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INTRODUC'riON AND PURPOSE 



INTRODUCTION AND PURPOSE 

The widespread use of maas roentgeoographic surveys in the 

past decade has led to an increase in the proportion of individuals 

having few or doubtful clinical signs and symptoms of tuberculosis. 

It is difficult am often impossible to demonstrate the presence of 

the tubercle ba.cillus in the excreta of such imividua.ls by the use 

of cultural methode in common la bora tory use. Since recovery of 

the tubercle bacillus admi ts of %10 further uncertainty in the dia­

gnosie, its detection in doubtful cases has an importance which can 

scarcely be overestimated. Pauci ty of ba.cilli is an especial charac­

teristic of the early stages of tuberculosis, am it is particularly 

in such cases that the conventiollal laboratory methods for their 

demonstration are unreliable. As a result, a negative culture is 

often regarded wi th doubt if cllnical symptoms are suggestive of 

tuberculosis and no other pathogen has been isolated. A further 

disadvantage is the length of time required for a positive diag­

nosis to be made. 'What is needed, then, is a method by which one 

can unfaillngly, and in as short a time as possible, make distin­

ction between a suspect specimen which contains rare tubercle 

ba.cilli, and one which contains no bacilll. 

A closer approach to this ideal is provided qy the oil 

partition method, which was developed qy Hawirko and Murray 

(1951, 1954) for the demonstration of the tubercle bacillus in 
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pathologie ma.terial. The essential feature of the method is the 

spontaœous migration of tubercle bacilli from the water to the 

ail phase of an oil-water emulsion, this spontaneous migration, or 

partition, being associated with the hydrophobie and lipophilic 

properties of the surface of the bacillus. It was demonstrated that 

ail partition provides a reliable method for the complete collec­

tion of small numbers of tubercle bacilli contained in a large 

volume of fluid, into a small compact volume of ail. Attempts to 

cultivate the bacilli collected in this manner were not entirely 

successful., am this was attributed, in part, to the experimental 

finding that exposure of tubercle bacilli to vegetable ails had a 

deleterious effect on their ability to proliferate in artificial 

media. However, it was possible to produce tuberculous lesions in 

guinea pigs by the injection of ail partitioned tubercle bacilli, 

~mich indicated that they were not irreparably damaged by exposure 

to ail. 

This investigation was undertaken in arder to fini either 

(a) a means of reducing the damaging action of vegetable ails upon 

the tubercle bacillus, or (b) a means of restoring their viability 

after exposure to ail, so that they might be successfully culti­

vated. Thus, it was hoped, the remarkable capacity of ail par-

ti tian to colle ct tubercle bacilli from aqueous suspension coul.d 

be applied advantageously to the demonstration of small numbers of 

these organisms in clinical specimens. 
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REVIEW OF THE LITERATURE 

1. The Development of Methode for the Isolation of M. tuberculosi.§. 

Since Robert Koch isolated the tubercle bacillus in pure cul­

ture in 1882 and demonstrated that i t was the etiologie agent of 

tuberculosis the technical methods advocated for isolation of the 

bacillus are remarkable for their number if not for their efficiency. 

Koch's successful isolation of the bacillus on inspissated blood 

serum served admirably when contamina.ting micro-organisms were absent 

from the material being examined, or were removed by passing the 

material through the guiœa pig. However, as contamina.ting organisms 

are seldom, if ever, absent from the pathologie materials in which 

the tubercle bacillus is most often sought, and as prelimina.ry animal 

passage prevented acy attempt at cultural isolation for a month or 

more, ether methods were sought which "WOuld allow the demoostration 

of the bacillus more rapidly and wi th more certainty. 

The first successful isolation of the tubercle bacillus in 

pure culture after preliminary decontamination of pathologie material 

was achieved by Uhlellhuth & Xylamer in 1908. These workers trea.ted 

sputmn wi th Antiformin, the patented na.me of an alka] i œ scal.ution of 

"hypochlorites of sodatt "Which was introduced in Sweden in 1900 as a 

cleansing agent for brewing vats. In 2-5% concentration, antiformin 

was lethal towards colon and paratyphoid bacilli, staphylococci, 

streptococci, meningococci, and pneumococci but tubercle bacilli 
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and a number of acid-fast saprophytes were refractory to this co~ 

centration. Thus, was the use of antiformin as a differentia! 

bactericidal agent suggested. It was further observed that anti­

formin had an excellent dis sol ving action on the mucoid and cellular 

elements in sputum and that centrifugation of the dissolved decon­

ta.mina.ted sputum served to concentrate the bacilli in the sediment 

which collected as a re sul t. Uhlenhuth' s technique was to add anti­

formin to sputum in a fi:œl concentration of 15% and allow it to 

act for two to five hours. Following this, the material was ce~ 

trifuged, the supernatant removed, the sediment washed wi th physio­

logie saline and injected into a guinea pig or onto coagulated serum. 

Uhlenhuth remarked that the viability of the bacillus was in no way 

depressed b,y this treatment as judged from the observation that 

positive cultures were obtained within two to three weeks, and he 

succeeded in isolating tubercle bacilli from a variety of infected 

materials. 

Griffith (1914) improved this technique by reducing the con­

centration of antiformin to 5% and the time of exposure to thirty 

minutes in recognition of the fact that prolonged exposure to anti­

formin was detrimental to the viability of small numbers of bacilli. 

It is possible that Uhlenhuth did not recognize the need for this 

refinement, as his experimental materials most probably contained 

massive numbers of bacilli, viz.- "Auf diese Weise konnten in 

zahlreichen Versuchen Reinkulturen von Tuberkelbacillen erhalten 

werden. Auch aus tuberkulosen Organen- wie z.B. verfaulten 
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HÜhnerlebern- gelang es, die Erreger der Gefiügeltuberkulose in 

ReiDkl.Ü.turen zu züchten". 

A secom i.mportant improvement adopted by Griffith was the 

use of inspissated egg medium for the cl.Ü.tivation of the bacilli on 

primary isolation, egg medium having been introduced by Dorset (1902) 

as being most suitable for cultivation am study of the tubercle 

ba.cillus. 

Griffith 1 s modification of the antiformin method proved 

fairly successful in the hams of maey investigators, am in par­

ticular in his mm hands,for the massive stu::ly which he performed 

on the relative incidence of bovine am human types of tubercle 

ba.cilli in human disease. This was, indeed, the method of choice 

until Petroff (1915) devised the weil known sodium hydro:xide method. 

The sodium hydroxide method was accorded almost universal 

acceptance am al though modified slightly by indi viduals to me et 

their own requirements is used to this day in i ts original form. 

It consista essentially in exposing the material to be cul tured for 

tubercle ba.cilli to an equal volume of 4$ sodium hydroxide for 

thirty minutes at 370C. This treatment serves a dual purpose: the 

specimen is homogenized am contamina.ting microorganisme are des­

troyed, leaving the tubercle bacillus intact. The digest is œut­

ralized to free it from alkali and centrifuged to concentrate the 

bacilli in the sediment which resul ts. The sediment is used for 



-6-

seeding tubes of inspissated egg medium containing a bacterios­

tatic dye which is included for the purpose of inhibi ting the 

development of contamina.nts which may DOt have been destroyed by the 

sodium hydroxi.de treatment. Petroff originally used gentian violet 

in the egg medium, but this has been superseded by malachite green, 

as the former dye imparts too deep a colour to the medium azxi is 

bacteriostatic tœm.rd small inocula of tubercle bacilli. This, am 

the introduction of more complex egg media have been the only sig­

nificant changes suffered by Pe~roff1 s method si nee i t was first 

announced in 1915. 

It was soon apparent that sodium hydroxide treatment impaired 

the staining reactions and viability of tubercle bacilli, especially 

on prolonged contact or at bigher temperatures. This fact spurred 

the efforts of numerous workers in the search for a material wb..ich 

would be truly selective with regard to its lethality for contam­

inating microorganisms and at the same time possess a lytic affect 

on sputum. In ail these etudies the principle borne in mizxl was 

that initiated by Uhlenhuth and improved by Griffith am Petroff 

respectively, i.e. chemical decontamination and homogenization of 

the specimen followed by centrifugation for enrichment of the 

inoculum. 

Bossan and Baudy (1922) were the first to use sulphuric acid 

am LOwenstein (1924) improved their method. He advocated the 

addition of equaJ. volumes of 15% sulphuric acid to sputum and 
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allowed it to act for fifteen minutes. Corper (1927) recommended 

6% sul.phuric acid. Its action ws not as rapid as that of sodium 

hydroxide but it ws relatively less lethal for the tubercle bacillus. 

Further, the mucoid substances in sputa are slightly soluble in 

strong, but not in dilute acids. Therefore, upon dilution of the sul.­

phuric acid, a precipi tate forms in the digest which aids in car­

rying dom1 the tubercle bacilli upon centrifugation. 

The use of sulphuric acid in 6% concentration has become 

fairl.y widespread but as it is a rather inefficient sputum. solvent 

it is recommended chiefly for "thin" specimens which do oot contain 

a large amount of pus or other tena.cious material. It is also 

important that the exposure of the tubercle bacilli to the acid be 

kept as short as possible since prolonged contact is detrimental 

(Willis & Cummings 1952) • 

Maey other materials have been investigated but have oot 

achieved widespread use de spi te claims of superiori ty made by 

their advocates. This group includes oxalic acid, hydrochloric 

acid, 8llllllonium carbonate am ammonium hydroxide (Corper 1927; 

Corper & Uyei 1927, 1930, 1934), a ferrous sulphate - hydrogen 

peroxide mixture wi th traces of sul.phuric acid ( JUDg.mann,l938; 

Nassau 1942). Oxalic acid was preferred to sulphuric acid because 

i t is stable in solution am can be obtained as a pure crystalliœ 

compound. Further, i t is reported to be inoocuous for small 

numbers of tubercle bacilli, is a good differentia! antiseptic, but 
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is a poor sputum solvent. Taylor (1950) reports that a simplifi­

cation of the oxalic acid method proved superior to a number of 

other agents for the prelimiœry treatment of lymph nodes, lung am 

spleen tissue for the recovery of Myobacterium johœi. Hydro­

chloric acid in 3% concentration was recomm.emed for thin clear 

sputa just as sulphuric acid. Ammonium hydroxide is an efficient 

àermicide but too toxic toward the tubercle bacillus in a concen­

tration and time interval œcessary to dest~oy contaminants. 

Ammonium carbonate promoted rapid liquefaction of sputa am was 

reportedly not lethal to small numbers of bacilli. The combination 

of ferrous sulphate, hydrogen peroxide and a trace of sulphuric acid 

is a very pote nt sol vent for mucus, the reaction being dependent on 

the presence of all three agents and peculiar to all mucous secre­

tions. The mode of action was thought to be due to oxidation of 

certain chemical groups responsible for the mucinous character. 

Smears made from the centrifuged deposit after treatment with this 

agent contaiœd from two to ten times more bacilli than the direct 

smear, and the staining properties of the bacilli were not impaired. 

One hour exposure to the agent was not lethal for the bacilli, while 

three hours exposure impaired the viabili ty considerably. 

A noteworthy improvement in the methode commonly used for 

preliminary treatment of sputa followed the introduction by Corper 

am Stoœr (1946), of trisodium phosphate for this purpose. The 

most desirable features of this material are firstly, that it is 

relatively less lethal for small numbers of tubercle bacilli and 
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aeco:r.dly, that it is a pure crystalline compoum of stardard chemical 

composition. For the cultural die.gmsis of tuberculosis i t was recom­

memed that equal volumes of sputum am 10% trisodium phosphate 

(23% NaJP04• 12 H20) be mixed am e.llowed to remain at 3~ for lS-

24 hours. Corper am Stoner reported that sm.all numbers of tuber-

cle bacilli may remain in contact 'With 5% trisodium phosphate for 

as long as one week at room temperature "Without seriou::~ impaiment 

to their viability. On the other ham, eeveral days at room tem­

perature or 24 hours at 37°C is sufficient to destroy most con­

taminants. Corper reported that 10-6 mgm of a virulent strain of 

the tubercle bacillus suspetded in physiological saJ.ine was sterile 

after 4 daye at 37°C while grovtb. was obtai:œd from a similar sus­

pension after 2 weeks exposure to trisodium phosphate. In a com­

parison of the action of trisodium phosphate, sodium hydroxide and 

oxa.lic acid on Pemcillium mtatUJll, Actimmyces mse:u.§ and an 

ubœmed acid fast saprophyte it was foutd that 10% trisodium phos­

phate killed r_. notatum am the acid fast saprophyte after li 

hours at 37°C; !.· griseus survived 24 hours exposure. The reverse 

was true 'When these organisme were exposed to 5% oxalic acid for one 

hour; !· griseus was killed but P. mtatum survived 4 hours exposure. 

Three percent Sodillll hydroxide killed !_. mtatum am the acid-fast 

saprophyte but :oot !• griseus. From these fiDdings, Corper suggests 

that it may be œcessary at times to use alkali am acid treatment to 

destroy mould contaminants. 

An obvious adva.ntage in the use of trisodium phosphate is 



that pathological specimens which must be transported over a dis-

tance to the laboratory may have the d.igestant agent added upon 

collection, thus saving time ani preventing possible gross con­

tamiœtion of the specimen {Willis aild Cummings 1952). 

2. The Limitations of Conventio:œl Methods 

Corper (1946) has stated "The diagoostic culture test con­

sista of severa! essential features, the two most important being 

the preliminary treatment of the specimen to destroy contaminating 

organisme am the choice of a good nutrient medium capable of 

supporting the growth of very small numbers of tubercle ba.cilli n. 

It is in both these respects that the common laboratory 

methode for the isolation of the tubercle ba.cillus are apt to fail 

when a specimen containe very sma1l numbers of ba.cilli. Refine­

ments in techniques of clinical diagnosis of recent years iiXiicate 

the œed for comparable refinements in the laboratory diagoosis, 

upon which the absolute proof of the presence or absence of 

tuberculosis depends. 

(a) Digestion of pathologie material by chemical means: 

It is generally agreed that the relatively harsh treatment 

to which the tubercle ba.cilli are subjected during preliminary 

processing of the specimen ld.lls an und.etermined number. The 

fewer the bacilli, the smaller are the chances that a sufficient 
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number of survivors remain to form colonies on an artificial medium. 

The majori ty of reports in the li terature which comemn one 

or another method as being inefficient when compared to some ether 

method are ba.sed on etudies wi th tuberculous sputa which contain 

an unknown number of ba.cilli, and are thus inadequate because of the 

lack of proper controls. From these studies, however, there appears 

to be general agreement that the commonly used sodium hydroxide 

exerts a considerable lethal affect on the tubercle bacillus. 

( Tarshis am Lewis 1949; Giffard et al. 1951). In a comparison 

of 1$ sodium hydroxide arrl 6% sulphuric acid for preliminary treat­

ment of sputa, Steenken and Smith (1938) foum that the former was 

the more lethal for the tubercle bacillus and for a number of 

variants of low virulence. It was observed that the selection of 

medium for subsequent cultivation of the ba.cillus was important. 

After exposure to acid or alkali, the H37Rv strain grew better on 

an egg medium adjusted to pH 6.2 than at pH 7 .2. It was also foum 

that lees virulent stndna o~ the bacillus (H37Ra am Rr) were 

relatively more sensitive to the action of bath acid and aJkali. 

A carefully controlled study con:iucted by Jensen am 

Bindslav (1946) demonstrated clearly the lethaJ. effect of sodium 

hydroxi.de for tubercle ba.cilli in sputum. It was estimated that 

the proportion of tubercle ba.cilli germinating on LOwenstein -

Jensen medium after treatment of the sputum wi th 1$ NaOH for 20 

minutes at 370C was 2.)$. If the sputa were exposed to drying 
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or the action of light, the proportion germinating decreased to 

0.25%. In a few clear sputa lolhich contained so many tubercle 

be.cilli that contamina.nts could be eliminated by dilution of the 

s;.pecimen, and which were, therefore, not treated with sodium 

hydro:rlde, the proportion of be.cilli which germinated increased to 

00%. The loss of be.cilli would appear to be due chiefly to the homo­

genization process, and secondarily and to a lesser extent, to the 

centrifugation which follows. Irensen believes the culture test to 

be more sensitive than guiœa pig inoculation, since the low, 

though not inconaiderable degree of resistance to infection which 

this anima] possesses, "t.'ill assert itself preferably with regard to 

be.cilli which have been most injured by the pretreatment of the 

specimen. 

Speirll.ove et al. (1949) compared the effect of a number of 

common digestants on the viabili ty of tubercle bacilli in aqueous 

suspension. Viable counts performed after varying time intervals 

sho-wed that the survive.l rate 'WB.S 52% after 40 minutes exposure to 

10% trisodium phosphate, am 46% after an equal exposm·e to 1$ 

sodium hydroxide. However, s.fter 72 hours exposure to these agents, 

the surviva.l rate for trisodium phosphate was 45% while that of 

sodium hydroxide had fallen to ')%. No survivors remaiœd after 

exposure to 5% sulphuric acid, 50% antiformin, 3% hydrochloric acid 

or 5% oxalic acid for 24 hours. Sputum had a slight protective 

effect on viability when tested in the same ma.nner. 
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Yegian am Budd (1952) reported simila.r re sul ts in an 

examination of the torlc effect of sodium hydroride for the H.37Rv 

strain. The most significant finding was the high mortality rate 

during the first five mimtes of exposure to sodium hydro:xide -

almost 50% being killed after this time interval. Af'ter the 

initial period of exposure, the death rate ws significant but not 

proportiona.tely as great. 

It w.s also reported that a resting suspension of tubercle 

bacilli was neither more nor lees susceptible to the action of 

sodium hydro:xide than other cells, rrhich would indicate that the 

physiologie state of the baci1li present in clinical material is not 

an important factor. Yegian concludes from this study tha.t in 

instances where tubercle bacilli are too few to be founi in stained 

preparations, no more than a very few 'Will survive the action of 

the concentration process. 

On the basis of the resulta reported by Speiidlove et al. a.nd 

by Yegian i t appears tha. t the mode of action of sodium hydroxide on 

the tubercle bacillus is similar to that of other injurious chemical 

am physical agents on bacterie. in geœral; the first unit of time 

shows the largest proportion of deaths, while the last few survivors 

require a considerable ex:posure time bef ore being kil1ed ( Topley am 

Wilson 1948) • 

Glover (1952) emulsified normal sputa wi th saline suspensions 

of M. tubercl.!lo.sis,am added an equal volume of 1.$ sodium hydroride 
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to these emulsions. Af'ter treatment at 37°C for varying periode, 

seriai dilutions were prepared and inoculated into guiœa pigs. His 

resmts showed tha.t as the time of exposure increased, guiœa pigs 

became refractory to infection by the higher dilutions. Ollly two 

of three guinea pige showed slight lesions from a lo-6 dilution of 

the original material after 30 minutes exposure to sodium hydroxide, 

'While the control emulsion (no sodium hydroxide) produced modera te 

lesions in guinea pige in a lo-7 dilution. After 60 minutes ex­

posure no dilution higher than lo-4 produced dieease in guinea pigs. 

Gray et al. (1954) carried out experimenta to assess quaiP-

ti tati vely the lethal ef'fects of various concentra ting agents for 

tubercle bacilll susperrled in albumin water and in noiP-tuberculous 

sputum. The H37Rv a train was used and i ts use was justified by the 

demonstration that it was more sensitive to the lethal action of 4% 

sodium hydroxide than were four f'reshly isolated strains. Sulphuric 

acid, oxalic acid and J1lilgiiiB.nn' s f'errous sulpha.te-hydrogen peroxide 

agent were most lethal aDd killed in excess of 9~ of the bacilli 

after 30 minutes exposure. 4% sodium hydroxide for 30 minutes and 

11.5% trisodium phosphate for 24 hours killed about 85%. Trisodium 

phosphate in a concentration o.f 7.5% appeared to be lesa lethal than 

the higher concentration and was recommended for this reason. 

Fm-ther, in confirma.tory experimenta with tuberculous sputum, re­

covery of the ba.cillus was beat when 7.5% trisodium phosphate was 
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used, as judged by the fact that a higher dilution of the sputum 

produced disease when inoculated into mice as compared to similar 

dilutions of sputum pretreated ei ther wi th ll. 5% trisodium phosphate 

or vi th 4% sodium hydroxide. In cultural experimenta, growth was 

reta.rded by ali agents in comparison wi th untreated bacilli. This 

effect was least marked with trisodium phosphate. 

The resulta of these investigations are in good general 

agreement and focus attention on the fact that the methode adopted 

to homogenize specimens and destroy contaminants also kill a co~ 

siderable proportion of tuberc1e bacilli. It need not be pointed 

out that a.l.Jaost any method for preliminary treatment of pathologie 

material lli.ll give positive cultures wben there are sufficient 

tubercle bacilli to be easily revealed by direct microscopy. Howver, 

as the value of the cultural test lies in i ts usefulness in de tee-

ting small numbers of baci1li which are not revealed by direct 

microscopy, the question of selective toxici ty becomes important. 

(b) Concentration of tuhe~le bacilli 8l pentri!~ation: 

Almost all methods devised for the cultural diagnosis of 

tuberculosis include essentially two processes: (1) homogenization 

or liquefaction and (2) concentration of the tubercle bacilli by 

centrifugation. The sediment which resulta from centrifugation of 

the sputum digest is retained for examina.tion and the super:œtant 

fluid is, as a rule, discarded. '"'arious workers have noted that 
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tubercle bacilli are mt completely sedimented by the ordinary 

centrifugai speeds of routine techniques of concentration. In a 

specimen which contains few bacilli this is a serious disadvantage. 

Hanks et al. {1938) found that the supernatant fiuid which 

remains after centrifugatio~ and which is usually discarded, may 

contain nearly as macy viable tubercle bacilli as are found in the 

sediment. 

Hata et al. {1950) in an investigation of the efficiency of 

centrifugation for concentrating tubercle bacilli, reported that of 

a series of 130 sputa w:i.. th low bacilla.ry content 38% were found 

positive by culture after centrifugation and 35% were positive 

w:i..thout centrifugation. 

Klein et al. {1952) were able to detect viable tubercle 

bacilli in the topmost layer of the supernatant fiuid in ~ of a 

series of sputum digests of va.rying bacillary content, after centri­

fugation for 15 minutes at 3000 rpm. As a consequence of this 

observation the authors suggest that examination of the supernatant 

fiuid by culture or ard.ma.l inoculation should not be œglected. 

Gray et al. (1954) also showed that many viable bacterial uni ts 

remain in the supernata.nt fluid. That the number remaining is 

appreciable w.s shown by performing viable counts on the supernatant 

fiuid of a suspension of bacilli centrifuged for 30 minutes at 

3000 rpm. in an angle centrifuge. Viable ce lis in the original 

suspension numbered 3.5 x 106/m1 and in the supernatant after , 
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centrifugation, 2.5 x lo4/m1. 

Several factors may influence the efficacy of centrifugation 

as a concentration method; these are the relative specifie gravities 

of the tubercle ba.cillus and of the digest, e.zxl the speed am dura­

tion of centrifugation. Although there is a ma.rked reduction in the 

number of tubercle bacilli found in the surface layer of the super­

œ.tant after centrifugation, the increase in the number of bacilli 

in the sediment is not proportionate. Thus, i t appears that 'While 

the bacilli are thrown downward by centrifugal force, only those 

close to the bottom of the tube actually reach the sediment (Klein 

et al 1952). 

Ha.nks & Feldm.an (19.38) introduced the alum-flocculation 

technique as a means of improving the concentration by centrifugation. 

In this technique 0.2% potassium alum is a.dded to the specimen 

simultaneously ldth the sodium hyd.roxide. Upon neutralization of 

the specimen, the alum is precipi tated am entangles the ba.cilli. 

The nocculated sample is centrifuged for 5 minutes am the sediment 

can be used for preparing smears or inoculating culture media. It 

w.s also reported that the nocculated precipi tate does not inter­

fere with the cultivation of very small numbers of ba.cilli. The 

authors obtained resulta by this method which consistently excelled 

direct centrifugation at 1000 x g for one hour. Other workers did 

not favour the nocculation method as it w.s considered that the 
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heavy precipitate from a given quantity of digest greatly reduced 

the amount of original specimen which could be used for e:xamination 

(Robinson and Stovall 1941; Nagy 1939). 

More recently, another flocculation method has been reported 

(Weidmann 1952), in Wi.ch the bacilli are entrapped in a pre ci pi tate 

of calcium phosphate wh.ich resulte 'When calcium chloride is added to 

sputa already digested by a mixture of sodium hydroxide and trisodium 

phosphate. After centrifugation the superœtant is discarded and 

the precipitate is dissolved in a solution of sodium citrate. This 

solution is used for inoculati:ng culture media. It was reported that 

resulte were superior to direct centrifugation of sodium hydroxide 

digests of sput\IIl. 

Another factor wh.ich may be detrimental to tubercle bacilli 

duri:ng centrifugation is the heat deve1oped duri:ng operation of the 

machine. It has been reported (Public Health Lab. Service, 1953) 

that the temperature of material bei:ng centrifuged in a machine 

which is operated intermittently !or two hours may rise from room 

tempera ture to 40 - 50°0 duri:ng a thirty minute period of centri­

fugation. The heat is 1arge1y produced by the air resistance 

within the centrifuge casi:ng, am to a lesser extent by the motor. 

'When neutralization of the digest is not performed until after cen­

trifugation, and in a good ma:cy laboratories i t is not (Wi1lis and 

Cummi:ngs 1952), the higher temperature doubtless increases the lethal 
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action of the digestant on the be.cillus. This is particularly dis­

advantageous to successful diagnosis when the specimen contains rare 

bacilli. Extreme temperature rises may be avoided b,y allowiDg the 

machiœs to cool between periode of operation or b,y the use of an 

angle-head centrifuge in 'Wbich temperature rises are slight because 

the streamlined shape off ers a lower degree of air resistance. 

Kroger and Rosarius (1949) were mt impressed by the use of a 

high speed centrifuge for the concentration of tubercle bacilli, 

though i t had been reported b,y other workers to be superior to the 

usual laboratory centrifuges. A comparison between centrifuging 

specimens of sputum, pus, urine and puncture fluids at 30,000 rpm 

in a high speed centrifuge for thirty minutes am at 3,000 rpm in 

an ordiœry centrifuge showed tha.t high speed centrifugation did not 

produce a significantly greater number of microscopically or cul­

ttn'ally positive specimens. 

( c) The use of coa.gulated egg media: 

The choice of a good nutrient medium capable of supporting 

the growth of very small numbers of tubercle bacilli is one of the 

severa! essential features in the diag:costic culture test (Corper 

1946). Coagulated egg media, in various modifications, are widely 

used for the cultivation of M. tuberculosis on primary isolation. 

Earlier workers, particularly A. s. Griffith (1914), were most insis­

tent on the wJ.ue of Dorset egg medium, with or without glycerin, 

for the primary isolation of the human and bovine types of bacilli, 
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respectively. 

Efforts to improve simple egg media by the incorporation of 

liver extract, casein, patata extract, starch, etc., have been made, 

but it is doubtful whether the advantages claimed for these more 

complex media are as sigllificant as has been aJ.leged. In some cases 

the addi tian of various substances to egg media has had an unfavourable 

effect. For example, it has been shawn that the incorporation of 

glycerin-potato extract to an egg-yolk medium, officially recommended 

by the American Trudeau Society (1946), is not only Ullllecessary, but 

may re sul t in a delay in the appearance of colonies ( Glover 1952) • 

Attention may be draw.n to the observation of Taylor (1950) that a 

simple egg medium with a high yolk content has given a much higher 

percentage of positive cultures of M. Johnei than the more eomplex 

media formerly used. Considerable dissatisfaction e:xists wi th 

respect to the use of complex egg media for the routine isolation 

of tubercle bacilli.. However, large ecale comparisons of the rela­

tive merit of different media ilXiicate that the Lowenstein- Jensen 

modification is the most satisfactory for this purpose (Reed am 

Morgante 1956). 

The empirical use of egg media for cultivation of the 

tubercle bacillus has been justified in more recent years by the 

demonstration that the yolk of the egg contains a principle which 

enhances the growth of the bacilli. In fact, it has been reported 
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that a medium composed of 10% egg yolk in distilled wter 'Will 

support the growth of 1o-8 mgm. of a fresbly ieolated strain of 

huma.n type ba.cilli (Eggerth 1950). When egg yolk is present in 

Dubos 1 basal medium it need be present only to the extent of 

l/2500 to allow growth of lo-8 mgm; the basal medium i tself must 

receive a heavy inocul.um before growth occure. If' egg yolk is 

extracted with hot alcohol, 'Which removes the phospholipide, the 

residue will mt support gro'Wth of the ba.cilli "When added to the 

basal medium. Addition of the alcohol extract to the be.eal medium 

supports growth of a SlllBll. inocul.um. That the phospholipid fraction 

of egg yolk is largely responsible for the extraordinary capacity 

of the yolk to stimul.ate growth of the tubercle ba.cillus is supported 

by the investigations of other workere (Boissevain and Schultz 1938; 

Finlayson 1951). Dubos (1948) has sho'Wll that sphingomyelin, which 

constitutes about 0.3% by wight of the yolk, enhances growth of the 

tubercle ba.cillus. Recently, Hirsch (1954,a) has reported that egg 

yolk contains at least two heat-stable substances which promoted the 

growth of tubercle ba.cilli !a vitro. Oœ of these substances ws 

identified as cholesterol., the other ws of Ullk:no'Wll nature., but 

intimately associated wi th the insoluble protein residue remaining 

after extraction of the yolk wi th organic sol vents. Egg white has 

little or no nutritive value for tubercle ba.cilli. 

In addition to the nutrient factors in egg yolk, there are 
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substances released on heating egg media wbi.ch may retard growth 

of tubercle bacilli, or iiihibit it completely, if the inoculum is 

small. This effect becomes more pronounced if old eggs are used in 

the preparation of the medium. Hudgins and Patnode (1952) report 

that media prepared from eggs more than three days old and used for 

the primary isolation of tubercle bacilli show a statistically sig­

n:ificant reduction in their sensitivity, i.e., in their capacity to 

initiate the growth of sma1l inocula. It wa.s also mted that there 

was a decrease in the aize of colonies as well as alterations in 

colonial morphology when older eggs were used. Corper alld Clark 

(1946) recognized that the use of eggs introduces a variable directly 

affecting the sensitivity of the culture medium am postulated, 

'Without presenting detailed experimental evidence, that stored eggs, 

on heating, tend to liberate free fatty materials into the medium 

that retard the growth of the tubercle bacillus. 

Cummings et al. (1948) showed that the amount of ether-

soluble acidic materiaJ.. which could be extracted from coagulated 

egg media increased as the temperature am time of inspissation is 

increased. The rate and amount of growth of the H37Rv bacillus de­

creased as the amount of ether-soluble acidic In.aterial in the medium 

increased. It was recommemed that the temperature am time of 

inspissation be kept at the absolute minimum œcessary to obtain sterile 

media. 

That free fatty acide may be highly bacterios tatic for the 
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tubercle bacillus has been demonstrated by Draa (1944) in his 

etudies on the factors concerned in the successful cultivation of 

small. inocula of tubercle ba.cilli in synthetic media. The prime 

condition for successful cultivation of sma.ll inocula is that the 

cul ture fiask be absolutely clean. For example, nasks plugged 

with cotton and sterilized by dry heat give off gro~ irihibiting 

distillates of fatty materials which are aèlsorbed by the walls 

of the nask and form films which are so thin as to be invisible 

and yet so antiba.cterial that an inoculum smaller than lo-2 mgm 

of tubercle bacilli 'Will not grow. 

3. Recent Trams in Laboratory Diagnosis 

In the continuing search for improved methode of isolating 

the tubercle bacillus in pure culture from pathologie material there 

ie a temency to foreake the use of strong acide and alkalis for 

preliminary trea.tment of the specimen and of coa.guJ.a.ted egg media. for 

the isolation of the bacillue. 

(a) Ensymes: 

The use of enzymes for the prelimi:œry digestion of sputum 

was advocated as long ago as 1903 by Spengler, who ueed pancreatin 

for this purpose. Trypsin, pep sin and pa pain have also be en inves­

tigated by various workers over the years but have not fou:OO favour 
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be cause they did mt digest purulent sputa. as ac ti vely as did 

alkalis (Haynes 1942; Vogt et al. 1940; Sullivan am Sears 1939). 

It was reasoœd that enzyma.tic treatment of the specimen 

might be 1ess injurious to tubercle be.cilli than strong acids am 

alkalis, but it was also apparent that many non acid-fast micro­

organisme survived auch treatment. Rawlins (1953) advocates the 

use of 1% pancreatin to homogenize sputum prier to the cultivation 

of the cammon pathogens of the respiratory tract and reports that 

H. influenzae, D. pneumoniae, Strep. viridans,E.S91! am a number 

of non-haemolytic streptococci and Neisseria species are not killed 

by one to five hours exposure to this enzyme. Thus, a. major ob­

stacle ter the developaent of an enzymatic method of sputum digestion 

has been the inabili ty to elimina te contamina ting microorganisme. 

Lack (1953) reports that treatment of thick tuberculous pus with 

streptokinase -desoxyribonuclease reduces its viscosity and gives 

better am more rapid growth of tuberc1e ba.cilli. However, no mention 

is made of the method used for elimine:tion of contaminants. 

Middlebrook et al. (1954) use a mixture of pancreatic enzymes for 

digestion am a mixture of 0.5N sodium hydroxide and O.OSM trisodium 

phosphate for decontamination of sputa from which it 1s desired to 

isolate isoDiazid-resistant strains of tubercle bacilli. 

Saxhobl (1954) has described an enzymatic method for diges­

tion or sputum followed by differential decontamination wi th a 
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a quaternary ammonium compound. He adds pancreatin and Desogen 

(methyl-phenyl-dodecyl-trimethyl-ammonium-methosulphate) to the 

sputum simultaœously and concentrates the digest by centrifugation. 

He reports that the method compares favourable "'dth the sodium 

hydroxi.de method and would prove better than the latter but for 

the slightly higher degree of contamination in cultures. Hirsch 

(1954} has also suggested that quaternary ammonium compounis might 

prove useful as decontaminating agents if used in conjunction "'dth 

enzymes for the prelimi:œry treatment of sputa. He reports that 

tubercle bacilli are not killed by exposure to moderate concentra­

tions (0.1%} of the cationic detergent benzalkonium chloride 

(Zephiran}, while a concentration as low as 0.005% exerts a rapid 

bactericidal action on non acid-fast microorganisme am on several 

saprophytic mycobacteria. Zephiran exerts a bacteriostatic action 

against the tubercle bacillus however, so that its use as a dif­

ferentia! decontaminating agent would make ilecessary the washing or 

dilution of the material to be cultivated, in order that the concen­

tration of the detergent be reduced below the bacteriostatic. level. 

Hirsch also suggests that benzalkonium cbloride might be useful in 

distinguishing saprophytes from avirulent or attenuated ba.cilli, 

which is a problem of current interest in connection with the bac­

teriologie study of pathologie specimens from tuberculous patients. 
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(b) Media: 

The development by Dubos arxl his associates of the now well­

knmm am 'Widely used Tween-albumin fluid and oleic acid-albumin­

agar media (Dubos and Middlebrook 1947) has stimulated, anew, 

interest in the factors essential for gro"Wth of the tubercle bacillus, 

especially upon primary isolation. The demonstration that visible 

dispersed gro'Wth could be obta.ined in the Twen-albumin fluid medium 

'Wi thin ten to fifteen deys of seeding 'Wi th a small imculum indi­

cated its use as a diagnostic tool for more rapid resulta than had 

be en customary up to this time. 

Examina.tion of the sui tabi1i ty of Dubos Twen-albumin f1uid 

medium has been UIXiertaken by a . number of workers and has been 

shown to be as sensitive as the guiœa pig for detection of small 

numbers of tubercle bacilli (Foley 1946; Roberts et al. 1950) 

Disadvantages wre the frequent contamination by non acid-fast 

bacteria, and the œcessi ty of confirming gro'Wth of the tubercle 

bacillus by the microscopie examination of smears prepared from the 

culture. Konolm.l.chuk and Reed (1951) showed that the contamination 

problem could be overcome by the incorporation of l/1,0001 000 

gentian violet in the medium; this. concentration of the dye does 

not inhibit gro'Wth of the tubercle bacillus. They proposed that 

diagnostic cultures should be set up in Dubos 1 medium w.i th gentian 

violet and on conventional egg medium, simultaneously. Tentative 
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conclusions could then be draw.n from microscopie examination of 

fiuid cultures after sevan to ten daye of incubation am confir­

matory evidence obtained at a later date from the solid medium. 

Hirsch (1954, b) has introduced a. modification of Dubos 1 

oleic a.cid-a.lbumin agar medium in "Which the fraction Y a.lbumin is 

replaced with activated charcoal. The growth of mycoba.cteria on 

this medillDI. is as good as that on egg or a.lbumin media.. Further, the 

charcoal medium has the same ca.pa.ci ty as oleic acid-a.lbumin agar to 

ini tiate the growth of the tubercle bacillus from very small imcula. 

The charcoal is thought to act by aasorbing toxic materials from the 

agar just as fraction V albumin. 

WbaJ.en aiJd MalJmaDD (1955) have also introduced a charcoa.l­

agar medium for consideration as a diagmstic culture tool. This 

is also a modification of the Dubos medium, and again activated 

charcoal replaces the bovine albumin. The charcoal preparation used 

in this medium was reported to be equivalent to human serum and 

oleic acid-albumin complex in stimulating the growth of recently 

isolated strains of M. tuberculosis. Ethyl violet in a concen­

tration of 1/400,000, 100 uni ts of penicillin per ml. and 100 

micrograms of cycloheximide (Actidione) were included in the medium 

when used for the isolation of tubercle bacilli from sputa. This 

medium was superior to Petragna.ni egg medium for the primary iso­

lation of the tubercle ba.cill us in that there was a lower incidence 

of contamination, a greater number of positive cultures and more 
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rapid appearance of growth. 

In a series of recent communications, Tarshis et al. (1951, 

1955) have reported on the use of a blood agar medium for the pri­

mary isolation of the tubercle bacillus. · The medium consista of 

blood agar base hydrated with 1% glycerin and 25% outdated human 

bank blood, and can produce visible growth from small inocula of 

tubercle bacilli wi thin ten to sixteen days. Penicillin and 

malachite green are added to the medium to reduce the growth of 

contamina ting microorganisme. A comparison of this medium wi th 

Lowenstein - Jensen medium showed i t to be superior to the latter 

wi th respect to the number of positive cultures obtained and the 

rapidity with which growth occurred. The advantages cited for the 

charcoal and blood media as compared to egg or albumin media include 

economy, reproducibility and ease of preparation. 

The yolk sac of embryonated eggs has also been used for the 

primary isolation of tubercle bacilli. Pure culture studies have 

shown that the tubercle bacillus prolif'erates rapidly in the yolk 

sac of the chick embryo and also that it will support the growth 

of minute inocula. Brueck and Buddingh (1952) were able to demon­

strate the presence of acid-fast bacilli in yolk sacs wi thin six 

days of inoculation wi th specimens obtained from tuberculous in­

dividuals. The reports of others (:r.IcNealy am Riddel 1949; Dubos 

et al 1946; Hsiung and Haley 1954) indicate that the yolk sac of 
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the developing chick embryo provides exceptionally favourable 

nutritional and enviroomental conditions for the rapid prolifer­

ation of srnall numbers of tubercle bacilli. However, the use of 

the chick embryo has not yet been developed to the point where it 

constitutes a simple and rapid procedure for the routine isolation 

of the tubercle bacillus (Reed and Morgante 1956). 

(c) Slide culture: 

The slide culture technique, introduced by Pryce (1941), 

has provided a technique for relatively rapid diagnosis of tuber­

culosis. The method depends on detection of microcolonies of the 

tubercle bacillus ~ means of the low-power objective of the micro­

scope before they become visible to the naked eye. Pryce made 

dried films of tuberculous sputa on microscopie elides am treated 

them with 6% sulphuric acid to destroy contaminants. The slides 

were submerged in equal parts of hemolysed blood and water in Petri 

dishes. From a number of sputa po si ti ve ~ direct smear 1 obvious 

signs of growth were qui te distinct in three to six days. 

Reed (1953) has reported the results of experimenta with an 

improved slide cul ture method. ~'ilms of homogenized sputa are dried 

on slides, decontaminated with 6% sul.phuric acid and incuba.ted in 

Kirchner' s fiuid media wi th 10% human serum contained in special 

culture tubes. A comparison of the slide culture technique with 

routine culture on Herrold 1s egg-yolK agar for isolation of the 
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tubercle bacillus showed that slide culture was more sensitive than 

the latter. Much more striking was the fact that all slide culture 

positive specimens were positive within two weeks, while twelve 

weeks were requi.red for all positive cultures to appear on Herrold 1s 

medium. A quantitative comparison of routine ard slide culture 

methods showed that growth from as few as 50 bacilli of a recently 

isolated strain could be detected in two weeks by slide culture, 

while no growth could be obtained on Herrold 1 s medium from fewer 

than 125 bacilli and that, onl.y after four weeks. 

In routine diagnostic trials of the slide culture method, 

Simpson and Reed (1955) report that of a series of specimens which 

were positive by examination of a smear prepared from the concen­

tra.ted sediment, 95% were positive by slide culture as compared to 

72% by routine culture. Again, the most striking feature was the 

contrast between the length of time requi.red for po si ti ve cultures 

to be detected by each method. 

(d) Molecular filter membranes: 

The membrane ( or millipore ) filter, a paper-thin cellulose 

ester film which is devoid of fibrous structure and possessed of a 

high ard uniform porosi ty 1 has be en shown to be efficient for the 

collection of tubercle bacilli contaiœd in relati vely large volumes 

of fluid. The bacilli are collected on the surface of the membrane 

by filtration of the fluid and mey then be demonstrated by staining 
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!B situ or cultivated by placing the membrane on the surface of a 

suitab1e solid medium. This procedure is likely to be much more 

efficient than centrifugation for the concentration of small numbers 

of tubercle bacilli. Wayne (1954) states, "The possible advantages 

of the membrane should include recovery of every tubercle bacillus 

in a large volume of liquid such as urine or spinal fluid ••••• ". 

Membraœ fil ters were first introduced by Zsigmomy (1918) 

am were utilized b,y Citron (1919) for the isolation of tubercle 

bacilli from urine. Tietz am associates (1950 a,b) demonstrated 

tuberc1e bacilli on membrane filters, following filtration of cerebro­

spinal fluid from cases of tuberculous meDingitis. After filtration 

of the cerebro-spinal fluid, the membranes were stained and exrun:iœd 

microscopically. Kunzel (1950) cul.tivated tuberc1e on membraœ 

filters from sputum, pus, and puncture fluids. Hawirko and. Murray 

(1954) recovered tubercle ba.cilli from sputa by oil partition and 

collected the bacilli on membrane fil ters by dis sol ving the oil in 

a fat solvant to facilitate its passage throilgh the membrane. The 

baci11i were demoostrated by microscopie exa.mination of the stained 

membrane as weil as by cultivation am guiœa pig inoculation. 

Rogers et al. (1955) reported the successful cultivation of tubercle 

ba.cilli on membrane fil ters placed on the surface of ei ther 

Ldwenstein-Jensen medium or oleic acid-albumin agar medium. The 

ba.cilli were collected by the filtration of mouth 'Wa.Sh gargle 
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specimens obtaiœd from tuberculous patients whose sputum showed 

the presence of acid-fast roda on direct smear. Morgante and Murray 

(1955) introduced a membrane filtration-culture technique using 

L8wenstein - Jensen medium for the demonstration of tubercle bacilli 

in the cerebro-spina.l fiuid of persona suffering from tuberculous 

meni.ngitis. This technique was shown to be much more effective in 

detecting tubercle bacilli when the meningeal reaction is minimal 

am the ba.cilli presœ.ably few in IIll!llber1 than direct iDOculation 

of Lowenstein medium wi th cerebro-spina.l fluid. 

Wayne (1954) has described a staining technique ba.sed on the 

neutral red reaction of Dubos am Middlebrook (1948) for the visua.l­

ization of microcolonies of mycobacteria on membrane filters. This 

technique allowed more rapid detection of growth, as microcolonies 

of the tubercle be.cillus were remered visible with the low power 

objective of the microscope within six days of seeding with a 

relatively heavy inoculum. 

Among the more recent developments was the demonstration by 

Ha"Wirko and Murray (1954) that small numbers of tubercle bacilli 

may be collected effecti vely from watery menstrua by oil partition. 

This technique will be discussed in the following section. 
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4. Oils. Hydrocarbons and the Tubercle Bacillua 

(a) Concentration by hydrocarbons: 

That liquid hydrocarbons may be used to separate tubercle 

bacilli from a watery suspension ws first observed by Lange and 

Nitsche (1909) am applied by them to the examination of sputum. 

They liquefied sputa "Wi th alkali, added water and shook the watery 

mixture vigorously "With ligroin. After sta:cding a time, separation 

of the ligroin and watery phases occurred and tubercle bacilli could 

be demonstrated in the foamy interface between the iayers, by micro­

scopie exami:oa.tion of a staiœd smear prepared from the foa.m. The 

authors claimed that by this method tubercle bacilli could be demon­

strated "Without difficulty wen it was impossible to detect them by 

other methods. 

The method of Lange a:cd Ni tsche as wall as other methods wich 

followed embodied the principle that tubercle bacilli have a greater 

affinity for hydrocarbons than for water. Invariably, the digested 

or homogenized specimen was sha.ken "Wi th a hydrocarbon and after 

separation of the hydrocarbon am aqueous layera, smears were pre­

pared from an un:lifferentiated "soapyR layer at the interface and 

examined ~1croscopically for the presence of tubercle bacilli. 

These procedures were restricted to microscopie exami:oa.tion, as the 

hydrocarbon was usually lethal to the tubercle bacillus. This factor 

has been mainly responsible for lack of wider application, especially 

in more recent years, 'Where emphasis is placed on the isolation of the 
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bacillus in pure cul ture alld not on mere microscopie demonstration 

alone. 

Kieyoun (1915) also used ligroin on sputa digested by 

Uhlenhuth 1s method. He claimed an increase of 19% positive specimens 

by the use of ligroin. Kraus and FlED.ing (1916) substi tuted 

gasoline for ligroin and introdu.ced slow centrifugation to facili tate 

separation of the phases. 

ADirus am MacMahon (1924) introduced chloroform am claimed 

that i t liaS superior to ether hydrocarbons a:cd to centrifugation of 

sputum digests. The chloroform settled to the bottom of the tube 

upon centrifugation and in i t rrere concentrated the tubercle bacilli 

originally present in the specimen. Successive applications of the 

chloroform residue to slides, wi th drying between each application, 

resulted in good concentration of the bacilli. It liaS reported that 

wbile centrifugation of the sputum digest concentrated the bacilli 

only 3 - 4 times as compared to direct amear, the chloroform method 

gave a concentration of 100 - 200 times that of direct smear. 

Further, the staining properties of the bacilli were not impaired, as 

liaS often the case wi th other reagents. 

Pottenger (19.31) demonstrated the effective collection of 

tubercle bacilli from specimens by the use of xylol, ligroin, chloro­

form, carbon bisulphide and gasoline, am concluded that the choice 

of hydrocarbons liaS uni.mportant. The essential features of Pottenger1s 

method were the extensive dil ution of the specimen wi th distilled 
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water and the use of picric acid as a counterstain. Dilution of the 

specimen until its viscosity approached that of water, enhanced the 

collection and aided the resolution of groups of tuberc1e bacilli 

into free single cells. The breaking up of groups of be.cilli by 

the hydrocarbons due to 1 ts • • • "sol vent action on interbacillary 

wax-like cement substances" wa.s considered important, as the chances 

of finding the tubercle bacilli were increased. He re:ported that the 

dilution - flotation method combined with :picric acid as a counter­

stain gave an average concentration factor of 6ox over direct smears 

counterstained wi th methyleœ blue, and wa.s able to detect as few as 

1 1 000 orgarrl.sms present in a 24 hour specimen of sputum. Nagy (1939) 

considered Pottenger 1 s dilution - flotation method superior to chemical 

floccul.ation and the sodium hydrorlde method. 

Hanks and Feldman (1940) compared direct centrifugation, alum 

flocculation and chloroform for the concentration of tuberc1e bacilli 

in cerebro-spinal fluid. They reported that the use of chloroform 

am aJ.um flocculation were superior to centrif'ugation. Concen-

tration factors wre 102x, 92x and 25x respectively, over direct smear. 

Robinson and Stovall (1941) also reported the superiority of chloro­

form as compared to the sodium hydrorlde method. 

Eà:wards et al. (1936) and Smith (1938) used modifications of 

Pottenger1s dilution- notation method in conjunction with a cultural 

technique for the demonstration of tubercle bacilli. Both showd that 
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dilution - notation was mt as sensitive as cultural. methods for 

detection of bacilli but that maey more positive resulta were ol>­

ta.i:œd by a combination of the two techniques than by ei ther alo:œ 1 

i.e., culture and notation techniques were overlappiDg and supple­

mentary. Smith conclmed that notation by hydrocarbons contributes 

the advantage of providiDg immediate resulte, clàture that of beiDg 

more objective and dependable. The combination of the two methode 

in a siDgle technique was considered to be a defini te improvement in 

sputum examination procedures. 

(b) Concentration by oil partition: 

Hawirko (1951) am Ha~:to am Murray (1954) reported the 

reslÜ ts of experimenta which culminated in the development of a 

method for the demonstration of small uumbers of tubercle bacilli in 

pathologie material by oU partition. Though water - insoluble 

materials had previously been used for the microscopj,c demonstration 

of tubercle bacilli ( vide supra), this was the first attempt to 

isolate the tubercle bacillus in pure cW..ture by the use of such 

materials. The oil partition technique is based on the fact that acid­

fast ba.cteria, but not mn acid-fast species, pass sponta.:œously into 

oils or hydrocarbons from w.ter, in a finely dispersed emW.sion. 

Upon centrifugation of the emlàsion to separate the oil and water 

phases, myobacteria remain suspended in the former. 

The number of tubercle bacilli in the suspension determines 



-37-

the efficiency of collection by oil partition. Experimenta showed 

that 105 or fewer bacilli were com.pletely collected from 10 ml. of 

aqueous suspension by aey oœ of a nmnber of vegetable oils, while 

a nmnber of bacilli remain in the aqueous phase (subna.tant) if a 

greater number of bacilli wre origina.lly present. This was no dis-

advantage as the method was developed primarily for the purpose of 

reveallng the presence of small numbers of be.cilli in pathologie 

material. The selection of oil has no influence on the collecting 

capacity of the method when used to partition bacilli from aqueous 

suspension, though miœral oil proved more sa tisfactory than vege-

ta ble oils for the collection of tubercle bacilli from digested 

sputa. 

For demonstration of the tubercle bacilli by staining or 

cul tm-e, the oil was dis sol ved in a mixture of acetoœ and petroleum 

ether to facilitate its passage through Cellafilter membranes ( a 

modified membraDe filter prepared for use with organic solvants), 

upon "Which the ba.cilli were r etained. CuJ. ti vation o~ the tuberc~e 

bacilli on membranes was IlOt uniformly successful especially when the 

inoculum was small. It was postulated that some factor in the process, 

either the oil or the fat solvent mixture, had a detrimental effect 

on the viability of the bacilli. However, it was possible to produce 

tuberculous lesions in guinea pigs by injection of oil into which 

tubercle bacilli bad been partitioœd, and this would imicate that 

the damage done to the bacilli by oil is not irreparable. It was 
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concluded that 'Whereas considerable difficulty is encountered with 

the collection of small numbers of tubercle ba.cilli by centrifugation, 

oil partition provides a reliable method of collection. 

(c) The behaviour of the tubercle ba.cillus in oil--water system@: 

In the course of studies on the kiœtics of phagocytosis, 

Mudd a.n:l Mudd (1924 a, b) demonstrated that acid-fast ba.cteria am mn 

acid-fast ba.cteria behave differently when suspemed in the aqueous 

phase of a two-phase water - oil film. Bacteria scraped from a cul­

ture were suspemed in a drop of water on a slide and a cover-slip 

was laid over the suspension. A drop of a vegetable oil or other 

organic liquid was placed at the edge of the cover-slip, draw.n under 

i t by capillari ty and on meeting the aqueous film formed wi th 1 t a two-

phase film betwen caver-slip and slide. The preparation was then 

exmniœd with the dark-field microscope. 

It was observed that mn acid-fast ba.cteria OJ?- approaching 

the bol.UXlary between the oil and water phase were trapped in the inter­

face and could not escape unless mechanical work was done on them. 

Ji..fter a time, the interface was completely filled wi th trapped bac-

te ria. If escape was effected 1 t was almost al ways ba.ck into the 

water phase. No essential difference was noted in the behaviour of 

a number of Gr8lll positive a.n:l Gram negative species, nor with a 

num.ber of different wgetable and animal oils and organic solvants. 

Motile bacteria, e.g., S. typhimurium, were more readily able to 
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effect an escape from the interface. 

On the other hand, acid-fast saprophytes passed through the 

interface and into the oil wi th a readiness which was in marked 

contrast to the behaviour of non a.cid-fast organisms, e.IJd as a con-

sequence very few were found trapped in the interface. Tubercle 

bacilli did not pass into the oil wi th the sa.me degree of spontanei ty 

as the saphrophytic ba.cilli. They showed a measure of stabili ty in 

the interface, but this only to a slight degree and not at ail com-

parable to that displayed by non aèid-fast organisme. 

These phenomeœ were explained by a consideration of the inter­

facial surface tensions involved - (1) the interracial teœion between 

the two fiuids (the more immiscible the fluids, the greater the inter­

facial tension); (2) the tension at the ba.cterium/oil interface; (.3) 

the tension at the ba.cterium/water interface. 'With regard to non 

acid-fast bacterie., the tension between the bacterium and oil (2) 

was greater than the combined tensions between the bacterium and water 

and between the water a:rxl oil (l + .3). Also, the tension between the 

bacterium and water (3) was greater than the combined tensions between 

the bacterium and oil and between the water am oil (1 + 2). Thus, 

(2) >' (1+.3) 
and 

(.3) :> (1 +2) 

and the bacterium is in stable equilibrium in the interface due to 

the balance of interfacial tensions. Since motile bacteria may 
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1eave the interface, it was deduced that these interracial tensions 

were of the sa.me order of maglli tude as the force 'Which could be 

generated by bacterial flagella. In this case, interfacial tension 

or its o~ motility may dominate the movement of a motile bacterium 

according to circumstanees. 

With acid-fast bacteria, ~1dch possess little or no stability 

in the interface am wbich pass spontaneously into the oil, the ten­

sion between the bacterium am the water (3), exceeds the combiœd 

tensions between the bacterium and oil and between oil am wnter 

(1 + 2), i.e., (3) ;:> (1+ 2). Thus, the acid-fast bacterium is 

enveloped by the oi1. 

The fact tbat the tension at the acid-fast bacteri~oil 

interface is lese than that at the acid-fast bacteri~water inter­

face is ascribed to the non-polar :œture of its surface. The large 

a.mount of lipid material on the surface of an acid-fast bacterium 

causes i t to be more lipophilic and hydrophobie than a non acid-fast 

bacterium, on the surface of' 'Which polar groups predomina.te1 i.e., 

the former is the more read.ily wet by non-polar oil and the latter by 

water. The differences noted between acid-fast saprophytes and tuber­

ela bacilli were attributed to quantitative differences in the rela­

tive amounts of lipid and protein or other polar component of the 

bacterial surface. 

In subsequent communications (Mudd and Mudd 1927a, b), i t was 
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show.n that prolonged extraction of acid-fast bacilli with alcohol 

caused them to show resistance to wetting br oil comparable to that 

displayed by non acid-faat bacteria. It "WRS also demonstrated that 

serum sensitization of acid-fast bacilli with homologous immune serum 

caused a defini te change from a surface readily wet by oil to one 

more readily wet by "Water. The greater the concentration of immune 

serum, the more pronounced was this affect. Of interest, is the fact 

that Mudd used the interface reaction to detect the biDding of anti­

body by tubercle bacilli. He foUDi the reaction to be serologically 

specifie, but mt as sensitive as the complement fixation techilique. 

The evidence indicated that the lipid material on the bacterial sur­

face was coated by the serum antibody or by serum substances secon­

darily boum by antibody, which are apparently more hydrophilic than 

the una1 tered bacterial surface. 

Reed am Rice (1931) utilized a simpler technique to demon­

strate the passage of acid-fast bacilli into oil from aqueous sus­

pension. The organisme wre suapemed in water and shaken mechani­

cally with a small quantity of oil or fat solvant. The resulting 

emulsion was centrifuged to separate the phases, and the mm1ber of 

bacteria remaining in the aqueous phase determined by comparing the 

opacity with that of standardized suspensions of the same orgailism. 

They found that acid-fast species were removed from the aqueous phase 

wi th varying degrees of complete ness 1 depe:cding on the degree of acid­

fastness. For example, tubercle bacilli were more completely 
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removed from aqueous suspension than 11,. beroll:œnsis. All non acid­

fast .species remained in the aqueous phase. It was also shown that 

serum sensitization of acid-fast bacillnwith homologous immune serum 

reduced the degree to which the bacilli migrated into the oil. 

Emulsifying agents such as gelatin and sodium oleate had a simi.lar 

affect, 'lllXloubtedly by reducing the interracial tension between the 

water and oil. 

In developing the oil partition method for collecting small 

numbers of tubercle bacilli from clinical specimens, Hawirko and 

Murray (1954) used a cultural method to determine the efficiency wi th 

wh:ich the bacilli vere collected by oil from aqueous suspension. The 

aqueous suspension of bacilli was shaken wi th the test oil and sub­

sequently centrifuged to separate the two phases. By inoculation of 

a portion of the aqueous subnatant on Petragnani medium i t was foum 

that no grovth occurred wben the original suspension contained 105 

or fewer bacilli in a volume of 10 ml. "When more concentrated sus­

pensions were used, the cu1tural test inva.riably sho"Wed that v:Labl.e 

orga:oisms remained in the aqueous phase. There was no sigllif'icant 

difference in the collecting capacity of a number of vegetable oils 

exami:œd. 

Neither variation of the pH of the suspending medium nor of 

the proportion of oil altered the collecting capacity of oil. However, 

i t was found that the degree of partition ws eDhanced wen the bacilli 
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were suspemed in equal parts of a mixture of physiologie saline and 

10% trisodium. phosphate. In contrast to the findings of the Mudds 

and of Reed and Ri ce i t was fo'U.lli that :non acid-fast microorganisms 

are taken up by the oil lllXl.er the corrli tions of the oil partition 

technique. This wa.s demonstrated by culture of the oil and aqueous 

phases. Micrococcus epidermidis migrated completely into the oil and 

!.• SQJJ,. am Proteus mirabilis were distributed in both oil and wa.ter 

layera. It wa.s assumed that the discrepencies of these resulta with 

those of Reed and Rice were due to the use of cultural techniques, 

which are more sensitive than the turbidimetric system used by the 

latter workers. 

Another possible explanation for this discrepency may be 

fo'U.lli in the work of Iviudd and Mudd (vide supra) • Non acid-fast 

organisme are, as a rule, trapped in the interface in an oil - water 

system. However they can pass into the oil on the condition that 

mechanical work is done which will overcome the balance of forces 

which hold the bacterium. in the interface. It is conceivable that 

upon shaking of an oil - water emulsion containing non acid-fast 

ba.cteria sufficient work will be doœ by agitation of the oil droplets 

to allow the escape of a proportion of these bacteria into the oil. 

In a preliminary communication, Wayne and Juarez (1955) have 

proposed that the relative affinities of acid-fast bacilli for fat 

sol vents may be used for taxonomie differentiation of species wi thin 
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the genus Mycobacterium. A technique w.s outlined for differentiating 

between hydrophilic am lipophilic strains, based on the observation 

that certain stra.ins remain in the aqueous phase when a broth sus­

pension is extracted wi th petroleum ether. It w.s claimed that the 

parti ti on affini ty of a gi ven strain of bacillus was reproducible 

and characteristic. 

(d) The affect of oils on the viability and morphology of the 

tubercle bacillus: 

It is wll kn:nm that the growth and respiratio.n of ma.n;y 

microorganisme may be ei ther stimulated or inhibi ted when exposed to 

the action of trace amounts of fatty acids incorporated in an aqueous 

medium. vlhich effect is manifest depems upon several features, e.g., 

the species of mièroorganism, the composition of the medium and the 

concentration of fatty acid. Many investigations have been carried 

out concerning the action of trace amounts of fatty acids, (amounts 

of the order of value of their solubilities in water i.e., 5 - lOO 

ppm) on the growth of bacteria (Nieman 1954). By contrast, little 

has been done wi th respect to the effect of direct exposure of bac­

teria to fatty acids or other oils. In fact, this field appears to 

have been neglected, perhaps because viability tests, devised for 

aqueous solutions, are lesa satisfactory wi th oils. 

A good deal of attention has been devoted to the affect of 

natural oils on the viability of the tubercle bacillus. Much of this 
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has stemmed from the controversy concerning the therapeutic eff'ect 

of vegeta.b1e am animal oi1s on human tuberculosis. In a few 

&DCient civilizations diets rich in fat were presceibed for tuber­

culous iJXlividuals arrl cod liver oil atta.ined a wideepread use after 

i ts introduction for this purpose at the beginning of the 19th cen­

tury. Several workers have claimed that experimental animale fed a 

diet rich in cod liver oll or other œtural fats are more resistant 

to infection 'Wi th the tubercle bacillus than are animals maintained 

on a fat-free diet; eome refute this claim. Others, Y.ilo admit the 

favourable influence of natural fats, attribute this action to the 

vitamine which they contain {mgre 1932). Principally to settle this 

controversy, in vitro studies of fats and oi1s on the tuberc1e bacil-

1us have been conducted by va.rious workere. 

In the majori ty of etudies va.rious oils were added to cul ture 

media or to grown cultures of the tubercle bacillus and the via­

bility of the treated culture tested after varying exposure periode. 

Parall.el experimenta were, as a rule, performed "Wi th experimental 

animals iDfected "With tuberc1e bacilli. Invariab1y, the oil showed 

bactericidal or bacteriostatic effects when tested in vitro, but 

coni'l.icting re sul ts were reported for jJ! .!.iY.Q. experimenta {Calmette 

1936). Crimm arrl Martos {1945) demonstrated that peanut oil and cod 

li ver oil have an inhibi tory action on the growth of tuberc1e bacilli 

am al ter the colonial morpho1ogy but cause :no change in virulence 
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or acid-fastness. Subcul tures of tubercle bacilli grown on Long 1 s 

synthe tic medium containing ei ther of the se oils would grow only 

on egg medium aJJd not on glycerin agar, wbich indicated that the 

viability of the bacilli was decreased by cultivation in the pre­

sence of oil and was restored only by the relatively more nutritious 

egg medium. 

Solomides (1946, 1949, 1950) showed that the relatively 

fee ble bactericidal power of cod li ver oil could be increased by 

heating the oil to 100°C for 15 minutes. A distillate prepared from 

the oil by heating it to 250°C and condensiDg the vapours was still 

more active. Viable tubercle bacilli could be detected after sus­

peDSion in unheated cod liver oil for 48 hours, while heated oil 

ldlled all bacilli in six hours and the distillate, in five minutes. 

The distillate prevented growth of tubercle bacilli in glycerin 

broth when present in a concentration of ~101000; the active prin­

ciple was not identical with acrolein, and appeared to be associated 

with the unsaponi~iable ~raction. Injection o~ the distillate into 

infected guinea pigs caused the tuberculin reaction to become nega­

tive, but there ws no favourable influence on the disease. Klip 

et al. (1952) showed that the unsaponifiable fraction of cod liver 

oil contained substances which inhibi ted the growth of tubercle 

ba.cilli in Sauton's medium in a concentration of 2 micrograms per 

ml; these substances were probably saturated and unsaturated ~ -

glycerylethers. Addition of serum or dead mycobacteria to the 
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medium reduced the growth inhibition considerably. 

In contrast, i t has been demonstrated that fats may be util­

ized as nutrients by the tubercle bacillus. Sedych and Seliber 

(1927) reported that olive oil, triolein and butterfat could support 

growth of the tubercle bacillus in a basal synthetic medium. ~ 

titative estimation of the ail during growth of the culture showed 

that i t was consumed by the growing bacilli after first being broken 

dawn to glycerin and fatty acid. It was also reported that the in­

corporation in nutrient agar of a few drops of olive oil1 cod liver 

oil or an acetone extract of the tubercle bacillus rendered the agar 

able to support growth of tubercle bacilli (Nègre 1932) • From these 

experimenta it was concluded that œutral fats can be utilized as 

nutrients, ,iB vitro, by the tubercle bacillus. Though less favourable 

than glycerin for the multiplication of the bacillus1 they are capable 

of assuring its development. 

Of greater significance are those studies which show that ails 

can alter the structural integrity of the tubercle bacillua. 

McJurikin (19231 1926) reported that oleic acid and olive oil manifest 

a profound effect on the morphology of tubercle bacilli rapidly de­

hydrated by alcohol. It was observed that the bacilli became granu­

lar, developed polar bodies, became mn acid-fast and disintegrated 

completely. This change took place only in living bacilli and was 

most rapid at 37°C, a.t "Which temperature the metabolic activity is 

optimal. This was interpreted as indicating that the loss of acid-
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f'astness 'WB.S depement upon some activity of the living orgaDism. 

Boissevain (1926) reported that prelimiœry dehydration of living 

bacilli 'WB.S not a necessary step, but did accelerate the reaction. 

He showed that the ability of fatty acids to destroy the acid-fast 

property of tubercle bacilli am cause disintegration 'WB.S positively 

correlated 'Wi th a long carbon chain, a free carbo:xyl group and un-

saturated linkages in the molecule. 

Solomides (19401 1945, 1946) reported that peanut oil brought 

about considerable changes in the morphology, viabili ty and patho­

genicity of tubercle bacilli when added to fully developed cultures 

on glycerin - potato medium. The colocy lost i ts rough contour and 

became smooth and flattened after 24 hours immersion in peanut oil. 

Serial microscopie examinations revealed that progressive degenera­

tien of the bacilli occurred, with losa of acid fastness and eventual 

lpsis. After 20 days the culture w.s composed entirely of blue 

granules, to which Solomides gave the name 1 cyanophile 1 substance. 

Chaulmoogra oil acted in a similar fashion, while olive oil and 

liquid paraffin acted more quickly, bringing about the appearance 

of 1 cyanophile 1 substance 'Wi thin 24 hours. Addition of oil to cuJ.­

tures killed by autoclaving 'WB.S "W'i thout effect, except upon extremely 

prolonged exposure. 

Subcul tures prepared from the so-called oil-lysed bacilli 

on glycerin-potato slopes led to the development of new colonies of 
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typical acid-fast tuberc1e bacilli. Inoculation of the 1 cyanophile 1 

substance into guinea pigs caused them to die of congestive and 

haemmorhagic lesions of the viscera. No acid-fast bacilli could be 

demonstrated in these lesions. It was concluded that when tuberc1e 

bacilli are exposed to oil under these conditions, their viability is 

gradually diminished, and a considerable modification, though not a 

suppression, of their pathogenicity is brought about. 

Laporte and Bretey (1941) reported similar resW. ts when 

ba.cilli were exposed to the action of paraffin oil for three daye at 

37°C. The oil -was turbid after separation of the ba.cilli by centri­

fugation, and the sediment consisted ·of normal acid-fast rods and a 

small proportion of non acid-fast granules. A second centrifugation 

of the oil at 80,000 rpm caused the deposition of material, which on 

microscopie examination was seen to consist entirely of blue granules 

similar to the 1 cyanophile' substance of Solomides. 

In etudies on tuberculo - immunity, Choucroun (1943, 1947) 

extracted killed tubercle bacilli with paraffin oil and removed the 

bacilli by centrifugation at 80,000 rpm for .24 hours. After removal 

of the bacilli, the oil ~s found to differ in physical properties 

from the pure oil. Injection of the oïl extract into rabbits caused 

the formation of antibodies and produced a definite sensitization to 

Old Tuberculin. Two fractions 'l-Tere isolated from the paraffin oi1 

extract; a protein, and a carbohydrate-lipid complex. The former 
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appeared to be the 'sensitizing' antigen of the tubercle bacillus 

am the latter 'WRS a toxic principle. 

To summarize, animal, vegetable am mineral oils have a 

be.ctericidal or bacteriostatic action on the tubercle bacillus. 

Animal aild vegetable oils may be used as nutrients. The colXlitions 

of exposure determine to some extent which action becomes manifest. 

It is apparent that oils possess the ability to dissolve materials 

from the surface of the tubercle ba.cill us and to disrupt the in­

tegri ty of its structure. 
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EXPERIMENTAL STUDIES 

The StraiAS of M. tubercuJ.oeie 8lld the Pt,epm.:atioa 9,f 

• SiŒle CeJ.:b 1 SuspeX!§ioœ 

Strains of. M. tubercu1osis: The three strains of!!,. tuber®J,o§ip 

used throughout the investigation, am their sources, are listed 

below. 

(l) M. tuber.culosis var, bovis, strain BCG, was obtained .from the 

Institut de Microbiologie et d 1Hygi~œ, Université de Montréal. 

(2) !!,. tubercuJ.opis, strain BA, was obtained from the Clinical. 

Laboratory, Department of Bacteriology, McGill University (#53-

1530) and at the time of receipt bad been recently isolated .from the 

sputum of a tuberculous patient. 

(3) ![. tube,rcuJ..osi.s., strain HS, was isolated by the author from the 

sputlllll of a tuberculous patient. 

The HA am HS strains {author1s designation) were not typed 

as to variety, but were regarded as human type strains be cause of 

their origin aDd also because they grew readily on pri.ma.ry isolation 

on glycerol-conta.ining medium. Both strains were tested and foum 

to be virulent for the guiœa pig. Stock cultures or each strain 

were maintaiœd on Lôwenstein (Jeœen) medium am subcultured at 

three-montb. intervals. Dubos Tween- albumin fluid medium ws used 

for the routiœ maintellB.IlCe of the strains, subcultures being made 
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o:oce weekly. After the tenth serial subcruture in Dubos medium, a 

fresh series was insti tuted by reverting to the stock clÙ ture for 

the imculm. 

Si:oce the rutimate e.im of this rrork was to isolate tubercle 

bacilli from pathol,ogic material by oil partition, these freshly 

isolated strains were selected for use in the experimental work as 

i t is likely that their properties are more characteristic of tubercle 

bacilli on primary isolation tban those of a statderd laboratory 

strain auch as the H.37Rv bacillus. 

The preparation of 1 pingle cell 1 suspensions of tubercle bacilli: 

In this work i t ws desired to use suspensions of tubercle bacilli 

consisting of single celle, in order to ensure that ali bacilli in 

a gi ven suspension were equally expoeed to the action of oils atd 

other materials 'Which were to be investigated. Further, in llliUlY of 

the experimenta suspensions containing very smal1 numbers of ba.cilli 

were utilized, and equsJ. dispersion of all cella in the suspension 

would allow greater accuracy in the preparation of higher dilutions. 

The introduction of Tween-albumin fiui.d medium by Dubos and 

Middlebrook (1947) has overcome the difficul.ty of obtaining a well­

dispersed suspension of growing tubercle ba.cill i. However, Tween­

albumin crutures do not consist entirely of isolated bacterial cella, 

but also of small groups containing as JIIB.Jzy" as ten to twenty ba.cilli. 

Fenner (1951) reported that sl ow centri fUgation, or filtrati on through 



-53-

paper, of cultures in Dubos1 medium 'Will result in a suspension con-­

sisting almost entirely of single celle. 

The se methode were tried 'Wi th saline suspensions of tubercle 

bacilli which had be en grown in Dubos 1 Tween - albumin medium am i t 

w.s foum that filtration of auch a saline suspension through a 

double thickDess of either Whatman #2 or Schleicher and Schuell #597 

filter papers gave better resulta than either slow centrifugation or 

other types of fil ter paper. This procedure produced a suspension 

consisting almost entirely of single celle, "hrith a few clumps of mt 

more than 5 - 6 bacilli. The method finally adopted for the prepar­

ation and standardization of these single cell suspensions is as 

follows: 

Cultures were grown in 5 ml. volumes of Dubos 1 Tween­

albumin medium for 10 - 14 daye, centrifuged, and the superœtant 

fiuid ldthdrawn and replaced ldth an equal volume of 0.85% sodium 

chloride solution. The sedimented bacilli were resuspended b,r shaking 

and the suspeDaion passed through a double tbi.ckœss of Wha:tman #2 

fil ter paper eut dolm to 2 cm. in diameter to fit the fil te ring 

apparatus to be described in the section on oil partition. The fil­

tration w.s performed wi th a slight œgati ve pressure and the resul­

tillg flltrate almost invariably had a faint, though definite, tur- . 

bidity visible to the œ.ked eye. 

Suspensions prepared in this wy wrere standardized ey 
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perf'orming a total count using a Thoma (Ha'Wksley) ba.cterial counting 

chamber. In perf'orming the counts, the ba.cilli were killed by ex­

posing a smaJ.l portion of' the suspension to an equal volume of' 10% 

f'ormaldehyde for 15 minutes; this did not ef'f'ect their dispersion. 

The count was made on the i dilution of' the suspension, using a 40x 

dry objective and a lOx eyepiece. The substage condenser of the 

microscope -was racked down to provide contrast lighting, as the bacilli 

were unsta.ined. This method is essentially similar to that des-

cribed by Bonifas and Novel (1952) for the direct counting of' bacteria. 

When small clumps of' ba.cilli were observed they were counted 

as one bacillary 1unit 1 • It was impossible to determine the exact 

number of' ba.cilli in a clump, but, only on very rare occasions were 

clumps observed 'Which wuld have been large enough to contain more 

than 5 bacilli. The practice of considering a small clump to be a 

viable or infecti ve unit is weil established in tuberculosis experi­

mental work (Fenner 1951). If' the fil tered suspension was not turbid 

to the œ.ked eye a f'resh preparation wa.s made, as auch suspensions 

contained too :few bacilli to permit an accurate count. Appropria te 

dilutions o:r the fil tered suspensions were made in o. 85% saline to 

gi ve the concentration of' bacilli desired. 

The proportion of' viable bacilli in fil tered saline suspensions: 

Dubos and Middlebrook (1947) reported that young cultures of tubercle 

bacilli in 'l'ween- albumin fiuid medium contain only an insigDif'icant 
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proportion of non-VialUê .: cells. On order to determine the effect of 

the process for preparation of 1 single cell' saline suspensions on 

viability, determinations of the proportion of viable cells in auch 

suspensions vere carried out by the po'I.U' plate method ad.vocated by 

Yegian and Budd (1951). Parallel experimenta rd th the drop-plate and 

po'I.U' plate methods shoved that higher counts were obtained by use of 

the latter. 

Immediately after preparation of the filtered saline sus­

pension, a total count was performed am dilutions of the suspension 

vere prepared in saline using separate pipettes for each dilution. 

One ml. aliquots of the appropriate dilutions were distributed in two 

Petri dishes and approximately 20 ml. of melted and cooled oleic acid­

albumin agar, prepared according to the directions of Iegian am Budd, 

vere po'I.U'ed into the dishes, whi.ch vere then rotated to ens'I.U'e mixing 

of the inoculum. The medium was allowed to solidif'y am the plates 

vere incubated at 37°0. for 48 ho'I.U's to permit the evaporation of 

excees moieture. They were then trans~erred to plastic bage which 

vere sealed to prevent f'I.U'ther dryiiJg of the medium am ret'I.U'ned to 

the incubator. The ma.:ximum count was obtained in approximately four 

weeks. 

The resulte of these separate determinations are summarized 

in Table 1 and show that only approximately 50% of the total number of 

bacilli is viable. This appears to be a rather low proportion and may 

be due to the fact that the bacilli are suspemed in saline, whi.ch is 

not devoid of ba.ctericidal action (Corper and Stoner 1946). 
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tt'RL!i .l 

1 S1ng1e Cell 1 Sypeœioœ ot •• tuberçyJ.osis 

Ratioot 
viable& total 
cowrt expressed 

lB train Total count Viable cowrt as percentage 

BCG 4.0 x 107 2.0 x 107 50 

Hl 1.0 x 108 4.9 x 107 49 

BA 2.4 x 107 1.3 x 107 54 
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Throughout this study, the experimental re sul ts refer to the 

total bacilla.ry content of fil tered saline suspensions am the 

assumption is made, on the basis of the viable counts, that onl.y 

5o% of the bacilli in auch suspeœions are viable. 
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Investigations of Oils am Organic Solvents 

In developing the oil parti ti on method for the cultural 

demonstration of the tubercle bacillus, Hawirko & Murray (1954) 

demonstrated that the combi:œtion of oil am organic solvent neces­

sary to effect collection of the bacilli from aqueous suspensio~ 

am subsequent deposition on a molecular fil ter membrane inter-

fe red with their capacity to grow on artificial media. An exmnin­

ation of various vegetable oils revealed that a11 exerted a harm-

ful effect on viabili ty. The findings of other workers w.i. th regard 

to the action of vegetable oils on the tubercle bacillus under 

various co mi ti ons of exposure have been ci ted in the review of the 

literature. 

For the successful cultivation of tubercle bacilli after oil 

partition it is necesaary to select a combination of oil and sol­

vent "Which possesse a a minimum inhibi tory action. To this end, a 

reinvestigation of the influence of oi1s and organic solvents on 

the viability of the tubercle bacillus was carried out. 

Procedure 

Bacterial viabili ty tests are devised for aqueous solutions 

or suspeœions am are qui te UDBui table when the mate rial Ullder test 

is immiscible w.i.th w.ter. To test the effect of the ex:posure of 

tubercle bacilli to oils and organic solvents, the method adopted 
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consisted in immersing filter paper squares, previously impregnated 

wi th tubercle bacilli, in the material under e:x:a.mination. The method 

used throughout this portion of the work is detailed below. 

Squares of Whatman #2 fil ter paper measuring 1 cm. were eut 

from larger sheets and distributed on a stainless steel wire mesh 

platform contained in a Petri dish of standard size. After sterili­

zation by autoclaving and dry:ing in a hot air aven, each square was 

i:ooculated wi th one drop of a • single cell' saline suspension of 

bacilli, prepared as described in the preceding section. The inocula 

were delivered by means of glass pipettes prepared according to the 

directions of Fildes and Sma.rt (1926), and calibrated to dell ver drops 

of 0.025 ml. volume. The 1 cm. paper squares were able to absorb this 

volume of fiuid completely, which ensured that each received the sa.me 

number of bacilli. After inoculation the paper squares were dried 

at ~C for one hour. 

Vegetable oila# were sterilized by Seitz filtration and dis­

pensed in a shallow layer in Petri dishes of 5 cm. diameter. Organic 

solvants, ali of c. P. grade, were sterilized b.y filtration through 

Cellafil ter membranes and similarly dispensed. Using aseptic tech­

nique, the dried, inoculated paper squares were transferred to the 

Petri dishes containing ails and solvents. Upon termination of the 

# Obtained through Brickman and Co., Montreal 
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exposure period the paper squares were transferred to Lëwenstein 

(Jensen) slopes (for preparation of this medium see Appendix A) and 

incubated at 37°C. All tests were performed in duplicata and the cul­

ture tubes exa.mi:œd at weekly intervals. 

Results 

The influence of oils and organic solvants on viability: In this 

experiment, each paper square -was impregna.ted wi th 106 bacilli of the 

BCG strain (0.025 ml. of a suspension containing 4 x 107 bacilli per 

ml.). The bacilli were exposed to olive, corn, safnower and peanut 

oils for thirty minutes and then were transferred to sloped Petri 

dishes to allow excess oil to drain off, before implantation on 

Lowenstein slopes. A second series of inoculated paper squares were 

distributed in petroleum ether, acetone, benzeœ, diethyl ether and 

chloroform and exposed for 15 minutes. The paper squares were trans­

ferred directly to Lowenstein slopes as the residual solvent evaporated 

within a few seconds of removal from the fluid. Control papers were 

transferred directly to the medium after the oœ hour dryiDg period. 

Table II shows the affect of these materials on the viability 

of the BCG strain after two and four weeks incubation. No oil brought 

about sterilization of the paper squares under the conditions of this 

experiment. Peanut oil appeared most iilhibi tory while coconut and 

corn oils were least inhibitory. Fifteen minutes exposure to pet­

roleum ether ha s no apparent affect on the viabi lity of the tubercle 
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bacillus. Growth wa.s as prolific as in the controls. Benzeœ dis­

plays a marked irihibitory action and acetone, chloroform and diethyl 

ether brought about complete sterilization of the paper squares. 

Solomides (1940) has reported that peanut oil brings about 

changes in the morphology of the colonies and of the bacilli in 

growing cultures. In this experiment, colonies had developed in the 

presence of sma1l amounts of oils, but no alteration in colonial 

morphology wa.s evident. However, microscopie exa.mi:œtion of Ziehl­

Neelsen stained smears prepared from cultures grown after exposure 

to peanut and coconut oils revealed that a large proportion of the 

cella were beaded, though the acid-fast stain wa.s retained ani the 

bacilli were normal in other respects. This wa.s observed only in 

young cultures; in older cultures the cells stained uni.formly. This 

effect wa.s not observed in cultures grown after exposure to other 

oils or to petroleum ether. 

The combined influence of oils and petroleum ether: As petroleum ether 

appeared to have no inhibitory action for the tubercle bacillus ita 

choice as a solvent is indicated. In this experiment, the filter 

paper squares were immersed in petroleum ether for 15 minutes after 

exposure to oil, in order to remove residual traces of the latter. 

Table III shows that the combined action of oil and petroleum ether 

allows macroscopic growth to appear earlier. Microscopie exa.mination 

of Ziehl-Neelsen stained smears prepared from these cultures revealed 

no significant proportion of beaded cella, regardless of the age of 
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TABLE II 

The Viab111 ty ot M, tubercu1osit (BCG) 
alter JSmnsure to Vegetable ous or Org,mc Somma. 

OU or Sol vent 

Bo:œ (Control) 

Olive oU 

Satf'l.ower o1l 

Peanut o11 

Corn oU 

Coeozmt oU 

Petroleœ ether 

Be mene 

.Acetone 

Diethy1 ether 

Chlorotora 

+++ 
++ Extent or growth 
+ 
- No growth 

Ti.me ot 
exposure 

0 

30 minutes 

30 mim1tes 

30 mim1tes 

30 mimrtes 

30 milmtes 

15 mimrtes 

15 Jlli.nutes 

15 mimrtes 

15 mimrtes 

15 miDUtes 

Grovth.l alter iDCuba.tion 
at 370C for 

2 weeks 4 weks 

++ +++ 

- * 
- ++ 

- + 

+ ++ 

+ +++ 

++ +++ 

- + 

- -
- -
- -

Il On I.Owenstein (Jensen) medim 
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:WU III 

The Etfect of the Com9fœd Action of Vegetab1e OUs 
nœ Petrol,eœ lther on theiah1Ht:y of M, tul?ercuJ.oeis (BCG) 

(Growth on UM!Iœtein (Jensen) IISdiœ af'ter exposure to oU 
for 30 airmtes am petroleœ ether for 15 mimrt.es) 

Growth atter incuba. ti on 
at 3T'C for 

ou 1 week 2 weeks 

Boœ (Control) + +Ho 

Olive oU - + 

Satnower oil - + 

Peamit oU - + 

Dom ou - + 

CoeoDU.t oU (+) ++ 

+++ 
++ Extent or growth 
+ 
- No growth 

; ... ·. : 

... . 'j 

•' 
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the culture or of the oil to which the iooculum had been exposed. 

This was DO doubt due to the fact that the oil was completely re­

moved from the fil ter paper squares and so did oot influence the 

growing bacilli. Coconut oil appeared to be least inhi. bi tory, growth 

having appeared after one week of incubation. 

Comparison of the influence of acetone B;nd petroleurn et~: The 

finding that acetone completely inhigits the growth of the tubercle 

ba.cillus after 15 minutes exposure is in agreement with Hallifto's 

finding that a mixture of petroleum ether and acetone is relatively 

more bactericidal than petroleurn ether alone. It had previously been 

reported that acetone was relatively innocuous. In viei-.r of this dis­

è.repancy a comparison wa.s made of the action of petroleum ether and 

of two different commercial preparations of acetone on the viability 

of the tubercle bacillus. 

Table IV shows that both acetone preparations killed the 

bacilli a.fter 10 minutes exposure, while petroleum ether had no 

effect after 2 hours exposure. Exposure to acetone for 5 minutes 

allo"Yred growth of one colony in each of duplicata tests wi th pre­

paration A, and three colonies in one of two duplicata t ests with 

preparation B, af'ter 4 weeks of incubation. This re sul t confirma 

the finding that acetone is highly toxic for the tubercle bacillus. 
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TABLE IV 

Comparison of the Effect of Two Acetone 
Preparations am Petroleœ. Ether on the 

Viabili ty of M. tuberculosi.t (BCG) 

(Growth on L~wenstein (Jensen) m.ediœ after 5 weeke at .37°C) 

Time of Acetone Pet.ether Control 
Expoeure 

Preparation Preparation 
A B 

0 +++ 
5 minutes + + +++ 

10 minutes - - +++ 

15 minutes - - +++ 

30 minutes - - +++ 

60 minutes - - +++ 

120 minutes - - +++ 

+++ 
++ Extent of growth 
+ 

- Ho growth 

a 
. ' ... 

. 1 
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The relative inhi~itory action of oil.s.: In the preceding experi­

menta, there did not appear to be a great deal of difference between 

oils wi th regard to their effect on the viabili ty of the tubercle 

bacillus. To obtain a better measure of the inhibitory action of 

oils, two approaches were considered - (1) the use of inocula of 

decreasing size exposed to oil for a fixed time and (2) the use of 

a fixed, large ioocultun exposed to oil for varying time periods. 

Preliminary trials showed that the latter method 'WB.S the better for 

this purpose. With the first method, resulta were not reproducible 

when the inocultun 'WB.S small. 

In this experiment liquid paraffin, oleic acid and glycerol 

were examined in addition to the vegeta ble oils. The bacilli were 

exposed to oil for periods increasing by two-fold increments from 

oœ hour to ninety-six hours. The BCG, HA and HS strains were used 

as it ws also desired to test the relative sensitivity of different 

strains to the action of oils. 

In order to stailde.rdize the conditions o:f exposure, the 

ioocula consisted of fil tered saline suspensions prepared from niœ 

day Tween- albumin cultures of each of these strains. Fourteen 

inoculated paper squares were placed in each oil and two were removed 

after 1, 3, 6, 12, 241 48, and 96 hours of exposure. Oil ws removed 

from the fil ter paper square by immersion in petroleum ether for two 

to three minutes. The glycerol ws removed by immersion in sterile 
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distilled wter heated to 45°C, as it is insoluble in petroleum ether. 

Final readings were taken after S weeks of incubation. 

The resulta of this experiment are illustrated in Figure I. 

In the figure the re sul ts have been arranged in order of increasing 

inhibitory action and represent the time of exposure tolerated by 

each of the three strains of tubercle bacilli under the conditions of 

the experiment. Coconut oil am liquid paraffin were the least in­

hibitory of the oils tested; each allowed growth of the BCG strain 

after 4S hours exposure while the two human strains, HA and HS, sur­

vi ved 96 hours exposure. Peanut oil and oleic acid were most in­

bibi tory am the other oils feil between these extremes. The marked 

inhibitory action of peanut oil ws masked in preceding experimenta, 

to soma extent, by the short exposure period employed. 

It is also demonstrated in Figure I that differences exist 

between the three strains of tubercle bacilli with regard to their 

sensitivity to the action of oils. The BCG strain is most suscep­

tible am the HS stra.in least, while the HA strain occupies an inter­

mediate position. These differences are mostly of degree rather than 

of kim. 
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The resulta of these experimenta show that tubercle bacilli 

are damaged by exposure to vegetable oils am organic solvents. This 

confirma the findings of Hawirko am Murray (1954). Petroleum ether 

is the only solvent1 among those exa.mined, r:h.ich is not lethal. The 

find.ing that petroleum ether is iDDOcuous, even af'ter two hours ex­

pçsure, is in agreement with the findings of Bloch (1950) 1 who showd 

that a component of the tubercle bacillus1 apparently necessary for 

virulence, may be extracted from living cells by petroleum ether with­

out impairment to the ir viabili ty. 

Tubercle bacilli more readily tolerate exposure to coconut oi1 

than to the other vegetable oils tested. CocoliUt oi1 is unique among 

this group of olls in that 9C$ of its total fatty acid content is 

made up of long chain saturated acide. The other oils contain only 

10% - '2!1'fo of saturated acids 1 the balance being made up of long chain 

unsaturated molecules (Deue1 1951). It is interesting to note that 

olive oil, ~nich contains a large proportion of triolein, is not 

nearly as inhibitory as free oleic acid. These observations would 

indicate that free carboxyl groups and unsaturated molecules are res­

ponsible, in part, for the lethal action displayed by an oil for the 

tubercle bacillus. In this regard, Boissevain (1926) has reported 

that the ability of a fatty acid to cause disintegration of tuberc1e 

bacilli is positively correlated with a long hydrocarbon chain, a 

free carboxyl group and unsaturated linkages in the molecule. 
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As coconut oil and liquid paraffin are the least lethal of 

the oils tested, and petroleum ether the least lethal of the sol­

vents, these materials ~ere considered to be of most value in oil 

partition experimenta. 
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Preliminart Investigations of Oi~ Partition 

In the preceding section it was show.n that tubercle bacilli 

are more tolerant of coconut oil ani liquid paraffin than of the other 

oils tested. Accordingly, they were selected for the first trials 

of the oil partition technique. The low toxicity of petroleum ether 

ani i ts non-polar properties indicated that i t would possibly be a 

good choice as a vehicle for collaction of tubercle bacilli from 

aqueous suspension. A number of earlier workers have used organic 

solvents such as ligroin, chloroform, gasoline etc., in flotation 

methode for the concentration of tubercle bacilli in pathologie 

material (Pottenger 1931, An:irus am MacMahon 1929, Lange am 

Nitsche 1909). These materials were investigated for their ability 

to collect tubercle bacilli from aqueous suspension and to determine 

whether bacilli so collected can be grown in artificial media. The 

BCG strain was employed as the test organism in the prelimina.ry 

trials. 

fl:ocedures 

The technique, of oil partition: The essential feature of this pro­

cess is the emuls:i.fication of an aqueous suspension of tubercle 

bacilli with a small volume of oil (during which process the bacilli 

migrate from water to oil) 1 ani subsequent separation of the phases 

of the emulsion by centrifugation. The oil may be used for the in­

jection of animals, or processed further for cultivation of the 
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bacilli !!! vitro. After much experimentation, the technique fiœlly 

adopted for the cultural demonstration of the bacilli is here"With des-

cribed in detail: 

Fi ve millilitre aliquote of a 1 single cell1 saline suspension 

of koown bacillary content were distributed in screw-capped test 

tubes measuring 15 x 150 mm. Oœ ml. of oil was added to each tube 

and the tubes were shaken for 10 minutes on a mechanical. shaking mac-

hi # ne • The re sul tant emulsion was transferred to a conical centri-

fuge tube of 15 ml. capacity am centrifuged at 1500 - 2000 rpm for 

20 minutes, 1o.'h.ich brought about separation of the phases of the emul­

sion. If i t was desired to eJœmine the lower aqueous layer for the 

presence of viable elements, the material was transferred to a sepa-

ratory funnel constructed from a test tube measuring 15 x 150 mm. 

The lower aqueous layer was then drawn off and transferred directly 

to the filtration apparatus described below. As this technique was 

cumbersome, it was used ol'lly when an examination of the aqueous layer 

was desired. Otherwise, the aqueous subœtant layer was w:i. thdrawn 

by means of a long, œ.rrow-stemmed capillary pipette having a bulb 

of 10 ml. capaci ty. By holding the centrifuge tube in a sloped 

position it was possible to admit the tip of the pipette into the 

aqueous layer so that there ws only minimal. contact "With the upper 

# Laboratory model shaker, J. W. Towers and Co., Ltd., Liverpool 
Englam 
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oil layer. Careful manipulation a.llowed complete removal of the 

aqueous leyer, which was then discarded. 

The oil remaining in the centrifuge tube -was dissolved in 10 ml. 

of sterile petroleum ether and passed through a membrane filter 2 cm. 

in diameter mounted in an apparatuslf, the construction of which ws 

similar in principle to that of the Seitz 1Technico 1 filter; fil-

tration -was aided by the application of a slight negative pressure 

and ws complete in approximately one minute. The membrane was su~ 

jected to a final washing wi th 2 - 3 ml. of petroleum ether in order 

to remove acy residual oil and was then transferred to the cul ture 

medium, with its collecting surface uppermost. Aseptic precautions 

were observed throughout. 

This represente a slight departure from the technique of 

Hawirko (1951) 'Who used oil in the proportion of 0.5 - 1 ml. to 

10 ml. of the bacterial suspension. However, it was demonstrated by 

Hawirko that the relative proportion of oil and aqueous suspension is 

unimportant insofar as the degree of partition is concerned. In the 

practical application of oil partition i t is important to keep the 

volume of oil as small as possible, but as this portion of the 

# Constructed by l·1ilos Srb., Optical Engiœer, Montreal, of 
stainless steel and brass. The stainless steel barrel is 7.5 cm. 
in length and bas an interna.l diameter of 1.5 cm. The effective 
collecting surface of the membrane is thus 1.5 cm. The capacity 
of the barrel is approximate~ 12 c.e. 
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investigation is concerned only with the cultivation of tubercle 

bacilli which have been exposed to oil during the process of oil 

partition, the relative proportions are not important. For ease in 

manipulation, it was found most convenient to use 5 ml. quantities 

of aqueous suspension and 1 ml. of oil. 

Membrane fil ters and Cellafil ter membranes: The se membranes are 

prepared by a special method for processing nitrocellulose which was 

developed by Zsigmoniy (1918) and since patented and put on the 

market#. They are white, opaque, of glossy consiste ney and devoid 

of fibrous structure. 

Membrane fil ter and Cellafil ters are intended for use 'Hi th 

aqueous and organic solutions respectively. They may be obtained in 

a variety of sizes and of varying porosity. For this work, the mem­

branes selected were 2 cm. in diameter and of #5 porosi ty; membranes 

of this porosity are intended for the sterilization of suspensions 

containing bacteria. Cellafil ter membranes were recei ved in wet 

pack and it was the manufacturer 1s recommandation that they be kept 

wet·at all times. If allowed to dry these membranes shrivelled and 

disintegrated, which rendered them useless. When used for the fil-

tration of an organic sol vent w:hich is immiscible 'Hi th water, i t is 

# Membranf'ilter Gesellschaft, Sartorius-Werke, A.G. & Co., 
Gottingen, Germany. 
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necessary to displace the water from the capillary system of the 

membrane b,y preliminary treatment with a solvent which is miscible 

both with water and the organic solvent; alcohol is usually. used for 

this purpose. As it was desired to use these for filtration of a 

mixture of oil and petroleum ether, they were sterilized and stored 

in 95% alcohol. Before use they "Were transferted to the filter ap­

paratus which bad been sterilized previously by autoclaving. Mem­

brane fil ters were recei ved in dry pack, wi th no restriction as to 

the method of storage. They were mounted in the filter apparatus 

a:cd sterilized by a.utoclaving. 

Resulta 

The sui.tability of membrane filters: Preliminary experimenta re­

vealed that tubercle bacilli were able to grow on the surfaces of 

membrane filters and Cellafilter membranes which were stored in water 

when placed on L8wenstein (Jensen) medium. If the Cellafil ters were 

stored in 95% ethanol., however, the membranes would DOt allow growth 

of smal.ler numbers of bacilli, which indicated the toxicity of 

ethanol for the tubercle bacillus, and the necessi ty for i ta removal 

from Cellafil ter membraœs bef ore the filtration of suspensions con­

taining bacilli. 'When the membraœs stored in a.lcohol were first 

wa.shed wi th wa.ter or wi th petroleum ether to remove the alcohol from 

the pores of the membrane, growth was as prolific as on membrane 
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filters. Thus, in using Cellafilter membranes for the filtration 

of an oil-solvent mixture, it is necessary to remove ethanol before 

use or otherwise, to store the membranes in a no~to:xic solvent, such 

as petroleum ether. 

It had been observed earlier that membrane fil ters were 

soluble in alcohol, acetone and ether, but not in benzene or petro­

leum ether; benzene caused the membrane to become translucent 

however, 'While petroleum ether brought about no apparent change. 

It ws considered that the petroleum ether might alter the porosity 

of membrane filters, and to determine this the follord.ng experiment 

ws performed. 

Ten millilitres of petroleum ether am 10 ml. of a petroleum 

ether-cocoimt oil mixture were passed through ee.ch of two groups of 

membrane filters and dried by the prolonged application of a slight 

negative pressure. 'When dry, a heavy saline suspension of BCG ws 

passed through ail the membranes and through control membranes; all 

membranes were then transf'erred to slopes of' Lowenstein (Jensen) 

medium. The filtrates from each of the two groups of treated mem­

branes were passed through another set of untreated membranes in 

order to detect the presence of viable elements and these were also 

placed on Lôwenstein slopes. 

The results showed that the preliminary passage of petroleum 

ether or of a mixture of petroleum ether and cocoœt oil in no way 

interfered with the capacity of membrane filters to r etain tuber cle 
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ba.cilli, nor did i t interfere wi th the capaci ty of the bacilli to 

grow on the surface of the membrane. Full advantage ws.s taken of this 

fortuitous circumstance and membrane filters were used in ali experi­

mente for the cultivation of tubercle bacilli collected b,y oil par-

ti ti on. Though Cellafil ter membranes are intended for the filtra­

tion of organic solvants, their use is precluded by the extra laber 

iiNol ved am b,y the sui tabili ty of membrane fil ters. 

Comparison of coconuj:. oil, liguid paraffin and ~troleum ether: 

Saline suspensions of the BCG strain, prepared as previously des­

cribed am of known bacillary content, were distributed in three 

groups of test tubes. Within each group of tubes, successive decimal 

dilutions were prepared which extended from 5 x 107 to 50 bacilli per 

5 ml. of suspension. One group wa.s subjected to oil partition b,y coco­

nut oil, the secom b,y liquid paraffin am the third by petroleum 

ether. No centrifugation wa.s necessary after shaking of the petro­

leœn ether group; the solvant separated spontaœously from the 

aqueous l.ayer. The coconut oil am liquid paraffin were dissolved 

in 10 ml. of petroleum ether after 'Withdrawal of the aqueous sub­

natant layer and passed through membrane filters. The aqueous sub­

natant layera were wi thdrawn b,y means of the separa tory funnels, 

as described earlier, and passed through membrane filters, as it wa.s 

desired to ascertain whether or not they contained viable bacilli. 

The absence of viable bacilli in the aqueous subnatant would i:rrlicate 
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that they had been completely removed from the original suspension by 

the process of oil partition. On the other hand, the presence of viable 

bacilli would in:licate they had not been completely removed. Ail mem­

branes were placed on slopes of L~enstein - Jensen medium, incubated 

at 37°C. and exa.mined once weekly. 

The resulta after five weeks of incubation are shown in 

Table V. Coconut oil appears to be the most efficient as a vehicle for 

oil parti ti on; no viable bacilli were detected in the aqueous subnatants 

of suspensions which originally contained fei·mr than 5 x lo4 organisms. 

By contrast, viable bacilli were detected in the aqueous subnatants 

derived from even the most dilute suspensions, when liquid paraffin or 

petroleum ether were used. No growth appeared on membranes through 

which the liquid paraffin or petroleum ether had been passed, except 

when the original suspensions contained more than 5 x 105 bacilli; this 

finding further demonstrates the iœfficiency of these materials as 

agents for oil partition. 

The Table also shows that although coconut oil is efficient 

as a vehicle for oil partition, its inhibitory action appears to be con­

siderable when the IlUlllber of bacilli is small; after collection by 

coconut oil, the growth of less than 5 x lo3 bacilli is completely 

inhibited. 

The letnâl action of coconut oil for small IlUlllbers of tubercle bacil~i: 

In a number of experimenta in which coconut oil was used to partition 
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TABLE V 

The influence of the Bacillary Content of Aqueous Suspensions on 
the DistributioJ'Iof ~1. tuberculosia (BCG) Between Oil and Aqueous 

Layera Subsequent to Oil Partition 

Bacillary Coconut oil Liquid Petroleum 
content paraffin ether 

of 
suspension 

011 Aqueous Oil Aqueous Oil 1\queous 
layer layer layer layer layer 11.ayer 

5 x 107 +++ +++ x x +++ +++ 
5 x 106 +++ +++ +++ +++ x x 

5 x 105 +++ + + ++ - +++ 

5 x 104 + - - +++ x x 

5 x lo3 + - - ++ - + 

5 x 102 - - - + x x 

5 x 101 - - x x - -

(1 As shown by growth of be.cilli collected on membraœs after 
five weeka cul.tiva.tion on Lôwenstein (Jensen) mediœ 

+++ 
++ Extent of growth 
+ 

No growth 

x Omitted 

; "~-~· .. : ' ~ _: :·· ~ ..... ~ ;p~~7' ... , 
1 
1 
1 

.. 



tubercle b8.cilli of the BCG strain, growth was never obtained from the 

oil when the original suspension contained fewer thau 5 x 1oJ bacilli. 

In this series, suspensions of the bacilli were also passed directly 

through membrane filters; these served as controle. The results of two 

such experimenta, which were conducted at different times, are shown in 

Table VI. In both experimenta, growth occurred within four weeks on 

membranes through which suspensions containing as fevr as 50 bacilli had 

been filtered. This finding proves that the membrane itself is not con­

tributing to the inhibition suffered by the organisms. Further, in the 

control series growth always appeared earlier and was more prolific. 

Though the results reported in the previous section indicated 

that coconut oil is relati vely less lethal than other oils for the tuber­

ela bacillus, it is not devoid of lethal action. This is given exp­

ression when the exposure time is prolonged (see Fig. I), or when the 

number of bacilli exposed is smal1 (Tables V am VI). 

The finding that coconut oil completely collected fewer than 

5 x 105 bacilli from aqueouz suspension is in agreement with t hat of 

Hawirko (1951). She reported, however, that liquid paraffin gave good 

results when employed for the collection of tubercle bacilli from sputum 

digests. Later experimenta by the author showed that liquid paraffin 

was readily emulsified with digested sputa. However, when shaken with 

saline the oil did not produce a true emulsion, but broke up i nto 

globules which were relatively large, whereas coconut oi1 was readily 
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TABLE VI 

The IDhibi tory Ef'fect of Coconut Oil Partition on the Growth of 
Small Humbers of M. tubercW,osis (BCG} 

Growt.Jr1" of oU parti tio~ Growth"'of 
Expt. lm ber be.cilli untreated bacilli 
Jo. 

1 

2 

of BCG 

2 weeks 4 weeks 2 weeks 4 weeb 

5 x 107 + +++ ++ +++ 
5 x 105 - ++ + +++ 
5 x lo3 - + + ++ 
5 x 101 - - - + 

5 x 105 - +++ +++ +++ 
5 x 104 - ++ ++ +++ 
5 x 1o3 - ++ - +++ 
5 x 10

2 - - - ++ 

5 x 10
1 - - - + 

1 Bac1111 vere collected on 11811lbraœs am cul t1 vated on 
Ldwœtein ( .Jeœen) mediua 

+f+ * kteut. ot growth 
+ 

i 
' ' 

• • 1 
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emulsified. The limi ted contact between bacilli and oil is the most 

probable explanation for the observation that liquid paraffin is not 

an efficient vehicle for oil partition under the experimental con­

ditions. 

Nei ther was there a true emulsion 'When petroleum ether was 

used. In this case it is possible that the bacilli do DOt migrate 

into the solvant, but collect in the interface between the layers; 

earlier workers who used ligroin and other hydrocarbons for the con­

centration of tubercle bacilli in sputa, customarily found the bacilli 

in the interface. 

It is concluded that, Uilder the experimental conditions, 

coconut oU is more efficient than ei ther liquid paraffin or pet­

roleum ether for the collection of small numbers of tubercle bacilli 

by oil partition. 



-83-

Investigations on Tuberculo-Lipids 

In order that the oil partition method may be effectively 

applied to the collection of tubercle ba.cilli, i t is essential to 

find a means of preventing or reducing the lethal action of coconnt 

oil for small numbers. It was suggested by Hawirko am Murray (1954) 

that the ba.ctericidal effect might be due to the removal of an essen­

tial lipid from the cell surface by solution in the oil. That this 

might possibly be the mode of action was indicated by the finding that 

addition of cholesterol or cephalin to a bactericidal oil reduced its 

effect to a considerable degree. 

A study wa.s made to determine whether or not lipid fractions 

extracted from the tubercle bacillus could overcome the iDhibitory 

action of coconut oil, by incorporation in it, or allow the growth 

of oil parti tioœd ba.cilli by incorporation in the cul ture medium. 

The principles Ullderlying this approach are, (1) by addition of 

tuberculo-lipid to coconut oil, (i.e. by saturation of the oil "With 

lipid) the capacity of the oil to dissolve further bacillary lipids 

may be diminished; (2) addition of lipid to the culture medium may 

provide an essential lipid which had previously been. lost to the oil 

during the process of partition. In this connection, Marks (1953) 

has shown that an ethereal tuberculo-lipid extra.ct 'Will allow the 

growth of small inocula of tubercle bacilli when incorporated in an 

otherwise d,eficient medium. In addition, extracts of M. phlei are 
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commonly used in the preparation of culture media for fi· .iohnei, which 

appears to be deficient in essential substances œcessary for pro-

liferation on artificial media. 

Proced.:u};e 

A large quantity of BCG culture# grown on Sauton's medium was 

killed by steaming at 100°C. for one hour, washed, dried ar:d extracted 

w.ith diethyl ether by the method of Amerson (192'7). Ultimately, the 

crW.e extract was separated into three fractions - (i) an acetone­

soluble fat, (ii) an acetone-insoluble fraction obtained as a white 

power after purification am (iii) an acetone-insoluble wax. These 

correspor:d in method of preparation to Anderson' s neutral fat, A-3 

(phosphatide) and A-4 (low-melting wax) fractions, respectively. 

Though not subjected to chemical analysis, they will be refe~d to 

as fat, phosphatide and wax, 'With the Ullderstaz:ding that they corres­

pond in method of preparation to Amerson' s fractions of the same 

designation. Full details of the extraction process and separation 

of the fractions are provided in Appendix B. 

Each of these fractions was miscible in all proportions w.ith 

coconut oil. The crude ether extract am the acetone-soluble fat 

fractions, though miscible, wre not completely soluble; even after 

thorough mixing a:cd heating the mixtures rem.a.iœd turbid. The 

# Supplied by L 1 Institut de Microbiologie et à 1 Hygiéne, 
Université de Montréal, through the courtesy of Professor A. 
Frappier 
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addi tian of petroleum ether did not bring about solution of the 

mixtures, nor were these fractions themselves soluble in petroleum 

ether. Attempts to pass these turbid suspensions through membrane 

filters were unsuccessful, due to clogging of the membranes. The 

phosphatide and wax fractions produced completely clear solutions 

'With coconut ail and 'With petroleum ether. 

To test the affect of the lipid fractions on the growth of the 

tubercle bacillus, they were incorporated in Lowenstein (Jensen) 

medium. The method for the preparation of medium containing these 

extrflcts is detailed in Appendix B. 

Results 

The effect of tuberculo-lipid added to coconut oi,J.: Preliminary 

attempts were made to collect tubercle bacilli from aqueous suspension 

'Wi th mixtures of coconut oil and the phosphatide and wax fractions. 

Centrifugation of the emulsion did not achieve separation of the tw 

phases; a soapy mass resulted and there was no clear distinction 

between oil and water layera. As it was impossible to recover the oil, 

a different procedure was adopted. 

Tubercle bacilli of the BCG strain were deposi ted on membrane 

fil ters by the passage of one ml. of 1 single cell 1 suspensions which 

contained 5 x lo3 and 5 x 102 bacilli per ml. respectively. Suction 

was applied to the membranes for one hour, at the end of 'Which time 
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the membranes wre quite dry. The suction w.s eut off, am l ml. 

aliquote of coconnt oil, coconnt oil containing 10% phosphatide and 

coconut oU conta.ining 10% wax were deposi ted on each membrane. 

After one hour of exposure, 10 ml. of sterile petroleum ether ws 

added to each fil ter azxl agi tated vigorously wi th a pipette to dis­

solve the oil. This was drawn through the membraœ, 'Wh.ich received 

a final wah of 2-.3 ml. of petroleum ether. The membranes were 

transferred to Lowenstein (Jensen) medium and incubated at .37°C. 

This method ws used instead of deposi ting the bacilli on fil ter 

paper squares, as the latter does not allow reproducible resulta 

'When the imculum is small. 

The re sul ta in Table VII show that the phosphatide fraction 

i:ncorporated in coconut oil had a slight protecti ve effect on the 

viability of the tubercle bacillus, "When the original. inoculum con­

sieted of 5 x 103 bacilli. 'When the wax fraction w.s incorporated 

in oU, there wa.s slightly more profuse growth than in thoae cultures 

which had been exposed to the oil alone. With the smaJ.ler inoculum 

there wa.s no significant difference between the tests. It is note­

worthy that growth was obtaiœd from an inoculum of 5 x 102 bacilli 

after exposure to coconut oil Ullder the conditions of this experi­

ment, 'While growth was œver obtained from an inoculum smaller than 

5 x leY ba.cilli in oil parti ti on experimenta. 
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TABLE VII 

The Growth of M. tuberculosis (BCG) Af'ter Exposl.U'e 
to Cocouat Oil and Tubercylo-Lipid Fractions _____ 

Bac1lli exposed Growth after incubation for: 
tor oœ hour Inoculllll 

to 

2 weeks ~weks 4 weeka 

1 
! 

Coconut 1 5 x lo3 - + ++ 
Oil 

5 x 102 - - + 

Coconut Oil 5 x leY + ++ +++ 
pl ua 

5 x 102 + 10% phosphatide - -

Cocormt Oil 5 x leY - ++ +++ -plus 
5 x 102 10% wax - - + 

+++ 
++ lxtent of growth 
+ 

Bo growth 
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The effect of tuberculo-lipid incorporated in Loweœtein medium: 

1Single cell1 saline suspeœions of BCG were prepared which contained 

5 x lo4, 5 x leY and 5 x 102 bacilli in volumes of 5 ml. These were 

subjected to coconut oil partition, the ba.cilli were collected on 

membranes and planted on media containing the crude lipid extract, 

and each of its three fractions in a final concentration of 0.5% 

(see Appe!Xlix B). The resulta in Table VIII show that DOt only do 

the se lipid fractions fail to assist the growth of oil parti tioned 

tubercle bacilli, but the crude lipid extract and the acetone-soluble 

fat actuaJ.ly inhibi t their growth; DO growtb. was obtaiœd on media 

containing these fractions even when 5 x lo4 bacilli were present in 

the original suspension. 

A second experiment was carried out in order to determine the 

affect of tuberculo-lipid on the growth of untreated ba.cilli. The 

media containing the lipid fractions were dispeneed in Petri dishes 

of 5 cm. diameter. These were seeded with relatively heavy inocula 

of each of the three strains of BCG, HA ani HS; ten day Tween-albumin 

cultures were adjusted to equal opacity using fresh medium, in order 

that the inocula be of similar aize, and diluted to l/100 with fresh 

medium. Calibrated dropping pipettes, which delivered drops of 

0.025 ml. volume, were used to seed the media, each of which received 

one drop of the 1/100 dilution of the culture. The imcula were 

spread over the surfaces of the media, the plates were sealed wi th 
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adhesive tape and incubated at 37°0. The plates -were examined at 

four day intervals and the re sul ts in Table IX are expressed as 

tbat multiple of 4 days on which growth -was first observed. Visible 

growth of the BCG strain bad occurred after eight days on Lowenstein 

medium alo:ne and on the media conta.ining phosphatide and wax, but did 

not appear until the sixteenth day f1€ incubation on the media con­

taining the crude extract or the acetone-soluble fat; the HA and HS 

strains grew more slowly than BCG, but the smne feature is evident. 

The HS strain did not grow at ali after 24 days of incubation on the 

medium conta.ining acetone-soluble fat; it appears to be more sen­

sitive to this fraction than either of the ether two strains. 

The solubility of acetone-soluble fat in oils: It -was noted earlier 

in this section that the acetone-soluble fat and the crude lipid 

extract were not completely soluble in coconut oil or in petroleum 

ether. In contrast, the phosphatide and wax fractions formed per­

fectly clear solutions wi th both the se mate rials. Tes ting of the 

solubility of each of the tuberculo-lipid fractions in other oils 

showed that there appeared to be a relation between the inhibitory 

action of an oil and i ts abili ty to form a clear solution wi th the 

acetone-soluble fat fraction. The moderately inbibitory sesame and 

olive oils and the highly inhibitory peanut oil formed clear, faintly 

opalescent solutions wi th the fat fraction. Liquid paraffin, which 

has oDl.y slight inbibitory activity f01om.ed a turbid suspension, of 
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T.AJU VIII 

The Inf'l:œnce of TuberclÜo-Lipid on the 
Growtb of 011 Partitioœd Tub!rçle Be.cilH (BCG) 

llœber 
or 

BCG 

s x lo4 
5 x io3 

5 x 1o2 

Strain 

BCG 

BA 

BS 

Growth atter 5 weks on LOwnsteinllediœ 
coDtaimng: 

o.~ 
Dil cru:ie O.sJ o.sJ 

extract. rat phoepbatide 

++ - - +++ 

+ - - + 

- - -

The Influence of 'luberclÜo-Lipid on tbe 
Growth of Untreated Tgbercle Baeill1 (BCG) 

o.sJ 
vax 

++ 

+ 

The maber or daye required tor earllest visible 
grovth on LôlMnste1n mediœ contaiid.q: 

Dil 0.5$ 
crude 0.5% o.~ 0.5% 

extract fat pbosphatide wax 

8 16 16 8 8 

16 20 20 16 16 

l2 20 -' ,u l2 

# Jo growth att.r 24 dqe 

'!•·' 

. . \ 

:<~ 
Î 

' ' ~ .1 

' 

! 
l 
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about the same densi ty as that formed wi th coconut oil. The se ob­

servations also extend to organic solvants; the fat fraction was 

soluble in acetone and in ether, both highl.y toxic for the tubercle 

be.cillus, but mt in petroleum ether, Wich is inilOcuous. 

Oleic acid, which has a marked lethal action, dissolved the fat 

traction completely. This was also acbieved by undecylic, undecyleDic 

am caprylic acids. The triglycerides, tricaprylin and tricaproin, 

on the other hand, formed turbid suspensions with the fat fraction; 

the se wre IlOt as de:cse as the suspensio:cs formed wi th coconut oil 

and liquid paraffin. The affects of the triglycerides and the three 

lower fatty acids on the viabllity of the tubercle ba.cillus were mt 

tested. 

In order to confirm these observatio:cs, small. quanti ties of 

each of the three tuberculo-lipid fractions were mixed wi th 5 ml. of 

each oil, fatty acid or triglyceride and placed in a water bath at 

60°C for one hour. At the end of this time the tubes were exa.mined 

and the results o~ the test with the acetone-soluble fat traction 

are shown in Table x. The phosphatide and w.x fractions dissolved in 

all materials tested, but on cooling to room temperat'ln'e the mixtures 

of wax and each of the triglycerides became turbid. All others re­

mained clear, even after a further twenty four hours at room tem­

perat'ln'e. The insoluble material in the mixtures of fat and coconut 

oil, liquid paraffin, tricaprylin and tricaproin had settled to the 
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TABLE X 

The Lethal Action of Lipids and their Ability 
to Dissolve the Acetone-soluble Fat of the 

Tubercle Bacillus 

Lipid Lethal Acetone-soluble 
action rat 

Coconut oil + Insoluble 

Sesame tt ++ Soluble 

Olive " ++ • 
Peanut " +++ " 
L.Paraffin + Insoluble 

Caprylic ac id Soluble 

Undecylic acid n 

Undecylenic ac id • 
Oleie aeid +++ " 

Tricaproin Insoluble 

Tricaprylin Insoluble 

~ ...... 

·1 
j 

l 
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bottoms of the tubes after forty-eight hours at room temperature, 

and could be resuspended on shaking. 

It would appear that a free carbo:xyl group is one of the 

features necessary to achieve solution of the acetone-soluble fat; 

both saturated and unsaturated acide dissolved it, while the two 

triglycerides did not. As an unsaturated triglyceride was not 

available, it was oot possible to determine to what extent the 

ability of peanut, olive and sesame oils to dissolve the fraction 

was due to their content of free fatty acids or of unsaturated 

triglycerides. 

These resulte would iDlicate that if vegetable oils exert their 

lethal action on the tubercle bacillus by dissolving a:od removing an 

essential lipid from the surface of the cell, rather than by an in­

herent toxicity, this essential material is closely associated w.i.th 

the acetone-soluble fat fraction of the bacillus. The finling that 

the acetone-soluble fat inhibits the growth of the tubercle bacillus 

'When incorporated in egg medium might appear to contradict this, but 

this fraction contains a considerable amount of free fatty acids in 

addition to neutral fats (Amerson 19.39), and free fatty acid is 

bacteriostatic for grow.lng tubercle bacilli even in minute concen­

trations (Drea 1944; Dubos 1950). The inhibitory affect of the 

crude lipid extract on growth is doubtless due to i ts content of 

acetone-soluble fat. 
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The phosphatide fraction appears able to afford a slight 

protection to tubercle bacilli exposed to cocouut ail. Whether this 

is a specifie effect is doubtful, as Hawirko (1954) showed that 

cephalin and cholesterol also protected tubercle bacilli exposed to 

other vegetable ails. It is interesti:ng to note that other phos­

phatides am sterol~, e.g. lecithin am calciferol have been reported 

to be able to reverse the bacteriostatic effects of small amounts of 

free fatty acid present in a nutrient medium (Kodicek 1949). 

The fiming that the Amerson A-3 phosphatide fraction when 

incorporated in egg medium is 'Without apparent effect on the growth 

of either untreated or oil partitioned tubercle bacilli is in agree­

ment with that of Boissevain and Schultz (1938); these workers re­

ported that this fraction had no influence on the growth of small 

inocula in a synthe tic medium. 

Since the phosphatide and wax fractions were without influence 

on the growth of ail parti tioned bacilli, and oil parti ti on usi:ng a 

solution of tuberculo-phosphatide in cocoiiUt oil was IlOt technicaJ.ly 

feasible, the need for another approach was irxiicated. 
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Fluid Media for the Cul ti vation of Oil Parti tioned 

Tubercle Bacilli 

A comparison was made of the relative mari ts of LOwenstein 

(Jensen) medium, Tween- albumin fluid am Kirchner's semi-eynthetic 

medium (Reed 195.3) for the cultivation of oil partitioœd tubercle 

bacilli. Preliminary trials had shown that the two fluid media -were 

equally effective in ini tiating the growth of small inocula of DOr­

mal bacilli. The Kirchœr medium contained 10% human serum, as this 

was available in large quantity; its preparation is described in 

AppeiXlix A. 

Each medium was seeded with membraœs on which had been col­

lected tubercle bacilli of the BCG strain parti tioned by coconut oil 

from suspensions which contained 50,000 to 50 bacilli. Table XI 

shows that the fluid media are superior to Lowenstein medium for the 

cultivation of .oil partitioned bacilli; each allowed growth of 500 

ba.cilli, while growth on the LOwenstein medium did not occur w.ith 

fe-wer than 5000 bacilli. Further, growth appeared earlier in the 

fiuid media. Essentially the sa.me re sul ts were obtained w.i th the 

HA strain. It grows more slowly than BCG, but is 1ess susceptible 

to the lethal. action of coconut oil. The superiority of the f1uid 

media is DO doubt due, in part, to the fact that nutrients are more 

readily accessible as a re sul t of more intima te contact between the 

bacilli am the medium. 
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TABLE Xl 

So1id and Fluid Media for Cultivation of 
011 Partitioned Tyberc1e Bac11li (BCG) 

Lewenstein Dubos' 
Number of medium medium 

R.;G 2 4 

Kirchner 
medium 

2 4 2 1 4 
weeks weeks weeks weeks weeks weeks 

4 
5 x 10 - +++ + ++ 

5 .A 103 - + + ++ 

5 J... 10 
2 - - - ++ 

5 x 10 
l 

1 

l~_L 1 -
1 

+++ 
++ Extent of growth 
+ 

Ho growth 

+ ++ 

+ ++ 

- ++ 

- -
. · ·.~ 

- ~ 
~·~ 

'i 
<: 
·' 

, •. 
,( 

1 

l' 
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For reproducible resulta with small inocula in Kirchner medium 

it was found necessary to clean the culture flasks by immersion for 

twenty four hours in a mixture of lo% concentrated ni tric acid in 

conoentrated sulphuric acid; visible films observed after washiDg 

the culture nasks 'With a detergent were removed by treatment 'With 

the acid mixture. By the use of fiasks cleaned in this manner, i t 

was possible to obtain growth consistently from an inoculum as small 

as 20 bacilli (0.2 ml. of a lo-5 dilution of a suspension which con-­

taiœd 1 x 107 bacilli per ml.). 

Kirchner•s medium was selected for use in all subsequent 

experimenta. It is easier and more ecoDDmical to prepare than Tween-­

albumin medium and is as good as the latter for the cultivation of 

tubercle bacilli. It was preferred to Tween- albumin medium in 

experimenta with gro'Wth factors, as it has been shown by a number of 

workers that Tween 00 may affect the action of substances, present 

in the medium, on the multiplication of tubercle bacilli (Kirby ard 

Dubos l947J Youmans and Youmans 1948). Another advantage is that 

smears œed not be prepared in order to check the puri ty of a cul­

tm-e. Growth occurs in the depth of the medium as characteristic 

granular clumps and the medium remains clear at ail times; aey ap­

pearance of turbidi ty indicates the presence of contamiœ.nts. 
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The Influence of Accessory Growth Factors on Oil Parti tioned 

Tuberc1e Bacilli 

As attempts to re store the viabi1i ty of oi1 parti tioned tuber­

ela baci11i by the use of tuberculo-lipids wre unsuccessful, atten­

tion was directed toward the possibili ty of augmenting or assisting 

. their metabolism by the i:ncorporation of accesso:ry growth factors in 

the culture medium. A number of diverse substa:nces wre ex.amined 

which inc1uded B-comp1ex vitamine, <J'.-tocophero1 acetate, phthioco1, 

menadio:œ diphosphate, d(-) arabinose, acetic, o1eic am lino1eic 

acids, an aceto:œ extra.ct of}[~. "Ohlei and the fi1trate from a culture 

of Camida albicans. 

Few reports have appeared in the literature concerning the 

stimulation of growth of the tuberc1e bacillus by the vi ta.mins B. 

Indeed, Pope am Smith (1946) am Bird (1947) have shown that vi ta­

mins of this group are e1aborated by tuberc1e bacilli grown in syn­

thetic media devoid of preformed vitamins. Uyei (1930) c1aimed that 

imsitol, in concentrations of 0.01 - J$ stimulated the growth of 

tuberc1e bacilli in synthetic media, provided a large inoculum was 

used. Nagaya (1951) reported that inosi to1 stimulated the growth 

of M. avium provided asparagine was also present. Lei tœr (1937) 

reported stimulation of growth by thiamine am Lutz;.·. (1949) demon­

strated that pantothenic acid in high concentration (10 - 15 mgms 

per 50 ml.) stimulated the growth of tuberc1e bacilli in synthetic 
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media. A most interesting report was that of Schaefer (1955), 'Who 

showed that certain strains of the tubercle bacillus do not grow on 

oleic acid - albumin agar upon primar,y isolation except in the presence 

of biotin or in an atmosphere containing 5% carbon dioxide. This 

fi:cdi.Dg suggested that the function of biotin in the metabolism of the 

bacUl us is associated wi th assimilation of carbon dioxide. 

Dubos (1947) reported that the water-soluble tocopherol phos­

phate produced a marked improvement in the growth of tubercle bacilli 

in Tween - a.lbumin medium in a concentration of 0.005%. Kodicek (1949) 

showd thatot.-tocopherol and its acetate reversed the inhibito:cy affect 

of long chain fatty acide for Lactobacillus casei. Tocopherol is 

thought to play a role in lipid metabolism by virtue of i ts anti-

oxidant action; i t apparent1y spares the oxidati ve breakdown of' essen­

tial fatty acide in animal tissues ( Gortner 1949) • Phthiocol1 the 

pigment iso1ated by Amerson (1919) from the acetone-soluble fat of 

the tuberc1e bacillus, was shown by Woo1ey am McCarter (1940) to be 

active in supporting the gro'Wth of M. johnei in a sJ::JYtlletic medium. 

Phthiocol is structurally similar to Vitamin K1 but most reports con­

cerning this vitamin am its analogues inli.cate they are tuberculo­

static (Inlam 1949; Pani.sset 1952). Kimler Ü950) suggested that the 

tuberculostatic action of Vi tamin K am i ts analogues i s due to their 

f'unctioning as inhibito:cy competitive analogues of' phthioco1, which he 

regards as an essential metabolite. 
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LoDg chain fatty acids may have an inhibitory or stimulatory 

affect on the growth of the tubercle baclllus, depeDding on the experi­

mental co:rxli.tions. Dubos (1947 1 1948) showed that they enhanced 

growth when added to cul ture media in a.dmixture "Wi th suffi cie nt serum 

al.bumin to œutrallze the ir toxici ty. Youma.ns aiXl Youmans(l954) re-

ported that long chain fatty acide can replace glycerol as a carbon 

source in a completely syuthetic medium provided the concentration 

is mt too high am the inoculum is :not too smaJ..l.. 

The pentose sugar d (-) arabinoee is not often toum in 

nature. It ie fowxl, however, in the polysaccharide obtaiœd by 

saponification of the chloroform - soluble wax of the tubercle 

bacillus (Anderson ~.39~.. It ws considered worthy of study des­

pite the fiDding of Youmans am Youmans (1953) that neither the d{-) 

nor l{+) isomere could replace glycerol as a carbon source for the 

tubercle bacillus. 

In 19541 Manld.e"Wioz reported that Caniida aJ,bicans produces 

a factor "Which promotes the growth of tubercl.e bacilli of reduced 

viabili ty. Growth of two recently isolated strains of tubercle 

bacilli ws obtaiœd in culture filtratee of .Q.. albicans grown in 

brain :hearl. infusiOD. broth. 

Francis et al.. {19491 1953) reported the isolation from M. 

phlei of a growth factor for kl· _j_ohœ.!_ which ws plri.fied and gi ven 

the :œme 1myooba.ctin1 • This compowxl had not been described 
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heretofore and was shawn to have a chemical structtu"e distinctly dif~ 

fere nt from arry other known growth factor. Most known gro'Wth factors 

are of 'Widespread occurrence in nattu"e, "Whil.e mycobactin appears to 

be distri.buted orùy 'Wi thin the genus Mycobacterium. Francis sug­

gested that i ts production restù ts from some pectùiari ty in the meta­

bollsm of the genus; H,. iohnei apparently has orùy a limi ted abili ty 

to synthesize this substance upon primary isolation. 

Procedures 

The growth factors were incorporated in Kirchœr's fluid 

medium by the addition of 1 ml. of a stock solution, or a dilution · 

thereof, to give the final concentration desired. The sources of 

these substances are given in Appendix C and the chart below s~ 

mari.zes the mode of preparation of stock solutions. 

CO!!!PQUild Solve nt Stock SoJ:ution 

Biotin Phosphate buffer pH 7.2 1 mgm/ml 

p-.Aminobenzoic acid Basal medium. 1 mgm/ml 

Pyri.doxine.HCL Il 5 mgms/ml 

meso-Inosi tol n lOO mgms/ml 

Thiamine. HCL n 10 mgms/ml 

Calcium pantothenate Distilled water 50 mgms/ml 

dl-~ -Tocopherol Acetate Ethanol-w"B.ter (1:10) 5 mgms/ml 

Menadione diphosphate Distilled water 1 mgm/ml 
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CoJ!ll)()llDi Sol vent Stock Solution 

Phthiocol Dietilled water 0.5 mgm/ml 

Sodium acetate prepared in basal medium 

01eic acid N Na.OH 10 mgms/ml 

Limleic acid N NaOH 5 mgms/ml 

All materials except Tocopherol acetate and sodium acetate 

were sterilized by membrane filtration. Tocopherol, being insoluble 

in water was made up in etha.Dol, sterilized by Cellafilter filtra­

tion am sterile distilled water added to gi ve an emulsion in which 

the final concentration of tocopherol acetate was 5 mgms/ml. 

Sodium acetate was sterilzed by autoclaving after incorporation in 

the basal medium. 

d(-)Arabinose: This was prepared in 10% solution in Kirchœr basal 

medium which conteined no glycerin am sterilized by membrane fil­

tration. A 10% solution of glycerin in the basal medium was also 

prepared am the se were added, in the proportions shown below' to 

basal. medium 'Without glycerin; 10 ml. of serum was added to each 

lOO ml. of the various media before use. 

ml. ml. ml. Final concentration 
Basal. medium 10% 10% after addition of serum 
1 DO glycerinl glycerin arabi no se % glvcerin % arabinose 

00 20 1.8 

70 20 10 1.8 0.9 

70 10 20 0.9 1.8 

90 10 o.t. 
00 20 1.8 
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Acetone extract of M. phlei: This lias prepared after the method of 

Fra.DCis {1953); its preparation is described in Appetldix D. A 1/8 

dilution of the acetone extract ws prepared in basal medium and 

steamed at 10000 unti1 the nitroprusside test for acetone became 

negative {Ha'Wk, Oser and Summerson 1954). The extract remained 

evenly dispersed throughout the basal medium af'ter removal or the 

acetone. Increasing ._t dilutions were prepared in the basal medium 

and 10% serum liaS added. The final concentrations or acetone ex-

tract in the complete media were l/35, J./140, 1/5(:/J and 1/2240. 

Can:lida albicans filtrate: Candida albicans liaS grown for two 

weeks in a medium consisting or 2$ peptone and 1$ cerelose in dis-

tilled liate!. The rl.Üly grown cul ture liaS autoclaved and Sei tz­

fi1tered to remove the yeast cells. The Seitz filtrate ws added 

to Kirchner medium in concentrations which extended from 1 - 10%. 

The amount or serum was reduced so that the combined proportions of 

filtrate and serum did mt exceed 10%. 

The HA strain was used in these investigations. The bacillary 

suspensions used for oil parti ti on contained numbers ranging from 

1000 to 100 bacilli per 5 ml. The content was determiœd by the 

#Dr. F. Blank, Department of Bacterio1ogy, McGill University. 
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extent of dilution of the fil tered saline suspension upon which 

the total count was performed. In the majority of cases1 the 

ba.cilli were transferred to the culture medium immediately after 

oU partition. In some cases however, the be.cilli were allmo7ed to 

remai.n in the oil for varying periode of time in order to determine 

the effect of added substances on ba.cilli da.ma.ged by prolonged ex­

posure to coconut oil. 

In order to obtain a rough quantitative estimate of the ef­

ficacy of added materials, the practice was adopted of exmnining 

the cultures daily aiJd recording the day on which growth first be­

came visible. As there was soma variation, usua.lly mt more than 

tw daye, in the time taken for duplicata samples to show growth 

when small inocula were used, five replicates were included in each 

test, in order to minimize the sampling error and also to prevent 

contamination from invalidating an experiment. Ail experimenta · 

were termina.ted after 28 daye of incubation. 

The affect of these growth factors on normal tubercle bacilli 

was also examined. As tubercle bacilli grow readily in Kirchner • s 

medium, the i:ooculum was reduced to about 50 bacilli (0.2 ml. of a 

suspension diluted to contain 250 ba.cilli par ml.) in order to ren­

der the test the more sensitive. 



-105-

ResuJ.t.s 

The re sul ts of the se experimente are summarized in Tables XII 

to XVII inclus! ve and show that only ioosi tol and the CaDd.ida 

albiC§IlJ! fU trate e:xerted aey favourable illf"lœ:oce on the growth of 

oil parti tio:oed tubercle ba.cilli of the HA a train. 

In Table XII, it is shown that ioositol in a concentration of 

100 micrograms/ml. or greater allowed the growth of all five rep­

licates 'When a suspension contaimng lOO ba.cilli was subjected to 

oil partition. No cul ture a grew 'When the ioosi tol content was 

10 micrograms/ml. am onl.y one grew when the mediun contaiœd oo 

imsi tol. Imsi tol appeared to have little or DO iDfluence on the 

growth rate; the re appeared to be a slight increase in the time re­

quired for earliest visible growth when the original suspension con­

tained · 500 bacilli. Biotin in concentrations from 0.1 micrograms 

to 10 micrograms allowed more rapid growth of organisme collected 

:from a suspension containing ~00 bacil.l.i1 but in the higher con­

centration, oot al1 samples grew. Calcium pantotheœte bad a slight 

favourable i:c:f'luence on growth rate; pyridoxine, in a concentration 

of 50 micrograms per ml. appeared to be somewhat inhibitory for oil 

partitioned bacilli; the time required for earliest visible growth 

increased am the proportion of replicate samples sho'Wi.ng growth 

decreased. 
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·rABLE XII 

The Influence of B Vitamins on the Growth 
of 011 Partitioned Tubercle Bacilli (HA) 

* (The time in days required for first appearance of growth ) 

Number of bacilli 
Compound Conce/tration 

~---('lll 500 lOO 

Bio tin 0 - 21 

0.1 - 18.2 

l - 1'1{~ · 
-- 10 - 19:)

8 

Thiamine. HGl 0 14.7 -
1 15.lt -

4 
10 15.2 -
lOO 14.8 -

p-Aminobenzoic 0 16.6 -
ac id 

0.1 15.5 -
1 22.7 -
10 16 -

~lt;~J~'"i;.,~;1. :·; ··· · · .. ,. : ' 

J ~ ::~.:.7.< ~ ' 

,, . 

·, 

.. 
' 

·i 

4 
·t 
l 
{ 

• ) 

.. ' 
..... ,.! ~:~ 

. , 
i 

• . · ~ 

. . . "' 
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TABLE XII (Cont'd) 

Number 
Compound Concentration 

Ylml 
500 

Calcium 0 16.2 
pantothenate 

16.8 5 

50 14.6 

500 14.6 

Pyridoxine .HCl 0 16 

0.5 15.1 

5 15.5 
4 

2 
50 18.5 

Inosi tol 0 14 

10 14 

100 16 

1000 15.2 

of bacilli 

lOO 

-
-
-
-

-
-
-
-

16
1 

' 

x 
15:6 

15.6 

- - ~ 

. -

: -: .. 

'. 

~.. . ~. 

.1 .:..:·_, . 
. :.~ 

· ·~.:J r '{~.~~ 
• The average t1me required for 5 samples to show vi si ble growth-. . . :.'b~:.,~ 

Growth of 1ess than 5 samples is indicated by the superscript. · ·,-;7\· .•: 

om.i tted 

X growth failure in all samples 

.... 
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Table XIII shows that oone of the fatty acids e:xerted any 

f'avourable influence on growth. Oleic acid ws slightly inhibi tory 

in a concentration of 0.05 mgms per ml. am 0.1 mgm per ml. ws 

completely inhibi tory for both oil parti tioned am normal bacilli. 

LiDOleic acid did not inhibit growth in a concentration of 0.05 

mgms per ml.; higher concentrations -were not tested. 

Prelimiœry tests -were carried out to determine the affect 

of tocopherol acetate, phthiocol and menadione diphosphate on the 

growth of normal bacilli, in order that a suitable range of concen­

trations could be selected for testing. Phthiocol and menadione 

delayed growth in concentrations of greater than 10 micrograms 

per ml. am lOO micrograms per ml. respectively, while lo-wer con­

centrations had no inhibitory influence. Tocopherol acetate had 

no influence on growth in concentrations from 0.1 micrograms to 

50 micrograms per ml. provided the concentration of ethanol, "idch 

was used to dissolve it, was less than 0.1$ in the complete medium; 

grovth was retarded when ethanol "WB.S present in 1% concentration. 

Table XIV shows that noœ of these substances exerted a favourable 

influence on the growth of oU parti tioned bacilli. Tocopherol 

acetate delayed growth in a concentration of' 50 micrograms per ml. 

Table XV shows that the combination of d(-)arabinose and 

glycerin in concentrations of 1.8% and 0.9% respectively caused a 

marked delay in the growth rate of oil-partitioned bacilli; the 
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TABLE XIII 

The Influence of Fatty Acids on the Growth 
_Qf_Qil Partitioned Tuberc1e Baci111 (HA) 

Number of baci111 
Compound 

Sodium 
acetate 

Sodium 
oleate 

Sodium 
11no1eate 

Concentration 
mgm. per 

0 

0.1 

0.5 

1.0 

0 

0.01 

0.02 

0.05 

0 

0.002 

0.01 

0.05 

ml. 1000 

15.8 

15.lf. 

15.0 

16.8 

14.4 

15.2 

13.4 

16.6 

500 

16 

14.7 

16. 

15 

100 

25.63 

22 

22.~ . 
24

4 

4 
19 

17.4 

19 

'24.63 

~ 

i 
J 
··' 

1 

•.· ·• 
· . ·1 

· ·.·· ,~ 
* The average time required for 5 samp1es to show vi si ble growth • . · . . :.(~~-1 

Growth of less than 5 samples is indicated by the superscript. · .<:~:ii 
- omit ted '. ·~'}~~~·.·. 

· ·. ~ · ,':)~.· .. 
. ·.: ·::"/;~: . 

• • '· .: '1 

. 1 
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TABLE XII 

The Influence or Tocopherol 1 Phthiocol and, 
Menadione on the Grovth or 011 Partitioned 

Tubercle aacilli <B4> 

• (The time in days required for first appearance or grovth ) . 
Nu:iaber or bacilli 

Compoand Concentration 
YIJDl. r;oo' 250 

0 174- 16.2 

~ '-Tocopherol 5 18.2 18.2 
acetate lt-

50 19.4- 19.5 

4- lt-
0 20.5 17 

Phthiocol o.r; 18.2 18.6 
4 

5 19.6 19.lt-

0 - 20•2 .... 

Menadione 1 - 19
4 

di phosphate 
10 - 18 

• The average time required for 5 samples to show visible 1rovth. 
Growth of less than r;· samples is indicated by the superscript. 

1 Exposed to c oc onu t oil for 3 hours 

- omitted 

;· ·./' .'.· . 

1 
! 
1 

. 
i 

.. "" 

·., 
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TABLE XV 

The Influence of g(-) Arab1nose on the Growth 
of Oil Partitioned Tubercle Bacilli (500 HA) 

(The time in days required for first appearance of growth*) 

Composition of medium first 
appearance or. 

% 
growth (days) 

Glycerin % Arabinose 

1.8 0 15 

1.8 0.9 17.64 

0.9 1.8 214 

0 0.9 16.5 

0 1.8 17
2 

• The average time required for 5 samples to show visible growth. 
Growth of less than 5 samples is indicated by the superscript. 
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same ef'i'ect w.s mted wi th mrma.l ba.cilli. This ei'i'ect was mt as 

promunced when the medium conteiœd only d(-) arabimse. 

Table XVI shows that the 11,.phlei acetone extract has no i~P 

fiuence on the gro'Wth rate of' oil-partitioœd ba.cilli; nomal ba.cilli 

wre mt tested. Prelimina.ry tests showd that this extract co~P 

taiœd a factor which promoted the growth of' 11,. johœi, howver. 

(See Appeiidi.x D). 

Table XVII shows that the Candida albicans f'iltrate contains 

a factor or factors which stimulated the growth of' bacilli which 

had been exposed to coconut oil for three hours subsequent to oil 

partition. In a concentration of' 5%, gro'Wth occurred in each of' 

the i'ive repllcates and in only two of' i'ive replicates when the 

medium contaiœd m Candida f'iltrate. Complete replacement of' the 

serum by Candida fil trate allO"Wed DO growth, ei ther of' oil par­

titioœd or tmtreated bacilll. This iniicates that a factor is 

present in serum which is essential for growth of' a small imculum. 

of' the tubercle ba.cillus in synthetic medium, and which is oot rep­

laced1 or substituted for, by the Candida factor. 

Under the experimental condi tians, none of' the factors which 

wre e::mmiœd exerted a stimulating ei'i'ect on the gro'Wth of' mrma.l 

bacilli of' the HA strain. These resulta are mt included in the 

tables which summarize the resulta obtained with oil partitioned 

bacilli; DO direct comparison can be made because a smaller i:no­

culum. was used in the tests with mrmal bacilli. 



TABLE XVI 

The Influence of M. ph!ei Acetone Extract 
on the Growth ot 011 Partitioned Tubercle 

Bacilli (BA) 

• (The tiae in days required for first appearance or grovth ) 

Concentration Humber ot bac il li 
ot 

Extract 
500# 250 

1 0 16.74 17.2 

1/35 20.64 16.74 

1/140 17 17.4 

1/560 17.4 16.8 

l/22lt0 184 18.7 

• The average time required for 5 samples to show visible 
growth. Growth of less than 5 saaples is indicated b7 the 
superscript. 

# Bxpoaed to coeonu.t oil tor 3 hours. 

: ï 

Il: 
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TABLE XVII 

The Influence of c. albicans filtrate on 
the Growth of 011 Partition·e.d Tubercle 

Bacilli ( 500 HA) U 

Composition of Medium first appearance 
cf grmvth (days) 

serum % Candida filtrate 

10 0 17.52 

9 l 16.74 

7.5 2.5 17.4 

5 5 15.5 

0 10 x 

* 

* The average time required for 5 samples to show visible 
growth. Growth of less than 5 samples is indicated by the 
superscript. 

X Growth failure in all samples. 

# Exposed to coconut oil for 3 hours. 

•. >·~;·~t~ . . ··.) . ·. .~ 
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Furthe,r Studiea wi th I:nosi tol and the Camida Albicans Factor 

In the preceding section it was shown that inositol aiJd the 

CaDlida filtrate exerted a f'avourable influence on the growth of 

oil partitioned tubercle bacilli. Accordingly, they were selected 

for atudy and additional experimenta confirmed the original findings. 

In order to obtain an accurate eatimate of the amount of growth eu­

suing from inocula of oil partitioned bacilli, the total lli:t.rogen 

of the bac te rial maas in cultures was determined by the micro­

Kjeldahl method. Prelimiœ.ry experimente showed this to be a more 

sensitive means of estimatiDg relative bacterial mass tha.n dry weight 

determinations or the mea.surement of the volume of .pa.cked celle. 

Procedure 

The confirmatory experimente were performed using the same 

methode described in the previous section. 

The micro-Kjeldahl determinations were performed on cultures 

grown in 30 ml. of Kirchner medium, wi th and ID. thout added growth 

factor 1 contained in Erleii!Ileyer flasks of 125 ml. capaci ty. The 

flasks were plugged wi th gauze-wrapped cotton aild sealed wi th a 

sheet of polyethylene plastic film to prevent evaporation of the, 

medium during incubation. Tubercle bacilli were oil parti tioned, 

collected on membrane filters and the latter were transferred to 

the medium. The grown cultures were killed by heating in a water 

bath at 6o - 62°C for two hours; serum proteine in the medium were 
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precipi tated at temperatures grea ter than 65°C. The ld.lled cul-

tures wre transferred to 50 ml. centrifuge tubes. The membrane aDi 

waJ.ls of the fiask were riœed wi th distilled wter a:cd the wshings 

vere also added to the centrifuge tubes. After centrifugation at 

2500 rpm for 30 minutes the supernatant medium was removed aild the 

cell mass was washed t'Wice 'Wi th ammonia-free distilled wter, fol­

lowd each time by centrifugation. Determination showed that the 

secom wash water contai:œd only iœignif'icant traces of ni trogen. 
' 

The washed cell mass was transferred to digestion fiasks am diges­

ted with 3 ml. conc. ~4 am a trace of catalyst {powdered sele­

nium: potassium sulphate = 1:7) • The digest 'WB.S steam-distilled am 

the distilla te collected in 12 ml. of N/70 H~O 4; N/70 NaOH was 

used for back-ti tration. 

Resulte 

The ini'luence of imsi tol: Suspensions of the HA strain whi.ch con-

tained 1000, 300 am 100 bacilli were subjected to oU partition and 

seeded in Kirchner medium containiDg 500 micrograms inosi tol per 

ml. am in the same medium 'Without imsitol. Table XVIII shows that 

imsi tol has a distinctly favourable ini'l.uence on the growth of 

100 oU pe.rtitioœd bacilli; four of five replicates grew in the 

medium containing inosi tol and only o:œ of fi ve grew in the control. 

Its influence is mt so marked when the nœnber of bacilli is greater. 
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TABLE XVIII 

The Influence of Inositol on the Growth 
of 011 Partitioned Tubercle Bacilli (Hl) 

Time* (days) for first growth in 
Number of medium containing: 
bacilli 

500 ~ Inosi tol/ml No Inosi to1 

1000 15.5 15.2 

300 14 15.4 

lOO 17.74 181 

TABLE XIX 

The Influence of Inositol on the Growth 
of Tubercle Bacilli (500 HA) after Prolonged 

Exposure to Coconut oil 

Exposure 
(hours) 

Time* (days) for first growth in 
menium containing 

500 ~ Inosi tol/ml No Inositol 

2 14-.8 16 

16.6 
2 

7 21.5 

24-
1 1 

21 19 

. • . ..-. . 
·.:,'· . 

. ' . ·. ~. 

. ·. 

·,,·A\Ùi~I(~' ,·, 

* The average time required for 5 samples to show visible 
growth. Growth of 1ess than 5 samples is indicated by the 
superscript. 
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A second experiment was performed to determine the effect of 

inositol on the growth of tubercle bacilli damaged b.y prolonged ex­

posure to coconut oil. The suspensions subjected to oil partition 

contained 500 bacilli, and af'ter removal of the aqueous subœta.nt, 

the be.cilli were kept in contact wi th the oil for 2, 7 and 24 hours 

before transfer to the culture medium. Table XIX shows that ino-
' 

si tol aida the growth of 500 bacilli 'Which have been exposed to 

cocormt oil for seven hours. It did IJOt restore the viabili ty of 

bacilli exposed for 24 hours, however. Bacilli e:x:posed to coconut 

oil for tw hours appea.r to suffer little damage. 

The combi!!!d influence of Candida factor and IIJOsitol: A third 

experiment tested the influence of inosi tol and the Candida factor 

alone and in combination. Media were prepared as follows: 

A. Kirchner medium (control) 

B. Kirchner medium+ 500 micrograms ;iimsi:tol per ml. 

C. Kirchner medium+ 5% Canè1da aJ.bi.sape filtrate 

D. Kirchœr medium + 500 Micrograms ioositol/ml.. + 5% 
.Q.. albica.ns filtrate 

Inocula consisted of 500 and lOO oil parti tioned bacilli transferred 

to the medium immediately af'ter oil partition. The resu1.ts in Table 

XX show that the combiœ.tion of Candida factor and inositol exerts 

a more po-werful stimulus on the growth of oil parti tioned tubercle 

bacilli than ei ther alo:œ. The affect of inosi tol ws DOt so marked 
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TABLE XX 

The Influence of the Candida factor and 
Inosito1 on the Growth of Oi1 Partitioned 

Tybercle Baci111 

(Time• (days) required for first appearance of growth) 

Medium Number of bacill1 

% Candida Inosito1 
500 lOO filtrate 1r per ml. 

0 0 16.2 17.3
3 

- 500 14.6 19
4 

5 0 14.6 18.2
4 

5 500 14.2 16.8 

·- ~'r · -· 

. ·-,,~<~:\ . 

' 

.. 

·.·. 

* The average time required for 5 samples to show visible . 
growth. Growth of 1ess than 5 samp1es is indicated by the · .· ·. 
superscript. 

· · .. )· : . .. 

. ,- .. : 

. . . . ---~~ .. 
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in this experiment, as growth was obtained in three of .fi ve sam­

ples in the control series "Which recei ved the smaller inoculum. In 

tests with normal bacilli, the combiœtion of inositol and Candida 

.factor increased the growth rate to a slight extent, Jibile ei ther 

factor aloœ had no apparent in.fluence. 

Quantitative estimation o.f bacterial Jik.ggen: _Media were pre-

pared as above, but in volumes of 30 ml. contained in 125 ml. 

Erleœeyer nasks. Suspensions containiiJg 2500 tuberctle bacilli wre 

sub jected to oU partition and the be.cilli wre kept in contact 'W'i th 

the oil for 8 hours before implantation. The cultures wre exsm­

i:œd at frequent intervals and growth appeared in ali nasks between 

the 16th and 2lst daye of incubation. On the 24th day the cultures 

were removed from the incubator, killed by beat and the total bacil­

lary m.t:trogen determi:œd by the micro-Kjeldahl method. All tests 

wre doœ in triplicate. 

Table XXI shows the resulta of two experimente with inositol 

am the Can:lida factor, singly am in combiœtion. Camida filtrate 

in 5% concentration, ei ther aloœ or w.t th 500 micrograms ~illOsi:tol per ml. 

medi lD enhanced the growth of oïl parti tioœd tubercle be.cilli to 

a considerable extent. Inositol alone bad no appreciable affect. 

The ratios between the amounts of ba.cterial nitrogen foUIJd in the 

various media have been computed from Table m and are show below: 
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TABLE XXI 

The Amount of Bacterial Nitrogen in Cultures 
of 011 Partitioned Tubercle Bacilli 

Composâ ti on of 
Experiment me ium mg.nitrogen 

number Medium ~ found 
~'!ml. %Candida 

~nositol filtra te 
0.122 

A 0 0 0.122 
0.098 

1 
C.l4o 

c 0 5 0.168 
0.166 

0.058 
A 0 0 0.068 

0 .062 
2 B 500 0 0.072 

o.o66 

D 500 5 
0.134 
0.138 
0.120 

mg.nitrogen 
per culture 

(average) . 

o.11lf 

0.158 

0.063 ' 

0.067 

0.131 

1 • 1 

J 

. ';. .• 
. ·l 

·.:·J' !\. . · ~ . / ... .. 
·.i 
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Ratios of bacterial nitrogen in media A,B,C,D 

Experiment 

l 

2 

D/A 

2.08 

C/A B/A 

1 • .39 

1.06 

D/B 

The ratio or bacterial nitrogen in the medium containing 5% Can:iida 

filtrate to that in the control medium was 1.39/1. When inositol am 

Camida filtrate wre present together, the ratio increased to 2.08/1, 

B.Dd inosi tol alone showd no significant ef'fect in stimula ting the 

growth of' oil partitioned tubercle bacilli under the conditions of' this 

experiment. 

Paper chromatography of' Candida filtrate: 'l'o determine 'Whether or not 

the Camida filtrate contained inositol, the filtrate was exa.mined by 

a paper chromatographie method. Specimens of Üan:iida filtrate wre 

spotted on 'Whatman #1 chromatographie paper, the largest being 0.16 ml. 

in volume. Aqueous solutions of i:nosi tol wre prepared a:r:rl spotted 

similar1y, so that the amounts of imsitol deposited on. the paper wre 

1000, 500, 100 B.Dd 10 micrograms. 'l'he so1vent used for development 

of the chromatogram was 90% ethanol. The colour reagent used was 5% 

mercuric o:x:l.de in dilute :ni tric acid, followed by treatm.ent of the 

paper with a mixture of 10% aqueous barium acetate and glacial acetic 

acid, as described by neury et al. (1953). Imsitol was detected in 
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alJ. concentrations except 10 microgra.ms in the controle but DOt in 

the Camida filtrate. If i:oositol is present in the filtrate, it is 

not present in a concentration equal to or greater than 100 micrograms 

per 0.16 ml. i.e., 600 micrograms per ml. 

It is coneluded that the Candida filtrate conte.ins a factor 

whieh stimul.ates the growth of oil partitioned tubercle bacilli1 and 

probably that of noma.l bacilli. The influence of inosi tol appears 

to be rather complex. It sti.mulates the development of small numbers 

(100 - 300) of bacilli damaged by exposure to oil, but has DO ap­

parent influence on the amount of growth which resulta from culti­

vation of larger numbers of bacUli. However, i t enhances the stimu-

la ting affect of CaiXiida factor 'When incorporated in the medium with 

the latter. 
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Growth of Oil Parti tio:œd Tuberc1e Baci 111 - In Vivo, 

In the preceding section it "WRB shown that it is possible to 

re store the viabi1i ty of smaJ.l num.bers of tubercle baci11i damaged 

by cocomtt oil by the incorporation of inosi to1 or the Üarrlida factor 

in the cl.Üture medium. However, after very prolonged exposure to 

cocomtt oil, the ba.cilli were not assisted by the presence of inosi to1. 

Ha'Wirko (1951) suggested that the damage suffered by the organisme 

"WRS not irreparable, as inocl.Üation of re1atively s:mall numbers of 

oil pa.rtitioœd bacilli into guiœa pigs reDdered them tubercl.Üous; no 

gro'Wth w.s obtaiœd from simi1ar1y treated bacilli on artificial media. 

In order to determine to what extent !,a .!!!Q. coDdi tions may re store 

the viabili ty of small numbers of oil parti tioned tuberc1e bacilli, 

an experiment "WRB performed to compare the effect of in .!iY.Q. am !a 

vitro conditions. 

Procedure 

A group of 24 yoUDg adl.Üt guiœa pige, weighing about 350 

grams each, were selected for the ~ ~ test. Two groups of 3 

gui:œa pigs recei ved injections of cocomtt oil containing 1000 am 

100 HA bacilli, respective1y, immediate1y after oi1 partition from 

aqueous suspensions. The injections were made subcutaœously in the 

left groin. Two groups of control animale were inocl.Üa ted in a 

simi1ar manner 'With 1 ml. of saliœ suspensions which contaiœd the 

same number of organi.sms. The remaining groups of animale were 
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injected 'With oU a.fter 24 and 48 hours, i.e., the bacilli 'Which 

they contained had been exposed to the action of the oil for these 

periods, before injection. All pigs were sacrii'iced af'ter three 

months and autopsied, as also were pigs which had died before three 

months had elapsed. A record wa.s made of the gross appearance of the 

organe of each animal; :co cultural tests were performed. 

A parallel group of suspensions were subjected to oil par­

tition, the bacilli were collected on membranes in the usual mannar, 

and planted in Kirchner medium wi thout added gro"Hth factor. Con­

trol suspensions whi.ch conta.ined the same numbers of normaJ. bacilli 

were collected on membranes and planted in Kirchner mediœ. Five 

replicates were includ.ed in each i,B vitro test. 

ResuJ.ts 

Table mi, which summarizes the iJ! yitro test, demonstrates 

very clearly the lethal action of coconut oil for smal1 numbers of 

tubercle bacilli. Onl.y two of fi va replicate samples of 100 bacilli 

showed growth after oœ hour ex:posure to coconut oil. No growth was 

obtained after prolonged ex:posure. The growth rate of oil parti tioœd 

organisms is retarded considerably, as compared to the controls. 

There is a marked difference between the susceptibility to coconut 

oil exhibited by 1000 bacilli and lOO bacilli. This has been ob­

served on numerous other occasions. 
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TASLE _.v .II 

The Grow t h of 'I'u'Jercle ·1acilli in Vitro After 
P r ol çmg ed t.xposur e _ _1~QÇ..Q!}.!!'t, _ _.;O=i=l:....-___ _ 

(Ti me* (da ys) rectuiren for firs t a ppearance of rrouth) 

~-~;;~~-~-)~-- -1----N_u_JL_· b_e_r_of~b_a_c_i __ l_l_i ____ ---ij 
t- 1 1000 ' . 

lOO 

1 

1 1 18 .2 

l 24 
'+ 

18.5 

l 48 
1 

20.2 

L:_tr_o_l_s--~----1-0_._8_ 

1 

1 

·----' ! 
1 

2 
18.5 

x 

x 
1 

13 _j 
* The average time required f or 5 sa tnl e s to show visible 

growth. Growth of less tr1an 5 samples is indicated by the \ 
superscript. 

x No growth 

~rt~l,l~;:.< i - · . , .... 

·.·• 
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Table XXIII shows that prolonged exposure to coconut oil 

prevents tubercle ba.cilli from establishing disease in the guinea pig. 

After 48 hours exposure, the larger imculum produced slight disease, 

i.e. a local lesion, in onl.y one of two animale. No animal showed 

symptoms after recei ving the small.er imculum which bad been exposed 

to oil for 48 hours. However, two of these animaJs which had received 

the smaller imculum after 24 hours exposure to coconut oil developed 

local lesions i.e., hard swollen caseous lymph glards a.t the site of 

imculation. No growth wa.s obtained with the similar in vitro series. 

It is mteworthy that after 48 hours exposure to oil, the 

larger inoculum caused the development of a local lesion in onl.y one 

of two animale. By contra.st, growth wa.s obtained in ail five cul­

tures in the parallel in vitro series, though the growth rate in the 

latter wa.s retarded. In the light of this observation, it is sug­

gested tha.t exposure to coconut oU may decrease the virulence of the 

tubercle ba.cillus, poasibly by a lytic or dissolving action on sur­

face structures of the ba.cillUB which are necessary 'b» virulence. 

The progressive diminution in the extent of the disease pro­

cess in guinea pige wi th increasing exposure to coconut oil indicates 

that the capacity or tubercle bacilli, thus damaged, to regenerate 

is lim1 ted. For the successful demonstration of sma.ll numbers of 

oil partitioned bacilli by animal inoculation, exposure to oil should 

be minimal. 
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TABLE XXIII 

The Growth of Tubercle Bacilli in vivo after 
Pro1onged Expo§ure to Cgçonut 011 

The proportion of animals showing: 
Exposure 
(hours) Generalized Local No symptoms of 

tuberculosis lesion only tuberculosis 
lOoo• 100 1000 100 1000 100 

# 
2/3 0/2 1/3 0/2 013 1 2/2 

24 1/3 0/3 0/3 2/3 213 1/3 

48 0/2# 0/3 1/2 0/3 1/2 313 
Controls 313 313 0/3 0/3 0/3 0/3 

* Numbér of bacilli 

# 1 non-specifie death 
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Oil Parti ti on Applied to Tuberculous Sputa. 

It was demonstra.ted by Hawirko (1951) tha.t tubercle ba.cilli 

could be isolated from sputa by oU partition, but difficulty was 

encoUDtered in obtaining cultures from oil parti tioœd organisme on 

membraœs planted on solid media. In this section, the re sul ts of 

an ~proved method are described 'Which a.llows the cultural demonst­

ration of small numbers of tubercle bacUU so collected. The es­

sential features of this method are (1) extensive dilution of , the 

specimen before oU partition; (2) the cultivation of membranes on a 

semi-solid agar medium am (.3) the microscopie demonstration of micro­

colonies on the membrane before they become visible to the naked eye. 

Prelimina.ry Experimenta 

One of the chief difficulties encountered in the application 

of oU parti ti on to sputum specimens was the incomplete separation 

of the oil am aqueous layera after centrifugation of the emulsion. 

This was due, presumably, to reaction between the oil am elements 

of the digest, especially the alkal 1 ne tri sodium phosphate 'Which was 

used for decontamination. After centrifugation of such emulsions the 

uppermost layer consisted of a soapy maas 'Id th only very little free 

oil. Although it was sometimes possible to demonstrate tubercle 

bacilli in the little oil 'Which could be collected, the resulta vere 

:oot consistent, even when the specimen w.s positive by direct smear. 
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In a series of 22 tuberculous sputa#, of ldrl.ch 8 were po si ti ve by 

direct smear, only 6 gave positive resulta by oil partition and 10 

were positive by cultivation of the centrifuged sediment on Lôwen-

stein medi1Dll. Microscopie e:x:amina.tion of the soap-like mass men-

tioœd above showed that it contaiœd numerous bacilli, ldrl.ch had 

apparently been trapped. 

Eventually it ws foUIId that extensive dilution of the sputum 

digest with physiological saline allowed good separation of the emul­

sion upon centrifugation; dilution 'With distilled wter did oot give 

as good resulta. The procedure fiœlly adopted, am which proved 

successful, ws dilution of the digested specimen by l/10, i.e., 

l/40 of the original specimen. It was mt considered practical to 

dilute beyom this point. 

In viev of the well recognized lethal action of the commonly 

used digestion agents, an enzymic method was adopted. Decontamination 

was effected by four hours exposure to an equal volume of 7. 5% tri-

sodi1Dll phosphate. The enzyme, an"'-amylase preparation from cul­

tures of' ]!.œeselltericuJI#, effected good homogeuization of' sputum. 

'Within 30 - 60 minutes at 37°C, depeDding upon the character of the 

# Obtaiœd t'rom the Royal Edward Laurentian Hospital, Montreal 
through the courtesy of Dr. E. Mankiewicz. 

## Diastai'or 'D', Standard Brande, Inc. 
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specimen. Its 1ytic action was beat when dissolved in N/20 NaOH 

in a concentration of 1%. The N/20 NaOH was made up in physiological 

saline as chloride ions were foum to enhance i ts acti vi ty further 

{Meyer 1950). It was necessary to prepare the solution immediately 

prior to use, as it deteriorated within a few hours. 

It was desired to confine growth of the ba.cilli to the sur­

face of the membrane, in order that it c01ùd be the more readily de­

tected; this œcessitated the use of a solid medium. Gro'Wth was not 

good on membranes placed on ei ther L'owenstein or oleic acid - albumin 

agar media. It was foUDi that optimal growth c01ùd be obtaiœd on 

Kirchner medium made semi-solid by the incorporation of 0.3% agar. 

This was the 1owest concentration of agar whieh would allow the medium 

to support the membrane. When a smaller concentration was used, the 

membrane gradually subnerged. It has been reported that for optimal 

growth of the tuberele bacillus on the surface of membranes an atmos­

phere saturated wi th water vapour is essential (Wayne 1955); this con­

di ti on is more easily realized by the use of a semi-solid med.i um than 

by the use of a fully solid medium. 

Attempts to stain micro-colonies on membranes by the aniline 

water-fuchsin method. of Tietz and Heepe (1950) failed, as decolori­

zation of the membranes proved exceedingly difficuJ.t and the e:x:ten-

si ve washing of the membraœ re sul ted in removal of the micro-

colonies. The method described by Wayne {1955) which utilizes a 

111odification of the œutral red reaction of Dubos aiJd Middlebrook (1948) 
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e.dapted to the sta.ining of tubercle bacilli on membranes was adopted. 

This proved successful, as the membranes were readily decolorized by 

treatment with sodium carbonate solution. 

ExPerimente Using the Improved Method 

As the use of tuberculous sputa in experimental work intro­

duces variables, due principally to variation in the bacillary con­

tent, experimenta were performed 'Wi th non-tuberctùous sputa to which 

were added kDo'Wll zmmbers of bacilli of the HA strain. Ollly oœ experi­

ment is reported here, am compares centrifugation a:cd oil partition 

for concentration of bacilli with subsequeht cultivation on Lowenstein 

a:cd Kirchner media, respectiVely. 

In the experimenta wi th tuberctùous sputa, Wich were obtaiœd 

from i:cdi viduals 'Wi th active disease, a conscious selection of micro­

scopically positive specimens was made. This was do ne in order to 

1 achej.ve a measure of control' in the experiment; this is not possible 

wi th sputa of unkoown bacillary content. The number of bacill1 the 

sputa contained was assessed by performing counts on direct .smears 

stained by the Ziehl-Neelsen method. The sputa were then diluted wi th 

non-tuberctùous sputa am comparisons of the oil parti ti on and con­

ventiona.J.. methode were made. 
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Procedures 

'freatment of the specimens: The procedure for treatment of sputa is 

detailed below: 

(i) About 10 c.e. of sputum ws collected in 4 oz. roulld screw­

capped glass containers. 

{ii} To each specimen was added an êqual volume of a fresh solution 

of 1% <1- -amylase prepared as follows: 1 gram of amylase power 

'WB.S suspended in 100 ml. of N/20 NaOH prepared in physiolo­

gical saline. This was centrifuged and the clear, Sllber-

. coloured supernatant was sterilized by Sei tz-fil tration 

(centrifugation and filtration caused no losa in activity). 

The mixture of sputum and enzyme was placed in a 37°C water 

bath for 30 - 60 mim~tes and shaken from time to tome. \fuen 

the specimen was UmlSually mucoid1 shakiDg 'With glass beads 

aided the homogenization process considerably. 

(iii}An equal. volume of 7.5% Na_3P04 (17./.$ Na3P04 •12H2<)) was 

added to the digest 'Which was returned to the water bath for 

a further four hours. 

{iv) Oœ ml. of the decontamiœted digest ws made up to 10 ml. 

wi th sterile physiological saline. This representa a 1/40 

dilution of the original specimen. 
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(v) One ml. of sterile cocomt oil was added to each 10 ml. 

of diluted digest am the mixture 'WB.S shaken mechanically 

for 10 minutes. 

(vi) The emulsion was transferred aseptically to a centrifuge 

tube of 15 ml. capacity am centrifuged for 30 minutes to 

separate the oil ani aqueous layera of the emulsion. 

(vii)The aqueous subnatant was withdralm aild discarded. The 

residual oil was dissolved in 10 ml. of sterile petroleum 

ether and passed through a membrane fil ter. The membrane 

was washed wi th an addi tional 2 - 3 ml. of petroleum ether 

to remove vestiges of oil. 

(viii) The membrane was removed from the filtration apparatus 

and transferred aseptically to Kirchner semi-solid medium. 

To properly assess the efficiency of the oil partition method 

as compared to centrifugation, the specimen was di vided into two 

equal parts ai'ter stage (iii). One part was diluted ani subjected 

to oil partition, ldlile the other w.s neutralized with N/I HCL, 

centrifuged am the sediment was inoculated on Lowenstein medium. 

Thus, treatment of the specimen was the same in each case prior to 

oil partition or centrifugation. 

Media: In the experiment wi th synthe tic sputa the Kirchœr semi-solid 
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aDi fl:uid media conta.iœd 500 rinositol per ml. In the experimenta 

ldth tuberculous sputa., the media conta.iœd 5% CB.Ildida filtrate am 

500 ~ i:oosi tol per ml. 

Detection of JDicrocolonies on membranes: The membranes were sta.iœd 

according to the method of Wayœ (1955) as outliœd: 

Reagents 

(i) A saturated solution of :œutral red# in 95% ethanol, 

filtered and acidified 'With 1% (v/v) concentrated HCL. 

(ii) A l/10 dilution of a saturated aqueous solution of 

Ha~o,. The dilution ws prepared fresh each day. 

(iii) 95% ethanol. 

Procedure 

The membranes were placed, growth surface upwards, on filter 

paper pads saturated 'Wi th the reagents illdicated, in the fol­

loldDg sequence. 

(i) - œutral red: 10 minutes 

: .~. 5 mimttes 

(iii)- 95% EtOH : 1 minute 

The membrane w.s stained red by the dye and became amber on treat-

ment ld th sodium carboœte. The ethanol removed excess reagents. The 

membrane ws transferred to fil ter paper pads am placed in the in-

cube.tor to dry. When dry, the membrane ws mounted on a slide 'With 

# National Aniline Di vision, Allied CheJDical am Dye Corp. 
N.Y. (Lot # N x 18) 
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Permount fluid (Fisher Scientific Co.) w:rler a cover slip. The pre-

paration became transparent by this treatment and was suitable for 

microscopie examination under all magnifications. 

The bacilli were not k:illed or fixed before stai:n:i.ng; the mem­

branes were transferred directly from the cul ture flask to the pad 

saturated v.lth dye. 

Resulta 

S:ynthetic tuberculous sputa: In this experiment, a comparison w.s 

made of the relative merits of centrifugation ani oU partition and 

of Kirchner semi-solid am Kirchner fiuid media for cul ti va. ti on of 

oil parti tioned ba.cUli. A' single cell' suspension of HA in saline 

was prepared and 2 ml. w.s added to approximately 8 ml. of DOn tuber­

culous sputa#. No total count w.s performed, but the suspension 

contained approximately 2 - 5 x 108 bacilli/ml. by visual estimation 

of opacity. An equal volume of 1% amylase solution w.s added to the 

sputum am digested for thirty minutes. A quanti ty of mn tuberculous 

sputum which had not been imculated wi th tubercle bacilli w.s diges­

ted simultaneously. This digest served as the diluent; it was im­

possible to make dilutions "Wi th lllXllgested sputa. Serial l/10 di-

lutions were made to l/101000 of the original sputum. When the 

# Obtained from the Clinical Bacteriology Laboratory, Royal 
Victoria Hospital, Montreal 
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dilutions were made, an equal. volume of 7.5% Na3P04 solution was ad­

ded to each am they were returœd to the 37°C water bath for four 

hours. Following decontamination, the digest was divided into three 

portions, one of which was used for centrifugation am the remain:ing 

two for oil partition. The latter two portions were diluted to 

1/20 of the original volume of sputum with physiological saline be­

fore oil partition. Membranes from the latter two series were cul­

tivated in Kirchner fluid medium and on Kirchner semi-solid medium. 

Ali tests were performed in duplicata am ali cultures were examined 

daily. Membranes on semi-solid media were removed after 10 am 14 

days and staiœd. 

Table XXIV shows that oil partition and cultivation of mem­

branes on the semi-solid medium allowed earliest detection of growth. 

Cultivation of membranes in the fiuid medium was also superior to 

cultivation of centrifuged sediments on Lowenstein medium. The 

superiority of the oil partitionmethod in allowing early detection 

of growth is especia1ly pronounced in the higher dilutions of the 

apecimen. The figures in the second column of the table show the ex­

tent of dilution of the original saline suspension of HA as prepared 

for oil partition, and the figures in the first collllllll, the corres­

ponding dilutions of the original sputum. One of two oil partitioœd 

specimens of the l/110001000 dilution showed growth on the membranes 

in semi-solid medium after 14 days of incubation. It is possible 
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TABLE XXIV 

Comparison of Oi1 Partition and Centrifugation 
for Concentration of Tuberc1e Baci1li in 

Sputum (Sm the tic Sl)Jlta) 

~he average time (days) for fir~t 
Dilution detection of growth. · . · 
of HA 

Sputum suspension L~wenstein Kirchner Media 
dilution for oi1 medium 

parti ti on 
Fluid Sem1-solid 

( 1 1 

1 
; 

' 1/100 14 12 10 

1/10 1/1,000 16 14 14 

1/100 111o,ooo 20 14.5 14 

1/1 ,ooo 1/100,000 20.5 16.5 14 

111o,ooo 1/1,000{)00 25.5 17 14* 

* only one membrane positive after 14 days. 

l 

{ 

~ 

l 
,, 
j 

·, :.~:;~ _. ·.·-:: __ 

. - -~ ->; 

.. , 
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that the other membraœ wolÜ.d have been positive if incubation had 

be en continued beyom this time. 

Tyberculous sputa: Three microscopically positive sputa from patients 

with active tuberclÜ.osis were obtaiœd. A direct smear was made, 

stained by the Ziehl-Neelsen method alXl the number of bacilli in 20 

fields was counted. The re sul ts are sho'WD. below; 

Specimen 

#l 

#2 

#3 

Bacilli/20 fields 

15 

32 

l3 

The sputa were digested alXl se rial l/10 dilutions were prepared w1 th 

non tuberculous sputa 'W'hich had been digested simulta.neously. After 

decontamination for four hours wi th 7. 5% Naj»> 4 the specimen dilu­

tions were divided into t'W'O equal portions, one for concentration by 

centrifugation alXl the other for oil partition. The digests were 

diluted to 1/ 4D o:t the original volume of sputum "Wi th physiologival 

saline prior to oil parti ti on. The centrifuged sediments were cul­

tivated on LOwenstein medium alXl the membranes were clÜ.tiva.ted on 

Kirchner semi-solid medium llhich contained 500 ~ imsitol per ml. 

alXl 5% Ca:cdida filtrate. All tests were done in duplicata. The 

cultures were examiœd every 2 - 3 days and the time at which growth 

was first observed was recorded. If oœ of two duplicata membranes 
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ws :œgative when first e:mmined, the remaining membrane ws examiœd 

only after a further period of incubation wbich ws usœ.lly one week. 

The re sul ta obtaiœd wi th this series of tubercul.ous sputum 

specimens are presented in Table XXV. In specimens #2 a:rxl #3, oU 

partition a:rxl cultivation on semi-solid medium ws superior to ce~r­

trif'ugation a:rxl cultivation on LOwenstein medium. Unfortunately, 

all the LOwenstein slopes inocul.ated wi th specimen #3 were co1r 

tamiœted, except for the lllill.luted sample. This ws probably due 

to gross contamiœtion of the non tuberculous sputa used for maldng 

the dilutions and iMicates that four hours exposure to 7.5% Na3P04 
is mt sufficient to destroy all contamiœnts in heavily contamiœted 

sputa. In spite of this, oilly one of the ten samples subjected to 

oil partition ws contaminated, 'Which iMicates that there is a degree 

of selectivity in the oU partition process. That this is not ab­

solute however, was shown by Ha'Wirko am Murray (1954). 

It is likely that the membranes on 'Which bad been collected 

bacil.li f'rom the tm> lo-wer dilutions o~ specimen #2 would have been 

positive i~ examined earlier than the twnty-tirst day. In each case, 

colonies approaching 1 mm. in diameter a:rxl visible to the na.k:ed eye 

were observed at this time. The observation ws confirmed, however, 

by staiDing of the membrane in the usual mannar. 

In specimen #1, oil partition failed beyo:rxl 1/10 dilution 

while centrifugation gave positive resulta as far as the ~1,000 
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Sputuni 
Sputum dilution 
Dilution for oi1 

partition 

1 1140 

1/10 114oO 

1/100 114,000 

1/1,000 1140,000 

1/10,000 1/400,000 

-- -

TABLE X:X.V 

Comparison of Oi1 Partition and Centrifugation for Concentration 
of Tubercle Baci1li in Snuta (Tuberculous Souta) 

The averae:e time (davs) for first detec ;ion of e:rowth 

Snecim4~n 1 Soecimun 2 Soecimen ~ 

Centrifug- 011 ~entrifug- 011 Centrifug- 011 
a ti on* Parti ti on a ti on Partition a ti on Parti ti on 

28 21 16 14 28 21 

22 21 16 14 c 21 

25 -(21) 24 14 c -(21) 

31 -(28) 23 21 c -(28) 

-(42) -(28) 30 21 c 28 

- -- --- --- ---- ----- - - --- ----- -

* Centrifuged sediments cu1tivated on LBwenstein medium , _ 
Oil partitioned specimens cu1t1vated on membranes on Kirchner semi-so1id medium 
Brackets indicate last day on which examination vas made. 
no growth. 

C Contaminated • 

~ ~ _. ;~ :.:c:i::.,~-~~~ ~ . ·~____.._.._ - - - -~ -
_ _ ......... - ~: ._..-. :.--J ,_, ___ , . . . ·/::.:-......... 
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dilution. It is unlikely that incubation beyond 28 days would have 

revealed the presence of microcolonies on these membranes. Only 

very rarely has i t been observed, even 'When using very sma1l inocula, 

that microcolonies m.n develop if incubated for longer than 21 

days. One such instance occurred in this series, however. The mem­

brane on which had been collected ba.cilli from the highest dilution 

of specimen #3 showed one microcolocy after 28 days of incubation, 

while the duplicate membrane was negative upon ex.amina.tion after 21 days. 

Photographe of microcolonies which had been grown for 14 days 

on membranes after oil partition of the Ulldiluted sample of specimen 

#2 a.nd staiœd by the neutral red method are shown in Figures ll and 

lll. The coloDi.es staiœd red and show the corded appearance which 

is regarded as typical of virulent tubercle ba.cilli (Bloch 1950). 

A comparison of semi-solid medium 'Wi th and wi thout added 

ioositol a:cd Candida factor for the cultivation of oil partitioned 

bacilli, showed that the microcolonies were visibly larger, though 

oot greater in number, 'When the growth factors were included. This 

llOuld indicate that the growth rate is e:nha.nced. Howver, as the 

ba.cilli were :not exposed to the extreme conditions used in the pre­

ceding work, it is to be expected that the effect of added growth 

factor is lesa apparent. 

It is concluded that oil partition can be successfully 

applied to the cultural demonstration of small numbers of tubercle 
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bacilli present in sputa. It has also been shown that positive re­

sulta may be more rapidly obtained by oil partition in combination 

with a microscopie detection method than by conventional methods. 
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FIGURE II 

"Hicrocolonies of H. tuberculosis Cultivated 
on :rlembrane Filter Surface 

Sta in - Nèutral red x llO 
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FIGURE III 

Microcolony of M. tuberculosis Cultiva ted 
on Membrane Filter Surface 

Stain - Neutral red x 200 



Addemum 

To~ the latter part of this st~ a new supply of coconut 

oU was obtaiœd a:od was used for oil parti ti on of sputa. 7'his oil 

shawed less lethal action for small numbers of tubercle bacilli than 

the oil used throughout the earlier work, though both batches of oil 

wre obtained from the same source and carried the same lot number 

(Brickman ard Co., Montreal, Lot #2538 R). In two trials of the 

newer oil1 growth was obtained in all samples of 500 bacilli ex-

posed for seven hours. Inositol in a concentration of ;oo micrograms/ 

ml. had no apparent affect on growth whil.e the Candida filtrate, in 

a concentration of 5%1 stimulated the rate of growth to a slight ex­

tent. Increasing the inosi tol concentration to 5 mgms/ml. appeared 

to stimulate the rate of growth slightly, but this observation "WRS not 

con:f'irmed. Unfortuœtely, mne of the original oU remained and a 

direct comparison between the two lots could not be made. 

I't was noted iïhat the new oil was a very pale yellow colour, 

in contrast to the dark yellow of the older oil. The latter bad been 

purchased two years previously and i t is possible i t may have under­

gone progressive degenerative changes while in use, due to the devel­

opment of rancidity. Whether this is responsible for its greater 

lethal action for the tubercle bacilli is :not known. 

The su.ccess in cultivating small numbers of tubercle bacilli, 
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isolated from tuberculous sputa b.1 oil partition may have been due 

in part to the use of the less lethal oil. 



DISCUSSION 



DISCUSSION 

A discussion of the influence of vegetable oils on the 

viability of the tubercle bacillus and the relation between chemi­

cal constitution and degree of leth.e.l. action is included in the 

second section of the experimental studies. In the fourth section 

the relation between chemical constitution, lethal action and the 

ability to dissolve the acetone-soluble fat fraction of the tubercle 

bacillus is discussed. To summarize these results briefiy, it was 

fol.liXl that (1) strains of the tubercle bacillus vary in their sus­

~ptibility to the lethal action of oils; this variation is of 

degree rather than kind; (2) Coconut oil, which contains a pre­

dominance of fully saturated triglycerides is less lethal than the 

other oils examined, which consist principally of unsaturated tri­

glycerides; (3) there appears to be a positive correlation between 

the degree of lethal action exhibited b,y an oil and its ability to 

completely dissolve the acetone-soluble fat of the BCG strain. By 

the examination of saturated and unsaturated fatty acide and two 

saturated triglycerides this last observation was extended and it 

appeared that the ability to dissolve the acetone-soluble fat de­

pended upon the possession of a free carboxyl group ani probably 

also of molecules with unsaturated linkages. 

Coconut oil, though relatively less lethal than other 

oils, nevertheless exhibited a marked inhibitory action on the 
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growth of smaJ.l numbers of tubercle ba.cilli which had been collected 

from aqueous suspension by oil partition. Fewer than 500 ba.cilli, 

as estimated by total count, did not grow consistently in Kirchner 

fluid medium, while as few as 50 normal ba.cilli gave first evi­

dence of growth in this medium by the fourteenth day of incubation. 

Investigations of the affect of added growth factors were carried 

out using suspensions conta.ining numbers of bacilli of this order. 

In some instances the period of exposure to coconut oil, after par­

tition, was deliberately prolonged in order to render the test more 

sensitive. The method used for estimating the efficacy of added 

growth factor, i.e., measurement of the time required for earliest 

visible growth, is not wi thout 1imi tations. As turbidimetric 

measurements were not possible, however, this method was considered 

adequate for preliminary testing. There was some variation, usually 

not more than two days, in the time required for visible growth to 

appear in duplicata sa.mples of oil parti tioned ba.cilli and accor­

dingly, the number of replicates in each test was increased to 

five. A greater nmnber of replicates would undoubtedly have in­

creased the accuracy of the method, but the design of the experi­

menta made i t impracticable to use more than fi ve. 

The resulta obtained are qualified to some extent b,y 

the :f'act that 1 single cell' suspensions contaiœd onl.y 50% of 

viable cells, and also by the fact that the suspensions contained 
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very sm.all numbers of organisme. The use of suspensions containing 

greater numbers of bacilli was considered, but there appeared to 

be a remarkable disparity between the susceptibility of 1000 

ba.cilli am half tha t number to the action of coconut oil ( see 

Tables XIX and XXII). In spite of the fact that relatively small 

11t11;bers would possibly introduce a considerable sampling error, the 

results obtaiœd by the use of five replicates am careful adherence 

to a standard procedure gave re sul ts which were reproducible to a 

satisfactory degree. 

It was foum that imsitol am the Candida albicans fil-

trate were able to assist the growth of oil partitioned bacilli, 

though they mard.fested their affects in a different mannar. 

Imsi tol appeared to assist only extremely small numbers of oil 

partitioned bacilli or slightly larger numbers ~ch had been ex­

posed to oil for a long period. Its affect was mani.fested by the 

occurrence of growth in all replicate samples of tests in which the 

control medium allowed growth of less than two samples. It did mt 

appear to have any affect on the growth ~ of the cul ture; 1 t 

simply assured growth of small numbers of oil-damaged bacilli. 

Upon extrema exposure to coconut oil, small numbers of tubercle 

bacilli are no longer assisted by the presence of inositol in the 

medium. Later studies with larger numbers of oil partitioœd bacilli 

showed that inositol had no influence on these. 
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It is impossible to draw conclusions with regard to the action 

of inosi tol, but i t is suggested on the ba.sis of the se findings that 

it substitutes for a factor which is limiting when the uumber of 

bacilli of lowered vitality is small. Inositol very likely plays 

a part in the metabolism of the bacillus as it has been isolated 

from the phosphatide and polysaccharide fractions and from culture 

filtrates of the tubercle ba.cillus. 

Though imsi tol alone bad no influence on the growth of lar­

ger numbers of oil partitioned bacilli, as determined b,y estimation 

of the total ba.cterial nitrogen in cultures, it exerted a promunced 

synergistic action when combined with the Candida factor. The sy­

nergism displayed by inosi tol wi th other vi tamins of the B group has 

been described before (fleury and Balatre, 1947). 

That the influence of the Candida filtrate was not due to 

inositol elaborated by the yeast and released into the medium was 

indicated by i ts different action. By paper chromatograpey, i t 

wa.s confirmed that the Candida f'iltrate did not contain ioositol in 

a concentration which would be effective in stimulating the growth 

of oil-damaged bacilli. 

The combination of Candida factor and inositol had a slight 

eDhancing affect on the growth of mrmal tubercle bacilli, but this 

was not as pronounced as the stimulus provided oil parti tioned bac­

illi. Quantitative experimente should be carried out to confirm 

this. 
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Of the other water soluble vi tamins, only calcium panto­

thenate in a concentration of 500 micrograms/ml showed a stimula­

tory effect on the growth of oil partitioned tubercle bacilli. 

Pyridoxine in a concentration of 50 microgramslml caused a defini te 

inhibition of growth of both normal and oil-damaged bacilli. This 

probably representa a toxic reaction due to excess of the factor. 

The finding that mena.dione diphosphate allowed growth of 

oil partitioned tubercle bacilli in a concentration of 10 micro­

grams/ml and of normal bacilli in concentrations up to 100 micro­

grams/ml is not in agreement wi th the findings of others; concen­

trations of this order in Tween- albumin medium have generally 

been shown to be tuberculostatic. The discrepancy is most likely 

caused by the use of a medium in the se studies wi thout Tween 00, 

~ch has a potentiating effect on the action of bacteriostatic 

substances. 

d{-) Arabinose, which occurs only rarely in nature, is found 

in a polysaccharide fraction of the tubercle bacillus. Experimenta 

showed that it was not as good a carbon source as glycerin. The 

presence of glycerin and d{-) arabinose together in the medium de­

layed growth of both normal and oil partitioned tubercle bacilli. 

Whether the bacilli were utilizing d{-) arabinose as a carbon source 

or using some other material present in the serum was not deter­

mined. It would be informative to know this, especially as it has 
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not been reported before that d(-) arabinose can support the growth 

of tubercle bacilli. 

Francis et al. (1953) suggested that mycobactin, which they 

isolated from acetone extracts of M.phlei, was an essential meta­

boli te for ail members of the ge nus Mycobacterium. This material 

looked promising as it is one of the few lipid-soluble microbial 

growth factors which have been described; i t has been postruated 

earlier that the lethal or inhibitory action of cils for the tuber­

cie bacillus is caused by the removal of an essential lipid meta­

bolite. Though the acetone extre.ct of J.l.:e_hlei as prepared in this 

laboratory contained a factor which stimruated the grovlth of M. 

johnei,i t had no influence on the growth of tubercle bacilli dam­

aged by exposure to oil. However, only one test was performed and 

it is suggested that further studies of this unusual growth factor 

are œeded. 

It was possible to produce tuberculous disease in guinea 

pigs by injection of oil partitioned tubercl e bacilli, i f the bac­

illi had not be en exposed to oil for too long a time. Exposure for 

24 hours or longer caused serious damage as indicated by in ID.Q_ 

testing. In vitro, the larger inoculum was able to proliferate 

even after 48 hours exposure, though there was a delay in the time 

required for the first appearance of growth. It has been reported 

that repeated injections of certain ci l s retard the development of 
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the tuberculous process in guinea pigs, presumably by bringing about 

an alteration in the response of the host tissues to infection. It 

is unlikely that a single injection of coconut cil, as used in this 

study for the introduction of oil partitioned tubercle bacilli into 

the host, wol.Ù.d have any influence of this sort. 

It is more likely that a material essentiel for virulence 

is removed by exposure of the bacilli to the cil. Bloch (1950) has 

shown that 1cord 1 factor which is apparently necessary for vir~ 

lence can be easi1y extracted from living cells by petroleum ether 

'Without impairment to their viability. From the resulta of the ex­

perimenta reported in this study, i t would appear that components 

of the tubercle bacillus which are necesS~J for the expression of 

virulence are more susceptible to the action of coconut cil than 

those necessary for viability. 

It has. been demonstrated that i t is possible to isola te in 

pure culture relatively small numbers of tubercle bacilli which 

have been collected from tuberculous sputa by cil partition. Fur­

thar, resulta may be obtained more rapidly by the cil partition­

culture method which is described1 than by conventional methods. 

Essential features of the method are (1) the use of a semi-solid 

medium to allow optimal development of tubercle bacilli on the 

surfaces of membrane fi1ters and (2) the microscopie detection of 

growth before it becomes visible to the naked eye. In this study, 

the presence on membranes of corded microcolonies which bind neutral 
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red wa.s taken as evidence that the cul ture was one of M,. tuber­

culosis. Saprophytic acid-fast bacteria may also show the pro­

parties of cord formation.or the ability to bim neutral red, or 

both; hence, these criteria are not absolute for the identification 

of virulent M. tuberculosis. However, the use of this staining 

method is justified by the fact that it allows more rapid detec­

tion of growth, am confirmatory evidence in doubtful cases may be 

acquired by further examination of membrane filter cultures. 

The inclusion of inosi tol a:cd the Ca.n:lida factor in the medium 

for cultivation of tubercle bacilli isolated from sputa by oil par­

tition did not show a~ apparent beneficia! affect except that it 

brought about an increase in colo~ size. However, the resulta 

shown in Table XXI justify the use of these factors. Fabrikant 

(1956), in this laboratory, has reported that stimulation of growth 

is brought about by the inclusion of Candida factor in the medium 

used for slide culture of !· tuberculosis. She also concluded that 

careful examina.tion of the arrangement of bacilli mthin micro­

colonies of acid-fast organisme is the most reliable iB vitro 

method of establishing virulence. 

Indications were obtained from the earlier experimental 

studies that the lethal action of vegetable oils for the tubercle 

bacill us is rela ted to the ir triglyceride constitution. However, i t 

would be fallacious to draw defini te conclusions of this sort, as 
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vegetable cils contain a multiplicity of ether compounds which are 

most probably not inert. It is suggested that further st1.ldies of 

the factors required for cultivation of oil partitioned tubercle 

bacilli be undertaken with pure triglycerides, in order to eliminate 

the possible influence of ether materials which vegetable oile co~ 

tain. Only in this way is it possible to draw definite conclusions 

re la ting chemical constitution to affect on viabili ty. The deme~ 

stration that inositol and the Candida factor assist the growth of 

oil partitioned tubercle bacilli indicates that such studies would 

produce information regarding essential factors which these defi­

cient organisms lack. 
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SUMr·1ARY 

A method for the preparation of 'single cell 1 suspensions 

of tubercle bacilli is described. 

An investigation of vegetable am mineral oils revealed 

that all had a deleterious influence on the viability of the tubercle 

bacillus, though to different degrees. Cocomt oil and liquid para­

ffin were least inhibitory. Differences existed in the susceptibilities 

of three strains of tubercle bacilli to the action of oils; these were 

differences of degree only. All orgaDic sol vents exerted a marked 

lethal action. 

Coconut oil was selected for experimenta with oil partition 

as i t was shown to be more efficient tban ei tber liquid paraffin or 

petroleum. ether. Tbougb coconut oil was relatively less lethal than 

other oils, it displayed a marked inhibitory action on the viability 

of small numbers of tubercle bacilli. 

Tuberculo-lipid fractions were extracted from dried cells of 

the BCG strain am incorporated in coconut oil in an attempt to re­

duce its lethal action. Only the phosphatide fraction bad any inf­

luence, and that to a slight degree. However, oil partition 'Witb 

coconut oil-phospbatide mixtures was impractical for technical 

reasons. Incorporation of these fractions in Lowenstein medium 

bad no favourable influence on the growtb of oil parti tioœd or 

normal. tubercle bacilli. On the other hand, the acetone-soluble 
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fat fraction was shown to inhibit the growth of oil partitioned tuber­

ela bacilli completely and to retard the growth of normal bacilli. 

There appeared to be a positive correlatioh between the lethal 

action of an oil and its ability to dissolve the acetone-soluble fat 

fraction of .the BCG ba.cillus. 

Kirchner• s fiuid semi-synthetic medium was superior to Lowenstein 

medium for the cultivation of oil partitioned tubercle ba.cilli. The 

fiuid medium was used in all subsequent studies as such, or was made 

semi-solid by the addition of 0.3% agar. 

A survey was made of various recognized microbial growth 

factors and other substances in a search for a material which could 

assist the metabolism and growth of small numbers of tubercle bacilli 

damaged by the process of oil partition. It was found that inositol 

in a concentration of 500 micirograms/ml of medium and the filtrate 

of a Candida albicans culture in a concentration of 5% could assist 

the growth of smal1 numbers of ba.cilli damaged by oil. 

Detailed studies revealed that inositol assisted the growth 

only of extremely small numbers of oil damaged bacilli and i t ap­

peared to be substituting for a limiting factor which these bacilli 

lack. The Candida factor stimulated the growth rate of oil parti­

tioned ba.cilli. An interesting finding was that inositol exerted a 

pronounced synergistic actionwhen combined with the Candida factor. 

Paper chromatography of the Candida filtrate showed that it did not 
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contain inositol in a proportion which would be effective in assis­

ting the growth of small numbers of oil partitioned tubercle bacilli. 

Animal am cul ture experimenta carried out in parallel in­

dicated that the virulence of the tubercle bacillus for the guinea 

pig was more severely damaged by prolonged exposure to coconut oil 

than viabili ty. 

An improved method has been developed for the cultural demon­

stration of li· tubercu1osis on membrane filters after collection from 

tuberculous sputa by oil partition. The essential features of the 

method include the use of semi-solid Kirchner medium am a micro­

scopie method for detection of growth. 
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CONTRIBUTION TO KNOWLEDGE 

An improved method has been developed am described for the 

cultural demonstration of small numbers of tubercle bacilli collected 

from tuberculous sputa by the oil partitionmethod. The essential 

features of the method include the use of semi-solid Kirchner medium 

for the cultivation of the bacilli on the surfaces of molecular 

filter membranes and microscopie examination of these for more rapid 

detection of growth. 

It has been sho'WD. that in Kirchner fluid medium in:>si tol am 

Candida factor have a synergistic affect on the growth of tubercle 

bacilli damaged by exposure to coconut oil. 
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1. 

(i) 

APPENDIX A 

Formulae and J'{ethod,s for Preparation of Media 

Lowenstein (Jensen} Medium 

Starch-sal t solution: 

Potassium phosphate (acidic) 2.4 gms 

Magnesium sulphate (hydrated) 0.24 gms 

Magnesium citrate 0.6 gms 

Asparagine 3.6 gms 

Glycerin 12.0 cc. 

Distilled water 600 cc. 

Potato starch 30 gms 

Homogenized whole egg 1000 cc. 

2% Malachite green solution 20 cc. 

The salta are dissolved, the potato starch added and the mix-

ture autoclaved at 120°0 for 30 minutes. 

Fresh eggs are waahed in soap solution and are then placed in 

running cold water until the water becomes clear. They are broken 

into a t etërilë '.flask, homogenized by shaking and :fil tered through 

sterile gauze. The homogenized whole egg is added to the starch­

salt solution·_ am the malachite green is added. After thorough 

mixing, the medium is dispensed by means of a sterile aspirator 

bott1e 'Hi th a funnel a:od bell attachment. Fi ve ml. of medium are dis­

pensed in 1 oz. runt glass square bottles with rubber liœd screw­

caps atvi inspissated at 8500 for forty minutes on each of two con­

secutive days. The medium is checked for sterility before use. 



(ii) 

2, Dubos Tweeli-albumin fiuid medium 

Basal medium: 

KH~o4 
Na#fû 4 .12H20 

Asparagine 

1.0 gm 

6.3 gms 

1.0 gm, 

This is dissolved by heating aiXl made up to 950 ml. ldth dis-

tilled w.ter. 'When dissolved, the following ingredients are added: 

Bacto-casi tone 

Ferric ammor:d.um citrate 

1.0 gm. 

0.05 gm. 

0.01 gm. 
(l cc of a 1% aqueous solution) 

0.0005 gm. 
(1 cc of a 0.05% aqueous 
solution) 

o.oool_.gm. 
(1 cc of a 0.01% aqueous 
solution) 

0.000.1 p. 
(1 cc .of a 0.01% aqueous 
solution) 

The pH is adjusted to 6.8 with N/I HCL alXl brom-cresol pur-

ple and the medium is autoclaved at ll0°C for 20 minutes in 90cc lote. 

Bovine Al.bumin: 

A 5% bovine albumin fraction V solution (Armour Laboratories, 

Chicago) is prepared in 2$ NaCL solution, sterilized by Seitz fil­

tration and heated to 560C for 30 minutes to inacti ve lipase. Pre­

paring the solution in 2$ Na.CL prevents pre ci pi tati on of the protein 

on heating, 



(iii) 

Tween 00: 

This is prepared in 10% aqueous solution aiJd sterilized by 

autoclavi.ng. 

Gluco§R_: 

This is prepared in 50% aqueous solution and sterilized by 

autoclaving. 

All four cons:liituents are prepared separately and combiœd 

prior to use as follows: 

Basal medium 

5% bovine albumin solution 

10% Tween ao solution 

50% glucose solution 

90 cc 

10 cc 

0.5 cc 

1.0 cc 

The complete medium is dispensed in 5 cc volumes in screw­

capped test tubes 15 mm. in diameter or in 1 oz. screw-capped 

square bottles. 

3. Kirchmr Semi-srnthetic medium 

This is prepared according to the directions provided by Reed 

(1953). 

(a) Fl.uid MedilJ}D.: 

Na#P04.12Hi> 3 gms 

KH2P04 4 gms 

MgS04. 7H2Ü 0.6 gm 

Sodium citrate 2.5 gms 

Asparagine 5 gms 

Glycerin 20ml 



(iv) 

(a) flsid Medium: 

Distilled w.ter to 1000 ml 

The reaction is adjusted to plfl .2 wi th pheool red B.lld N/1 

Ne.OH. The medium is dispensed in 90 ml.lots am autoclaved at 120° 

for 20 minutes. Prior to use 10 ml of fresh huma.n serum sterilized 

by Seitz filtration is added to 90 ml. of the basal medium. The 

complete medium is dispensed in 1 oz. square bottles each container 

receiving 5 ml. 

(b) Semi-solid medi:um: 

To each 90 ml. of basaJ. medium is added 0.3.3 gm. of Bacto­

agar; this is sterilized by autoclaving. Huma.n serum is added in 

the sam.e concentration as in the fluid medium. 

The fiœl concentration of agar is 0 • .3%. 



1. Preparation 

(v) 

APPENDIX ~ 

Lipid extracts of BCG 

Two li tres of fully grown cultures of the BCG strain in 

Sauton 1 s medium were killed by stea.ming at l00°C for o:œ hour. The 

killed cultures were f'iltered to separate the bacillary maas from the 

medium, wa.shed wi th water, packed in Soxhlet thimbles aild dried by 

lyphilization, The dried material w.s extracted in a Soxlùet ap­

paratus for two days wi th die thyl ether 1 a.fter the method of 

Anderson (1927). The ethereal extracts were combined1 concentrated 

to small volume and Sei tz-fil te red to remove bac te rial celle. Con­

centration of the ethereal extract to dryness under reduced pressure 

left the crude extract. This represented about 15% of the original 

dry weight of the bacilli. A portion of the crude extract was taken 

up in ether and mixed wi th an equal volume of cold aceto:œ 1 'Where­

upon a white pre ci pi tate formed. Further cooliDg in an ice bath 

increased the volume of the precipitate which was allowed to settle 

and the supernatant was decanted. The precipitate was a white gummy 

material and corresponds to Anderson1s fraction A-3 (phosphatide) 

mixed 'With low-meltiDg wax. On evaporation of the acetone in the 

supernatant to dry:œss the acetone-soluble fat remaiœd. Attempts 

to separate the ~ precipitate into its fractions by precipi­

tation from cold ethereal solution by acetone failed. However, on 
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taking the precipitate up in acetone and heating to 40°C, a yellow 

oU separated and collected at the bottom of the beaker. The layera 

were separated in a separatory funnel am on coollng to room tem­

perature, the oil ha.rdened to a greyish soft 'WX. The acetoœ layer 

was cooled ar:d the precipi tate settled out. This ws taken up in 

ether am reprecipi tated several times lrl. th acetoœ in the cold. 

The final product, representing Amerson1s A-3 fraction, was a pure 

'White powder. 

2. LOwenstein medium containing lipid fractiopp 

Lownstein (Jensen) medium was prepared lrl. thout glycerin. 

0.5 gms. of the crude extract ar:d each of its three fractions wre 

mixed \dth 0.75 c.e. glycerin am dissolved by heating to 45 - 50°0. 

4.25 ml. of distilled water, heated to soOc, wae added to each 

glycerin-llpid mixture, "Whereupon an emulsion was formed. The whole 

contents of each tube wre transferred to flasks which contained 95 

ml. of fluid Lôwenstein medium ('Without glycerin) heated to 45°0. 

The flasks were agitated vigorously to distribute the material, a:rxl 

the medium ws dispensed in square flint-glass bottles of 1 oz. 

capacity, or in 5 cm. Petri dishes, a:rxl inspissated at 85°0 on each 

of two consecutive days. 



(vii) 

APPENDIX C 

Accessory Growth Factors 

Bio tin ( crystalli:œ) Nutritional Biochemicals Corp.,Lot #8731 

Calcium pantothemte (dextrorotatory) Nutritional Biochemical 
Corp. 1 Lot #9205 

Pyridoxine hydrocholoride Nutritional Biochemical Corp. 

p-Aminobenzoic acid Eastman Kodak Co. 

meso-Imsitol Difco Laboratories, IDC. Lot #411582 

Thiamin hydrochloride Merck and Co., Ltd., Lot #35044 

dl -d-- Tocophero1 acetate Hof:f'm.an-Laroche Ltd., Lot #15 

Phthiocol Nutri tional Biochemical Corp., Lot #4917 

Vitamin K diphosphate . Hof~Laroche Ltd., Lot #107R 

(2-methy1-1,4-naphthoeydroquimne diphosphoric acid ester tet­
rasodium salt) 

Sodium acetate (A.R.) British Drug Houses, Ltd. 

01eic acid Nutritional Biochemical Corp. Lot #3653 

Linoleic acid Hof~Laroche, Ltd., Lot #10205 

d(-) .fl..rabimse British Drug Houses, Ltd., Lot #o9722 



(viii) 

APPENDIX D 

The Preparation of an Acetone Extract of M.phlei 

M. phlei ws gro'Wll in 4 li tres of beef heart infusion broth 

which contained 10% glycerin and 4% Bacto-Peptone (Francis et al. 

195.3). A.f'ter two weeks incubation at 3rfJC the cell mass was harves­

ted by centrifugation, wshed wi th distilled wter and dried by lyo­

philization. The yield ws 1.8 grams (dry wight). The dried cells 

were extracted trdce with 60 ml. acetone under reflux. The extracts 

were pooled, Sei tz fil tered to remove bacterial debris and concen­

trated to a volume of 15 ml. by vacuum distillation. The resulting 

clear, dark yellow solution was used as auch. 

'When incorporated in Long 1s synthetic agar in concentrations 

of l./80 - l./1280 i t stimulated more rapid growth of a strain of M. 

johœi (strain 11, Animal Diseases Research Institute, Hull, P.Q.) 

than Long 1s agar with no extract. It bad about the same degree of 

activity in promoting the growth of !:!• iohnei as whole dried 1:!.phlei 

cella added to the medium in 1% concentration. 
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