoic acid in the
conjugated form was found to be present in an amount similar
to that found by other investigators. £Landy and Sicken
(19U2>, Lewis (19U2/, Thompson, Isbell and Mitchell (1
with the developtaent of <ood and PildeB* essential metabolite
theory and the correlation of p-eralnobenxoic acid with sulphons-
taid® antagonism, the probability that the bound, inactive form
of sulphonaraide-antagonist was an ecetylated derivative of p-

aminobenxoic acid was shown by various workers. It has been
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known Tor a long time that metabolic acetylation of amino-
groups* probably by the liver, is a common ’detoxication”
reaction carried out by the body, the aeetylated derivative
being then excreted in the urine.

One must, however, consider the possibility that p-
aminobeazoic acid could be excreted in the urine combined (
in other ways. on theoretical grounds, iIn addition to the
acetylatcd derivative, p-acetyl-aminobenzoic acid, it could
be excreted, conjugated either with glycuronic acid ae p-~
aminobenzoyl glycuronate or with glycine ae p-emlno-henzoyl
glycine or p-amino hippurlc acid. Harrow, 1iiezur and hher-
win (1933) fed relatively large quantities of p-amlnobenzoic
acid to a rabbit (1-2 gma) and by extraction of the urine
were able to recover sufficient material to chow that about
25,# of the p-ominobenzoic acid fed was excreted by the rabbit
in the acetylatcd form. They also found that some of the
p-aminobenzolc acid was excreted as the glycuronate, since
after removing the acetyl&ted form with ether, the residue
gave a very striking colour test with naphthoreeoreinol.
Quick (1932 had already drawn attention to the fact that
nearly all workers had either underestimated or entirely
ignored the possibility that aromatic acids may be combined
with glycuronic acid. The glycuronic acid union with an
aromatic acid is comparatively labile and unless special
precautions are taken it i1a readily bydrolyced. fio reports
have appeared in the literature to ray knowledge, concerning

the possible conjugation of p-emlnobenzoic acid with glycine,
although the excretion of p-araino hippurlc aclfl anil P-sctjrl-

aminohlppurlc acid has been shown by Finkelatein, Aliminoea
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and bmitfa (19hl> to be very rapid.

As far as acetylation is concerned, many other studies
have appeared during the last 30 years in addition to those
by therein and co-workere, 1investigating this phenomenon.

&any of these studies have been published in German journals.
*nebacher (19hh» p.226, has reviewed this field and concluded
that the major part of the acetyl groups employed for detoxi-
cation of p-a&inobenzoio acid seemed to be obtained from meta-
bolic processes, combined with phosphate as acetylphosphate.
When acetic acid itself was fed, very little or none was used
for acetylating purposes.

Strauss, Lowell and Finland (19L1; found that following
Ingestion of 1 - Kkg. of p atainobenzoie acid by human subjects,
the conjugation began early and progressed rapidly. Urinary
excretion was rapid and largely completed in 12hour#, about
2/3 of the drug being excreted in the ~“free* form. Other
worker©® have found that the proportion of free or active p-~
suninobenxoic acid was very much less. The discrepancy may
lie in the fact that Strauss, Lowell and Finland (19hl) fed
massive doses which probably exceeded the ability of the or-
ganism to conjugate it. When minute amounts are fed, which
are more in keeping with the possible vitamin character of p
minobenzoic acid, the experiments quoted below indicate that
p-aainobenzoic acid could only be recovered in the conjugated
form. Lewie {19b2> reported that In the case of urine the

percentage of inactive p-aminobenzolc acid my be & high as

%6 i*  mi W i
Methods of Converting the Inactive to the Active Form.

Before hydrolysis, the Inactive form of p-amlnobenzoic
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acid In the urine neither supports growth of the micro-organ-
ism used nor is it diasotissé&ble, indicating that the primary
amine group i1a not free. rcid or alkaline hydrolysis has
been employed by various workers to convert the inactive to
the active form. The method used iIn thi© theeis was modi-
fied from that of ischeod (19Uv, = in preliminary experiments,
McLeod’s technique was followed and sufficient EG1l was added
to the solution to be hydrolysed so that the final concentra-
tion of MCI was 0.2 K I1ICL. fThis meant the addition of 1 drop
concentrated HC1 to 10 c.c. solution or urine}» The solution
was then heated in a boiling water-bath for 1*5 minutes, neut-
ralised with hO,v KaCB, and then sterilised by heating in boil-
ing water-bath for another 30 minutes. however, it soon be-
came obvious that further quantities of p-eminobenxoio acid
could be liberated by making the solution more acid, this
finally becoming maximal when the hydrolysis was carried out
at a pH of 0.5-1. The modified technique then employed for
all experiments was as follows; To 10 c.c. of eolation or
urine enough concentrated HOl was added to bring the pH to
1 or lees. Usually 576 9rqp© of acid %gﬁs sufficient; It
was then heated in a boiling water-bath for 61 minutes,
cooled, neutralised carefully with he& habH to a pH of ap-
proximately / (h-5 drop® usually required/ and the neutra-
lised solution then sterilised by heating In a boiling water-
bath for 3G minutes. The volume of acid and mﬁli added
introduces an error of approximately 3-10/», for which no
correction was made, since the method of assay itself has
certainly a greater error. %hile these experiments were

in progress, other methods of hydrolysis were reported.
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Thus Lewis (1942, used alkaline hydrolyeis, Mcllwain (1942;

found that the optical conditions for liberating the bound acid
was autoclaving the solution at 12b° for 20 minutes, using 0.1 tal
of concentrated BCl1l for every 1 gn. of solution or solid material
and Thompson, Isbell end Mitcholl IWKS* reported that hydrolysis
with 6K sulphuric acid was required to produce a maximal field

by their method. Their procedure was to add 5 ml. of 6I* BgS

per g. of material, autoclave the mixture for 1 hour at I Ibs.
pressure and then nearly neutralise the sulphuric acid with
barium carbonate. The precipitated barium sulphate and the
undigested material they removed by filtration and adjusted the
pH to neutrality with ammonium hydroxide. They also reported
that during hydrolysis there was a partial destruction of pure
p-i-rninobens™ic acid averaging +15# by all methods. For uniform-
ity in the results reported in this thesis, it was decided to
retain the original method since the limits of sensitivity of the
method are such that maximum hydrolysis appeared to have been
reached ee shown experimenially by the procedure used.

ACTIVE aHD INACTIVE FOIXVS 0? P-AMXKGBKHZ&1C AOIL EXCRETED Hi
EEETOHH I mmmmmo— e e

xC € ," > ves X "_f e eV re .
It was thought of interest to determine in what form the
> —VW-c @s V', Sfit-m - " - - -

minute amounts of p-arainobenzoic acid are excreted under

normal conditions or when very small amounts are fed as may

occur, fTor example, 1in consuming an ordinary diet. Ho

direct observations have been carried out on this problem.

Harrow, Mazur and herwin’a (1933. observations were made

after feeding large, almost toxic, doses and under *“physio-
St

: AF 413 wVE R/ \V 1% ey . L A > .
logical conditions there is no certainty that p-aminobensoic

‘mm st T tv

acid is excreted as the acetyl-derivative, although this has
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been tacitly assumed by all workers. Since 1t is imprac-
ticable to extract the minute amounts present under normal
conditions and since this would require very large amounts
of urine and extraction solvents* i1t was thought that an
indirect procedure based on the following considerations
might throw light on the problem. IT pure solutions, of
the order of 1 mlcrogram/e.c. of p-utninobenaoic acid and its
derivatives, were subjected to the conditions of hydrolysis
and assay procedure described above, that derivative which
duplicates most closely the results obtained when urine is
tested after administering p-srainobenzoic acid by mouth
should be i1dentical with or closely related to the form in
which p-&>;?inobenzoic acid is excreted under natural condi-
tions. Therefore, several derivatives of p-atainobenzolo
acid were tested as described below in experiment 2. n
theoretical grounds, p-acetyl-aminobenaoic acid, p-sxaino-
hlppuric acid and p-amlno—benzoyl glycuronate are the most
likely derivatives excreted. The former two were synthe-
sized, but the glycuronate could not be prepared since gly-
curonic acid could not be obtained, and the difficulties
Involved 1n synthesizing i1t were considered to be too great
here. This compound could not, therefore, be tested, but
quick’s (1932; observations indicate, however, that glycur-
onatee are so unstable that they are hydrolysed on boiling
the test solution even iIn neutral solution. Since neutra-
lised samples of all the urines tested were always heated
as controls when acidified samples were hydrolysed, and
since no p-aminobenzoic acid was found in such specimens,

the infftrenee is drawn that very little, if any, of the
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p-esiinobeazoic acid ie excreted as the glyeuronate. in the
other band, it should be noted that the amount of '*free” p-
ajainobenzoio acid found bjr other more sensitive methods-— e.g.
Lewis” {19h2] method showed that h - of the p-aminobeazoic acid
excreted in the urine was in the "free * form— could actually
be p-aminobenzoic acid ™»ound? aa glycuronate, since autoclav-
ing of the urine for sterilisation is, according to Quick,
sufficient to hydrolyee the glycuronate.

Itsee®. to me, therefore, that the possibility that all
the p-aminobenzolo acid excreted in the urine under normal
conditions is actually “bound* or conjugated is a very real
one, and one which has been overlooked by all other worker®
in this field. This theory would explain a. point that
puzzled me from the outset of this work - namely, the reason
for the fact that with the minute quantities of p-amlnobenzolc
acid excreted in a normal individual, part of it should have
escaped the detoxication mechanisms of the body. ky sugges-
tion is that under physiological conditions all the p-amino-
benzoic acid excreted is “hound”, the eo-called ™free” p~
aailnobenzoic acid being p-aiainobenzoic acid combined as
p-aisinobenaoyl glycuronate and the so-called ™bound” p-amino-
benaoic acid being combined ae p-acetyluminobensoic acid,
since experiment 2 shows that p-acetylaminobenzoic acid be-
haves exactly like the form in which p-aialnobenzoic acid 1is
excreted naturally. The other derivatives of p-aminobenzoio
acid tested in experiment 2 were readily obtainable since they
are used as local anaesthetics, end have been included for
comparative purposes. Then large quantities are fed as by

Earrow, razur and hharwin (19331 it is probable that some
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p-aainobensoic acid ie excreted actually as p-aminoberusoic
acid. It la significant, however, that these worker® were
able to demonstrate that some of the p-atsinobenzoic acid fed
was actually excreted, conjugated with glyeuronic acid, so
that there seems to be every reason that similar conditions
hold for small quantities of p-arainobenzoic acid.

tinder diseased conditions it becomes possible that
even minute amounts of p-ailainobenzoio acid may be excreted
unchanged, and since this is most likely to occur in die-
eases of the liver, some cases of liver disease were iInves-
tigated and reported in experiment 9. It will be seen
that the liver damage must be extreme before the proportion
of “free” p-aiainobenzoic acid increases when 25 mgtas. are
fed. In such patients presumably the detoxicating power
of the liver has become impaired. Incidentally, the value
of applying this finding to the development of a liver func-
tion test 10 nil for practical purposes, since the presence
of liver disease is obvious clinically when the liver een
still conjugate the small amounts of p-aminobenzoic acid ad-
ministered. The use of larger doses ie not helpful since,
firstly, these doses may be toxic and, secondly, when doses
even of 100 rag. arti given, "free” p-aminobenzoic acid la
excreted by the nprmgl individual. - A » 5
Preparation of P—Aminobenzoic* old.

Since only a few gramme®© of p-aroinobenzolc acid were
available, the preparation of sufficient quantities for
these experiments was undertaken. Fortunately, esters of
p-arainobenzoic acid, which are local anaesthetics, could be

obtained and two of these have been hydrolysed - namely
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procaine hydrochloride which was available at the outset of
this work, and benaocalne which became available later. The
preparation from benzocsine is much simpler, more rapid and
gives a much higher yield of a purer product. Most of the
p-amlnobenzoic acid used in the experiments to be described
was prepared from procaine and this method 1is, therefore,
described first. 4 Lim - . - .. ”
~reparation of ;-Aulnobengolc :cid fromirocaine Hydrochloride.

225 g. of procaine hydrochloride (novocalne hydrochloride,
p-amino -benzoyl dietkyl-amino-ethaul>

ICBg.CgFP™. C.0.0.CH2CF2-N(C21"2*HCI .

500 e.c. water.

1000 c.c. rectified spirits.

3"0 g.- sodium hydroxide,
were mixed in a h-litre flask. n addition of the K&OH a
solid mass of procaine separated out. The mixture was boiled
under reflux and the solid mass gradually redissolved, and the
solution took on a yellowish-brown colour. The hydrolysis
was considered complete when all the solid matter had redis-
solved and required U days. (The prolonged boiling in an
alkaline solution probably caused considerable destruction
of the p-aminobenxotc acid and would account for the rela-
tively poor yield). The solution was then allowed to cool
end the bulk of the ethyl alcohol distilled off. A heavy,
oily liquid separated from the solution in a layer at the
bottom. This layer, which was removed in a separating fun-
nel, was probably largely the dlcthylamioo-ethsnol fraction.
The remainder of the solution was neutralised with concentra-

ted KOI, and when i1t was acid to litmus a yellowieh-brown
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precipitate separated out. This was Tiltered off on a Buch-
ner with suction, the fTiltrate again acidified with a email
quantity of acid, when a further precipitate separated out,
and this was again filtered off. These procedures were con-
tinued until no further precipitate formed. The combined
precipitates were washed three times with cold water, dried
and then extracted with hot alcohol which dissolved the p*
aminobenzolc acid, leaving solid Nad which was filtered off.
The filtrate was evaporated to dryness, the crude p-araino-
benzoic acid redissolved in a dilute sodium bicarbonate solu-
tion and filtered off. The Ffiltrate was thenagain acidified
with concentrated HC1l, and the precipitated p-arainobenaoic
acid filtered off on a Buchner with suction and crystallised
from hot alcohol. The product wae finally re-crystallised
from hot"slcohol. Yield 1*5 gras. (Theoretical 113 gras. )

M.P. (uncorrected; 18b-185°C. A mixed melting-point with

a email quantity of pure p-aminobenaole acid available

(M.P. 185-6°) was done. Mixed M.P. (uncorrected) 18I1*°c.

Hence considered that product was pure enough, although it

was darker in colour than pure product available and product

obtained by the hydrolysiE of benzocain* described below,

probably due to prolonged Initial hydrolysis in alkaline

solution™®

Preparation of P-Arelnobenzolc Acid from fcenzocaine.
Quantities of

200 g- benzocaine (ethyl-p~amino-benzoé&iSae,
NK2. Cg%. COOCZ2H5/

1000 c.c. water.
10c0 c.c. rectified spirits.

30 g. sodium hydroxide
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were mixed in a U -litre flask and boiled under reflux for
1-2 hours. The solution soon changes to a light yellow
colour, hydrolysis being very rapid. The solution is then
cooled and neutralised with concentrated ECl until 3uet acid
to litmus. This required 3Q~hO c.c. of cone. FICl. The al-
cohol was then distilled off under greatly reduced pressure
until the volume was * 1/3 of original. The boiling point
was kept low so as to minimise destruction of the p-amino-
benzoic acid. Cn cooling the concentrated solution, p-amino-
benzoic acid crystallised out in long needle-like crystals
which were filtered off on the Juchner funnel with suction,
and then dried in the oven at about 70°0. The fTiltrate
from this first crystallieOtion was brownish in colour and
still contained by far the greater part of the p-srainobenzole
acid. This was precipitated out by making the solution pro-
gressively more acid, Tiltering off the solid separating out
each time on the addition of a volume of 25-30 c.c. of con-
centrated PCl. and continuing thus to a final pH of 3~h
after which no more p-aminobenzoic acid separated out. The
combined precipitates were dried in an oven at about 7Q°C.
and the p-aminobenaoic acid separated fro® the solid HaCl,
which had also partly precipitated out, by dissolving it in
hot alcohol, and filtering. Impure p-aminobenzoic acid
crystallised from the filtrate and was re-crystalliaed fro®

a minimum volume of hot water leaving behind an oily residue,

probably aniline. Yield 6¢c-7">. belting point (uncorrec-

ted, 185-S°Ch Mixed M_.P. with a known sample of pure

p-eminobenzoic acid 135-186°C. (uncorrected/. The
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re-crystallised product vm* therefore, pure p-aminobeazoic
acid.

Kxperltcent I*

Estimation of rensitlvity of Assay method.

Varying quantitlea of a solution of pure p~aminobenzoic
acid were added to K c.c. basal medium plus eulphapyridine,
and volume made up to 5 o.c. with sterile saline. Pinal
concent ration of s._Ipfcapyridine 1/25,000. A suspension of
5. coli., prepared a® described above, added and solution in-
cubated for 2K hours. Source of nitrogen in basal medium
was asparagine.

Typical Experiments.
31.3«WK* P-Ziiainobenasoic acid solution used IQmicrograms/c.o.
/*11 teste in duplicate.

After 2K hoursj Controls. Basal medium alone - maximum growth.

Incubation /
Quantity of p-amlnobensoio Growth after
acid added to Basal Medium 2K hours.___

+ 1/25000 Sulphapyridine.
0 Nil.
0.1 c.c. * 1 micrograta

0.25c.c- « 2.5 M . Moderate.

0.5 c.c. « 3

0.75c.c. » 7»5 z maximal .
1 c.c. *10 * * ,
I1.it _Uh. P-arainobenzoie acid solution used 5 microgratae/cc.

All tests iIn duplicate.

Experimental details as before.
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A - Source of nitrogen in basal medium w&a aaparagine.

£

«

[ 2 «

* » e

quantity of p-*a®ih6benzoic acid

added

Experiment 2.

to Eaeal

Medium e

1/25000

**>

attooniuffl phosphate.

Growth after "HEour©O.

surpne B.

0 Fil HU .

0.1 micrograme Slight Slight.
C.2 o Slight Maximal .
0.3 * w B e , N n
0.5 ® *
0.7 H H N
1.0 Maximal n
1.5 » lad #
25 ki W it

Behaviour of p-eminobenzoic acid and various of

its derivatives when tested under the essay conditions used.

Test Medium; Basal medium + 1/25000 eulphapyridine.

Inoeuluin: As described above.

Method of Hydrolysis: Aa described above.

Incubated for 2K hours.

Substances tested; (1; E-awlnobenzoio acid.

NFfc.CEH”™ .COOK. Mol.weight. 137.

E

(@) p-ecetylaraino-bensoic acid.

CBN.GO.KH.Cg% .CCuH. Mol .weight.179.

% (37 p-amlno-hippuric acid.

CTiSOgH~.CQ.KH.CHg.CGOH. Mol .weight ISh.

(kj Benzocaine-ethyl p-utnlno-benzoate.

mi2 cooc2u5 Mol .weight 165-



X (5; p-aeiinobenzoyl -

die thyl-amino- CO. C. CH2 .CH2 .K(C2h5>2 HC1.
ethanol hydroch-

loride (Ncvocaine { ttol. weight 272.5
Procaine, . ) )

X (6, b-butyl-amino-
benasoyl direethyl- ;0% . HH.CgKg.CC.G.CH2<CH2 K(CH3)2 I .

araino-ethanol i A

hydrochleride - Mol. weight 300.5
{recicalne,-anto- >

ceinej ]

Two sterile solutions of each of above eubstances (1, - (6,

prepared ao that their concentrations, estimated as p-aminobenzoic
acid, were 5 micrograraa/c.c. and 1 microgjaisvc*c. Varying
Quantities as below added to test medium Cbusal medium + 1/250cC
sulphapyridine end volumes made up to 5c.c.

reparation of p-Acetyl-aminobenzclc acid.

3 g. of p-aminobensoic acid was dissolved in a small volume
of pjiridine, 2 mole of acetic anhydride added and the mixture
boiled gently under reflux for 10 minutes. It was then poured
into a beaker of melting ice end acidified with cone. HCl until
the solution wee acid to litmus. By vigorous scratching of
the sides of the beaker with a glass rod, a precipitate of
p-acetylaminobenzoic acid separated out which was filtered off,
and after washing with cold water, was re-dissolved in hot
water, and a little charcoal added to decolorise the solution,
which was then again filtered. After evaporating the filtrate
on a steam bath until the p-acetylaminobenzoic acid began

forming a layer on top of the solution, it was set aside to

: > 8T » . f.
cool slowly. Long needle-like crystals of p-acetylaminobenzoic
acid formed. These were Tiltered off on the suction pump,

dried at 37°C. overnight, and the melting-point determined.
Yield 1 gramme. U. P. (uncorrected 2p2cC. (The M. "f_given
for p~acetylaminoben2oic acid by varioue authors is 25C-252°0.;

p-Ansino-hi ppuric acid kindly supplied by Dr.L.Golberg of a.A.
Institute of Medical Research.
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Gnhydrolysed Growth on adding quantity in micrograms stated to test medium.
Substance,
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SUMMARY .

Several chemical and microbiological methods have been
described for the determination of p-arainobenzoie acid. A
Eiodification of McLeod*a {19U0) microbiological method has
been employed in the experiments described in this thesis.

The method of assay consists in comparing the amount of material
which 1e required to neutralise the i1nhibitory action of
sulphapyridine on Escherichia coli growing in a synthetic medium,
with that of a standard solution of p-arinobtnzoic acid under
identical conditions. This micro-biological method was selec-
ted since it ie isore sensitive (0*2 aUcrograas/ c.> than the
chemical methods and the reagents ere readily obtainable. The
objection that eulphon&mide-antagonlea need not be due only to
p-aminobenzolc acid, does not hold when the excretion of the
latter after ingestion is measured since a control estimation

ie always carried out before the p-aiaincbenzclc acid is fed.

The methods of converting the inactive Form of p-amino-
benzoic acid in so far as Eulpbcnamide-antagonism is concerned,
to the active form are discussed, and the method used in these
experiments is described. -Prom a study of the behaviour of
various derivatives of p-aminobenzoic acid under the assay
conditions used, the finding of other workers is confirmed
that the inactive fora excreted in the urine, and constituting
by fur the greater part» is p-acetylamlnobenzoic acid. The
suggestion i1®, however, made that under physiological condi-
tions all. the p-amlnobeazoic acid is conjugated and excreted
either ae p-acetylatainobenzoic acid or p-arainobenzoyl

glycurcnate.
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CMANTHr 111.
TIL? ABSORPTION AKD ZXCiiSTIOH
OFP-AMIKOBEKZOIC ACID.

Review of Previous studies on Absorption and Excretion
of p-amlnobenzoic acid.
. » PRI _ <k, E * 4g 1 fo Vo

4MX¢Ey Eew stqgies hazgmgpgeﬁrqgviq gbq [(teratugfarsgard—
ing the absorption and excretion of p-azninobenzolc acid, al-
though several workers have noted that this is very rapidly
completed when p-arainobenzoic acid is taken by mouth. So
information regarding the factors controlling absorption of
p-ominobenzoic acid from the gastro-inteatinal tract 1is
available, nor indeed do we know from which part the absorp-
tion actually occurs. Ctraure, Lowell and Finland (1941;
found that maximum blood levels are reached in 1-2 hours,

end further that the excretion is rapid and is practically
completed in 12 hours. Their experiments were carried out
using relatively large quantities of p-aminobenzoic acid

(1-4 grammes by mouth, and they determined the p-aminobenzoic
acid content of the blood and urine by Bratton and Marshall’s
(1939. method for aulphonamides which, as has already been
indicated, can be applied to p-aminobenzoic acid estimations.
Conjugation of the p-aminobenzoic acid apparently begins early
and progresses rapidlyj 4 hours after doses of 1-2 grama

the compound is no longer detected in the blood. .after
single 4-gram doses, small quantities are still present in
the blood after six hours. Urinary excretion is rapid and
is largely, completed in 12 hours. Following absorption,

this compound apparently enters the blood cells but
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is not equally distributed between cells and extracellular
fluid. The concentration of p-arainobenzoic acid in blood
plasma is about three times as great as it® concentration
in red cells. Snyder (13h2, p.60Jt in a review on liver
physiology, snakes the statement that the bile salts greatly
facilitate the absorption of p-aminobenzoic acid from the
intestine. The source of the statement is not, however,
acknowledged.

Lustig, coldfarb and Geretl (19hh; studied the problem
by using p-aiainobeazoic acid In which the nitrogen had been
replaced by the isotope and found that no storage or
utilisation of the labelled 8*5 of p-aminobenzoic acid was
demonstrable. A male mouse weighing 16 g., depleted by
placing it on a p-aminobenzolc acid-free diet for 8-12
week©, received a single intraperitoneal iInjection of 50g.
of p-arainobenzole acid containing the isotope K*5. The
mouse was sacrificed 2K hours after the injection and the
I? and 8*5 content of all organa was determined. The p-
ttiainobeozoic acid, If retained and uniformly distributed
in the body of the mouse, would have corresponded to a
concentration of G.Cliv* excess atom 8*5. The termination
of heavy nitrogen, however, revealed that the excess K*5

values of all organa, except the kidney, were below C.u:7>.

The kidney showed traces of excess atom 8*5(0.009f1j. To

study the Influence of larger quantities of p-aminobenzoic
acid, a male mouse weighing 22 g. received three subcutane-
ous doses of 10 i%. within a ah"hour period. This amount
of labelled p-aminobenzoic acid, if equally distributed in

the organism, would have resulted in an excess atom ¥>
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concentration equivalent to C.CIjfrt. Nineteen hours after

the last injection, however, only traces were found in the
organs, but 227 micrcgrams corresponding to 821 of the
injected amount, were present In the excreta.

Several workers have reported that p-amlnobensoic acid
is excreted in the urine partly In the free form end partly,
os already discussed, conjugated as the acetyl derivative.
Doiey and westerfeld (19b3) believe that Ocetyl phosphate,
formed through a chain of reactions from pyruvate through
acetoin and diacetyl, and not Ocetate, 1is the Ocetylating
agent. Young (1939), in a review of the subject, stated
that p-aminobenzolc acid is excreted unchanged by the dog,
whereas it is converted to the ecetylaminc-derivative by

man and the rabbit.

ABSORPTION AND EXCaTiTiv OF P-AHIHOBSNZOIC ACID IN MAH
AFTiI0O1 PKSP1KO MINUTE DOSES. o o..... .

The studies bo far reported in the literature have con-
cerned themselves with the absorption end excretion of
p-aminobeasoie Ocid after relatively large doses have been
fed. In view of the possible significance of p-amincbeazoic
acid as a member of the vitamin B complex (which is more
fully discussed in Chapter 1Y of this thesis;, it was thought
of iInterest to determine the excretion of this substance in
man after minute doses are fed. From the reaction of the
body to doses of p-aminobenzoic acid of the order likely to
be involved i1f this substance was a vitamin, it was hoped
to prove or disprove indirectly that p-aminobenzoic acid was
a member of the vitamin B complex. This argument 1is devel-
oped later on p. 1C6, but here the disposal of email amounts

of p-aminobenzoie acid, after being ingested by several
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were attempted at the outset, but the technique employed
and described in the previous chapter was found to be nei-
ther sufficiently sensitive nor accurate, and since such
estimations do not provide more information than can be
obtained from the urine, they were not continued.

Certain differences in these results to those already
reported are easily apparent. Thus, Harrow, Masur and
Sherwin (1933; reported that only ©bout 2=ji of 1 or 2 gnu
of p-etni.nobenzoic acid fed to rabbits could be isolated
from the urine in the acetylated form. Strauss, Lowell
and Finland (1941; found that about 33/» of doses of I»4gau
fed to man was excreted in the conjugated form. They
were also unable to detect p-aminobenzoic acid in the urine
12 hours after ingestion, Kirch and Bergeim (19h3)»cfter
noting that whereas early reports in the literature £Gibbs
and here (1889.1 Hildebrand (1903i7 Indicated that p-amino-
bensoic acid passed through the animal organism unchanged,
and that Sllinger and Heneel (1914; were the first to re-
port the excretion of p-awinobensolc acid partly conjugated
as the acetyl derivative, the excretion Continuing over a
period of 1 - 4 days, Iinterpret their experimental findings
as indicating that eorae excretion of the acetyl derivative
continues after 24 hours in human subjects, whereas no free
p-eminobcnzoic acid could be detected after 12 - 15 hours.
Lewis (19L21 found, using hie microbiological procedure,
that a® much as 961 of the p-eminobeazoic acid in normal

urine existed in an inactive form - prbb&bly the Ocetyl de-

rivative
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Experiraent® 3, h end 5 indicate that when an amount
of I1CO ®g?ne. of p-erainobenzoic acid is fed, approximately
70 - 75% of the p-aminobenzoic acid excreted is present
gévihé ééety; derivative: wh;re;stQheﬁyé%d&hE;ybf.ZS ;gﬁs-
and less are fed, no p-aminobenzoic acid can be detected
in the ngrmal individual in.}he free form at all, appar-
ently 100$% of the p-arainobenzoic acid being ecetylated.
The evidence for acetylation being the method of ~“detox
ieating'” p-aminobenzoio acid has already been discussed
in Chapter 1I1I. That the liver 10 the main site of th«
acetylation is accepted by all worker® on metabolic detoxi-
cation reactions. It can, therefore, be ©Oaid that the
liver of the normal human organism is certainly able to
deal adequately with p-arainobenzoic acid up to the amount
of 25 mgrns. The effect of dieease of the liver was in-
vestigated (Experiment 9/# from which it is apparent that
when gross disease of the liver ie obvious clinically,
the Individual is unable to detoxicate 25 ruras. of p-amino-
benzoic acid and a alight amount of free p-aminobenzoic
acid appears in the urine.

Experiments 3 - 6 also indicate that p-aminobenzoic
acid is rapidly absorbed and excreted and that the excre-
tion is apparently completed within 16 hours, within the
limits of error of the experimental technique used.

The curious fact also emerges that even when a min-
ute dose of 1 rag. ie fed by mouth, p-a.ainobenzoic acid
appears in the urine in the Tirst 3-hour specimen collec-

ted after the dose 1is given, indicating that if the human
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organism requires p-aninabenzoic acid, it la already satur-
ated. This Is shown in Experiment 6. However, the
amount excreted ie approximately proportional to the amount
that could be recovered when the larger amounts were fed
and may indicate that not more than approximately 50* of
p-arninabenzoic acid feg Iayabsprbed;_ The accuracy of the
method used ia not sufficiently great to iInvestigate this
point in greater detail. Some of the other iInveatigatore
mentioned above claim to have recovered, by more refined
techniques, all the p-aminobenzoic acid fed so that the
poor recovery here may be due to experimental error. On
the other hand, it ie quite possible that when such minute
quantities are fed the absorption may not be quantitative.
Another explanation must also be considered - namely, that
the tissues of the subjects tested were unsaturated with
respect to p-aminobeczoic acid, so that a proportion of
the p-aminobenzoic acid absorbed 1a retained. This al-
ternative la considered unlikely for the reasons (a, that
the amount recovered 10 approximately the same even when
larger doses were fed, (b) continued doses of 1 mg. of p~
aiainobenzoic acid at 8-hourly intervals do not increase
the amount excreted and (c) Experiment 7 show®, as report-
ed by other investigators “Lawi©® (19h2), Mitchell, Isbell
and Thompson (19h3>. Handy and Dicken (19U2J7* that normal
urine does contain minute amounts of p-aminobenzoic acid.
To ©how such a quantity by the technique used, i1t was nec-
essary to concentrate the urine 100-fold. Unfortunately,

this procedure ia too laborious to use as a routine.

It ie, therefore, concluded that the human subjects
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tested here are saturated with respect to p-aminobenzoic
acid, 1if indeed thia substance iIs a vitamin. However
this may be, experiment 6 also chows that continued 1 txg.
quantities at 8-hourly intervals does not increase the
amount excreted, from which it appears permissible to de-
duce that ell the p-aaiwobensolc acid™la absorbed rapidly
fro*? the intestine - certainly within Q hours.

The fact that practically no foodstuff (eee Table
in Chapter V) has more than minute amounts of p-araino-
benaoic acid, and that normally only minute traces (ap-
proximately 0.1 - 0.2 micrograms; ere excreted in the
urine throws some doubt on whether p-aminobenzole acid
ie a vitamin at all. Farther, the reaction of the human
organism to p-aminobenzolc acid, as shown in experiments
3 - 6, appears to me to be more compatible with p-araino-
benzoic aoid belonging to the group of ™toxic" substance®
rather than to the group of vitamins. Since this view
would be strengthened if it could be shown that the min
ute amounts of p-orainobenzoic acid excreted normally in
the urine ae the conjugated form were not derived from
the diet taken, but were formed by the bacteria iIn the
large intestine and absorbed - thie being feasible since
firstly, the quantity normally excreted is of the order
of bacterial synthesis and, secondly, as already indicated
(p-h8> p-aminobenzoic aeid can be synthesized by S. coli,
for which it is an essential metabolite— theee points
were iInvestigated. Experiment 8 shows that p-aminobenzoic

acid can be absorbed from the large intestine, although the

amount absorbed is much less than from the email intestine.
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and appears to be continued over a longer period. It
r.rust be noted, however, that experiment S actually demon-
strates the absorption of p-uminobenzolc acid from the
rectum and perhaps the pelvic colon, which parts of the
large intestine have probably a much smaller absorbing
power than have the oacendlng, transverse and descending
colons. If p-sminobensoic acid was introduced into the
upper reaches of the large bowel, it would probably be
found that a much larger percentage absorption of p-
cminobensoic acid would be obtained. The bacterial
flora of the large intestine is, of course, very numer-
ous throughout, tBec eayx;-1)DHICESTCHTI. Experiment 8 estab -
lishes, however, that p-aminobenzoic acid can be absorbed
through the large intestine and* therefore, lends support
to the hypothesis that the p-arainobenzoic acid excreted
in the urine is actually forssed by bacterial action in
the large intestine and, when absorbed, is treated by the
body ae a ™toxicX¥ substance, acetylated by the liver and
excreted. Experiment 10 (reported in Chapter V; pro-

s VANNG S
vide© experimental confirmation of this hypothesis.
SXperlment 3. Excretion of p-Amlnoben»oJLc acid after

truestlon of 100 uging, which was taken at 8 a.m. after
emptying the bladder* All the urine passed for follow-
ing 2k hours was collected at h-hourly intervals until
12 midnight, and the final specimen at 8 a.m. the follow-
ing morning. The volume of each specimen was noted and
ite p-aainobenssoic acid content estimated, frop which the

total quantity of p-amlnobenzolc acid excreted was cal-

culated
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3.11.1-0*.

Experiment 2. The p-Arolnobenz>Ic acid content of normal

(

urine.

21*-hour specimen of urine (B.B.) volume 1130 c.c.
concentrated down on a eteara-bath to the consistency of
a thick syrup with eeparsted-out solid matter. The re-
sidue was made acid to a pH of 3 and the p-aminobenzoic
acid extracted with an approximately equal volume of
ether (about 125 c.c.) 5 times. The ether extract is
evaporated to dryness and the p-erainobenzoic acid in the
residue taken up in 10 c.c. of KaHOC3 and filtered.
The pH was then adjusted to 7 and the volume of the fil-
trate made up to 11.3 c.c., thus concentrating the urine
100 times. The content of p-arainobensoic acid was then
determined as 1In the previous experiments.

Free p-amlRobenzolc acid was not detectable in 1 c.c.
of the extract, whereas the smallest volume of extract in
which conjugated p-aminobenzolc acid was found was 0.1 c.c

Since 0.2 micrograms of p-aminobenxoic acid was re-
quired to allow growth of 3. coli under the condition® of
this experiment, it follows that there was less than 0*2
micrOgrams free p-eminobenzoic acid present in 1 c.c. of
extract or in 100 c.c. of urine, 1.e. less than 0.002
micros rams free p-atalnobenzoic acid per c.c. of urine,
and that there was 0.2 micrograms of p-acetylamino-
benzoic acid present in 0.1 c.c. of extract * 10c.c. of

urine, i.e. 0.C2 microgram® of p-acetylatnlnobengoiq acid

per c.c. of urine.
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ILILM™*
irxperlient 8. Absorption of p-amlnobenzolc acid from
the large intcetine.

25 Rig. of p-arainobenzoic acid w&e dissolved in 1U-
c.c. of saline and injected intra-rect&lly with a syringe
am! eneraa tube and retained for 8 hours. Urine speci-
mens collected before, and at 8-hourly intervale after,
the administration of p-atninobenzoic acid and the p-

ami nobenzoic acid excretion estimated as already detailed.

“Eufcject B.B. Subject B.R.
Free 1 Acquﬁﬂgﬂ Free. Aeet.
tUgma.p-aruinobenzoic acid i . o . i
i excreted in urine before  [Hil 1 Hil i Nil jo; N
p-arainobenzoic acid ad- "
ministered. i hi -
<« [ ]
IMgms.p-atainobenzoic acid .
m excreted iIn urine after:-
8 hours t ] 0.86 H 2.30
B ¥ 1 1-33 n 2.98

2u - n | 1.Ul » 3.06
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SUMMARY .

The studies previously reported in the literature have
concerned themselves with the absorption and excretion of
p-atnincbenzoic acid after relatively large doses have been
fed. In view of the possible significance of p-aminobenzoic
acid as a member of the vitamin B complex, the absorption and
excretion of this substance i1n man after feeding minute doses
were studied. When 100 mg. was fed, approximately 25-30"
of the amount excreted was present iIn the "free” form,
whereas when 25 rag. or less were fed, all the p-arainobenzoic
acid excreted was acetylated, indicating that the liver of
the normal human organism is able to"detoxicate” or 'conjugate”
p-aminobenzoic acid up to an amount of 25 mg. The experiments
also indicate that p-arainobenzolc acid is rapidly absorbed -
within 8 hours, although only to the extent of about 50n, and
that the excretion is completed within 16 hours or less.

A curious fTact emerging from these experiments is that
even when such a minute dose as 1 mg. was fed by mouth,
p-arainobenzoic acid appeared in the urine In the first 8-hour
specimen collected. This could be interpreted as indicating
that the subjects tested must have already been saturated with
p-arainobenzoic acid if indeed it is a vitamin at all. It is,
however, claimed that these results indicate rather that the
human organism treats p-aminobenzoic acid as it does other toxic
aniline derivatives, and not as if 1t iIs a vitamin. This view
is strengthened by the finding that p-arainobenzoic acid can be
absorbed from the large intestine, which indicates that the
minute quantity of p-aminobenzoic acid excreted normally in the
urine could be formed by bacterial synthesis in the large in-

testine from which, when it happens to be absorbed, it ia
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Immediately ~detoxicated"* by the liver end excreted.

This hypothesis ie further developed in chapter V.
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CIUPTISH IV.

IS H-AKIHOB&NuCXC ACID A YITMILIIt
DKPIKITION OP m s Tmtn. "YITAMIMZ.

Befoi® we can profitably”%iecu;ajtﬁé claino of =
p-arainobenzoic acid to be a vitamin and, in fact, or.e
of the components of the vitamin E complex, it is es-
sential to define what we mean by the term vitamin®.
Immediately we come upon considerable difficulties.

In the early claye of vitamin research, the implica-
tions of the term “vitamin' were Tairly clear and the
division of foodstuffs into (a, the energy-producing,
tissue-bui l4arik, materials, and (b, the accessory food
factors which were indispensable to growth, maintenance
and reproduction of the human and animal world, was
generally acceptable. The latter group of substances
&55 furtherydefihéa ;; being.goéngndg WhithLé;g e%?gc:
tivein minute amounts, provided no energy to the body,
acted ae organic catalysts, and,the most iImportant point
of all, could not be synthesized in the animal body,

rr, s - =
but had to be provided in the food.
t prki;s caiiéd.fhe nLtrif{anél elgkents,.QB;EH.;ré
required by the animal organism In addition to proteins,
fata, carbohydrates, minerals and water, the ™accessory
food factors”. Punk in 1911 proposed the generic term

"vitamine” for these substances because they were essen-

tial to life and because he believed the anti-beriberi
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factor to be an amine. Finally in 1920, when it wa&
shown that these substances were not amines, Drummond
proposed that the terminal e of ¥itamine* be dropped
and that this group of substance© be referred to by the
generic term "vitamin'. This suggestion was generally
adopted by workers in this field and is still accepted
and In current use, although considerable discussion
has now arisen as to whether this generic term should
be retained or changed to a term which would not indic-
ate any relationship to the chemical or physiological
properties of these compounds, since it is becoming
more end more difficult to separate the vitamins into
a distinct, well-defined group which does not overlap
with other groups.

Eeceat intensive research in this field has revealed
the existence of compound® which have been arbitrarily
added to the list of" known vitamin®©, but which do not
fulfil in some respect or other what is generally accep-
ted as characteristic of this elaes of substances. As
an example may be quoted such substances as choline and
related compounds which supply the essential transferable
methyl group, behove very similarly end have similar func-
tions to the vitamins, but which can be synthesized in
the animal body. It has also now been demonstrated that
known and accepted vitamins can be synthesized iIn the ani-
mal body. Thus, parte of the vitamin B complex and vita-
min K can be synthesized by intestinal bacteria, and even

vitamin C can be synthesized by rate, which do not develop
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scurvy on an ascorbic acid-deficient diet. IT then cfao-
line ie excluded from the group of vitamins, why should
some members of the vitamin B complex, vitamin X and vita-
min C be retained? Other compounds have also been arbit-
rarily excluded from the group of vitamins although they
conform to the general definition given above. Buch com-
pounds are'fhe es;ential amino acids and essential unsat-
urated fatty acids, which are constituents of enzyme sy-
stems involved in the metabolism of energy-bearing foods.
These have apparently been excluded since our earlier
knowledge of these substances showed them to be energy-
producing and structure-building substances, in which re™*
epecte they obviously differed from vitamins* txstxjgxxxjtizear™
KkeﬂimgﬂkxtgamftwOmoxm e&cﬁm&)XAxxx Hosenberg

fr.

(19h2,pp-5-6) proposed a new name for such substances -
FANt @je | »e W - | r t i i f}

*which he deflned as a broad group to include
compounds which have a similarity to vitamins, but which
differ in one or more important functional aspects from
them. The term "vitagen' emphasises that the compounds
of this class are concerned with the production and main
tenance of life. m Bosenberg recommends that this terrain®-
£ -l | RS VT < ,r i
logy be adopted until the time when more precise informa-
tion is available concerning the physiological action of
these compounds and the vitamins. It appears to me that,
beyond acknowledging the fact that the group of "vitamins”
w0 2 * "crel VI fr4y ; >r % r * &
ie not capable of accurate definition, thle terra has no

real value. In fact, it appears more suitable to transfer

most of the accepted "vitamins' from their own group and
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place them in the group of “vitagens™.

Let us now examine same of the suggested recent de-
finitione of the term ’vitamin*. It should be noted in
passing that most textbooks and treatises dealing with
vitamins,content themselves with a brief historical in-
troduction and discreetly evade any attempt at a defini-
tion. I would humbly suggest that no conference of ex-
perts and workers in this field of nutrition could reach
unanimity on this question at all, and it is probable that
the use of the term *“vitamin” will sooner or later have to
be abandoned and the various membera systematised accord
ing td.;hgir Ehémic;I structures and their physiological
effects. dome of them, for example, belong more proper-
ly among intracellular enzyme systems and, when these are
classified and grouped among such compounds, the blurred
distinctions between vitamins, essential amino-acids,
fatty acids and choline would be removed.

Stepp, F.uhnau and ichreeder (1933;, in their intro-
duction, refer to vitamins as components in very email
quantities of the plant body sharing in the regulation of
the processes of the plant. They can, therefore, also
be considered as hormones of the plant world. After they
have been taken up by the animal body in the food, they
carry out important tasks, partly iIn regard to vital pheno-
mena iIn the cell itself, and partly in regulating remote
processes. Prom the standpoint of quantity, they can
hardly be considered as energy producers. In general,

since the animal 1is not able to synthesize them, it is
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obliged to ingest the vitamins in its diet - directly in
vegetable food and indirectly in animal nutriments - ei-
ther already synthesized or a®© provitamins (from which
the specific substance or vitamin is produced, by radiant
energy or by catalytic co-operation of other diet factors).
The vitamins must be grouped among the primitive substan-
ces of all organic life, since they are found in the lowest
") . * ym """ vy " . z *
form© of life (bacteria, algae end fungi). They play s
decisive role in the animal world, even among the organ-
isms possessing neither hormonal glands nor hormones. In
higher animals, where internal secretion Ffirst appears
as a physiological arrangement, there are at once close
reciprocations established with the vitamins.

-Rosenberg (19U2,pp-3-7) defines vitamins as organic
compounds which are required for the normal growth and
maintenance of life of animals, including man, which as
a rule are unable to synthesize these compounds by ana-
bolic processes that are independent of environment other
than eir, and which compounds ax”™ effective in small
amounts, do not furnish energy and are not utilised as
building unite for the structure of the organism, but are
essential for the transCrraation of energy and for the re-
gulation of the metabolism of structural unite. Rosenberg
classifies as hormones those compounds which are produced
anabolically, but which otherwise conform to his defini-
tion of vitamins. He claims that the above definition
clearly differentiates this group of nutrients from all

other food constituents. He dismisses the fact that
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the apparent Independence of cattle for certain members
of the vitamin B complex and for vitamin K (which is due
to bacterial synthesis of these vitamins in the rumen.*
requires that these members of the vitamin B complex and
vitamin K should be excluded froia the group of vitamins
by definition, arguing that bacterial synthesis in the
gut 1is not an anabolic process. The fact that one of
the vitamins X can be produced in the Skin by an anabolic
process is also glossed over since this anabolic process
is not iIndependent of the environment byt requires energy
from the outside - namely ultraviolet light. Further,
ae long as at least one animal species Is known to be
unable to synthesise a particular compound, that compound,
according to loeenberg, should be considered a vitamin
provided it conforms with the definition for vitamine in
other particulars. Boeenberg, however, admits that the
definition of vitamins, as given above, can and has been
disputed. The most severe criticism according to him
has arisen from the fact that the ingested essential nut-
rients exert no vitamin activity as such, but are active
only after chemical traneformation into other compounds.
According to these views, the ingested compounds ehould
be called “provitamins** unless it iIs established that
they do not undergo transformation in the body. On this
basis, compounds like nicotinamide and riboflavin which
are constituents of a number of different enzymes would
require that a multitude of different vitamins has to be

recognised. Since Bosenberg holds that the term
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"vitamins** Is required for the science of nutrition which
need® earn name for this group,a*xwitarains* he proposes
the term Tvltazyme* for ensues which contain vitamins.
Js has already been mentioned, another term ,vitagenaw
also becomes necessary, according to Rosenberg, to des-
cribe compounds which act ae suppliers of energy or as
structural building units, but fulfil oil the other quali-
fications of the vitamins. It seems to me that it would
be more logical to dispense with the term ™vitamins” alto-
gether i1n scientific works describing or evaluating the
significance of new compounds iIn nutrition and metabolism,
Bince the rapid, increase of knowledge in this field has
led to insuperable difficulties iIn deciding what criteria
a compound must satisfy to qualify as a vitamin.

To sub-divide the constituents of s diet by their
chemical structure, discussing for each, thereafter, whe-
ther it provides energy, whether it is required for devel-
opment and growth of body cells and tissues, whether it
is incorporated into enzyme systems and so forth, would be
more logical.

One cannot help feeling, when studying Rosenberg’e
elaborate definition, that he has fTirst decided which
substances should be included in the definition, these
being the substances already called vitamins, and then
has been st great pains to mould his definition so that
it would include all of theta, even though this has meant

introducing such fine hair-splitting distinctions es to
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make one wonder why all this should he necessary at all.
living >ade Ms definition, Bosenberg finds that he must
exclude certain confounds which othey}sﬁould be included
on the general ground® of what one understands by a vita-
min, and hastens to introduce new terras, vitagens and
vitaayraes. further »nag® also come easily to mind.

Some of these are discussed below, namely what distinc-
tions, 1i1f any, must we draw between vitamins and the.
=essential metabolites” and growth factors™ of bacteria,
other than the fact that vitamins refer to animals and
the latter two to lower forms of life, in fact to vege-
table life?

although the term "vitamin" has become incapable of
exact definition and, moreover, haa lost most of its sig-
nificance with the development of our knowledge of cellu-
lar physiology, it still has considerable value in popu-
lar discussion. The terra "vitamin®™ should therefore be
retained in such descriptions since it still serves some
purpose, and since the impossibility of exact definition
is not here of great iImportance.

Other illustrations of the difficulties into which
bur retention of the term "vitamin™ has led us can be
found in remarks made by various writers and reviewers
on the significance of this term. Gydrgy (13h2, defined
vitiuuine as food constituent® of organic origin, minute
quantities of which have specific biological effects and
leek of which in the food produces pathological distur-

bances, occasionally only under special conditions. lie
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remarked then that in the light of recent research, two
objections can easily be raised to this definition:

(a- Should choline, because it is used not in ™minute
quantities” but in relatively high doses, be excluded

from the group of water-soluble vitamins and should it,
711X 1 *. &% * « n " o

in consequence, be called only a ™dietary essential”?

IT the answer is in the affirmative, why should ascorbic
acid, pantothenic acid and nicotinic acid, all of which
are also administered in rather large doses, be called
vitamins, and what is the objective reaoon for the erec-
tion of such an artificial barrier? gnd if choline
should be considered a vitamin - a view with which Gydrgy
agrees although choline can be an&bolised in the animal
body - why, then, should methionine, which supplies
methyl-groups to choline and which, therefore, has choline-
like properties, be excluded from the group of vitamins?
In further consequence there would then be raised the prob-
lem of classifying essential amino-acifiu as close rela-
tives of vitamins. (b) In the light of recent studies,
it iIs unnecessary to make the classification of a vita-
min depend on its character as a food constituent. Some
vitamins, each as various members of ti.e vitamin £ com-
plex, can be synthesized in the rumen of certain animals
by bacteria. Moreover, it appears very probable that
biotin, at least in mammals, is supplied mainly by the
activity of the iIntestinal bacteria. The same process
might apply to :folfc aci%”. The presgnce of these

|
factors iIn the i1ngested food would not necessarily then
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be a prerequisite for adequate nutrition.

willlame (19k3) believed that it was not possible to
delimit the meaning of the terra “vitamin®™® without taking
into consideration the historical fact that at one time
the nutritional requirements of animals *ere thought to
be satisfied by minerals, carbohydrates, lipides and
proteins alone. At the same time certain "building
stones* entering Into the make-up of fats and proteins
(e.g. fTatty acids and amino acids! were known to-be ut-
ilised by the animal body in the synthesis of these ma-
jor tissue constituents. Vitamins, hiriobically, were
something new and different. There has been a resis-
tance to the claEBificatior. of nutritionally iraportsnt
fatty acids (linoleic, linolenie acids/ as vitamins
{vitamin Fj because they ere too closely related to fats
which had long been recognised as important food constit-
uents. For the same reason, there 1i1e resistance to In-
cluding new aaaino-aeide or choline iIn the vitamin group.
Their relationship to food constituents reeognie?ed long
ago is too close. Cn the other hand, there has never
bean any resistance towards the inclusion of nicotinic
acid among the vitamins. While i1t has been known as a
compound, and even as an occasional constituent of tis-
sues Tor several decades, It constitutes something new,
historically, on the nutritional scene. Inositol and
p-arainobenzoic acid, according to ft'llliaise, belong with

nicotinic acid among the vitamins because they, 100, are
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not directly related to the classical groups of foodstuffs.

tK7I»?10NSIFIP OP "gSSTKTIA?, MaTABQLITTZ9* AMV "GKCATH PACTCRB"
TG "VITaMINS~.~

It is necessary to examine the relationship of the terms
"essential metabolite* and ‘“growth factor* to that of 'vita -
min~, since p-aminobenzoic acid first came into prominence
as an "essential metabolite'. Fildes {19h0; introduced the
terms “essential metabolite” and 'growth factors™ and Mo
views on the method of growth and multiplication of bacteria
have already been described, (p-1I,. He considered that what
applied to bacteria* applied also to all cells. Briefly,
Fildes defined an "essential metabolite” as a substance or
chemical group which took an essential part in a chain of
syntheses necessary for bacterial growth. A "growth fac-
tor” is an essential metabolite which the cell cannot syn-
thesize and which must, therefore, be supplied iIn the nut-
rients. The literature identifying p-aminobenzoie acid as
an "essential metabolite” and In some organism© as a '"growth
factor” has already been reviewed. Fundamentally, the
terms “growth factor®"” which is applied to bacterial nutri-
tion and "vitamin” which Is applied to animal nutrition
appear, therefore, to be analogous. On Rosenberg’s de-
finition, the terms "essential metabolite™ and "vitagen"
are also analogous, so that it may be possible in the ani-
mal world as in bacteria that the seme subBtance may 1in

some cases be a vitamin, and In others a vitagen.



EVIDENCE FOE THE VITAMIN CHARACTER OF Fag* 9h.
P-AM™" INOBSNzblc ACID.

Ansbacher (19Ul1) was the first to claim that p-amino-
bensoic acid was a vitamin and a member of the vitamin B
complex, which he definedfégsazgh%rné%ﬁﬁzl constituent of
yeast, liver and/or cereals; (b) water-soluble; (cj a
growth-promoting substance for bacteria, yeasts, fungi,
and/or moulds; (d3 a co-enzyrne or activator of enzymatic
processes; (e) physiologically effective in minute amounts
() a substance which causes a deficiency disease when
lacking in the diet. He reported experiments showing
that p-Ominobenzoic acid was a chromotrichia factor for
the rat and a growth-promoting factor for the chick.

He fed black and piebald rats on a basal diet coneieting
of cerelose, casein, salts, agar, soybean oil, crisco and
cod liver oil, to which was added thiamine hydrochloride,
riboflavin and pyridoxine hydrochloride, calcium panto-
thenate, nicotinic acid, i1nositol and choline chloride.
On thin diet, the fur of the animals showed definite
graying, and when this had become apparent, ﬂiEwaxthgwwﬂw
animals received a second daily supplement containing p-
aminobenzoic acid. A bluish dlredbr&tion of the skin,

a typical first sign of growth of normally pigmented hair,
was seen in from two to three weeks and black hair appear-
.ed within a month. The_,control,anfmals continued, to Ehow
typical achromotrichia. Chicks reared on a heated vita-
min-2; deficient diet, previously described by Ansbacher,

were found to show only a email gain in weight and to die

within about a month, even when ample amounts of calcium

pantothenate and of the vitamin K-active 2-methyl-1,
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I*-naphthoquinene were fed, but when p-aminobenzoie acid was
added to the ration, better growth resulted end the survival
times were longer.

In the following sections, Ansbacher’s claim is reviewed,
and it is concluded on the basis of available evidence that p~
amincbenzcic acid’s place among the vitamins appears to rest
on very insecure foundations.

p- Aainobensoic Acid and /chrcraptrichia.

The relation of the vitamin B complex to graying of the
hair In experimental animals goes back several years. Among
the earliest reports in this field wae one by Morgan, Ceok and
Bavldeon (1953;, indicating that experimental achromotriehia
was due to a deficiency iIn a factor or group of factors belong-
ing to the vitamin E complex. Although several factors have
since been incriminated, it is iIntended here to review only
those reports on the relationship of p-a&lnobenzoic acid to
oehroasotrlehia. Following Anebacher*s announcement ((191*1,,
Martin and Ansb&cher (19hl, studied the effect of p-aminobenzoic
acid on the graying of the fur of mice produced by bydroquinone.
Most of the animals showed achromotriehia within 4-2G weeks
which could be cured either by feeding a rice polish concen-
tratq_@sha qgily supplement or p-aminobenzoic acid (0.75 @g.
dailyt* After about a week of the p-aminobenzoic acid treat-
ment, some of the animals showed definite signs of blackening
of the fur, and at the end of two weeks pjl the m@ce were cured.
In fact, their fur appeared to be more deeply pigmented than
that of the control animals on the stock diet without the addi-

tion of hydroquinone. The authors concluded that the
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achroaotrichia produced by hybroquinone poisoning was due
to a vitwain deficiency and that p-aminobensolc acid was
the chromalrichl!a factor. In the same year Martin, tis-
aneky and *nsbacher (2.941; reported a study on the Influence
of p-aminobeuaoic acid and other substances on reactions
yielding melanin, namely in tyrosine-tyrosinase, dope-tyrosin-
ase and catechol-tyrosinase systems, using potato tyrosin-
ase as catalyst. The data were iInterpreted as showing
conclusively that under identical experimental conditions,
calcium pantothenate has no influence and that p-ailaino-
bensoic acid and, iInterestingly enough, sulph&nilomide
*ere effective in modifying melanin formation. Thus when
p-aminobenzoic acid was added, the intermediate red stage
seen with tyrosine-tyrosinase systems did not develop and
the black melanin precipitate was not formed, but instead
a brownish reaction mixture was pro<3uced. In view of
this, the authors considered that p-aminobenzoic acid
modified in the animal organism the type of melanin pro-
duced from the oxidation of dloxyphenylal&nine (or dapa
by dope oxidase, an enzyme which la present in the skin,
but the nature of which has not been clearly defined.

Using the Marburg apparatus, ftlsansky, martin and Aneba-
cher(19hl/ also determined the effect of p-aminobeuzoic
acid on the kinetics of tyrosinase action, and found that
it retarded the aerobic oxidation of tyrosine and dopa.

How these findings can be correlated with the chromotrlehia
effect of p-eminobenzoic acid, however, was not discussed.

It appears to me that these experiments contradict the
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finding that p-aminobenzoic acid is ft chromotriehls factor,
since they aeem to indicate an interference and not an
assistance with melanin synthesis. Since aniline has the
same effect, this action of p-aminobenzoic acid is probab-
ly a toxic one. The similar effect of sulphanilaraide Is,
however, of interest as providing® an example of an enzyme
system which both p-&ralnobenzoic acid and milphanilaraide
appear to attack at the same point although iIn this case
theilr actions are not antagonistic.

The above conclusions are still further confused by
a report of Emerson vi3hlie >c the appearance of Anaba-
cher’e paper, a considerable number of characteristically
grayed rats were available to Emerson for experimentation.
They had been raised on a somewhat different ration from
that employed by Anabatcher, for they received a vitamin B
deficient diet supplemented only with thiarine hydrochlor-
ide, riboflavin and pyridoxin hydrochloride, instead of
thiamine hydrochloride, riboflavin, pyridoxin hydrochlor-
ide, calcium pantothenate, nicotinic acid, inositol and
choline chloride. After 2b to 3% days, a marked darkening
of the fur was noted in the group supplemented with cal-
cium pantothenate alone and with calcium pantothenate plus
p-aminobenaoic acid. The animals receiving p-aminobenaoic
acid alone were not altered in appearance and were indis-
tinguishable from the controls. There was, however, an
evident stimulus to growth ae well as cure of the graying
in the animals supplemented with the calcium pantothenate

along or the pantothenate and p-aminobenzoic acid. The
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p-tvminobenzolc acid alone, which had no influence on the
greying, also evoked no growth response. In spite of
these negative curative effects, Smeraon further investi-
gated the possibility that graying could be produced with
the exact nsbacher diet regardless of the fact that it
was supplemented with 500 micrograms of c&lciuta pantothen-
ate daily and that such graying could be prevented or
cured with p-aminobenzoic acid, but after more than two
months on nsbé&cher’s diet, no evidence of graying had
appeared in any of these control animals. Renee p-amino
benzoic acid, which it was planned to give when graying
developed, was not even necessary.

Unna, Richards and eorpson (1971} found that young
black rats maintained on a highly purified diet free
fro*.; vitamin B complex, but supplemented with thiamine,
riboflaviue, nicotinic acid, pyrldoxine and choline regu
larly developed conspicuous graying of the fur within 5
to 7 weeks. a daily supplement of 100 micrograum of cal-
cium pantothenate, representing approximately the optimum
daily amount for growth, prevented the occurrence of gray
hair and restored within h - o weeks the black pigmenta-
tion of the fur iIn rata which had been rendered gray on
the deficient diet. Presently some scattered gray hairs
persisted in spite of an ample supplement of pantothenic
acid. These results agreed with findings of other Inves-
tigators, but i1t must be mentioned that not all workers
agree on the relationship of pantothenic acid to achromo-

tiichia although i1t appears to be one of the required
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factors. Other B-complex factors such as biotin and

possibly choline, other dietary deficiencies, notably
iron, copper and manganese, and perhaps hormonal fac-
tors, in particular the sex homonee, have been suggested
as playing some part in the development of rat achrotao-
triehia. A disturbed relationship between the B-vitu-
mins and the sex hormones, for example, hue even been
suggested us a cause of faulty pigmentation, but the re-
levant literature cannot be reviewed here.

Unnu, Pichards and Sampson {19U1 e also administered
p-atainobcnzolc acid iIn relatively large doses of 3 mg.
daily to rats either from the beginning of their dietary
regimen or after they had been rendered grey. 3 mg. of
p-aralnobenxoic acid to a rat must be considered a very
large close, beyond the maximum physiological Ortilieation
since, &b has already been pointed out (fxpariment 6/,

1 1%. doses to man result In its rapid excretion in the
urine. It 1b, therefore, reasonable to assume that

such a dose would be adequate to produce pigmentatiof/f,
Indeed, p-arainobenzoic acid had such a physiological pro-
perty, but Unna and his co-workers report that no such
effect was observed in either group of experimental ani-

. Tally administration of 3 rag. of p-arainobenzoic
i A? W. A\ Hrox PN -

mals.
1V
acid over periods extending to 6 weeks were also unsuccess-
ful in influencing the scattered gray hairs which frequent-
ly persist following the addition of pantothenic acid as
described above. These authors also fa,led to obtain
graying of the fur in rate receiving adequate amounts of

pantothenic acid end hence were unable to confirm Ansbt-cher’E
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(?hl) work. Henderson, Mclntyre, “falsman and Klvehjera
(I$U2J were also unable to confirm ."nchacher’s report,
finding that p-arainobensolc acid waa not effective 1in re-
lieving the graying of hair noted in rots fed low levels,
0-hO tsiorograms, of pantothenic acid. "On higher level®
of pantothenic acid, graying did not develop.

Martin (19h?a), attempting to bring these various
conflicting observations into harmony, repeated the work
of the above investigators and developed an interesting
thesis. He confirmed the results of Inna et al. and of
Emerson that the six basic factors, thiamine, riboflavino,
nicotinic acid, pyridoxin®©, choline and calcium pantothen-
ate, were adequate for. seemingly normal nutrition. They
were, however, not adequate i1f either p-uminobenzoic acid
or inositol was added to the diet. R

Ambacher (19UU and -smrtin. and ~nsbecher (191*1) had
inositol in their boric supplements and thus noted p-ailaino-
benzoic acid deficiency. neither Uona et al nor iteereon
included inositol in their basic diet. kartin therefore
suggested that the possible explanation lay in a stimula-
tion and/or inhibition of bacterial growth in the intestin-
al tract and hence the bacterial synthesis of vitamin fac-
tors, known or unknown in nature. Loth inositol and p-
nr.iinobenzoic acid have been demonstrated to be growth fac-
tors for certain bacteria Further, the synthesis of
certain factor®, particularly biotin and inositol, by or-
ganisms present in the intestinal tract has been reported.

That stimulation of the growth of micro-organisms by one
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member of the vitamin B complex cé&uees those micro-organ-
isms to synthesize an increased quantity of another member
of the B complex is certain. Martin’s thesis then ie
that inositol stimulates the growth of organisms which
utilise Sad destroy some member of the vitamin B complex,
known or unknown, and precipitates a deficiency of that
factor. p-Aminobenzoic acid either through stimulation
or inhibition of bacterial growth (which it is capable of
doing iIn large amounts, precipitates an i1nositol defici-
ency. Inositol may stimulate the growth of organisms
which destroy pantothenic acid, whereas the addition of
p-aminobenzoic acid may inhibit the growth of these or-
ganisms. Martin reports that i"roteus vulgaris 1ie absent
from the gestro-intestinal tracts of rate fed excessive
amounts of p-aminobenzoic acid daily, and that there is
a tendency for the lactic-acid-forming organisms to over-
grow. Vhe seeming inhibition of Proteus organisms may,
therefore, be actually due to overgrowth on the part of
the acid-forming organisms. In a further communication,
Martin (19h2bj suggested that the problem of nutritbnal
achromotricfaia assumed & lees controversial aspect with
the knowledge of the role of folic acid, the powerful
growth-stimulating effect of which on rate, TfTirst shown
Qy Kieleen end %ngpjgm (1?y2,1hM§rtin confjrmgq- ) ]n
addition, he showed that "folic acid"” is also a chromo-
trichial factor for ratO. Physiclens have often noted
that greying of the heir occurred following a protracted

illness associated with gastro-Inteetinel disease, and
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iiurtin deduced froa this observation, evidence of the Im-
portance OF the bacterial flora OF the intestine in
achrorsotnchia. Aa 1t iIs impossible to produce a “folic
acid™ deficiency in the rat without the use of aulphona-
itiides to reduce the intestinal synthesis of this factor,
Wartln suggests that this type of wohroaiotriohie would
only be produced without aulphoneur-idea if vitamin balance
were altered in a manner to affect the composition of the
intestinal flora, thus altering the synthesis of “folic
acid”, and explains 1in this paper the%discordant results
reported on the role of p-fiiHinotensoic acid in achromo-
triehia by concluding that p-atalpobgaaolc acid plays a
role An nutritional aehroaaotrilchla only in so far as it
alters_the inteatinal flora and by &0 doing alters the
Intestinal aynthcglu of “folic acid% Briggs, Lucky,
gills, Ivehjew and Sart (13U3> later showed experimen-
tally in chicks that p-aminobenzoic acid can stimulate
“folic acid production by, ana growth of, the micro-or-
ganisms found i1n the intestine of chicks.

There is some disagreement as to the value of panto-
thenic acid in the treatment of human gray hair, but the
majority of workers appear to favour the view that its
value as a human anti-gray hair factor is not adequately
proved- A similar conclusion appears to be Justified ue
far as p-eminobenzoic acid Is concerned. Sieve (13hl,
was the first to announce that p-aaainobenzoic acid caused
a marked darkening of the hair of man. fifty patients

varying in afe fro® 21 - 33 years, with definite achrcmo-
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trichia were picked at random. In 3 cases p—aminobenzoic
acid was the sole therapy, and in 20 cases, endocrine pro-
ducts in conjunction with the acid were administered. Af-
ter about two months of treatment, a marked darkening of
the hair was noted in all cases. The recently grown
shafts appeared to be normally pigmented. Sieve con-
sidered that a dose of 100 mg. of p-aminobenzoic acid
twice daily was ample to give results. In a second re-
port, Sieve (19h2; described the results of treatment of
800 patients of both sexes, varying from 16 - 7k years of
age with p-arainobensoic acid. He noted that after 3 to
8 weeks of treatment the gray hair was characterised by
e yellowish cast which gave a dirty appearance to the
hair, and in those cases in which this yellow hue was
noted, a dark dusty gray colour was observed which gave
the hair generally a darker sheen. After this there
was a gradual 1increase iIn the darkening, which varied
considerably in time, apparently depending upon the gen
eral physiological condition of the patient. Sieve
drew attention to the fact that the clinical picture
of achromotrichia is often complicated by a concurrent
endocrine disturbance, but found that in such cases too
p-aminobenzoic acid had a beneficial effect. Normal
pigmentation of parts, such as the nipples and mucous
membranes of the mouth, vagina and anus were observed
during treatment with p-aminobenzoic acid for aehromo-
trichia. Particularly in young girls Just beyond pu-

berty, there was noted s definite darkening of the
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aerolae mammae, labia and vaginal mucous membranes.
p-Aminobenzoic acid was also tried in oases of alopecia
areata and vitiligo. In these cases a definite return
of colour occurred iIn dapigraented areas of the skin and
white hair growing in areas of pigmentation took on a
dirty yellow colour. The doses of p-arsinobenaolc acid
given were 100 mg. three times daily for 5 to 20 weeks.

Similar effects were noted by Banay (19h2,. Some
20 insates of a penal institution received p-aminobensoic
acid in the form of a 100 tag. tablet three times daily
for periods varying from 6 to 8 months m the sole therapy
and without any change in the dally routine and dietary
regimen. A progressive gradual darkening of the hair
occurred, starting at the back of the head from the vertex
down to the occipital region, and returning in geometric
designs or islands instead of following a general distribu-
tion.

Slier and Blass (19h3/ administered p-arolnobenaoic
acid to 83 person® of different ages and sexes in various
stages of achromotrichia. The patient® were given 10Cmg.
tablets 3 or h times daily over 3 to 5 months with no ante-
ward effects. There were only a small number (2> who
showed definite changes in the colour of their hair, and
in no patient iIn the entire group of 83 patients was
there a complete change from white or gray to the normal,
original colour of the patient’s hair. Since the increase
in pigmentation of the hair occurred in so few cases in
the treated £roup, the authors are not certain that the

p-arainubenzoic acid was the causative factor, in the
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darkening of the hair, and era of the opinion that the
use of p-arainobenzoic acid for schromotrichia needs
further investigation and corroboration before being ex-
pounded to the public as a Meure” for gray hair.

A possible explanation of the discrepancies in the
results of previous iInvestigators is given by Brandaleone,
Main and Steele (19h3 in a critical evaluation of the
criteria employed for deciding whether pigmentation of
the hair was produced by either calcium pantothenate or
p-aminobenzoic acid. These workers administered vita-
min preparations for eight months to a group of elderly
men and women with white or graying hair who were con-
fined to hospital with chronic diseases such as rheuma-
toid erthritis, general ertericsclerosie and parkinsonism.

the group of 19 patients, 7 received I1CO mg. of calcium
pantothenate, 20C mg. of“sminobenzolc acid and 50 g. of
brewer*® yeast daily; 5 received the yeast and p-amino-
bensoic acid, and 7 the yeast and calcium pantothenate.
Three methods for juc&ng change in hair colour were used:
(1) photographs were taken before, during and at the end
of medication, (2/ samples of hair were clipped from a
given ares at the time the pictures were made and (3; all
patients were seen by the same two observers at least
twice a month and notes taken of any change observed.
Photographs were found to be useless; slight changes in
distance or lighting made considerable difference in the
apparent colour of the hair. The subjective opinions were

claimed to be more accurate than photographs and less
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discouraging than hair samples* Several changes were
noted in the hair of the treated subjects. The most

common was the appearance of a yellow or greenish cast

to the gray hair. Growth of scattered wiry black hair
also became apparent. In several patients there was
thought to be greater lustre without change i1n colour.

In only 2 patients, however, was there unequivocal change
in colour. Both were men with brown hair and the change
tended towards a return to the original colour. This
charge became apparent after both calcium pantothenate

and p-arainobenzoie acid had been administered daily for

a period of 2 to 3 months, and increased slowly in inten-
sity until the experiment was terminated. In a group of

6 younger individuals who received the above dosage for 6
months, 2 who received the p-a&inobenzoic acid and calcium
pantothenate only, and 6 who received 20 mg. calcium panto-
thenate and 3»5 g* of concentrated yeast daily, Brandaleone,
Main and Steele (191*h/ found that not one showed any de-
crease at all in the gray colour of their hair.

The conclusion appears justified that no adequate
evidence of the value of p-aminobenzoic acid as an aehro.io-
trichia factor in both animals and man is yet available.
These studies cannot, therefore, be quoted in support of
the inclusion of p-aminobenzoic acid among the vitamins.

The rapidity of excretion of p-aminobenzoic acid when lrorag.
is taken by mouth (Experiment 3, pp.75-76pf this thesis)
suggests that the human organism deals with this substance

Be if it were a foreign toxic substance, rather than a
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vitamin. Further, it should be noted that the doses used
in these experimenta are relatively high for a physiolog-
ical action “Emerson, 1941,, and that only about 6 rag. of
p-amin_benzoie acid i* present in 10Q g. of brewer*a
yeast, which is about its richest source. Martin’s work -
that p-aaiinobenaoic acid acta only indirectly on the ani-
mal organism through its intestinal flora, eo that even
although p-ominobenxoic acid cures achroaot richia 1t may
not be an sehrosotrichia vitamin but merely etimulate
bacteria to produce it - must also be borne in mind. He
considers that in rats this vitamin, produced by p-amino-
benzoic acid, 1i1s “folic acid”. This subject is further
considered in Chapter V.

Finally, 1t is worth recording that an editorial in
the Hew England Journal of hedicine (1945/ deplores the
tendency i1n America for clinical exploitation of the re-
sults of laboratory Investigations before those findings
have been adequately substantiated, and quotes the widely
publicised use of p-aminobenzolc acid for the restoration
of the original dark colour of graying hair In raan as an
outstanding example. The position is summed up in the
statement that in animals aefaromotrichia®™ is probably a
multiple deficiency of p-aminobenzoic acid, pantothenic
acid and inositol, and that -the complete and rapid eli-
mination of the p-uminobenzole acid without practically
any storage, as shown by various investigators, has not
been taken adequately into account by some of those who

advocate 1its use.



Pa™e IvS

p-Arolnobenzoie actd and_ChiekJButrition.

Anobacher (1941/ reported that p-arainobenzoic acid
was a growth factor for the chick and prolonged their
survival times on a heated grain mixture supplemented
with the fnt-soluble vitamins A, D and K, the basic B-
vitamins and inositol. It is to be noted that this diet
war deficient in biotin, folic acid and other, a® yet un-
identified, factors as well. £ Waimaan, Skills and Ilvehjem
91+2)/. /nsfcacher (13Ul&) further reported that the
addition of p-aminobenaoie acid to a heated diet low in
vitamin K, advanced the time of occurrence of the haemorr-
hagic diathesis typical of the hypoprothrombinaetBia of the
baby chick. Briggs, Luckey, Mill®, Elvehjem and Kart(19)43,,
Confirmed the fact that p-orainobenzoic acid produced growth
responses iIn chicks receiving purified rations low in the
unknown vitamins but complete in all other respects, but
found that very high level® 5-13 rag. of p-aminobenzoie
acid per I0C g. of diet were required. In addition,
these workers found that solubilised liver had similar and,
in fact, greater growth-promoting effects. fince the con-
tent of p-arainobenzolc acid in liver is only about 0.23 rag.
per 100 g. ( Mitchell, Isbell and Thompson, 1943)» Briggs
and hie co-workers considered that p-aminobenzoic acid
produced its effects indirectly by synthesizing necessary
unknown factors, and that the moat logical uenner of such
production is through intestinal synthesis. This possi-
bility was tested out in vitro by inoculating Mitchell and

— . medium Ffor the determination of "folic acid".
&M11 9 e
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plus added amounts of p-aminobenzoic acid, with a mixed
culture of organisms obtained from the duodenum of chicks.
No attempt was, however, made to determine the various
kinds of organisms contained in the mixed cultures. A
medium for the determination of "folic acid” was chosen
for this purpose because the properties and occurrence
of "folic acid” are quite similar to the properties of
the unknown factor or factors. The results showed that
as the amount of p-aminobenzoio acid was raised, bacter-
ial growth increased. This cannot be considered surpris-
ing since it is known that p-aminobenzoic acid is a growth
factor for various micro-organisms. What 1is of greater
significance is that as the growth increased, the synthe-
sis of "folic acid increased approximately 5-fold. It
is conceivable that other unknown factors may also be
produced. Thus, when p-arainobenzoic acid is fed to
chicks on diets low in such factors, one can again con-
clude that i1t also causes the production by intestinal
synthesis of "folic acid” and perhaps other unknown fac-
tors, and that these factors and not p-atninobenzolc acid
are the essential, specific growth-promoting factors for

the chick.

p-Amlnobenzolc acid, Fertility and Lactat ion.
A N | " - LI o) ?TFAF
Sure {19hla,19hlb; reported that there was complete
failure of lactation in albino rats fed on a diet in which

the vitamin B complex was supplied by pure thiamine, ribo-
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flavin, pyridoxins, choline chloride, calcium pantothenate,
nicotinic acid and a nWVm factor from liver extracts. Ap-
parently, therefore, Some dietary factor was aiming that
was essential for lactation. The missing factor, called
Bx, was found in rice polishings,defat ted wheat embryo,
dried grass and brewer"s yeast, but was most abundant in
liver and rice bran extracts, and when added to the diet
resulted iIn an increase iIn the lactation efficiency from
5# to 67h, and a decrease in the percentage of stillbirths.
Sure claimed that p-sminobenzoic acid was a component of
the factor Bx although liver, which is one of the richest
sources of Px, has a very low p-arainobenzoic acid content,
and despite the fact that, in his earlier experiments, he
obtained negative results when supplementing the diet with
daily doses of 15 mg. of p-amlnobenzoie acid. The rela-
tively high dose 1is noteworthy. His earlier work also
suggested that i1nositol may be a component, since It was
effective iIn producing a lactation response. However,
when the factor was removed and only known components
of the vitaialn B complex fed, the same dose of p-amino-
benzoic acid appeared to have beneficial results, but when
p~aminobenzolc acid + inositol were added the lactation
efficiency increased, although Inositol on its own appeared
to effect no Improvement. In a later report (5ure,19h3>
the same author reported that inositol had actually a pro-
nounced injurious influence on lactation of the albino rat,
which 1is counteracted by p-arainobenzoic acid, end that p-

aroinobenzoie acid itself had a markedly fTavourable in-
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Tfluenee. p-Aminobenzoic acid was fed in 3 rag. daily
doses per animal for K weeks, then in 7.5 mg.daily doses
during breeding and 15 rag* daily doeee during pregnancy
and lactation. The author remarks that on Martin®s
theory the iInjurfoua effect of i1nositol may be due to its
stimulation of the growth of raicro-orgunisras which util-
ise and destroy another member of the vitamin B complex,
or that it may interfere with the synthesis of biotin,
folic acid or some other unknown member of the B complex.
The response elicited by p-aminabenzoic acid could then
be interpreted as supplying a factor essential for syn-
thesis of such substances as biotin and folic acid.
These have, however, to date not been shown to influence
lactation. However, the evidence advanced by Sure of a
lectation-inefficiency due to the absence of p-amlno-
benzole acid in the diet cannot be considered conclusive
and thus here again the status of p-amlnobenaolc »cld «s
a vitamin hag not been established® It must also be re-
corded that ClImenko and ucuheeney (1942/ were unable to
confirm all of Sure"s results. They observed that 15mg.
of p-aminobenzolc acid per rat per day delayed initiation
of lactation; on the other hand, it did alightly decrease
the mortality ratee of newly-born rata.

Sieve (1942/ also made a study of the effect of p-
amlnobenzoic acid iIn sterility iIn women. A group of
22 women who had been sterile for & minimum of 5 years
were chosen. Their cases had been thoroughly studied

and endocrinological deficiencies apparently excluded.
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All had had utero-tubographs and Hubin tests, with normal
findings. The husbands were found to be normal in every
respect. All attempts at treatment had failed. p-Amino-
benzoic acid was then given in doses of ICO mg. I* times
daily for 3-7 months and conception occurred in 12 of these
cases - 5h.5"« In 10 cases there was no response, but of
these Sieve stated that 6 did not take medication as pres-
cribed, 1 was complicated by old rheumatic heart disease,
In another there was a possible tubal obstruction (although
as mentioned above tests gave normal findings, and in still
another a subtotal thyroidectomy for toxic goitre was done
during p-atainobenzoic acid treatment. In only 1 case was
p-aralnobenzoic acid treatment considered to be an absolute
failure. In view of the email number of cases and the
manifold difficulties in the investigation of sterility,
particularly the satisfactory evaluation of endocrine and
general metabolic factors. It appears .justifiable to
accept the claims of p-amlnobengoic acid to be an anti-

sterility vitamin with considerable reserve.
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Since it i1e becooling more ana more difficult to classifty
the vitamins into a distinct end well-defined group of compounda,
the time appears to have come to discontinue the artificial
separation of these compounds from other constituents of the
diet and to classify them according to their chemical structure
and functions iIn the body. Nevertheless the claime of p-smino-
benzoic acid to be included among the vitamins ore considered on
the basis of various definitions including that of Anebacher,
the pioneer worker in this field, who considered it to be a mem-
ber of the vitamin B complex since it has a similar distribution
in nature.

That p-fc&’lnobenzole acid produced deficiency symptoms was
first reported by Anebacher who found that 3t absence from the
diet of rats resulted in achrmotrichia. Various workers have,
however, been unable to confirm Anebacher*s observations.

Martin attempted to harmonise the Conflicting observations by
suggesting that p-arainobenzole acid acted only indirectly on
the animal organism through its intestinal flora, which implies
that even although p-sminobenzolc acid cures achrcraotrichis it
is not the achromotrichic vitamin but merely stimulates intes-
tinal bacteria to produce 1it. As far as graying of the hair
In man is concerned, there 1i1s again dlsagreeteent and the con-
clusion appears justified that no adequate evidence of the value
of p-aminobenzoic acid as an achromotriehial factor iIn both
animals and man 1is yet available. Further, it should be noted
that the doses used iIn these experiments are relatively high,
and that the complete and rapid elimination of p-aminobenxoic

acid without practically any storage suggests that the human
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organism deals with It as if it were a foreign toxic substance
rather than a vitamin. Ansbacher also reported that p-amino-
tenzoic acid was a growth factor for the chick and delayed the
time of development of the haemorrhagic diathesis following
vitamin K deficiency. However, these effects also require very
high levels of p-aminobenzoic acid, and other workers have again
concluded that p-eminobenzoic acid produces its effects indir-
ectly by stimulating the synthesis of necessary unknown factors
including “folic acid". Sure reported that an absence of
p-arainobenzoic acid in the diet produced lactation Inefficiency
in rate and iIncreased the percentage of stillbirths. The re-
sults have, however, not been adequately confirmed and again
appear to be an indirect effect, requiring relatively large
doses, on the Intestinal micro-organisms to produce other com-
pounds influencing lactation. Sieve also claimed that
p-amlnobenzoic acid had beneficial effects on sterility in
women but in view of the s”™all number of cases and the manifold
difficulties in the Investigation of sterility, it appears
Justifiable to accept the claims of p-arainobenzoie acid to be
an anti-sterility vitamin with considerable reserve.

The evidence that p-aminobenzoic acid produces deficiency
symptoms — perhaps the most important criterion of a vitamin —
is, therefore, 1inconclusive and conflicting. Any action that
it appears to have is believed by most workers to be iIndirect,
and on the intestinal micro-organisms rather than on the animal
itself. This explanation accords well with the firmly-estab-
lished effects of p-atainobenzoic acid on micro-organisms for
many of which i1t has been shown to be either an essential meta-

bolite or a growth factor.
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Regarding the physiological effectiveness of p-anino-
benzoic acid in minute amounts — another generally accepted
characteristic of vitamins — the reported work shows that
the quantities required to remove deficiency effects ere far
greater than those ingested in a normal diet. Further, the
fact that i1t appears to be formed by the intestinal organisms,
(as well as acting on them,, iIndicates that It may not even
be necessary in the diet, and that its occurrence in various
organs and body fluids is due to its absorption from the
intestinal tract.

It annears legitimate to conclude that p-aminobenzolc
acid la a growth-factor for bacteria, yeasts and fungi,
but that It does not fulfil the requirements for a vitamin

as jsciven in any of the definitions In this chapter.
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CRAFT-T*: V.

TES PHYSIOLOGICAL SXOBI«GASGS
OF P-AfclKOBSKZQI C ACID
IK hIOHBEH aMIMALS AKP MAS.

Although the status of p-amlnobenzoic acid 4s &
vitamin for higher animals and man cannot be considered
a0 established, there i1e no doubt that it 1b of con-
siderable physiological eignificance and occur®© widely

in nature.

Occurrence.,

p-Aminobenzoic acid 10 apparently a®© widely distri-
buted as the vitamin 3 complex. The Quantities present,
however, are ©mall in all foodstuffs including yeast,
which is by far the richest source, and from which it was

first isolated by lubbo and Gillespie (19U0; a®© the ben-

zoyl derivative. Ansbaoher (10kk%,2h2jJ claimed that p-
emlnobenzoic acid occurred in three form© - "unbound p-
arainobenzoic acid" or "free p-aminobenzoic acid®; ‘'con-

jugated p-aminotenzoic acid', which was mainly, if not
entirely, p-ocetylaminobensolc acid; and “bound p-amino-
benzoic acid *which represented p-aminobenxolc acid as-
sociated with carriers, such as proteins, or p-aminobenzoic

acid combined with other compound®, possibly peptide® or
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amino acids. As far as | am aware, however, no direct
evidence exists for the occurrence of "bound p-amino-
benzoic acid”™ i1n these forms. In the following table,

the occurrence of p-aasinobenzoic acid iIn the commoner
foodstuffs and in some animal tissues and fluids is listed.
It should be noted that only very few workers have re-

ported assays of p-aminobensoic acid in different material®.

"p-~inob#nidio acid ”

Material. in micrograms per Reference.
gramme.
Ptree. Total.

Milk 0.08 o.1-o.h Mitchell,lIsbell and
Thompson, (191*3, =

Bgg yolk 0.8 Lewis (191*2,.

Egg albumin 0.06 #

Rice bran 2-3 9-16 ¥

?heat,whole 0.2% 0.8 Mitchell,lIsbell and

Thompson (19L3, “.
sheet germ 0.% 1.8
Asparagus 1.1% 2.0 Lewis (19L2,.

(Pried juice
concentrate,

Pried 9.7 13-9
Tebbage.
Brled carrots.
C.18 C.u3

Potato 0.3 o.u J itaneky and Aristaeher,
) quoted from knebacher
i Q91*1*,p-239).

Spinach 0.12 0*6 1

Yeast (cake) 3.5 h.o Mitchell., Isbell and

Thompson (19U3).
" (Baker’si 5.0 Blanchard (19U1)



Ra&o 117

p-Aminoteazoic acid

Material. in tnicrogram par Reference.
grename.
.Free. Total.
Yeast
(Brewer*8} €.6-61.0 9.>59.0. Lewis (1942,.
Y east -
vLutolymed ,7-4 12.0
Y east
(Extract,; 157 156 "
*#*C rf_
Blood
¢ Human, 0.035 : Bandy and lleken
(1942,.
Blood 0.C6 0@7 . ] M itchell, Isbell and
(1st - Vo1 o ok Thompson (1943
Blood (Ox, 0.000li -y * i i N ®1 0 Lewis (1942/.
Urine Lty % s xio ,1-2 1 £
?Human, 0.014-0.021 a.35-0.49 w
0.02 0.5, . . Mitchell, label! and
W1e 257/t O Thompson (1943«
0.015 Bandy and Llcken(1942,
v V'V *
Beef Liver 0.2 2.5 M itchell, Isbell and
o (POt ; J e "1 Thompson (1943,*
Beef muscle 0.3 c.6
Bat, .0.15 e 1.7
Rat brain 0.14 0.7
Ret heert 0.15 1-35 "
Rat kidney 0.13 1.8 »

Rork 0.3 0.8
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The table shows that only minute amounts of p-aminobenzoic
acid occur 1in various foodstuffs. The great disparity between
the quantity of p-aminobenzoic acid in yeast and in other sour-
ces has been ascribed to the fact that yeast, like other micro-
organisms, synthesizes p-aminobenzoic acid which Is an essen-
tial metabolite for its growth and development. The question
thus arises whether the negligible amounts of p-aminobenzoic acid
which have been found iIn various animal tissues and fluids do not
simply represent an absorbed part of the p-aminobenzoic acid syn-
thesized by the intestinal bacteria. As far as 1 ara aware,this
possibility tag not been considered heretofore. Point is lent
to this hypothesis by Tandy’s finding that dried human faeces
contained U-12 micrograms of free p-tminobenzoic acid/gramme
of faeces, more than 100 times the quantity in the urine (quoted
from Ansbacher 19hh» p .241,. It 1a probable that this
p-amlnobenzoia acid was synthesized by the intestinal organisms
since the quantities iIn foods are email and what p-aminobenzoie
acid is present would be very rapidly absorbed from the small
intestine. Farther, AhlstrSm, v. Suler and Wallerstrdm (19h2,
noted that after a dose of sulphapyridine, the liver and urine
of rats contained no p-aminrbenzoic acid.

IKTSSTIKAL CYMTHSSIS OF P-AiilKCBPKICIS ACID.

The possibility that the negligible amount® of p-arainobenzoic
acid excreted in the urine 10 formed iIn the intestine during bac-
terial growth and is not derived from the food, has been over-
looked by other workers.

The following experiment, which also appear© to be the
first in vivo observation of the synthesis of p-aminobenzoic acid

by intestinal organisms, was therefore undertaken in an attempt

mediumhwrw»tl!wie.
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2,2.145.
Experiment 10. Cyntheiis of p-;rainoberzoic Acid bv Intestinal

Bacteria of Man.

Frindble:
fulph&guanidine, which is a known bacteriostatic drug on

intestine! bacteria®™ end is only -very slightly absorbed from

' .. ¥ .V » " fooonr 11 >+ 9 & } ® L™ AW 4.
the intestine, was taken by mouth for several days, during
which time 2b-hour specimens of urine were collected, coneen-

. S L i*.} t A -f 3 A v ’ a*

trated and assayed for p-aminolenzoic acid. After a few days

on eulphaguanidine, specimens of faeces were tested for steril-

tty daily.

Subject B.B.

2,2»h% J 2h-hour specimens of urine collected for 3 days

to } before eulphagu&nldine treatment commenced »

5.2_.1/5. J brines is, B, C.

5.2.h5. Gulphoguanidine course eoaroenced with O.l1g./Kg.
body weight, followed by 0,C5g./3tg. 4 times
daily.

Cubject*6 weight: 135 Ibs. - approximately CI Kilogrammes.

Fence doses of sulph&guanidine taken were 6 g. followed by

3 g- b times daily. Continued for 7 days to 11.2_U5._,
during- -which time 2h-hour specimens of Urine D, E, F, C, H,
J collected. Following cessation of sulphaguonidine treat-
ment, urine collected for further 2K hours * Urine K.

Faeces tested for sterility from 7.2.h5 to 11.2.U5 dally *
Faeces F, 6, H, J, K.

rethod OiﬁHifne concentrati

« -rrtm fe-

\% The 2h-hour specimen of urine wan evaporated on a boiling-
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water bath to the consistency of a thick syrup. Evaporation
was assisted by a fan blowing hot air acros© the evaporation
dish. The residue was extracted with 10* TeellQij (about 1/20
volume of original urinee, and the extract Tfiltered Into a sep-
arating funnel, {rince p-atainobenzoic acid ie soluble in alkali,
it is in this way dissolved out and separated froia much of the
solid constituent® of the urine/. The filtrate was acidified
with concentrated fid to a pH of 3 and extracted with about 1
litre of ether in 100-200 cc. quantities. (p-i«ralnobensoic acid
ie extracted by ether from an acid eolution, whereas any sulpha-
guanidine which might have been present in the urine is left
behind since i1t is insoluble iIn acid-ether,. The combined
ether extracts were then placed in an evaporating dish and the
ether evaporated off, leaving, a watery residue. fince this still
contained some of the original solid matter of the urine,

230 c.c. hot rectified spiritd was added to the residue to
dissolve out the p-aminobenzoic and the solution filtered,
leaving most of the eolid. matter behind. The alcoholic ex-
tract was now evaporated almost to dryness on a boiling water
bath, the residua taken up in a few c.c. of 1 . NaECG3, filtered,
the pH adjusted to 7 and the volume made up to 1/30 of original
volume of the urine.
Assay of the concentrated urines for p-aroinobenzoic acid wae
carried out as previously described.
Testing of Paceea_fTor Sterility.

1 :- 10, 1; 100, 1 €1000 and 1 : 1Q,0CG dilutions of the
faeces were made in sterile normal ©aline and each dilution
tested for the presence of viable bacteria by inoculation into

nutrient broth and MeConkey lactose-bile salts-neutral red-agar

medium.
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Though the assay method used is only roughly quanti-
tative, as has already been mentioned, and the figures shown
for the excretion of p-aminobenzoic acid in experiment 10
can be considered only as approximate, there appears to be
no doubt that as the bacteriostatic effect of the sulpha-
guanidine increases, there i1s a marked drop in the quantity
of p-amlnobenzolc acid excreted in the urine. It is,
therefore, contended that this experiment clearly shows
that the traces of p-aminobenzoic acid excreted in the
urine of normal human beings can be considered to origin-
ate in the intestine, where it is produced during the
growth and multiplication of the intestinal bacterial flora.
Experiment 8, in which i1t is shown that p-aminobenzoic acid
can be absorbed from the rectum and pelvic colon, supports
this contention.

Relationship of p-aminobenzoic acid and Intestinal
Bacterial Synthesis.

Recent work has shown that part of an animal’s daily
requirements of vitamins - notably of members of the vita-
min B complex, namely thiamine, riboflavin, nbotinic acid,
inositol, pantothenic acid, biotin and folic acid, and
also of vitamin K - is synthesized within that animal®s
own intestine by its bacterial flora. Deficiency dis-
eases have also resulted from the failure of these bacteria
to grow and synthesize vitamins.

These observations taken in conjunction with the facts
that p-aminobenzoic acid iIs an essential metabolite for many

bacteria and is actually a growth factor for some bacteria
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suggest that p-aminobenzoic acid may exert its major physio-
logical function in higher animals and man by an indirect
stimulating action on the intestinal bacterial flora to pro-
duce the several vitamins which they have been shown to syn-
thesize, and whose importance iIn the mammalian organism is
well-established. The above demonstration that excreted
p-atninobenzoic acid in man is derived from its synthesis by
bacteria in the intestine, coupled with 1ts unproven iImpor-
tance as a vitamin in higher animals, lends strong support
to this theory.

Martin (1942b) was the first to interpret his own ex-
perimental findings and those of others as indicating that
p-aminobenzoic acid played its major role in altering the
flora of the intestinal tract. Such a theory would also
explain the effect of inclusion of sulphonamides in synthe-
tic diets. For example, Mackenzie, Mackenzie and McCollum
(1941) and Black, McKibbin and Elvehjera (1941; showed that
growth of rats treated with sulphaguanidine was suppressed
and that p-aminobenzoic acid reversed this growth-inhibi-
tory effect of sulphaguanidine. On the above jaypothesis,
sulphaguanidine could be considered to exert its effect
mainly on the intestinal bacteria, preventing them synthe-
sizing vitamins and p-aminobenzoic acid by stimulating the
growth of these bacteria and providing an essential meta-
bolite for their development, iIncreases their vitamin syn-
thesis, so reversing the sulphaguanidine effect.

In chapter IV attention was drawn to the experimental

findings of various investigators which indicated that the
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effects of p-aminobenzoic acid, on which its claim to
status as a vitamin in human and animal nutrition rests -
namely chromotrichial action iIn man and rats, growth and
development of chicks, increased fertility iIn man and the
rat and lactation efficiency in the rat - were adequately
explained by its stimulating action on the intestinal bac-
terial flora, producing various vitamins which are mainly
responsible for these effects.

It 1Is, therefore, concluded that the major physiolog-
ical functions so far attributed to p-aminobenzoic acid
are carried out Indirectly in man and animals by virtue;
of its proven role in the metabolism of the micro-organisms
which live symbbtically in the intestinal tract of such
animals. ?/hether the physiological actions of p-amino-
benzoic acid are entirely indirect through intestinal
synthesis of various vitamins, or whether p-aminobenzoic
acid has in addition other direct effects, remains,however,
unsettled. Certain of its properties and effects suggest
that i1t might also have direct functions, but whether these

can be considered physiological is, at best, doubtful.

Direct Effects of p-Amlnobenzoic acid on the Mammalian
Organism.
(@) Correlation of p-aminobenzoic acid with Sunburn.
Rothman (1926) showed that the p-aminobenzolc acid
derivative procaine selectively absorbed the rays of the
sun which caused persistent erythema of the skin and pig-

mentation. Later, Behagel, Rothman and Schultze (1928)
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found that the selective absorption gf the lorno rays was
caused by p-aminobenzoic acid or its derivatives, namely
by compounds with an amino- and a carboxyl-group in para
position on the benzene ring, including p-aminobenzoic
acid with substituted hydrogen atoms of either or both
polar groups. Bird (19h2, also found that aqueous solu-
tions of local anaesthetic bases derived from p-amino
benzoic acid showed strong absorption of ultraviolet light
in the wave-length band 2700-3200 Angstrom units, and
concluded that most surface anaesthetics of this type
offer interesting possibilities in the preparation of
"mfilters™ for the erythema producing rays, i.e. as ™sun-
screen” preparations. Rothman and Rubin ,(191*2) also
prepared a product extremely effective against sunburn
by iIncorporating p-aminobenzoic acid in ointment bases.

The ultraviolet absorption of p-aminobenzoic acid
is maximum at 2785 Angstrom units, but at 3000 Angstrom
units 1its absorption is still very great (Rothman and
Rubin, 19h2;, so that the ultraviolet absorption curve
of p-amlnobenzoie acid completely covers the range of
ultraviolet light rays which have a "sunburn action",
the maximum effect of which i1s at 2975 Angstrom units.

Blum (I9hl; divided the photochenaical theory of
sunburn action, i.e. the action of the sun"s rays on the
skin, into two parts:

(1) A substance is present in the photosensitive

layers of the skin, the absorption spectrum of which 1is

identical with or similar to the "sunburn action”™ spectrum;
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(2) This eubstance absorbs the effective Porno rays,
ie photochemically altered, and its reaction product
causes erythema.

Ansbacher (19hU, p~217/ points out that p-aminobenzoic
acid fulfils these conditions, lie. it is capable or pro-
ducing erythema when irradiated in saline solution and
injected subcutaneously, its absorption spectrum is simi-
lar to, or identical with, the "sunburn action®l spectrum,
and 1t 1s reasonably certain that p-aminobenzoic acid 1is
a natural constituent of the skin (although there la no
experimental support). He concludes, therefore, that
p-aminobenzoic acid or one of its derivatives may be the
substance responsible for the reddening and darkening of
the skin resulting from exposure to the rays of the sun.

I Vv

(b) Relationship of p-Amlnobenzolc acid to Hormones.

Sieve®"s (191*2) report of some correlation between
the actions of p-aminobenzoic acid and the eex hormones
has already been reviewed (pJH ;. lie claimed that p-
aminobenzoic acid increased fertility in the female,
stimulated libido and re-established the menses 1In cases
of amenorrhoea, and caused a great improvement in potency
in the male.

Astwood (19h3a) found that certain aniline deriva-
tives, including p-aminobenzoic acid and the sulphonamides,
inhibited the function of the thyroid gland in younf rats
when administered in the food or drinking water for a period

of 10 days. A daily dose of about 200 mg. p-aminobenzoic
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scid/100g. of body weight was required for a full effect.
It is possible that these aniline derivatives owe their
activity to their structural similarity to tyrosine, and
as a working hypothesis it Is suggested that these com-
pounds act through a competitive mechanism in the enzyme
system responsible for the conversion of di-iodotyrosine
to thyroxin. The large dosage required is noteworthy
and indicates that this effect is more properly classed
as a toxic effect rather than a physiological one.

Thiourea derivatives have a similar effect on thy-
roid function, and are possibly also specific inhibitors
of this same system. From a clinical point of view,
however, in the treatment of hyperthyroidiein, thiourea
and thiouracil have been shown to be the most promising
compounds (Astwood, 19U3b).

p-Aroinobenzoic acid has alBO been shown to be cap-
able of inhibiting the destruction of adrenaline (Ans-
bacher, 19UU» p.299), an effect which it shares with
other benzoates, some of which in fact are even more ac-
tive. Here again, therefore, it appears to be unlikely
that p-aminobenzoic acid has this function under physio-
logical conditions.

Ansbacher and his co-workers also claimed (Ansbacher,
19hh, p.299) that p-aminobenzoic acid potentiated the ac-
tion of insulin. When injected subcutaneously into mice
in a dose of 1/6 unit per 18 g. of body weight, insulin
did not reduce the blood sugar to convulsive levels. When

however, p-aminobenzoic acid was given with the insulin,
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hypoglycaeraic convulsions were produced. p-Aminobenzolc
acid itself iIn doses of 1 to 2 g. per kg. body weight in
dogs produced a mild hyperglycaemia, and also depleted the
glycogen reserves of the liver.

Martin (19U3) suggested that these actions of p-amino-
benzoic acid might be motivated via the pituitary and pro-
duction of thyrotropic hormone, being supported in this
view by Mackenzie and Mackenzie (19U3) and Astwood, Sulli-
van Bissell and Tyslov/itz (19U3)» who found that the thy-
roid-enlarging effect of the sulphonamides and thioureas
is probably mediated through the anterior pituitary.
~Thether these effects of p-arninofcenzoic acid are of any
significance in the physiology of the normal animal awaits
further iInvestigation. In view of the large doses of p-
amlnobenzoie acid required to demonstrate these actions
of p-aminobenzoic acid, the conclusion again appears jus-
tifiable that these are not normal functions of this simple

primary amine.
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SUMMARY .

The quantities of p-alainobenzoic acid reported to occur
in various foodstuffs 1is small. Yeast is by far the richest
source, this probably being due to the fact that yeast, like
other micro-organisms, synthesizes p-aaiinobenzolc acid, which
is en essential metabolite for i1ts growth and development.
This suggests the possibility, overlooked by previous workers,
that the negligible amounts of p-aminobenzoic acid present in
various animal tissues and fluids, and fTinally excreted in
the urine, 1is also derived from bacterial growth in the iIn-
testine and not from the food. This hypothesis was, there-
fore, tested by studying the excretion of p-aminobehzoic acid
after preventing intestinal bacterial growth by oral doses of
eulphaguanidine. The marked drop in the quantity of p-aralno-
benzoic acid excreted shows that the traces of p-aroinobenzoic
present in the urine of normal human subjects can,be considered
to originate in the intestine where it Is produced during the
growth and multiplication of the bacterial flora.. It has al-
ready been shown that p-eminobenzeic acid can be absorbed from
the large intestine.

These fTacte, coupled with the unproven role of p-amino-
benzoic acid as a vitamin in higher animals and man, and its
importance ae an essential metabolite for some bacteria and
actual growth factor for others, suggest that p-amlnobenzolc
acid exerte its major physiological functions by_an indirect
stimulating action on the Intestinal bacterial flora to pro-
duce the several vitamins which they have been shown to syn-
thesize, and whose iImportance in the mammalian organism le

well established.
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Certain of the properties and effects of p-aminobenzoic
acid, however, suggest that it might eleo have direct func-
tions. Thus it has been considered to be responsible for
the reddening and darkening of the skin resulting from ex-
posure to the rays of the eun. p-Aminobenzoic acid has also
been shown to bear a relationship to endocrine function.

It inhibits the function of the thyroid gland end the destruc-
tion of adrenaline in the body end potentiates the action of
the sex hormones end insulin. However, in view of the large
doses of p-aminobenzoic acid required to demonstrate these
actions, it is concluded that these are not normal functions

of this simple primary amine.
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CKAPTKK VL.
THH goyKOf OF 2~Aur™"_ tikzoia ACID
ci; Til: ; V? gHIMAJ.S TO DIF_KACE.

During the course of a study on the comparative effects of
p-aminobenscic acid on S. coli and other gram-negative intestinal
bacteria of the typhoid, paratyphoid, dysentery, and food-poieon-
ing groups, It was noted that large quantities of p-amincbenzoic
acid appeared to inhibit growth of the typhoid and paratyphoid
organisms to a larger extent than the others. That p-amino-
benzoic acid could itself act as an inhibitor to bacterial growth
in concentrations above those which antagonised eulphonamide 1in-
hibition lo wellknotrn (Chapter 1,pp-1S,19,2*>}* However, 1in
view of the possible therapeutic value of p-smlnobenzoic acid
in typhoid fever, for which no active cherootherapeutic agent is
as yet available, it was decided to extend these in vitro find-
ings to experimentally produced typhoid infection In mice. al-
though the results were disappointing, a curious observation was
made — namely that p-aminobenzoic acid administered to mice for
some time before 1inoculating them with B. typhosus apparently
diminished their susceptibility to infection. Since untreated
typhoid infection in mice isan acute, rapidly-fatal, septicaemia
experiments were also carried out to determine the therapeutic
potentialities of p-amlnobeazoic acid in chronic infections and
guinea-pigituberculosis was selected for study since here, too,
chemotherapy has ae yet not made great strides. Tuberculosis
in the guipeg—pig i§‘a“fairly chron&c}gnd.éelatiye!x‘iimPgs Prg-
greeeive disease, with neither native nor acquired resistance

apparently playing any part, eo that any differences between
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untreated and treated animals could reasonably be attributed to
treatment. Such differences, though not dramatic, were easily
apparent, and treated animals appealed to be lees ill, showed a
greater gain in weight and tended to survive longer than did
the control animals. Thus again p-aminobenjsoic acid, although
therapeutically disappointing, appeared to increase the resis-
tance to infection.

further experiments have shown that p-aminobenaoic acid
in large doses apparently neither increases the phagocytic ac-
tivity of the reticule-endothelial system nor increases the
titre of circulating antibodies produced by injection of an
antigen. It therefore seease probable that p-aminobenzcic
acid exerts its effect in some way on the natural Immunity or
“resistance” of the animal.

In the following sections the experimental evidence fbr
the above statements will be detailed and an attempt made to
evaluate their significance.

EFAKOT C? _ AMOLTJTh CP* P-AMINOBIirCIC >C57> 0* QULTUaaii
pys. colil XhTyTTivu., p>thub WSTnJL

It has already been shown that a few micrograms of p-aroino-
behsoic acid is sufficient to promote the growth of E. coli in
a purely synthetic basal culture toedims to which one thousand
times as much sulphspyri&ine haa been added. To test the ef-
fect of “large ! amounts of p-aminobensoic acid, it was decided
to add C.Q1> - 1 quantities to the culture medium. Since the
basal medium used in the previous experiments was found to be
unable to support the growth of some of the pathogenic intestin-
al bacteria, McOook«y*e lactoee-bile ealte-neutral red-nutrient

agar medium was used. This medium was selected since it is one
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of the standard eelectlve media for the growth of B. coll, B.
typhosus causing typhoid fever, B. puratyphosus a , B and G, all
of which may cause paratyphoid fever, B enteritidis and B.
typhimurium which cause food-pciscning, B* dysenterise shiga,
B. paradysenteriae TfTlexner and B. paradysenteriae sonne, respon-
sible fcr bacillary dysentery. The<ffect of p-aminebenzolc
acid on the growth of all these organicre Is shown in experiment
11. The tabulated results show clearly that whereat; the growth
of B. coll is not effected until a 1, concentration of p-areino-

'V.oovwmell . A -

benzoic acid is present in the culture medium, the growth of B.
typhosus, B. pnretyphosuB A,and B. paratypbosue B,are already
slightly affected by a C.Cl >concent ¥ation. Further, the
growth of B. typhosus ic markedly diminished or inhibited by a
concentration of 0.1 > The other organleras also show varying

decrees of inhlbition which is meet obvious in the paratyphoid

group and least marked in the dysenteric group.
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11.U.U5.
Experiment 11. EmOT UP 0.01 : - 13 G-AMIKOBKNKOIO ACII> ON
f"&6IL,FYH C 1S T T ‘Hull;, COyrpSTAiuST

INO A m iw -htiTr,R Y C v_G A ikim Q -
Plates of McOonkey media containing 0.01", 0.1-0, 0.5£ and
1% of p-atninobenzcie acid were prepared as fTollows

55 g. of tilfoo McCcnkey powder consisting of

Beeto-Bile Gaits 3
Baeto-lactose 1Cg.
Bacto-peptone 2Cg.-
Sodium Chloride 50*
Baetc-Agar 17 &=
Eact©-Neutral lixd 0.03 g.-

was suspended in cold water, boiled for 1-2 minutes and the
required amounts of 2% p-anunobenzoic acid solution in noroial
sodium hydroxide added. The pH was then adjusted to +7.3»
and the volume made up to 1 litre. The eolutioa was then
autoclaved at 15 Ibs. pressure for 20 minutes, poured into
sterile petri dishes, cooled and allowed to set. To econo-
mise on the number of plates required 21-25 tests were conduc-
ted on each plate.
(rganir.me tested.

1 Bacterium cell or Each richia coli.

2. Bacterium typhosus or berthells typhoaa.
3- Bacterium p&r&typhosua A or Salmonella paratyphi.

K. « 3 or K schotmdlleri.

5. C or ” hirschfeldii.

6. M enteritifiis or * enteritidis Gaertner.
I ** eertrycke or " typhImurium.

8- M shigae or Shigella dyeenteri&e shiga.
9* M flexneri or * paradyeenteriae TfTlexner.
10. * connei or * M senna.

Nutrient broth cultures (incubated for 2K hours at 37°C.) of all
the organisms were tested by inoculating one platinum lccpful of
each culture (tan-diluted and diluted 10, 100, ipoo and 10,000

times with sterile normal saline, on the surfaces of the various
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MeOonkey media. The various dilutions were prepared so ae to
test out the effect of the different concentrations on p-amino-
benzoic acid when E&all and large numbeie of organisms were
inoculated. After inoculation the plates were incubated for

i8 hours.

The following table shows the results obtained in one of

these experiments.



Nni rki
B.cell

B. ty-
phopus

B.peraty-
phOBue
A

B.para-
typhocus
B

B.pé&ra-
typhosus
a

B. enter!-
t idle

S.aer-
tryeke

B~.ahigae

.5 A

B.flexneri

B.soiinei

Dilution
Undi luted
1ilQ
1iICG
1:1000
1; ir-00
Undiluted
1:10
1:100
1:1000
1510000
Undiluted
1:10
1:100
1:1GCO
1:10000
Undiluted
1:10
1:100
1:1000
1:10000
Undiluted
1:10
1:100
1:1000
1:1 "00
Undiluted
1:10
1:100
1:1000
1:1000C

UndiMed
1:10
1:100
1:1000
1:10000
Undiluted
1:10
1:100
1:10C0

X s XvO0'0
Undiluted
1:10
1:100
1:1000
1:1 000
Undiluted
1:10
1:100

1 :1vGO

1 :10CGG

in McConkey

0.5& 1:0
Good NUI
It t

t tt
it it
Slight Nil
Nyt M
F T
Tt it
Slight Kil
lf »
Nil tt
it If
« T
q€od Nﬁ!
%:llght t
Nil t
Good N%!
sljght &
it it
Nil ft
GAd N
Blight
Y i
] 1t
Nl t
G%od N&I
= it
Slight 4
Nil it
Good U 11
" it
Blight U
Ni | t
Good K%I
Blight "
NI it
G%od Nil
it "
H

Growth
Medium plus
p-aainobenssoic acid.
IT. ol o.in
Good Gcod
« u
M «
U #
m &
Glitht
GO?F h
W Nil
Blight ‘.E
Blight _
Qrod Good
L Slight
Nil
ﬁ M -!)Il
Slight t
Gcod Good
» M
it _
o S%}ght
SUM p
G%pd Good
Slight
® Mil
tt «
it d
Good Good
- Blight
i !
it f*
G%Pd Good
Slight
tt tt
« ]
H Ni |
Good Good
it tt
tr If
IQ Slight
m 1
G%Pg G%od
If? -
it SI&ght
tt ft
G%O% Ggod
t'tt slight
IF Tt

Fna** 3x

growth m feic-
Conkey Medium
with no p-
emincbenzolc

Control.
Good
it

&
FF:§.8_ R AC

@
(]

@
(@]
AARTRI = RAREAS m=

@
o
o

()
o
z A=

A/ =0
o



<>« 1J6-
rP"ECT OF 0.1%-r? SULPHA?YBISINK CN B.Ccll,
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PYSIWTrSHIiTr&foAKI SMS.

PXperiment 12.°

Experimental details as in experiment 11. In place of p-aiaino-
cenxoic acid, the required amounte of 10t sodium sulphapyridine
in distilled water were added.

Growth in hcConkey = w  Growth in Mo-
plus eulpbapyridine. Conkey medium
Organism dilution. 0.Lv >.5&  _ . (Control)
jt.coll (Indlluted Good go d — Gciod trg:Od
;_I:{go « k t F
1:Iuce L L F IF
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A 1:100 F NLl T
1:1000 NI ; f
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typhosue 1:10 - w
B 1:100 n 0. bt »
1:1UGG i v A k
1:10,000 « f Slight L
B. para- "Undiluted Good Good G?Pd qud
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tidis 1:10
0 - -
1:100 SLight Slight
1:1000 L itf b v
1:10.000
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20-25 g. This usually found to be 50 million

tills

~Nerio?healefeMlei?n5£g?mHdoFat ~ 1?fowth of 3. typhosus

In vitro was so well-marked that it appeared worth while to
determine whether a similar effect could be obtained iIn iIn
vivo experiments. Experiment 12, which was carried cut
exactly as was experiment 11, with culphapyridine added to the
medium instead of n-aminobenzoic acid, shows a reverse order
of inhibition of the growth of the same organlsms-l Since
b i * " REAS S i -1 * e Vet
this in vitro effect is duplicated by in vivo experiments,
tmlphor.amides having well marked thei"&peutic value in
bacillary dysentery but very little pcticn in typhoid fever,
there seemed to be, by analogy, good prospects that large
Q9s%i of p:?mihﬂbe?;gjc_qqu_QQ%ht inf[gﬁqg% typh@&ﬂ fevgf.%
It was decided, therefore, to test its effects iIn experimen-
tally produced typhoid infection in mice. Following the
technique described by Lewin (1938), cultures of a virulent

strain of B. typhosus * were prepared and the minimum fatal

dose determined by intraperitoneal injection into mice of

20-25 g* This was usually found to be million organisms
which killed in 2k to 35 hours. IT the mouse survived this
period, as a rule it recovered rapidly. ->3r injection, a

suspension of this number of organisms was made in a volume
of 0.25 c.c. by dilution of a 2h-hour nutrient broth culture
s .m Y%t -* [ Ve ? : e
with sterlle normal saline. The virulence of the strains
was confirmed by demonstrating the presence of high contents
of Vi antigen - the strains agglutinating Vi antisera to a

titre of 1:300 or higher — and either the absence of

X Made available by hr. 3.LlLewin of the £_A_Institute of
Medical research who also very kindly arranged for the

mouse injections.
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Q-antigen agglutination or agglutination only to low titres.

The level of the toxic done of p-ailainobenzoic acid for
mice was Tirst determined. Scott and Bobbins (1942) observed
that the median lethal dose in mice W&S 2,85 +0.4 g- per kg.
body weight - approximately 50-65 mg- for a 20 g. mouse.
When administered orally as the free acid they found that
the toxic signs in mice produced by p-aminobenzeic acid con
sisted of weakness and lose of normal posture, death occurring
after several hours. hen lethal doses were administered iIn-
travenously as the sodium salt, p-aminobenzoic acid produced
mild clonic convulsions with death in 5-10 minutes. It was
found here that when 10 mg. doses of p-arcinobenzole acid were
Injected subcutaneously 2-hourly into mice weighing 20-25 g.,
toxic signs becaise apparent after 2-3 injections were given,
and consisted of typerexcitability of the muscles of the
whole body accompanied by twitching, and followed within a
short while by unsteadiness of the gait and finally by actual
paralysis, particularly of the hind limbs. hen the dose
injected was reduced to 5 mg* 2-bourly, no obvious toxicity
was apparent. In the following experiments, therefore, this
dosage was never exceeded.

Tie effect of p-aminobenzdc acid when Injections were
commenced immediately after injection of a lethal dose of
B. typhosus was Tirst determined. Since p-aminobenzoic acid
is known to be excreted rapidly, the greater part certainly
within an 8 hour-period (Chap-111), injections were continued
2- to 4-hourly during the day and until midnight,commencing
again the following morning 8 to 9 hours later, and continu-

ing 2-hcurly. In experiment 13 these results are reported.
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Experiment 13. EFFECT OP F-AITINOSSKTGTC ACID %% EXPESIKSKTALLY =

Fifty millions B. typhosus injected intraperitoneally
into mice after which animals were divided into two groups.
The Test Croup received 5 mg. p-aainobcnzoic acid (0.25 c.c.
of a 2°p solution in 17 HaHCC”, pH +8, subcutaneously at inter
vale shown. The Control Group received 0.25 c.c. of IX
1eHCOj only,et the same intervals. The first signs of ill-

ness observed were standing-up of fur, diminished activity

and huddling-up. Observations continued for 72 hours.

Test Group.

Mouse p-Aminobeazoic acid iIn- IncubationTin Survival” (in
Bo. jected at following in- *eriod. hours; .eriod. hours/

tervala (in hours, af-
ter infection with
B. typhosus.

1 *,3*7,16,19,22,26,30,38 - (Survived 72
hours +)

2 5,3,7,16. 8 19

3 1,3,7,16,19,22. 17 23

4 4,2,4, 4 6

5 i.2,4,6. 6 8

6 5,2,4,6,8,11. 6 12

7 1,2,4,6,8,11,13,21. 8 23

8 1,2,4,6,8,11,13,21. 12 23

9 5,2,4,6,8,11,13,21. 12 23

10 4,2.4,6,8,10. 4 12

11 J,2,4,6,8,10,12. 4 13

12 J,2,4,6,8,10,12. 6 13

13 1,2,4.6,8,10,12,14. 8 22

14 St#2,h,6,8,10,12,14,22. 8 24

15 1,2,4,6,8,10,12,14,22,24,26. 8 recovered (Survived 72

28,30,32,34. and. . hours /

16 4,2,4,6. 4 8

17 w»2,U»6,8. 4 10

18 'X2,4,6,8» 4 10

19 5,2,4,6,8. 4 10

20 1,2,4,6.8,10. 4 IS
21 1,2,4,6,8,10. 4 15
22 w,2,4,6,8,10. 4 18

23 v*2,4,6,8,10* 4 ~ 18

24 1,2,4,6,9,10,18,20. 6 22

25 1,2,4,6,8,10,18,20,22,24,26,28, 6 41

30,32,40.



Incubation
Period.
Total 155 hours.
Number of mice (n) 2k
Mean (X) 6.5 hours.
Range u-17

Standard deviation () 3*2

Standard error of the
mean (/] nj Q..65

x +2 fa/<n) 5 .2—7*8
1 i} 7

Survivals - 2 out of 25 * gjb.
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Survival
Period.

39K hours.

23
17.1 hours.

6-41
7.6

1.6

13.9-20.3
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Survival
Period
(in hours;

19
32
23
23
26
28
28

but recovered and

survived 72 hours.

Control Croup.
siouse Sodium bicarbonate solution Incubation
No. injected at following iInter- Period
vals (in hours; after infec- (in hours,
pom®i0p With § typhosusy
1 h,3,7,16. 17
2 1,3,7,16,19,22,26,30. 23
3 z»2, +,6,8,11,13,21. 9
H }.2,1+,6,8,11,13,21. 11
5 i,2, #,6,8,11,13,21,23,25- 13
6 4,2,1+,6,8,10,12,11+,22,21+, 26. 6
7 i,2,1,6,8,10,12,11+,22,21+,26. 2+
8 J,2,i+,6,8,10,12,1i+,22,2i+,26, 28
23,30,32,31+.
19 f,2,1+. B
10 4,2,1+,6,3. B
11 4,2,1+,6,8. H
12 4,2,1+,6,8,10. 6
13 ,2,1+,6,8,10. 6
11+ ,2,1+,6,8,10,18,20. 6 1
15 J, 2, #,6,8,10,18,20. 18
16 J,2,1+,6,3,10,18,20,22,21+. 22
17 2,+,6,8,10,18,20,22,21+, 26, 1+ .
28,30,32,1+0,1+2,1+1+. !
18 i,2,1+,6,8,10,18,20,22,21+, 26, I
23,30,32,1+0,1+2, I+, 1+6,1+8. Survived
72 hours.
Incubation
ierlod.
Total 21+2 hours
Number of mice (n) 17
Mean (Xj 1U.2
Range 1+1+
Standard deviation ((I7 10.3
Standard error of the
mean &A n> 2.5
x = 2 (ifftn) 9.2-19.2
Survivals 2 out of 18 = 11%.

6

10
10
18
18
22
22
26
146

Survived
72 hours.

Survival
Period.
357 hours.

16
22.3
6—-1+6

2.3

17.7-26.9
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Twenty-five mice were included in the test gropp and at the
same time a control group of 18 mice were injected 2-hourly
with a sodium bicarbonate solution. 8* of the test group
and 11,v of the control group survived. This difference 1is
not statistically significant and indicates at best that
treatment with p-arainobenzoic acid has no beneficial effect.
Further analysis of the results show that such treatment may
in fact be harmful — although these results must be inter-
preted with caution as the groups tested ere small. The
mean period elapsing before signs of illness were fTirst ob-
served was 6.5 + 0*65 hours in the teat group where 24 mice
became ill and 14.2 t 2.5 hours in the control group where
17 mice became ill. The difference between theee figures
is statistically significant since the means differ by more
than twice the standard error (as the calculation
shows; . however when the same analysis i1s applied to the means
of the periods of survivals after infection in the 23 mice of
the test group which died (1?.1 + 1.6 hours; and in the 16
mice of the control group which died (22.3 + 2.3 hours/, the
difference 1ie not statistically significant although again
the treated group fares more badly than does the control group.

before accepting the obvious conclusion that appears to
emerge fTrom experiment 13, namely that the in vivo action of
p-aminobenzoic acid in non-toxic dose® does not parallel its
in vitro effect on E. typhosus, the possibility of modifying
factors requires consideration. Lewin (1933/ noted that the
dose of B. typhosus injected into mice had to be so over-

whelming that the mouse would succumb iIn 24-35 hours, and that
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p-/jBlnobenaoic acid is rapidly excreted and may not, therefore,
be able to reach end maintain a sufficiently high level i1n the
blood end tissue fluids soon enough to counteract the rapid
multiplication and thus the rapidly increasing toxic effects
of B. typhosus i1n the mouse. A second possibility also
suggestO itself. "Whereas p-aminotensoic acid in large con-
centrations ©ay inhibit growth of B. typhoeu®©. 1in smaller
concentrations it may Otinsulate it. Thie fact would explain
the adverse therapeutic effect of p-aadnobenzoic acid and
also indicate® how i1t ragy actually be harmful.

These possibilities were, therefore, tested experimen-
tally by injecting two group# of ©Oice for 2-3 days with
large doses of p-aminobenzoic acid so m to ”saturate” their
tissues a® far ca possible, and then infecting both groups
with E. typhosus. Thereafter in one group the iInjections

of p-aminobsazoic acid were continued 2-hrurly, the other

group serving ae a control. The results are thown in ex-
periment II*. Twenty-five ©Oice were included iIn the test
group and 13 mice in the control group. The mean period

elapsing before signs of illness were observed in the test
gr up where 22 mice became ill was 1U.1 + 1.7 hours,whereas
in the control group where only ? mice become ill this was
IT.3 ~ 1.6 hours. Though this difference is not signific-
ant, and the number®© are too Ostall for accurate statistical
evaluation, the control group certainly appear®© to fare much
better than the teet group. The mean period of survival of
those animal© which died in the teat group (26.K + 2.3 houro/

is not significantly different from that of the control group
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Experiment 14. S ;y-.CI Cv mRKLIKINAHY IRJKCTICWS OF P-AKIKO-

T cl tie c? ty hNisT

FIWICKD ’Ih® MICE .
5 rag. p-arainebenzoic acid (0.25 e.c. of a 2 3solution in 1%
NaHCO"j) injected subcutaneously 2-hoarly from 8.30 a*®* to
10.30 p.ra. for 2 days and then until 2.30 p.in. on the 3rd day.
All mice then injected at it p.ra. with one Mhal dose ($0 mil-
lions j of B. typhosus intreperltoneally and, thereafter, div-
ided Into two groups - the test group continuing to receive
p-aminobenzoic acid 2-hourly as shown and the control group
receiving no further injections. The Tfirst signs of illness
and the survival period of the *»lee In each group were then

noted, the observations being continued for 72 hours.

Test Group.

House p-aminobenzoic acid injected Incubatlon . Survival
Fo. at following intervals (in Period Period
hours, after infection with (in hours, , (in hours)
B. typhosus.
1 'J“1737535,iT,7871A722752+*2T 17 " 31
,OC-
2 1t3,5,7,16,18,20,22,24,26,28, * Survived
30,1+1,44,47*49. 72 hours.
3 £,2,4,6,8,19*%21,23. 17 24
4 I, 2,3,6,8,19,21,23,25,27,29. 17 3t
5 1,2,i+,6,8J9, 21,23,25,27,29, 17 41
31,4- -
6 J, 2,h,6,8,19,21,23,25,27,29,
31,40,42,44_.48. 6, recovered and survive
72 hours.
7 5,2,1+,6,8. 6 18
8 },2.1+,6,8,19,21,23,25. 6 26
9 1,2,4,6,8,19,21,23,25,27,29. e Survived
31,1+0,1+2,1+h, 148. 72 hours.
10 5*2,1+, 6. 4 7
11 £,2,4,6. 4 7
12 5*2,1+,6. 4 18
13 §,2,i+,6,17,19,21 7 22
lit X,2,1+,6,17,19,21. 7 22
15 X,2,%,6,17,19,21,23,25. 13 26
1C }.2,4,6,8,17,19*%21,23,25,27, IS 41
29,31,40.
17 |1.2,4,6,8,17,19,21»23»25,27, 26 but recovered and sur-
29,31,40,42,44,48. vived 72 hours.
18 1,2,4,6,8,17,19,21.23,25,27, i Survived
29,31,40,42,44,48. 72 hours.

Continued on next page



Test Group (Oontlnued,

|[Mouse p-aminobenzcic acid injected Incubation
No. at following intervals (in Period
hours, after infection with (in hours,,
B. typhosus.
19 2,4,6,8,10,12 12
20 2,4,6.8,10,12. 12
21 2,4,6,810,12. 12
22 2,4,6,8,10,12,22,24,26,28, 22
30.
23 2,4,6,8,10,12,22,24,26,28, 24
30.
24 2,4,6,8,10,12,22,24,26,28, 24
{ 30,32.
25 2,4,6,8,10,12,22,24,26,28, 30
i 30,32,36.
i
Incubation
Period.
Total 310 hours
Number of mice (n; 22
Mean (X; 14*1 hours
Hsnge 4-30 hours
Standard Deviation («, 7-8
Standard error of the
mean &'/ n; 1.7
x + 2 (u/fhj 10.7-17.5
Survivals 5 out of 25 20%
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Survival
Period

(in hours;

22
22
22
V7 32
32
36
48
Survival
Period.
527 hours.
20
26.4 hours
7-48 hours.
10.1
2.3
2118-31.0
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Control Group.

Mouse TricuT/tiTicn~PerTod ¢in hours ,T Survival Period Tin hrs;

*

1 Survived 72 hours
2 Slight illness at 18 hours,"
recovered, and n 72

3 _ | & 72 it

k - 18 22

5 _ ft 72 it

6 —_ n 72 Tt

7 6 7

8 18 18

9 18 18

10 = « 72

11 18 26
*12 i 72 U
13 - 72 B
flu 18 hi
15 - " 72 "

—Survival-
Period. Period.
Total ) HU hours 132 hour3
Number of mice (N 7 6
Mean (X; 16.3 hours 22 hours.
Range 6-18 hours 7 hi hours.
Standard deviation (<f, h-1 10.3
Standard error .
of the mean ((f/Grt 1.6 h.2

x + 2{f/Tn] 13.1-19.5 13.6-30.

Survivals 9 out of 15 60.®

Standard error of the difference between the above two per-
centages of survival in the test and control groups

A x(I0OO - a4, 3 B x (loo - b; 15.0
®t »cC " -
Where A Percentage survival in test group.
B H it control group

Number of mice in test group
it mom control group.
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(2? ¢ U.2 hours;, but here again 20 mice died in the test
group es compared to only 6 in the control group.

Since the difference (*I*<»; between the percentage cur-
vivals m the control and test groups is more then twice its
standard error (* 15), it is statistically significant de-
spite the relatively small number of mice iIn the two groups.
Campbell (19bl* has calculated that if this difference 1is
2.5 times i1ts standard error the odds are 1 to 80, and if
it is 3 times, they ere 1 to 369 that a difference as large
as this could occur simply by chance.

The significantly greater number of survivals in the
control group as compared to the test group of experiment
Ib indicates that p-amlnobenzoic acid In acme way Increases
the resistance of mice to infectlon when it is administered
for some time before the animals are infected with B. ty-
phosus. ¥h«n, however, the administration is continued
after infection, the beneficial effect i1s lost and such
treated mice with 2;? survivors are not significantly dif-
ferent from mice which are not treated at all. Cuch un-
treated mice show a survival rate of lk>» (Experiments 13 and
15; Control Groups;; the difference between the percentage
survivals in the two groups (6.*, is even less than its

standard error (9.b;, and, therefore, 1is certainly not signi-
ficant. ic fctiggested that these findings can only mean

that p-&minobenzcic acid cannot attain in vivo bacterio-
static concentrations, and that the concentrations that
can be reached have s beneficial effect both on the animal
organism and the infecting bacillus. »hen p-aminobenzoic

acid is presented to the tissue cells of the mouse (before
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infection with B. typhosus.; it increases the mouse®s resis-
tance to infection, but when infection has already occurred,
this effect is completely overshadowed by the much greater
stimulating effect of the concentration of p-ssincbhensoic
acid reached in the blood on the growth of the infecting or-
ganism with whose metabolism it has a far more intimate re-
lationship (Chapter 1,.

Before attempting to elucidate the nature of the ~resis-
tance™ built up i1a the mouse by p-aminobenzcie acid, it was
necessary to confirm on larger numbers that preliminary in-
fections of p-ssainebenzoie acid do in fact increase the
number of survivors, when mice are injected with a lethal
dose of B. typhosus. This confirmation is provided by
experiment 15, and that e similar beneficial effect can be
obtained by oral administration of p-amlnobenaoic acid is

shown iIn experiment 16.
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Expertiseat 1$. ?éZC%/QTFO;Fu WJ?%]}IIFH% ,Qllé 5—rAi16I HEBlJI[(Kﬁ.Ii?(A'G\ll)S
0

5 rag. p-araiaobenaoic acid (0.25 c.c. of a 2.1 eolution
in 1% KaKCO”} was injected subcutaneously at %-hourly inter-
vale fromi8.35 a.®, to 10.30 p.ra. for 2 days?nd th}en un.til
10.30 a.ci. on the 3rd day, into a test group of 35 mice.
A control group of 32 mice was injected at the same time with
0.25 c.c. X* HJkIIC]j- All raickcwefe™then™ihf~ctea*"ihtreperl-
toneally with one lethal dose of 50 millions B. typhosus.
The first signs of illnessa n d - f ¢ f e * the

mice in each group were noted, the observations being con-

tinued for 72 hours.

Test Group,

Mouse tncubatTon"TeriodTilnTfirs~. Survival lerlod (in hra,

Ho.
1 8 12
2 Iw 12
3 10 22
k 12 22
5 12 22
6 12 22
7 12 22
8 22 22
9 22 24
10 22 2k
11 22 2k
12 22 2k
13 22 2k
14 22 2k
15 22 2h
16 22 26
17 22 26
18 22 26
19 22 29

20 22 29
21 - Survived 72 hours

22 -

23 -

24 —

25 -

26 -

27 -

28 _ n v ¥

Continued on next page.
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Test Croup(Continued,

Mouse Incubation leriod (in hre,. Survival leriod (in hrs,

No.

29 Survijved 72 houyrs.

50 d r_l 72 L;c

31 — i 72 U

32 : t 72

33 — ff 72 W

3U - H 72 R

135 ® 7 H
TTrSTfhat Ibn TW1<53. ~ Bur”~vaT~Pe rTdcT

Total 362 hours UNO hours.

Humber of mice (n> 20 20

Mean (Xj 18.1 hours 23.0 hours

Range 8-22 12-29

Standard Deviation (> 5-k u.2

Standard error of the

* mean (or/ 1; 1.2 0.9k

X + 2g/73'n/ 15.7-20.5 21. 1-2i*»9

Survivals 15 oat of 35 * h3%.
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Control Cwoup. Experiment 15
Mouse Incubation ieriod Survival leriod
Mo . fin hours.. (in houre..
1 5 It
2 6 1C
3 6 11
k 6 11
5 1c 12
6 10 12
7 10 21
8 10 21
9 12 21
10 12 21
11 12 21
12 12 21
13 12 21
1k 12 21
15 12 21
16 12 21
17 19 21
18 19 21
19 19 21
20 19 21
21 19 21
22 19 21
23 19 21
2k 19 21
25 22 2k
26 2k k&
27 2k kB
28 survived 72 hours survived 72 hours
29 it s it " 72
30 " 72 & " 72
31 * 72
22. M ;3 » " 72
Incubation Period. Survival Period.
Total 381 houre 56k hours.
Number of mice W/ 27 27
Mean (O 1U.1 20.9
11ange 3>2U 10-U3
Standard deviation («( 5.6 8.7
Standard error of the
mean (<r/ ", 1.1 1.7
x t 2(f/ N 11.9-16.3 17.5-2U.3
*  16/S.

;rence between the survival per-

>1 groups y 1Q-6
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Hxp*riment 16. 1S»BCT 0?7 O: At APMIKICTKATICI? CP P-MIKODDNTCIC
ACID uN rilErivvO}; 11N IKPUCKE>"TY" HO1X; " IMKGNMICF™*
1$ EJCI~
Approximately 30 rag. of p-aminobensoic acid was fed daily
to each of a test group of Ko mice by adding 1 part to 100
parts cf their food. The average quantity of food corauirsd
per mouse was first determined and found to be 2.5 g. After
2 weeks these mice plus a control group of 2Q alee, kept on
the same diet without p-aminobenzoic acid and under the same

conditions for the same time, were infected iIntraperitonerally

with 1 lethal dose, i.e. 50 millions of B. typhosus.

Test Group.
House incubation Period."” Survival ,eriod
M- (in. hours,. . {in hou
1 S 12
2 10 12
3 1o 18
4 10 18
3 10 "18
6 12 18
7 12 18
8 12 18
9 18 13
10 18 18
11 18 13
12 18 13
13 18 ia
1k 18 18
13 18 18
16 18 18
17 18 18
18 18 22
19 18 22
20 18 22
21 2C 22
22 20 2k
23 20 2h
2k 2~ 2h
25 2k 26
26 26 29
21 30 35
23 - survived 72
29 — tt

30 - If



Test Group (Continued)

Mouse incubation Period Survival Period
NoO. (in hours). (in hours].
31 - Survived 72 hours
32 -
33 -
3U -
35 -
36 . £
37 -
38 -
39 -
Uc LS
Incubation Period. Survival Period.
Totals } I+60 hours 5UU hours.
No. of mice (Nj 27 27
Kean (X) 17.0 hours 20.1 hours
Range 8-30 hours 12-35 hours.
standard Deviation () 5-2 h.9
Standard errof of the
mean (<p/7n> 1.0 0.94
x 4 2(¥jn, 15.0-19.0 18.2-22.0
Survivals 13 out of kO » 337

Control Group.

Mouse ’inculbaHon Period. Curv fyvai’Period
No. (in hours} (in hours
1°- n S
2 8 10
3 8 12
k 8 12
5 8 12
6 8 12
7 12 18
8 12 18
9 12 18
10 12 18
11 12 18
12 12 18
13 12 18
Ik 12 18
15 12 18
16 12 18
17 18 18
IS 18 18
19 18 18
20 18 18

Continued on next page
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Control Group (Contlnucd,

house Incubation Period. Survival Period.
Wo.. (in hours-. (in hours,.
21 IS 18
22 18 18
23 18 18
2k 18 18
25 18 18
126 13 18
27 18 18
23 18 18
29 18 18
30 18 13
31 18 18
32 18 2k
33 18 2k
3k 18 2k
35 22 26
36 - Survived 72 hours.
37 _ It
38 _ It
39 - W
uo —
Incubation Period. Survival Period.

Totals 510 hours 61K hours.
Furober of mice (n> 35 35
Mean (X] Ih«6 hours 17»5 hours.
Eange h-30 hours 8-35 houra.
standard deviation (P h.2 3.3
Standard error of the
medan (<Fai\ 0.71 0.66

+ 2N (/™ 13.2-16.0 16.2-18.8

Survivals 5 out of 10 13>.

Standard error of the difference between the. survival per-
centages of"test and control groups = 9%6.



Po»s 255*
Experiment 15 shows that in the test group cf 35 mice
20 or 57' became ill and died, the mean period before onset

cbf symptoms in the ngig/e being 18.1 +, 1.2 hours and the eur-
- 0

=k \ .o %

vival perigd after infection with B. typhosus 23.0 + Q.0I*
o ___ -\°* - e - ° oe ~ 'm. *

hours. In the control group of 32 mice, 27 or Bk> became

(B r . e

ill and diéd, the mean period before onset of symptoms here
being 11*-1 + 1.1 hours and the survival period 2u.9 + 1*7
hours. Although the difference between the incubation
periods and the survival periods in the two groups is not
statistically significant, again the test group appears to
fare better. Moreover, the difference (27£> between the
survival percentages of the test and control groups is sig-
nificant, being more than twice ita standard error (1C.6,.

Experiment 16 confirms these findings when p-aminobensoic
acid is administered orally (ingested with the food, for a
period of two weeks. In the test group here cf 10 sic®,
27 or 67 >became ill and died, the signs of Illness being
noted after a mean period of 17.0 + 1.0 hours and death
occurring after a mean period of 20.1 + 0.9h hours. The
corresponding figures for the control ~roup of 1*0 mice in
which 35 or 87' became ill and died were 11**6 + 0.71 hours
and 17*5 * 0.66 hours. Again the test group appears to have
benefited from the preliminary treatment with p-aminobensoic
acid, and the difference (20%, between the survival percen-
tages of the test and control groups i& significant, the
standard error being 9.6 .

The results of experiments 1h, 15 and 16 are summarised

in the following table. The difference between the survive!
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percentages of all the alee treated with Q-lamlingbensoic acid

i % w ¥k VE to1 %.. %' LR

before infection with B. typhosus, and that of mice either
untreated or treated after infection is k times the standard
. . -i 1 - {

error between these percentages which is double the minimum
Y-I"
requirement (of twice the standard error, /<< significance.

mrom these experiments It is concluded that quantities
. *ro -f

1* 1 fit . . .

I 1 fc ».L/<.

of p-aminoocrrzoic acid far in excess of there produced .under
physiological conditions have on the mouse beneficial effects

similar to its effects in bacteria.
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2VFZCT OF ?2~AMIMmmZQIC ACIB OH E. PSRIMOTTAI, TUBERCULOSI

In the previous section experimental evidence that
p-scjinobensoic acid increases the reeistance of mice to
infection with typhoid bacilli has been detailed. Since,
however, B. typhosus causes in Oice a rapidly fatal
septicaemia, it was felt that a more chronic disease might
provide confirmatory and clearer evidence of this beneficial
effect of p-aminobensoic acid. Tuberculous infection in
guinea-pigs was selected for study, since it is generally
accepted that B. tuberculosis produces a progressive dleasee
in the guinea-pig with no evidence of any naturally-occurring
immunity. Any observable effect of the progress of the
disease i1s, therefore, more likely to be significant.

Two groups of five guinea-pigs were i1noculated with
200 millions £. tuberculosis which la about one-fifth the
dose required to kill a guinea-pig in 6 weeks. Cne group
was then treated with p-aainobenzoic acid by its addition
to the diet, the other group serving as a control. Weights
and reettl temperatures were recorded dally and autopsies
performed on each animal as soon as possible after death.

At the sar* time, the weights of two other non infected
groups of five guinea-pigs kept under the same conditions
rb the two preceding groups, one with p-aminobensoic acid
in its diet and the other without, were also recorded.
The results are eumuarieesi In the table and graphs of ex-

periment 17.
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Sxperiacnt 17. XWZp? OF P-Atl1KOBKKMOICACID CH TUB KCULOSIS

Twenty guinea-pigs, 30G-350 g. in weight, were divided
into h groups, each containing 5 animals. All h groups
were fed on © bran and oats diet or which they consumed about
25-30 g. daily, plus daily offerings of lettuce leaves. At
the outset of the experiment, Groups A and B were inoculated
intramuscularly with 200 millions B. tuberculosis from ©
Ih-day culture on Petragnanl*e and Loewenetein’e media.

This dose was approximately 1/5 the dose estimated to kill

a 310-350 g. guinea-pig in € weeks. Groups A and c had
0.h.C p-aminobensoic acid added to their diet bo that each
guinea-pig in these groups would receive 100-120 rag.
p-emiaobenzoic acid daily. All animals were weighed daily
and their rectal temperatures taken. The rectal tempera-
tures are not detailed since none of the animals showed
marked pyrexia nor could the degree of pyrexia be correlated
with the apparent progress of the disease.

In Table 1, the weekly maximum weights of all the
guinea-pigs in the four groups are recorded.

In Table 11 the weekly maximum rectal temperature of
the animals is Groups A and B are recorded. Daily rectal
temperatures were not recorded in Groups G and D but the
normal rectal temperature of the guinea-pigs was found to

be between 100.5° F. and 102.5°?.
In Table JJL the period of survival and autopsy find-

inge of all the guinea-pig® in Groups A and B are recorded.
In Graph I, the percentage increase in weights of iIn-

fected animals treated with p-sminobensoic acid (Group A)
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are compared with non-infected animals under the game condi-
tions {Croup C>.

In Graph Il the percentage increase in weights of in-
fected untreated animals (Group B; are compared with non-

infected animals under the same conditions (Group X).
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TABLS5 I1. SKKPY MACXXCM R.SGTAL TtiMj"KRATUJE 2 IN DSCiiEKS PAHKENLIDiT
“ OF GI/INSA-PIGS IN GOEh™B A AND B.

Group A. Croup B.

1 2 1 k 1 2 A _
Cogence - 100.8-"1c1.s 101.2* IcS.2 101.2* 1CC+6 101.2 lei.i* iwi.T-101.0+
sent of g
experi-
ment
1st week 102.2 1i2.u 102.6 1c2.8 101.6 102.2 101.5 102.1* 101.8 101.6
2nd » Uu2.8 103 103.* 102.8 102.8 103.2 103 103.2 103.1+ 103
3rd 102.2 102.8 103 Usz.U 1-2.6 103.1* 1G3.8 103.1* K 2.6 102.6
itth ¢ 102.6 U2.2 1-3 103 ~ 102.6 103.Uu 102.3 103.h 102.6 102.8
5th ', 102.2 102.6 Iv2.2* 103 1C3.2 103.6 102.2 103.2 iv.2.8 102.6
6th 102.2 102.2 102.U 102.8 102.8 102.6 102.8 102.8 102.8 102.1+
7th " 102, k 102.0 102.6 1*2.3 103 U2.8 102.6 1-3.2 1C2.3 1c2.U
gsth W 102i2 102.2 101.6 102.8 102 Pied 102.2 103 102.6 102.6
oth v 102 \ 1*2.1* 101.8 1C2.8 102.6 - 102.1* 103 102.6 1C2.6
10th &) 102 * 102.6 103 103.U 102.1* - 102.8 103-6 102.1* 102.6
11th ‘ 102.%+ 102.6 102.8 103 102.2 : 102.8 103 102.6 102.8
12th 0 102.h 102.8 10... H2.6 102.6 - 1C2.6 1t3 102.6 102.6
13th - 1k2.2 103 102.2 103 1C2.1* m 102 103.r 103.2 103.2
1+th  ~ 102.8 10.6 101.8 102.6 102.1* : 102.6 103 103 103.8
15th 103 1C3.8 102.3 1Cc3-2 103.1* : ePied 102.1* 103 103. k
16th < 103.6 103.6 103.u 102.1* 103 : : 102.1+ 103 103.2
17th ft 103 103.8 102.6 102.6 102.6 : - 103.2 102.1* 103
18th t 101.8 103.k 102.6 103.u N 1.1* : : li 3.2 Pied 102.8
19th - Pled 103.2 102.8 1C2.6 Died : : 103-k - Pled
20th " - 103.8 102.2* 1Cc2.2 . : : 1C2.1* .
2let n - 102.2 101 Pied : : : 102.2 .
22nd ¥ _ 102.2 101.6 - . , , 102.1* -
23rd 0 - 101.8 101.2 - - : : 102.2 -
21+th " 102.2 Pied . 101.1*

Pled Died



TABLE I11. PERIODS OP HURVIVAL AND AUTOPSY FINDINGS 07 GUIKSA-PIGS IN GROUPS
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It will be seen that treatment of tuberculoiic guinea-
pig® with p-atainobenzoic acid while not preventing develop-
ment of the i1nfection prolongs their period of survival
(from 108 .K to 139-6 days; and diminishes the severity of
the disease since the treated group as a whole shows a

BN I o AV ¥4 o IS *  m
greater increase in weight than does the untreated group,
although this increase fTalls considerably short of that of
normal guinea-pigs under the same conditions. The data
recorded for the two non-tuberculous control groups also
indicate that p-amincfcensoic acid per ee added to the diet
is not responsible for this increase since the weight
changes of these two groups are on the whole similar,
nevertheless* Ot autopsy the recorded findings do not
show any significant difference between the treated and
untreated groups although the iImpression was gained that
the untreated guinea-pigs showed a greater number of lee-
ions and a more widespread involvement of organs than did
the treated guinea-pigs, and this despite the feet that
the longer survival period iIn the treated group® should
it anything have permitted more extensive lesions to de-
VeIOp'.. @B . ey . B ,

On the whole, therefore, the conclusion appears per-
missible that whereas p-aminobenzoic acid in large doses
has no bacteriostatic action on B. tuberculosis iIn the
guinea-pig, it does produce some resistance In this animal
after it has been experimentally Infected with tuberculosis.

These result® confirm the previous findings that p-amino-

benzoie acid in mice increases theilr resistance to infec-

i sled

tion with typhoid bacilli.
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The two most probable interpretations OF the effect of
p-arainobenzctc acid when added to the diet or injected sub-
cutaneous ly which suggest themselves are

(a) the effect may be due to an alteration in the
defense mechanism of the boat,

(b) the effect may be due to an interference in
the in vivo cultural medium of the parasite.

(a; necessitates (i, a study of the development of anti-
bodies and their circulation in the
blood stream during administration
of p-sminobenzcic acid and

(il) a study of any stimulating effects
of p-ataiaobenzoic acid on the
phagocytic activity of the reticulo-
endothelial system.

The possibility of (b, appears to be ruled out by the
observation (p-IU7 ; that this effect of p-aralnobenzoic acid
is not seen when its exhibition is continued after infection
with B. typhoeue. A study, therefore, of antibody forma-
tion and reticulo-endothellal activity during feeding with

p~aminobeazoic acid was made.

REFECT OF P-ABIKOBBfzZGIC ACID OH TK™-
ACTIVITY OF TTuT IthTICULO-KhliCirilSLIAL CYSTEH.

Yeomans, Snyder, Murray, Zarafonetis and Kcke (19bhi
investigated the possible therapeutic effect of p-arain®
benzoic acid in louse-borne typhus fever in man following
a report by Snyder, K&ier and Anderson (19b2) that the-
mortality of experimental murine typhus iIn white mice was
reduced by the oral adminietration of the drug. The lat-
ter workers found that large amounts of p-atainobenzoic acid

were required to demonstrate such an action, which even
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occurred, though to a lesser extent, when the oral adminis-
tration was started one or two days after the inoculation
of rickettsias. Yeomans and his co-workers confirmed this
effect in human louse-borne typhus fever and concluded that
when treatment was started iIn the first week of illness,the
clinical course of the patients who received p-arainobenzoic
acid was much lees severe than that of patients not bo
treated.

Since the multiplication of rickettsias occurs in the
cells of the reticule-endothelial system, the suggestion
was put forward by these workers that p-amlnobenzcic acid
exerts i1ts effect by stimulating in some way the cells of
this system (p.6/. In the previous section this possi-
bility was independently suggested by the results obtained
when studying the effects OF p-aiainobenzoic acid 0On experi-
mental typhoid infection in mice and experimental tubercu-
losis in guinea-pigs. It was, therefore, decided to test
the effect of p-srainobenzoic acid on the activity of the
reticulo-endolhelial system.

n, -*1,

As ie well-known, such a study is fraught with great
practical difficulties. After a consideration of various
techniques discussed by Maher (19hh,, including the use of
thorotraat, which i1e a stabilised emulsion of thorium
dioxide containing 25,t by volume, and 19-2Q& by weight, of
thorium dioxide, with from 16-19% of protective colloid,
it was decided to use thorium dioxide suspensions and study

o o ) both by successive X-ray pic-
iis deposition in the spleen”®

tureo and by histological examination. After intravenous
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injection, thoiotrast iIs deposited in the spleen and liver,
and when sufficient has been injected to “block* the reticule
endothelial system, storage in the spleen appears to be- com-
plete within three hours after injection, as observed by .
X-rays. Further, during the following 72 hours there is
no significant shift of the stored material. Since thoro-
traet was unfortunately not procurable here, various aqueous
suspensions of thorium dioxide were prepared by grinding the
powder in a caorter, and stabilised by the addition of gum
acacia. Since 25 CUepensions of thorium dioxide were
found to be too thick for iInjection Into the femoral vein
of the rat, It>> suspension®© were finally used.

After being fed for 2 weeks on a diet containing 1%
T>-aminchenacic acid, a group of 10 rate was iInjected with
10% thorium dioxide suspension* 7 rats receiving 0.25 ml**
end 3 rats 0.5 ml. At the ©Cease time a control group of
10 rats kept under the same conditions ao the Tfirst group
but without p-aminobenzoic acid addition to their diet,
were injected with the thorium dioxide suspension in the
same proportions. All iInjections were made into the
femoral vein after anaesthetiration of the rat. Larger
volume? were not iInjected since In trial experiments such
Quantities of the suspension of thorium dioxide were found

to produce toxic effects which usually ended fatally. Two

hour® after injection all the animals were X-rayed * and
the plates examined for a concentration of the radio-opaque
thorium In the splenic area. Further X-ray plates were
taken after 2k houre and again after h3 houre.

The results in all cases were quite negative, neither
mtr# 171 .
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the test nor the control groups showing sufficient absorp-
tion of the thorium by the feticulo-eadothelial cells of
the spleen to be demonstrable radlologleally.

Since the possibility existed that insufficient thorium
had been injected for radiological examination, all the ani-
ssals were killed after 48 hours and the spleens removed for
sectioning. X The sections were stained with baemetoxylin
and eosia and examined microscopically by dark-ground
I1lumination. The eosin-strined cells under the dark-
ground illumination provided a greenish, almost fluorescent
background, against which the highly-refractlie, violet-
coloured particles of thorium dioxide could easily be ob-
served. Although in all the spleens examined, the amount
of thorium dioxide phagocytosed by the retieulo-endotkelisl
cells was considerable, it was approximately the same in
both test and control groups.

The only conclusion, therefore, which these observa-
tions permit is that p-aminobensoic acid, as Judged by the
techniques used, has no effect on the activity of the re-
ticulo-endothelial system. It must be conceded, however,
that the relative crudeness of the methods available for
investigating the functioning of the reticule-endothelial
system precludes any really accurate assessment of this
problem.*

* The radiological investigation was carried out iIn the
Eadiology :apartment of the Johannesburg General Hos-
pital, and the sections of the epicene prepared by the
Histology Department, University of the Titwatersrend.

To both these departments | wish to expreea ray sincere
thanks for invaluable assistance.
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Photographs of the X-ray plates and photomicrographs of the
splenic sections have not been prepared since no differences

were observed between the test end control groups.

0? g-AaiKOSSKgCIO ACID ON TBS rSVSLOP«?KT 0?

It Is generally accepted that the reticulo-endothelisl
system is concerned with humoral immunity no less than with
cellular immunity. Recently etudiee indicating that the
lymphocyte elaborates antibodies have also appeared.

With the hope of elucidating the mechanism by which
p-aminobenzoic acid increased the resistance of animals to
infection, 1i1ts effect on antibody formation was iInvestigated.
This was done by following the development of circulating
antibodies after injection of dead typhoid bacilli into two
groups of rabbits, one of which was being treated with
p-aminobenzoic acid orally, the other group serving ©e a
control. At the same time, total end differential Ieu%gﬁ%ﬁ%
were done so ©e to determine whether any apparent changes 1in
the number of lymphocytes occurred. All counts were done at
the same time of day.

The result® are shown iIn experiment 18. After two
control observations had been made at weekly intervals 0.25
ml. of a killed culture of B. typhosus H9C1l was injected
into the test and control groups and the titre of wO0” and
*K* antibodies determined every week a® well as the total
numbers of leucocytes and lymphocytes. Bech rabbit in the
test group received daily by mouth about 1*00 mg. of p-amino-

benzoic acid. At the end of 11 weeks, the experiment was
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terminated, since by this time it was apparent that there
were no differences between the test and control groups.

It must, therefore, be concluded that p-aminobenzoic acid
does not exert its effect on resistance to infection by
stimulating antibody production, or the number or types

of circulating leucocytes.
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Experiment 18. EFFECT OF P-AKISOBEKSOIC ACID OB THg
PSVQLOrfcSBKT OF ATFTIBCDIKS.

Two groupe, each containing 3 white Angora rabbits were
observed for two weeks. At the end of each week, blood was
collected from the ear veins, the serum separated end the
titre of B. typhosus “”HW and ™" ON antibodies determined by
the method of doubling dilutions — starting with a 1:3 dilu-
tion of serum to which was added an equal volume of B.
typhosus "H* or WC* antigen, so that the fTirst final dilu-
tion of serum tested was 1:10. The dilution of serum was
then doubled by adding an equal volume of saline o that
the final dilution then became 1:20, I;i*Q, 1:80, 1;160,
1:320, 1:6hC, 1:1280, 1:2560 until 1:5120 which was the
highest dilution tested. For *HM agglutination, the serum-
antigen mixture was ineubated at 52°0. for 2 hours, end for
*04 agglutination at 52°G. for 2K hours. The total white
cell counts were done in the usual way. For the differen-
tial cell counts, thin blood smears were stained with
Leishaian’e stain and at least KOO cells counted.

Both groups of rabbits were then injected intravenous-
ly with 0.25 e.c. of a killed B. typhosus H901 culture which
stimulates the production of both *H{ and *CGFKF antibodies in
the serum. The test group of rabbits were then treated
orally with 5 e.c. of KI p-eir.inobenzolc acid (» 200 mg.; in
K «sodium bicarbonate twice daily by means of a capillary
pipette, and the antibody titree, total and differential
white cell counts done at weekly intervals as above. The
control group were treated with 5 e.c. Kkl eodiura bicar-

bonate twice daily and similarly iInvestigated.



£*At end of 5th week rabbit No.

the evening previous to death

6 was found dead.
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Cn

itd condition was apparently

normal and, at autopsy, no cause for death could be foun<hl’

N, -k %

litre of "H” Antibodies.

Test Group»

Babbit. Babbit

Week. 1. i 7.
1 <1 1:10 <1,10 !

2 <1:10 } <1:’10]_

Injection of 0e25c*e. B.

3 m+o T;|Sfl’
1+ 1:320 1:2560
5 1:160 1:1280
6 1 1:320 1:61+0

7 1:61+0 1:123C
8 1 iCckd 1:128cC
9 1 1:160 1:61+0
10 i | : 32q 1:61+0 5
11 T! l:320f 1:1280

litre of "O" Antibodies.
Test Group.
Babbit; Rabbit
Week. 1. L 2.
|
1 1:1+0! < 1:10
2 1:20! «<1:10
Injection of 0.25 c.c. B.
3 1 :
' 1:1230 1:61+01
$ 1:1230 1:61+H0
§) 1:1280 U 1280
7 1:128&G 1:61*0
8 1:6i+F 1:320
9 1:12]0 1:61+01
10 1:6i+0 1:320°
11 1:6n ueuo

1:6140

wr> & \> S» -
Control Croup.
Babbit Babbit Babbit Babbit
3. 1*, * 5. % 6.
<1:10 <1:10 <1:10 1 <1:10 *
<1:1Q, 3 <1:10 <1:10  1<1:10
typhosus H901.
1:320 1:61+0 1:166 1:6140
1:2560 1:25601 1:2560 112560
1:2560 1:1280 1:2560 1:61+0
1:61*0 1:320 ] 1:320 °
1:2560 1:61H0 ! 1:1280 mm
1:320 1:1280* 1:1280 m.
1:6140 | 1:6140 1:61*0 m
1:6140 | 1:6140 1:61+0
1:1280 1 1:128a 1:2560]
Control Group.
Rabbit Babbit. Rabbit Rabbit t
3 . pm~arrm, I\Ai“-rm,. f - 5 . 6 N JF
<1:10 <1:10 | 1:1+0 1:20 i
<1:10 <1:10 1 1:20 ) 1:20
............. !
typhosus HI901.
1
1:1280. 1:1280 1:1280
1s12801 1:320] 1:61+0
1:61+0 1 :61+0f 1:61*0
1:0+0 1:6140! 1:61+0
1:320 1:320 1:320
1:6140 1:320: 1:61+H0
1:320 1:160 1:160



Total

week .

1
2

hite Cell Coupta/c.n%a.

Rabbit
1.

10,C0O0
10,500

Test Group ™

Rabbit
2.

8, SCO
5,100

Injection of 0.25 c.c.

I

ROV oUW

6,600
7,500
7,300
9,400
2,800
3,100
6,500
6,400
7,100

4,500
4.1oc
3,4co
3,200
2,900
4,900
4,200
5»800
6,500

Rabbit Rabbit
- 3.

10,100 :i2 ,a00
7,800 : 4,000

B. typhosus fi901.

7,600 11,000
7,CCG 7.400
4,90C 8, CCD
5.700 5,500
6,600 10,500
6,500 6,100
6,100 7,200

12,2CC 3,6CG

i 7,900 _i.600

Page

Control Group.

_Rabbit
Jou5. ...

13,500
6,500

3 ,0co
5,500
5,300
5,900
3,900
4,200
4,900
7,090
5.600

176

Rabbit
6.

10,900
5,200

5,600
7,400
6,900



Percentage anC Total

Percentages

to nearest hundred.

Keek.
1

Test Group.
Rabbit Rabbit
1. 2.
481 54,
4 1800 K,700
47.1 5<$
14,900 2,500

In.ledbion of 0. 25 o.e.

3

10

11

615S
4,000

441
3.3C0

26,b
1,900

41 *©
3,SCO

371
1,000

371
1,900

431
2,800

701
14,500

48>
3,1400

6a;
3,000

49,1
2,000

541
1,900

al4:9%
1,700

73a
2,100

561
2,700

5(%
2,100

691
4,000

29/*
1,900

Rabbit
3.

62;%
6,2CO0

SCK
6,200

62;
4,700

541
3,800

641
3,100

544
3,ico

541
3,500

731
4,700

71>1
14,300

69.1
8,1400

231
2,200

lynepboeyte Ccunt/c.mm.
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reported to nearest whole number an<d Totals

Control Group«

Rabbit
4.

46 -

5,900

821
3,300

. typhoeus H901.

344
3,70C

u7C
3,500

521
4,20

539
2,900

611
6,400

661
4,000

631
5,900

501
3,300

~"sFbir

5.

33;
5,400

717
4,600

babbit.
6.

531
?,700
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The above etudiee of reticule-endothelial activity
both so regards phagocytosis and the formation of anti-
bodies, therefore, appear to indicate that p-aminobenzoic
acid does not exert 1tO effect by the stimulation of a
cellular or a humoral Iimmunity. Since it also does not
appear to act by reducing the ability of pathogenic
bacteria to develop iIn the tiesuee or body fluid® of the
host animal, it must be concluded that at present the
mechanism by which p-amlnobensoie acid Increases resis-

tance to infection remains unknown.
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SUMMARY .

Large quantities of p-aninobenzoic acid were found to
inhibit growth on MacConkey*a medium of the typhoid-paratyphoid
group of organisms to a larger extent than 3. coll and other
gran.-negative, pathogenic, Intestinal bacteria. Cine® sulpha-
pyridine added to the came medium showed a reverse order of
inhibition, effecting the growth of the dysenteric organisms
most markedly, and since this drug also has a well-marked
therapeutic action in bacillary dysentery, it appeared worth
while to determine whether the selective inhibition of the”
growth of B. typhosus on HacConkey’e medium by p-aminobenzoic
acid could be duplicated iIn iIn vivo experiments.

The therapeutic effect of p-amincbenzole acid In experi-
mentally produced typhoid infections in mice was, however,
found to be disappointing, although 1t was noted that adminis-
tration, either orally or by injection, of p-aminobenzoic acid
to mice for a few days before Infecting them with B. typhosus
apparently diminished their susceptibility to infection.

From this it has been concluded that quantities of p-Ominobenzoic
acid far iIn excess of those present under physiological condi-
tions have beneficial effects on the resistance of the mouse,

and that the concentrations which can be reached In vivo

without trxie effects have a stimulating effect both on the
animal organism and the Infecting bacillus. When, therefore,
p-aminobenzoic acid is presented to the tissue cells of the

mouse before infection with B. typhosus, it increases the

mouse’s resistance to infection, but when infection ha® al-

ready occurred, this effect is completely overshadowed by
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the much greater stimulating effect of p-aminobenzoic acid
on the growth of the infecting organism with whose metaboliem
it hse a far more intimate relationship. Similar effects
were noted when tuberculous guinea-pig* were treated with
p-aminobsnzoic acid in large doses, although there were no
demonstrable bacteriostatic effect® on the tubercle bacillus
itself

This action of p-aminobenzoic acid has been shown to
be due iIn some way to a stimulation of the natural immunity
or "resistance"™ of the animal, and not to an adverse effect
on the i1n vivo growth of the iInfecting bacillus. Attempts
to elucidate the mechanism of ite action have, however, been
unsuccessful, the experiments described indicating that
p-aminobenzoic acid does not exert ite effect by the stimu-
lation of an increased cellular or humoral iImmunity, since
it apparently neither iIncreases the phagocytic activity of
the reticule-endothelial system nor the titre of antibodies
produced by injection of an antigen. The activity of the
reticule-endothelial system was tested by injecting thorium
dioxide suspensions Intravenously into p-aminotenzclc acid-
treeted and control rat®, and then following 1tO deposition
in the spleens by X-ray and histological studies. It must
be conceded, however, that the relative crudeness of the
methods available for investigating the functioning of the
reticulo-endcthelial eyetera precludes any really accurate
assessment of this problem. The effect of p-aminobenzoic
acid on the activity of antibodies was Investigated by

following the development of circulating antibodies after
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Injection of dead typhoid bacilli into two groups of rabbits,
one of which was being treated with p-auiinobenzoie acid
orally, the other group serving ee a control. Total and
differential leucocyte counte were alec done so as to study
any differences in the nutabex* of circulating lymphocytes
since these cells have also been shown to elaborate anti-
bodies.

It is, therefore, concluded that p-amincbenaoic acid i
stimulates the natural iamunity or “resistance* of an
animal to disease, but that, at present, the mechanism by

which 1t increases resistance to infection remains obscure.
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GENERAL SUMMARY AHP CONCLUSIONS.

1. In 19L0, Hides focussed attention on p-arainobenxoic
acid by suggesting that it was an essential metabolite fop
bacteria and that it was normally associated with an/enzyme
system in the bacterial cell. He propounded the hypothesis,
since supported by many workers, that the sulphonamide group
of drugs owed their bacteriostatic action to their struc-
tural similarity to p-aminobenzoie acid which enabled them
to displace it from its enzyme and stop an essential line

of metabolism in the bacterial cell. Attempts to identify
the enzyme system involved in the utilisation of p-aminobenzolc
acid have, however* led to inconclusive results. Various
other theories have, therefore, been propounded to explain

the action of eulphonamidee including modifications of

Elides* hypothesis.

2. The estimation of p-aminobenzoie acid m the studies
reported in this thesis has been based on its property of
antagonising the sulphonsmides, and is a modification of

the microbiological method published by McLeod in 19kO,

It was selected since i1t iIs more sensitive than the chemical
methods end the reagents ere readily obtainable. The method
of essay consists iIn comparing the amount of material which
in required to neutralise the inhibitory action of sulpiha-.
pyridine on Escherichia coll growing in a synthetic medium, *

with that of a standard solution of p-sminobenzoic acid

under Ildentical conditions.
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3. Frota a study of the behaviour of various derivatives
of p-amlnobenzoic acid under the assay conditions used, the
finding of other workers la confirmed that the inactive
form, in which most of the p-aminobenscic acid is excreted
in the urine, 1is p-seetyl-aminebenzolc acid. The sugges-
tion is, however, made that under physiological conditions

all the p-amlnobensoic acid is conjugated and excreted

either as p-acetylaminobenzolc acid or p-aminobenzoyl-

ftlycnronate.

h* In view of the possible significance of p-aolnobenzoic
acid as a member of the vitamin E complex, a study of its
absorption and excretion in man after feeding minute doses
was undertaken. Previous studies in the literature have
been concerned with the excretion following relatively large
dosee of p-aminobenscic acid. The resylta obtained suggest
that the human organism deals with p-aminobenaoio acid as it

would a toxic substance and not & & vitamin., hen dosee

up to 25 mg. were fed, it was found that all the p-aminobenzoic

acid was conjugated and rapidly excreted,— completely within
16 hours or less — iIndicating that the normal liver was able
to "detoxicate” up to this quantity at one time. Pven with

minute doses of 1 mg., p-aminobenzoic acid appeared in the
urine iIn the fTirst specimen collected. p-Aminobenzoic acid
was found to be rapidly absorbed — certainly within 8 hours —
frod the intestine, but the absorption was apparently incom-

plete.
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5, Although it has become very difficult to classify the
vitamine as a distinct and well-defined group’of compounds,
the claims of p-arainobanzolc acid to be regarded as a member
of the vitamin B complex are reviewed. Anabacher reported
that the absence of p-sminobenzoic acid from the diet, pro-
duced achroraotrichia iIn the rat and defective growth in the
chick. ether workers have claimed that it improved lacta-
tion in the rat and decreased the percentage of still-births.
In man 1t has been claimed to be an anti-gray hair vitamin
end also on anti-sterility vitamin. However, many of these
reported effects leek confirmation, and observations by
different, groups of workers are, in fact, actually conflict-
ing. The evidence that p-aminobenzoic acid produces defici-
ency symptoms — perhaps the moat important criterion of a
vitamin.— must, therefore, be considered inadequate and
inconclusive. Further, any action that it appears to have
is believed by most workera to be indirect, and on the in-
testine! micro-organisms rather than on the animal itself.
This explanation accords well with the firmly-established

effects of p-arainobenzoic acid on raicro-organit-Eia =

6. It 1s noteworthy that as far as i1ts physiological
effectiveness in minute amounts is concerned — another
characteristic of vitamins — the reported work, show® that
the quantities required to remove deficiency effects are
far greater than those that could be ingested in a norms!
diet. It appears legitimate, therefore* to conclude that

although p-aminobenzoic acid i» _a growth-factor for bacteria

/
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yeasts end fungi, it does net fulfil the criteria requirek
of a vitamin given in any of the definitions reviewed in

thia thesis.

7. The negligible quantities of p-arainobenzoic acid
occurring in various foods and the fact that yeast, a
micro-organism, is its richest source, suggest that the
minute amount® of p-aminobenzoic acid present in various
animal tissues and fluids, and finally excreted iIn the
urine, are also derived from micro-organisms, viz. bac-
terial growth in the large intestine, end not from the

food 1ingested. This hypothesis was tested by studying

the content of p-aiainobenzoic acid jn the urine after
producing intestinal bscterioataeie with eulphaguanidlne.

A marked drop in the excretion of p-amincbenzolc acid was
shown to occur, indicating that the trace® of p-amlnobenzoio
acid present in the urine of man can be considered to origin-
ate iIn the intestine where 1t ? produced during the growth
and multiplication of the bacterial flora.-- Confirmation of

this hypothesis 1is provided by the observation that p-emino-

benzoic acid can in fact be absorbed from the large intestine.

8. The above findings suggest that p-ctninobenzola acid
exerts its major physiological function in animsle and man
indirectly, by ctinulating the intestinal bacteria to pro-
duce the several vitamins which they have been shown to

synthesize, and whose iImportance on the mammalian organism

is well established.
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9. In vitro* large quantities of p-aminobensoic acid were
found to inhibit growth of the typhoid-paratyphoid group of
bacteria to a greater extent than other gram-negative intes-
tinal organisms. The therapeutic effect of non-toxic doeee
of p-uminobenzoic acid in experimentally produced typhoid
infections in mice was, however, found to be disappoint!I”
Nevertheless, the administration of large dotes of p-amino-
benzolc acid before iInfecting the mice, was apparently of
benefit. The interpretation put on these experiments 1is
that p-aminobenzole acid incresses the “resistance™ of mice
to ihfection, tut that this effect is completely overshadowed
by the much greater stimulating effect of p-aminobengoic acid

on the growth of the infecting organism with whose metabolism

\

it has a far more Intimate relationship. Similar effects

were noted in experimentally-produced tuberculosis in guinea-

pig"s.

10. The mechanism by which n-cml nobenzolc eeld stimulates
the natural immunity or refistance of on animal tojflieease
remains obscure,sites it stimulates neither a cellular nor a
humoral Immunity. The experiments described Indicate that
p-atr.inobenzoic acid apparently increases ne[EQgr the phago-
cytlc activity of the reticulo-endothellal system nor the

titre of antibodies produced by infection of an antigen.
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