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PREFACE ,

The work embodied in this thesis, was carried out by the
author in the department of Biochemistry and Section of Pharma-
cology of the Indian Institute of Science, Bangalore, during
November 1945 to October 1948,

In Part I of the thesis are described the results of investi-
gations carried out by the author on two antibioties "Pterygospermin"
and "Allicin", the first isolated from JMoringa pterygogperma and
the second from Alliup gativum. The medicinal properties of the
plants studied have been referred to in several old Sanskrit works
on medicinal plants, No systematic investigations, either on the
biochemistry or pharmacology of the drugs have however been under-
taken so far., Attempts have also )nn not made to isolate the
active agents in them, The suthor in an attempt to prepare, highly
active antibiotics from plant sources, has shown the possibility
of utilising many Indian plants for the cure of diseases like those
caused by M.tuberculogig. In Part II of the thesis are embodied
the results of investigations simed at evolving media for strepto-
mycin production and the factors responsible for the observed high
antibiotic formation.

Most of the work has been carried out by the author indepen-
dantly. Whereever any help has bcenv taken (even of very minor
nature in carrying out the experiments, or for discussing the
results) due acknowledgement has been made in the publications
of the author, a list of which is appended for reference. The
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GENERAL INTRODUCTION,



GENERAL INTRODUCTION,

Antibiotic substances, are a class of natural ly occurring
compound having the property of inhibiting the growth of micro-
organisms, which have come into prominence during refent years.
The term originally used to designate chemical substances
responsible for the phenomenon of 'microbial antagonism' or
'antibiosis' has ho!oyar at present been extended to include
similar compounds not only of microbial origin but also of plant
and even animal origin. Waksman' however has suggested that
the latter class of substances may be better named as 'antibiotie
like'., An antibiotiec may however be defined as a naturally
occurring chemical compound showing pronounced antibacterial
activity and having a rather heterogenous chemical nature,

The phenomenon of antagonism in mixed bacterial cultures
has been studied for many years. The first demonstration of
antibiotic action was made by Pasteur snd Joubert® in 1877, who
observed that a culture of Anthrax bacillus, in urine, contaminated
by some aerial microflora were destroyed. Several similar cases
of microbial antagonism have been recorded and all of have been
reviewed in great detail by Waksmen®. The antagonistic effect
of one species on another was usually ascribed to the production
of acid,to harmful enzyme systems, or to the production of
hydrogen peroxide by the inhibiting organism, That organisms
could produce specific toxic substances of complex nature was
recognised only during recent years such an explanation developing
gradually.




The remarkable development in recent years in the field of
antibiotics is largely due to several investigations made during
the period of 1877 - 1939, the most important of which may be

sunmarised as follows.

1. The remarkable property of certain microbes in repressfing
or even destroying certain other micro-organisms, including
pathogeniec saprophytic forms. Mention may be made of the obser-
vations of Pasteur slresdy refersed to, of Bouchard® in 1899 on
the protection afforded to rabbits from anthrax by culture fluids
of Pseudomones pyocyanes, of Lode® in 1903 on Micrococcus tetra-
genus end of Nicolle® in 1907 mmd on B.subtilis.

2. Mixed infections were found to behave differently from
infections caused by single organisms, some organisms repressing
the growth of others. The first attempt to treat infecgions by
the use of less pathogenic micro-organisms wag made by Cantuni-"
in 1885, who tried to treat tuberculosis with Bacterium termo.

One of the best known attempts at the replacement therapy was
that suggested by Metchinkoff® in 1909 to replace harmful intestinal
organisms by the Bulgarian lactobacillus.

3. Certain organisms isola ted from the soil, composites, ete.,
and grown in artificial media were found to produce substances
which had the capaeity to inhibit growth of micro-organisms. These
were later on designated as antibiotiecs. The earliest in this
field was the work on P,pyocyanea notably by louchard‘ in 1289, by
Honl and Duhowky' in 18909 and the preparation of pyocyanase by




Emmerich and Lowlo. All of these have resulted in the recent
isolation of four erystalline compounds from the organism,

Pyo I, II, IIl and IV showing powerful anti-Gram-positive activitfi
by Hays ot a1’ in 1945, Gosi02 in 1896 was the first to isolat
an antibiotic agent from a mould, He 1solated a crystalline
substance from a Penicillium. This antiblotic has been recently
named as mycophenolic acidla. The oﬁservltion which had the
most consequence in this fleld wag however, lndo.by F10u1n¢14

in 1929 when he isolated and studied a chance contahinent
(identified later as Penicillium notatum) having remarkable anti-
bacterial properties.

The above observations and certain others such as the fact
that disease producing organisms finding their way into the soil
are destroyed by the soil microflora, may be said to be primsrily
responsible for the shaping and development of the present era
of antibloties, dating back from 1939. By that time, it
became definitely recognised that several microeorgenisms could
produce under suitabdble conditﬁonq, antibacterial substances.
Mention may be made of penieillic acidls, penicillin and gliotoxin

R e

as products of fungel origin, pyocyanase, pyocyanin, etec., as
products of bacterial origin, which were known at that time as
antibioties.

Since 1939 however a tremendous amount of work hag been
carried out in the field of antibioties which have resulted in
the isolatdéon of several antimicrobial agents. The investigations




since 1939 even though were a logical sequence to the prier

findings, were however accelerated considerably by 'two important
findings sbout the year 1939, First the isolation of tyrothiiein

by Dubosi7118 and gecond the remarkable chemotherapeutic properties
of penicillin as discovered at Oxford by Florey, Chain and co-uorkari’

The investigetions of Dubos, culminating in the fractionation
of tyrothricin into tyrocidine and gramicidin were deliberate and
aimed at exploiting the phenonenon of microbial antagonism. Dubos'
view point was that "the addition of living cultures of Cram-positive
coccl would result in the development of a selective flora capable
of attacking the living cells of these basterial speciles",
Experimenting on these lines he isolated the now well known antagonis
Bacillug brevis and the antibiotic agents responsible for the
antagonistic properties of the organismy,

As 0xford2® has recently pointed out, moulds do not usually
compete with bacteria but only with each other in nature. Conse-
cuently efforts at the production of antibacterial agents by
moulds if successful must be in the nature of happy accidents,
should the substance isoclated have a very selective bacteriostatie
action, without no general toxic action. The most famous of all
these accidents so far is the discovery of the chemotherapeutic
usefulness of penicillin a mould product, against bacterial
infections.

The above facts geve a great stimulus for research work on
similar lines and several »iamk planned investigetions have been
carried out aimed at the isolation of naturally occurring anti-
bacterial agents from bacteria, fungi and actinomycetes. During



the ten years following the discovery of the chemotherapeutic
importance of penicillin, about n-hundrod new antibiotic agents
from different sources have been isolated and studied. Antibiotics
have thus been isolated from bacteria, fungi, sctinomycetes, algae,
protozoa and amimals. It is not attempted here to give an
exhaustive list of all of them, but mention may be made of a few
typical and important ones. |

Thus from bacteria have been isolated besides the well known
tyrocidine. and erentatiing Desiteiein - suMAIntS, asvesperin®®
polymyxin®®, and nisin®®, all of which might attain chemotherapeutic
status. Mu-cupc.u-:ln23 appears to be identical with polymyxin, It
affords protection to animals,against several infections and is
fairly non-toxic. Subtlin and bacitricin have also been found to

be acfin in vive.

Besides streptomycin several products have been isolated from
actinomycetes. Mention may be made of hwndulinm, Actinorubin®’
and stroptolinze. Antiviral agents like chloroueotin“, and
Auroonycﬁ have also been isolated. !eouycinn, an antibdiotie
agtive against streptomycin-resistant organisms has also been

recently reported.

One of the most outstandi ng properties of the antibiotics
is their selective action on becateria and other micro-organisms,
some active essentially on Gram-positive organisms, others on
both Gram-positive and Gram-negative organisms and some on fungi.
Antibiotics vary greatly in physical and chemical nature. Several




antibiotics are produced by a single axgx ucro-orianisu and
gseveral micro-organisms may some times produce a single ani:ll':io*!:ic:?a
Antibiotics also differy greatly in their toxicity, bacterial
resistance, and stability in presence of tissue fluilds, all of
which make the chemotherapeutic efficacy of the drugs widely
variant., Thus although more than a hundred antibioties have now
been described only very few of them haﬁ so far been found

chemotherapeutically efficient,

The factgthat many of the antibiotics of miecrobial origin,
were not useful in vivo and also the need for agents effective in
penicillin and streptomycin resistant bacterial infections have
necessitated a wider serarch for similar antibiotic agents. One
such approach was that of tapping the higher plants, Plants
have been endowed with great therapeutic virtues from times
tmmedt immemorial., After the advent of microbial antibiotics
a search hag been made for antibiotic agents in plants, notably
by Osborne>>, Pederson ., Atkinson°° and Cavallito®®, Even though
several plants have been examined only ﬁry few of them have been

studied and very few plant antibiotiecs isolated,

A good deal of useful information has accumulated ;n the
investigations on the mechanism of antibiotie action. Most of
the investigations appear to be either on penicillin or streptomycin,
Gale ﬁ_.],a? have found that penicillin hibits the assimilation
of glutgamic acid by certain pathogens. Frieden and !'ruioras
report that among a number of substances studied only magnesium
and phosphorus affect the sensitivity of S,sureus to penicillin,




(phosphorus in the form of phosphate). Pyridoxine, but not
pyridoxal or pyridoxamine acts as a penicillin antagonist.
Duffrenoy and Pratt” have reported on the eytochemical mechanismg
of penicillin astion. Nuclele acids have been claimed to
antagonise penicillin nction!o Several similar observations
have been reported. All of these have been summarised recently
bj Bnilcyu. The praunt- status of the knowledge on the mode
of action of antibiotics is however nebulous. Many theories
have also been suggested to explain the mode of a,tion of
antibiotic substances. Mention may be made of

a) Antibiotics affect the cell by interfering with the
utilisation of one of the intermediary metabolic products. Thus
Gale ot 81> have shown that amino acid metabolism of §,sureus
is affected in the presence of penicillin and Geiger': has made
similar observation on E,coli in presence of streptomycin.

b) Antibiotics interfere with the sulph-hydryl engymes of
the bacterial cells, thus affecting metabolic procouu‘.u

e) Antibic;tiel may act as detergents as ip the case with
gramieidin®®,

Two of the important problems that have come up as a result
of the studles on the different aspects of antibiotics are the
problem of drug resistance and that of symergism. The frequency
with which resistant organism are isolated from patients under-
going treatment with streptomycin, (the frequency being much less -
in the case of penicillin) have been an important limiting factor
in 1ts application. Two theories have been sugrested to explain




the problem of resistance. One attempts to o:plaih their occurre
as an effect of the antibiotic on the bacterium, resulting in a
metabolism so altered that the organism grows in inhibitory concen-
tratiofs. The other one proposed by Dtllrno‘B and nurin4° is

the genetic theory, which assumes the existence of highly resistant
organisms, in the pa;.nt culture. A vast amount of literature

has accumulated on the problem of drug resistance. It appears that
resistance is wédely distributed among all bacteria and is most
pronounced in streptomycin. Great changes accompanying resistance
have also been reported, particularly with respect to the metabolism
of the organism. Nothing however, regarding the exact mechanism
of development of resistance, nor regarding methods to overcome it
particularly in vivo can be said.

Synergism of two antibacterial agents has been gaining more
and more importance and several instances of synergism of penicill
and streptomycin kx with other antibacterial agents have been
rteorl.d?T'ao Synergism has also been suggested as a method
for ovorcbuing drug rosistanecsl. Two hypothesis may explain

the synergism of bacteriostatic agents.

i) Critical reactions in bacterial metabolism may proceed
along alternative pathways. Theoretically at least, inhibition
of one pathway may not suffice for bacteriostasis, whereas
multiple inhibition may suffice.

11) Resistance of bacterial cells to an inhibiting drug may
follow a normal frequency distribution. Reduction of the




bacterial population by one drug, correspondingly decreases the
probability of the residual populstion containing a cell of resistanc
to another drug sufficiently high to permit growth., Thus Kifem
Klein and Kimmelman®® by the synergistic action of penieillin,
streptomyein and sulphadiazene have suppressed in vitrp the emerganty
of resistance to all the three.

It may be pointed out that the first of the above explanations
seems to indicate that synergism implies difference in the mode of
action; however, lack of synergism does not imply similarity in
the mode of action.

Several other new and interesting problems have also arisen
in connect’on with the study of antibioties. Thus the effect of
components in media on antibacterial activity of antibiotics, the
in vivo inactivity of some antibiotics, the development of resistance|
already referred to, are a few of them which have to be fully
explained., (Great progress has been made in the nutritional
requirements of micro.orgenisms for inereased antibiotie production.
Thus the role of trace elements in penicillin romtionm, manganese
in polymixin formation®® and the role of several amino acids have
been pointed out3®1%8,  Investigations on the 1solation of new
straing of penicillin producing organisms have also yielded fruitful
results, the yield of penicillin going upto 1,000 units per ml.

from about 2 units per l1.57

It is really diffésult to say anything regarding the future of
antibioties. The faet that infeectious organisms could be controlled
by the use of antibiotic therapy opens up a new field of medical




research which undoubtedly will bring fhe a2 bdrighter future for
the ailing millions snd the future of the antibiotiec field of
research may be an altogether hopeful one. When we take into
consideration the fact that only wery few of the micro-organisms,
plants, and other natural sources have so far been tried as
potential sources of antibiotics we are apt to feel that future
research might bring forth antibiotics effective in all human
allments, and ideal in being devoid of the short comings of
penicillin and streptomycin., The fact that micro-organisms
produce different antiblotics in different medis, may lend
additional support to this view. On the other hand, it must be
observed that of the several micro-organisms so far studied

~ (numbering over 25,000 in Waksman's laboratory alone) only very
few have been found to be antibiotie producers and of these only
streptomycin and penieillin have reached recognised status in
chemotherapy, we are apt to be a bit pessimistiec regarding the
future of antibioties. It must however be pointed out that
there is at present no recognised method for finding which micro-
organ ism is likely to give the most useful antibiotie. It is
therefore not improbable that at a later date the percentage of
antibiotics attaining chemotherapumttepeutic success may be
higher. Ag Waksman has recently pointed outs' the future
research on antiblotics concentrated on the following lines might
give fruitful information.

1) Igolation of antibiotics more potent than those known
at present, but without their short comings.
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1i) 1Isolation of ant_:l.biotleo capable of exerting a synergisti
effect when combined with other known antibiotiecs thus affording

a means of overcoming drug resistance.
111) 8Sgudies on the mode of action of antibiotiec substances.

iv) A knowledge of the mechanism of development of resistance
and the problem of overcoming such resistance.

v) Investigations aimed at the isolation of antibiotics
active against filterable viruses and against abnormal body cells

like tumours.

The search for new antibiotlics must therefore ntinue.
Perhaps only a very few will prove to be of use in chemotherapy.
A better knowledge of the physiological and biochemical mechanisms
adopted by various bacteria susceptible to antibiotiecs might help
to clarify the still =s obscure aspects of the mode of action of
the antibiotiecs. The prospects for antibiotiecs appears t_o be
promising &nd the future bright.
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INTRODUCTION,

The development in the field of antibiotics from micro-
organisms resulting in the isolation of antibiotics like peniecillin,
and streptomycin have been summarised previously. VWhen compared
with the vast number of microbes thus studied, and the number
of antibioticsisolated, the compounds found applicable in bacterial
disease processes, appear to be only few in number. The search
for antibioties - naturally occurring antibacterial agents - has
been hence extended to higher plants, in the hope of finding anti-
bacterial agents which might offer chemotherapeutic application.

Plants have been, from the beginning of history and eivﬁ:utim
used as curatives for several diseases particularly in country like
India, where several systems of medicine existed which made use of
plants and plant products. ILists of Indian medicinal plantw have
been given in detail by Kirthiksr and Basu end Chopra>. While
stressing on the need for systematic and detailed investigations
on plants ankibiokis they also suggest the difficulties encountered
in such work in this country and also seem to think that identificati

of some plants is difficult.

A new impetus for research work on plants wag given as a result
of the investigations on micro-organisms leading to the isolation
of penicillin and streptomycin. Mention has already been made of
some of the attempts made to study the antibiotic contents of plants
(refer page ). However, only very few plant antibiotics have
been studied in detail. Crystalline compounds have been obtained
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from Crepis taraxacifolim, named Crepin by Heatly® which is too
toxic for in vigo experiments. The active prineciple of buttercups
named protoanemonin by Baer n_.],‘, even though active against a
wide variety of organisms 1-' highly toxie. Several other plant
products have also been isolated and studied. Cavallito g_t_n,s
isolated from Apctinm mipus an unsaturated lactone with weak anti-
bacterial activity, Tomatin®'7 the antibiotic prineciple isolated
from tomato plant seems to possess antifungal properties. l’tmhina
is the name given by the Chinese authors to the antibiotic isolated
from E.tubercosg which inhibited the growth of Gram-positive bacteria.

hmc is isolated from radish which appears to be highly toxie.

In view of the importance attached to Indian plants by the
indigenous systems, 1t seem necessary to carry out investigations to
find the antiblotiec contents of different plants axpecked reputed
to possess antibacterial properties. In the course of such g
systematic survey carried out in these laboratories azbout 200 plants
have been studied ',  The results indicaté the presence of
antibiotic principles in meny of them, even though all of the claims
of indigenous systems could not be substantiated. Detail investi-
gations have been carried out on a number of plants, and several

agents like Cariecin from Carics papays (seeds), morellin from
Gareinis morella’® have been isolated which show antibacterial
activities at dilutions of about 1 in 20,000 to 1 in 100,000.
Similar investigations have also been carried out on two antibioties
(which appeared promising) viz., pterygospermin from Moringa

Rterygospermfy (roots) snd allicin from Allium sativum. The
results of the investigations are presented in the following pages.
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It may however be mentioned that pterygospermin appears to be
the most active plant product isolated so far and combines high
antibacterial properties and low toxieity.

Whether antibiotics from plants if found useful, can compete
with antibiotiecs of microbial origin, economically cennot be said
at present. The production of microbial products is less time
consuming, since the micro-organisms are able to produce the
antibiotic agents in a short time depending upon the media in
which they are grown. The availability of plants or plant
materials for #8olation of antibiotics, 1s definitely much more
difficult. However, the simpler chemical nature of the plant
products could be interpreted as indicating that synthetic anti-
bacterial agents identical or similar to plant products might be
obtained without much difficulty or caused. Perhaps synthetie
compounds having more than one "antibacterial group" might replace
at leagt some of the present day antibioties. The search for
antibiotics in plants must hence continue in the hope that plants
should also contain ideal antibiotics, similar to those existing
in culture fluids of micro-organisms.
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§TUDIES ON PTERYGOSPERMIN . THE ANTIBIOTIC PRINCIPLE
OF MORINGA PTERYGOSPERMA GAERTN.

Isolation and Antimicrobial properties.

Introduction.

Pterygospermin is the tentative name given to the antibiotie
prineiple isolated from the roots of Moringa pteryszosperms
(drumstick). This is a fairly large and pretty deciduous tree.
It belongs to the natural order Moringacead and is very common
almost in every part of India and Burma. Its bark is thick
corky and zrq: with longitudinal cracks. The roots are pungent.
The medicinal virtues of this plant have been long known in this
country. It hn; been fregquently mentioned in the 'Bhavaprakasa'
and in other Sanskrit works on medicine. Almost all parts of the
plant like roo, leaves, seeds, and flowers have been used in the
treatment of various aidments in the indigenous system.

The decoction of the root bark is recommended in inflammation
absecess and calculous affections. The root of the young tree
is still prescribed by the indigenous practitioners in the
intermittant fever, epilepsy, hysteria, dyspepsia, ete. The
root has also been used by 'hakims' in the treatment of soreness
of the mputh, and throat, and pain in the gum, Several similar
uses have been attributed to the other parts of the tree as welll,

Even though, the foregoing account indicates that the
different parts of the tree contain medicinally useful compounds,
none of the above claims seem to have been so far substantiated.
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During the course of an exhaustive search for antibioties in l.ocann
available plant materials, it was found that different parts of
the tree Morings pterysosperms showed considerable antibacterial
activity>.  Search in literature revealed that the only previous
work done on this plant has been the isolation of two alkaloids
from its bark by Chopre and co-workers>’%. The alkaloids, however
did not show any antibacterial properties. Isolation of the
antibacterial principle from the root, and investigations on the

nature of the antiblotiec, its antibacterial properties, toxiecity

and chemotherapeutic efficacy, were so carried out.

Experimental .

Assay Method. The cup-plate method now well known and widely
used for assaying several antibiotics was employed during these
studies. For this the procedure recommended by Foster and
Woodruff® was followed.

Test Organism. Any organism sensitive to the antibiotic can be
used for the assaying. For these investigations, however, a
strain of Bacillus subtilis, sensitive to the antibacterial prineip
of drumstick root was used. The use of this organism afforded
several advantages over the use of Staphyloceccus aureus, which is
perhaps more widely used in routine assays. There was no
appreciable difference in the 16 hours and 48 hours halo-dimaters.
Since a spore suspension of B.subtilis prepared as described below
was used as the inoculum, the day to day preparation of the same
was eliminated. The tempreature of the agar at fhl time of seeding
could be as high as 556 to 60°C . B.gubtilis is non-pathogenie.

The temperature of incubation was 37°C.
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Inoculum, For the preparation of the inoculum, it consisted of
a spore suspension of B,subtilis, nutrient broth of the following
composition was used as medium.

Peptone - 10.0 gms.
Beef extract (Difeo) ... 5.0 *
Sodium chloride see §.0 *
Digtilled water eee 1000.0 ml,

pH adjusted to 6.8 + 0.1

;gou:}d.mt. of the above broth were distributed in 250 ml flasks
pugge and sterilised by esutoclaving at a pressure of 15 1lbs. for
15 minutes. The contents of the flask were then inoculated

with a standard loopful of the test organism, and they were
incubated at 37°C.  In order to prevent the formation of surface
pellicles during growth Foster and Woodruff have recommended either
eeration or shaking of the flasks mildly at intervals of about

15 to 30 minutes. The latter method was employed for the
preparation of the spore suspension. At the end of 8 to 10 days
when there was meximum sporulation the incubation was stopped

and the flasks now containing the spore suspension of B,.subtilis

were pasteurisged,

Pagsteurisation for rendering most of the remaining vegetative
cells non-viable, was carried out by incubating the flasks at
a temperature of about 60-70°C. for about 30 to 40 minutes.
During the assay about 500,000 spores were used for each petri-
dish containing 20 ml of agar.
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Breparing the plates. 20 ml of sterile nutrient agar seeded
as indicated above was poured into each petri dish of size

100 x 25 mm, The dishes were then cooled, agar solidified
and then used for assaying. The cups had an inner diameter of
about 7 mm, and outer diameter of about ® mm., the height being
10-12 mm, Before fixing the cups werekept for about 10 to 15
minutes over a hot plate, the temperature of which was approximatel]
45°C., The fixing of the cups and pouring of the fluids was
carried out as described by Foster and Woodrursd,

At the end of about 18 hours incubation, the petri dishes
were removed from the incubator, the cups removed from the
petri dishes and they were washed to remove the surface growth
of the test organism, care being taken not to disturb the agar
in any way. The diameters of the clear haloeg were then read
as suggested by Foster and Ibodrutfs.

Unless otherwise stated assasys in quadruplicates were

always carried out and the mean values recorded.

Preliminary studies. It hag already been stated that many
parts of the plant showed antibiotic activity. Preliminary
experiments were therefore carried out to ascertain whether

the antibacterial activity of the different parts is due to

same or different antibiotic prineiple. For this, the antibiotiec
activity of the alcoholic extracts of the different plant parts
was estimated hy'th. cylinder-plate method against three organisms,

S.aureus, B.coll, and B.gubtilis. The B,coli:S.aureus ratio
of the activity of the different plants was taken as the eritereon
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to judge the nature of the antibiotie in them, difference in ratio
indicating difference in the antibiotie prineiple also. In table I
below the results of the experiments are bruughi out.

Table I.

Antibiotiec asctivity of the alecoholic extracts of the
different varts of Morings pterveosperms.

1
Name of }Dilution Halo diameter in mm.against

i
]
plant | of the | ~eem-cm-- it | Ratio of 113
part i1extract 1 S.,aureus i B subtilis iB.cold '
: s 1 3 S W :
1 ] ] ] =
1 ] ] ]
! ] i ] ]
Root i 1/2 § 33.5 E 33.5 En.o E 1.6
Stem | 1/2 i 33,0 i 33,0 1210 | 1.6
1] ] ] ]

Leaves Em | 220 | 22,0 t28 | 0.7
Flowers E 1/2 E 21.5 E 22.0 | 28.5 E 0.8
] ] ] 1
1 i ] ]

The antibacterial proportion exhibited by the root and stem
appear to be due mostly to same substance which has practically
the same activity against Gram-positive S.aureusg and B, subtilis
and about two-thirds that activity against Gram-negative B,.coll.
The leaves and flowers, however, seem to contain another active
prineiple which is characterised by its higher activity against

Gram-negative pathogens.

The high antibacterial activity of root suggested the presence
of a2 highly potent antibacterial agent. This can however de also
interpreted as due to the high concentration of the antibiotic




in the extract. The roots could be had throughout the yesr unlike
the leaves and flowers. Taking into consideration the above
facts, the root was chosen as the starting meterial for the
isolation of the antibacterial prineiple. It is, however, not
claimed that the antibiotie prineiple of the root is the same as
the one present in the lesves and flowers. Preliminary investi-
gations carried out seem to indicate that the antibiotie principle
of the other plant parts are not so active as the one isolated
from the roots.

The name pterygospermin has beam suggested for the new compound
isolated from the roots.

A _ptervgospermin unit. During the course of isolation of
several bilologicelly active, naturally occurring substances which
cannot be had in the pure form and the properties whi of which are
unknown, it has been found highly helpful to estimate the activity
of the preparation on a unitage basis, meking use of some specific
but important property to define the unit. This serves as a rough
guide in calculating somewhat quantitatively the percentage yield
in every step and has been perhaps found most useful in the studies
on antiblotics. Feeling the necessity of a similar unit for

the studies on the isolation of petrygospermin it was decided to
define a unit of petrygospermin as that amount of the antibiotic
which when present in 1 ml of sterile nutrient broth at pH 7.0

Just inhibits the growth of a given strain of S,sureug for 18 hours
the amount of inoculum being 0.01 ml of a 28 hour broth culture

of the same organism., After the isolation of the compound, it




AN
(o) |

wag found that one unit is equal to 3.5 of the most active
propduct.

Igsolation studies.

Preliminary experiments. A series of experiments were first
carried out to find out the solvents in whieh pterpgospermin

was best extracted from the roots, and also the heat stability
of the compound. It was observed that

i) the antibiotic cannot be extracted from finely cut roots,
either by very dilute alkalies smst er acids or by buffered water.

11) of the different orgsnic solvents tried ethyl alcohol was
the best for the extraction of the antibiotic from the roots.

111) §team distillation of the roots was carried out. The
ether extragt of the distillate did not show eny antibictie
activity. Much of it could be detected in the residue left
after distillation showing that the antibacterial prineciple
is not steam distillable.

iv) preserving the root as such resulted in loss of ascticity
whereas the alcoholic extracts retained it for a considerable
length of time.

v) the active principle could be sdsorbed with Norit chareoal
completely from alcoholic extracts which had 70 pterygospermin
units per ml whﬁn about 500 gmsg. of clean, fresh roots cut into
very small pleces was extracted with about 750 ml of alcohol.

This extract had a reddish brown colour and the characteristie
smell.
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vi) a second extraction of the roots with a similar wolume
of alcohol gave a fluid of less intense colour and smell, possessing
antibacterial activity of 10 units per ml. The third extract
had no activity.

The following experiments to find out a solvent for the
extraction of pek pterygospermin from the Norit adsorbate were
then carried out. About 0.2 gms. of the charcoal (after adsorption
of pterygospermin) was shaken well with 10 ml of the different
solvents as given in table II and preserved in the cold., After
24 hours, the solvents were filtered off, evaporated in the vacuum
and 5 ml of alcohol added to each. The antibiotic activities
exhibited by the solutions were then determined in pterygospermin
units and the percentage recoveries were caleulated, In table II

the results are presented. Petroleum ether and acetone stand out

as the most useful solvents in eluting pterygospermin after
adsorption with Norit.

About 10 g-J

of the Norit after adsorption of pterygospermin wag shaken well

with 200 ml of pure acetone and the acetone rémoved. 500 mg. of
a greenish yellow oil was left behind and it inhibited the growth

of 8.aureus and B,subtilis at dilutions of only 1 in 20,000 when
tested by the serial dilution method as described below.

The iotroloun ether eluate treated similarly gave & light
brown oil weighing about 200 ml. and showing antibacteriil
properties even at dilutions of 1 in 250,000. The acetone hence
appears to elute some of the compounds as well, Purification of
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the o0il obtained after the removal of light petroleum was attempted.
Chromatographic techniques using different adsorbents in the
chromatograms without any success. The brownish oil was hence
used for further work.

Iable 11,

Elutive capacity of different solvents.

Activity of Amount of substance iPercentag
Name of solvent eluates present in 0.2 gm. ; eluated
of carbon in units
Acidulated water Nil

Alkaline water

S ¥
1
5 P
Neutral water " 5 »
Petroleum ether 120 units per ml 5 -g
2]
Alcohol 1 & A% E
Methanol " ; § i 5
°
Acetone 120 units per ml 2 i‘.‘l
Chloroform N1l o g
Ethyl ether " 4-5 i
|
Bengzene . g & |

- — - --—----—--ﬂ—-——----u_-‘-ﬂj
v —— - - — -

it L L T T s p—
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Preparation of pterygospermin. Based on the above experimentsg

for the routine preparation of the antibiotic,the following method
was used. Avout 1,000 gme. of fresh roots were cut into small
pieces and exgracted over-night with about 1500 ml of aleohel, in
the cold. The reddish brown aleoholic extract contained 70 units
of pterygospermin per ml. A second extract with an equal amount
of aslecohol had 10 units per ml. To 1500 ml of the first extract
10 gms .oiorit end to an equal amownt of the second extract, 5 gll'.
of the adsorbent was sdded. The suspensions xhx were shaken well
in a mechanical shaker for about 30 minutes and then filtered ‘
using celite powder as filter aid. The charcoal was then extracted
with about 100 ml of light petroleum. The eluste was dried over
anhydrous sodium sulphate and the solvent removed at low temperature .I
The oily substance left behind was dissolved in aleohol and
preserved in the cold before being used for experiments. Table III
gives a full plcture of the attempts on the preparative aspects.

It hags been a common observation that if the petroleum
ether is not removed within about 48 hours of elution then needle
shaped crystals separate on evaporation of the solvent. The

erystals, however, did not possess any antibacterial properties.
From the alcoholic solutions of pterygospermin kept for a long
time also similar crystals separated resulting in loss of activity
of the solutions. The antibiotic in all probability decomposes
on keeping and the crystals may be one of the decomposition

produet.
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Igble III,
Preparation of pterygospermin.
) i
No, of {Welght of {Aleohol |Aetivity |Activity  Meignt g
experi- ! roots in ' used 1 in units 14in units iof oil ol
ment grams {in ml  iextract I) !hxtract II) fsolated !"
: | | ' -
1 1,000 11,600 i 80 ¥ - 1310 9.0
] 1] ] [} v
2 ! 3,000 14,800 | €8 ' 5 i 780  71.0
i [ ] 1 ] 1] 4
3 i 2,800 i 4,300 a5 E 5 E 718 571.0
4 15,38 17,500 66 | 10 1,250 '{n.o
1 ] i i ]
5 i 1,500 Ee.zoo "™ E i 425 !77.0
6 | 4,000 16,800 | 68 ; { 900  167.0
L] 1 ]
7 ! 3,300 i5,000 | 68 E { 450  150.0
i E E E E 1
: 2 : Mean perbentage yield 168.5
i i : : : ;
]
The

following facts point out that the present product is different
from the alkaloids isolated by Ghosh ,ﬂ_ﬂ.‘.

1. The antibiotie prineciple could not be smived dissolved
partly or fully in dilute acids with which the alkaloids formed
cerystalline derivatives.

2. Alkaloidal reagents geve no derivatives with the antibiotie.

3. The alkaloids had no antibacterial properties.

4, Qualitative analysis revealed the presence of sulphur
in the antibiotie principle which was absent in the alkaloids.
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From the foregoing it appears that a new compound having
antibacterial properties has been obtained in a very concentrated
form, if not in a chemically pure state. Systematic attempts
were not made to study the chemistry of the compound, since its
chemical purity could not be ascertained, Qualitative analysis
however, showed the presence of sulphur and nitrogoﬁ. The
compound was insoluble in water. It decolourises bromine water
and permanganate., Aecids had no effect on the compounds whereas
alkalies destroyed it.

It was observed during the investigations that the antibiotie
isolated eventhough generally of the highest purity (1 mgm = 250
units) sometimes yielded products of activity as low as about
150 units per mgm. For the experiments detailed below,
preparations of potency 250 units per mgm. were used, The
eriterion of purity was thus the antibacterial activity of the
preparation meagured against §.aureus and B,.coll,

Stability of pterygospermin.,  Alcoholic solutions of pterygospermir
Yas already pointed out were found to retain their activity at

the room temperature for some length of time. The heat stability
of the antibiotic was first studied., Solutions of pterggospermin
of known activity were incubsted for about 30 minutes at different
temperatures ranging from 40 to 100°C., The activity of the
resulting solutions were determined after meking up the volume

of the fluids, (ie., adjusting the loss due to evaporation).

Even in tubes heated to 100°C, the sctivity was retained, proving
the thermostable character of pterygospermin.




The effect of different Hydrogen ion concentration on the
stability of the compound was next determined since this has been
found to affect several antibacterial agents. For this, the
following experimental procedure was adopted. Known -nounxllof
pterygospermin were incubated after emulsifying it in buffers
and broth of known pH for fixed intervals of time and the
antibacterial activity of suspensions détermined by the serial
dilution method using S.gureus as the test organism. In table IV

the results are presented.

Iable IV,

Stability of pterygospermin at different Hydrogen ion

concentrations,

Activity in units after contact with pH for hours

]
]
pH :
: :
: 0 3 | e g 24
i :
In buffer ! ! !
3.5 T PR BT PR 72 7
b ] |
4.5 E 72 i 72 | 72 i 72 P 7
5.5 PEUSEE  VONNRS W W TRS & NRINRE S W A
1 ] | ] ]
7.0 i 68 69 70 | 70 i 6o
8.0 ; 7n 62 | 48 i 35.5 1 32.5
9.0 i on 38,0 | 32,0 | 25.5 20.0
- - e e e e - e erec-- e e e e o = :
In broth H i '
5.0 i 71 |72 i 70 7 71.5
6.0 i 7 ! 716 ! 70 | 72 72
8.0 ; 7 | 62,0 | 48 35.5 32.5
9.0 ; 7 | 38 i 32,8 28 i 20
1 ] 1 [ L
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The results are indicasting clearly the unstable nature of
the antibiotic at alkaline reactions whereas at acid range
pterygospermin is considerably stable.

Experiments of a similar nature were next carried out to
find the optimum pH at which pterygospermin acts best. In
table V the results are presented.

Iable V,

Optimum pH at which pterggospermin acts.

Dilutions of the drug in broth(in thousands)

L ]
L ]
]
pH of broth | . i
] ] ] ] ] ]
E 80 i 160 ; 240 iaao E4oo .bont
: \ ' 1 1 '
| fo.0. oo vusefinre shon tooesl
5.0 E - E - E - : - ) ++ =
6.0 : w  Bace: th e iiin EERELT R
* : e :
7.0 E - I - ' - !ﬂ- i ++ e
] ] ) ] ]
8.0 E - E - HEE Eﬂ E 4 E
9.0 ' - L » 0 1. I o 1
] ] ] 1 ] L]
L] I ] 1 ]
i i || !_ E

In table - indicates absence of growth
+ indicates slight growth
++ indicates more growth
+++ indicates growth as much as in contreol

It can easily be inferred from the above results that the
antibiotic acts best in acid media, the antibacterial properties
being reduced considerably at alkaline range.




Antimicrobial ,roportiu of mrnoazrd.n.

Antibacterial spectrum. For finding the minimum inhibitory
concentrations of the antibiotic to different pathoreniec micro-
orgenisms, alcoholie solutions of pterygospermin of kmowm
concentration (generally 100 mgm.per ml) were diluted in nutrient
broth adjusted to pH 6.8. Due to the insolubility of the anti-
bacterial agent, there was a faint turbidity upto a dilution of

1 gm. in 10,000 ml. Further dilutions gave clear broth making

the use of the well known serial dilution method, for assaying

the antibacterial activity of the compound possible. In regular
assaying a solution of pterygospermin 100 mgm. per ml was first
diluted in sterile broth to give dilutions of 1 in 2,000; 4,0003
8,000; 16,000 ete., 0.5 ml of these emulsions were added to

4.5 ml of nutrient broth at pH 6.8, The tubeswere then inoculated
with 0.01 ml of a 18 hour broth eulture of the organisms. The
tubes were then incubated at 37°C. for 18 I;:::s, after which

they were cobserved for growth. For acid fxk organsims the
following method was used. Flasks containing Long's medium

(with ammonium malate instead of aspargine) containing pterygospermi

in the form of emalsion, so as to give concentration of 2 mgm.,

6 mgm., 12 mgnm., and 18 mgm. per 100 ml of the medium were
inoculated with two loopfuls of M¥yco bacterium tuberculosis and
Myco bacterium phlei respectively. The flasks were incubated

at 37°C, In the case of flakss inooulated with M.tuberculosis,
no growth was observed even after three weeks, in flagks containing
upto 1 unit of pterygospermin per ml whereas in the contreol

the bacillus grew profusely. Detailed antibacterial spectrum

of pterygospermin is presented in table VI.
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Antibacterial spectrum of pterygospermin,

bilut:lon of pterygospermin in broth x 1/1000
v
i
L

A‘E/

Name of
test organism

=

- ————— -

[ —— . —— - — - — -]

L ] 1 ] + + + + + ] ] L] ' '

o - — - llnllII--l"Ili.l-‘.l'l‘l-l..l.l'-lll.l"l"al-"".ll'J

's strain

virulent

genase
1S.aureus
Shiga
exner

- - - - - - - am wn - - e - - - el - .- - - - - - - - - -

- o 3‘537.’mnnnu

In the table - indicates no g rowth

+ indicates slight growth

++ indicates growth as much as in control
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Thus it will be seen that pterygospermin has a wide range
of antibacferial activity; 4inhibiting the growth of Gram-positive,
acid-~fast and some Gram-negative pathogens at considerably high
dilutioni. Some of the Gram-negative organisms studied,

however, appear resistant to the drug even at low¢ concentrations.

Antifuneal properties. In view of the remarkable antibacterial
properties of the active principle isolated its effeet on the
growth of some of the fungl available in this laboratory were
studied, The experimental methods were similar to those used
for finding the antibacterial properties. After inoculation
with the organisms, the tubes were however kept in a slenting
position (about 10 degrees to the horiszontal). The growth

of the moulds was observed for a period of about three days instead
of 18 hours as in the case of the bacteria. The results of

these studies are recorded in table VII,

Pterygospermin thus appears to inhibit the growth of several
fungi also. The amount of drug required however is about thrice
that required to inhibit the growth of Gram-positive micro-organisms.
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Antifungal properties of pterygospermin,
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In tables VI and VII, dilutions may be read as 1/50,000; 1/80,0003
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Investigations on the mode of action of pterygospermin,

As already pointed out in the introduction séveral interesting
hypotheses have been suggested to explain the mode of action of
antibiotics, even though there are no definite ideas regarding
the mode of action of even a single one of them except probably
notatin, However, experiments were carried out to explore the
possibility of applying some of the theories suggested, to
pterygospermin,

Effect of ¢ co the antibiotic activity of pte

6
Studies with a large number of antibioties have shown their o

chemical reesctivity towards compounds containing sulphhydryl groups.
There have also been observed marked differences in reactivity of
individual antibiotics towards various types of thilleo-ponah.a’9
The antibacterial activity of the antibiotics has been explained
as due to their reaction with thiol reagents. The compounds may
react either with essential -SH groups of bacterial enzymes or
with -8H groups in cysteinyl residues of polypeptides, preventing
the formation of proteins end thus inhibiting growth''. In the
present investigation, the effect of certain thiol compounds - cyntoin;
and thiosulphate - on the antibacterial properties of pterygospermin 4
was studied. {
l

The reactions were carried out in phosphate buffer at pH 6.8
at a temperature of 37’@. The rate of reaction of the thidls
(viz., cysteine and thiosulphate) with the antibiotic was measured
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by estimating the activity of antibiotic by the serial dilution
method against §.sureus, The thiols and the antiblotic were
mixed in different proportion the samples incubated and removed
for test at intervals upto 48 hours. The thiol concentrations
in the mixtures were as given below.

Mixture I, 0.5 mgm, of cysteine or thiosulphate for every
one mg, of the antibiotie.

Mixture II, 5,0 mgm. of thiols for every mg. of pterygospermin|
Mixture III 10,0 mgm. of thiols for every mg. of pterygospermi

In tables VIII and IX below the results ef these studies

are presented.,

Table VIII,
Effect of thiosulphate on the antibiotic activity of
pterygospermin,
Ratio of ts of pterygospermin per ml., of mixture
th‘.l.:sulmto after incubation for - hours
o - - - - - - - -
pterygospermin |0 2 4 6 8 10
1:2 7 7 7 47 46 47 7
5:1 7 7 48 248 47 K7
10:1 7 7 48 47 48 7 | 14
Control 7 47 46 47 7 U7

Control in the above table indicates lack of thiosulphate.
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pterygospermin,

Effect of cysteine on the antibacterial properties of

'
{Activity after incubating the mixtures for - hours

P M i

P : : :

Tﬂ m o e m I m Vot m 't
MMM 1} ] H w i ' ﬂ M ] H “ m ) “u
. T 1T N - S e s R e—
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[ =g W A e . e
MEEAEE R R NE NS ¥ ' 3
= BN BN W S S B - & Cmeame
mgw i ] “ w 1] ' “ m i) -“ w -“.
g g Ry -y . T B e
of T gt B i 8 3 ' 3

1 in 80,000
1 in 200,000
1 in 300,000
No cysteine
1 in 200,000
1 in 300,000

mixtures in broth

Dilution of
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The foregoing results clearly show that both cysteine and
thiosulphate do not have any effect on the antibiotic activity
of pterygospermin., It has therefore to be inferred that the
compound belongs to the class of antibioties not affected by
thiol reagents. This is quite possidble and seems to confirm
the view that different antibiotic agents function by dffferent
- mechanisms. |

Effect of nucleic acids on ptergvospermin. Nucleie acids and
related compounds have been found to nntuoniun'm the anti-

bacterial properties of many antibioties. Based on these
observations it has been postulated '~ that antibioties

probably act by side tracking nucleic acids essential for cell
metabolism. [Experiments were carried out to find the effect

of nucleic acids on the antibacterial properties of pterygospermin.

For this antibacterial activity of pterygospermin in presence
and absence of different amounts of nucleic acids were estimated
by the serial didution method. Experiments with S aureus, hcn'nrﬂ
showed that antibacterial property of pterygospermin was increased
by small amounts of nucleic acid. The studies were hence
extended to Gram-negative B.dysenterige as well. The results
are presentedim in table X and are self-explanatory. A B,D.H,
sample of nucleic acid was used for these investigations.




41

Iable X,

Effeet of nucleie acid on pterygospermin .

Test Activity ctivity jetivity of nucleie acid-

organism of of terygospermin mixtures Contro
antibiotic |[nucleie :
acid |
Nucleie pterygospermin
acid
1/100000 « 1/1000 ++ = 1/100,000 =
1/1000 {m,ooo -
S.surens 1/200000 - 1/2000 ++ i = 1/300,000 -
“+ 4
1/300000 ++ = 1/100,000 -
1/2000 51/200,000 -
l m'm -
1/200000 - 1/1000 ++ il/eoo,ooo -
1/1000 1/300,000 -
w- 1/300000 ++ ivwo.ooo ¥
+
!m.m -

1/400000 ++ 1/2000 ++ 1/2000 1/300,000 -
l1/4m,ooo -




course of studies undertaken to find the effect of pterygospermin

and sulphapyridine together on bacterial growth (described later
in this thesis) it was observed that there was no synergism
between the two compounds. Lack of synergism has often times
been interpreted as due to the similarity in the mode of action
of d_ruzs“'m. It seemed therefore probable that phergywme
pterygospermin may have similarity towards the sulpha drugs in
its mocde of agtion on different pathogens. Effect of pare-
amino-bengole acid ( a compound well known for its inhibition
of sulphenamide activity) on pterygospermin was hence studied.

The experimental procedure consisted in finding out the
antibacterial activity of pterygospermin in nutrient broth
oontnla‘pnra-anm-hmle aecid in concentrations of 1 in 1000.
In table XI the pre results are presented.

Zable XI,

Effect of para-amino-benzoic acid on pterygospermin.

Concentration Dilution of pterygospermin in dbroth ;

of para-amino- |eeceeccccdiccc e ———— ~== | Contro

benzoic acid 17100000 [./200000 /250000 },/300000 1

------------------ | - o - b o l------*--b------.--b---lrﬂﬁ-ﬁ--- 1
Nil - - - ++ 4

1 u.”r ‘1 - - - ++ R

006 mg . per ml - - - ++ + 4

The test organism in the above experiment was S.gureugs. The
absolute lack of influence is clearly brought out.
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Synergism of pterygospermin with other antibascterial agents.

| The problem of drug resistance has become one of the more
important limiting factors in their therapeutic efficiency. It
has been that bacteria develop resistance to antibacterial
agents at a slow or fast rate, both in vitis end in vive'®.
Particula> mention may be made of the development of resistance
to streptomyecin, which appears to be more frequent than that
to pcnicultnm. Since the simplest method of getting a
resistant strain of any organism is by culturing it in broth
- containing partially inhibitory concentrations of the drug, it
has been suggutodao that the development of drug resistance
is due to the rapid mmltiplication of a few highly resistant
organism resent in the parent strain, which in their turn
produce more and more resistant strains. By continuous
culturing of the miero-or-anisms in gub-minimal amounts of the
drug, strains resistant to very high amounts of streptomyein
and penicillin have been produeodn. Resistance to one drug,
however, does not sm imply fastness to othtun. Combined action
of more than a single antibacterial agent has been hence found
to be highly effective in suppressing the growth of micro-organisms
which are resistant to one of the drugs. Synergism is a method
of suppressing the growth of organisms not only of induced
resistance but alse of those which are naturally resistant to
one of the drugs. Synergism thus plays an important role in
chemotherapy. The effect of combined administration of
pterygospermin and other antibacterial agents like penicillin,

streptomyein and sulphapyridine were hence carried out.




The synergistic effect of penicillin with several other
compounds like the sulphs drugnza, basie dyt.“, ntroptolycin%,
certain metallie ions®° and urea®’ have beem demons‘rated in vitre.
Some of thege findings have been extended to the in vivp treatment
of diseases like typhoid“® and meningitis®’, by the combined
gdministration of penicillin and sulpha_thiuoh. Streptomyein
pencillin mixtures have also been of great value against

resistant organic-?o

For finding out the synergistiec effect of pterygospermin
with other antibacterial agents the samples used are given below.

Penicillin: A sample of erystalline sodium salt of
penieillin G,

Streptomycint Crystalline streptomyein hydrochloride
supplied by Merck and Company, and having an asctivity of 658

per mg.

Pterygospermin: lost active samples prepared by the
method given prevéously.

Sulpha drug: A crystalline sample of sodium sulpha-pyridine.

The experimental procedure consisted in first finding the
minimum inhibitory concentrations of the antibacterial agents
separately, in nutrient broth by the serial dilution method
against S.gureug and B, ¢oli, typifying Gram-positive and
Gram-negative pathogenie micro-organisms. In table XII, the

results are given,




Iable XII,

Antibacterial properties of drugs when present individually.

L] - )
i ‘ )
Pteryzospermin frowth in 1en101111n frowth Strepto- §rowt
Organisms in units lbroth in units ¢ in myein in
i broth units broth|
§
2.0 S 0.10 - 5.0 -
1
106 E e 0.075 - 2.0 -
S.aureus | 1.0 E - 0,030 - 1.0 -
i H
! 0.76 B g 0.028 B 0.5 ot
i 1 ]
i 0.50 M 0.010 - 0.2 i ++
i i i
|} i H
| ) v 3
---------- -’-ﬂ-----n-----ﬂn - - - -t - - - - -
i t ]
1 K |
i H i
: ..0 i - 10.0 : - 5.0 -
] H
E 600 g - 5.0 = - 2.0 -
i
B. coli E 4.0 i - 4.0 E“ 1.5 |-
i 3.8 P+ 3.0 14+ 1.0 -
i ]
H 3.0 3. 2.0 3 ++ 0.5 g
: : : ;
4 ) 1

In the above table figures for penicillin and gtreptomycin are
given in international units and for pterygospermin in the units
defined previously.

In a second series of experiments amounts of pterygospermin
lower than the minimum inhibitory concentrations were taken in broth
and the effect of adding subminimel concentrations of penécillin and
streptomyein on the growth of the test organisms were observed.
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In table XIIT the results are presented.

Iable X111,

Antibaecterial activity of pterygospermin in presence
of penieillin and streptomyecin

- .
=!’to1-yg¢:sperlas.n ; Pterygospermin along with
in units per Growth ef-cecccccccccne. reec-ceee- ——————
Organism ml in broth Peniecillin ! Streptomycin
‘ ! D.025 units ! 0.5 ts
o ,- -------------- -‘- ---------- o=l o - o |
i '
' :
i 0.80 § ++ - : “
'
: 0.60 E +*4 - E -
S.gureus 0.50 § ** - ; -
i 0.10 E ++ ++ E ++
] 1
--------- r——----—----d-—-i---—--—-—-n--—--l———-llv-----—.}-—-----Q-------—q
' k.0 units " 0.5 units
H per ml . per ml
.. " i
: i
1 3‘w : ++ - : -
2.00 : H. - : -
1 i |
B.cold ! 1.76 o+ - : -
] ]
1.00 e ++ | ++
i t
. : :

It can be concluded from the above results that pterygospermin
can reinforce the antibact-rial activity of drugs like penicillin
and streptomycin. The results are, however, not very elaborate
since differing concentrations of penicillin andstreptomyecin
were not used.
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In a third series of experiments, the effect of different
sub-minimal concentrations of penicillin and streptomyecin in
presence of several non-inhidbitory concentrations of pterygospermin,
on the growth of 8_.gureug and B,coll were studied., In tadble XIV
the results of these experiments are presented,

Zable XIV,

Combined action of pterygospermin with other antibioties.

Pterygos- Penicillin in units Ltr.ptolvein in units per 1
Name of |permin in per ml
organism | units ey - s N s S Rt
per ml Lo.ozs'lo.oa 015 P.010 .50 p.25 [0.15 | 0.06
0.75 - - - ++ @ - - +
0.50 - - + - - + 4 ++
m 0.25 - + ++ +4+ - + ++ ++
0.10 + + ++ ++ e  \ad 4 4+
0.00 + |+ +r ++ - #4 e e

LR L R T T R R Tl B L Rl kL] - - - - - - - -

B0 3.0 B.O 1.0 .50 p.25 ¢.15 |0.05

- - - - - - - - - -

3.0 - - - - - * * *
2.0 - - - + - + + +
B.coll 1.5 - + + + " + | P -
1.0 + |+ L e + + a4+ ++
0.5 - |ee ++ 4 + 4+ + ++
0.00 |+ ++ e ++ s 4 o
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The above results reveal a2 high degree of synergism. The
concentration of penicillin required to inhibit S.aureusg is reduced
to about one half when 0.75 units of pterygospermin are present in
one ml, In presence of 0.5 units of streptomyecin (non-inhibitory)
the amount of pterygospermin required to inhibit § gureug goes down
from 1.0 to 0.25 units.per ml, The effect of penicillin-pterygos-
permin mixtures against Gram-negative B.coll is more outstanding,
the amount of penicillin required pawing & going down by about
four to five times, when 3 units per ml (non-inhibitory) of
pterygospermin are present, These findings are very interesting
from péint of view of the mechanism of action of different anti-
biotic agents as well as from its possible application in clinical
practice. Indeed it may be remembered that Prof.Fleming in his
recent Linacre lecture®! has given expression to the possible use
of "antibactérial chemical combination",

Sulphapyridine - ptervgospermin mixfures.  Experiments similar to
those described above for pterygospermin - penicillin and streptomyeir
pterygospermin mixtures have been done for sulphapyridine-pterygos-
permin mixtures also. Investigations with §_ aureug however,
failed to show any synergistic effect. Experiments were hence

not extended to Gram-negative B.coll, and the summary of the
;nuatigatiom with S.gureusg are brought out in table XV.
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Iable XV,

Combined action of pterygospermin and sulphapyridine
‘against Staphylococcus aureus.

'
Pterygospermin E Sulphapyridine g Growth in
in units per ml ; dilution - x 10 ‘broth
| :
Nil : § e
|
" E 0.2 ' -
0.75 | N1l : +
]
0.278 3 0.02 , ++
1 3
0.375 i 0.10 H ++
]
0.376 ' 0.20 +
]
0.75 ; 0.10 ; +
0.78 ; 0.20 { +
1
Nil : 0.286 : +
i ]
" ' 0.30 i o
H ' .
1.0 '| !11 : -
L] )
] I

DISCUSSION,

Several interesting facts regarding the antibiotiec principle
of Moringa ptervgogperma are brought out in the above studies.
The isolation of the antibiotie principle from the roots has been
possible by a simple process, the yield being about 658, The
amount of the drug that could be isolated from the roots, however,
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is very little, About 1,000 gms. of the roots contained only

500 mgm. of the drug and the yield is about 310 mgm. The compound
isolated appears to be thermostable., ILong keeping, however,
results in slow loss in activity. Alkalies instantaneously
inactivates the compound.

The optimum pH for its sctivity is on the acidic side.
During these investigations, however, all assays for its antibiotie
potencies were meagured at pH 6,8, At this pH about 3.5
of the compound inhibits the growth of many pathogenic microbes
inecluding M,.tuberculosis, In its action against Gram-negative
organisms it behaves in a unique mammer. Thus organism like
B,dvgenterige are inhibited at concentrations of 3.5 per ml
whereas B.coll and a few other Gram-negative organisms demand the
presence of about three times the amount of the drug in the
medium for their inhibition. No exact reason for this observed
fastness of certain Gram-negative pathogens to the drug could be
given., VWhehher it is due to the peculiarities of the strains
used or due to the inherent inability of pterygospermin to
inhibit these organisms cannot be said. The effect of the
antibiotic on fungi has also been clearly brought out,

The marked antibacterial activity of pterygospermin against
several Gram-positive, Gru-n-utin and acid-fast pathogens
would suggest the possibility of its therapeutic application
in human infections. In view of the facts that the fungi used
in these experiments are not typical pathogenic ones (even t hough
certain Aspergilli end Actinomycetes are known to be pathorenie)



nothing regarding the applicability of pterygospermin in fungdl
infections of mankind is suggested. The synergistic effect of
pterygospermin - penicillin and pterygospermin - streptomyecin
mixtures which are reported, are likely to assume great
importance in the control of infections which are resistant to
one or both the drugs.

Experiments carried out with a view to finding the mode
of action of the drug have given no useful information. Its
non-fnactivation by thiols in zall probability indicates the
inability of the drug to inactivate the enzymes (having sulphydryl
groups) as well, The inability of pnra-u:lné-bonloic aciad
to antagonise its action reveals its difference from sulpha drugs
in its mode of action.

Summary and Conelusions.

1. The antibacterial principle of Moringa pterygosperms
has been isolated. The A convenient method for its isolation

has been developed. It has been named "pterygospermin".

2, The antibiotic has been shown to be inactivated by
alkalies., It is thermostable, but loses its activity on long

preservation.

3. Pterygospermin in very low concentrations inhibits
several pathogenic bacteria including miexe Mycobacterium
tuberculosis. It inhibits also the growth of many fungi.
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4, It is not inactivated by thiol reagents, nucleic aeids,
and para-amino-benzoic acid,

5. Sub-minimal concentrations of penicillin and streptomycin
enhance the antibiotic properties of pterygospermin against

Cram-negative and Gram-positive micro-organisms.
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STUDIES ON PTERYGOSPERMIN

Introduction,

Results have been presented in the previous chapter, which have
shown the high in vitrg activity of pterygospermin., Gram-positive,
Gram-negative and acid-fast pathogens do not grow when 3.5 of
the drug are present in 1 ml. Thus its activity against Gram-negatiwve
and acid-fast pathogens is more pronounced than that of peniecillin,
which is rather inefficient in the cure of the infections caused
by such organisms. Streptomycin the antibiotie which has now aehio'nd
considerable importance (next only to penici11in), has got several
limitations, such as inability to act at the pH of certain bacterial
infections (acidic), delayed tomicity, and perhaps the most important, |
development of streptomycin-fastness by several micro-organisms,
particularly in vivo, thereby making prolonged use of @xmg streptomycin
almost impossible. The search for new antibiotic agents hence “
continues with the hope of isolating naturally oeccurring compounds
which may have all the advantages of streptomycin and penici 11in dut
not their weaknesses.

In order that an antibiotic should attain chemotherapeutiec
importance it should satisfy séveral important conditions. Thus,
it should be capable of exerting a bacteriostatic or bactericidal
effect upon pathogenic bacteria, not only in the test tube but also
in the animal ’body, but not very toxic nor exerting any otherwise




undesirable effects on the body, not inactivated by body weight
(the most important of which is blood) and preferably stable even
at room tempemature for a considerable length of time.

Florey has ronrkodl "eeesss after the substance has been
extracted in a highly concentfated on pure form, the range of
organism against which it is active - usually pathogenic organisms
are considered first - is dotorlinlﬁ,togotﬁor with such data as
whether it is inactivated by serum or body fluids. The toxicity
to whole animals, usually mice, is determined and it is particularly
important to determine the effect of repeated infections, for in
chemotherapeutic practice repeated doses will always be necessary.
For example, some antibioties of which a single injection is well
tolerated produce live damage when the injection is repeated often.
Toxicity to individual tissues is determined by mdgn_obnrutionl
on leucocytes or tissue cultures and by injection with the
cerebrospinal cavity or other selected sites in animals.
Pharmacological invegtigations into the effect of the substance on
the most important physiological functions follow. Of these,
observations on the heart, blood pressure and respiration are
most important. If, at the end of these investigations, a substance
appears to be both sufficiently powerful against bacteria and |
sufficiently non-toxie, protection experiments on appropriate
animals, such as, mice or for the tubercle bacillus, guinea pigs
become justifiable"™,

Investigations reported already have shown the antibiotie
principle of drumstick root to possess considerably high antibacterial
properties, thus making it necessary to investigate regarding its, |




activity in presence of blood and other tissue fluids, toxicity to
laboratory animals like mice, (both acute and cumulative),
pharmacological experiments and its efficaey in curing in vive
infections. The results of these investigations are presented
below.

t 1.

Stabllity of ptervgospermin in presence of blood.  The stability
and activity of an antibiotie in presence of tissue fluids is of
considerable importance. Thus the oral administration of
penicillin is practically impossible in view of its inactivation
by the high acid reaction of the gastrie juicoz. Certain other
entibacterial agents like notatin® do not find applicability in
bacterial infections dve to their inasctivation by blood. This
mey be due to the enzymes in blood , or mey be due to the high
adgsorptive capacity of blood as in the case of penicillin l‘,
which appears to lose much of its in vitro effect due to its loose
complex formation with serum proteins, or it may be due to the |
alkaline pH of the blood. Other constituents of blood like the

trace elements and glucose may also inhibit or inactivate the

antibacterial properties of drugs. Experiments were carried out
to find the effect of incubating pterygospermin with blood and

Fresh rabbit's blood and human serum were used as media.
Pterygospermin wag mixed with these, sterile citrate, and sterile
water in such a way as to give a final concentration of about
18 units of pterygospermin per ml. The mixtures were incubated
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at 37°C. and their antibiotic activity determined by the serial
dilution method against 8 _gureusg, at fixed intervals of time.
In table XVI below the results are presented,

Table XVI,

Stability of pterygospermin in presence of rabbit's bloed

and human gerum.

i
Time after i Activity in pterygospermin units per ml when mixed wi
-----------.‘-r - - — - - - -
(1n'%§§¥§) i Sterile water )Sterile citrate 'Cii:::od } Buman serum

1 i i i
i i 1 \
[} 1 [ ] 1
I ' ) ’

0 ' 18 ' 18 ' 18 "
L] 1 | t

e ; 18 ; 18 E 18 i 18

4 E 18 i 18 ¢ 17 1 18
] L ] ]

6 i 17 E 18 17 i 17

8 : 18 i 17 P18 f 17
) ] ] ]

10 ! 17 ! 17 ! 18 ! 17
1 ] ] ] ]

24 i 17 : 17 i 17 ' 17
i = i |

That pterygospermin is stable and active in presence of blood
is very clearly dbrought out in the table.

Stability in presence of gastric and pancreatic fluids., Before
studying the toxicity to animals, it seemed essential to find out

the stability of the drug in presence of gastric and pancreatiec
Juices. This is of great importance in finding the oral toxicity
of the drug and since it has been stated that the alkaline reactions
inactivate pterygospermin.
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The experimental procedure wes similar to the one described

for finding the effect of pterygospermin activity in presence of

blood. Artificial gastric and pancreatic fluid prepared according

to Maney and Kuever® and of the following composition were used,

for incubating the antibiotie.

Artificial gastrie fluids-

Sodium chloride eee
Potassium chloride ves
Calcium chloride e
Hydrochloric acid 36%
Pepsin "o

Digtilled water to make 1,000 ml.

Artifiecial pancreatic fluid:-
Pancreatin ces
Sodium mmx® bicarbonate -
Distilled water to make 1,000 ml.

1.400 gms.
0.500 "
0.060 *
6.944 "
3.2 o

2.8 gms.
5.0 "

The results of these investigations are presented in

table XVII,

It may be seen from the table that pancreatic juice ina.tivates

the drug considerably, within about eight hours wheread the drug

is active in presence of gastric julee even after 24 hours
incubation. In view of the inactivation of the drug in presence

of pancreatic juice most probably due to its alkaline pH the toxicity

of the drug when orally administered was not studied.
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Table XVII.

Stability of pterygospermin in presence of
‘gastric and pancreatic fluids.

Antibacterial activity of pterygospermin

)
]
'
!1:; after | in units por ml when mixed with
xi ] - e e e D .- - e R R D IR e .- - -
(in hours) { Sterile bufror { Gastric juice !hncroatie Juie
| pH pH 6.8 i PH L7 pE 9.3
- - f ---------- - - f- -
i i
: :
0 ; 18 ' 18 ' 18
1 !
2 : 18 18 17
4 i 18 ; 18 | 16
i |
6 ! 18 | 18 E 15
i
8 ; 17 ; 17 ! n
] 1
10 18 | 17 L 8
] i
24 18 | 18 I “
I ;
i 1
Studies on the toxicity of pterygospermin.

Data presented above have shown pterygospermin to possess
a wide range of antibacterial activity and stability in presence
of blood. Experiments were next carried out to find out the
effect of parenteral administration of the drug to laboratory
animals like mice and rats. The following experimental

procedure was used.
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Animels. Young healthy mice weighing about 20 to 25 gms. were

used, Ag far as possible animals of approximately the same age
Th hout

were taken for the ssame experiments. nin-;iim the experiments’

special care was taken to maintain the animals on a balanced diet,

water being availsble at 21l times.

Pterygospermin. Prepared according to the method previcusly
described was used, It had an activity of about 250-300 units
per mg. Since the drug was insoluble in water, an emulsion in

water was ugsed for the experiments.

Acute toxiecity. Acute subcutaneous toxicity was determined as
follows. The experimental aninis were divided into several
groups, each group containing six animals, Different but known
emounts of pterygospermin were injected to animals of different
groups, the gquantity received by members of the seme group being
equal, In all cages, the strength of the emulsion were so
adjusted that a2 mouse received not more than 0,20 ml, The acute
toxicity was determined by giving large quantities of the drug

in one injection. After the injection the animals were kept
under close observation for a period of ten days.

In those groups where the mortality rate was high the
experiments were repeated using t..h larger number of animals.
Mice were used for the subcutaneous toxicity studies. 1In table
XVIII below the results of acute subcutaneous toxicity of
pterygospermin are presented. It may be seen that 508 mortality
occurs when the dose administered is 300 mg. per Kg of body weight.
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Table XIX.

Cumulative subcutansous toxieity.

Daily dose ! No.of mice Total number of mice dead after days

- used G B S S e 4 I I -*---'ﬂ----r----l-----t----w-‘ﬁ
i i1 12 |3 j4 |5 ¢ 7 8 9 h2 ha
-----*-'--+ ---------- -+-.-r-.‘f--~d¥---“--. --.1---1.--‘---4.-"1-----';---
1 ' 1 ' '] i 1 ’ 1 '
' T . IR N S TN SN |
35 i 6 10 10 10 0 0 10 io 0 10 io 10 0
) i ] ] ] ] ] ] L]
45 ! ' & 30 40 10 .30 0::20.%9 X 10.10 L@ 0
: Ik ol Hip A R g (G g it
50 i 10 10 10 13 13 i3 i3 i3 “ §4 14 16..1:8
! o 1 A S ) A N
85 i 6 io 52 Es 4 Es 56 !e © ie Eo 6 6
85 -t e 10 12 i3 4 5 6 6 ie le !¢ (¢ ! 6
i Ez 53 E4 fa =e =s Es 6 =e =e 6 6
B G ;. L8 Ly AL B L RO LA
N1l ! 6 1o !o {0 {0 !0 !0 0o o !0 !0 !0 0
] ] ] ] ] 1] ] ] ] 1] ]
1 ] ] [} ] 1 ] ] ] ] ] ]
| - F i i 1 1 b 1 1 4 3 1

Zoxleity of different ssmples of pteryzospermin, Pterygospermin

prepared by the method presented above often possesses activity of

250 to 300 units per mg. However, it has been observed thrat in

some instances, the preparations have very low activity about 150 units
per mg. Toxicity of different specimens having different activities
were hence sgtudied, It may be mentioned in this connection that
similar experiments with preparations of widely differing activity

have been determined by Reke .Il.ll? for streptothricin and Salle gj_n,’
for subtlin, In teble XX the results of these experiments are

presented,




Zable XX,

= e}
H-‘m

Toxicity of samples of pterygospermin of different activities.

i
Batch : Dose in !rDon in I' Units ‘Lotnl No. g!otal mice iPercenta
number | mg/Kg . ! units per mg. lof mice dead after | mortalif
| per Kg. ' used {15 days
| ]
3 300 76,000 250 12 6 50
13 400 80,000 izoo 8 5 62.5
i
17 500 76,000 | 150 ) 5 55.5
26 1 376 76,000 i 200 9 5 55.8
31 ' 450 i 72,000 %m @ 4 50.0
] i i | ]

In the above experiments, the effect of approximately the

same units of the pterygospermin samples (estimated according to
the pterygospermin unitage defined previously in this thesis) on
mice were determined, the total smount of the drug injected varying
depending upon the strength of the sample used, as indicated in
table XX, As can be seen therefrom, the results suggest that

the foreign materials associated with pterygospermin preparations
of different antibacterial potencies do not possess much of a toxie

effect on the animals used.
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Studies esgsentially of a preliminary nature were performed
in order to obtain some in sight regarding the effect
pterygospermin might havu on some of the more important bodily
functions, if employed tn the treatment of bacterial infections.
They congigted chiefly in finding the effect of pterygospermin

on blood pressure, respiration and heart.

Effect on blood pressure. This wasg studied in cats and dogs
under paraldehyde anaesthesia, using the usual methods of

menometric recording, and ecanulation of the carotid artery.
Injections of pterygospermin were made into the femoral vein and the

effect off blood pressure studied and recorded. 1In view of the
insoluble nature of the drug, all injections of the drug (ag an
emulsion in ‘50 per cent alcohol) were made slowly.

It was observed that in practically all the animals even
small doses of pterygzospermin reduced the blood pressure.
Results of two typical experiments are given in plate 1, They
show the effect of injJecting 7.5 mg. of pterygospermin in two
dogs. The marked fall in blood pressure (about 20 mm.) appears
to be very persistant.

Effect of respiratory svstem.

For these studies the tracheal pressure, in dogs and
cats under paraldehyde anaesthesis wag recorded with a Marey's
tambour. Injections of pterygospermin were made as already
indiecated.
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It wag observed that in most of the anim=ls, there was
depression of respiratory movements, immediately after injection
when the dose wag even 1 mg. per Kg. VWhen, however, the dose
wag increased, the depression wag complete and pronounced.

The results of a typical experiment are sheowinm shown in plate 1.
It may be seen that when 7.5 mg. of pterygospermin were |
injected into e dog weighing 3.5 Kg. there was complete depression

in the respiratory movements.

Effect on heart. Miccardiograph experiments.

The effect of the drug on the suricles and ventricles
were investigated by the usual metheds.

Injections of about 5 mg. of pterygospermin for enimals
weighing 3 Kg., it was observed in most cases depressed
both auricles and ventricles. In plate 1 the results of
one typical experiment are shown and it indicates clearly
that 7.5 mg. of the drug depress both the aurieles and

ventricles.

Whether these observed effects are due either to the
direct effect of the drug on cardiac muscles or are controlled
by the vagus, could not be inferred from the data presented

above,
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Che t

The results presented above on the properties of pterygospe
show it to be considerably active against a variety of miecro-
organigms, to be highly non-toxie and stable in presence of tissue
fluids like blood. All these along with the stable nature of ‘
the antibiotic prineciple suggested, that it may be efficient in
curing infections in animals. Experiments primarily of a
preliminaery nature were carried out to find the in vive efficacy
of the drug. These have given sufficient indications of its
chemotherapeutic usefulness, and are recorded below.

Literature investigation revealed that there is practically
no clearly defined method to find out the in vive efficacy of any
antibiotic principle. Broadly it may be said that the general
prineciple outlining all the methods followed is the same. It
consisted in finding the capacity of the drug to protect animals
(usually mice) infected with virulent pathogenic micro-organisms.
In details the methods) have however differed considerably. Thus
Robinson® has used considerably waxy small smounts of the
organism for infection, viz., 0.5 x 10™% ml of a six hour broth
culture for mice, whereas Salle gt al '’ have used 0.1 to 0.2 ml
of a 24 hour broth culture. The use of very small amounts for
causing infection, by suspending the organism in resistance
lowering agents like gastric mucin as is used by Robinson ﬁ_ﬂ’
in their investigations with § . aureus is perhaps apt to give
exaggerated results regarding the jin vive efficacy of the drugs
under investigation. The use of large inocula alseo, however,
have got several inherent disadvantages like the effect of
endotoxins on the animals.
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For the investigations carried out on pterygospermin
the following experimental procedure was adopted., A mouse
virulent strain of 8.,aureug. inhibited by pterygospermin was
used as the test organism. ILethal dose was .doﬂn.d as that
amount of the organism which when injected into animals
intraperitoneally, kills them within a period of 48 hours of
injection.

To find the lLethal dose the following simple experiments
were first carried out, To different groups of mice (ten in
ea h group) differeing amounts of a 6 hour broth culture of
S.aureus grown in nutrient broth was injected intraperitoneally,
and the time for 100# mortality determined. It wag found that
mice injected with 0.5 ml of the broth culture died within
24 hours, injected with 0.2 ml died within 48 hours and injected
with 0.1 ml took 4 to 8 days for complete mortality. The lethal
dose of the organism was hence taken as 0.2 ml of a 6 hour broth
culture of the organism for msush the subsequent experiments.

Pterygospermin being not highly soluble the pH of blood
it was thought that its absorption and excretion when injected
subcutaneously in animals, may be slow., The effect of single
doses of the drug in protecting mice from Staphylocoeccal infections
in mice were hence first studied as described for bacitricinl™,

The following experimental procedure was followed.

White mice weighing approximately 25 to 30 gms. were taken
and divided into groups of ten, All the mice were injected
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intraperitomeally with 0.2 ml of a 6 hour broth culture of the
organism. One group was kept as control, while members of the
other groups received differing amounts of pterygospermin,
subcutaneously, emulsified in weter 0,2 ml being used for each
mouse. The animals were all kept under observations for a period
of ten days. _ The percentage surviving after that period were
determined. The results of the investigations are given in
table XXI.

Iable XXI,

In vive efficacy of pterygospermin (Single injection).

bon in se in . Total No.of animals dead

Group per | units of after - days reenta
Number | mouse r mouse Micececccccncnceaa - ceemeceee- MOTtali
2 3 4 6 8
- e - - L-------d - - e - - - - - Lt s ettt ettt ettt et ettt
1 Nil N1l 10 |10 10 0 po 100
2 10 3.0 0 1 2 a 4 4 4 40
3 25 g.0 ho} 2 |2 |2 e |2 20
4 50 16.0 NS I TR 1 1 1 10
5 75 25.0 0 ¢ - - - - - Nil

The results presented in the above table clearly show that
even single injections of the drug in small amounts is sufficient
to protect mice from lethal infections of §.aureus.
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In ; second series of experiments the effect of repeated

injections of small amounts of pterygospermin, given at intervals -
The total period of

of 10 hours subeutaneously were studied.
injections extended over about 60 hours.

The experimental

techfiique used for these investigations was the same as that

ugsed for finding the effect of single injections.

the results are presented.

Zable XTI,

In vivo efficacy ef pterygospermin

(Repeated injections).

In table XXII

i
Dose in 'Don in :lubor of

1 L)

Group E No.of animals Percentage
number :unitn per uninh I dead after urvival
E 1njeetion injoction ip" group ten days !

i bt |

1 |
3 et TERY 15 SR R ! 10 i Ml
: 1 ] i
i ] L} '
i i i
2 {6 4 18 ! 10 g N1l | 100
) ] ]
\ : ; 1
] ’
PR BRERE WIS TYEY ¥ g wes ) L. | 100
= E | E :
1 ]
4 ' 16 !'o48 ) 10 E " i 100
’ : ] : :

The results show clearly the remarkadle in viyo activity
of pterygospermin. Even 5§ micrograms of the drug are sufficient
to protect mice from lethal infections of §.gureus.
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Discussion.

A systematic investigation as suggested by l"loroyl has been
carried out on pterygospermin the antibiotiec principle isolated

from the roots of Moringa pterygosperms.

It possesses considerably high antibiotie properties even
egainst acid-fast organisms, and appears to be one of the most
active plant products i1solated so far. The antifungal properties
of pterygospermin compare favourably with those of some of the
most active naturally occurring antifungal agents so far

fselated ®r 32

The remarkable antibacterial activity exhibited by
pterygospermin in vitro couped with its low toxicity necessitated
investigations on the in vivg sctivity of the drug. The toxieity
of the compound studied appears to be one of the lowest so far
recorded for naturally occurring antibacterial agents eof both
microbial and plant origin, From the data compiled by
Kavanagh % on the toxicity of antibioties, it 1s found that
other than penieillin and streptomycin only helvolic acid’®
and mycophenolic acid appear to have toxicity comparable to
that of pterygospermin. Helvolic acid however, did not protect
mice against experimental infections of pathogenic micro-organisms
and damaged the liver tissue. |Mycophenolic acid is not very
highly active against bacteria even in vitro,

Thus it may be seen, that pterygospermin combines two of
the most essential properties, viz., a high antibiotic activity
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and low toxicity, required of antibiotic substances which may
offer chemotherapeutic possibilities. The results of in vive
experiments carried out have given highly encouraging results.
Thus 8x8& &= 6 to 10 of the drug injected at 10 hour intervals
sufficed to protect animals from lethal staphylocoecol infections.
A rough estimate may be made of the chemotherapeutiec index,

based on the observations that the L.,Dgy by single injections

of the drug is 300 mg per Kg. and the protecting dose for about
80% animals is about 25 micrograms per animal of approgimately

26 gms. weight. The value of nearly 300 obtained for the
chemotherapeutiec index shows that pterygospermin in all probability
should achieve chemotherapeutic importance.

Detailed investigations on the in vivo efficacy of the
drug in curing infections of M, tuberculosgis could not be undertaken
Nothing definite, could therefore be said regerding the possible
role, pterygospermin might play in future, in the chemotherapy
of acid-fast pathorens., From the available data on the in vive
efficecy of antibioties in general, it may not be altogether
wrong to assume that, pterygospermin might prove useful in curing
such diseases as well, The fact that the cumulative toxicity
of the drug is as high as 50 mg.per Kg. sugpests the possibility
of using high doses of the drug in cases where smaller ones
prove inafficacious in the cure of scid-fast infections,.

The remarkable synergistic effect of pterygospermin and
penicillin mixtures, or mixtures of pterygospermin and
streptomycin are also likely to be of importance. " Combined




administration of two drugs, has bedn suggested and has been
found useful as a method of over-coming the problem of drug
resistance, particularly when continued administration of the
drugs are essential. In a recent review laklm]'? has suggested
that antibiotie acting synergistically with drugs of proved value
are also likely to achieve importance in future. Bearing in
mind these facts it might be perhaps justifiable to assume

that the combined administration of drugs like pterygzospermin

and streptomyein would be useful particularly 4in curing infections
like M, tuberculosis. '

Bi‘l_n .

1. Pterygospermin is sctive in presence of blood and pagtric
juice, but loses its antibacterial properties in presence of
pancreatic juice. This appears to be due to the alkelinity of
the pancreatic juice.

2. The cumulative subeutaneous toxicity of pterygospermin
has been studied. 100% mortality occurred xiihk when the dose
was 55 mg.per Kg. and the L.D,.go was found to be 50 mg.per Kg.

3. The acute subcutaneous toxic dose of pterygospermin
at which 50% of the animals die appears to be 300 mg.per Kg.

4. In vivo studies with 8.,aureug as the test organismd
show thay pterygospermin protects mice when the dose of the drug
is about § per mouse and when it is administered at intervals

of about 10 hours for a period of 60 hours.
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STUDIES ON THE ANTIBACTERIAL PRINCIPLE OF ALLIUM SATIVUM,

Introduction.

Allium sativum (garlie) is very commonly found all over India.
It either grows wild or is extensively cultivated, particularly
due to its use as spice. Garlic hasg been held in great repute ‘
by the ancient physicians of India. It is considered to be hot
and stimulant and is administered in fevers, coughs and other
debilitating conditions, It has also a reputation as a febrifuged
in intermittent fevers.

The juice of the cloves of garlic has been employed by several
native physicians of this country, as an antiseptic in ulcerated
surfaces and wounds with very satisfactory results. Definite
improvement in the condition of infected wounds can be observed
within 24 hours of washing with garlic juice which has been diluted
four times with water. Minchin® has stated that he has used garlie
preparations in the treatment of wounds and in foul ulcers for a

period of about fifteen years and obtained very satisfactory results.

The internal administration of the juice of Allium sativum
is also very common among several indégenous systems of medicine
in this country,particularly in the treatment of coliform and
tubercular infections. According to Iinchinl garlic is a remedy
for several diseased eonditions. He considers it a prophylactic
for typhus, typhoid and diphtheria. Crossman® has suggested that
if given in sufficient doses, garlic is an invalusble remedy in




the troatment of pneumonia, He has used it for two years in

the treatment of Iob;r pneumonia and according to his published
roports’ in no instance has it failed to bring down the temperature,
pulse and resgpiration to normal in about forty-eight hours.

In tubercular infections Minchin advocates the use of garlie, which
often diminishes cough and expectoration.

Kitegawa and lunno‘ have carried out experiments to find out
the action of garlic on B,coll in vitro and E,typhogus in vive
in mice, Their results indicate that garlic contains a strong
antiseptic substance. They concluded that the antiseptic action
of garlic is due to the unstable sulphur in the alkylpolysulphides
from glucosides by enzyme action. Uinrois has claimed that the
active prineciple in the ether extracted oil of Alliup sativum
is allyl polysulphide. Jacobnen9 hasg suggested that the
antibecterial getivity of garlic can be explained as due to the
action of a bacteriophage present in 1it. Vbllarthlgj_.lv have
reported that acrolein present in garlic is responsible for its
high bacterimXcidal properties. Lindgreen and co-uorknraa'g
have found that vapours of crushed garlic are germicidal to several
micro-organisms, including acid-fast and non-ascid-fast
Mycobscterium lepree. Tokin'® has claimed the therapeutic virtues
of garlic to chemically unidentified substances designated as
phytenocides. Cavallito and Bailey'™ have shown, that the oil
of garlic obtained by steam distillation of the crushed cloves
and subjected to subsequent fractional distillationaerm according
to Semmler'® failed to show any antibfotiec sctivity when tested
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by the eylinder-plate method. It was thus established that
the natural diallyl sulphides and diallyl polysulphides of the
0il of garlic have no appreciable antibacterial properties.
Kedling’®, Bocker'® and Allweiss'® have suggested that the
aromatic oils of garlic are responsible for its antiseptic
properties.

Cavallito and Baileyll have isolated a mew compound and
named it allicin., (Even though they have subsequently withdrawn
this mum, the same is retained here to indicate the antibacteri:
prineciple of Allium gativum). Their product was a colourless
oil obtained by the steam digtillation of the alecohol concentrates
of garlie, the temperature and pressure being kept low during
the preparation. Based essentially on the alkaline hydrolysis,
reaction with cysteine, polarographic measurements and absorption
A7 to the compound the structure
R -: « 8 « R, The alternative structure R - 8 ~- 0 - 8 - R was

0
however not eliminated (R in the above formulae stands for
allyl grouping).

spectrum they suggested

From the foregoing. it is easily seen that with the possible
exception of the work of Cavallito and hmyu none of the
other reports explain correctly the therapeutic virtues attributed
to garlie, particularly asgainst Gram-positive and Cram-negative
pathogens. They did not extend tﬁoir investigations to acid-fast
micro-organisms. They also do not seem to have studied the
in vivo effect of allicin. Since preliminary investigations
carried out in this laboratory showed the presence of a highly
active antibacterial agent in garlic systematic investigations
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on the in vitro and in vive aspects of the antibiotic were carried
out and the results are presented. (After completion of this work
Machado et 21'° have published their investigations on garlic

in which they cdaim to have isolated a new antibiotic extract

from gaflic,which they have hamed as garlicin, and which they find
active both in vitro and in vive against bacteria of the colen
group. Their compound is also highly non-toxie).

Experimental,

Preliminary investigations. A series of simple experiments
solubility

were first carried out to find the skakitity of the active
prineiple in different solvents, its stability etec., in order to
evolve out 2 simple method for the preparation of the active
material. Cloves of garlic cleared of root stumps and dry
outer covering was always used for these experiments,

Garlic juice obtained by pressing, crushed garlic had
when fresh, an antibacterial activity of 30 mm. when tested by
the cylinder-plate method already described (refer page ).
This activity of the jniey was however partly lost either when
kept at the room temperature or';“hnted even to about !Ooc.
Experiments like hot extraction and steam distillation of garlie
were not therefore tried,to isolate the antibiotic prineciple.

It was found during the preliminary investigation that the
antibacterial principle of garliec, was best extracted from the
cloves by aleohol, even hough it was soluble in several solvents
like benzene, chloroform and ether. The alcoholic extract
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of garlic when diluted one in ten showed a halo of diamter
18 mm,

Preperation of Alliein. For the purification and concentration

of the antibiotic, therefore, experiments based essentially

on the fractionation of the garlic juice or purification of the
aleoholic extract were carried out. All extracts showing anti-
bacterial potencies of less than 13 mm. when tested by the
eylinder-plate method were rejected, during these experiments.

Method I, It has already been stated that the crushed juice
of garlic showed considerable antibacterial activity. The
present method bs based essentially on the fractionation of the
juice of garlie.

500 gms. of garlic were crushed in an end runner and
pressed in a claver press at a pressure of 2,000 lbs. per
square inch., The juice so obtained showed a2 high antibiotic
activity, whereas the alcoholic extract of the crushed residue
showed only very slight activity. The juice was mixed with
ten volumes of alcohol and left over-night in the cold and
then filtered. The filtrate was evaporated to a very small
volume under reduced pressure at a temperature not exceeding ao‘b.
The residue after the removal of slcohol consgfisted ef a mixture
of an oily substance and a sticky gum, This residve wag extracted
with 200 ml of chloreform in which the gummy material was insoluble.
After drying the chloroform extract over anhydrous sodium sulphate
for one hour in the cold and removal of the solvent an oil
weighing 677.5 mgm.was obtained. This oil in 1 mgm. concentrations
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showed a dimater of 20 mm. by the eylinder-plate methed. The
gummy material weighed about 2 gms. and was soluble in water.
It, however, showed only very slight activity 50 mgm.per ml.
giving a halo of diamter 14 mm,

The residue after pressing the cloves, was extracted with
420 ml, of alecohol overnight in the cold. This alcoholie
extract showed slight antibacterial activity. A reward second
extract of the residue with sbovt 300 ml. of alecohol falled to
show any activity. The combined alcoholic extracts were
distilled under reduced pressure and the concentrate taken up
in about 756 ml.of chloroform. After drying the chloroform
extract and removing the solvent, furnished an oil weighing 0.5 gms.
which showed congiderable antibacterial asctivity. (1 mg.per ml
gave 20 mm,). The residue left behind after chlorofirm extraction
wes found to have no sotivity at all, indiceting thereby that all
the santibiotic passes into the chloroform layer. A gchemstie
representation of the method of fractionation eof garlie and
concentration of the antibacterial prineinle are bronght out
clearly 4n figure I below.

During the course of these experiments for fAnding out the
activity by the cup-plate method, all solvents were removed
and the residues taken up in equal amougt of water or alecohol
before they were poured in the cups. Cups with alcohol did not
show any activity and hence the sbove procedure.
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Figure 1.

500 gms. of garlie !cruahod and pressed
i
i

| {
i i
gidue 243 gms. 240 gms. Juice 150 ml. Halo diameter 29 mm.
racted with 480 ml of :
olute alcohcil =
« 125 ml. mixed with 1250 ml.of absolute
i aleohol and ﬁlt!.”d.
ract. Activity Residue extracted {
l1(l!alo diamter) with 200 ml.of .
aleohol, No activity, {
} . Residue discjfarded. a
{
| |
i Filtrate concentrated Residue inactive.
I and extracted with Discarded.
chloroform
I .
entrated under reduced |
ssue to remove alcohol. H
racted with chloroform. Insoluble gum, Weight 2 gms.
ed awk with anhydrous Activity 50 mgm.per ml.gave {
ium sulphate and chloroform halo of diamter 14 mm. i
moved . I . =
¢ Chloroform extract.
1l of 1 gm. weight obtained. Dried over anhydrous
.5 mgm.per ml.showed a halo sodium sulphate and
diemter 30 mm. chloroform removed.

011 weighing 677.5 mgm
was obtained.

Activity 1 mgm.per ml.
gave a halo of 20 mm,
diambéer.

From the foregoing experiments it is clear that a great part
of the antibiotic activity comes off in the juice. Further it has
been found possible to extract all the antibiotic prineiple from
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the aqueous layer by chloroform. Based on these observations
the following procedure was employed in routine preparation of
alliein.

Method II. Garlic 1,000 gms, free from root stumps and dried
outer covering wag crushed in an end runner and thoroughly mixed
with absolute aleohol 2,000 ml. The mixture weg allowed to stand
overnight in the refrigerator and filtered through a maslin cloth,
At this stage the filtrate appeared usually turbid, After
removing as much alcohol as possible by wringing the residue
between the folds of the muslin cloth, it was subjected to a
pressure of 2,000 lbs. The combined extracts were filtered
clear through filter paper and then concentrated in vacuum, without
aeration, The pressed residue was extracted with 2,000 ml. of
alcohol and worked up in the same way as the first extract.

A third extract however, showed no activity. The residue
after removal of alcohol was extracted with chloroform (first 50 ml.
and then twice with 25 ml. each for every 100 ml. of garlie
concentrate). All the antibacterial activity passed on to the
chloroform layer. The chloroform extracts were evaporated in
vacuum, after drying over anhydrous sodium sulphate in the cold
for one hour and the activity as well as the weight of the

residual oil were recorded.

It has been h common observation that when the oil was
~allowed to stand in the refrigerator for some days, there was
always a2 separation of saif solid particles with impairment in
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potency. If, however, the oil was dissolved in alcohol, such
that 1 ml, of the solution contained about 100 mgm. of oil, it
was observed that separation of the solid resulting in loss in
activity of the compound was considerably delayed. Aleohol
seems to exert a stabilising influence on the antibiotie. In
table XXIII results of three typical experiments are given.

In general routine work, when allicin was prepared for
experimental work, garlic was extracted twice with absolute
alcohol in the proportion given above, filtered, pressed and
the combined filtrate after clarification, concentrated in
vacuum and the mgweewms concentrate extracted with chloroform
thrice as indicated above.

In order to ascertain the activity af and purity of samples
prepared by the method given above a curve similar to the
standard curve used for penicillin assays was drawn,by,plotting
amount of the antibiotic ageinst halo diamter, The samples
obtained by the first method described above was used for the
standard curve which is shown in Figure II. In table XXIV, the
halo diamters of emulsions containing differing amounts of

the drug ageainst S _gureus and B.gubtilis are given.
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Iable XXIV,

Antibiotic activity of alliein by cup-plate method.

Halo diemter in mm,

]
]
|
Amount of allicin per ml, fecrccerccccmccmmcrcrcr e er— e —-———
{ B.subtilis | S. aureus
--------------------------- :--------—----—-----E-—-—----—n------------&-

5 :

5,0 mg. ' 35.5 ! 37.5
i i

2,0 " I 27.5 ' 32.5
| ]

1.0 " i 21.0 i 27.5

0.5 " | 17.5 E 23.5
| ]

0.25 * I 15.0 : 21.5
i b .

0.10 * i 136 ; 19.5

0,05 " '\ 12,0 E 17.5
] i
| H

Some properties of allicin, Before taking up investigations
on the antibacterial, and blological aspect of 2lliein isolated,
studies of lesser importance, viz., on certain physical properties
of the compound, were carried out primarily to ascertain the
identify of the compound with that of the preparation of
Cavallito 33_1111.

In table XXV a short summary of the prpperties of the sample
prepared and used in these investigations are compared with those
11
of Cavallito and Bailey .



Iable XXV,

Properties of Alliein.

]
Allicin prepared i Cavallito's
Property as given above E preparation
2
i
Colour Pale yellow oil ! Colourless oil
L)
]
i
Odour 0f garlie { Of garlie
1
Refractive index 1.556 1.561

Irritability

S$ability in alkaline
reactions

Elements present other
than carbon, hydrogen
and oxygen

Amount of sulphur

Solubility

ﬂ--ﬁﬂn--h-—'-n--——-—---—-----—-ﬁ---—-ﬂ“t—-L.'-b -—— -

A skin irritent

Unstable

Sulphur

39.6

8lightly soluble

in water. Highly

soluble in
aleohol, ether,
benzene and
chloroform

A gkin irritant

Unstable

-

89.69 to 40.90

e
w

Boluble in water

about 2.5%.
Fairly soluble

in alcohol, bense
chloroform and
ether
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Effect of th terial acti al The

reaction of the medium has been often times found to affect the
antibacterial activity and stability of antibiotic agents. Thus,

streptomycin acts best at an slkaline pH and peniecillin is destroyed

at acidic and alkaline rsnges. DBefore finding the antibacterial
properties of alliein experiments were carried out to find out the
stability of allicin at different pH ranges and 2lso to find out
the optimum hydrogen ion conemntration required for it to act best.

To find ot the stability of alliecin in different hydrogen ion

concentration following procedure was adepted. Known amounts of
allicin were incubated after emulsifying it, in buffers and broth
of known pH for fixed intervals of time and the antibacterial

activity of the emulsions determined by the serial dilution method
using 8 _aureus as the test organism. In table XXVI, the results

of these experiments are given.

From the table it is easily seen that the antidacterial
principle of garlic 1s inasctivated at alkaline pH ranges. 24 hours
incubation resulting in complete insctivation of the compound,

Similar experiments were also carried out to ascertain the
optimum pH at which allicin inhibits the growth of micro-organism.
Broth, the pH of which was adjusted to 6.0, 7.0 and 8.0 were used
as media. The antibacterial properties of the drug were studied
against two orgmnisms; S _aureug and B,coli, The results of the
experiments are given in table XXVII,

1




Effect of pH on the antibacterial activity of alliein.
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Iable XXVII.

Antibacterial activity of allicin at different pH.

Dilntien of alliein

e A - -

Dilution of alliecin

- -

8.0

!
'
1
1
i
pH of !  (in thousands) (in thousands)
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The above results show clearly that allicin exhibits its activity
againgt @ram-postive ané @iram-negative micro-organisms, best in broth
when it is acidic, whereas it seems to be inactivated to a considerable
extent at alkaline ranges. In experiments ecarfiied out to find
the antibacterial spectrum of alliein the pH of broth wag therefore
ad justed to 6.8 to0.a
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Antibecterial spectrum of alliein, The relative effects upon ‘
different bacteria of any antibiotic agent is called its antibacterial
spectrum. The minimum amount of the antibacterial prineiple
necessary to inhibit different micro-organisms is generally
estimated by the serial dilution method.

- = “‘:1

Different amounts of the antibiotiec prineciplé are taken in
known amounts of sterile nutrient broth and the tubes inocula ted
with a 24 hour broth culture of the strain whose susceptibility
to the antibiotic is to be studied. At the end of 18 or 24 hours
the tubes are observed, for geowth., In general, there will be

a region where there is complete absence of growth, a region where
the growth is partial and a region in which the growth in tubes
will be comparable to those in the contrel.

For finding the antibacterial activity of allicin, to tubes ‘
containing sterile nutrient broth 4.5 ml each, was added 0.5 ml
of allicin solution. The amount of alliecin in 0.5 ml of sterile ‘
water was so adjusted to get a final dilution of 1 in 203 40; 80
and 3003008 100 thousands. The tubes were then inoculated with
0.01 ml of an 18 hour broth culture of the test orgmisms. All

the tubes were incubated the temperature of a7°c. and observed
after 18 hour incubation for growth of the test organisms. A
concentration of 1 in 30,000 of alliecin which permitted no growth
was tested for stasis by removing 0.1 ml from the tube and adding
it to 5 ml of fresh broth. All organisms thus tested, grew well
proving that allicin is essentially bacteriostatic and not
bagtericidal.
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For acid-fast organisms, however, the following procedure

was adopted. Flasks containing long's media (with ammonium |
malate instead of aspargine) containing allicin in the form of

en emulsion, so as td give concentrations of 2pgms, 6 mgms., 12 mgms
snd 18 mgms. per 100 ml of media were inooula ted with 2 loopruls.

of M.tuberculosis (humen strain B 52 Hy Kasauli) and M.Phlei
respectively. The flasks were incubated at 37°C. In the

case of flasks inoculated with M,tuberculosis, no growth was
observed in the presence of allicin, after thrﬁo weeks, whoreas

in the control the bacillus grew profusely. In the 2 mgm. flask,

a slight curdy submerged growth was observed from the fourth week
onwards. In the case of M.phlei, there was no growth even after
five days whereas in the control there was rapid growth from the
third day onwards.

The results of experiments with different micro-organisms,
ie., the antibacterial spectrum of allicin is dbrought out in
table XXVIII.

With a view to ascertain the dffect of higher concentrati ons
of allicin on M.tuberculosis. 17 ml of Long's medium containing
6.5 mgm, of allicin in the form of egulsion, was inoculeted with
three loopfuls of the bacillus from a slant and incubated for
24 hours, along with a control similarly prepared but without
the antibiotie. Subcultures were then made from the two flasks
on Dorset's egg medium, After four weeks no growth was observed
in the subeultures fmom the allicin flask, while there was good
growth in the subeultures from the contrel.



Antibacterial spectrum of allicin.

Table XXVIII.

Pilution of alliecin in medium

Name of ei-gn ism SE—— Gomtmll1
b20 a0 Ji/so |10 | 1/e0 '

B.subtilis - - . ¢ * L
8.aureus < - - * h v
B.aerogenes - - - * * ol
B.coll - - - + ++ ++ IJ
B.paratyphosus A - - - + ++ o |
B.paratyohosus C . - . ¢ " "
B.enterditis - - - + g ++
B.dysenterige Flexnmer | - - - + ++ ++
M.phlei - - - + ++ = |
M.tuberculosis - - - + -+ -+

It is clear from table XXVIII that allicin is able to inhibit t_ho

growth of meny of the Gram-positive, Gram-negative, and acid-fast
bacilli at a dilution of 1 in 50,000.
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The antibacterial properties of alliecin given above, are
hcwcu:mtl:dbo congsiderably lower than those recorded by Cavallito
and Baileyu, even hhough in several other rroperties like sulphur
content and refractive index both resemble closely. The
difference in the antibacterial properties of the two preparations
may be due, either to the resistance of the micro-organismsy used
in the present studies, to allicin as compared with those used
by Cavallito ,ﬁ_ﬂn or due to the difference in the inoculum,
since their inoculum in finding the antibacterial activity of
allicin was smaller than the one used in the present experiments.
The latter explansation becomes important, when we take into
congideration the fact that the activity of several antibioties
is dependent on the amount and age of the inoculum, Experiments
were hence undertaken to find the effect of differing amounts

of inocula on the antibiotic activity of allicin against S _ aureug
and B,coll.

The usual serial dilution method was employed. The result s
are given in table XXIX. They show clearly that the amount of
inoculum does have a definite effect on the antibacterial activity
of alliecin. It is therefore highly probable that the low anti-
bacterial activity of the present preparation may be due to the
comparatively high inoculum used in finding out the antidiotie
properties of the compound. It may be mentioned that Cavallito
and Bailoyu have recorded for their preparation antidacterial
property sbout 2.5 times that of the present preparation, viz.,
inhibiting micro-organisms at dilutions of 1 in 12§, 000.
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Iable XXIX,

Effect of inoculum on the antibiotic activity of alliein.

S.aureus B.coll
Anmt or - - - - - - - J ------------------------------ -
inoculum Dilution of allicin Dilution of alliein
in ml,per in thousands in thousands ‘
s .11 -pe o a o - "' ---‘--"' ------ r----"‘"-"--J--'------‘-.‘-----‘-l- ----- -" ----- - |
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P EE
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) ] 1] ] 1 ] ]
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Antifungal properties of alliein, In view of the high antibacterial

properties of the active principle of garlic, its effect on the growth
of some of the more common fungi available in this laboratory was
studied, The experimental methods were similar to those used for
finding the antibacterial activity. After inoculation, the tubes
were however, kept in a slanting position (about 10° to the horiszontal).
The growth of the moulds was observed for a period of about three days
instead of 24 hours as in the case of the bacteria. The results of
thege studies are brought out in table XXX, They show that alliein
inhibits the growth of the fungi studied, at dilutions of about 1 in
25,000.
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Antifungal properties of alliein.
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Studies on the mode of action of alliein,

As already indicated earlier in this thesis, of the many
theories suggested to explain the mode of action of antibiotie,
two stand out as most prominent., The first of thewe suggested
by Cavallito 33_111', baged on the observation that several
antibacterial agents are inactivated by compounds having reactive
sulph-hydryl groups. The second a more recent one by 611019
based on the observation that amino acid assimilation by microbes
is prewented in presence of antibacterial agents like penicillin,

Based on the specificity and speed of the reaction with
thiols, the antibiotic agents have been divided inte three groups
by Cnvnllitozo. (1) which are rapidly reactive towards many
sulph-hydryl compounds, eg., gliotoxin and alliecing (i11) which
react with most sulph-hydryl compounds, but with some difference
in rate eg., pyoecyenine; (1ii) which react slowly with more

specifiec thieol groups eg., penicillin and streptomyein.

The antibacterial activity of the antibiotics has been
explained as due to their reasetion with thiols. The compounds
may react with essential sulph-hydryl rroups of bacterial
enzymes or with sulph-hydryl groups in eysteinyl residues of
polypeptides, preventing the formation of protein and thus
inhibiting growth®®,  Experiments to find out the effect of
allicin on some enzymes having thiol groups as active groupings
were hence carried out. Papain the proteolytic enzyme from
Carica papaya, beeta amylase from sweet potatoes and ficus remnet
from Ficug carics were used as sulph-hydryl enzymes.
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Effect of alliecin on the milk-clotting activity of papain,

Papain isoleted from the fresh latex of Carics papaya
was used. Balls and Lineweaver®l and Ganapati and SastriZ®
have shown that the milk-clotting activity of this ensyme is
closely asssociated with the presence of sulph-hydryl zroups in it.

One ml. of & solution of papain wag mixed with an equal
amount of allicin emulsion. Thus in different tubes the
same amount of parain was mixed with different amounts of alliein.
The tubes were then incubated in a water bath at a temperature
of 37°C. At the end of five, fifteen, and thirty minutes, the
enzgyme activity was estimated, ©For this 0.2 ml. of the
reaction mixtures were allowed to act on 2 ml, of a 10 per cent
solution of Kilm milk powder which was also incubated at 3790.
and pH of which was adjusted to 4.6 by acetate buffer. The
clotting time was noted according to Balls and Hbovtrza. Controls
without papain and without allicin were also simmlatenous
studied. In table XXXI the results of the etudies on the effect

of allicin on the milk-clotting activity of papain are given.

The inhibitory action of allicin on papain is seen from

the results presented in table. Even in dilutions of 1 in 300,000

of
after thirty minutes incubation about 50 per cent the enzyme
ectivity is lost, whereas at concentrations of about 1 in 20,000

the enzyme 1s almost completely inactivated by the antibiotic
within five minutes.

e e -

e




Zgble XXXI.

Effect of allicin on the milk-clotting activity of papain.

- :
{Time in seconds for clotting after incubation fo
Dilution of alliein |

[l
[
i

|

in allicin - enzyme ' s :
mixture 0 minutes !5 minutes §15 minutes PO minutes

| | | |
| Control without alliein | 20 i 29 i 29 29
' 1 1n 1,000,000 folioome 20 § 20 % 29
1 in 300,000 29 48 i 50 E 53
1 in 200,000 i 20 50 | s2 | 57
1 in 160,000 i 29 i 83 i s "
1 in 100,000 E 20 i 85 i 20 i 100
1 in 80,000 g 20 § 100 i 117 ; 187
1 in 40,000 i 29 i 197 i 240 5 273
1 in 20,000 E 29 \ 260 | 2900 | 348
1 in 10,000 § 20 i 290 E 240 ; 270

No enzyme i lo_clott.‘;ng even afta;‘ 500 soeond:a

i |

Effect of sllicin on bheets smvisse. Beeta amylage the amydolytie
engyme from sweet potatoes was the next to be studied, Weill and
C1a0we12 ™ hove atiuect sriiiibe BAEE B Prvionce’ of alsiciitine
groups in the enszyme, which are essential for maltose formatioen

from amylose by its aection.

||p.




99

5 ml portions of the enzyme solution containing 1 mgm, of
beeta amylase per ml mixed with 2.5 ml of acetate-acetic acid
buffer at pH 5.7 were taken in different tubes. 2.5 ml of
allicin emulsion containing different amounts of allicin was then
added to the tubes. Thus different (but known) concentration
of allicin in 10 ml of the enzyme solutions was obtained. The
tubes containing the mixtures of antibiotic and enzyme were
then incubated at 37’0. At the end of fixed intervals 1 ml.
of the mixture was allowed to act on 4 ml. of an amylose solution,
for 20 minutes at 37°C. At the end of this period 5 ml. of
alkaline ferrieyanide was added to 1 ml, of the above mixture
and the amount of maltose formed estimated by the modified
Hagedorn and Jenson nothcdas. Two controls were also run
simultaneously. In one allicin wag not added., In the
second the enzyme was inactivated by boiling it for fifteen
minutes before the addition of allicin., The results of these
investigations are presented in table XXXII.

The inasctivation of beeta amylase by allicin does take
place. However, it appears to be considerably lesser than
what was observed in the case of the proteolytic enzyme papain,
In order to asceftain the above findings the effect of alliecin
on yet anothcf enzyme, havéng sulph-hydryl groups was studied,
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Iable XXXII.

- Effect of allicin on the amylolytic activity of beeta amylase.

Amount of maltose formed in mgm.after
Dilution of antibiotie incubating the mixtures for - minutes

in alliecin - beeta

)
1
]
]
|
.
amylase mixture ! H k-
L S R B TN 30
R L | .
[} L ] )
' ' \
No alliein | 3.047 | 3.047 }3.047  3.047
‘ )
1 in 200,000 | 2,85 | 2.815 | 2,76 | 2,669
i i ' i _
1 in 40,000 E 2.789 | 2.749 Ez.sm 5 2,469
1 in 20,000 | 2,749 | 2,667 | 2.275 | 2,269
1 ] i ]
No enzyme ' N1 | Nil I M1 | N
i ' i :
Effect of alliein on Ficus-enzyme. This enzyme is isolated

from the latex of Fjicus carica (common fig) and has been found to
possess high milk-clotting properties. Activation studies using
glutathione, cysteine and other thiol reagents and reversible
inhibition by Copper and maleic acid support the sulph-hydryl
nature of the onsm“'”. Experiments were hence carried out
to find the effect of ellicin on the milk-clotting activity

of Ficus cerica enzyme. The method similar to that previously
described for the allicin-papain system was used,the -nd the
results are presented in table XXXIII,

The effect of allicin on this ensyme is very similar to that

on papain, its milk-clotting activity being inhibited considerably
even at very high dilutions.
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Tgble XXXIII,

Effect of allicin on Ficus - enzyme.

Time for clotténg in seconds after

Dilution of alliecin incubation for - minutes

- - - -

in mixture
0 E 5 : 16 | 30
Control without alliein | 27 27 27 ' 27
1 in 500,000 27 ; 27 {27 gzo
| i
1 in 250,000 27 | 38 48 | 65
1 in 150,000 27 i 45 35 Eel
1 in 50,000 27 187 187 i211
No enzyme ! No clo'tt:ln; ou:% after ten i:.l.nutn
] ' ! i
i i 1 I
The reactive group of allicin. With a view to ascertain the
reactive groups in allicin R - § - 8 - R where R stands for allyl,

0
where there are two reactive groups viz,, the double bonds of the

allyl groups and the reactive oxygen, the effect of two allyl
compounds (allyl aleohel and allyl bromides) when present in
small amounts, on the enzymes, papain and ficus-enzyme wag
investigated., Known amounts of the two compounds were mixdd

with papain end ficus-engyme, incubated for one hour and the milk-
clotting activity of the mixtures determined. The results ere
presented in table XXXIV,
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Iable XXXIV,

The effect of allyl alcohol and bromide on papain and Ficus-remnet.

! ] u
Name of compound | Dilution Clotting time ! Clotting time
i in seconds ! in seconds for
' for papain i Ficus-enzyme
------------------ +-----------‘-1F---Cl------------.+--------G---ﬁ---
' ]
i . i
Allyl aleohol : N1l i 30 : 29
i114n 5,000 | 30 | 29
v i “
{11n 1,000 |} 30 ! 20
i i E
Allyl bromide E N1l E 30 E 29
111n5,000 | 30 E 29
1 i ]
i 11n 1,000 | 30 5 29
i i H

The reactive group in allicin, therefore, in all probability
is = 8§ =« § - which acts by virtue of its ability to inhibit the
sulphghydryl engymes of bacteria,

Discussion,

The antibiotic prineiple of garlie, the preparation and
properties of which have been described, appears to be the same
as the one isolated and studied by Cavallite 15_1111. The sulphur
content, and refractive index of both the preparations are same.
The antibacterial activity (as estimated by the cup-plate method)
of the two compounds also appears to be the same., It may thus be
safely assumed that the antibacterial principle of garlic isolated



103

during these investigations is the same as the one described by
the American workers. However, the antibacterial activity of the
two preparations, when studied by the serial dilution method appears
to be highly different, the present preparation methed inhibiting
organism at dilutions of 1 in 50,000, whereas the preparation of
Cavallito gj_n.u inhibited pathogens even at dilutions of 1 in
126,000. The results presented, after some explanation for
these facts, Thus it may be pointed out that the antibacterial
properties of allicin seem to depend on the amount of inoculum,
and Cavallito's inoculum when testing the antibacterial properties
by the serial dilution method, was considerably smaller than the

one used in the present investigations.

The yield obtained by the present method is much higher than
that of the American workers. They isolated only 1.5 gms. of
the oil from 1 Kg. of garlic, whereas by the methods described
herein, the yield of the oill is as high as about 3.5 to 4 gms.
per Kg. It is worthwhile mentioning in this connection that
the theoretical) amount of allicin present in garlie is about
4,6 gms, per Kg. when caleulated from the data presented by
Cavallito (viz., 2.5 to 4 mgm. per ml.for the alcoholic extract
from 4 Kg. of garlic in 5,200 ml.) and about 8§ gms. per Kg.when
calculated according to the present findings. The percentage
yield by the method described above, is approximately 70 to 80.

Investigations on the mode of action of the drug have also
given some valuable results. Allicin inactivates the enzymes,
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papain, beeta amylase and ficus-rennet, all having sulph-hydryl
as prosthetic grouping. It is hence highly probable that the
bacterial growth is provontoq by this compound, by inhibiting
sulph-hydryl enzymes in them, The reactive group in alliein

as already pointed out appears to be -« 8 - § - and not the double

1
bond of allyl groupings. ’

Summary.

1. An easy method for the preparation of allicin, the antibioti
agent of garlic has been evolved out, the yield being about 70 to
80 per cent.

2. It is easily destroyed at alkaline pH, and is highly
unstable. It can best be preserved in the cold as alcoholie |

solution.

3. Alliein inhibits the growth of several Gram-positive, !

Gram-negative and acid-fast pathogois at concentrations of about
20 per ml. It hag got fairly high antifungal properties

as well,

4. Alliein inhibits the activity of several sulph-hydryl
engyme even at dilutions of about 1 in 300,000 and in all
probability acts by inhibiting similar enzymes, which play |
important roles in cellular metabolism, I?his activit§ of alliein |

appears to be due essentially to the - S - 8 - group in 1it. w
0
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PHARMACOLOGICAL AND TOXICOLOGICAL STUDIES ON ALLICIN,

Introduction.

Data presented in the previous chapter have shown that alliein
the antibacterial principle of garlic exhibits pronounced anti-
bacterial properties towards several pathorenic micro-organisms,
ineluding acid-fast ones. These properties encourage speculation
concerning its possible therapeutic applicability in human and
animal infections particularly of Gram-negative pathogens which
are resigstant to many of the present day drugs, inecluding ponieillin.’
A series of experiments were carried out to explore the chemothe-

rapeutic appliecability of alliein,

Experimental.
Effect of artificial castric and vancreatic juice on allicin. Before

finding the toxicity of alliein when administered orally, it

seemed essential to investigate regarding the stability of the

drug in presence of gastric juice and pancreatic juice. Studies
described previously have shown that the antibiotic is inactivated
at alkaline pH and hence it is very likely that it may be
inactivated in presence of pancreatic juice. For confirmation
however, the stability of allicin in presence of artificial gastrie
and pancreatic fluids prepared according to the Maney and lu.v.rl

and of the following composition was studied.
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Artificial gastrie fluigd.

Sodium chloride “or 1.400 gms.
Potassium chloride con 0.500 "
Caleium chloride ces 0.060 "
Hydrochloric acid 36% e e 6.944 "
Pepsin see 3.2 .

Distilled water to mske 1,000 ml.
Artificial pancreatic fluid.

Pancreatin - 2.8 gns.
Sodium bicarbonste see 15,0 *®
Distilled water to meke 1,000 ml.

The experiments were done as follows. An aqueous emulsion
of allicin was added to three sets of tubes (duplicates in each)
containing six ml.amounts of siterile water, gastric juice and
pancreatic juice, in such a way as to make the final concentration
of allicin in each tube 3 :::. per ml. The tubeswere then
incubated at 37°C. and the activity of the mixtures assayed by
the 3% cylinder-plate method, at definite imtervels. The anti-
bacterial properties of the pure gastric and pancreatic fluids
were also determined. The results of these investigations are
given in tables XXXV and XXXVI,

They show clearly that allicin is not destroyed by gastrie
Juice even after 24 hours of incubation, In presence of
pancreatic fluid, however, the antiblotic is destroyed about
30 to 40% in three hours and being complete in 24 hours.




Stability of alliein in presence of gastric juice.

Table XXXV,

109

Time in minutes
after mixing

- el

Mean diamters of haloes in mm.

H
pastrie juice

'Futr:lc Juice

Contfol in
1 presence of fwith alliein ! without alliein
! gterile water at pH 1.7 1 at pH 1.7 '
, i
' ' !
0 i 31.0 31.0 E 12.5
15 i 30.0 1 32,0 E -
] ]
30 i 28.5 31.0 ! -
1
60 ; 31.0 i 31,0 i 12.5
1]
120 I 31.0 | 30,5 ; .
] ] ]
180 i 30.0 E 30,0 E 12,5
24 x 60 i 20.5 i 29,0 I 12,8
] ] ]
1 | | 1
Table XXXVI,

Stability of

allicin in presence o f pencheatic juice.

Time in minutes
after mixing

-

------------------- 1. - S W e e -

[+ ]
o

Mean halo diamters in mm,

. ——— -

Control in
presence of
sterile water

31.0
30.0

31.0
30.6
30.0
29.0

b---- - —— -

Alliein in
pancreatie
juice pH 9.3

31.0
29.0
29.0
28.0

26.0
Nil

Pancreatie
Juice alone
pH ©.3

Nl
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Oral administration of allicin may be so of no great applicability
in chemotherapy and hence the toxicity of the drug when fed
orally was not studied.

Effect off alliein in presence of blood. Several antibacterial

agents in presence of blood are inactivated greatly either due
to engymes present in the blood or due to the proteins in bloed
which adsord the antibdacterial ngontng or in some other coges
due to the alkaline reaction of bloods. Thus many of the
indieakion indicator dyes like methylene blue are inactivated
by the enzymes in blood. The inactivation of penieillin K
by blood is probably due to its adsorption by blood proteins-
Notatin® 1s another outstanding example of an antibiotic losing
much of its activity in presence of blood, It seems therefore
of primsy importance to investigate regarding the stability

or activity of a compound in presence of blood. The activity
of alliein, when incubated with blood for about 48 hours was

hence studied.

Allicin was mixed with sterile citrated rabbit's blood, sterile
citrate, and sterile water, in such a way as to give a final
concentration of 3 mgm. per ml of alliein, and incubated at 37°C.
The antibiotic mixktwras activity of the mixtures was determined '
at fixed intervals of time. The results are given in table XXXVII
and they show that blood does not seem to have any effect on the
antibiotic properties of allicin,
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Table XXXVII,

Stability of alliein in presence of rabbit's blood at 37°C.

Halo diamter. Mean values in mm,

-
1
]
i
Time in hours | ' "
| Blood, citrate |Sterile water  iSterile water
{ end allieln  eitrate & alliein | and sllicin
i g 1
] L) ]
' ] H
o E 31 H 31 i 31
i
5 i a1 R R
. ] |
18 1 31 : 31 ! 30
! 1 i
20 i 30 TR ; 31
] ]
30 : 29 ' 30 {29
i ] ]
40 ! 28 5 30 3 31
) i ]
] | i

Studies on the toxicity of alliein,

Data presented above have shown alliein to possess a wide
range of antibacterial activity and stability in presence of
blood. Experiments were next carried out to find out the effect
of parenteral administration of the drug to laboratory animals
like mice and rats.

Animals. Young healthy mice weighing about 20 to 25 gms. and
rats of about 90 gms., were used. As far ag possible animals

of the same age were taken for the same experiments., Throughout
the duration, special care wag taken to maintain the animsls on
a balanced diet, water am being available at all times.
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Alliein, This wag prepared as described previously, the

purest preparations being used in 21l the expériments. In view of
the sparingly soluble nature of the drug in water, the alcoholie
solution of the compound emulsified by diluting in water was
injected. The acute and cumulative toxieitywnbentmmh
administration, and the intraporitmai acture toxicity were
determined, Cavallito and n.n.?r have dueribod the toxicity

of their preparation as intravenous L.Dgy to be 60 mgm.per Kg.

and subcutaneous L.Dw to be 120 mgm,.per Kg.

Acute toxigity, This was determined as follows. The
experimental animals were divided into several groups, cu;hgmp
containing six animals, Different but known amounts of alliein
were injected to animals of differnt groups, the qantity received
by members of the same group being equal, In all cages the
strength of the emulsion were so adjusted that a mouse received not
more than 0,20 ml and a rat 0.256 ml. The acute toxicity was
determined by giving large gquantities of the drug in one injection.
After the injection the animals were kept under observation for

a period of ten days.

Animals dying during the peried of observation were
dissected and a gross oniimtion of the more important body organs
like liver, lungs and kidneys wes carried out. At the termination
of the period fvis., 10 days after injection) a few of the surviming
animals were also dissected for examination of body organs.
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Dissected animals showed nothing abnormal, other than slight

necrosis at the site of injection.

In these groups where the mortality rate was high the experiment

was repeated using a larger number of animals. Rats were used

for the subeutaneous toxicity studies and mice for intraperitoneal

toxicity. In table XXXVIII the results of experiments on rats
to find the subcutaneous toxicity of allicin are given,

Table XXXVIII,

Acute subcutaneous toxicity of allicin to rats.

Total number o f rats dead after - days

] ]
s ]
]
Dose in !lo.of animals i A
mg./Kg. | 1in group. | O R T T R i
H =112 13 14 35 16 17 1 8 1 9 1 10
! : H §& 3 W} H ! .
1 i ] ] ] ] T B 1
] ] ] ] ] ] 1 (] ]
[] 1] ] [ ] | ] ] 1 1 L] 1
10 1 @ i1 010 (0lo jo jo 0o 10 {0 )
H i H s AL H ' i i
20 E 6 EOEO io:o EO .o Eo EO Eo i 0
30 ' 6 1 2. 13 18 38..1% 1818 Lt 2
: H H - H H i
50 E 6 Eliz Ea 3;3 353 Ea Ea 3
7% ! 12 i 418 7 'g !'g8 ig !s8 8 !8 !-8
H : : s Lo R0 H ! |
P B S R ol ol o 8 Ll e
O T e o e I 2 T i il
control 6 it 040 0 ;0 +0 10 10 0O t 0 t 0
1] [] ] 1 1 [ ] 1] ] ] ] |
] [} i ] ] ] 1 ] [ ] (] ]
1 ] I ] ] ] ] [ ] L] ] ]

From the results presented it can be seen that 50 per cent
mortality occurred when 50 mg.per Kg.was injected. The acute
subcutaneous L.D.go is therefore 50 mgm.per Kg.
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In table XXXIX the acute intraperitoneal toxicity of alliein
to mice is brought out.

Zable XXXIX,

Acute intraperitoneal toxicity of alliein.

' H '
: i Total number of mice dead after - days
:;mbc;- of :Do/-;‘mg
ce 1in group img T ] 1 | ]
. 1118 918 14" 0000 ie 9 glo
i i 1 1]
i H i |
i i g% , |
6 ! 15 10 10 lo o i0 !0 {0 |
] t ]
6 | 25 i 3 52 i 2 3'{s {8 : &l
6 13 11 13 i3 {6 16 i1 i5 16 |8
] ] ] . 1 [} 1
6 B S8 0N ORE By i
feontrol 1 0 10 !0 !0 10 !0 {0 io 10
] ] ] B I 1] 1 ! ]
. : : ’ . : : : & 2

The intraperitoneal acute toxicity of allicin is considerably
higher than the subecutaneous toxicity. 50 per cent of the
animals being killed by 25 mgm. of the drug for every Kg. of
body weight.

Cumulative toxicifty. The effect of daily administration of
the drug was determined on a group of mice. Small amounts of

allicin were injected subsutaneocusly daily for a period of ten days,
and on alternate days for the next seven days. Other experimental
detalls were as given for acute toxicity. From the tenth day
onwards, dissection of one animal from each g roup was carried out
and important organs examined. This, however, revealed nothing
abnormal. The results of cumulative toxicity studies are given

B o . - - -
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Zable XL,

Cumulative toxicity of alliein.

Total number o f mice dead after - days

-
- -

Dose in Number of mice -
mg./Kg. in each group | ' S 3 i i
i1 2 {3 (4 & 8 110 N4 n
i 1 1 y

H ' H 1 H
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The cumulative toxicity of alliein appears to be about 5 mgm.
per Kg.for mice.

Pharmacolozical invegtigations on allicin,

Studies essentially of a preliminary nature were carried out
to find the effect of allicin on some of the important bodily
functions.

Regpiratory system, Plate 2 shows the record of tracheal pressure
with a Marey's tambour in a dog under paraldehyde anasesthesia.

An injection of 0.25 mg. of allicin usually produced no change in
respiratory excursions. With a bigger dose, such as 1 to 2 mg.
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there was a tendency for the respiration to become slightly

slower, but it seems to be only a temporary effect due to the
central vagal inhibition. This effect is not observed after
section of the vagi in the neck. With toxiec doses the respiratory
tracings show a good deal of variations; probably secondafy

to the circulatory distmnbances brought about the drug.

The action of the drug on the bronchioles was tested by
recording the intra-pleural pressure by means of a canula
introduced through the ribs into the pleural cavity. The animals
were kept under artificial respdration from a mechanical pump
with regulated number of strokes, in order to maintain the air
pumped into the lungs constant. Alliein in smasll doses did not
produce any appreciable change in the imkrapeX intra-pleural
pressure. When, however, a toxic dose of the injections were
made, certain changes at the late stages were observed which
appear to be entirely due to the cireulatory disturbances.

Circulatory system.  Effect of g¥stemic blood pressure.

Injections of 2 mgm. of allicin into the femoral vein,
produced in the majority of animals, a fall of the martei carotid
blood pressure, varying from 10 to 15 mm. of mercury, within five
?oeonﬂl of administration. The fall of blood pressure is
maintained for a good length of time and it rarely resumes its
former Jevel. With increasing dosage, viz., 4 to 10 mg. this
fall in pressure became marked, and there was distinet slowing
of the heart beats (Plates 2 and 8), When larger doses were
injected the fall in pressure was about 15 mm, of mercury before
collapse. <
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The fall in blood pressure was not observed after the
termination of the vagl were paralysed with atropine, showing
that the vagal inhibition does play an important part in the fall
produced,

Effect on heat, Mo-cardiograph experiments.

Ag shown in plate 3 with 2 mgm. doses, there was a slight
diminition in the amplitude of the suricular and ventriecular
systole. With larger doses viz., 4 to 10 mg. a distinct slowing
of the rhythm was evident., The auricles and ventricyles became
markedly depressed (plate 3), the effect on the auricles being
more pronounced, With still larger doses, the amplitude of
auricular contractions, was greatly diminished and there was rapid
weakening, leading to fibrillary twitchings of the auricle and
ultimate paralysis.

In order to determine whether the effect of allicin was due
to an s2ction off the nervous mechanisms or on the miocerdium, the
nervous connections of the heart with the central nervous system
were severed, It wag, however, observed that there were very
iittlo alterstions in the effects produced by the drug, showing
that the centre is not entirely responsible for the cardiac changes.
When the terminations of the vagl were paralysed by atropine, the
effects of the drug on the auricles and ventricles disappeared to
& gr?at extent (plate 3). It wag hence concluded that lttlulntiun
of the inhibitory neyvous mechanism was responsible to a great
extent in slowing the asurichilar and ventricular movements.




118

Discugsion.

The stability of allicin is greatly impaired, when incubated
with pancreatic juice, whereas gestric fluid and blood do not
have an injurious effect on the antibacterial properties of the
drug. These facts seem to point that if fed orally, allicin may
not find much use, Oral toxicity of the drug was hence not
investigated,

The subcutaneous and intraperitonéal tomicity of the drug
appears to be fairly high, particularly when compared with other
drugs, which have found application im bacterial infections. These|
facts, along with the unstable nature of the drug seem to indicate
that allicin may not be of much importance in chemotherapy.
Experiments to find the in vivg efficacy of the drug were hence

not undertaken.

A comparison of the two compounds, pterygospermin and alliein
may be made., Both appear to be oils sparingly soluble in water.,
Besides, carbon, hydrogen and oxygen both contain sulphur. Btery-
gospermin however containg nigrogen., In their stability in
presence of tissue fluids also they resemble cach other, This
inactivetion seems to be due to the alkalinity of the fluid rather
than to its other constituents.

In their ability to inhibit the growth microorganisms and
toxicity they differ to a great extent. Pterygospermin inhibits
several microorganisms when present in concentrations about 5 to
6 times as low as that at which allicin acts. ‘he toxicity of
pterygospermin also pppears to be much less, the cumlative L-”uo
being about 10 times that of allicin, Investigations on the
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effect of the drugs on the important bodily functions have shown
that both depress the respiration, blood pressure and the auricles
and ventricles.

The modd of action of the two compounds seems to be different.
Allicin in 2ll probability acts by inasctiveting the sulph-hydryl

enzymes by virtue of its - 8 - 8 - group. Pterygospermin has
0
no effect on sulph-hydryl compounds and hence does not seem to

act in a way similar to that of allicin.

Summary.

1. Allicin, is active in presence of blood and gastrie juice.
It loses its antibacterial properties in presence of pancreatiec
Juice. 1In 2ll probability, this is due to the alkalinity of
the pancreatic Juice.

2. The cumulative subcutaneous toxicity of allicin hag been
studied. 100% mortality occurred when the dose injected was more
than 6.25 mg.per Kg. The L.Dso was about 5 mg.per Kg.

3. The acute subcutaneous L.Dgy appears to be about 50 mg.
per Kg. and the acute intraperitoneal L.Dw 26 mgm.per Kg.

4, Allicin in small concentrations depresses the lungs
and heart.
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STUDIES ON STREPTOMYCIN,

Introduction,

In view of the clinical attractiveness of antibiotic agents
as typified by penicillin, experiments hgvt been carried out in
several laboratories, essentially with a view to isolating,
similar substances which may of use in chemotherapy. The
importance of these compounds lie in their ability to effect
striking and specific bacteriostatie action in vive, without the
simultaneous production of severe toxic symptoms. Of the
several attempts thus made one of the most successful was that of

8S.Waksman and his assoclates at the Rutgers University, in the
isolation of streptomyein from §treptomyces ml

In a search for antagonistic miero-organisms, especially
organisms that are active against Gram-negatiwe bacteria, the
actinonveete:2’3’4

20 to 30% of all the orgenisms tested possessing marked anti-

were found to offer extensive potentialities,

bacterial properties. These cultures were either isolated

and tested for their abilitity to inhibit the growth of bacteria,
from different solls and composites, or were taken from the

type collections. Search for micro-organisms, antagonistie

to acid-fast bacteria also resulted in the isolation of an
actinolwcus'6 which was found capable of producing in certain
media an antibiotic that seemed to possess many desirable anti-
bacterial and pharmacological properties. This organism has
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been found to be similar in appearanco7, cultural characteristics

and morphology to Actinomyces griseus isolated from the soil
previoualya.

According to Waksman® the composition of the medium has a

marked effect on the production of streptomyein. He states that
streptomycin formation depends largely on the presence of certain
organic constituents in the medium. Thesée substances are
according to the Rutgers -orkorsg present in meat extract or

corn steep liguor. 1In a more recent comnunicationlo Waksman

has do-igpated this substance as an 'activity factor' either

serving as a precursor of the streptomycin molecule as a whole or
of an important group in the molecule or functioning as a prosthetie
group in the mechanism essential for the bilosynthesis of

streptomycin.

The strains of §,grigseug that produce streptomyecin are not
absolutely stable and undergo markéd var:lations9 as is the case
with several actinomycetes. Waksman® has direeted attention as
far back as 1919, to the variability in the proteolytic mechanism
of Actinomyces grigeus. In more recent investigations recorded
by him'l strains of the organismf varying considerably in
streptomyecin producing capacity have been deseribed. They varied
in their morphology, viz., formation of an aerial mycelium, and
in their physiology, such as production of antibiotie substance,
formation of acid, rate of glucose utilisation, autolygis, and
production of a gummy material. Between these two extremes,
intermediary strains were obtained from which either of the first
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two types could be readily isolated. Both the active and inactive
cultures are alike in many of their cultural characteristics,

such as lack of dark pigmentation on organic media, proteolytie
aétion, and haemolytie capacity. lhksmang has also stated that

in practical production of streptomycin the formation of inactive
variants of S,griseug need not be feared; conditions for obtaining
the inactive variants are mo completely different from those
commonly employed in the laboratory or in the industrial production
of the antiblotic agent, that the possibility of a strain gegeneratio:
is very small, Investigations carr ed out recently by l!ksnnla
with 2 view to isolate streptomyein producing strains have

regulted in the following conclusions.

1. DNot all strains of S,grigeug are capable of producing
streptomyein,

2. Streptomycin producing strains of S,griseus form active
and inactive variants.

3. The inactive variants comprise two types, one being
free from aerial mycelium and the other producing a pink #inge,
in the vegetative growth, the aerial mycelium being typical of
S.griseus.

4., A medium enriched with streptomyein can be utilised
for the isolation of fresh strains,
and 5. A streptomycin enriched medium can also be utilised
for purifying active cultures of S,grigeus from inactive variants.

For the production of the antibiotic, several media besides
those suggested by Waksman have been however found useful.
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Ie Page and E.Canpbellla have carried out investigations using
yeast extract, in media for formation of streptomycin and observed
that a medium containing yeast extract 1% produced more of the
antibiotic than in Waksman's medium. Rake and Donovick]" report
that beef extract is not required in a medium containing about

1% soysbean meal, in which antibiotie production has been estimated
to be about 240 per ml, They have also stated that addition
of beef extract to their medium in shake flasks delays to some
extent production of streptomycin. Vanderbrook and auoeiatuw
have found that in a medium of composition dextrose 10 gms.,
Curbay B.G. 1 gm. sodium chloride 5 gms. basic potassium phosphate
1 gm. ammonium sulphate 2.5 gms. magnesium sulphate 0.25 gms. and
caléium carbonate 3.5 gms, tap water to make a litre, submerged
cultures of §,griseug can be harvested at a potency of 170 per llEI
The fermentatl on was carried out in iron f£iaxzk tanks. Using

straw infusion liquor as a content of the medium Doy"6 hag reported
successful antibiotic production by §.griseus. Bennott17 has -
observed that acid hydrolysed casein, acid hydrolysed wheat gluten,
acid hydrolysed stillage from wheat mash yeast alcohol fermentation,
asparagus juice and 2¢id hydrolysed rabbit fur gave streptomycin
titres compareble with media containing corn steep liguor. A
medium containing rice bran has been reported by Woodruff et _al

and a synthetic medium by Ainsworth et s1'°,

18

The growth requirements of S.griseug have also been investigated
in recent times, in great deteil. Of the several suggestions put
forward, mention may be made of those ¥y of Reke gj_nu who
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stress on the importance of sodium ions; McFarlane and

Feiser20 who studied the amino zcid regquirements of the organism
and concluded that valine, histidine and arganine to be the

most important; and the conclusions of Dulannygl that yields

of 800 per ml were obtained by the use of L.proline as the
sole nitrogen source.

Several methods have been described for the assaying of
streptomycin. In view of the fact that the chemical character-
istics of the drug are being elucidated only recently, methods
for estimating streptomycin chemically are few. Boxer and
co-workers®2 have however reported chemical methods based on
the formation of maltol from streptomyein by heating with
alkali, and on the formation of a fluorescen& hydrazone of
stroptonvcinza, the latter one being the more sensitive. A
colorimetrié method based on the aldehyde group of streptomyein
has been reported by Marshell and co-workor|24. Several
modifications of the agar plate method have also appeared.
Mention may be made of the paper disc-plate method of Loo 33_5125.
Donovick 95_5;26 have reported a broth dilution method for
assaying stfeptomyecin. Heilman®” has described a slide cell
technique for the assay of streptomycin in body fluids.

Several methods for the purification of streptomyein and
preparytion of crystalline derivatives have also been described.
Thus erystalline helianthates2® and Reinecketes2® were the
first to be obtained. The sulphates and chlorides were next
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1solatad3° in the pure form. Peck et 31?1 have also reported
the preparation of a trihydrochloride, caleium chloride double salt
of stfeptomyein,

Crystalline streptomycia has the probable formula Coq 339 l7 012
and is compounded of the following entities. Streptidine and
streptobiosamine consisting of l-nathyl—lfglucoaealine and the

streptose moiety.

OH
c NH HO - CH
HO - CH CH-NH - C -
mﬂ CH - O-CH
HO - CH CH - OH CHy - NE - CH  HO - C - CHO
0
CH H COH CH
NH - C - NHp HO -CH CHg
Streptose
NH CH
CHg0H
n-methyl-l-glucosamine
STREPTIDINE STREPTOBIOSAMINE

The structure of streptidine and of N.methyl glucosamine
have been established by the preparation of many derivatives. The
molecular arrangement of streptobieosamine show,above is due to
Kuen1®®,  Fried and Wintersteiner®® have shown that streptomyein

possesses an aldehyde group, which resides in the maltol forming
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moiety. The position of the carbonyl groups, the point of
attachment off streptidine and N.methyl-l-glucosamine and the
function of the remaining oxygen groups are still not definitely
known.

Streptomycin has been found to have antibacterial activity
against a wide variety of organisms which include Gram-positive,
Gram-negative and acid-fast pathogonsaf’as Its toxicity is
remarkably low as shown by lolitoras and Robinsona'?. A single
dose of 500 mgm.per Kg. did not kill mice. Unfavourable
reactions due to the histamine like substances have been often
times reportedas. Streptomypin has found =k cl inical application
in the treatment of various diseases, particularly those resistant
to penicillin., No detailed account regarding its chemotherapeutic
applications is attempt ed here. However, it must be pointed
out that one important draw back in streptomyecin therapy appears
to be the guick fastness which organisms develop to the antibiotie

particularly m39,40 .

During recent years some other antibiotics have also been
isolated from S,grigeus. Mention may be made of Grisein
i1solated by Waksman®l and Actidone isolated by Whiffen®2, Their
properties are however different from those of streptomycin as
has been recently pointed out by Iaklnn“. Even streptomyecin
during recent times has come to be known as the streptomycin
conplox“ and appears to be a mixture of more than a single
conponnd?ﬁ A new streptomycin producing strain has also been

recently rcportod“ .
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. Thus it may be seen that investigations of a wide and varied
nature have been, and 1s being carried out on streptomycin. It
must however be pointed out that, streptomycin has got several
weaknesses like the resistance which organisms develop to it
particularly in vivo and delayed toxicity in a few cases., At the
same time i1t is true that next to penicillin, streptomyecin is the
only antibiotic that has gained wide chemotherapeutic applications.
It is effective in curing infections like those caused by K.pneumoniae
and M,tuberculosis, which are resistant to penicillin. Perhaps
at a future date combined administration of streptomycin along with
other antibacterial agents, might attain importance since such a
method may be of use in overcoming the streptomycin-fastness developed
by microorgenisms. Investigations on the nutritional requirements |
of the organisms, media and cultural conditions, for high antibiotie
production, as also investigations on the methods for the isolation
of the drug and allied problems must hence continue in the hope of
making the availability of this important drug easier and its
production cheaper. Some attempts made in such directions are given

in the following pages.
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UTILIZATION OF WHEAT BRAN FOR STREPTOMYCIN FORMATION,

dntroduction.

The remarkable properties of streptomyecin, viz., a wide
range of activity and low toxicity, responsible for its chemo-
therapeutic success have been detailed in the introduction.
The results of some of the more important attempts made at
finding cultural conditions for good streptomycin production
such as those of Le Page and E.Canpbelll, Rake and DonovickZ,
Vanderbrook gt al3, Woodruff? Ainsworth et 215, Mac Farlane
and Feisors, Dulaney’, have also been referred to there.

In the course of pursuing a programme of work aimed at the
utilization of locally available cheap materials as media for
streptomycin production, wheat bran was one of the first to be
tried and one of the most useful, Wheat bran has been reported
often times to be useful in culturing microorganisms and produec-
tion of commercially important product like enzymes, and anti-
biotics. Thus Bindall and Sreenivasayya® have, in extensive
investigations carried out to design media for enzyme production
by A.oryzae, reported the advantageous results of culturing the
microorganisms in wheat bran, The results of using moist wheat
bran as medium for penicillin production by P.notatum have been
reported by Sreenivasa Reo®. In all these solid wheat bran has
been employed, which however possesses several undesirable qualie-
ties. Coghill has pointed outl®, the inherent disadvantages in
using solid bran. These consist essentially in the difficulty
encountered in sterilizing solid bran, and the heat accumulation
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and consequent temperature increase in certain parts of the
medium,during fermentation which entails less of products like
antibiotic and enzymes. Both these are due mainly to the poor
heat conductivity of the bran,

For the investigations recorded below an agueous extract
of the bran was used. The method of preparing this extract and
its composition are also described.

Wheat bran - the broken ccet of the grain which separates during
sifting - available in local market was used, Representative
samples were analysed for moisture, protein, carbohydrates, fats,
ash and fibre, before using the bran for propnring the extract.
In table XIXthe results are given,

Zable XLI,
Compogition of wheat bran,

Form 1 2 3 Mean values
Moisture 12.5 12.7 12.9 . 12.7
Protein 15.2 15.7 15.0 15.3
Ether 1.89 1.91 2.01 1.93
extratives
Carbo=- 54,8 | 55.56 | 656.1 55,13

hydrates
Ash 5.74 5.84 5.85 5,81

Valves are in grams per 100 gms of dry wheat bran.
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'fho following methods were used for the analysis of the bran,

Moisture: A known amount of the wheat bran was dried to
constant weight in an incubator at 110°C, and the loss of moisture
determined and the percentage calculated,

m. A known amount of the bran was digested, using
the digestion mixture recommended by Chibnall gt 211!, and the
amount of nitrogen determined by the micro-Kjeldahl method. The
percentage of proteins was then calculated by using the factor 6.05

Carbohydrates: were estimeted by the method of Hassid gt n12
with the following modifications. Hydrolysis with the enzyme was
carried out at 379C for four hours, instead of two. Alkaline
ferricyanide was titrated against sodium thiosulphate, in the place
of cerric sulphate. .

Ether extractives: A known weight of the bran was extracted
with ether in a Soxhlet's apparatus and the loss in weight of the
material after drying was found out. The weight of the oil
obtained after complete removal of ether was also determined, The
mean of the two values was used to calculate the percentage fatty
material in the bran,

Agh: This was estimated by a muffle furnace,for a period of
about 8 hours, the temperature of the muffle being about 800°C,

Fibret was computed by difference.

Preparation of the extract, After a serles of preliminary
experiments, the following method was used for the preparation of

the aqueous extract of bran., Commercial dran (1000 gms) was
mixed thoroughly in tall bottles with (6000 ml) water, The
suspension was then aserated, by sucking air through a water pump,
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for a period of about 48 to 60 hours, the aeration serving
primarily as agitation, At the end of the period the suspension
was filtered, the filterate distributed in conical flasks of about
a litre capacity (500 ml into each flask) plugged and autoclaved
at 15 1bs pressure for half an hour. A thick white coagulum
settled down during autoclaving. This was removed either by
filtration or by centrifugation. A thick brownish liguid was
obtained, 1Its total solid contents varied from 3.6 to 4.3 gms
per 100 ml, About 30% of the nitrogen of the bran was solubilized
by the above process., In table 42 the composition of the extract
is brought out,

e thod

Total solids: ?ho material dried to constant weight in a
hot air oven at 110°C,

Agh: Dry material was abhed at 800°C in an electric muffle
for about 8 to 10 hours.

Iotal nitrogen: A known amount of the materlial was digested
by using the mixture recommended by Chibnall, Rees and Williamsll
and nitrogen determined by the micro-Kjeldahl method.

Non-protein nitrogen: was determined on the 15§ trichlor
acetic acid filtrate.

Bagic nitrogen: The phosphotungstic acid precipitate after
decomposition with barium hydroxide was used for estimation of
basic nitrogen,

Amino nitrogen: was estimated by the formal titration method

due to Sorensen.
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Amide nitrogen: The method of Damodaranl® was used. 2 ml
aliquots of the extrzscts were heated with 5§ ml portions of alkali
and distilled in a micro distillation apparatus for 8 minutes.

Carbobydrategs: Tre amount of carbohydrates after hydrolysis
with 2 N HC1l,for 4 hours were estimated by the Bagidorn and Jonson;‘
method.

Table XLII \
Composition of the agueous extract of bran

Mean value in

From y mg per 100 ml, |
Total solids 3800 |
Total nitrogen 134,9
Amino nitrogen 15,01 .
Amide nitrogen 18.50
Basiec nitrogen 81,70
Protein nitrogen 24,13
Carbohydrates 475,0
Ash 860.7 '

Bacterioloricel methods.
Strain of orcanism. A Waksman's strain of Streptomyceg grigeus

obtained through the N,C,T,C, America was used for the investigations
They were maintained on Waksman's meat extract medium. e .

i o

Streptomvein agsay. Several modifécations of the cup-plate

method described previously (refer page ) have been suggested

for the assgying of streptonyci}i?-l?
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In all these, the diameters of the haloes of the unknown
samples, are determined by a standard curve obtained by plotting
values of known edhcentrations, the reaction of the agar used
being alkaline., In the present investigations 20 ml of agar(cofipo-
sition, beef extra€t 1.5 gm, difco peptone 6 gms, yeast extract
3 gms, agar 20 gms per 1000 ml of distilled water pH 7.6 # 0.1)
was used for each petrl dish of diameter 15 cms and height 2 cms.

A spore suspension of Bacillus subtilig prepared according teo

Foster and w’oodruffl8

and susceptable to streptomycin was the test
organism., A crystalline sample of streptomyein hydrochloride
(supplied by the lMerck and Co.,Rahway) possessing an activity of
655 per mg was used as the standard, Solutions of the standard
were prepared in 0,1 M phosphate buffer at pH 7.6 and assayed to
get a standard curve. Such curves were prepared abmost daily |

for calculating values of the unknown samples.

For assaying, the samples were prepared by clarifying the
culture fluids, by centrifugation and diluting them suitadbly, in
phosphate buffer 0,1 M at pH 7.6, in such a way that the values of
the halo-diameters may fall in the standard curve.

Measurement of growth. This was determined only for surface
cultures. The test tubes (refer below) were centrifuged, the

growth collected and dried at 40°C overnight and weighed,
Stationary cultures. '
For studying the day to day changes in pH, Streptomycin titre,
and growth, bacteriological test tubes of uniform size(15 cms long |
and 1.7 cm in diameter) containing 5 ml of sterile medium were
inoculated with a spore suspension of the organism. The tubes
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were then placed in a slanting position (at an angle of about 100

to 150 to the horizontal) so as to furnish a large surface for
growth, and incubated at a temperature of 25°C, Two tubes from
each group were removed at intervals of 24 hours centrifuged, fluids
used for assay(as described preveiously)and pH determination,

and the residue weighed as given above for findiﬁg the growth,

Prelimipary investigations, aimed at finding the effect of
growing S.griseug in unsupplemented bran extract were first

carried out. Aqueous extract of wheat bran, diluted to contain
total solids ranging from 0.5 gms to 3.0 gms per 100 ml were used

as medla. The reaction before autoclaving was adjusted to 6.8 # O.f
The results of the investigations sre given in table XLIII, Since
they indicated, that high streptomycin produection took place even
when the total solids were reduced to 1 gram per 100 ml, extract -
of this composition was used as the basal medium, in detailed

studies "

To the basal medium, several additions in the form of carbo-
hydrate materials, minerals etc were made in different amounts either
individually or together, and streptomycin formation studied.

In table XLIV the composition of the media and in XLV the day to day
changes in pH, streptomycin titre and growth are given,

In stationary cultures surface mats typical of Streptomyces
Eriseus appeared in many media from the 3rd day onwards, In medium |
containing sodium acetate growth did not take place. It has been
a common observation that the antibiotic activity of culture fluids
reached a maximum during or immediately after sporulation,
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Table XLIII
STREPT OMYC IN N_BRAN EXTRACT OF DIFFERENT
_—WA SHOHH‘CG ENT,
Total Reaction of the Streptomycin titre in
solids in
Sagtub do medium, per ml,
Days 3|a|s|e|7 |8 | 3f]4] 5| 6| 7|8 |
0.5 6.9!7.3!7.4!7.6|7.9|7.9 | 20|36 | 98| 89| 85| 78 !
1.0 7.1|7.4|7.6|7.717.9]7.9 | 20|35 |108 | 110 {108 | 99
2.0 72.1|7.2|7.6]| 7.717.2|7.9 | 32|69 |111 |114 |109 | 92
3.0 6.9|7.2|7.4|7.6|7.8|7.9 | 25|32 ] 69| 93 |111 |203
Teble XLIV |
Composition of media -
No. of Weight in grams of constituents added per 100 ml of basal
wedium | ____ medium, bran extract of total solids 1 gm per 100 ml,
Sodium e1 Brown | Sodium —1
chloride ucose | cugar | acetate Minerals
1 Nil Nil Nid N1l Nil
2 0.5 " " U n
3 Nil 2.0 " " "
a " Nil 2.0 " 0, 1%
Fe 0‘ and
MgsO, in
traces.
5 " " N1l " n ]
" 2.0 " " " |
|
!




Iagble XLV
Streptomvein formation in media,
No. Days after inoculation
o, SETIR 3 4 5 6 7 8 9
pH 7.1 P47 177 7.9 7.9 7.9
Strepto- .
1 mycin in | 20,0 36.0 108 110 108 o9 o5
/ml,
Weight of
grOW‘th in 20.0 21.0 21-0 18.0 17.0 16.0 17.0
mg/10 ml,

- - l.---- ----- e - - - - - - - -t -
pH 7.1 7.4 7.6 7.7 7.9 7.9 7.9
Strepto-
mycin in 126 160 95 73 68 63 60

2 /ml,
Weight of]
growth in 24 22 22 21 20 16 14
----- - —— ] ] - r-&------- - - - - - - e e - .. e
pH 6.9 7.1 7.2 7.4 7.4 7.6 77
- Strepto-| o9 30 28 28 27 25 23
myecin
T Pl el 20 | =20 | 18
DH ) 7.1 F 7.2 7.3 7.4 7.4 7.4 7;‘
. g:gﬂ" 30 45 75 73 73 65 55
Weight of]
- - 10 10 12 18 16
aEpp—— .-E!gﬁg--- S T YRR DEp——— -------L------u-J--—----- = - -
pH 7.2 7.3 7.6 7.7 7.9 7.9 7.9
. aretr et |28 | s5.] e 65 | 45 30
::iﬁ:; of 99 16 14| 15 15 15 15

[ —— r------—--.---—p--- e . r----.-- L--------
pH 7.0 7.1 7.4 7.4 7.4 7.4 7.4
Strepto~

6 myein 20 33 30 15 12 - -
Weight oﬂ_
—tgrowih 10 8 8 8 2 8 8
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The effect of sodium chloride. From the data presented in table
XLV it can be seen that of the different additions made, only

sodium chloride increased the streptomycin titre considerably.
Detailed 1nvu;tigationl to find the effect of different amounts
of sodium chloride on antibiotic production were undertaken, and
the results are given in table XLVI, The remarkable effect of
sodium chloride is obvious,

Table XL
Effect of sodium chloride on streptomvein production.

Composition of medium Streptomycin in . gm.per ml
Wheat bran | Sodium er seeding)
extract chloride 2 3 4 5 6 7 8
0.5 gm. 75 | 126 | 160 95 73 68 63
100 cec con-| 1,0 " 66 | 148 | 178 93 88 82 K44
taining 1
gm of total]| 2,0 " 46 | 161 | 163 98 98 83 82
solids.
4,0 " 15 73 78 58 53 43 32
6,0 " 15 40 78 70 65 45 33
- - Jl ----------- r ----- S - P ------ - — - P--ﬂ--i-----
0.5 gm 40 | 189 | 159 137 108 | 95 86
100 cc con-| 1,0 " 62 | 179 | 203 138 123 | 86 76
taining 2
gm, of to- | 2,0 ™ 45 | 169 98 89 75 | 68 58
tal solids _
4,0 " 23 85 23 93 60 | 54 33
8,0 * 15 18 45 52 53 | 33 35
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Shaken cultures, The antibiotic production by S.grigeug has
been reported to be guickened and increased, by shaken culturing.

Effect of shaken culturing, was hence studied in those media which
gave encouraging results by stationary culturing. The experimen-
tal procedure for the seme consisted in the fbllowing; Six
bottles of 100 ml capacity containing 30 ml of medium, were inocu-
lated after sterilization with a spore suspension of the organism
grown in Waksman's medium. They were then shaken in a mechanical
shaker, One bottle from each group, was removed daily and the
antibiotic activity estimated. The results of the experiments
are presented in table XLVII and they indicate that shaken cultu=-

ring does not have much advantage over stationary ones,

Iable XLVII
Antibiotic production by sheken cultureg.

ﬁg;tgg. £ Streptomycin tif:a in /ml in medium
days. I II

2 20 20 20

3 70 75 75

“r 80 150 110

5 80 120 100

6 76 110 20

Medium A in table has the composition:- Wheat bran extract
of total solids 2%, and sodium chloride 1%, Media I and II H
are of the composition given prevgiously in table XLIV,
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Flooded cultures, Flooding of cultures has been in several

instances found to inereae the antibiotic production considerably.
In some cases even flooding with distilled water, hgs been roporto&B
to be very effective, The effect of flooding was hence studied
in one medium viz. the one which gave best streptomycin titfe by

stationary culturing.

Culture fyluids from 10 day old cultures Streptomyces griseusg
grown in the same medium were removed carefully, without disturbing
the surface mat. 5 ml of fresh medium or sterile water were then
poured into the tubes exercising great care not to disturd the
surface met, The tubes were again incubsted and the antibiotic
activity determined as already described. In table XLVIII the

results of the investigations are presented,

ble XLVII
Effect of flooding on streptomvein production.

g%;.tg:o _B;fwmnminf#—nﬁr_.‘ Flooding with
in days flooding flooding sterile water
2 25 300 80
3 20 650 920
4 " 203 600 70
5 80 5§00 50

The medium used in the above experiment had the following
composition: Wheat bran extract of total solids 2%, and sodium
chloride 1%.
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It may be noted from the results given that flooding with the
medium increasés the antiblotic production by about 4 to 5§ times,
whereas flooding with sterilised water is not of much advantage.

Discussion,
Some of the media described above, can be used with advantage
in streptomycin production. The antibiotic formation is as high
as 1500 to 2000 per gram of the wheat bran used,

Certain aspects regarding the nutritional requirements of
the orgsnism, for successful streptomycin production, are also
revealed, Excess of carbohydrates given as particularly glucose,
seems harmful for streptomycin formation. It must however be
mentioned that the observed low streptomycin titre, in media
containing glucose mey perhaps be due to the inhibition of
streptomycin activity by glucosogo These remarks seem justie-
fiable since, in brown sugar medium also streptomycin formation
is decreased, but not to such an extent as is observed in media '

contsining glucose.

Of the different minerals investigated, sodium chloride seems
to have a very great influence, Its presence in 1% concentrations
appears to be optimel, Higher ones sre definitely harmful. In
the presence of sodium chloride the antibiotic production is not
only inereased but is also quickened, Observations of a similar

nature regarding the role of sodium chloride in antibiotic formas-

tion, by Aspergillus fumigatus?' Penicilliup notatuw®® and §.grisefts

have been previomsly recorded. The exact nature in which sodium

chloride acts is however not clear, The observations of
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Mc Farlane gt ‘1?‘ that sodium chloride extracts streptomycin from
the mycelium, have thrown some light on the problem. But the
presence in the mycelium of another antibiotie grisnn?s which is
soluble in water and probably also in saline appears to suggest

that Mc Farlane's conclusions regarding the role of sodium chloride
might demand further confirmation,

Since the extract used contained appreciable quantities of
minerals, nothing could be inferred regarding the role of the added
minerals, The importance of the minerals in streptomycin forma-

tion has however been discussed later.,

Summary

1. A method for the production of aqueous extract of wheat bran,
and its composition are given,

2. The extract as such, has been found to be useful for atreptouur-l
cin production by S.griseug. The presence of sodium chloride up to l
1% has been found to increase the streptomycin production eonsider-
ably.

3. Shaken cultures in the media studied, had no advantage over
stationary ones.

4, TFlooding of cultures with media, increased antibiotic produe~-
tion by about 4 to 5 times.
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FACTORS IN WHEAT RACT RESPONSI OR_STIMULATIN
STREPTOMYCIN FORMATION,
Introduction. .

Results presented in the previous chapter have shown that
wheat bran, used in the form of its extract, stimulates strepto-
mycin production to a great extent,when S.grigeug is grown in it.

It has been shown that about 1500 to 2000 of streptomycin could
be produced per gram of the solid bran, Investigations aimed at
finding the factors in the bran extract responsible for its
advantageous effects,were next carried out. No such attempt

seem to have been made in spite of the fact already pointed out,
that wheat bran is a good medium for antibiotic and enzyme produc-
tion by several microorganism, In a recent communication a
suggestion has been made, that the high antibilotic activity observed
when microorganisms are grown in the bran, might be due to the
antibacterial fatty acids present in the bran® This suggestion
however does not offer a complete explanation for the observed
phenomenon, particularly after taking into consideration the results
described below.

The investigations broadly consisted in fractionating the
bran oxtraét and finding the antiblotie production, when the
organism was grown in individual fractions or mixtures, A similar
series of experiments carried out by Cook gt ;1? to find the
factors in pea extract responsible for penicillin formation, when
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P.notatum was grown in it, showed that the stimulating factors
were in the 80% ethanol soluble fraction, The present investi-

gation have shown the importance of minerals.

The method for the preparation of the agqueous extract of bran
has been ddtailed previously(refer page ). The extract was
fractionated after adjusting the total solids to 28, For this the

following procedure was adopted. It was first fractionated into
the 80% ethanol soluble portion and the precipitate obtained therein!
Growth and antibiotic production by S.griseusgs in the two fractions
were then studied by the methods already deseribed. It was found
that eventhough both of the fractions supported growth, streptomyecin
formation was poor, A mixture of the two fractions however behaved
as the original extracts. The 80% ethanol insoluble portion was i
hence further fractionated as shown schematically in figure II, :
When however mixtures of two fractions were used the volume of
water added was maintained as the same as that of the original .
extract taken for fractionation without effecting the total solids
of the individual fractions,

All the fractions were analysed for total solids, total nitro-
gen and ash, Methods for the analyses have been already indicated
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Figure I1I.
Scheme of fractionation of wheat bran extract.

200 ml of wheat bran extract (I) mixed with
800 mlaof absolute alecohol.

}
| - |
Precipitate suspended in 80% Ethanol soluble portion,
200 ml of distilled water(II) Alcohol removed ,made up the
s ] 3 residue to 20% ml,(III
] 1 }
| ¥ 1 Ashed in a muffle after
i i i removing water,(VIII).
Soluble Precipitate in I
portion(IV). 200 ml of 1
= water.(V) {
Saturated with Aghed in the nmuffle
Ammonium sulphate after removing water(VII)

and dialysed.
Protein or protease
in 200 ml of water(VI)

(The numbers in brackets indicate the number of the media.)

Iable XLIX
Composition of the fractions.
No.of the Total solids Total nitrogen | Ash as percentage
fraction as | in mg per in mg per of total solids.
in Fig.II 100 ml. 100 ml,
I 2000 71.6 22.6
1I 460 7.06 14.2
III 1540 64.55 25.2
v 383 4,96 9.34
v 76 2.1 -
Vi 26 4,72 -
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Prevaration of medias and antibiétic formation in them.

For the preparation of the media the total solids of the
different fractions were mixed proportionately and made up to
volume. The pH was in several of the media so obtained near
about nautraiity and hence to attempt was made to adjust it,
-In media where ash was added as a constituent ho attempt was

made to dissolve 1t.

The experimental procedure for finding the streptomycin
formation in media was the same as the one previously described
viz., inoculating the different sterile media,taken in test tubes
in 5 ml amounts, with a spore suspension of a Waksman's strain
of Streptomyceg griseug, and incubating them at a temperature of
26°C, keeping at an angle of about 10 to 15° to the horizontal,
Two tubes from each group were removed daily and the reaction
of the culture fluids, their antibiotic activities and the weight
of mycelial growth were determined. It was found that in many
of the media thus studied, there was practically very little
growth and streptomycin formation. A summary of the results of
the above studbs in media where there was streptomycin production
are given in table L.

The results presented in Table L clearly indicate that
inorganic constituents of the bran extract play an extremely
important ro;s in streptomycin formation. Since however neither
the minerals of fraction II nor those in fraction ITI stimulated
growth and streptomycin formation it seems at least two elements

each present in one of the fractimns are essential, The




130

possibility, the optimum concentrations of the important element
or elements is attained only on mixing the ash of both the fraje-
tions cennot however be overruled, their number being of lesser

importance.

1akble L.
Streptomycin formation in different media

Composition Reaction of culture Streptomycin titre in
of media as fluids after days. per ml after days.
the number - - e
of the frae=| 4 | 5|6 |7 | 8| 9 4 5 |6 7 {8 )
Lions mixed
I 71| 72| 7.417.6|7.9|7.9 32 | 692 (111 {114 {109 | 92
II 697071 7:1]7.3]|7.3 Nil)] 15 15 12 | N1l | N1l
III 6.9|7.3|7.4[7.4|7.6]|7.6 " | N11] 13 Nill " "
II + 111 70| 71| 7:.3(7.6]7.9]7.9 30 | 65 98 1112 | 106 | 91
IT + VIII | 7.1 72| 743|7.4|7.8]|7.9 30 | 49 | 54| 78| 83 75
III + VI 73] 746] 7.817.9|7.9|7.9 28 | 63 |108 | 110 108 o8

Experiments with complete ash of wheat bran extract.

In order to confirm the findings detailed above, viz., the
stimulating effects of the mineral constituents present in the
aqueous extract of bran, on streptomycin formation, the following
experiments were cerried out. Complete wheat bran extract was
ashed and differing amounts of this ash were added to a basal
medium which by itself supported very little growth and stimulated

very slight streptomycin formation. This medium had the compo-
aitiOn.,
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Difco pepton@...ovvevess 0.5 gms

GlucoS® sssscsscsssecses 1,0 "

Sodium chloride.sccceees 0,56 "

Distilled water......... 1000 ml,

pH adjusted tO0sceccscese 6,8
The usual experimental procedure was followd. The results of
these experiments are given in table LI,

Table L
Effect of wheat bran extract ash on streptomycin production.

Compo- | Ash in Reaction of medium after Streptomyecin in
sition | medium days. per afiter days.
of mg per
medium | 100 mi] 4 5 6 7 8 9 5 6 7 8 |2 |10
Whole
bran 7.1} 7.2 7.6} 7.7|7.7] 7.9 | 69 {111} 114} 109 |92 | 91
extract
N1l 6,9 7.4 7.4|17.5|7.6]| 7.6 | 24| 24| 25| 28 |24 | 24
100 mg| 7.1] 7.2} 7.3|7.4|7.6| 7.9 | 24| 28| 36| 64 |64 | 48
Basal 200 mg T3l 7:31 741 7.6]17.8] 7.9 22 28 45 78|76 | 78
medium
100 ml.| 400 mg| 7.4| 7.5| 7.6 7.8|7.9]| 7.9 | 28| 28| 54| 98|85 88
500 mg| 7.5 7.6 7.8 7.9|7.9| 7.9 | 25| 28| 61| 108 | 93| 92

It will be seen that addition of about 500 mg of ash to the
basal medium increased the streptomyecin pwoduction to about 100
per ml, Since the ash content of wheat bran extract is about
450 mg per 100 ml when the total solids are adjusted to 2%
these results prove conclusively that its minerals are mainly
responsible for the good antibiotic production observed when

S.griseus is grown in it,
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It has been claimedl that the fatty acid like components
in wheat bran extract which show antibacterial properties are
responsible for the high antibiotic formation observed when micro- :
organisms like S.griseus, E.mma and L.mm"‘ are gfown
in it, Such a possibility cannot however be entertained in the
case of the aqueous extract of the bran used in these investiga-
tions, in view of the insolubility of the fatty materials of the
bran in water, TFurther the extract prepared by us did not show |
any antibacterial activity against strains of B,subtilig and
S.gureug susceptible to streptomycin, All these facts along
with the data presented in Tables L and LI above conclusively
prove that for streptomycin formation by S.griseug much more

important than the fatty component of the bran, are its mineral

constituents which seem most essential for successful antibiotie

production,
The role of meat extract ash, In view of the encouraging results

obtained with the ash of wheat bran extract, similar experiments
were carried out with meat extract ash to find out whether that
can replace the whole extract in Waksman's medium, commonly
employed in streptomycin production. The results of these ntuﬂic(
along with those obtained, when the organism was grown in Waksman's
medium are brought out in Table LII. The results presented there
are self explanatory.
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Table LII
The role of meat extract ash cin formation.
Number of Wakman's medium Meat extract ash medium :
g:g;ing’r oH ?ﬁreptoag;fn oH gz?optoyycfn :
“ 6.9 18 6.9 23
S5 7.4 34 7.2 32
6 7.4 65 7.8 54
7 7.6 75 7.6 73
B 7.9 82 7.9 76 !
° 7.9 84 7.9 72 |
|

Discussion

The results presented above have shown the pronounced effect |
of the minerals in the bran extract. The source of nitrogen and |
carbohydrates seems to be of minor importance. The nitrogenous
materials present in the bran extract are practically as efficient

and useful as the difco peptone used., The carbohydrates of the

and streptomycin formation., The pH of the medium as usual became

alkaline during the streptomycin formation.

However the fact that the antibiotic production in medium !T
II + VIII (in table L ) was less than that in medium III + VII,
eventhough the mineral contents of both were the same (the total
nitrogen and total solids of the two differing) mey perhaps be
interpreted as indicating the necessity of a certain minimum t

amounts of nitrogenous and carbonaceous materials, without wkzk |
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which streptomycin production may be either reduced or completely

absent,

As already pointed out two explanations may be offered for
the observation that fractions II and III do not independently
stimulate antibiotic formation. Thus, 1t may be that there are

S e

two essential elements in the bran cxtgaot which on fractionation ﬂ

pass on, one into each fraction, or it may be due to the lack of

i
¥

optimal concentration of the element or elements in the fractions.

Summary

1. Fractionastion of wheat bran extract has been carried out.
These fractions have been snalysed for nitrogenj,ash and total

solids,

2. Streptomycin production in these fractions has been studied &
It has been found that minerals present in the bran extract are
mainly responsible for the antibiotic production by S.griseus.

Results of a similar nature have been obtained for meat extract

ash,
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Introduction

been
Minerals have often times/found to be of primary importance

in antibiotic production by microorganisms, Several instances
where small amounts of inorganic ingredients present in the media
increasing antibiotic production have been reported. Thus for
Penicillin notatum Foster et sl have shown the influence of
small amounts of zine. Importance of mineral constituents in
penicillin production have also been emphasized by Moyer et 31?
and Pratt et al° In detailed investigations carried out by
Koffler et al* they find that traces of iron are necessary for
antibiotic production by P.notatum and that effect of iron could
be completely prevented by small quantities of copper. The advan
tageous effects of sodium chloride in antibiotic production have
been reported by Cook gt 21° Similar investigations on pyoeynin
production, undertaken by Burlon et al® show that ions of Mg,
8504, K, PO4 and Fe to be essential.

Investigations presented in the previous chapters on strep-
tomycin formation by S.griseug have shown that the ash content of
the wheat bran extract used is mainly responsible for the high
antibiotic production observed, It was shown therein that
addition of about 500 mg of the ash to 100 ml of a basal medium
resulted in antibiotic production, comparable to that in the
aqueous extract of the bran, Experiments were hence carried out
to find the minerals of the ash that are responsible for its

advantageous effects.
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(After the completion of the present work, a few reports
regarding the nutritional requirements of S.griseug for successful
antibiotic production have appeared, Most important of these II
from the point of view of the investigations to be detailed below |
are those of Thornberry and Anderson! While investigating on
a synthetic medium for streptomycin production they found that

manganese, potassium, zine, iron and magnesium are necessary for

good streptomycin formation, Mc Farlane gt na have shown the |

advantages of using amino acids, particularly valine, arginine
and histidine and among these the authors report, valine to be of II
primary importance. Among the amino acids proline has also hunl
reported to b increase antibiotic production enormously®)

The investigations of Rake and Donovicioon soyabean meal
and sodium chloride; as also the effect of potauiu%lhnv. been

previously referred to.

The present investigations were however a logical sequence
of the results recorded in the previous chapters viz., the anti-
biotiec production by S.grigeug in the aqueous extracts of bran,
the results of investigations on the fractionation of bran which
revealed the importance of the mineral constituents and the

results of studies on meat extract ash.,

Experimental

The culture of S.griseus used, and the method of estimating
streptomycin potency, of the culture fluids were the same as ‘thou'1
previously described. The nature of culturing, the temperature
of incubation ete have also been previously outlined.
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The investigations to be described, broadly consisted in
adding minerals (known both qualitatively and quantitatively) '
to a basal medium of known mineral content, and studying the
streptomyein formation in the media so obtained. The minerals

used however were those present in the ash of bran extract.

Composition of wheat bean extract ash, A semi quantitative
analysis of the wheat bran extract ash was first carried out and

\ |
the results are presented in table LIII below.

Table LIII

Composition of the ash of wheat bran extract and meat extract.
Name of Wheat bran Meat extract
element. ____extract ash _ash

Sodium ++ e
Calcium +++ +++

Magnesium ++4+ + 4 ;
Aluninium e o !
Iron ++ 4t L
Phosphorus ++ ++ J
Potasdum ++ ++ |
Copper + +

Manganese + -+

In the table +#+ indicates abundance,
++ 1indicates presence, and

+ indicates traces of the elements, ! t



158

From the data presented it appears, that there is a similarity
in the composition of the two ashes,

The following minerals were estimated quantitatively: Iron,
Potassium, Phosphorus, Calcium and Sodium, by the methods given
below and the results are presented in table LIV,

Sodium, Zinec uranyl acetate method was used,

Iron. The colorimetric method of Kennedy and SmithlZ2was used.
Potagsium_ was estimated by the cobaltihitrite method.
Phosphorus was estimated by the modified Fiske and Subbarow lﬁ%ﬁﬁgf
Calel was estimated acidematricall:%s
Igble LIV
Composition of wheat bran extract ash.
Amount of element
Mineral present in 100 gms
of ash,
Sodium 21.32 gns
Potassium 33.23 *
Calcium 24,92 "
Iron 137.3 mg
Phosphorus 463.7 "

Preliminary investigetions, These experiments were aimed at
finding the elements in wheat bran extract, essential for produc-

tion of streptomycin, The investigations essentially were
qualitative in nature, Since the importance of sodium has
already been dealt with in a previous chapter it was not inves-
tigated. The effect when sodium chloride was present in
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0.5% and 2% were studied. A series of 12 media were prepared
by adding different minerals. To find the effect of a particular
element that one was omitted from the media and all the others

mixed, Peptone was used as nitrogen source and glucose as source

|
J
of carbon, Phosphorus was supplied in the form of la23P04. 2

811 the media were adjusted before tubing and inoculating

to pH 7.0 # 0.2 and autoclaved as usual, In table LV below .
minerals used, their relative amounts and composition of the diffe- |

rent media are given,

Of the elements detected to be present in the ash all have
been used in the media, Sodium has been used in considerably
large quantities since its deantagoous effects were observed even.
in concentrations of about 2§, Other elements have been used
in rough proportionality to their existence in the ash, Manganese
was not tried primarily because it was present only in very small

traces.

The antibiotic titre and pH of the culture fluids were
measured daily for a period of about 14 days, after the inoculation,
It was observed that in media I and II and in media containing '
aluminium growth was poor. In others there was good growth.

The results of antibiotic activity and pH in different media are
summarised in table LVI,

Of the different elements tried iron is the only one which
appears to have profound influence on streptomycin production.

Thus absence of iron brought down streptomycin formation to 15 units
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from about 70 units mer ml, The effect of other elements like
potassium and magnesium is negligiable even though data presented
seem to indicate that they too may have a slight influence on
streptomycin formation.

Iable LV
Composition of media
“No.of | Pep-| Glu- xno'3 Sodium | Sodium | Copper, Ferric Magne- uu-i:ac
medium | tone| cose phosph1 chlo- | sulph< chle~| sium
ate ride ate ride | sulph-
ate
I 1,0 | 2.0 - - g - - - o =
11 1.0 | 2,0 - - 2.0 - - - - |-
III 1.0 | 2.0 | 0,08 0.2 0.5 0.001 0,003 |0,08 - |-
Iv 1.0 | 2,0 | 0.05! 0.2 0.5 - [.003 {0.05 - |~
v 1.0 | 2.0 | 0.05] 0.2 0.5 0.00L{ - |0.08 - |-
VI 1.0 | 2.0 | 0.05]| 0.2 0.5 0.001 0,003 | - - |-
Vil 1,0 | 2,0 | 0.08]| 0.2 0.5 0.001 [0.003 |0.05 (0,05 | =
VIII 1.0 | 2,0 | 0.05| 0.2 2.0 0.001 {0,003 |0.08 - |-
1.0 | 2.0 0.05| 0.2 2.0 0.001 [0,003 |0.08 [0.05 | =
X 1.0 | 2.0 | 0.05] 0.2 0.5 0.001 |0.003 {0.05 [0.05 [0.05 f’
X1 1.0 | 2.0| o0.08] 0.2 |2.0 |o0.001f0.008 [0.05 | - [o.05
XII 1.0 | 2.0 - | 0.4 0.5 o.wllz.ooa 0.05 - -

In the above table the figures give the amount of substances
added in gms per 100 ml of the medium.
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Table LVI |
Antibiotic titre in present of different elements.
No. of Maximum antibiotic activity TH
medium Streptomycin in| Days after Maximum pH | Days after
per ml, 1 inoculation i
I 20 6 7.2 6
II 35 6 7.2 §
ITI 72 Tols il 7.7 0
1v 68 748 747 9
v 15 - 7.8 lq
VI 59 7,8, 7.8 9
VII 7L 7,8, 7.7 9
VIII 92 7484 7.8 849,10
X 01 7,8. 7.7 9
X 73 7,8. 7.7 9
X1 88 7484 7.7 o
XII 65 7,8. 7.9 9

Optimum concentrations of iron. _
Investigations were next carried out to find out the effeet of

differing concentrations of iron on streptomyein formation. A basal
medla without iron and of the following composition was used for
this wvork, -

Peptone . 1.0 gm
Glucose 2.0 ™"
Sodium chloride 0.5 "
xnépo4 0.5 *

MgS0, 0.05
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To this basal medium, small amounts of iron was added in
the form of ferric chloride. The experimental procedure for
finding the antibacterial activity of the culture fluids, were
the same as those already described, (refer page ). A summary
of the results is given in table LVII.

Zable LVII.

The effect of iron on streptomyein production.

Amount of iron E Maximum Date after | Maximum Date after

in mgm.per 100 ml, Eat:;g::wein inoculation pH inoculat

------------------ ..!---------------{--------------Jl----------g----------
N1l i 15 f - 7.8 i 10
0.125 {68 {9 Loes {3
0.250 i 75 i 8 !' 7.9 E' ®
0.500 i 93 i 8 bt . 1.1
0.600 i o8 I8 L ove § -8
0.700 E 108 E B § 7.9 E 9
1.000 E 110 E 8 i 7.9 ; 8

\ | P |

The remarkable effect of small concentrations of iron are
very clearly brought out, about 0.7 mg.per 100 ml being the
optimum. The higher concentration studied did not have mmsh more
effect, than the above concentration. It ix may be pointed out
that the amount of iron present in wheat bran extract when its
total solids are adjusted to 2% is sbout 0.62 mg.per 100 ml.
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Discussion

An attempt has been made to find the minerals (essentially
from those present in the bran extract) which stimulate productio:
of streptomycin. Investigations recorded have shown the import-
ance of iron in streptomycin formation. Streptomyein production
in the media of known composition, appears to suggest that the
claim, that streptomycin production depends largely on the presenc
of gx certain growth promoting agents, organic in nature may not
altogether be correct. Further, the claim, that the high anti-
biotic production observed when microorganisms are grown in it is
due to the antibacterial fatty materials in the bran also appear
be unjustified.

Results presented in the previous chapter suggested, the
possibility that more than a single element was essential for
good streptomycin preduction., The investigations carried out
on the mineral requirements of the organism have shown however
the necessity and the importance only one element viz., iron,
explanation for this observation appears to be difficult, based
on the available data regarding the metabolism of S.griseus. The
rough quantitative relationship observed between the iron content
and antibiotic production, disclaims the alternative explanation,
that the very low antibiotic titre observed in the two fractions
of wheat bran extract, are due to the lack of an optimal concentr
tion of the essentig)] element in them (refer page ) J
A correct explanation of this phenomena, may be possible perhaps
only after a thorough understanding of the mechanism by which the
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the minerals exert the observed effects, Thus if it may be
assumed that the minerals play the role of blo-catalysts in the
blosynthesis of the antibiotic, it may be that they act at some

particular stage in the step wise synthesis of the antibiotie,
from the compounds aslready existing in the medium, and hence

the minerals required for the formation of antibiotics may also
vary, depending upon the other ingredients present in the medium,
This suggestion might offer an explenation for the facts described|
above, The fact that several elements, amino-acids ete. have
all been found to affect the antibiotic production of different
microorganism might perhaps lend support to the above suggestion,
While, it is true that ezch element or amino-acid is essential
and steps up streptomycin formation in one particular medium,

it may be that the particular activating factor may lose much of

its influence if placed in an entirely different medium, whose

composition 1s different from the one where the particular
compound is indispensable., It may not hence be correct in the
strictést sonso/:gazagfon is essential for streptomyecin producti
However, the high antiblotic production observed when §.grigeug
is grown in the bran extract is due to the minerals particularly
the iron and in all probability not due to the antibacteri al

properties exhibited by the fatty material in the bran,

Summary.

Investigations carried out to find the role of minerals in
streptomycin formation have shown the importance of iron, which
even in small concentrations stimulates the formation of the
antibiotie,
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Introduction.

It has been widely accepted that groundnut zzka may be
congidered as a fairly complete food, from the stand point of
chomicalleonposition and ready digostibilityl. It contains an
abundance of energy producing materials in the form of carbohydrates
and fats to meet the demands for heat and activities of the bodily
machine. The work of Johns and Jones2131% and of Brown§ has shown
that the two proteins occurring in groundnut, arachin and conarachin.
contain significant proportions of indispensable amino acid:‘,
thus furnishing fairly good quantities of fissue building components
in the form of proteins to meet the requirements of the growing
young organisms, and the wear and tear of the fully developed
organisms. It contains several vitamins of the B-complex group’ -
and is also a very rich source of vitamin 112.

Groundnut cake is the residual meal left behind when the
former has been freed from oil by mechanical pressure. In India
the cake is largely used as a fodder or fertiliser, even though
it has been widely used for the production of adhesives, plasties,
water pains and allied materials. Fontainne and Burnett® haye
studied in great detail the peptisation of nitrogenous materials
of solvent extracted and hydraulic pressed pea-nut meal under varied
conditions of pH and salt concentration. Peptones of peanut meal
have been prq:nareul]".l by the peptic and pancreatic digestion, with
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a view to utilise them for culturing of pathogenic micro-organisms.
Vegetable media containing papain hydrolysed peanut meal have
been fbundl5 to support growth and good toxin production as well,
Basu and Songupt115'1' have also recorded the results of their

investigation on groundnut cake and its use as media for culturing
of pathogeniec organisms.

It is clear from the foregoing that groundnut cake suitably
processed can be utilised for supporting the growth of micro-
organism with toxin production in meny cases. Investigations
to use the cake after digestion, in media for production of
streptomycin have been carried out and the results of the
investigations are recorded below.

Experimental.

Preparation of the material and proximate chemical composition
the Groundnut caske available in the local markets

was used. The cake was first powdered and passed thwough a 60
mesh seive. The powdered material was analysed for proteins,
fats, carbohydrates, ash and moisture. The results of these
investigations are presented in table LVIII.
Igble LVIII.
Proximate composition of groundnut éfake.

il 4
i Me ue of | Basu and Sgngupta'
Form E p:za::{ Io:k E values. e
-------------- D S -
Moisture ; 5.01% ; 8.10%
Protein ! 51.88% ! 52.93%
Fat : 6-8“ = 5&“
Carbohydrates : 26.63% ! 22.08%
Ash 1 5.50% : 5.75%
Fibre i 4.16% i 5.71%
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Preparation of the groundnut cake hydrolysate. For using it
as medium the groundnut cake was hydrolysed, by using papain.
The following method was used. Finely powdered groundnut cake(50 gms
was dispersed in 300 ml of water in a 500 ml round bottomed flask,
carrying im a condensor. Papain (crude) 1 gm. was added to the
mixture and the flask shaken for about ten minutes. It was then

heated in a water-bath, the temperature of which was maintained

at about 76 ¢ 2°C., for a period of five hours; the mixture being
shaken frequently. At the end of five hours, 20 ml of 0.5 N
sulphuriec acid was added and the digestion mixture boiled for about
fifteen minutes under reflex and filtered hot or centrifuged. The
residue was washed twice with hot water (75 and 50 ml). The
combined filtrate or contrifugatin and the washings were clarified
if necessary, by £i%% refiltration through kthe filter paper and %he
made upto a total volume of 400 ml containing 1 ml of chloroform.

The hydrolysate so obtained gave positive test for, ¥y biuret,
Mellon's, Xanthoproteiec and Hopkins - Cold reactions. Iodine gave
the characteristic blue colour with the hydrolysate, which reacted
very feebly with reducing agents. In table LIX the mean values
for the percentage of nitrogen and carbohydrates solubilised under
the conditions of the preparation of the hydrolysate are presented.
The mean pH of the hydrolysate was usually 5.8 and it gave only
a faint turbidity with 58 trichloracetic acid. Cysteine was
present in the hydrolysate in very small quintitios as indicated
by its faint reaction with uriec acid reagent. |
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Igble LIX.

Percentage of carbohydrates and nitrogen solubilised.

il
EGreundnut cake iﬂydrolylato E Percentage
Form | 50 gms. ' 7400 ml I solubilised
1 i i
Carbohydrates i 13.32 gms. E 1.66 gms. ! 12.49
Nitrogen | 4.0 " i 2.m * i 66.3
I t 1
1 ] i

The residue after the hydrolysis was dried and weighed. The

mean value for a series of expdriments was 20 gms.

The pxin papain digest of groundnut was analysed for total
solids, total nitrogen, amino nitrogen, amide nitrogen, basic
nitrogen, ¥k tyrosine, tryptophane, ash and carbohydrates. The
methods of analysis for the above, other than tyrosine and tryptophane
have been given proiiously (Refer page N For the amino acids
the following methods were used. They were estimated according to
the method of Folin and Clocalteu'®, after hydrolysing 2 ml of the
hydrolysate with 2 ml of 40% sodium hydroxide in a boiling water-bath
for eight hours. The results of the analysis are given in

table LX.

In table LXI the proportions of various forms of nitregen
expressed as percentages of the total nitrogen of the hydrolysate

are brought out.



Zable IX.

Composition of the groundnut cake hydrolysate.
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Digest number

)
]
'
Forn e T i o 5 pa T
i I y IIX y III 1 IV v ¥ .Hun
""""""""""" et TR F o a
Total solids | 57.7 1s52.2 576 1855 i55.7 | 66.7
Total nitrogen |  6.80 | 6.85 | 6.89 | 6.80 | 6.66 | 6.80
i i ] ] b ]
Amino nitrogen : 1.49 | 1.49 | 1.52 } 1.39 |} 1.55 | 1.49
1 I ' ] ] ]
Amide nitrogen I 073 i 0,70 ; 0.73 i 0,77 {093 | 0.73
! ] ] ]
Basic nitrogen | . 4.25 | 4,27 | 4.12 | 4.38 ! 4,33 | 4,27
I ] ] ] | ]
Tyrosine ; 2.18 E 2,04 E 1.86 E 2.04 52.03 i 2,04
Tryptophsne { 0.1} 0,63 | 0,61 | 0,51 | 0.49 | 0.51
: i ] ] ] ] 1
Carbohydrates : - { = ! aetgls = T - 1 4,16
! ] ] 1 ' ]
Ash f3. o« 1b e 5 SRR
H ] i 1 i I |
] i i i 1 1
] I I i ] 1
Values are given in gms. per 1,000 ml.
Iable ILXI.
Various forms of nitrogen expressed as percentages
of the total nitrogen.
.
H Mean value expressed as
Form of nitrogen ' percentage of the total
: ! nitrogen
"
Amino nitrogen E 21.09 e &
Amide nitrogen ' 10,76
Basie nitrogen : 62,79
Tyrosine nitrogen ! 2.23
Tryptophane nitrogen | 1.03
Mean complexity of !
the peptone ] 4.75




171

Stationary cultures. To study the antibilotic formation in
stationary cultures, in media containing the papain digest of
groundnut cake, the experimental procedure already described
(refer page ) were used. The composition of the media is
given in table IXII, and the results of investigations on anti-

biotie production, pH of culture fluids, and weight of growth are
recorded in table IXIV,.

Table LXII,
Composition of the different media used.
' ' .
i Weight in gms. of the components added :
Number of | ~==ceceec- prmem——— [oem———— jreeee———— —recem——— { Basal
medium s Sodium ;Glucose i Brown ' Sodi :linerals ! medium
i chloride | sugar ; acetate * '
""""""" S G RN SRmSaRd R *j
1 . 16 ] i N1 N2 i N1 )} W1} 100 ml.ef
: : : : : 2% total
i i i : ! ! solids
1 ] 1 ] 1 1

2 i 0.8 " : ? i 4 ] " iy =do -
] ] ] ) 1 ]

3 i 2.0 P o poom | H s | .8
! ' : ! : !

4 { i 20§ RSO S
5 : " S £ 81 12.0 : " 2 + i <-do =
: : : : : :

" - -
6 :t » E 2.0 i Nil E E + E do
7 P ' Nl ) ow . ] ¢ PN
) i 1 ] ] ]
8 - i <3N i %80 { 9+ oS
: : : : ! :
a E 2.0 E 2,0 E o E Nil E + E - do
10 H 2.0 ! 2.0 3 : " : Nil i = do
] I L] L] ]

In the above table the minerals had the composition Potassium
dihydrogen phosphate 1%, ferrous and magnesium sulphates in traces.
+ indicates the presence of the minerals.
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Igble LXIII.
Streptomyein formation in media containing groundnut cake
hydrolysate.
No.of Days after inoculation
;::i?mx '2':;"6";’ a"-z"a’o:'a.a"' 1 “' 3 2o *
A 156 26 25 26 25 @25 25 25 25
1 7.3 7.6 7.8 7.9 7.9 8.0 8.1 8.1 8.1
c 2 3 3 3 2 2 2 2 2
......................................................................... -
A 16 22 23 25 25 25 25 23 22
2 7.4 7.9 7.9 7.9 7.9 7.9 7.9 7.9 7.9
c 2 3 3 4 3 a 2 2 2
......................................................................... ol
256 48 68 85 82 77 75 73 68
3 7.2 7.7 7.9 7.9 7.9 7.9 7.9 7.9 7.9
- 5 7 100 8 7 6 6 5 A
18 22 25 25 30 28 27 256 20
< 7.1 7.2 7.2 7.2 7.2 7.2 7.2 7.2

-----’-----*-ﬂ--------“--------------------*---------------—-----‘--

A o . 15 20 20 18 17 15
5 B 5.4 6.0 6,0 6.26.4 6.4 6.4 6.4
cC 8 12 14 16 14 12 13 12
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Table IXIII (continued)

] M 3
No.of medium E E Days after inoculation
aix%rll table ! '
i | Thesasetant puseepes aas st TR RRREReahnetana et S
! t'4 1 & : 6 ! 7 ! 8 19 :10 :11 i ﬂ
------------- e &S e 5w S S S S e A A A . -
15 25 80 50 45 47 45 47
6 3 7.0 74 746 %8 0¥ T % W
4 8 13 14 4 213 12 12

e e e -

A - - 15 20 20 20 18 17 15

7 B 7.0 %46-%8 2.7 78 7.9 7.9 7.9. . 53
................... s ROBILEADIS . ..oesensnitil
8 L7 AR SR - . SNSRI . No grovdh ......e0.. LT

- —— - —— - e . .-

A 65 86 110 130 120 110 115 109 108

9 ' B 7-0 7-4 7-9 7.9 709 7.9 7.9 7.9 7..
C 4 8 13 14 14 12 12 13 13

A 63 86 110 110 110 106 103 100 102
10 B 7.2 7.6 7.6 7.9 7.9 7.9 7.9 7.9 7.9
..................... l.‘li‘ihl. .Ol.lbli......'.-'.

In the above table A represents Streptomyein units per ml
B . - pH of the culture fluids
¢ = the growth for 10 ml of medium.
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Shaken culturing. The importanse of shaken culturing has been
dealt with previously. The antibiotic preoduction by S.,griseus
when grown in some media containing groundnut cake hydrolysate was

studied by the method already described (refer page ). The
results are given in table IXIV.

Igble IXIV,

Streptomycin formation in shaken cultures.

]
1 Streptomyein titre in per ml, in medium.
Days after |  eeemesececceaa- Jremmm—————— Geeeeeeeeceecss
inoculation ! 3 ! 9 ' 10
; ; ;
i 1 H
] ] i
2 ; 20 ' 20 i 20
] ] 1]
3 | 30 i 35 =' 40
4 i 40 - i 80
] 1 ]
6 E 110 E 120 ! 130
]
7 E 110 i 118 i 128
] ] )
1 1 ||

The results presented in the above table clearly indicate
that streptomyein formation is not enhanced but is only quickened
when 8.gridseus is grown in groundnut cake hydrolysate media by
shaken culturing.




iscuss °

The groundnut cake hydrolysate is marked by its high nitrogen
content and low carbohydrate and mineral contents. This might
explain the low antiblotic formastion in it, as also the increased
streptomycin formation when glucose was added to 1t, Eventhough,
many media used stimulated streptomycin formation, yet the media
containing the aqueous extracts of wheat bran appear to be superior
in several ways to those containing the papain digest of groundnut
cake,

Sodium chloride increased the antibiotic productioy considerably
The other minerals added did not have any noticeable effect on
streptomycin production, 1In view of the inferiority of the papain
digest to wheat bran extract, the studles on groundnut cake hydre-
lysate were not pursued further,

Sumary

l. A method for the preparation of a papain digest of groundnut cake
has been deseribed, The analysis of the digest has also been
carried out.

2, Antibiotic production by S.griseup in the unsupplemented and
supplemented media has been studied. Good antibiotic formation
was observed in some of them.

3. Shaken cultures did not have much advantage over stationary ones.
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