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_INTRODUCTIQN

Whilst I was a resident medical officer at Ruchill Hospital ample
opportunity was afforded for a study of the diagnosis and the effects of
treatment in the difference types of bacterial meningitis, Most of the
cases were, of course, meningococcal and tuberculous meningitis, but
pneumococcal and influenzal meningitis cases formed a sm1l but significant
proportion, The number and distribution of cases studied in Ruchill
Hospital was as follows:-

Tuberculous MeningitiS.suessrsssesssss 85 cases
Meningococcal MeningitiS.saasssssssrssadO0 cases
Pneumococcal MeningitiSeacsssass-»nsaallh cases
Influenzal meningitis,ssssssssscass.as 9 cases

These cases were observed during the period November 1947 until
March 1950 when I assumed my present appointment as physician to Gateside
Hospital, Greenock, where a further twenty cases of tuberculous meningitis
were studied, making the total number of cases of this disease studied 105.

Because of the higher mortality among infants suffering from meningitis
it was felt that the diagnosis of meningitis should be discussed, since it
is in infants that early diagnosis is very difficult. For nearly all
forms of bacterial meningitis there is today specific treatment, and for
such treatment to be effective early diagnosis is essential.

Sulphonamide therapy in meningococcal meningitis is recognised as
the treatment of choice, but in infants the mortality in treated cases is
still considerable. Two previous studies on meningococcal meningitis had
been dome in Ruchill Hospital, one on the effects of sulphonamides on the
disease, and the other on the effects of penicillin and sulphonamides., The
latter investigation showed that penicillin produced no significant

difference in the mortality rates in the disease when canpared with cases



treated with sulphonamides only., This author had not treated his patients
adequately with penicillin., The present series of cases of meningococcal
meningitis was compared with these two other series, In the present series
treatment was by sulphadiazine and penicillin in what are regarded as
adequate doses,

Streptomycin became available to Ruchill Hospital in August, 1948, and
from that date until June, 1949, sixty cases of the disease were treated by
this drug only. From June, 1949, until November, 1949, a further twenty-
five cases were treated with streptomyein and the drug pam—aminosa.licylic(ﬁ

v © A
acid. In Gateside Hospital, Greenock, I treated twenty cases of :u;ercuiousz
with streptomycin and para-aminosalicylic acid. This group of cases
differed fram the others in that the intrathecal courses of streptomycin were
prolonged. The results in these three groups were compared.

Because of the low incidence of pneumococcal and influenzal meningitis
no experiment could be conducted into the effects of chemotherapy in these
two diseases. It was felt, however, that a review of the literature and a
description of the cases with their response to chemotherapy should be
introduced into this thesis since although they have features conmon to
each other and to meningococcal meningitis, they differ in their response
to the different treatments.

The effects of treatment in these different diseases have been dbserved
from the point of view of mortality, rapidity of recovery and sequelae,

I am indebted to Dr,T.Anderson, Reader in Infectious Disease of Glasgow
University, for his advice in the preparation of this thesis, and to
Dr,J.H,Lawson, FPhysicien Superintendent of Ruchill Hospital, Glasgow, for
his constant encouragement during the period of this study, ir.John Gemmell,
B.Sc, was responsible for the finely executed diagrams, and figures distributed
through the text. Finally, I am indebted to the sisters and nursing staff

of Ruchill and Gateside Hospitals for their valusble assistance,



VOL 1
CONTENTS.,

~ SEOTION, 1.
PAGES,

Chapter leveeeeeeee HiStOIryeuoeeoerevcrcrnccvecrovocones l -8,
Ghapter.Z...Chemotherai)y - SulphonamidesS.ccoveecececeecas 7=-15,
Chapter. 3...Chemotherapy - Antibiotics....ccvevvcrcscsss 16,
Penicillin....... ceneee cesveseesecssenssscee 16-23.
Routes of Administration of Penicillin,..... 23-26.
Delayed action penicillin.......ccvcecevevee 26.
Dosage of Penicillin.e.ecececvosccacccoccoes 27-28,
Penicillin in Cerebrospinal Fluid......ces0. 28«30,
Intrathecal Penicillin.....cccecececccccccces 30-33,
Toxic Reactionsof Penicillin.....cocecevceces 3337,
Streptomycin....cocevvecerreccccccencrnecee 37-45,
Routes of Administration....ecceeceeecceccns 45«47,
Intrathecal Streptomycin....eceeececcecccees 47-49,
Irritant Effects of Intrathecal Streptomycin., 4950,
Excretion..c.ececesvererecccecreorcccnvescecne 50-51.,
DOSAEC eevrsvvvesresocnsrscccversocasrvreoee 51-52.
ToXicityeeoeevoosvececnocerecocersenoocneses - O2=55,
Chapter.4. Para-aminosalicylic ACiGi.cecevececececocooe 55-56.
Excretion.cceecercecrcecrecvoccsecrccocsonce 57.
DOBALC.ceeteoncrecssccsavrreverenesrrescrroccs 57-58,
Clinicel EffectS....eeeccecererceneccreonoes 58-60,
Drug ResistanCe....cceeevveevenernennanonnns 61.

TOXiC EffectSQQoco'noiovvvoov-oaloov"o'.... 61"64



SECTION, 2.

Chapter. l.... Lumbar, Ventricular and Cisternal Puncture.
Circulation of the cerebrospinal fluid.............

Chapter. 2.... Examination of the Cerebrospinal Fluid.............
Chapter. 5.--- The Di&gnosis Of Meningitispo.-.......-...-.'--....
Bibliogmphy - SGCtionS 1811(1 2----.0:.0..-0.-0-0.0

SECTION, 3.

TUBERCULOUS MENINGITIS.

Prealnble..--......-.........-.

Chﬁ-pter. 1.....Definiticn...-.--........-----oo--..-.-o.--n-...-c A

PathogenesiBSe.eeercerrcrervscencovecccverecasvascves

Patholoytnoocoaooco ----- S0 sonsverrsseosevsosmerre

chapterQ 2.90.0Dj-a'g108is.'..I0.Q"u"IﬁStOW"I‘.OIOOOGD'-I.....0 '

Signs and SymMptomS...eevvvcovvreccceccroosocsacsne
Cerebrospinal Fluid..eeeececrrcencccococorcensenns
Bacteriology.cerrevecccreaccscsssccsocascrscorencre
Chapter. 3.... Treatment...Recommendations....c.cvcvevecrcvccnves
Frequency of administration...coceecevececrcecencns
DoSage.seeretevecrrerrrnsrorrececssnscccreressones
Results of Treatment........cccvvvvvuvvececcecenee
Chapter. 4.....The Present Series - Groups to be compated.........
Classification of CasesS...cccveeerecerccsconccerns
Distribution of Cases.....ccecvvercceerccrrccecees
Response to Treatment....cccevvecerscccccorevcecsee
Chapter. 5.....Prognostic Factors..eeeceveeeerecrercavoccccoccanse

Chapter. 6.... The investigation... Comparison of the treatment
GrOUPS, veveecvcrsenns cevroseves seeccserevscccecana

PAGES,

67-78 o
79=-87.
88-100.

104.
105.
105,
106=108,
109-111,
111-114,
114-118,
118-120,
il21.
122,
122,
123,
124-126.
126-128.
128-129,
129-130,

135-143,



PAGES,

Chapter. 7..... DUTGtion Of PYIeXif...eseeeeeeeesesennnnnn.., 144-145,

Cerebrospinal Fluid during Treatment.......... 145-147,
Cerebrospinal Fluid in surviving patients..... 147,

Recrudescences and Relapses....c....... ceseees 147=158,

Chapter, 8......Complications of Tuberculous Meningitis,...... 153=170.

Chapter.

9......Toxic Effects of Streptomyein and para-

:wninosalicylic ch-d.--oo.o'o'-ovovooao---ooo- 171‘1920

Chapter.10......96qUelac..c.v.erennnnconennens cevevsrenvceresse 193=199,

cmpter. 11..’.'.Adjuvant Themw..'...'.U..’..’.."'.’"'.-'.' 200‘%2.

AppenaiX--..-.- ------------- ®eevevoere e e vescesvrssrere eveveveece 20&204.

- Summary and ConCluSiOnS..eeeeessececooeseroccscccccoresacesssss 205-208,

vBibliogmphya...-ooo---0.0..0-»-..-700000;. ----- ¢os e srvevovveny 209..210¢

VoL 2

SECTION, 4,
MENTNGOCOCCAL MENINGITIS.

Intmduction....-..--o-.-.-.- ----- e PP PILTIPCIPIOLIRPPrOIOIEPINPICEOESEOPOdes 2110

Chapter. 1.

Chapter.

Chapter.

chgpteq.

.
Chagpter,

2.

3.

Definition and General Features of Disease,,., 212-213,
Pathogenesis and Pathology..,......... ereeree 213-215,
Clinical FedtureS.w...ceevereevensereoeevonss 215-218,
The Diagnosis.eeeeeeeveerereocsncenns ceeoess. 218=-219,
Treatment...coovenreriveecrreeereanncerecoess 220=226,
Prognostic Factors.ceeeeeereerrneeeeenonenens 227-229,
The Investigation..veveveereeercsroseareoenes 229-238,
ComplicationS..cecveceercecervoccervocrcornse 239=252,
Herpes Febrilis...ceeececconcreocncrceroacoes 252253,
Adrenal Feilure...occe.c. treoanesannn ceceeses 255-254,

Relapses, Recrudescences and Second attack,., 255-258.



PAGES,

Chapter.5. Intercurrent and Concurrent Diseases .......c.eeseess 299=261,
Fatal Cases in the Present Series.....coecesescesrose 261=266,

Chapter.6. SeqUelac..cocveverrocsccrsrsscrsncsncssscessnrseseree 207=275,
Summary and Conclusion,...cceeeescecccvscecrssscanacse 277=273,

Bibliography--..--........-......--..- ------ eerevevewm 279"280'

SECTION, 5.

PNEUMOCOCCAL -AND INFLUENZAL MENINGITIS,

Premble...-.....-o......«--.-o..-...-.....‘c-c¢c--.-..o.---n-... 281'

Part., 1. Pneumococcal Meningltis.

GENeTaleeevrroecncrvonrossacesravcoseverssavsosoeenssse  OB2,
Pathology.ereereeeecervensreesenenresvascossrececsoennne 282~-283,
. INCLAENCE. sevvvivrrrneericsesnrsnsireresessaceesasss 283284,
DiagNOsis..ceereerennerenccococoecoroanceanscesesocnces 284=-285,
Treatment.............................................A 285-289,
Results in present series.....ccocevreccnrcccrcosreass 289,
Response to Treatment..............;................. 290,
Recrudescences.....coeeececcvecans ceevens ceeomencans eee  291-294,
‘Concurrent Diseases........ ceevrceanans cerens cocrereen 294,
Complications..... cererennsnsas Ceesescnssecsncsnsnrnes 295-300,
Pecurring Pneumococcal Meningitis....cvevecveerrvenees  300=-304,
Fatal CaseS..ececereecrccoccrccescoroconesoecrcrrrsess 904306,
Summary andvConclusion................-.............;. 07,

Part, 2. Influenzal Meningitis.

General....... eneaenea heteacsacecaneae eevecceveconae 308.

Pathology...c.cn.- teeeresaocs cereoes terescesssesacnnoa 308-309,



Pages

Incidence......cceevuenverccenrerreceneccaccnnae  B0Y=5L0
viaghosis,....... .. ceresecssesescesenane 310-311
Treatment.....cccoevevvrervrrerescccnranceveeees Bl1=316
The present series....... cereecccsecerssessvrre 316-318
Response to treatment.......vveveevececvcovococs 318-319
Recrudescences.......covvevveveenneecennoncecnes 319-320
Concurrent diseaseS.....c.ccveeecerercrvevaneons 320-321
Complications......ccocvuvvveneceocenronononsnens 321-327
Fatal cases....cucverivrrerrvervonnencnnasoncns 327=-331
Summary & conclusions.....eveeecvervevoncocnces 532

Bibliography - Pneumococcal & influenzal meningitis. ...

.o 331=335

li Rmms__oco--. ----- ®s 00V sOesVPerssovRoe m-55’7.



SECTION I

CHAPTER I
HISTORY

Early History

The existence of meningeal infection has been known from the time
of Hippocrates (460-370 B.C.), who described inflammation of the brein
and hydrocephalus,

There is unfortunately no proof that the ancients knew of the
existence of cerebro-spinal fluid in normal subjects, Herophilus (280 B,C)
who first described the Lth ventricle, knew about the choroid plexus but
did not guess what its function might be., He is said to have dissected
Indreds of brains but he mokes no reference to cerebro-spinal fluid,
Galen (131-201 A,D,) was conversant with the ventricles and he wrote of
an excremential liquid expressed from several places into the ventricles
especially the 4th.Varolius (1543-1575) denied that the ventricles were
filled with air in life and affirmed that it was fluid that filled them,

However he did not deseribe this fluide

Probably the first person to describe cerebro-spinal fluid as such
was Dominico Contugno 1784, This observer obtained cerebro-spinal fluid
from living fishes and turtles, although he could not detect its presence
in man, Thus, up to this time we see that no method had been found for
obtaining cerebro~spinal fluid from living man, It is little wonder then‘
that meningitis at this time is still not specified and the term "Brain

Fever" used to include it and sundry other conditions such as eclampsia,
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disbetic coma, tuberculous meningitis, acute purulent meningitis,

uraenﬂ.é., ete,

Association of Meningitis with Tuberculosis

In the 18th century several authors noticed the frequent co-
existence of hydrocephalus and pulmonary or mesenteric tuberculosis.
Robert Whytt in 1764 did actually describe tuberculous meningitis., He
divided the disease into three stages, and attributed the various manifes-
tations of the disease to the presence of a serous exudate. In 1768 he
published the results of these cbservations on acute hydrocephalus under
the title "Observations on Dropsy of the Brain." Under this heading he

included all forms of acute brain disease,

It was left to Majendie in 1825 to give us an accurate description
of the cérebro-spinal fluid and this started us on our way out of this

period of confusion, He particularly mentioned the protective function
of the cerebro-spinal fluid.

Lumbar Puncture

Investigators were now trying out methods of obtaining ssmples of
cerebro-spinal fluid from living man, One of the first methods was by
tapping the brain, but this of course necessitated trephining the skull.
In 1885 Corning injected 60 minims of 3% cocaine hypochlorate between the
spinous processes of llth and 12th dorsal vertebrae. Within ten minutes

of the injection the patient8 legs became anaesthetic to touch and felt

"sleepy.®™ Unfortunately, Corning gave no details about his technique.

In 1891 Essex Wynter repprted the drainage of C,S.F. in four cases

of tuberculous meningitis, He made an incision into the skin a little to
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the side of the 2nd lwnbar vertebra, and introducéd a Southey's tube and

trocar into the subarachnoid space.

In the seme year (1891), Quincke proposed thet lumbar puncture should
be done with a plain needle, thus avoiding the necessity for a skin incision.
So far previous authors, describing methods for obtaining. cerebro-spinal
fluid, recommended their procedures for therapeutic purposes only, and it
is not until 1893 that Lichteim, recommended lumbar puncture for diag=-
nostic purposes. However, it was soon recognised that simple drainage
by lumbar puncture did give definite relief to patients with meningitis

by allowing the pressure of the cerebro-spinal fluid to fall,

Epidemic Cerebro-Spinal Fever

Prior to the development of the new science, bacteriology, in 1876,
meningitis could only be classified into two mein types, acute purulent
meningitis which generally occwrred in epidemic form, and tuberculous menin-
gitis. The first classical description of epidemic cerebro-spinal fever
was in 1805 when Vieusseux described the outbreak in Geneva. The following
_year the disease appeared in America, end it also attacked the Prussian
army. From thet time, this disease has invaded most countries of the
world, Hirsch in his "Treatise on Geographical dnd Historical Pathology" .-
divides the period from Vieusseux until 1886 into four periods of epidemic
prevalence, The four periods were:- (1)} 1805-1815, (2) 1837-1850,

(3) 1854-1875, end (4) 1876-1886. The disease was first recorded in
the United Kingdom in 1846, when it occurred in Belfast and Dublin, In
Scotland it occurred in 1884 in Kilmarnock, and in 1886 at Dundee. There

was a severe outbreak in Glasgow in 1906 when there were 1238 cases.

Thus by 1857 meningitis constituted a fairly well-defined clinical
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picture, and very soon the search for the organism or organisms responsible
begen, Foa and Bordoni-Uffreduzzi in 1886, isolated a diplococcus, which
was the pneumococcus, from cases with meningitis complicating pneumonia.
Weichselbaum's classical paper on the finding of a gram-negative diplococcus
in cases of acute cerebro-spinal meningitis was published in 1887. The
observations of Weichselbaum were confirmed and finally esteblished by the
extensive studies of Von Lingelsheim in 1905 during an epidemic of
cerebro-spinal fever (19C%4-05). It was not accepted until after Von
Lingelsheim that this Gram negative diplococcus, the meningococcus was

the causal organism in epidemic cerebrospinal fever.

Posterior Basic Meningitis

Still in 1898 described a diplococcus responsible for the posterior
basic meningitis in infants., This diplococcus was said to differ from
that of Weichselbaum in minor characteristics and it was thought to be a
distinetly different orgenism. Houston and Rankin (1907) had shown that
the sera of epidemic cases did not agglutinate the cocci from posterior
basic cases, and similarly, sera from the latter patients did not affect
the epidemic organisms, We now know that these serological differences
are due to the fact that the meningococcus can be divided into four dis- .
tinct groups (Gordon and Murray 1935), and that the organisms responsible ‘!
for epidemic cerebro-spinal fever and posterior basic meningitis are the "

same,

Influenzal Meningitis

In 1892 Pfeiffer isolated and described the Haemophilus influenzae

organism, and Slawyk in 1899 described the first case of meningitis due
to that organism. The disease was recognised by many observers after
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that date, see Cohen 1909, Henry 1912, Rivers 1922, Neal et al 193L.

Sexro~therapy

Having recognised the organisms responsible for meningeal infections
the next stage was specific therapy, and Jochman (1906) produced an anti-
meningococcal serum with which he treated 17 patients, Twelve of these 17
. patients recovered. Shortly after this Flexmer (1907) working inde-
pendently produced an anti-meningococcal serum with which he treated
monkeys infected with meningococcal meningitis, He was able to cure them
with this serum, Thus encouraged he used his serum on human beings
with favourable results., It seemed that sero-therapy had reduced the mor-
tality from cerebro-spinal fever considerably. It was also felt that the
incidence of relapses had diminished with sero-therapy, Other workers
who obtained results similar to Flexmer were, Netter and Debre (1911),
Adshead (1918), Rolleston (1918), Dopter (1920), Sturdee and Scott (1933)
and Banks (1938). All the authors insisted on the necessity of introducing
the serum intrathecally, Same advocated preliminary washe-outs of the sub-
arachnoid space with normal saline, )

The results of sero-therapy in cerebro-spinal fever, although in
general they showed a reduced mortality, were not constant, This may well
have been because of the varying virulence of different outbreaks, Also
the natural fatality rate may vary from 40-80 per cent. Flexner's (1913)
fatality rate before the introduction of sero-therapy was 70-80 per cent
and this was reduced to 30,9 per cent by sero-therapy. However, figures as
low as this had been recorded in cases not treated with serum,

By 1914, sero-therapy was thought to be losing its effect according

to Dopter (1921), In 1915 the mortality rose above 50 per cent, and after
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1928 it had risen to 70-80 per cent. which was not better than it had
been before the introduction of sero-therapy. Intrathecal administration
also was falling into disuse because of the aseptic meningeal reaction
vhich it caused. This, plus the fact that the septicaemic nature of the
disease was being increasingly recognised, led to the intrathecal route
being discarded or augmented in some cases by intremuscular serum, since
gserum is unable to pess across the blood-brein barrier,

The variations in mortelity rates with or without serum may be
explained by the fact already mentioned, that meningococei exist in four
distinct groups. Gordon and Murray in 1915, by using the absorption test
found that 32 strains of meningococeci obtained from the cerebro-spinal
fluids of epidemic cases, fell into four groups, which they called groups
I, II, III, IV, Classification is difficult since there is a lack of
definite type specificity, and many of the strxains undergo antigenic degrs-
daticn, Also any change of the strain used in the preparation of
typing sere may result in an apparent change of the organism wnder study,
Grouping of the organism was paturally important in sero~therapy in order
that a type specific serum might be given, Nowadays when sero-therapy is
obsolete, grouping is only of epidemiological interest.

Sero-therapy was also tried in other meningeal infections notably
meumococcal meningitis and influenzal meningitis with verying results,

In meumococcal meningitis where the fatelity rate was almost 100 per cent.,
sero~therapy may have improved the prognosis but the cure rate was never more
than ten per cent, Specific serotherapy wes studied meinly in America.
Hodes, Gibmel and Burnett (1939) employed monovalent serum from 32 different
types of pneumococoi and obtained no cures in 25 cases,

In influenzal meningitis the prognosis was much the same as in
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pneumococcal meningitis, e,ge. in 1934 Duncan and Webb could find only 27
reported cures and of these 70 per cent. were in patients over two years
of age, Serotherapy for influenzal meningitis was introduced by Fothergill
in 1935 and mede some slight improvement in the recovery rate, There was
a distinet advance, however, following the introduction in 1943 by
Alexander (194)) of type specific anti-b rsbbit serum, which she used in
conjunction with sulphonamides, The sulphonamides had already failed to
reduce significantly the fatality rate in this disease (Davies 1943), but
several authors claimed that sulphonamides combined with this anti-serum,
did temnd to reduce the fatality rate, Alexander (194)) herself reported
68 recoveries out of 87 cases, Smith et al (1946), 24 recoveries out of
27 That Alexanders' serum was much better than Fothergill's is evident
from the results ; Fothergill's serum given with sulphonemides gave no
better result then sulphonamides slone, (Knouf, Mitchell amd Hamilton
1942)e
CHAPTER 2

CHEMOTHERAFPY

At this juncture we aspprosch the period of chemotherapy, From 1906
there were investigations into the possibility of chemical substances for
combating disease,

In Germany chemists in conjunction with doctors were sesrching for
internal antiseptics, particularly entimslarial substances, This work
was done mainly by the dye industries, Among many dyes synthesised for
trial was sulphonamido-chrysoidin, which was prepared in 1932 by Mietsch
and Klarer, This was the first therspeutic sulphonamide, Domagk in

4935 revealed the efficiency in vivo of this substance which was now
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called 'Prontosil'., He found that this dye would protect mice if they
were infected with haemolytic streptococci, Confirmation of this finding
was soon forthcoming from other authors in France, Germany and Britain.
There was much speculation as to how this drug acted, but some French
workers in 1957,( JeTrefouel, Mme,Trefouel, Nitti and Bovet) working in
the Pasteur Institute under Fourneau provided the answer viz, that the
drug interfered with para-amino benzoic acid which is an essential
metabolite for meny organisms and a growth factor for some,

An importamt step in the development of the sulphonamide group
of arugé was made when it was found out that the dye Prontosil'broke

down in the bedy into sulphanilamide.

P e———————— = ——— !
— NHD. % H,
H NN - 2 —NH :
N Py , \ A 2
\\ , 90.2"’”;

Sulphonamido-chrysoidin pP. Amino-benzene

Y

ULPHONAMIDE GROUP OF DRUGS

Sulphanilemide

Sulphenilamide itself had been synthesised in 1908 by Gelmo and
was widely used in the dye industry. This substance p-amino-benzene-
sulphonamide was the active principle of the 'Prontosil' mglecule, it
acts as well in vitro as in vivo. It is very active against streptococei,
meningococei or gonococci and it is active against the pneumococei to a
less degree., This drug was the second sulphonemide to be used end was
called sulphanilamide or *Prontosil Album,'! B;ttle, Gray and Stephenson

(1936) were the first to introduce this drug as an effective chemotherapeutic

sul
( sulphanilemide).
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agent in the control of experimentally produced meningococcal infections
in mice. These authors showed that the degree of protection when
sulphanilamide was used with one strain of meningococci was the same as
for streptococci, Later, Proom (1937) in more extensive experiments

in which the drug was given orally and subcutaneously stated that "the
early oral administration of sulphanilamide prevents the development of
septicaemia and death in mice affected with meningococci." Proom advo-
cated clinical trials of sulphanilamide, His findings were confirmed by
Whitby (1937) and by American workers Branham and Rosenthal (1937).

Further observations on sulphanilamide showed that following oral
administration of the drug in normal human beings, absorption was maximal
in 4 hours, =and thereafter the blood concentration dropped rapidly. The
drug passed into the cerebro-spinal fluid and remained there in a slightly
lower concentration than it did in the blood (Marshell et (1938)). This
fact was also confirmed by Allott (1938) in his investigations of the
sulphanilsmide content of the cerebro-spinal fluid, Banks in 1939 em-
phasised the importance of maintaining adequate concentrations of the drug
in the cerebro-apinal fluid. He considered that 5 mgm, per 100 ml, of
fluld was theminimum required.

The further develomment of the sulphonamide group of drugs was
stimulated when it was discovered that sulphenilamide was limited in its
action, being mainly active against streptococcal infections. Moreover
this drug had proved rather toxic, inducing acidosis and a bluish dis-
colouration of the blood when administered over a long period, An attempt
was then mede to prepare related compounds, some of which subsequently
Proved superior to sulphanilamide, These compounds were formed by re-

placing one of the H atoms of the sulphonamide group, or one of the H
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atoms of the amino group. In 1936 Goissedet et al reported the

synthesis of p-benzylamino sulphonamide or Benzyl sulphanilamide.

(Syn. Proseptasine or M & B 125), Shortly aftervards Goissedet was able
to ammounce the synthesis of snother related compound vix,, disodium-p-
(phenyl propylamino) - benzene-sulphonsmide -2 - -disulphonate. This
preparation called Soluseptasine or M & B 137 was more soluble than
Proseptasine and could be used for parenteral administration, Whitby (1937)
considered, however, that both these drugs were ineffective against
meningococci, Hanmah and Hobson (1938) have shown that lowlevels are
obtained in the blood and cerebro-spinal fluid following their oral
administration, This, coupled with the inability to determine accurately
by chemical methods their concentrations in body fluids, led to their use

being discontinued,

< }C”z"“’@ So, - NH, Proseptasine
vg X CH.CH, . CH . N H w 903, "/"’2_
]

[
So4 Na So:’ Na Soluse&sine

Sul dine

Further reserarch with the object of discovering campounds with a
wider range of activity and lower toxicity resulted in the production of
2 (p-amino~benzene sulphonamide) pyridine, or sulphapyridine or M & B 693.

N

Sulphapyridine




This drug was found to be highly effective against pneumococcal
infections, in which the action of sulphanilemide was feeble, Whitby
in 1938 first drew attention to the high degree of activity of sulpha-
pyridine and campared its action to that of sulphanilamide in experi-
mental infections in mice, Banks (1938) also concluded that concen-
trations of 5 mgm., of this drug per 100 ml, of spinal fluid were
sufficient in the treatment of cerebro-spinal fever, Harries in 1940
described 100 cases of meningococcal meningitis treated by sulphapyridine
alone with a mortality of only 8 per cent. There is an abundance of
literature on the successes of sulphapyridine in the treatment of
meningococcal meningitis,

In pneumococcal meningitis also, the mortality was substantially
reduced by this new drug. Colemen (1940) in a review of the literature
reckoned that the mortality had been reduced from close on 100 per cent.
to 35 per cent,, but this figure appears to be unduly optimistic, since
most other authors had mortality figures over 50 per cent. (e,g.Rhoeds
et al (1940) 68 per cent, with sulphapyridine + serum).

This drug wes, however, highly toxic, although in general sulphonamide
substances with heterocyclic molecules are less toxic than those containing
a single benzene ring as e,g. sulphanilamide,

Sulphathiazole

A preparation next appeared in which a thiazole ring was attached
to the sulphanilamide in the amino portion, This substance had the
formula 2 (p-emino-benzene-sulphonamide) thiszole or sulphathiazole (M &
B 760). This compound not only possessed advantages over sulphppyridine
in its lesser toxicity but was found to be more polyvalent in its anti-

. G
bacterial agents, thestreptococei, the pneumot:cus, the staphylococcus, the
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bacillus coli, the gonococcus, the meningococcus, ete.

The substance has the formula:- (M
S eH
N UCH
go; '\j

McKee et al (1939) in a comparative study of the therapeutic
activity of sulphepyridine amnd sulphathiazole in experimental menin-
gococcal infections in mice, found that these drugs were equally effective.
Long (1940) showed that this drug differed from sulphapyridine in that it
was ebscrbed more rapidly from the gastro-intestinal tract and that it
reached higher concentrations in the blood. Banks (41941) in elinical
trials with the drug found that the concentration in the cerebro-spinal
fluid seldom rose above 1,5 mgm. per 100 c.mm, which was not considered
to be a therapeutic level, but his fatality rate in cases treated with
sulphathiszole only was 2,1 per cent. in 4. cases, He considered that
it was equal in potency to sulphapyridine in meningococcal disease., Carey
(1940) in a brief review of the successes achieved with sulphonamides in
cerebro-spinal fever, emphasised the failure of sulphathiazcle to reach
what he regarded as adequate levels in the spinal fluid, and he advised
against its use in the treatment of that disesse. Banks (1943), however,
gave as his order of preference of sulphonemides in the treatment of
cerebro-spinal fever, sulphathiazole, sulphadiazine and its derivaties
(sulphamerzsine and sulphamezathine), sulphapyridine and sulphanilsmide,

Sulphadiszine

Further investigations resulted in the synthesis of another
sulphonamide drug 2(p.aminc-benzene-sulphonamide)-pyrimidine or sul-

phadiazine, This drug was synthesised by Robin in U,S,A, and by Schering




in Gexrmany in 1940,

NH,
N—CH
I /”
5’02_- '\“‘/—‘§ C;
N ===C.H

In enimals its bacteriostatic action is at least equal to the
previously known sulphonamides, Experimental studies by Long (1940)
showed that high blood concentrations were reached by sulphediezine
after a single oral dose. It is particularly efficacious against
haemolytic streptococci, pneumococci, staphylococci aureus, the coli-
bacillus, gas-gangrene organisms, and B.prestis. Also it is the first
sulphonamide to be effective against B.Freidlander experimentally, It
is helf as toxic as sulphanilamide and in equal doses gives higher and
more lasting blood levels then other sulphonamides, By contrast its ab-
sorption by the body and elimination by the kidney is slower., Also
acetylation takes place only to a slight degree, thus it is more active
weight for weight then other sulphonamides since the acetylated forms of
sulphonamides are inactive, The drug has also the unique distinction of
forming a relatively soluble acetyl derivative but even so the solubility
of the excreted form of sulphadiazine is low especially when the urine is
acid, Thus an essential step in the menagement of cases on this drug is
the avoidance of crystalluris.

Toxic Effects

Toxic reactions do occur and were faily common with the earlier
preparetion, In general, however, the sulphonamide drugs are remarkebly

inert when judged by their toxic effects in experimental animals, but in
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men the toxic effects noted frequently represent idiosyncrasies to the
drug, these idiosyncrasies not being exhibited in animals,

Cyanosis was the commonest toxic effeci:;( observed during treatment
with sulphanilamide, There was a distinct blu::.sh discoloration of the
skin and this was attributed to the formation of methaemoglobin in the
blood by the sulphanilamide, This effect is rarely cbsexved today with
the more recent sulphonamide preparations.

Anorexia, nausea and vomiting were probably the commonest compli-
cations of sulphonamide therapy until sulphathiazole replaced sulpha-~
pyridine, These effects were thought to be due to some action of the
drug on the central nervous system, This action on the C,N,S., was also
the most likely cause of headache, dizziness end lassitude which occurred
fairly frequently during treatment with sulphonamides, and especially
with sulphapyridine. Skin rashes are not uncommon as toxic reactions of
sulphonamide therapy and can occur with any of the preparations, The
camonest rash is a morbilliform eruption and when accompanied by fever
as it sometimes is, it may quite easily be diagnosed incorrectly as
measles, It usually appears from several days to a week after adminis-
trations of the sulphonamide treatment was started.

Sulphathiszole occasionally gives rise to a rash resembling
erytheme nodosum or that caused by chronic meningococcal septiceemia.,

Occasionally a purpuric eruption is cbserved and with this there
may be a thrombocytopenia which is regarded as being due to the action
of sulphonamides, Such a rash could be confused with the rash of menin~
gococcal infection., A more serious camplication is the toxic effects of
the sulphonamides on the kidneys, Most of the sulphonamides used and

their acetyl derivatives are relatively insoluble in water and when con-



-15-

centrated in the urine they show a very marked tendenciy to crystallise
out in the urinery tract, This may lead to oliguria, haematuria, and
eventually to amuria, The solubility of certain of the sulphanamide
derivatives in urine is remarkably increased by an increase in the
alkalinity of the urine, This, however, does not apply to acetyl sul-
phathiazole, acetyl-sulphadiazine, sulphamerazine, acetylsulphadiazine,
and acetyl sulphamerazine, To guard against this camplication, then, we
mist maintain the urine in an alkaline state during treatment and give
an sbundance of fluids. Mitman (1945) suggests that with each dose of
sulphonamide % oz, of mist. alkaline (National War Formulary) should be
given,

Another serious toxic effect which sometimes occurs during therapy
with this group of drugs is leucopenia and agramilocytosis, The reaction
may occur at any time during the treatment but is more often observed
after prolonged treatment,

The incidence of toxic effects due to sulphonsmide therapy is nowadays
very low, thanks to the newer sulphonamides, but it must remenbered that
they do still occur,

Treatment for most of the toxic effects consists of stopping the
administration of the drug and treating the toxic manifestations, For
skin rashes the antihistamine drugs such as Benadryl, Anthisan, etc.,
have been found useful,. For agranulocytosis pentnucleotide has been
used successfully, but this drug is rather toxic and pyridoxine (vitamine
B.6) is becoming more popular in the treatment of this conditiom., Amaria
may require ureteric catherisation, but few cases require this active

interference and the administration of alkalies and heat applied to the
loins may suffice.
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CHAFPTER 3
_ANTTBIOTICS
Histo;‘x

The use of the word anti-biotic as the actusl chemical substance was
recently introduced by Weksmen (1944). Antibiosis could be regarded as the
antithesis of symbiosis, Cf., the growth of H, influenzae being enhanced by
the fresence of a colony of staphylococcus,

The first serious attempt to employ antibiotic therspy was in 1899, by
Emmerich and Loew, who successfully employed the enzyme pyocyanase in the
treatment of experimental anthrsx infections of the lower animals and
suggested its use for the treatment of diptheria and other infections,

Waksmen (1944) states that Duchesne in 1897 wes the first to report
that certain green penicillia possessed bacteriostatic properties,

In 1524 Gratia and Dath observed the lysis of staphylococcal colonies
on a culture plate, which had been contaminated by a " small white fungus"
bearing the characteristics of streptothrix which is now included in the
sctinomyces group, The active lytic principal was called actinomycetin,
vwhich was separsted by filtration and found t;: produce not only lysis of
staphylococci but also of gonococci. These observations were not followed
up because Gratia amd Dath in 1934 became primarily interested in the
immunising properties of suspensions of bacteris dissolved by sctinomycetin,

which they hoped might be superior to vaccines,
Penicillin

wS

Fleming in 1929 also noticed the lysis of staphylococci[ colonies
whilst examining culture plates which had been accidentally contaminated




by a growth of mould. He proceeded to culture this mould and demon-
strated thet the nutrient broth in which it hed grown, scquired the
inhibitory bactericidsl properties which hed been noticed in the original
culture plate, The mould respcnsible was subsequently demonstrated to
be & strain of pemicillium notatum and the term penicillin was used by
Fleming to describe the bacteriolytic substance produced by it, Fleming
also showed that the bactericidal activity was specific for certain
organisms, and that injection in animals, of preparations of broth con-
taining penicillin activity were relatively non-toxic.

PFollowing Fleming's discovery, Clutterbuck, Lovell, and Raistrick
(1932) endeavoured to isolate penicillin from cultures of the mould
grown on a synthetic culture medium, Their efforts were largely un-
successful, and they concluded that the substance was too labile for
isolation in sufficient quantities for clinical use., When the medium
was concentrated at L0 in vacuo, it was inactivaeted on evaporation
from the ether in which it had been extracted. Fleming came to the
same conclusion and ebandoned further work on penicillin except for its
use in selective media., Organisms could be classified into those which
were pencillin sensitive and those which were non-sensitive orgenisms.

Penicillin broth then had been found to be bacteriostatic to some
pathogenic organisms, and, in additiom, it had no anti~leucocytic action.
This is strong contrast to the ordinary antiseptics.

In 1940 after 4 years of intensive research, a group of workers
under Florey and Chain published a report which revealed that they had
extracted penicillin from the broth as a dark brown powder. This powder
possessed all the anti-bacterial action of the broth filtrate, but to e

much greater degree, Further work on experimental animals was carried
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out corroborating Fleming's original findings. These workers showed

that this substance was powerfully bacteriostatic, with bacteriocidal

and bacteriolytic properties, and it did not interfere with the functions
of the leucocytes, In animals it was surprisingly free from toxic effects,
Penicillin also was found to be hardly %ffected by the number of organisms
present,and blood, pus and tissue breakdown products did not interfere
with its action., In 1941 Florey and his co-workers were able to obtain
penicillin in quantities sufficient for experimental purposes, and a few
human ceses were treated and the results were sufficient to show that
penicillin had remarkable curative properties, The first clinical results
together with the method of extraction were published by Abreham et al in
1941,

Penicillin was found to be very active against the following

organisms: -

pneumococci, streptococei, gas gangrene organisms, B, anthracis,

C. diptheria; actinamyces, Sp.pallida, spirélla generally,

gonococcus, meningococcus. '
In general it is ineffective against the Gram negative bacilli, but al-
though penicillin culture media was used for the culture of the H,influenzse,
it has been found that Pittman's type b.H,influenzae is relatively sen-
sitive to penicillin, The clinical results of penicillin in influenzal
meningitis are described in the appropriate chapter on this thesis,

So far as mode of action is concerned, penicillin appears to inter-
fere with the bacteria at the stage of division, and, by preventing the
maltiplication of the organism, it gives time for the body defences to
came into play,

The drug is assayed in terms of its anmti-staphylococcal potency in
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units, The first unit used was the Oxford unit and this unit was defined
as that smount of pemicillin which produces the same degree of inhibition
of growth of the test micro-orgenism as the standard preparation of
penicillin maintained by the Oxford workers,

Unitage

Today an International umit is used, and this is defined as follows:=-
it is the specific penicillin activity contained in 0.6 microgram of the
International Penicillin Working Standard. This unit is approximately
equal to the Oxford umit.

Although penicillin is assayed in terms of its anti-staphylocoecal
potency, it is well to know that other organisms such as the meningococcus
and the streptococcus are more sensitive than is the staphylococcus, It
would seem then thet penicillin might have a specific action against
meningococcal infections. Its effect on the acute purulent meningeal
infections including meningococcal meningitis will be studied in this work,

Ihe Chemistry of Penicillin

After crude penicillin, which usually contained about 40-150 units/mgm,
had been isolated, the next step was to find suitable methods of puri-
fication, taking into account 21l the divers agents, which destroyed the
activity of penicillin, Before pemicillin had been crystallised, and, while
it was believed that there was only one penicillin, some apparent anomalies
had arisen between British and American results, It was not certain whether
the variations were due to penicillin or to accompanying impurities. The
use of partial chromatography in the purification of penicillin revealed
that there were at least two penicillins, In a work of this kind there

is little point in describing the methods of purification and separation



of the differcnt pemicillins,Penicillims cultured from penicillium moulds

has been found to contaln at least five penicillins.Differing proportions of

these penicillins have been obtained by using dfferent straims of Penicillium

notatm,and partly by the addition to the cultare medium of certain organic

. compounds which becomre ‘incorporated into the basic chemical structure of

penicillin,

Four distinct penicillins are now known and these are designated

by the numbers J,II,III,and IV in Britain,and by the letters F,G,X, and K,

in the U,.8.A.The most likely formula for penicillin is that known as the

Lactam formula,where that part o6f the structure which is common to the four

penicillins contains a four-membered lactem ring, This ring,’being easily

disrupted,is one reasson for the instsbility of the penicillins, For instance-

in alkaline or alcoholic solutions penicilloic acid derivatives are formed =

salts with alkalies and esters with alcohols,

CHy~ cl—-—-(]wcoon
S N,
N\
(¢ ’co
('.,H
_ : NH-CO-R
The individual formulae are the
British Americen |
I : P A2, pentenyl or
II G benzyl or
III - X parahydroxybenzyl or
Iv K n-heptyl or

CHs

same as the above where R is :~

- CHp CH = CH-CH - CH,,

enon

-CHy CHy CHy CH, CH, CHy CHy




These are all strong moncbasic acids.

Commercial penicillin is usually a mixture of two or more of these
four penicillins, These occur in varying proportions depending on the
strain of the mould, whether grown by surface or deep culture, The four
species may now be crystallised in pure or almost pure form, and they
may be differentiated by crystallographic methods,

The several stig, F, G, X, and XK (U,S,A) differ from each other
in potencies agginst t:he standard test strain of staphylococcus aureus,
Welch at al (1944) report that in cup plate assays against this standard
test strein, penicillin X had a potency of 900 u/mgm. and penicillin
K 2,300 u/mgm. Penicillin G hed potency of 1667 u/mgm. and pencillin
F 1550 u/mgn.

The greater in vitro potency of penicillin K against S. aureus was
not necgssarﬂyan expression of its chemotherapeutic activity against this
organism in vivo; indeed the pharmacological 'belnviouzg of K in vivo showed
that this particular species of penicillin was mhtiﬁh ineffective against
all organisms, It is ineffective because of important differences in its
phermacological behaviour in the body as contrasted with penicillins G, X,
and F, For instencek it is rapidly destroyed in the body as shown by the
rapid drop in blood level and the low percentage which appears in the urine.




Table 2, P4 oF (Erogress in clinicel medicine 1948 - Daley R, & Miller H.G).

I -~ Assay in | ‘antibacterial power in vitro Chemotherapeutic efficienay
cillin IU/mgm, (I1 or G = 100) against:~ in vivo (IVor K = 1)
against =
Staph. Haem, ,Spiroch, Haem, Pneumo, |{Syphilis |
aureus Strept. Apaip-lida strept, | Type I
in mice .
I(F) | 1550 90 82 53 - - -
II(G) | 1667 100 100 100 1 3 10
III(x) | 900 55 140 50 30 8 -
Iv(K) | 2300 140 120 75 1 1 1

The in vitro potencies of penicillin X and G against various organisms

including the meningococcus has been compared by Ory, Meads, Finland and

Libby (1945) using the serial dilution method. Their results showed the

difference of activity among the four known penicillins against various

organisms,

mentioned, being almost completely inefficacious compared with G or X,

In vitro the meningococcus is apparently Just as susceptible to

penicillin as Staphylococcus aureus or B haemolyticus streptococcus.

There are no reports available upon susceptibility according to specific

types of meningococei, but apperently types I, II, III, and IV of Gordon

are equally susceptible,

Nowadays manufacturers have taken steps to reduce the X content in

cammercial penicillin, and some are maiketed. as pure manicillin G, The

In vivo, however, the data is different, K, as we have already
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penicillin used intrathecally in the cases of meningitis described in this

work was pure crystalline sodium penicillin G,’

Salts of penicillin

The sodium, potassium, ammonium, strontium, calcium, and barium salts
of penicillin can be cbtained, but the chief salts used therapeutically ere
the calcium, sodiwn; and the potassium, The salts of penicillin are very
hygroscopic but the potassium is the least hygroscopic of them all, and for
this reason it is more suitable for use in the tropics than the other salts.
The yellow brown of the ordinary preparations of the salts is due to impurities,
In the pure state these salts aré white solids, extremely soluble in water,
and they may be dissolved in glucose, saline or water without loss of
potency, They are relatively unstable and should be stored at 4~10°C. In
the dry state they retain their potency in this temperature range for ome
year.

Absorption and Routes of Administration

The rapidity and degree of absorption of penicillin, vary greatly
according to the method of administration, If a solution of penicillin is
administered intravenously, there is of course, an immediate high concen-
tration of penicillin "in the blood., Absorption following intramuscular
injection is also very rapid as was shown by Abraham and his colleabues (1941),
and sinpe confirmed by meny other workers, Subcutanecus injections of
penicillin are very painful, and the penicillin is less rapidly sbsorbed,

_Intravenous Route

The high initial blood concentration following on intravenous
injection of penicillin is only maintained for a very short time, and then
there is a sharp fall in the blood concentration., Within one hour 50-60

per.cent. of the dose injected has disappeared and this can be recovered
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mainly from the urine, Excretion is almost entirely by the kidney.
Effective serum levels are present immediately after the intravenous
injection of 20,000 units or more but within half an hour, there is a

repid fall in level with concentrations of only probable therapeutic

velue st the end of two hours., It would appesr from this that if penicillin
is to be given intravenously it must be given by continous intravenous

drip or by two hourly intravenous injections,

The main disedventages of intravenous therapy are (1) if given by
continous intravenous drip, there is a definite danger of thrombo-phlebitis
developing which may be very painful as well as potentislly dangerous, (2)
if given intermittently intravenously there are the ususl difficulties

connected with frequent intravenous injections,

Intramuscular Route

Intramuscular injections, whilst not yielding such a high initial
blood level of penicillin es those obtained with intrsvenous injections,
do give more sustained blood levels, Given 3=l hourly such injections
give sustained theraspeutic levels as assessed by clinical and lsboratory
workers, Penicillin following intramuscular injection is st its meximm
blood concentration within 15 minutes, Little time is gained by giving
penicillin intravenously and there seems to be no very ciear advantage in
giving it by that route, Because of the need for frequent intramuscular
injections, continous intramuscular therapy was in use until about five
Yyears ago, This method has, however, been generally discarded because of
the danger of local sepsis which, apart from being disabling, may destroy
the potency of the penicillin being injected, Nelson-Jones and Williams
(1945) have reported aseptic necrosis at the site of continous intremuscular

infusion,
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Orel Penicillin

It will be readily appreciated that penicillin which is relative
unsteble and is active only in a limited pH range, will, if given orally, "
heve a fair proportion of the dose administered rendered inert, due mainly
to its destruction by the gastric juice, Also the intestinal organisms
produce an enzyme now called penicillinase, and this enzyme destroys
penicillin and renders the organism resistant. It has been shown that
doses of 90,000 units given by mouth, one half hour before breakfast
gave serum levels comparable to those obtained from 15,000 -~ 20,000 units
given intramuscularly, In m,turél achlorhydrics, and in infants under six
months, even higher serum levels were obtained by this oral treatment.

Oral penicillin is now on the market , and several procedures have
been devised in order to overcome the desfmctive action of gastric Juice,
The most popular method appears to be the use of buffer salts e,g. sodium
citrate, aluminium hydroxide, calcium or magnesium hydroxide ete, Finland
Meads and Ory (1945), however, concluded that buffering devices were un-
necessary and that penicillin could be given in water or saline, with a
resultant effective blood level, To obtain these therapeutic levels,
however, the drug if given orally must be given in high doses.

Oral pencillin has been used successfully in the treatment of
pneumonie in infants (Buchanan 1946) and Suchette - Kaye and Latter (1947).
In adults suffering from pneumonia, Anderson and Landsman (1947) concluded
that oral penicillin was a satisfactory treatment, These authors recommended
that the oral dose should be four times that which would normally be given
by the intramuscular route., They used calcium penicillin with 0.5 Gm., sod4itm
citrate made into tablets, It is suggested that in pnewmonis there is a

definite diminution in the hydrochloric acid content of the gastric Juice,




-26-

and this may be the reason for the adequate serum levels cbtained., The
tablets were mede up in 20,000 and 25,000 units per tablet.

Voldni et al (1949) also found oral penicillin adequate in the treat-
ment of adults suffering from severe pneumonia, Their average total dose
was 4,410,000 units over seven to eight days. These authors made no
special rules regarding meal intervals, They also state that complications
such as meningitis and acute bacterial endocarditis are refractory to any
dosage and will require local and parenteral administreation,

I have used oral penicillin in the treatment of erysipelas with results
comparable to those cbtained with sulphonamide therapy.

In purulent meningitis it is certainly safer to give by perenteral

routes and then adequate serum and local levels can be assured.

Delayed Action Penicillin
In order to cut down the frequency of intramuscular injectioms, and

at the same time maintain the blood levels sufficiently high, various
methods have been devised for the slow release of the peniecillin from the
tissues to the blood, Examples are penicillin in beeswax and peamut oil,
and procaine penicillin, The penicillin beeswax oil preparation was ex-
ceedingly difficult to work with, since it necessiated the melting of the
mixture with heat, and even then it had to be injected quickly, otherwise
it solidified in the needle whilst being injected., In hospital it was
found to be more trouble than it was worth and it fell into disuse. More
recently procaine penicillin has been used. This substance was produced
by combining one molecule of penicillin with one molecule of procaine base,
and this salt of penicillin susPénded in sterile arachis oil gives a

therapeutic blood level lasting for twenty-four hours, Both these slow
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absorption preperations had the disadvantage that there was no initial
high concentration in the blood, the rise in absorption being slow.
Recently it has became possible to combine free crystalline penio:l.llin with
procaine penicillin suspended in arachis oil, combininyg the adventages
of the crystalline preparation with the procaine preparation, This last
preparation should find itself readily established in genersl prectice,
having the great advantage that only one injection per day is required,
but it carries with it the disadvantage of being a suspension in oil,

All cases in this thesis have been treated by intermittent intramus~
cular injections of the ordinary form of the commercial product,
Dosage

Clinical experience and the laboratory findings have shown what doses
are required for various infections. It is also clear, however, that the
best schemes of dosage have not yet been worked out, The doses recommended
by various workers have erred on the gemnerous side for obvious reascns, the
ohly disadvantage being the expense,

The following doses have been recomended for the undermentiomed

diseases:~
Vincent's Ang.na 120,000 i.u. daily for 1 é&y;
Gas Gengrene 120,000 " " ®  3-4 days.
Empyema. 50,000 % " % 3.5 days,
Tonsillitis 80,000 “w n * 35 days,
Pneumococeal Pneumonia and
Meningitis 80,000 " " * 5 Jays,
Carbuncles 120,000 * ® " 6 days,
Acute Peritonitis 240,000 * " " 40 days.
Bacterial Endocarditis 35 million " " 3/8 weeks.

The scheme of dosage in this hospital for all severe infections has
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been to give at least 50,000 i,u, by four vhourly intramuscular injection,
which is 300,000 i,u, per day. Penicillin has become much cheaper, and,
although the dosage scheme adopted may be overgenerous, it is well to adopt
the same principles as for the administration of anti-diphtheric serum,
viz, better too much than too little. Much larger doses are being given
at present both in hospital and general practice (1953).

Penicillin in Cerebro-spinal Fluid.

Once penicillin has gained access to the blood it is widely dis-
tributed throughout the body, but its distribution into other body fluids
varies a great deal, In this work we are mainly concerned with the possible
diffusion of penicillin into the cerebro-spinal fluid in therapeutic amounts.,

Remmelkamp and Keefer (1943) have estimated that at least 90 per cemt. of
oérieillinlin the blood is contained in the plasma and rone or only minute
traces in the blood cells,

These same authors have established that after subcutaneous injections
of penicillin or after an intravenous drip for twenty-four hours, no trace
of the antibiotic was found in the cerebro-spinal fluid of subjects not
suffering from meningitis, Xinsmen and d'Alonso (1946) demonstrated also
that in patients without meningitis no penicillin reached the meninges
after intramuscular injection. These authors treated nine patients with
meningococcal meningitis by intramuscular injections of penicillin omnly,
and a transitory improvement resulted. The signs of meningitis were un-
affected and the cerebro-spinal fluid contained never more thak a trace of
penicillin, Sulphadiazine had eventually to be used in these cases,

Fleming, (1946),comparing blood and cerebro-spinal fluid levels and blood
concentrations during intramuscular injections, concluded that excretion

of penicillin into the cerebro-spinal fluid was negligible. !
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Nevertheless, scme suthors e,g. Rosenberg and Sylvester (194)
have stated that in meningeal infections the presence of penicillin
could be detected in the cerebro-spinal fluid when it had been given
parenterally. McDermot and Nelson (1945) examined the cerebro-spinal
fluid of seventy patients under treatment with penicillin systemically,
and found only a trace of penicillin in the cerebro-spinal fluid.

Rosenberg and Sylvester (194)) cbserved that absorption and excretion
of the drug from and into the cerebro-spinal fluid varied in different
individuals especially in the presence of meningeal inflammation, The
claims of Rosenberg and Sylvester are denied by many workers. Smith,
Duthie and Cairns (l9lp6) could detect only treces of penicillin in the
cerebro-spinal fluid of patients with nommal and inflamed meninges after
the intravenous injection of 100,000 i.u. They showed that although the
drug might ‘cross the blood brein barrier under certain conditions, the
concentration obtainable in the cerebro-spinal fluid by systemic adminis-
tration of even large doses would not be adequate to control meningeal in~
fections, and the organisms in the central nervous system would be exposed
to sublethal concentrations with the danger of rendering them penicillin
insensitive, Even if we do accept that in the presence of meningeal
inflammation there is increased diffusion of penicillin from the blood to
the cerebro-spinal fluid, it must be remembered also that due to an increase
in the permeability of the capillaries in meningitis, pemieillin mey be
absorbed from the cerebro-spinal fluid more quickly. Also in meningeal
inflammetion there is a marked increase in volume of cerebro-spinal £luid
due to increased secretion, and this would tend to dilute the penicillin,

It would seem necessary that in meningitis, penicillin to have full
effect on the inflamed meninges must be applied to them direot, viz, by
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intrathecal, cisternal or ventricular injection, Cairns (1947) states
thet although penicillin given systemically does not pass in apprecisble
amounts into the cerebro-spinal fluid, he thinks that penicillin given
systemically has its value in pyogenic meningitis for three reasons:

(1) it helps to combat the primary focus and the septicaemia from the
primery focus of a relapsing meningitis (2) it helps to overcome
infections of the cerebral blood vessels (3) it is probable, though not
certain, that penicillin can pass from the blood stream into the peri-
vascular spaces of the brain., It may thus be of value in acute pyogenic
meningitis and also in limiting the spread of brain abscess.

Tﬁe application of penicillin to the meninges, however, accoring to
Nissim (191..7) is not the complete answer, Because of the tendency for the
pia-archnoid to adhere in meningitis, he recammends spinal wesh-outs.

This seems very reasonable since the areas, where there are adhesions and
the formation of thick plaques of purulent exudate form foci of infection
which are inaccessible to the action of penicillin and are of‘ten the
reasons for the occurrence of relapses, Spinal wesh-outs are, however, not
very practicable and there is the danger of secondary infection.
Intrathecal Penicillin

Fran the foregoing observations on the passage of penicillin into
the cerebro-spinal fluid from the blood and from the results of clinical
trials of systemic penicillin in cerebro-spinal fever, it would appesr
that in the treatment of purulent meningitis the antibiotic must be applied
locally - systemic penicillin alone is ineffective as a curative agent in
purulent meningitis,

To same it may seem that after the successes obtained in cerebro-

spinal fever with the sulphonamide drugs given orally, to advocate intrathecal
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therapy is a retrograde step, With sulphonamide therapy two lumber
punctures would suffice in most cases but with sero-therapy the mumber
of intrathecal injections for one case might be from six to fourteen,
Penicillin treatment then means that we have to return to frequent intre-
thecal injections. Even some of those who still advocate sero-therapy
in the trestment of cercbro-spinal fever maintain that with serum it need
not be given intrathecally and they advise intramuscular or intravenous
injections, The point which must be stressed, however, is that although
the results in cerebro-spinal fever treated with sulphonamides leave little
to be desired in general, there is nevertheless room for improvement in
the mortality figures in the age group under one year. Also the sulphonamides
although they had considerably reduced the mortality fran purulent meningitides
other than cerebro-spinal fever, these diseases still maintained a con-
siderable mortality ef. pneumococcal meningitis and influenzal meningitis,

The first essential in intrathecal therapy with penicillin is that the
dose of penicillin must be adequate - the comcentration mmst be such that
bacteriostasis keeps the orgenisms in check until the matural body defences
commence to act, The drug must be kept in contimual contact with 2all in-
fected tissues in an adequate concentration and this calls for a certain
periodicity of intrathecal injections, According to Schwemlein (1946), if
10,000 units of penicillin is given intrathecally, a considersble quantity
persists for seventeen to twenty-four hours in the cerebro-spinal fluid,
Ory (1945) and his associates found an averasge of twenty units per c.c, at
twelve hours after intrathecal injection of 10,000 units and after twenty-
four hours it was 1-6 units per c.c, in eight cases,

Rammelkamp and Keefer (1943) and Ory et al (1945) indicate that
penicillin in doses of 5,000-10,000 units produces detectable levels in the
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cerebro-spinal fluid when given intrathecally, They found that in healthy
subjects that these who received 10,000 units intrathecally had 2,5 units
per c.¢, of cerebro-spinal fluid ten hours after the injection, and 0,8
units per c.c. thirty hours after the injection. Penicillin could not be
detected in the blood or in the urine of these patients, Also only 10
per cent, of the dose injected was recovered. In subjects, however, with
meningitis, after an intrathecal injection of 10,000 units by lumbar
pancture only 0,25 wnits per c.c. was obtained in the cerebro-spinal fluid
after ten hours, and after seventeen hours only 0,08 units per c.c. Traces
of penicillin were found in the blood and 78 per cent. of the infected dose
was found in the urine, Thus it appears that when the meninges are inflamed
the blood brein barrier allows penicillin to diffuse a little in both
directions, This would seem to indicate the advisability of giving
penicillin both intramuscularly and intrathecally, in the hope that a
balance might be cbtained on either side of the blood brain barrier,

Rommelkemp and Keefer (1943), from their observations advise that
intrathecal injections of penicillin be given twice daily, Cairms (1947)
maintains that penicillin in the cerebro-spinal fluid spreads freely unless
there is a blockage, and he also affimms that 12,000 units intrathecally
will maintain a bacteriostatic level for twenty-four hours, Garrod (1945)
mainteins &lso that penicillin in the cerebro-spinal fluid diffuses rapidly
and easily, from the ventricles to the lumbar cerebro-spinal fluid and vice-
versa,

From the evidence quoted, the frequency of injections should be at
least every twenty-four hours if doses of 10-12,000 units are to be given.
Increasing the penicillin dosage, however, according to Cairns (1947) does

not increase the persistence of penicillin in the cercbro-spinal fluid.




Toxic resctions of penicillin

That penicillin was of low toxicity for animals was observed by
Fleming in 1929, He found that injections of crude penicillin filtrates
were no more toxic to animals than plain broth, In a series of papers
Welch et 2l (1944) heve examined the acute toxicity of cammercial penicillin

administered by intravenous injections to white mice, This acute toxicity

has been shown to depend on the presence‘ of impurities which are both

pyrogenic and toxic in themselves, The less potent shouldthe preparation

be in terms of penicillin content, then the more toxic is the preparation.

With purified penicillin Welch et al (1944) have shown that acute toxicity

is not a function of penicillin itself, but rather of the action with which
it is combined, They state that calcium penicillin is about three times

and potassium penicillin five times as acutely toxic for mice as the sodium

salt, It mast be pointed out that toxic effects in mice were only brought
about by the injection of messive doses,

Generally speaking penicillin is also relatively non-toxic for msn and
so far no deaths directly attributeble to pemicillin have been recorded.
The only serious reactions seem to occur in pregnant women and in cases of
syphilis, In pregnant patients penicillin may stimulate uterine contractions
and bleeding, Thus Lentz et al (1944) noted two cases of threatened abortion
after penicillin treatment for syphilis and Leavitt (1945) has reported
that of twenty-one pregnant patients treated with penicillin, eight showed
signs of uterine reactions as cramps or bleeding, two of whom had camplete
abortions, Seven of these patients were treated with the same batch of
penicillin and it may be that the uterine reactions were due to impurities
in the penicillin rather then to the antibiotic itself, In this hospital
syphilitic pregnant women are treated with crystalline penicillin G with



=3l

no evidence that it causes uterine contractions.

The greater availability of crystalline penicillin may reduce the
incidence of these complications.

In syphilities tireated with penicillin Jarisch-Herxheimer reactions
have been reported. The frequency of these reactions with penicillin is
said to be at least the same and perhaps to a greater extent than with
arsenic. (Moore 1947).

Rarely a patient may develop mild diarrhoea or nausea and vomiting
after a parenteral penicillin, This, however, may be amiprobably is
pscychogenic in many cases,

The most common reactiomsobserved are those of an allergic nature
and occur in gbout 1 per cent. of patients itreated. These allergic effects
usually present themselves by urticarisl skin eruptions and there may be
angio-neurotic oedema, These reactions are usually controlled by the
administration of antihistamine drugs.

Locally penicillin may produce irritative effects and given by the
oral route it mey give rise to a mild gastro-intestinal upset. With intra-
muscular injections there is local pain and tendermess st the site of in-
Jection and rarely abscess formation, By subcutaneous injection the local
rein is more severe, Intravenous injections as already mentioned may cause
thrombo-phlebitis,

Penicillin intrathecally is not, however, without dangers, and the
limitations of the dose to about 10,000 - 12,000 units was made because
of the disturbing effects on the patient of higher doses.

Rammelkemp and Keefer (1943) have shown that after 10,000 units there
is often an increase in the cell-count of nommal subjects., They suggest that
the maximm safe dose is 10,000 units, According to Walker and Johnston

(1946) penicillin in saline solution injected into the lumbar sub-arachnoid
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space in doses of 20,000 units induces a minimal cellular reaction, mrely
as high as 100 lymphocytes per c.c. and usually the protein is not increased.
Injection of the drug cistermally causes an even milder reaction in the
lumbar cerebral-spinal fluid. Intraventricular injection induces a2 mild
temporary pleocytosis and at times an increase in total protein of the
ventricular fluid,

The intensity of the reaction varies with the dose given, and
numerous authors have cited examples of severe complications after intra-
thecal penicillin, Sweet et al (1946) report a case where after an intre-
thecal injection of penicillin, there was abolition of reflexes and loss of
sphincter control. McIntosh and Drysdale (J945) report that in a child of
two years with influenzal meningitis after an intrathecal injection of
50,000 units of penicillin, the child collapsed, uttered cries, convulsed
and this was followed by pallor and sweating., I have also noticed this
effect in giving more than 20,000 units of penicillin,

Ericson, Masterman and Suckle (1946) describe four cases who developed
paralyses of the sphincters.

One may ask when these complications occur in meningitis, whether
they are not actually due to the disease and not to the penicillin. (Cf.
Spinal arachnoiditis in tuberculous meningitis), Nevertheless intrathecal
penicillin mey cause toxic reactions.

In 1941 Abraham et al showed that infmcisternal injection of penicillin
in rebbits d4id not produce histological or functional disturbances.

In 1944 Cairns et al described systemic reactions following intra-
ventricular injection of 3,000 to 4,000 units. These reections consisted of
erythema, sweating, and vamiting, lasting up to twenty mimites after the
injection. It was pointed out by these authors that the preparation used
was impure containing only 30 per cent. of the pure drug. |
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Tn both man and animals intrathecal injections of large amounts of
penicillin may cause convulsions, collapse and coma due to the diffusion
of the drug to the cerebrum.

Walker et al (1945) cbtained electro-encephalographic evidence of
corticael disturbance following direct application of penicillin to the
brain., As a result of this work it appears that certain concentrations
of penicillin may cause comvulsive phenomena in the brain of ver!:ebiates,
although apparently there is a comvulsive threshold. This convulsive
threshold is highest in man 10,000 - 20,000 units per c.c, and lower in
monkeys - 500 units per c.c. Evidence of the irritant effects on brain
tissue has been obtained and Beck who found that functional and histological
changes occurred in the brains of :ébbits in which penicillin containing
10,000 units per c.c. was applied directly to the cerebral cortex. B,D.
Wyke (1947) suggests that direct introduction of penicillin into the lateral
ventricles is quite safe, This author has repeatedly injected 50,000 units
into the lateral ventricles of patients varying in age from two months to
fifty-three years without adverse effects.

Although it is obvious that penicillin in the sub-arachnoid space is
irritating above a certain concentration, reactions are extremely rare today,
and this is most likely due to (1) Doses given intrathecally rarely exceed
20,000 wnits, (2) Pure erystalline penicillin is used.

General reactions to' penicillin are also extremely umcommon, and are
rarely of any consequence.

The discovery of penicillin by Fleming (1929) and its application to
the treatment of infections by Florey (1940), like the sulphonamides,was
a major advance in medicine, Penicillin, as has already been said, was
capable of curing a number of conditions hithérto lodked upon as of an extremely
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serious nature, It was, however, realised from the start that there were
a large mmber of organisms unaffected by penicillin e.g. tuhemu'lgsis,,
the salmonella group, the coliform group, etc. The work of Flemingv ;t
al encouraged other workers to seek and isclate new antibiotics which
might have a wider range of activity, and be effective where penicillin was
ineffective.
Streptomycin

It wes in 194, that the discovery of streptomycin was made by Schatz,
Bugie and Waksman, They produced it in fluld cultures of a soil organism,
Sﬁreptmnyces griseus (actinomyces griseus) , which had been isolated by
Weksman in 1919, Generally speaking the properties of streptamycin are
very similar to those of penicillin, but it is far more active against
gram negative bacilli and acid fast bacilli. It seemed then that at last
there would be a potent antibiotic agent against diseases such as tuber—
culosis and infections caused by the enteric group of organisms.

Preparation
Better yields of streptomycin are produced in agitated or submerged

cultures than in stationary or surface ones of streptomyces griseus, It
must be pointed out also, that not all strains of the organism produce
streptomycin, and only a few are known to give satisfactory yields, The
medium requires nutritional factors supplied by meat extract or steeped
corn liquor , The medium is rendered alkaline by the growth of the organism,
due apparently to the production of ammonia, and this tends to destroy
streptomycin, Production is flavoured by the addition of glucose which may
be due to the value of glucose as a food, or by its production of organic
acids thus reducing alkalinity. Streptomycin can be isolated from crude

broth filtrates by absorption on activated charcoal, followed by removal of
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the charcoal by filtration with acidified alechol. The solute is then
neutralised with sodium hydroxide, and the addition of ten volumes of

ether from which a highly concentrated aqueocus solution of the substance

mey be obtained, This can be further concentrated by evaporation under
reduced pressure,
Chemistry of streptomycin

Streptomycin is an organic base, and as originally obtained, contained

undesireble substances, e.g. histamine, pyrogens, etc., but recently it

has been possible to obtain it im pure crystalline form and also the chloride,
dihydrochloride, sulphate and phosphate salts, These preparations are
soluble in ether and dilute acids, It is more stable in the dry state and
in aqueous solution than is penieillin, and solutions of streptomycin can

be sterilised by heat without loss of potency. The salts of streptomycin

in the dry state can be left at room temperature for periods of six tornine
months without loss of potency. Solutions are less stable and should be kept
in a refrigerator, but they may be kept at room temperature for several days
withqut loss of potency. Autoclaving of solutions causes a considerable
degree of loss of potency.

Chepistry
The chemical structure of streptomycin itself is as yet imknown, Its

empirical formula is C21 H39 012 N7 and it contains three basic functional

groups - streptidine, N methyl glucosamine and six carbon, nitrogen free

hexose. NHX
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On hydrolysis streptidine loses ammonia and ocarbon dioxide and forms
NHy

a weak base, streptamine,

_The unitage of streptomycin

Streptomycin activity was originally expressed as units and the
original wnit proposed by Schatz, Bugie and Waksmen (1544) was that amount
of streptomycin which would inhibit the growth of a partioular strain of
Escherichia coli in 1 c.c. of nutrient broth, Waksmen (1943) called this
unit the S unit, Since the nmumber of S units required for therapeutic
purposes was very large, Waksman then proposed an L unit as the smallest
amount of streptomycin which inhibits the growth of Escherichia coli in
1 litre of culture medium, and thereby equivalent to 1,000 8 units, A
G unit representing 1,000,000 S units was also recommended,

The National Research Council of the United States of America has
adopted an official unit which is equivalent to 0.001 mgm, of pure strep-
tomycin base, which is equivalent to one originel S unit, On the basis that
the dosage of streptomycin is now expressed in terms of weight which means
that 1 unit is gquivalent to 0,001 mgm. and 10,000 units equals 0.01 Gm,
Anti-bacterial activity of streptomycin

As already mentioned, in general in vitro, streptomycin is less sctive
against Gram positive than Gram negative organisms, It is, however, usually
less active than penicillin against Gram positive organisms except in the
case of M tuberculosis, On the other hand it is more active than penicillin

against various Gram negative bacilli including not only the enteric group,
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but other Gram negative bacilli, e,g. H.influenzae, Klebs, pneumeniae,
and Ps,aeruginosa, Organisms vary in their degree of susceptibility to
streptomycin and they do to other antibacterial agents in vitro and in
vivo. The table here shows the relative amounts of streptomycin in mgm/c.c.
of suitable culture medis required for bacteriostatic effect,

Abstracted fram Weksman, S,A. and Schatz, A. J. Amer, Pharm.Assoc. 3L:273,1945
(Scientific Edition)

GRAM POSITIVE GRAM NEGATIVE

O RGANIMS mic:-::omc.c. 0 RGANISMS mcr;gﬁ/c.c.
B. anthracis 0.375 Br, abortus 0.5=3.75
B, subtilis 0.12=1,0 Eberth, typhi 1.0=37.5
Cl.perfringens 1040 S.coli commmnis 04 3-3.75
Cl, septicum 105.0 H, influenzae 1.56-5,0
Cl.tetani 104.,.0 H, pertussis 1,25-3,0
C. diptheriae 0.375=3.75 " Klebs, pneumonise 0.625=8.0
Dipl.pneumonise 8. N, gonorrhoeae 560
M, tuberculosis (huma.n) 0e 15 N, intracellularis 5.0
Staph, aureus 00 5=16,0 Past, pestis 0. 75-1.6
Strept, faecalis 50. Proteus vulgaris 04 44~3,0
Strept, viridans 16. S, aertryke 4,0-10,0

V. cholerae 660=37.5
S, enteridis 0.5

From the sbove table the relative susceptibilities of the pathogens cited

can be seen,

Obligate anercbes appear to be insensitive to streptomycin, and the

pathogenic yeasts and moulds are relatively insensitive,

The bacteriostatic properties of streptomycin like penicillin are not

influenced by the nmuber of bacteria present so much as are the sulphonamides,
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but Gerrod (1948) states that the bactericidal action depends on (2) con-
centration, (b) temperature, (c) medium, and (d) the size of inoculum.

In vivo experiments

In mice streptamycin given orally was found capsble of eliminating
or greatly reducing lactose fementing bacilli, with a marked reduction
in total faecal bacteria, Other animal experiments showed that streptomycin
is a potent agent in vivo against infections with Past,tularense, Klebs,
pneumonise, H,pertussis, and H. influenzae. Striking results were obtained
in the treatment of experimental tuberculosis in guinea pigs. Feldman and
Hinshaw (194)) obtained encouraging results when they treated with strep-
tomyein fourteen guinea pigs which had been inoculated subcutaneocusly with
two different cultures of M tuberculosis, Smith and McCloskey (1945) had
similear good results in the streptomycin treatment of experimental tuber-
culosis in guinea pigs. These authors concluded that their results in
twenty-five animals treated with streptomycin were better than in twenty
animals similarly affected and treated by Promin., They also pointed out
that Promin had been used at half its maximum tolerated dose, and strep-
tomycin at less than a twentieth its tolerated dose, Finally they found
that at the end of the experiments 65 per cent. of twenty-four untreated
controls and 15 per cent. of twenty animals treated with Promin alone were
dead, and all the animals treated with streptomycin and twenty with
streptomycin and Promin were alive and well, _ . |

Further evidence of the specificity of streptomycin against the M. |
tuberculosis and its ability to control what would usually be regarded as
fatal infections can be appreciated from experiments where guinea pigs are
inoculated with large doses of virulent M. tuberculosis. Tuberculosis

introduced in this way, rapidly becomes fulminating and death soon occurs,,
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If, however, treatment with streptomycin is started within three to four
deys efter the inoculation, the treated animals will live many months longer
then those not treated with streptamycin. Youmans and McCarter (1945) mede
similar observations in white mice inoculated intravenously with virulent

M., tuberculosis and treated with streptomycin.

Streptomycin according to Heilman (1945) is relatively less effective
than penicillin, in the treatment of white mice inoculated intra-abdominally
with Lept., icterohsemorrhagica. Experiments in mice have also shown that
streptomycin is active against H, influenzae and H., pertussis in vivo.

In clinical trials streptomycin has been proved to have a definite
curative action on the following conditions (Medical Research Council 1948):~

A, Tuberculosis

1. Tuberculous Meningitis

2, Miljary tuberculosis

3« Tuberculous bronchopneumonia in childhood
4o Pulmonary tuberculosis in adults

5. Tracheo-bronchial tuberculosis

B. Non Tuberculous Conditions

1s Meningitis due to H. influenzse, Esch.Coli, Ps,pyocyanea,
Proteus group, and staph,pyogenes

2. Septicaemia due to B.,Coli and Ps,pyocyenea.

3s Urinary infections due to B.Coli, proteus group, Ps,pyocyanea,
Strept, faecalis, and staph., pyogenes,

b, Local sepsis due to Bact.coli, porteus group, Ps,pyocyanea, staph,
Pyogenes., strept haemolyticus,

If this list of diseases is added to a list of conditions cured or
modified by penicillin one must indeed marvel at the wide field of action
of these two antibiotics, However, we shall see later on in this work just
what their effects really are on mortality and morbidity when applied to
meningeal infections,

Resistance

It is now well established that organisms susceptibde to streptomycin
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mey acquire resistance to this drug very rapidly and far more rapidly than
orgenisms scquire resistance to penicillin, Miller and Bohnoff (1946)
found that the natural resistance of six strains of gonococci varied from
8«40 units per c,c, of medium, and ninety six strains of meningoccl to vary
from 1-40 units per c.c. of culture medium, but after only four to six
transfers, the resistance of these organisms was so greatly increased that
growth occurred in media containing 75,000 units of streptomycin per c.c,
The resistant meningocci were found to be fully virulent for mice and were
highly susceptible to penicillin.’ Alexsnder and Leidy (1947) found that H,
influenzzse 2lso was able to develop resistance to streptomycin quickly. The
M, tuberculosis also is capeble of developing rapid resistance to streptomycin,
and in tuberculosis this constitutes a very serious problem because of the
usual neture of the diseese process viz,its generasl tendency to chronicity,
Pyle (1947) suggests that in tuberculosis at any reste, although the largest
proportion of the bacterial population is sensitive to streptomycin before
treatment is started, a few variants sre present, that are drug resistant
in varying degrees, During treatment with a sufficiently potent antibacterial
substance such as streptomycin, the more sensitive bacterial organisms sre
gradually inhibited and eventuslly eliminated, while the more resistant cells
continue to be propagated, Ve can visualise then if treestment is long
continued, that there will be 2 graduzl replacement of susceptible orgsnisms
with streptomycin resistant orgenisms, Although the development of highly
resistent orgenisms to streptomycin cen be shown experimentally, in clinical
cases, the findings of some M, tuberculosis highly resistant to streptomycin
does not necessarily indicete that the prepondersnce of the bacterisl
population is resistant, and should not be an indication for cessstion of

treatment with streptomycin,
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Bernstein et al (1948) have written on the incidence of streptomycin
resistant tubercle bacilli in patients treated with streptomycin. The in
vitro sensitivity of tubercle bacilli, isolated perdodicelly from a group
of forty-five patients who were treated with Gu,1 of streptomycin dally
for one hmdred and twenty days, was eatimated, The total dally dose was
divided into five or six equal parts and given intramuscularly. Of the
forty-five cases, thirty-four were far advenced, and cleven were modorvtely
advanced, The organisms isolated from all patients before treatment were
sensitive to 1 microgram or less of streptomycin per c.c, of culture medium,
After treatment the bacillus was recovered from thirty-one of these patients
from sputum or gastric contents, In twenty-six cases the bacillus was
resistant to ten micrograms or more of streptomycin per c.,c, and in eightesn
they were resistant to 1000 micrograms per c.c., of medium. The rate of
development of resistance was greatest during the second month of therapy
and resistance appeared to persist during the follow up period.
Mechanism of Action of Streptomycin

The exact mechanism of the anti~bacterial action of streptomycin is
as yet unknown. Garrod (1948) has shown that streptouyein in high doses
used in vitro are bactericidal sgeinst Staph. aureus, and he concludes that
it seems possible that the therapeutic effects of streptomyein are dus to
bactericidal rather than to bacteriostatic action. In his experiment Garrod
found that the rate of death of 3taph.aureus in broth at 37 degrees C
Traxied with the concentration of the drug, e.g. & concentration of 200
micrograms per ml. did not quite extinguish an inoculun of over 95,000,000
organisms per ml, within 2 hours, but 2,000 micrograms of streptogyein wers
rapidly lethal, the mmber of survivors per ml, sfter twenty mdmites waz less

than 5,000 (martality of 99,995%), Thiz iz in contrast to the sction of
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penicillin in vitro where on a greph showing rate of death of Staphylooocous
aureus in broth at 37°C against pure penicillin G in conocentrations con~
teining 1, 10, 100, 1,000 and 10,000 units per ml., the; individual lines
are so close that they are tangled together.
Abso f S

The absorption and excretion of streptomycin is very similar to that
of penicillin, except that only mimite smounts of it are absorbed from the
gut, Given orally streptomycin should be useful in intestinal infections,
and also as a prophylactic pre~operatively in patients waiting for opexmtions
on the bowel.

Intravenous Injections

One intravenous injection naturelly produces an immediate high serum
level of streptomycin according to the dose injected, The initisl high
level drops gradually at a fairly constant rate over e period of two to six
hours, Generally it is not excreted so rapidly as is penicillin, e,g. Zintel
et al (1946) found that after an intravenous injection of 0,6, Om, the

average serum concentration was 32,8 micrograms per c.c. deersasing to about
449 micrograms at the end of six hours.
Intramuscular Injections

Absorption after a single intramuscular injection of streptomycin is
rapid varying directly with the dose injJected. The serum levels correspond
with those obtained with intermittent intravenous injections, and therefore
the intramuscular route is the one of choice. Subcutansous injections of
streptomycin are slowly absorbed but this route is not reliable for adequats
serum levels,

As already mentioned, streptamycin given by the oral route is not sb~

sorbed but is retained in the bowel. Small samounts of the ingested drug
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are probably destroyed by the gastric juices, but it does not appear to be
destroyed in the small or large intestines since most of the streptomycin
ingested can be recovered from the faeces, Apparently,then,there does not
seem to be an enzyme in the intestine similar to penicillinase, Heilman et
al (1945) after the administration of 0.5 Gm. per day oraLlly found no trace
of it in the bloodstream,

Distri i S

In the blood streptomycin is probebly like penicillin, existing mainly
in the plasma,

Single doses of up to 0,6 Gm, by intravenous injection do not result
in the diffusion of detectable amounts into the cerebro-spinal fluid in
nornal indiviauals. If the dose is increased to 1-3 Gm, over one to six
days by intermittent intravenous or intramuscular injections, then 1-5 umits
per c.c, of streptomycin may be found in the cerebro-~spinal fluid.

In acute meningitis as has been mentioned with reference to the blood-

brain barrier in the chapter on penicillin, there may be increased permeability

of the choroid plexuses and the meningeal and cerebral capillaries, It has
been shown by various authors that detectable amounts of streptomycin were
found in the cerebro-spinal fluid after intramuscular injections of the drug
in cases of meningitis. The question as to whether these amounts are of
therapeutic value is too daubtful that one must employ intrathecal therapy
as well as intramuscular. Also the report of the Medical Research Council
Tuberculous Trials Committee of 1948, commenting on the use of intramuscular
therapy alone, said:"Moreover it was found that by intremuscular injection
alone, streptomycin levels of 2-4 micrograms and sometimes 8 micrograms per
€.Cs could be reached in the cerebro-spinal fluid in meningitis.” In a

footnote to this report it was stated that 2-8 micrograms per c.c.represented
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e setisfactory bacteriostatic range according to present knowledge, It

was found, hwwever, that patients receiving cambined intrathecal and intra-
muscular therapy did considerably better than those on intremuscular treat-
ment alons, The conclusion was arrived at following the investigation of

two series of patients, one having intramuscular treatment only, and the
other combined therapy. The difference in results was moreover statistically
significant, In the treatment of meningitis with streptomycin it is now
generally accepted thet the drug,in esddition to being given intramuscularly

or intravenously, must also be introduced into the subsrachnoid space,

Intrathecal Injection of Streptomycin

It appears that streptomycin is retained in the cerebro-spinel fluid
for periods as long ss thirty-six hours sfter intrathecal injection, levels
of 0,9 = 4 micrograms (units) per c.c. have been cbserved after the intra-
thecal injection of 0,010 Gm, and 12-125 micrograms per c,o, after the
injection of 0.020 Gm., In the Medical Hesmearch Council report of 1948 it
was stated that very high concentrations of atreptomycin in ths cerebro-
spinal fluid by intrathecal injJection., Between one to thyes hours after the
injection of 0,1 Gm, of streptomycin, the level wes 750-2000 micrograms
Per cecs From four to ten hours after the injection the level falls rapidly,
and twenty-four hours afterwards the level was generally between 2 and 16
micrograms per c,c. cerebro-spinal fluid, High concentrations were also
reached in the ventricles; in one case where ventricular puncture was
performed four hours after the intrathecal injection of 0,05 Gm, , the ven~
tricular fluid content was 500 micrograms per c.c. It was also noted thet
in patients receiving intramuscular therapy, the level of streptomyein in

the cerebrospinal fluid varied according to the degree of advancement of
the disease, In the early stages of treatment the level was 3-16 microgrsms
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per c.c. - in patients making good progress the range was 0e125 = 4
micrograms per ¢,c, in seven ceses, and 8-16 microgrems per ¢.0, in one
case only. In patients deteriorating on intramusoular treatment only the
range of streptomycin concentration was 1~32 micrograms per @.¢. From these
cbservations it was concluded that as the meningeal process progressed,
streptomycin peased with increasing facility from the oclroulating blood
into the thecal space and conversely as the condition improved the blood-
brain barrier became less permeable. The report gives the opinion that
whilst a patient is on streptomycin by intramuscular injeotions only, the
cerebro-spinal fluid streptomycin level may be regarded as a valusble index,
end a rising streptamycin level should perhaps be an indieation for a fresh
intrathecel course,

From the literature it is obvious that intrathecal streptomyoin 1s
indispenseble in the treatment of tuberculous meningitis and presumebly
for other forms of meningitis where streptomycin may be indicated, 1+t has
already been stated that by intramuscular injections only, streptomysin
could be found in the cerebro-spinal fluid in quantities regarded &s sctively
bacteriostatic, Clinical investigations have amply shown that these levels
are not sufficient, Penicillin,as we have already shown, after intrsmuseular
injection, only appears in the cerebro-spinal fluid in mimite smounts.

Irritant Effect of Streptomycin Intrathecally and Intravemtricularly

One of the drawbacks of intrathecel streptomycin is its irritant effect
on the theca and it seems to be more so than penicillin, After the jikia-
thecal injection of streptomycin the cerebro~spinal fluid reacts by increasing
in quantity, increase in number of cells, increase in albumen content, This
irritant effect is regarded as serious when one considers the large mmber

of intrathecal injections which may be required in a case of tuberculous
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meningitis., Cairns et al, in 1946 warned that intrathecal injections

of streptomycin mdght be dangerous, and that resctions seemed to develop
more rapidly after ventricular injection, The reactions desoribed by

them were that out of several patients trested by intratheecal strepteamysin
in solutions of 10,000-20,000 units per c.c. of norml saline, four became
deeply comatose with disturbance of pulse, tempsrature, and respiratien.
Two others died of respiratory failure some few hemrs ofter the injeotion,
These latter two ceses, although severely i1l st thes time of the injeetien
were not moribund., Theae suthors belimve that the resctien probebly starts
at the brein stem because in two pstients with cerebrsl tumeur in whem he
reaction was cbserved with intrsventricular streptamycin in large domes, it
wos esteblished at autopsy that there wes blooksge of the eerebro=-spinel
fluid pathways preventing streptomycin reaching the brsin stem,

Choremis et al (1948) imvestigated the effects of styephomysin injeeted
into the spinal subarachnoid space of three heslthy ohildren. One 6ase sgsd
four years received one injection of 0.15 Gm. snd shortiy sfter injestion
this child reacted by having o comvulsion, voemiting, and with & rise in tew~
perature to 103°F, The C.S.P, albumen incresaed from 0.02 G#./100 6.8. +6
0,15 Gm, /100 c.c., but the chlorides and sugar eontsnt: in this case sre neb
recorded. The other two cases aged three and a wlf and thres yesrs, hsd
each six daily lumbar intrathecal injections of 0,05 G, streéptamyein, The
albumen contents of the cerebro-spinel fluids after twenty-four Hours Were
increased respectively from 0,025 Gm.-O,0k Gm., and in the 6tbsy 6ase from
0.02 Gme=0,03 Gm. In the seme specimens the cell counts in 6he 6856 if~
creased from 2-4 lymphs to 340 polymorphs and in the other case firem 3=k
lymphs to 222 polymorphs. In neither of these two cases was thers any 6hangs

in the sugar or chloride content,
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In view of this known tendency for streptomycin to irritete the theoca
and to create an incresse in protein content of the cerebro-spinal fluid,
plus the fact that advanced tuberculous meningitis alweys produces an aoute
hydrocephalus, then it is reasonsble to expect a greater tendenocy for
blockage of the cerebro-spinal fluid pethways in cases of tuberculous
meningitis trested with intrethecal streptomycin. As the development of
hydrocephalus in tuberculous meningitis is e natural tendency of the disease,
it is difficult to prove thet streptomycin has any reel influence in the
develomment of hydrocephalus, except in mo far as this treatment prolongs
life, thus making a higher incidence of hydrocephalus, The Medicel Resesrch
Council's report of 1948 includes forty-six instances of hydrocephalus among
fifty-three cases of tuberculous merdngitis treated with streptomyoin by

various routes,

Excretion
Like penicillin, by the systemic route it is largely excreted in

the urine. After the intravenous injection of 0,6 Gu. of streptomyein the
average excretion within three hours has been reported as 33,3 micerograms
rer ml, urine, with 16 micrograms per ml. at the end of twenty-four hours,
The total excretion with twenty-four hours in ten casez varying from 28-89
per cent, of the dose sdministered with an aversge of 66 per cent.

Generally it caen be stated that about 60-80 per cent, of streptomyein
parenterally per day is excreted in the first twenty-four hours, with an
additional 2-3 per cent. in the second twenty-four hours, As with penicillin,
mephritis will retard excretion in the urine and will cause the serum level
to rise, It is thought that excretion is not only by filtrstion through the
glomeruli, but also via the rensl tubules, It may be thet excretion of

streptamycin could be delayed by the simuiltaneous edministration of sons
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agent similar to caronamide which has been used to delay the exorétion of
penicillin,

Streptomyoin is also concentrated in the bile and exoreted by the
liver, In the faeces only small amounts of streptomyoin are dstected
following parenteral administration; about 2 per cent, and this is
probably derived fram that excreted in the bile.

_Dosage and Duration of Treatment.

Feldmen and Hinshaw (1948) state that the minimal effective dose of
streptomycin had not been detemmined for the various olinlcel types of
tuberculous disease, They suggested that the average dally dose be
approximetely 1 Gm. for a patient of average weight, These authors also
mention McDermott's (1947) suggestion of 20 mgm. per kilo body weight,
which they regard as a reasonable effective dose yielding minimel toxio
effects, The frequency of injections, they say, need be no more than
twelve hourly, although previocusly they had thought thst they should be
six hourly, The results from twelve hourly injections are as satisfactory
as more frequent injections. The dosege adopted in this hospitel is that
recommended by the Streptomycin Committee of the Medical Research Council
1948, where for children they recommend 20 mgm. per 1b. body weight per
day intrammscularly given in divided doses twelve hourly. The maximum
intramuscular dose recommended per day was 2 Gms,

A survey of the published reports on the use of atreptomycin in the
treatment of tuberculous meningitis reveals that the regimens of treatment
differ and that so far no standardised form of treatment has yet been
formulated for this disease, The intramusculsr trestment 4is generally the
same as most centres of treatment and closely corresponds to that recomuended

by the Medical Research Council Committee, The duration of trestment showld
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be at least for three months, but further treatment beyond that pericd is
usually necessary even in ceses responding very well, In tuberoulous
meningitis, however, we know that intrathecal streptamyoin is necessary

and here the various authors do differ, The Medical Remesrch Counedl
Comnittee recommendations for intrathecal therapy were that the dose should
be from 50~100 mgm, per dey in one dose over a short intensive course, or
alternatively every two or three days for two to three months, Debre et al
(1947) gave as their treatment 0,1 Gm. per kilo body weight by intremiscular
injection daily and at the same time gave intrathecal injections of 50-100 mgn.
daily for the firat week. Thereafter, the intremiscular dose was reduced ﬁa
50 mgm, per kilo body weight and no more intrathecal injections given, This
treatment they did modify in individual canes,

Other variations in treatment will be mentioned in the chapter on
tuberculous meningitis where the results of different suthors are compared,

In non-meningeal tuberculosis the trestment iz genserally the seame as
for tuberculous meningitis with,of course,no intrathecal therapy.

In non~tuberculous meningeal infections, there iz still neo estsblished
line of treatment. Up to the moment of writing strectomycin 1s regsrded ss
the drug of choice in the treatment of influenzsl weningitis, The doses of
streptomycin used are similar to those for the trestment of tubsreulous
meningitis but treatment is ususlly stopped one week after the cersbro-
spinal finid cultures become sterile,

Toxicity of Streptomyein

According to ¥dlitor {(1947) daily parsntersl injsctions of streptomycin

into monkeys and dogs mey produce fatty infiltwation of the liver and less

frequently of the kidneys. Such toxic effects have not, however, been

demonstrated in man,
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In men the earliest toxic symptoms recorded consisted of flushing
of the face, headache and a fall in blood pressure resembling the effects
of histamine intoxication, Such symptoms are uncommon nowadays so presumably
they were due to impurities in the drug available until about two yemrs ago.

The actual incidence of toxic effects seems to vary from author to
author. This is probably due to the degree of thoroughness with which
special exeminations are carried ocut, and also depends on the opinions of
the exeminers as to what effects are definitely due to the drug, and not to
the disease itself. Bumn (1948),in a review of 100 cases of miliary snd
meningeel tuberculosis treated with streptomycin,cbaerved toxic manifes-
tations in 95 per cent. of his cases, but,on the other band, Kincade et sl
(1948) in a series of 100 cases found only thirty-two patients having toxie
effects due to streptomycin. Agein Keefer ot sl (1946), in reviewing 1000
cases, found the total incidence of untowsrd zide effects dus to strep-
tomycin to be 20,5 per cent, where the daily dose wes 1 Gm. or less, They
found, however, that when the daily dose was over 1 Cm. the incidsnce of
reactions rose considersbly; in patients receiving 3 Gus. daily L6 per cent,
had reactions,and where the daily dose was 4 Gms. 60 per cent, had resctions,
Feldman and Hinshaw (1948) are of the opinion thet st least S0 per cent., of
his patients receiving 2 Gmz. or more per day for more thsn one month will
exihibit symptoms of vestibular dysfunction. This effect seems to be the
cammonest serious toxic effect of streptomycin therapy,

The following toxic effects have been attributed to streptemycin :~
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1, Vestibular dysfunction.

2. Deafness,

3, Blindness,

4, Skin eruptioms,

5. Nausea and vomiting,

6., Renal disturbances,

7 Fyrexia,

8. Meningeal irritation in those cases having intre-thecal

therapy.
9. lLocal irritation.

These individual toxic effects are discussed fully in the chapter on
tuberculous meningitis.

Workers with streptomycin occasionally develop a contact dermatitis
to this drug, and it is recommended that all persomnel handling streptomycin
should wear gloves, My opinion is that skin sensitivity to streptomycin is
no commoner than to penicillin and one rarely sees murses handling penicillin
wearing gloves,
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CHAPTER L.

Para-aminos
This was one of the substances investigated mainly by Lehmann (1946)

in his examinstion of Benzoic Acid derivatives following the demonstration
by Bernheim (1940 snd 1941) that sodium saliocylste increases the oxygen
uptake of the orgenism M. tuberculosis, Ilehmsnn (19),6) showed thet this
substance had » stréng bacterioststic effect on the proliferstion of M,
tuberculosis, and he suggests that the subatance wus bnoteriostatie

because it interfered with the protein metnbolism of the orgenism, Guines
pig experiments showed that pers-sminosslicylic scid wss undoubtedly a
potent factor sgainst tuberculous infections, Letmsnn (1946), Feldmen

and Hinshew and Ksrleen (1947) Youmsns (1946) sleo showed that this substance
had 2 suppressive action on the development of tuberscilous infectien in
mice,

Following tne ezrly commmications on in vitro snd animal experiments,

‘meny clinical trisls were conducted, snd it wes very soon established thst
the drug was certainly not without effsct in the trestment of pulnonsxry
tuberculosis, Thus Vallentin et sl (1950) published the results of treatment
in three hundred =nd seventy sight csses of pulmonsry tubersulesis and they
were convinced from their snalysis of the results thst these resuits were
good, From these authors Nagley znd Logg (1949) reviewed the cliniesl use

of the drug in thirty seven ceses of pulmonsry tuberculosis snd they sgain
stress the value of the drug, Prom thess suthors snd others it appeared

thet the drug gave the best results in the scute exudstive type of the

disease, This observation is of course not unexvected snd the ssme is




true of streptomycin, Nevertheless all authors were agreed that this
drug should only be regerded as an adjunct in the treetment of pulmonary
tuberculosis, and that collapse therapy esnd surgical messures would be

indiceted for certain ceses ss formerly,

Chemistxry
Para-aminosalicylic scid is a white crystalline powder whioh is
sparingly soluble in water, It has a bitter taste at first but the taste

then becomes intensely sweet, cIt has the formula :=
-00H

OH

N H o
and it is synthesised from meta-amino-phenol, Pare-aminosalicylic acid
is capable of forming stable metellic salts, but the free acid is itself
unstable in solution, and readily decomposes to yield meta-sminophenocl,
The sodiwn sa2lt is that generally used clinicslly and it is the crystalline
dihydrate formed from the anhydrous form of the sodium salt which is
very hygroscopic, This sz2lt is stable although it cennot be sterilised
by autoclaving as decarboxylation occurs with the formation of meta~sminO-
phenol and carbon dioxide, Sodium para-aminosslicylate is freely soluble
in water and a 20 per cent solution is practically neutral, Such solutions

when freshly prepared are light yellow in colour, but they temd to darken

to 2 brown colour on standing,

Pharmacology of Para-sminosalicylic acid or its sodium salt,

The free zcid and its sodium =alt will be referred to from now on

as Para-aminosalicylic acid znd sodium Para~eminosalicylic scid regpectively,

When Para-eminosslicylic zcid or its sodium salt are given orally it is

rapidly absorbed and guickly excreted, Experiments in msn snd endimsls
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have shown that a single dose will reach its maximum concentration

within 30-60 mimites of administration. The blood concentretion levels
then fall gradually and two or three hours after administration there

is only a trace left (Paraf et al 1948). A single dose of 7.5 Gms
produces a peak in the bjood level within half an hour to one hour and

is rapidly excreted in about four hours according to Madigsn et al (1950).
That the drug attains high concentrations in the liver, lungs and kidney
tissues has been shown by Alin and Difs (1947) and by Way et al (1948).
Its passage across the blood brain barrier in therapeutic amounts does

not appear to be mentioned in the literature,

Excretion
The drug is almost entirely excreted in the urine either unchanged

or in the acetylated forms. Bray et al (1948) and VWay et al (1948).

Dosages_and Routes of Administration

The dosage scale usually recommended for adults varies between
12-30 Gms daily for the free acid., It must be remembered that the sodium
salt is not so active as the free acid and that 100 Gms of the sodium
saly is equivalent to 72 Gms of Para-aminosalicylic acid, Daniels and
Hill (1952) showed that so far as clinical response to this drug was
concerned there was no significant difference in groups of patients
receiving 5, 10 or 20 Gms of the drug daily,

The drug is given orally and rarely will it have to be given
perenterally, Solutions may be instilled locally into sinuses or into
pleural cavities where there is fuberculous empyema. It is not recommended

intrathecally,
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Frequency of Administration

Because of its rapid excretion the drug must be given six times in
twenty four hours to maintain the blood concentration at therapeutic levels,
Some authors recommended that the frequency of administration be two and

a half hourly but six times per day seems to be effective.

Pharmacy of Pera-aminosalicylic acid and Sodium Para-sminosalicylic acid,

The sodium salt being very soluble would appear to be best given in
solution, but as it is most unpalatable and it is difficult to disguise
its taste with flavouring agents, Indeed flavouring with liquorice was
assumed by one author to have produced a hypokalaemia with tetany and
death., (Rousssk 1952), The drug would seem to be best presented as the
powder suitably coated in cachet form, tablets or granules, This is the
popular way of giving the drug today.

.

Clinical effects of Para-aminosalicylic acid and Sodium Para-aminosalicylic, )

(1) Effect on Temperature

In responsive cases the first observed effects of this drug is 8
reduction of temperature occurring within a few days, This reduction of
tempersture is greatest in patients with raised swinging temperatures, and
is not so well defined in those with only moderate pyrexia. According to
Madigen et al (1950) such anti-pyretic action is due not in the first
instance to eny direct action of the drug on disease itself, but from a
direct action on the heat regulating mechanism, It may be that Para-
aminosslicylic acid acts in the same way as sodium salicylate and other

coal tar derivatives,which are anti-pyretics.

(2)__Improvement in Patients General Condition

The feelingof well-being which responsive patients experience
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cannot be accounted for by simple dimimution of temperature for it occurs

in patients who are apyrexial., It is likely that this subjective response

is due to a detoxicating effect of the drug, Madigan et al (1950) ,working

on the assunption that toxic effects were induced by the products of
metabolism of virulent organisms,investigated this by éxpeﬁ.ments in guinea
pigs. Their experiments failed to substantiate the hypothesis that para-
aminosalicylic acid circulating in the blood stream of the guinea pig,in
concentrations regarded as therapeutic in man and guinea pigs,would chemically
combine or neutrslise lethal doses of purified protein derivative of old
tuberculin., Nevertheless these authors are still of the opinion that reaction
between para-sminosalicylic acid and the products of metabolism of the

M, tuberculosis or of the induced biochemical lesions are still to be
demonstrated,

(3} Radiological Appearances

Deniels and Hill (1952) in an assessment of the combined results of
three Medical Research Council Trials,concerned with the treatment of pul-~
monary tuberculosis in young adults, compared the different treatment groups.
The treatment groups were (i) Bed rest (ii) pera-aminosalicylic acid only
(i1i) Streptomycin only (iv) Streptomycin camvined with para-aminosalicylic
acid in differing doses. They concluded fram this survey that the radio-
logical appearances after treatment with para-aminosaslicylic acid were better
than those obtained with bed rest alone for the same period, But at the
ssme time it was cbvious that streptomycin alone was better than para-
aminoselicylic acid alone when comparison was made on radiological grounds,
Again there was no significant difference in the degree of improvement in
the cases with streptomycin combined with para-aminosalicylic acid in

different doses (5, 10 and 15 Gus. daily). They all showed the seme im-
provement. Pugh et al (1950),in a series of fifty cases treated at home
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with sodium para-amincsalicylic acid, reported radiclogieal improvement
in eighteen cut of twenty-three cases who had received the drug for twelve
weeks (78.3 per cenmt), and twendy out of twenty-seven cases treated for
siz weeks (7h.1 per cent). Of the controls totalling one hundred and six
thirty-eight showed improved (35.8 per cenmt.), forty-five showed no change
(42.5 per cent), and twenty-three showed deterioration (21.7 ver cent).

On the other hand, Todd (1953) in an investigation of sixty-nine children
with primary tuberculosis, found no improvement after treatment with para-

aminosalicylic aecid,

(k) Spatum
Daniels and Hill (1952),in their assessment of the three MRC trials

of 1952, showed that the sputum conversions were better in the para-
aminosslicylic acid cases than those treated with bed rest alone, but those
cases receiving streptomycin only showed an even better conversion percentage.
Also it seemed that although the combined para-aminosalicylic acid strep~
tomycin treated cases gave better results there was no significant difference
whether the dose of para-aminosalicylic acid was 5, 10 or 20 Gms, daily.
Merphological chenges in the orgenism, too, have been noted. Thus
Dempsey and Logge (1947) commented on the altered morphology of the orgenisms
after para-aminosalicylic acid therapy., The changes noted were grammlation
with beading of the bacilli and occasional striation, The acid fast gramiles
remein after the acid fast bacilli had disappeared. Similar observations
were made by Davis (1948) and Pugh et al (1950. Madigan et al (1950) noted
the seme changes in streptomycin treated cases,
The first noticeable effect of para-aminosalicylic acid on the sputum
is the decrease in the amount in those cases which are reacting favourably
to the drug,
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Drug Resistance
Unlike streptomycin there has been little in the literature on the

development of para-sminosalicylic acid resistent forms of M. tuberculosis,
Indeed Nagley (l9lg.9) said that up to that date no convineing evidence had
been forthcoming that such resistant strains existed, Since then various
authors have made reference to the occurrence of such strains, e.g,
Carstensen and Anderson (1950) who cbserved that although their results with
para-aminosalicylic acid were very encouraging initially the pulmonary
lesions began to progress about six to eight months after the institution

of para-aminosalicylic acid therapy.

Laboratory investigations were carried out and it was noted that re-
sistance of the M, tuberculosis to para-aminosalicylic acid of‘ten appears
after six months, Madigan et al (1950) found that in three out of five
cases treated with para-aminosalicylic acid, from whom the organism could
be recovered after one hmdred and twenty days treatment, the organism's
resistance to para-aminosalicylic acid had increased by fif'ty to one hundred
times, It is proved that M, tuberculosis has many strains, and it has
been shown that these strains vary in their sensitivity to para-aminosalicylic
acid, There is the advantage in treatment with para-aminosalicylic acid
that although drug resistance occurs, it is delayed, and that delay may well
give the disease time to settle or to be dealt with surgically.

Toxic Effects

(2) Gastro-intestinal upset. This is said to be the cammonest effect
of para-eminosalicylic acid and sodium para-sminosalicylic acid. The symptoms
are usually diarrhoea associated with nausea or vomiting., Such symptoms

rearly always subside after the first seven days of treatment and do not
tend to recur. These symptoms are probably the result of direct irritation,
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and if the patient is distressed improvement is usually obtained by re-
ducing the dosage for a time, This complication of treatment has been
reported by most authors, e.g, Vallentin (1946), Alin and Difs (1947),
Joules and Nassau (1949}, In the MRC trials (1952) the frequency of the
complication was 12-15 per cent, in those receiving five or ten Gms. para-
aminosalicylic acid daily, and 52 per cent. in those receiving twenty Gms.
of para-aminosalicylic acid daily.

Sensitisation to the Drug

This is usually evident by the patient developing a drug rash or a
drug fever, Such toxic symptoms appear to be no more frequent with para-
aminosalicylic acid therapy than with sulphonamide therapy, When it occurs ,
and it is desirable to continue treatment with the drug, the patient may be
desensitised with graduated small doses of the drug, Madigan et al (1950)
tried this in two cases and were successful.

Haematuria and Albumimuria

Such symptoms were reported in four out of thirty-seven cases by
Nagley and Logg (1949), and these authors recommend that this complication
can be treated by withdrawal of the drug for a few days, and alkalinisation
of the urine, Fortunately such a complication has not been met with fre-
quently, although albuminuria has been reported by Vallentin (1946).

Hypothrombinaemia
This condition was reported by Swanson (1949) who was using the drug

in a clinical trial in cases of rheumatoid arthritis, He found an increase
in the prothrombin time in five out of six patients, This may be an explanation
for the haematuris mentioned above, Madigan et al (1950) investigated this

and found that the increases in the prothrombin time were small, Indeed

haemorrhages are a rare event in treatment with this drug.



Hypokalaemia
This has been described by Campbell and Neufeld (1951) and is

menifested by muscular weakness and heart irregularitieas, It is extremely
uncommon, and was probably due to impurities in the drug. In view of the
fact that para-aminosalicylic acid was of'‘ten flavoured with liquorice, the
liquorice itself may have been responsible in some cases, Indeed,in a
fatal case with tetany due to alkalosis due to hypokalaemia described by
Russak (1952) liquorice,which had been used as a flavouring agent,was
accepted as responsible,
Jaundice

This is most uncommon during therapy with para-aminosalicylic acid.
Cases of hepatitis have been reported by Fergusson et al (1952) and
McKendrick (1951)., It is very difficult to ascribe the condition to para~
aminosalicylic acid because of the few cases involved. The condition may
have been due to homologous serum jamndice,

Idiosyncrasy to the Drug

This was reported by Pugh et a2l (1950), but it also gpéears to be a
very rare event in para-aminosalicylic acid therapy.

Myxoedema has been reported in a case by Komrower (1951).

Toxic effects in treatment with para-aminosalicylic acid and sodium
para-aminosalicylic acid are, therefore, not of serious consequence when
one considers the length of time patients are having the drug. Indeed the
drug would appear to be eminently safe in most cases,

Summa ry
From the experience gained over the seven years simce its introductionm,

Pare~aminosalicylic acid would appear to have a definite place in the chemo-

therapy of tuberculosis, That it was definitely inferior to streptomycin is
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borne out by the MRC trials (1952) and by Daniels and Hill (1952) in
their survey of these trials, These two authors showed that when para-
aminosalicylic acid was combined with streptomycin the effect seemed to
be additive, and that the likelihood of the emergence of streptomycin
resistant strains of M,tuberculosis became less,
Today, then, para-sminosalicylic acid is used as adjuvant therapy to

streptomycin, end it is used in this way in treatment groups B and C of
this thesis,
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CHAPTER 5

Combined Therepy

.The Sulphonamide group of drugs, Penicillin, Streptomycin and Para-
aminosalicylic acid, have been described in the preceding pages, and it is
apparent that each of these drugs or drug groups has a different range of
anti-bacterial activity, e.g., penicillin is generally active against gram
positive organisms, and streptomycin against gram negative organisms, Also
each anti~-bacterial agent varies in its potency against different organisms,
Where the organism of an infection is known, then the correct treatment
would naturally be by the drug known to be most active against that par-
ticular organism, Where an infection, however, is fulminating, it might be
expected that a combination of two or more drugs knmown to be active against
the causal organism, would provide an additive effect.

The idea of combined therepy, in the treatment of Meningococcal
Meningitis, is not new, because Amies (1940), claimed that in an investi-
gation into the treatment of this disease in mice with sulphapyridine,
sulphapyridine and serum and serum alone, he found better results with the
cambined sulphapyrid:i.ne and serum therapy. The clinical evidence was, how-
ever, against this, and the results were comsistently worse where combined
serotherapy and sulphonamide therapy were used. This was noted particularly
by Harries (1942) and in the Scottish Report on Cerebro-spinal Fever (1944).

In 194). Bigger suggested that there is a synergic action between
sulphonemides and penicillin, Garrod (1953), who had eight years previously
denied this, now admits that sulphonamides and penicillin, when conbined,
do show evidence of mutual action with enhanced anti-bacterial effect,

There is no evidence that sulphonamides and streptomycin are antagonistic
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end indeed in the treatment of Brucellosis, Spink et al (1948) found
sulphadiazine and streptomycin effective treatment., Moreover, it has
been shown by Klein and Kimmelmen, (1947), that the presence of a sul-
phonamide tends to prevent the development of bacterial resistance to
streptomycin, Of greater interest and importance, is, of course, the
combination of streptomycin with other drugs which are also active against
the M, tuberculosis. Smith and McCloskey (1945), in experiments on guinea-
pigs infected with tuberculosis, found that streptomycin cambined with
promin gave better results than streptomycin alone, Lincoln and Kirmse
(1949) used promizole and streptomycin in the treatment of M, tuberculosis
in children and they stated that the rate of radiographic improvement was
more rapid than with promizole alone. It was also remarked that when
promizole is given with streptomycin there apprears to be less evidence of
toxic effects,

It has been shown in the past few years that para-aminosalicylic acid
is not antagonistic to streptomycin,and that it does at least act with
streptomycin when they are combined, Combined treatment with these two
drugs results in a reduced incidence of stieptoxnycin resistant organisma,
Daniels and Hill (1952) showed that when para-aminosalicylic acid was com-
bined with streptomycin, the effect seemed to be additive and that the
likelihood of the emergence of streptomycin resistant strains became less,

The two enti-biotics, penicillin and streptomycin, may be used in
combination since they are both bactericidal and according to Garrod (1943)

such a cambination is often synergic.
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SECTION II

CHAPTER 1.

Practical Procedures

All cases referred to Ruchill and Gateside Hospitals by genexel
practitioners as cases of meningitis were examined by the medical officer
on duty., The examination was a brief clinical assessment of the patient'a
illness, If the symptoms and signs were those of meningeal infection, the
case was admitted to the ward reserved for such infections, If the sympteoms
and signs, however, had pointed to some other infectious diseasme, thenthe
case was admitted to the appropriate ward for thsat infection. Cazes where
the diagnosis was in doubt were admitted to the meningitim ward -~ there was
little danger of these becoming infected with meningitis fram other patientn
since case to case infectivity is low even in meningococcal meningitism, and
isolation accommodation was very limited in these hospitals., All cases
certified as meningitis or "Query Meningitis" were lumbar punstured irres=
pective of the clinical findings by the examdning medical officer, This is
important since occasiomelly children with early meningitis present no migns
of meningeal irritation on admission to hospital,

Lunbar Puncture

There may seem little point in describing the technique of lumbay
puncture since most text-books of medicine end surgery desoribe the pro-
cedure, I feel, however, that heving performed several thousands of lunbar
punctures over a camparatively short time vi=,, five years, I cen probably
add to the information usually given,

Selection of the Needle
A Pitkin's or Eoward-Jones' needle was found to be the most useful end
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this was used in nearly all the cases, Occasionally for adults, who were
difficult to puncture, either because of obesity or osteo-arthritis, a
Berker's needle was employed. Strict aseptic technique was rigidly adhered
to in performing lumbar puncture and in the administration of drugs by the
intrathecal route. Infection of the meninges with Ps., pyocyaneus has been
recorded following lumbar puncture, Vuylsteke (1947), and this infection is,
we know, very difficult to eradicate., All lumbar puncture needles and other
apparatus such as syringes (all glass) used were sterilised by autoclaving.

In performing a lumbar puncture, position is all important and this
point cannot be overemphasised, No matter how skilled the operator may be
in the technigue of lumbar puncture, his chances of successful puncture will
be poor if the position of the patient is not correct. The patient must
have the spinal column flexed as much as possible, and may do this in the
sitting-up or vertical position, or the lateral position. The vertical
position is only suitable for adults who are not acutely ill, and the right
lateral position was that favoured by me and used in all the cases described
here,

Children of up to seven years of age were held in the right lateral
position on a table covered with a Sorbo rubber mat, A nurse maintained the
position of flexion by placing one arm under the knees, and the other round
the back of the patient's neck, and approximating the patient's chin to his
knees, In cases presenting evidence of meningeal irritation, this position
of forced flexion is not always easy to maintain, since attempts at flexing
the head, back and thighs produces severe pain. Adults and older children
were all lumbar punctured in their beds, Beds with sagging mattresses were
found to meke the procedure rather more difficult. A good firm mattress is

much to be preferred and on this the patient is held flexed (as already
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described) at the edge of the bed, The operator, if satisfied with the
position, should proceed to cleanse the skin over the lumbar region. In
this hospital the skin antiseptic used wes Cetavlon 1 per cent, (cetyl-
trimethyl-emmonium bromide) because of its non-irritating nature, Tinctura
Iodi Mitis, which had been used in the past, was found to be rather
irritant to the skin and was liable to cause a dermatitis if used daily
over scme weeks,

No local ansesthetic was used in any case since it was felt that
(1) there was no real need for it since the initial puncture of the skin is
the most peinful part of the procedure, and this would be caused by giving
the local ansesthetic itself, (2) most of our cases required daily lumbar
punctures varying from six to thirty days, and it has been found that where
local anaesthetic is injected subcutaneously into the ssme area daily for
same days, the skin tends to break down, and this is to be especially avoided
when further lumbar punctures may still be indicated.

Site of the Puncture

The puncture can be made at any level in the lumbar region, but the site
usually recommended is that between the 3rd and 4th, or 4th and 5th lumbar
vertebrae where there is no danger of striking the spinal cord, although the
cauda equina is sometimes touched by the needle, as evidenced by some patients®
. descriptions of the distribution of a sharp pain like an electric shock,

The left thumb determines the space to be entered and the skin over
this space is rendered taut by the fingers. The needle is then applied
perpendicular to the skin in the mid line. The flat bevel of the needle
should be on the same plane as the horizontal spine - this will allow it

to pass through the ligamentum flavum by splitting it in the line of its
fibres,
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A needle is then passed through the skin and advanced slowly and
at a varisble diatance from the surface a slight give will be felt as the
ligement is pierced, A pause is made at this point, and the stylet should
be removed, since the dura mater may have been pierced at the seme time,
Usually, however, we still have to penetrate the dura mater, and a second
slight give should be felt as the needle iz further advanced, If, on
withdrawing the stylet, there is no flow of cerebro-spinal fluid through
the needle, then the needle should be advanced very cautiocusly a few milli-
metres, and 2 close watch kept for the appearance of cerebro-spinal fluid,
If still no cerebro-spinel fluid appears, the needle sghould be rotated and
withdrawn a little, snd if this does not result in a flow of fluid, ths
stylet should be replaced and the needle and stylet rotated sgain, since it
may be that the durs mater hes moved in front of the advancing needle point
without being pierced, At this point, if atill no fluid has been cbteined
by careful attention to the technique outlinesd, then it i= advisable to
carry out the puncture in another interspece., To push the needle further
into the theca would be to risk damaging the plsxus of veins which encircls
the theca, and this plexuz is larger snteriorly thsn it is posteriorly. In
an umdiagnosed case then, it behoves us to be esuecisily careful in carrying
out the procedure of lumbar puncture, and thereby to cobtain s specimen of
cerebro~spinal fiuid free from contaminstion with blood. Thia is most im~
portant in an early case of tuberculous meningitis for instance whers the
departure from normal of the fluid mey not be great, and gross contemimation
of the fluid with blood would leave the disgnosis in doubt,

Should a *blood tap’' occur then the best advice apoears to be that the
needle with stylet should be left in situ, and anothsr lhumbar pucture per—
formed in another interspace, PFrom this puncture a specimen of cersbro-spinal
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fluid is often obtained free from blood or at least from gross contamination
with blood, enabling it to be suitable for rgytological and biochemical
examination, It must be remembered that cases of subarachnoid haemorrhage
are frequently diagnosed clinically as cerebro-spinal méningitis because of
the acute onset with coma, and the presentation of signs of meningeal
irritation. In these cases the cerebro-spinal fluid is under increased
pressure, and the blood is admixed evenly throughout it, This should be
checked by taking two or three specimens, The supernatant fluid in these
cases is xanthochromic, Where the cerebro-spinal fluid is bloodstained
because of actual damage to the venous plexus by the lunbar puncture needle,
the fluid appears to contain fresh blood not yet fully diffused throughout
its #olume. On shaking such specimens the blood can be seen in suspension,
Dry Tep

Occasionally, when the needle has entered the spinal theca, there is
no flow of cerebro-spinal fluid, This may be due to very low pressure of
the cerebro-spinal fluid, or the fluid may be thickly purulent, A specimen
of cerebro-spinal fluid can be obtained in these cases by gentle aspiration
through the needle with a syringe. This method had to be adopted occasionally
in some of the described cases, Shoudl no fluid be obtained even by this
procedure, or if the fluid cbtained should be so bloodstained as to render
it unsuitable for examination, another route must be chosen for cbtaining
the fluid from the body. Alternative methods of obtaining specimens of
cerebro-spinal fluid are by cisternal puncture or by ventricular puncture,
Both these procedures have been carried out in several cases included in
this thesis, and the details are here described,
Cisternal Puncture

The hair from the scalp over the occipital area is shaved and the back
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of the neck and occipital area is cleansed as for lumbar puncture, The
patient's head is flexed and held absolutely still, The space to bhe
entered 1s the ocoipito~-atlantoid space, and this space lies along a line
Joining the tips of the mastoid processes. The needle used may be a
Purves-Stewart oisternal needle, which resembles a lumbar puncture needle
with graduetions in centimetres and it has a short bevel, 1 found that
the moat useful needle for this procedure was an ordinary Pitkin's needle
which had been shortened by constant sharpening. Several of these needles,
only about two inches long, should be reserved for cisternal puncture,

The needle is introduced at the entry point in the mid-line and it
should be directed up towards the occiput. As soon as it is felt to strike
bone it is withdrawn slightly and then entered horizontally until the
occipito-atlantoid ligament is felt., The stylet is withdrawn slightly and
the ligament pierced,when a slight give should be felt., The cerebro~apinal
fluid should now appear., Great care is advised in performing cisternal
puncture, especially in children, where the distance between the medulla
and the oceipito-atlantoid ligament is relatively small. Even when per-
formed most carefully and apparently successfully, a child may collapse
and appear very shocked, Adults stand up to this procedure very well,

and T have seen it performed on out-patients in a venereal diseases clinic,

Ventricular Puncture
This procedure is mainly indicated when there is some cbatruction in

the cerebro-spinal fluid circulation between the cranium end the spinal
canal, It can be used for cbtaining samples of the ventriculer fluid end/or
the administration of drugs directly into the ventricles, In tuberculous
meningitis it has been recommended that streptomycin should be given intra-

ventricularly rather than by the lumbar route even in the absence of any
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obstruction to its diffusion throughout the cerebro-spinal fluid circulation.

In children, where the anterior fontanelle is still open, the procedure
is relatively simple, ~ The child is placed on its back on a table and the
head is held firmmly at the edge. The scalp is shaved and then swabbed
thoroughly with Cetavlon solution 1 per cent, A Pitkin's lumber puncture
needlé is introduced into one of the lateral angles and directed forwards
and slightly outwards through the brain tissue, In most infants the
ventricle will be entered at a depth of two inches with a resultant flow
of cerebro-spinal fluid. When hydrocephalus is marked, however, the
ventricles may be so dilated that fluid is obtained at a depth of perhaps
only half an inch. The stylet should be withdrewn and inserted frequently
in the course of the puncture since brain tissue is very liable to enter
and block the lumen of the needle especially if the brain tissue is ocedematous.
The cerebro-spinal fluid obtained by ventricular pucture is often at first
bloodstained but usually clears as it flows,

In children where the fontanelle is closed, and in adults where
ventricular puncture is indicted, burr holes must be made in the skull in
order to gein sccess to the ventricles, Two burr holes are usually made in
the occipitel region, one on either side of the occiput. A ventricular
carmula was used for entering the ventricles and the types used in thia
hospital were the Sloan Robertson and the Jefferson cannulae, The procedure
in these cases was not so easy as in infants and is as follows:~
The camnula is entered through the incision over the burr hole until it
touches the tough Dura Mater., The direction at first should be forward
and slightly lateral in a line towards the orbit. The ventricle is usually
fond at a depth varying from 4-6 cm. Exploration with variations of

direction of the cennula are frequently necessary before the ventricle is
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entered, The whole procedure ls carried out without any ansesthetic
although one feels that until the patient has had the experience of ome
or two of these punctures, some sedative should be given to allay the
patient's apprehension., Morphia was giveh to patients prior to their
firat ventricular puncture,

The specimens of cerebro-spinal fluid fram lumbar, cisternal, and
ventricular punctures are collected in sterile glass containers with
rubber stoppers. Two specimens are collected for laboratory examination
end also 4~5 drops of the fluid from the needle are ellowed to drop into
a teat tube containing 1 c.c. of clear saturated solution of phenol crystals
in water known as Pandy's reagent, If the protein globulin content of the
cerebro-spinal fluid is normel, the solution remains clear, whereas if it
is raised the solution changes, becoming 6palescent to turpid, varying
from a faint bluish opalescence to a dense white precipitate,

Pressure of Cerebro-spinal Fluid

The rate of flow of the fluid from a puncture needle should be ocbserved
and is said to give some indication of the pressure of the cerebro-spinal
fluid, The rate of flow of cerebro-spinal fluid from a lumbar puncture,
however, is not a reliable gauge of its pressure, especially in children,
where the mere act of crying causes the fluid to escape from the needle in
foreible jets often, when the fluid is otherwise normal, In adults, however,
t}le rate of flow is o{ some value, and the normal rate of flow appears to
be 1-2 drops per seco;xd. The only accurate method of recording the pressure
is to use a spinal manometer, The menometer used here was that described

by Greenfield,

It is difficult to assess the cersbro-spinsl fluid pressure in children
and a knowledge of the pressure by itself is not of any great value since
the normel figure is very varisble, The real value of using a spinal
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manometer lies in its use in Queckenstedt's test, This test was per-
formed whenever there was any suspicion of an cbstruction in the normal
flow of the cerebro-spinal fluid in the spinal canal. Free movement of
the fluid in the spinal cansl is tested for by compressing the jugular
veins, first on one side and then on both sides, This compression of the
Jugular veins causes distension of the intracranial veins and this results
in an increase in intracranial pressure. If there is free commmication
between the fluid in the cranium and that in the spinal canal, an increase
in the intracranial pressure should be transmitted to the fluid in the
spinal canal, This secondary rise in pressure of the spinal fluld cen be
observed by x_r_:atching the rate of flow from the lumbar puncture needle
before, during, and after pressure has been applied to the Jugular veins,
Release of the pressure on the neck should csuse the rate of flow to return
quickly to normal, A manometer attached to the lumbar puncture needle
shows this more clearly viz., where there is no obstruction preszent the
fluid in the tube rises sharply when pressure over the jugular veins and
the level drops just as quickly when the pressure is relessed. Where there
is a relative obstruction present the rise and fall occurs sluggishly, and
Where there is a complete obstruction to the flow of cerebro-spinal fluid
there is little or no movement of the fluid in the menometer, A simple
manometer for the Queckenstedt's test as described here can be improvised
by using a Westergren blood sedimentation tube with a rubber cormection
and a needle adaptor for comnecting it to the lumbar pumncture needle,

Cerebro-spinal Fluid
Normal cerebrospinal fluid is crystal clear and colourless with
a specific gravity of 1.006-1.008. The fluid should be examined naked-eye

in the ward and if there is some doubt about its clarity, the specimen
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should be compared with water in a similar glass container, Opalescence
or turbidity is usually due to the presence of cells, whose total number
in normal fluid should not exceed 5/c.mem, When the number reaches 50/c.m.m,
opasescence is Jjust recognisable, Inmaking Ijecords of the appearances of
cerebrospinal fluid the following descriptions were applied :~-
Crystel clear = as clear as tap water
Slightly opalescent - not clear but requires close examination
Opalescent = very definitely hazy
Slightly turbid - the consistency and colour of ginger beer
Turbid - turbid but flows easily, often yellowish green, or green,
Its purulent nature is not apparent until it is
centrifuged.
Thickly turbid - is frankly purulent and flows through the

needle with difficulty often requiring
aspiration,

Formation, circulation and absorption of cerebrospinal fluid,

That the cerebrospinal fluid is formed chiefly by the choroid plexuses
is generally accepted to-day but the exact details of its formation are still
controversial, Although the cerebrospinasl fluid might appear to be an
ultrafiltrate or a dialysate of blood plasma, the balance of opinion seems
%o be that in its detailed composition it differs materially from those and
mist be regarded as a true secretion, There is some evidence that the
secretory or at least the selective activity of the cells of the choroid
plexus, may play some part in determining the chemical composition of the
fluid, In addition to formation by the choroid plexuses some cerebrospinal
fluid is also Pormdd from the capillaries of the brain and spinal cord into
the perivascular spaces,

Circulstion

From the latersl ventricles the fluid flows through the foramina of
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Monro and om to the third ventricle, From the third ventricle the fluid
pesses along the aqueduct of Sylvius into the fourth ventricle, from which
it escapes by way of the foramina of Luschka and Magendie into the subarach~
noid space, and diffuses over the brain surface, At certain parts of the
baseof the brain the arachnoid mater is seperated from the pia mater by

wide intervals forming pools of cerebrospinal fluid, These spaces are

known a8 cisterns one of which is important from our point of view vis, the
cisterna magna or the cisterna cerebellomedullaris which is formed by the
arachnoid mater bridging the interval between the medulla oblongata and the
under-surface of the cerebellum, The position of this cistern mskes it
easily availsble for paracentesis and the method has already been described,
The cerebrospinal fluid passes slowly over the convexity of the cerebrum

and reaches the arachnoid villi which are prolongations of the arachnoid
mater into the venous sinuses, The arachnoid villi present in the superior
longitudinal sinus are known as Pacchionian gramulations and these are
visible to the naked eye, but mieroscopic structures of a similar charscter
are to be found in relation to most of the larger veins and venous sinuses
of the brein and spinal cord, The fluid is said to pass through the wall

of the villi into the venous simuses, The cerebrospinal fluid is absorbed
chiefly into the veins but also to a much less extent along lymphatic
channels, According to Dandy and Blackfan (1914) the chief site of absorption
lies above the tentorium cemb;:lli. So far as the circulation of the fluid
is concerned, there is still no definite knowledge of the flow into the spinal
cansl, Observations in cases of spinal disease indicate that the fluid in
the lumbar sac is removed either continously or intermittently, by admixture
with the fluid from higher levels, This is probably determined largely by

bodily activity and alterations of posture, which act by increasing and
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diminishing the calibre of the veins within the cranium and spinal canal
(See Bowsher (1953) and Schalten Brand (1953),

It is possible to control the normal direction of flow of the
cerebrospinal fluid by the intravenous injection of a hypertonic salt
solution, This causes water to be rapidly abstracted from the brain tissue
as well as from the cerebrospinal fluid, by way of the perivascular spaces,
Owing to the rapid osmotic removal of water, the brain also shrinks
appreciably, a fact which has been utilised in surgical operations on the

brain and also in comatose patients suffering from meningitis.



CHAPTER 2

The Cerebro-Spinal Fluid - Examination of

Table No, 1, shows the number of lumbar-ventricular and cisternmal
punctures carried out by me over a period of twenty months, It is obvious
that the bulk of these procedures were for the treatment of tuberculous
meningitis, and that such treatment has added greatly to the amount of
work to be done by the Medical and Nursing Staffs in a Meningitis Unit,

There are said to be certain risks involved in lumbar puncture, and
these risks, although they do exist must be small if the operator is
reasonably careful, The table referred tc lists two thousand, eight:
hundred and sixteen lumbar punctures, yet no recognissble complications
were recognised. The risks of lumbar puncture are threefold, (1) damage
to the spinal roots, inter-vertebral discs and spinal cord, (2) intro-
duction of infection, This happened in the case of E.McL, (3) disturbance
of the dynsmics of the cerebro-spinal fluid with e.g. herniation., A
leading article in the Lancet in 1953 discussed these dangers, In this
article it is admitted that they are uncommon, but post lumbar pumtum.
headache was maybe due to dynamic disturbancez of the cerebro-spinal fluid.
is mentioned, Sciarra and Carter (1952) are quoted as affirming that
headache is as common after a simple thecal puncture as after the with-
drawal of 10~12 c.c, of fluid., It is now accepted that a fine bone needle
will lessen the frequency of headaches. Headaches, although common through~
out all cases in this series, were never troublesome.

The risks in cisternal puncture are a.lwayfs great because of the

proximity of the medulla, No untoward incidenpe due to this procedure
npe

occurred in sny case in the series, ILikewise there were no recognisable

accidents caused by ventricular puncture,



Table 1.

- PARACENTESIS FOR CEREBRO~SPINAL FLUID.

TABERculous MENINGOCOCCAL & OTHER
Mmﬂ& MENINGITIS FORMS OF MENINGITIS. |
w | Lombar [Veptricalar| Cisterpal | Lumbar  [Veptricnlar Cistergal.

| January o) o 0 92 -0 o
February 3 o o 98 o o
March 12 o o 79 o o
Aped 10 ) o 53 o o
1 | May 16 o o 60 o o
9| jwe 10 o o 66 ) 0
4| July 14 o o 4 o o
Q| August | 80 o o 28 o o
Septembor] 162 13 3 33 _° ©
Octobor | 148 14 2 59 ° o
November| 109 %3 3 64 2 o
Decamber | 131 21 o 66 o 3
January | 21% 28 o 115 10 6
(|February| 78 24 2 62 o 3
{ [Mach | 92 33 4 83 0 o
O|Apd | 220 %5 P 84 é 4
4| Moy | 263 53 4 40 o o
Oluwe | 397 | 32 2 31 0 °
1 Dy | 398 | 15 2 29 ° 2
August.| 357 58 3 40 o 1
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Noxrmal C osition of the Cereb i

Cells .. . .o e e +e0-5/c.m.m, chiefly lymphocytes

Total protein .. «s Ventricular fluid .. 5-10 mgm/100 c.c.
Cisternal fluid .. 10-25 mgm/100 c.c.

Iumbar Fluid vs 15=45 mgm/100 c.c,
Chlorides (as NaC1) oo . .e .o 725-750 mgm/100 C.c.
Glucose .s ce s e .o 4,8-58 mgm/100 c.c,

In the laboratory the examination of cerebro-spinal fluid is
divided into (1) Cytological (2) Inspection for formation of a fibrin
clot (3) Bacteriological and (4) Biochemical,

A cell count of the fluid is performed soon after it is withdrawn,
For this purpose a white blood cell pipette is used in conjunction with a
Fuchs-Rosenthal counting chamber slide. A watery solution of methylene
blue containing 5 per cent., acetic acid is drawn up to the mark 1 in the
white cell pipette and thereafter cerebrospinal fluid is drawn up until
the mark 11 is reached. The solutions are then mixed by rapidly rotating
the pipette between the palms of the hands, The acetic acid in the
solution destroys red blood cells which may be present in the fluid.
Fluid from the pipette is spread on the Fuchs-Rosenthal slide and all
cells in the ruled area are counted, Since the ruled chember corresponds
to 3.2 c.mem., the mumber of cells divided by three is approximately equal
~ to the mumber of cells per c.m.m, If the cell count was five or less, the
fluid was regarded as normal. Where the cell count is increased a
differential cell count should be done,

Where the cell count is raised, a sample of the fluid is left to
stand overnight for examination of any clot that may have formed. The

nature of the clot is important,because although in most of the diseases
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of the meninges where the cerebro-spinal fluid protein is increased, a

clot is formed, there is a type of clot peculiar to tuberculous

meningitis and occasionally in anterior poliomyelitis and syphilis of

the central nervous system, This type of clot is a delicate net of fibrin

which has been likened to a spider's web and is ealled a pellicle, In

the absence of laboratory facilities the formation of a typical pellicle

in the cerebro-spinal fluid of a patient with meningeal signs and a

typical history may well esteblish the diagnosis., When a pellicle is

observed it is laid aside for microscopial examination.

Bacteriological Examination

4 Opalescent and turbid fluids are centrifuged shortly after collection,

Films made from the sediment are stained by Gram's method (Kopeloff and

Beerman's modification)., Cultures from the sediments are also made on

tubes of boiled blood agar, and after incubation at 37°C for twenty-four

- to forty-eight hours later, All the media used in this hospital laboratory

contain p, amino-benzoic acid 5Cm./litre and penicillinase 0,5 per cent.

in order to mullify the effect of sulphonamides or penicillin which may

have been admihistemd to the patients prior to withdrawal of specimens,
Should & pellicle have formed in a fluid it is removed carefully

from the fluid and spread out on a clean slide, After fixing it with

heat, it is stained by Ziehl-Neelson's method of staining for the presence |,

of mycobacterium tuberculosis. This method of examination is most |

valuable, since a definite diagnosis is possible on the day of admission,

Where. the. biochemical findings are inconclusive, and examination of the

Pellicle fails to reveal the presence of M, tuberculosis, one may have to

Wait for weeks for a culture result in tuberculous infection.

Where tuberculosis is suspected, apart from examination of the pellicle,
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the sediment from the centrifuged fluid is inoculated on to Lowenstein-

Jensen medium and the cultures are incubated at 37°C for at least six

weeks, They are examined frequently from the third week, In addition to
being cultured for M, tuberculosis, a guinea pig is inoculated intra-
peritoneally with 5 c.c, of cerebro-spinal fluid. A post-mortem examination
is carried out after the animal dies, or when it is killed six weeks after
inoculation. Positive evidence of tuberculosis in the guinea pig is
usually evidenced by marked enlargement of the spleen which is studded
with‘ miliary tubercles, A more prominent feature than the infected spleen
is the presence of caseating mesenteric glands. The organism can fre-
quently be found by exemining stained smears of the caseous material
present in those glands. Section of the spleen may show the typical
histological appearance of tubercle formation.

Biochemistry

~All sbnormal fluids are subjected to biochemical analyses, examination
being mainly for protein, chloride and glucose levels,

Protein

This is estimated es total protein by the Biuret method, the principal
of which is as follows. The proteins are precipitated by trichloracetic
acid and the precipitate dissolved in caustic soda solution. Copper
sulphate is added and the resultant purple solution is centrifuged to
throw down the suspended copper hydroxide after which it is matched ageinst
colour glass standards and the result noted, The standards are those
supplied by Messrs. Tintometer Ltd,, and they are permanent, The following
is the technique in detail:- |

All turbid or opalescent fluids are centrifuged to remove cells and

the supernatant fluid is used for the determination. In a graduated



-83-

centrifuge tube are mixed 2 c,c, of cerebro-spinal fluid and 2 c,c.
trichloracetic acid. This is allowed to stand for a few mimtes wntil

the precipitate clumps, and then it is thoroughly centrifuged. After

this the supernatant fluid is decanted as campletely as possible by
inverting the tube carefully and wiping the mouth with filter paper.

To the precipitate is added 1 - 2 c.c. of distilled water and 0.5, c.c.

of 30 per cent. sodium hydroxide, This mixture is shaken until the
precipitate has dissolved, Next is added 0.5 c.c. of 5 per cent,
crystalline copper sulphate solution and water to exactly L c.c. The

tube is then thoroughly shaken and the resulting precipitate of cuprous
hydroxide is centrifuged down. The supernatant fluid is now transferred
to a comparator tube which is placed in the right hand recess of a Lovibond
comparator, .This sclution is matched against the first disc containing the
glass standards 20-180 mgm. in steps of 20 mgm/100 c.c., and the snswer
read directly., If the colour is darker than this range of standards the
second disc is substituted which gives a range of 200-360 mgm/100 c.c.

If the protein content should prove to be more thzn 360 mgm/100 c,c. the
analysis is repeated with diluted cerebro-spinal fluid and multiplying the
result by the appropriate factor.

Chlorides

The chlorides are precipitated as silver chloride, potassium chromate
being used as an indicator. The addition of a single drop of silver nitrate
in excess of that required to precipitate completely the chlorides, results
in the formation of red silver chromate. The end point then is when the

solution suddenly changes from pale yellow to orange.
Method

2 c.c, of cerebro-spinal fluid are measured into a small conical
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flask containing 10-15 c,c, of distilled water, To this is added 2-3 drops
of 5 per cent, potassium chromate and the contents of the flask are
titrated zgezinst 0.5814 per cent, silver nitrate solution, The end point
is noted when a definite reddish brown colour just becomes permanent,
The calculation is worked out as follows :~-

NeCl + AgNO3 = ACl  + Na.NO3 '

5845 170 143, 3 85
Since 170 mgm, of AgNO3 are equivalent to 58, 5 mgm, of sodium chloride,

therefore 5,814 mgme or 1 c,c, of standard silver nitrate solution correse-

ponds 58,5 X 5,814 or 2 mgm of NaCl
170
1 cece Of stzndard AgNO3 = 2mgm NaCl
therefore x c.cs  4gNO3 = 2 x mgn NaCl,e

Therefore 2 c,c, of cerebro-spinal fluid required x c.c, standard AghNo3
contain 2 x mgm of NaCl and 100 c.c., of cerebro-spinal fluid will contain
100 x mgm of NaCl, Therefore the mmber of c.c, of AgNO3 multiplied by
100 gives the chloride content in mgm per 100 c,c. as NaCl,

Glucose Estimation

The micro-method of Folin and Vu was used and the principal of this
estimation is as follows:- The proteins in the cerebro-spinal fluid are
precipitated by tungstic acid. The protein-free filtrate is heated with
alkaline copper solution under standard conditions. It is then treated
with a solution of phosphomolybdic acid, which is reduced in proportion to
the amount of cuprous salt, and therefore in proportion to the quantity
of sugar present., The compound formed by the reduction of phosphomolybdic
acid is blue and the variation in intensity of this colour is measured by

an sbsorpticueter using Chance's red glass filters., The instrument in













































































































































































































































































































































































































































































































































































































































































































































































































































































































































