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LETRODUCTION 1.

In this study an attempt was mude to develop a
method for the determination of entibacterial
properties of certain pharmsceuticals under conditions
which simulate as nearly as possible the conditions
under which they are used and secondly to apply this
method to a bucterial culture in & synthetic medium to
obtain information regarding fuctors which control the
efficacy of the antibucterial agents,

It was the intention of the present investigation
to determine whether any correlatiom eould be developed
between the thermodynamic activity of the antibacterial
agent end 1ts physiologicsl activity, The thermoe
dynamiec activity of the antibacterial agent can be
varied, for example, by the addition of alcohol or the
alteration of the pH of the medium, | |

Because antibucterial properties are possessed by

& diverse group of chemical eompounds, the successful

evzluation of antibacterial agents has been the object
of muny investigations, The method of the Food and |
' Drug Administration (1) is now used almost exclusively

~ in the United States for the evaluation of the
bactericidal agents, however this method con not be
employed for the evaluation of the many chenotherap?utin

agentas as they primarily exert a buacteriostatic action
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and secondly, they are not related to phenol, A number
of methods have been developed for the measurement of
bacteriostatic activity &s the ugar-streak method (2,3),
the agar cup method (1,4,5,6,7) and the turbidimetric
method (8,9,10), The inhibition of growth and
sultiplication of the test organism in the presence of
the antibucteriul agent is measured, .

It has been recognized for some time that & new
method is needed for the evaluation of antibacterial
agents in which the eonditians.ef the test simulate as
nearly s possible the gonditions of the animsl body
when the agent 1s udded, Bronfenbrenner, Hershey and
Doubly (11, 12) introduced a method in which the effect
of the germicide on the oxygen consumption of sdult
mouse liver cells and on a suspension of Fscherichiu
goll vwas measured and compured, Bronfenbrenner snd
Hershey (15) hud previously observed that when B, goli
was grown under favoreble environmental conditions
"the oxygen uptake of a culture was directly prbportianul
to the volume of cells determined nephelometricully, as
well as to the amount of bueterial nitrogen at all
. stages of growth", Oreig end Hoogerheide (14) extended
the study to inciudt severul other orgunisms, namely
Etephylocogccug aureus, Proteug wviigaris, gggugogonaq
fluorescens and one struin of yeast Villis znomcle
and noted "that the rate of oxygen consumption 4s



proportional to bacterial content determined
'nephelanetricallyﬂ.

For this study a rapid and reproducible method of
measuring physiological activity was desired, 4n
inhibition of metabolic activity as measured by an
inhibition of oxygen uptscke of the bacterial
suspension has been suggested by Ely (15) as a method
for the evaluation of antibacterial agents, He
observed a correlation between the inhibition of oxygen
uptake and the number of orgunisms killed, In this
study the antibacterial activity was measured on the
basis of the inhibition of total oxygen consumption of
® suspension of E. goll in & glucose~ammonium salg
wediuam, |

A survey of the literature reveals that the effect
of various types of antibacteriul agents on the oxygen
consumption by severazl different uicroorganisms_has
been studied in an attempt to elucidate the mode of
sction of these drugs on the bacterisl cells and tissue
cells and also to quuntitatively evaluzte them rather
- thun the use of the F, D, 4. phenol coefficlent
technique,



Zhg Letlon of Drugs on Microorgunisms

One class of compounds possessing antibscteri:l

activity that has been studied rather extensively is
the sulfonumide class, Sevag and Bhelburn (16)
studled the effect of sulfonamides om the respiration
of Gireptogoecus pyogenes snd pneumococcus Type I end
observed that "under conditions favoruble £Sr growth
the inhibltion of respiration results in the immediste
and proportionazl inhibition of growth”, They
suggested that this inhibition of respiration is due
to the specific eowbination of compounds that are
structurally similar to the whole or part of the
coencyme molecule with the protein portion of the
respiratory enzyme, BSulfathiazole was found to
inhibit the carboxylase activity of whole yeast and
ptephylococeug gureus, Purther study reveuled that
"sulfuthiszole and sodium pyruvate compete for the
aotive site of curboxyluse, Presence or absence of
inhibition depends on which of the two substances
gets to the active site of the enzyme first®, This
inhibition could be reversed by the addition of parao-
_aminobenzole acid (17). The inhibitory effect of
sulfunilamide on the aerobic and anaerobie respiration
end growth of Ischerichis goli in a synthetic medium
‘cantaining glucose as the source of emergy was '
observed by Clifton and Loewinger (18), The extent of



Be

the inhibition wus similsr to thut reported by Sevug
and Shelburne(16), Clifton and Loewinger (18) suggest
that sulfanilanide appears to inhibit respiration
somevhere between the original dehydrogenase syatem
and the final H-accevtor, possibly inhibiting & He
carrier system as well as the decarboxyluse system,

It 18 not evident whether the decreased rate of
respiration is due to inhibition of growth or vice
versa', ,

Fischer and Armstrong (19) studied the effect of
sulfathiazole and propyl curbamate on the oOXygen
consumption and growth of E., goli and observed that
concentrations "which are just sufficient to stop
grovth completely, lower the rute of oxygen
consumption per unit of baoterial protoplaam to a
value approximately 50 per cent of that seen in the
absence of the inhibitorw, This similarity indicates
"in & general way, that the mechanism of action of
these two inhibitors 1is ainila}".. On further
investigation Afmstrons and Fischer (20) observed that
vhen ammonium chloride is used as the sole source of
_nitrogen the peuk of oxygen consumption is reached at
the point of exhaustion of the ammonium chloride, the
 rate of oxygen consumption then fell to & level
aprroximately 45 per cent of that oxiﬁtinx 1nmea1at;1y
prior to the exhaustion of the ammonium chloride,
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"It appears that fixation of ammonis, that 18 growth,

requires approximately 56 per cent of the oxygen

supplied by the growing eell?, Clifton (21,22) noted
that ¥/10 methyl urethan prevented the assimilation by
Pseudomonsg gulcosgeticus during the oxidation of acetate,
cimilar results were observed when E. g¢oli was used, He
suggests that in certain concentrutions cell polsons )
primarily inhibit synthesis und only secondarily
respiration,

Not only have the effects of sntibacterial agents on
the total respiration of the bacterial cell been
observed, but also the effects on isolated enzyme
systems &3 the dehydrogenuses which are concerned with
the production of emergy in the bucterial eell, Bach
and Lambert (23) observed tﬁut a 5 per cent solution of
ethyl urethane slightly.inhibited the lactate, formate,
glucose and butanol dehydrogenases and caused
a proximately a 50 per cent {nhibition of the succlnate,
pyruvate and glutumate dehydrogenases, while phenyle
urethane had & greuter 1nh1bitbry sction on all the
dehydrogensses, Cook, Haldune and Mupson (24) observed
that phenylurethane did not {nhibit the lactic and
formic dehydrogenases of E. goli while Barron and
Hastings (25) observed thut urethune inhibited the

dehydrogenases of the gonococcus, ’
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Another class of compounds possessing antib&cterial.

activity that has been studied to determine the effect
on the respiration of the bucteriul cell is the
Quaternary ammonium compounds, The effect of the
quaternary amwonium compounds on the metabolism of Grom
positive and Orem negativo organisms has been studied by
Miller, Buker and Harrisom (26,27,28,29,50), In their
search for a& compound which would effectively limit the
' wetabolisa of microorganisms associzted with human
dental carries, they used washed suspensions of a
lactobucillus, two strains of M, tetragenus,
coceus glbusg, and an unidentified aerobic aclde
producing Grem positive diplococcus and a Y¥onilia
buffered at the appropriate pH, and measured the effect
of Zephiran (ilkyldimethylbenzylammonium chloride
Winthrop Stearns, Inc.) on the respiration and

glycolysis in a Varburg respirometer, At & concentrution
of ¥/10,000 Zephirun completely and irreversibly
inhibited one billion cells within five to tem minutes
(30). They extended their studies to include additionsl
quaternary ammonium coupaundn end additional microw
organisms and were able to show th&t the quaternary
amuonium compounds studled effectively inhibited
bacterial respiration at 113000 concentration, seversl
were equally effective at 13130,000 concentration,

Maximum activity was found to occur in the alkiline pH
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range, To determine whether this effect on respiration *

was limited to systems involved in the utilization of
glucose, other substrates were substituted for glucose
and 1t was found that "the oxidations by . aurcus of
glucose, lactate, dl-slanine, succinate and glutamate
were all inhibited to practically the swse extent by o
1130,000 and 1:160,000 Zephiran® (26), Buker, Harrison
and Miller (27) extended their study to germicidsl
yrbpartiaa of quaternary amamonium compounds and
observed a fairly good gorrelation between germicidal
action and inhibition of bacterial metabolism with the
Oram positive organisms, however this gorrelation was
lé;s marked with the Oram negative organisms, "*In
general, the sorrelation of effectiveness against
bacterial metabolism and the bactericidel properties,.,
seenms %0 be good enough to permit the assumption that
the general relations found previously cun be uppiioé
ta_thn bactericidal effects with some degrse of
validityv,

Ordal and Borg (31) included cetyl pyridinium
ghloride in their study of the effect of surface-active
sgents on the oxidation of lactate by molecular oxygen as
eompared with the anzerobie oxidation by methylene blue,
They observed that cetyl pyridiniums chloride inhibited

the lactic dehydrogenzse of both B, gureug and E, gdli,
however the lactic dehydrogenase of §, gureug was more



luiaeptiblo to its action, In order to ecompare the
sensitivity of the aerobic and anserobic oxidations of
lactate by these orgunisms these authors determined the
"eritical®” concentrations of cetyl pyridinium chloride,
which they defined as the concentrations "inhibiting
the reduction by methylene blue for sixty minutes in
the tests ror'dahydrogenaaﬁa, and the concentrations
giving nearly complete inhibition after sixty minutes
in tests for oxygen uptake", There was only a slight
difference in the quantity of cetyl pyridinium

chloride required to inhibit aserobic oxidation of
luctate and the anserobic oxidation by §, gurcus,
"Presunmably, therefore, the cytochrome uysten'nornally
concerned in the oxidation of lactate by oxygen in'

e gureus possesses no special sensitivity to these
surface active agents", The system concerned with the
aeroblc oxidation of lactate by E. goli is more
sensitive to cetyl pyridinium chloride than is the
anzserobic system, This suggests "that the cytochrome
systems pecullar to E. goli are more sensitive to
surface active agents than the other proteins concerned
in the oxidations of the lactate, or are more available
to the auction of the egent®, Roberts and Rahn (32)
found that when E, goli was exposed to bactericidal
congentrations of Zephiran or Ceepryn (Cetylpridinium
chloride - Wm, 8, Merrell Co,) practically &ll of the

L}
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dehydrogenase and oxidase 1s inactivated vhile cataluse ‘

is only slightly effected, -

S8imilar studies were conduotﬁd by Bevag and Ross (33)
in the investigation of the mechanism of the inhibitory
action ur.Zophiran on yeast ee9lls, Zephiran inhibited
both the aerobic and énaorohic oxidation of glucose by
yeast, also the oxidation of para-phenylenediamine by the
Yeast cytochrome oxiduse system, 2ddition of 1.8 per cent
horse serum sontersoted these inhibitions, .

Knox, Auerbach, Zarundnaya snd 8irtes (34) studied
the effect of quaternary asmonium compounds on the intact
cells of E. goll and several of its enzyme systems, 4s a
measurement of the ﬁactericidal amount of detergent they
used the buactericidal ratio which was expressed as the
micrograus of detergent per millegram of dbacterial
nitrogen or per millegram of protein nitrogen (for
enzymes), These suthors found s close sorrelaztion
between the lethal action of the detergent with
metabolie inhibition of E, coll b} several quaternary
ammonium compounds,. "That half of the ¢ells are dead and
half of the glucose oxidation inhibited &t the same
amount of detergent has ﬁaan found in all instances with
many different batches of bacteria¥, The metabolic
activity of the c¢ell toward other substrates was not
inhibited by a given amount of detergent to the same’

degree as glucose oxidation, "Several enzymes, the
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reactions of which appeared to be inhibited in the cell .

by detergents, were therefore isolated to test their
sensitivity to the detergents in the absence of celluler
organization”, The lactic scid oxidase, which appesred
to be quite stable was selected for further study, It
was prepered by grinding in & mill for three hours the
stock suspension of Z. coll, centrifuging this product
and separating the supernatent liquid which conteins
the crude enzyme, This procedure indicates that
although the bacterial cell 1s dead, the enzyme systems
. may continue to funection, The lsetic acid enzyme thus
isolated differs froms the lactic ecid dehydrogencse
vhich has been mentioned previously, in that it reacts
directly with oxygen, The action orIZephiran on
®glucose oxidation in the intaet cell, vi:bility and
cell-free lactic acid oxiduse" were parallel and
dependent on the bactericidal ratio rather than the
c¢oncentration of Zephiran, "This would tend to confirm
the view that cationie detergents are bactericidal
bacauaq the effoct 18 on a specific enzyme system such
as the lactic acid oxiduse and not because they
primarily alter the cell structure, since this enzyme
8till possesses, in the absence of cell structure, the
intact cell's pattern of sensitivity to detergents®,

The effect of antibiotics on bacterial respiratich
has also been studied in an effort to explain their mode
of sotion, Chain, Duthie and Callow (35) determined the
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effect of penicillin on the resjiration of §, gureus and *

observed that penicillin ¥strongly inhibited and finzlly

ecompletely abolished" the respiration wunder favorable

conditions for growth, They concluded that "penicillin

* appears to interfere with a metabolic function involved

in the early stages of bacterial development®, 1
Streptomycin has been shown to possess antibacterial

sction both in yitro and in vivo against the avienm

strain of Mycobucterium tuberculosig which is able to .

oxidize the higher fattiy acids, Oginsky, Smith and . | N

Bolotorovsky (36) showed that streptomycin “apparently

inhibited the oxidation of the breakdown products of

the fatty acids rather than the oxidation of the chaln

itself®, They observed a similar inhibition of

stearate oxidatlon by E. goll although "it is evident

that the two organisms oxidized this substanée scnmevhat

differently®,



Evalustion of jntibegtericl Agenta

It has been recognized for some time that a new “
method is needed for the evaluation of antibacterisl
agents in which the conditions of the test simulate as
neerly as possible the conditions of the apinal body
when the agent i1s added. The determination of the
inhibitory offect of the antibacterial agent on the
wetabolism of a microorganiam is not new, Dreser (37)
in 1317 snd Pilcher and Sollmann (28) in 1929 studied
- the antiseptic activity of silver gompounds by
gomparing their uctivity on the fermentation by yeasts

with the action of & standard solution of silver
nitrate, "The concentration of the silver compound which
coapletely prevented carbon dioxide production was taken
as the end poiat", This technique was applied by
Peterson (39) to the study of mercury eompounds, using
mercuric chloride as the standard, He suggested thet
because of the ease of conducting this test, it should
becoms widely sccepted by technicisns and clinicians,
8everal years later, Branhun (40) extended the work to a
study of a number of esnuibactarial asanti and found some
difficulty in reproducing the previous work of Dreser,
Pilcher and 8ollmann and Peteraon, &he sugyested

several modifications, including the apparatus which
would more accursately measure the carbon dioxide | '

production by the yeasts, The end point of the reaction
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was Yexpressed as the highest dilution which completely f

prevents gas formation by a mixture of 10 per cent _
yeast and 1 per cent eane sugar in one hour at 38°C,»
The results of this study indicate that "within the
one hour period the degree of inhibition varied with
the concentration of the antiseptic?,

Bronfenbrenner, Hershey and Doubly (11,12)proposed
s method in which the effect of the antibacterizl agent
on the oxygen ¢onsumption of adult mouse liver cells
‘and E. goll suspensions was compared, It “"consisted
essentially in determining the concentration of
disinfectant in the test fluld necessary to cause 50
per cent reduction in the rate of oxygem uptake,
meussured between the fifteenth and twentieth minutes
after the beginning of the experiwent®™, Using this
method, these workers noted that "the per cent of
inhibition of oxygen uptake observed at sny time after
the first few minutes is clearly a function of the
- eoncentration of the disinfectant but not of the
duration of the exposure", In comparing the per cent of
inhibition of oxygen uptake of bactericidal and
bacteriostatic dilutions of mercurie chloride, merconyl,
merthiolate, metaphen, hexyl resorcinol, and phenol on
8. gurgug and E, coll they noted that only & 10 per cent
of oxygen uptake was effected by maximum bacteriostﬁtic
dilutions while effective bactericidal dilutions



| | 18,
effected a8 B0 per cent or more depression of oxygen
uptake,

Ely (15) studied the relationship between the
inhibition of oxygen consumption of a bucterial |
suspension by antidbacterial substances and the
subsequent ability of the baoterizl suspension to

initiate growth when suboultured, He observed that &

concentration of merthiclate which produged an
inhibition of respiration of 33 per cent killed only

7 per cent of the bacterisl population where as a
concentration which produced an inhibition of respiration
of 61 per cent killed 43 per cent of the bucterisl
population, This suggests that merthiolate "affected
the respiration of all of the organisms in the
suspensions and killed first the weaker members of the
population®, They found that in order to achieve
complete sterilization, 100 per cent inhibition of
respiration was necessary, Vhen using this method for
the evaluantion of the germicide in terme of the phenol
goefficient, the effect of the germicide is compured with
the effect of phenol on the oxygen consumption, WIf
coaparabltbaaounts of inhibition of resvirstion by
different keruieide: indicate that comparable numdbers of
bacteria have been killed, then the phennl coefficlents
8o determined should be accurate, However it 1s not
certain at present that this is the ease®,
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Oreig and Moogerheide (14) measured the inhibition
of oxygen uptake by the germicidal solutions adjusted
to pH 7.0 on Proteus yulgaris and §, sureus in a
peptone-luctate broth at 30°C, They measured growth at
the end of the fifth or sixth hour as turbidity by mezns
of the photoelectric colorimeter, Their results
indicated that the "oxygen uptake of growing cul tures
of bacteria was found to be directly proportional to
bacterial content when the latter was determined
nephelometrically®, &ince this relationship exists
under favorable eonditions, ®"the measurement of the rate
of oxygen uptake constitutes a convenient method for the
measurement of growth rate", In the presence of a
germicide they observed that the "inhibition in the .
normal rate of increase of oxygen was found to be due

to a eorresponding innivition of growth" (14),
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PLAN OF BIUDY

It has besn observed that a eorrelation exists
between the antibacterial activity and the physiow
chemioal propertles of the antibacterial agent, |
Various types of chaemical comnounds have been
investiguted and two well known hypothesis have been
pronosed as a result of these studies, One is the
theory of Overton (41) who related the drug sctivity
to the lipoid/water distribution ratio and the other is
that of Traube (42) who related the drug activity to the
lowering of the surfuce tension of water,

In this study of the relation of entibacterial
activity and the physlcal properties of the drug, the
manometric technique as suggested by Greig and
Hoogerheide (14,43) with some modificetions has been
used for messuring the bacteriostatic effect, A simple
synthetic medium devoid of protein and containing
glucose as the source of carbon was substituted for the
peptone-~luictate broth, Escherichis goli was selected as
the test orgunisa in preference to Proteug wulgeris
and Staohylococcus gureug which they used, The temperature
at which the determinations were made ial increased to
38°C, The orrad¥ of the antibacterisl agent has been
expressed in terms of inhibition of oxygen consumptidn
during the logarithmic phase of growth, The inhibition
of oxygen consumption during this growth phase was
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assumed to indicate a corresponding inhibition of growth

as shown by Greig and Hoogerheide (14),

The data thus oStnined w&j then related to the
physical properties of the antibacterial sgent to
deternine whether any correlation gould be developed r
between the thermodynamic acitiv%tr of the antibuct35131
agent and its physiologicsl acti;ity. |
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The method used in the study of the bucteriostutie
activity of ethyl alcohol, the psarsbens and
chloramphenicol ias & modification of the one
described by Greig and Hoogerheide (14,43). It
consisted essentially in the determination of the
4nhibition of oxygzen eonsumption during the '
logarithuic phase of growth in the presence of the
bacteriostatic agent,

Escherichia goli (American Type Culture
Collection #8739) wes used as the test orgunism, For
these experiments the bacterla were grown on Difco
Nutrient Agsr in six ounce prescription bottles at 37°C,
The bacterianl suspension was prepared by washing off a
twenty hour culture with sterile distilled water and
adjusting the concentration of the suspension such that
i1t would trensmit 10 per cent incldent light as
mezsured in & Cenco golorimeter with a blue filter,

The oxygen consumption of the bacterlal suapension
during growth in a glucose-amronium salt medium was
measured in a Warburg respirometer, The synthetiec
glucosc—amyonium sult medium was a modification of that
used by Kohn and Harris (44) in their study of the effect
of sulfonamides on the respiration of E. goll, It 1s
prepared by dissolving 2 grams of glucose,; £ grams'of

monopotassium phosphsate, 2 grams of diamwonium hydrogen

b
o
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phosphate, 4 grams of sodium chloride and 0,2 grams of *

megnesium sulfate in sufficlent distilled water to make
one liter, The pH of this medium, as measured with a
Beckman Model "H" pH-meter, was adjusted to 7.2 with
10 per cent sodium hydroxide solution, This medium is
then boiled for several minutes, filtered and tubed in
10 ui. quantities and sterilized atv 15 pounds pressure
for 20 minutes, The reaction vessels were thoroughly
clesnsed, rinsed with distilled water and dried in en
oven, They were not sterilized as the duration of the
experiment was relatively short, It was tob short to.
permlis foreign bucteria to become established and thus
~ influence the manometric readings, EFly (15)
observed that although absolute sterility was not
maintained in the manometric evaluation of germicides,
the number of foreign bacterié present was less thun
1l per cent as determined by plate counts,

One~tenth ml, of the bucterial suspension and 2,9
ml, of & solution containing culture medium, buffer and
antibacterlul sgent was placed on the floor of each
reuction vessel, the central well of which contuined
0.2 ml, of a 20 per cent solution of potussium hydroxide
and a strip of fiiter paper for the absorption of curbon
dioxide, Because of the fzct that the ratio of culture
wedium, buffer and antibacterial agent was varied in the

study of each sntibacteriul agent, the specific amounts
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of each employed will be mentioned in the discussion of *

the individual antibactericl sgents, '1 reaction vessel
wvhich contained only culture medium served as the

thermobarometer, The reaction vessels were placed in a

'_ water bath at 38° C, and shaken for a period of two hours

- before the'aysten was closed, Readings were taken at

‘15 minute intervals for a period of three to four hours,

LI




EIHYL ALCOHOL
Antroduction

A study of the effect of ethyl alcohol on the
respiratory system of E, coli was included in this
study as it was used as en agent to vary the
physical properties of the parabens,

¥YEthyl alechol, either absolute or in 95 per cent
strength is but an indifferent disinfectant, unless the
materisl and organisms to be sterilized contain
sufficient quantities of moisture to dilute the ilouhol.
The greatest disinfecting power is obtained in a
strength of 70 per cent by weight" (45), 8imilar
statements are found in other bacteriology text dooks,
however no reference to the research supporting these
conclusions is given, The original work suggesting the
dilution of alechol, within certain limits increased
its germicidal properties was that of Epstein (46), who
used several different organisms dried on silk threads
and exposed them to verious concentrations of ethyl
alechol, He observed that a 50 per cent solution was
capable of killing bacteria in five to ten minutes,
His study did not include the test organism of this
study, E. goli. Minervini (47) extended the study to
include E. goli and observed that the maximal '
germicidal effect was exhibited by 5O per cent and 70




per oent solutions, Utilizing the same technijue, *

Harrington and ¥alker (d8) extended the study to
include the effects of alcochol on moist bucteria and
- observed "that drynesa has & most important influence,
for while the molst organisms are destroyed within five
minutes by every strength above 50 per aént, the dried
. are affected by only bb and 60 per cent and show a
progressive raaiﬁtanne to the asction of the stronger
preparations”, The bactericidul congentrations of
ethyl alcohol have been extenaively studied (49,50,51,
52,52) |
S8eversl investigators have studied the effect of
highly diluted alcoholie solutions, Using the thread
technique &nd recording the number of bucteria present,
Stokvia‘(Bi) observed that a bucterial population of
i& goil exposed to € per cant.alcuhol for R4 hours
showed & decrease in number to about one-sixth of the
original population, A dbusterial populetion ex:osed to
4 per cent of alecohol showed & decreuse aftef 24 hours,
however sn increuse in numbers ocourred after 48 and 72
hours exposure, ©8tokvis soncluded that aleonol iz a
slow-acting poison, The influence of the incubation
temperature on the effect of alcohol on }, goll was
studied by Wirgin (55) who observed that E. goli in the

préaenca of 8,6 per cent of alcohol-broth mixture,
incubated at 27° Ce for 24 hours showed no growth,

¥
3
3
i
5'

e ah L L T SRR SR S P S




24,

however lowering the temperature to 25°C, required 12
days to produce death, and at 18°C, 51 days,

| ggoggdgrb
In this study the effect of dilutions of ethyl

alcohol ( 1 to B per cent v/v) on the oxygen uptake of
E. goli was studled using the manometrie technique as
described in the section on general procedure, The
flausk contents consisted of 1,9 ml, of a solution of
equal parts of Mo Ilwzine buffer and the glucose-
ammonium salt medium adjusted to a pH of 7,0 and 1,0
ul; of an ethyl alcohol solution of such a
concentration that the percentage of aleohol per

flask was as indicated,

Besults and Discussion

A series of 15 determinations were made, the results
are shown in Figures 1 and 2, The data indicctes that
an incresse in the concentration of ethyl alcohinl
produces an increase in the inhibition of the oxygen
upteke by the test organism, and an increuase in the lug
phuse of growth, These results are in zgreeuent with
the observations of Dagley, Dawes and Morrison (56)'who
noted that 0,41 moles of ethyl alcohol inhibited the

A T b B e T e A e e T P S o g 1 g B = P ¢



growth of jerobucter ugerogenes by increasing the lug
period, This effect could be removed if certain smino
acids were supplied to the medium, On the basis of
these obgervations they suggest thut & possible mode of
action of ethyl alcohol could be the returding of the
production of essential mmino scids for growth and also
@ blocking of the e¢onversion of one smino acid to
another,

Thé duta obtained in thia studr also indicates thét
the high dilutions of ethyl alcochol had very little
inhibitory effect, Comstock (57) has suggested thst
‘"alceohol, Just as it may serve in small quantities as
an assimileble food for the humun body, muy serve to
enrich the culture uedluﬁ for microorgunisms by
yielding up readily oxygen for gheir catabolie
requirements®, 8till (58) qu_ihown that E. ¢old is
able to oxidize ethyl alcohol to acetaldchyde, He has
repvorted the preparation of & cell-free alcohol
dehydrogenuse from Bicterium ¢oli comne which oxidizes
ethyl alcohol through the cytochrome gystem to

aldehyde,
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IHE PARABENG

Introduction
In 1829 Babalitschka (59) reported a comparison

of the antibacterial activity of the various esters
of parahydroxybenzoic acid with that of phencl, The
esters were found to be far more effective as anti-
bacterial agents, The higher molecular weight of the
‘alechol used for the esterification, the greater was
the antibacterial activity observed, thus

suggesting that a correlation does exist between the
physical properties of the drug and the entibacterial
aotion,

| Beoause of these previous investigations and
because the physical and chemical nh@raoter of these
subatahnea pnrnittdd ready and easr}v#;iatiun of thelr
thermodynamic activities, they were chosen for this
study, The thermodynamio activity of tr.: varabens was
varied by the addition of ethyl slechol to the
reaction system and the alteration of the pH of the

system,

28,
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Zhe Effect of the Parsbens on the Jotal Oxygen
Congumption of E. golli
Procedure |
Because of the insolubility of the parabens in
agueous solution, the parahén solutions were préparud
by dissolving the required amount of paraben in a
solution containing equal quantities of glucosee
asmonium salt medium and Me¢ Ilwaine phosphate buffer
adjusted to pH of 7,0, The paraben series used in
this study were Methyl Par#zept, Ethyl Parasept,
Propyl Parasept and Butyl Parssept supplied by the
Heyden Chemical Co, of New York, Two and nine-tenths
ml, of the paraben solution were placed on the floor

of each reaction vessel, The phenol solution was

prepared snd used in s similar manner, The antiw
bacterial effect of the parabens was determined by
measuring the inhibition of growth, as indicated by the

total oxygen uptake, in the prisenco of the paraben or

phenol for the fifteen minute interval during which the
péak of oxygen consumption was reached in the control,

| “ Resultd and Riscussion
In this study it was observed that the antibacterial
sotivity of the parabens increased with the length of the

aliphatic chain, 8ee Table I and Figure 3, This is in

Lo
Y
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agreement with the results found by other investigators

when a homologous series was studied, S8ince the degree
of insolubility 4is also directly proportionzl to the
length of the side chain, it follows that the least
soluble compound in the series is the moast bacterio-
statid. Tiliey and Séharrgr (60) observed that the
~ bactericidal activity of a homologous series of primary,
| secondary and tertiary alcohols againat Bict, tngoggg
was & function of the number of carbon etoms which they
contain, Kamm (61) observed that the toxic action of
the primary slcohols on the Psramecia exhibited a |
similar relationship,

Thé first theory to correlate the action of drugs on
the cells to their solubility in fat was Overton (4l)
who found that the narcotic effect of chemically
unre:ctive substances was reluted to their lipoid/water |
| diﬁtribution ratio, In a study of the germicidel effeot '
of bahzoic acld, its hyﬂrbxy derivatives and their salts,
Bayo (62) observed that the germicidzl aection wus
directly proportionsl to the lipoid/water distribution
ratio, The determining.tactor appears to be the effect
of the alkyl chain on the distribution coefficient, Thus
the antibacterial activity 4s a function of the lipoid
solubility and inversely proportional to the solubility

in water, : '
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!hi solubilities of the parabens in peanut oil and
water are listed in Table I, in addition to the
calculated distridution eoefficients. The phenol
ooefficient was obtained by comparing the guantity of
the paraben which produced 50 per cent inhibition of
oxygen gonsumption during the 15 minute interval of
peak oxygen consumption of the control culture of
Es g0l) with the quantity of phenol which produced the
same effect, The phenol coefiicients and the
distribution ¢oefficients are plotted in Figure 4,
There is & definite similarity in the two curves,
both increasing rapidly with an ineresse in ochain
length,

Zuble .
Comparisop of he antibdacterinl sctivity of the
Rarshens gnd thelr solubllity
Solubility

' pesnut Distribution  Phenol
Compound waker _oil _ goefficlent coelficlent

Methylparaben 0,28 0,5 2,0 l.4
Ethylpsaraben 0.17 1.0 5.9 2.1
Propylpsraben 0,058 1.4 28,0 6.1

Butylparaben 0,02 5,0 250,0 26.0

SI—" -
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Astivity of Methylpuraben

Procedure
A stock alcohollic solution of Methylparaben wus

prepared and then diluted with sterile distilled
wntef to the desired concentration of aleochol and
the druge One ml, of this methylparsben solution,
0,95 ml, of glucose-amsonius salt medium (pH 7,0)
and 0,95 ml, of ¥c Ilwaine buffer at pH 7.0 were

used in each reaction vessel,

_ Regults and Disgussion _
In the higher dilutions of methylparaben ( 165r/

ml, to 825Y/ml,) the presence of 1 to B per cent of
ethyl aloohol increased the antibacterial action of

- the methylparaben, however the increuse was not

additative, The addition of a smell quantity of
aleohol increanses the water solubility of the
methylparaben and decreases ﬁha theraodynamic activity
of the agent, The net result expected would be a
decresse in the dbacteriostatic activity attributed to
the drug alone, The data (Tsbles II and IIX, and
'Figurea 8,6, and 7) seem to besr this out |
qualitatively, In sup.ort of this observation, ¥yss

and Poe (63) observed "that alcohol-water mixtures

presented no practical advantage over water as a




solvent for a compurative study of the germicidul

value of the substituted benzolie acida%,

Cone, of
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495

Activity of Hethylpursben

Juble IX,
Ihe Effect of Algohol on the jntibacteris)
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I:ble IX gontinued |

Conc. of
methyle Cone, of

sirabe, 1 goho bition%*
l{? Eg.’ 3 un No up liog 2 Lverage
990 - 94 :

0 90 82
1 o7 78 4“8
2 100 86 83
3% 28 90 94
& 29 29 99
1165 0 28 28 o7
b | 82 91 91
2 20 95 83
5% 95 06 96
5 99 100 98

#Inhibition = the per cent of total oxygen consumed
during the fifteen minute interval ;hawing the
peak of oxygen consua§hian in the control culture
of E. goll in the sbsence of alcohol snd methyle
paraben,
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: Isble 11X,
Ihe Effect of Ethyl Alconol on the Total
Oxygen Consumption of E. Coll

ibition*
_cmggqg-rag;og g?;_ ethyl alcohol ._ )
Run No, 18 e 2y A
b P 49 42 75 el
2. - 80 Bl 71 - 81
. Be o4 3B 74 81
4. 21 59 77 89
Be 46 52 83 83
8. 30 83 86 86 E
Te 58 be 75 83 ;
8. 28 48 71 83 1
9. 50 54 ss 86 1
10, 28 56 75 o4 ;
11, 9 49 K44 85
12, 45 56 82 88
13, 29 8 73 90
14, 0 10 83 80
18 18 48 86 78
ave, £9 47 78 84
# Expressed as per cent of total oxygen consumed
during the fifteen minute interval showing the '
p'aak of oxygen consumption in the control,
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Ihe Iffect of pH on the gntibacterial activity
of Methylparaben

' Procedure ‘

The two buffer systems used in this study were a
phosphate buffer for the pH range of 7.0 fo 8,25 and
a carbonate buffer for the pH range of 8.5 to 8,0,
The phosphate buffers were prepared from a‘0.195l.
solution of sodium pyrophosphate and a 0.1ﬁ. solution o
of phosphoric acid, while the caybonate bufrers were
prepared from a 0,.1M, solution of sodium bicarbonatc
and a 0,1M, solution of sodium carbonate, .Fifty ml,
of the glucose-ammonium salt medium were nixed with
40 ml, of the buffer solutions adjusted nobthat the
entire system was at the desired pH valuc.. Becuuse
of the limited solubility of uethylparabankin water,

concentrated solutions of the paraben coul@ not be
added to the reaction vessel, thus the methylparaben
was dissolved in the buffer-medium solution and 2,9 ml,
of this solution used in the resction vessel, The
effect of pH and methylparaben was ueasurpd by the
relative degree of inhibition of oxygen uptake
produced, assuming the oxygen uptake of E. cold

growing at pH 7 to represent 100 per cent growth,




'In order to permit a limited correlation of the
effect of pH on the buoteriostatic activity of
methylparaben, the effect of pH alone was studied on
the rate of total oxygen consumption of E. coli
grown in a glucose-ammonium salt medium, Tsdble IV
and Figure 8 show this effect, Unfortunately, in
" this medium, the increase in pH caused & marked
inhibition of oxygen uptake of E, ¢oll end this
inhibvitory effect appeared to be less reproducible
ab ve pH 8,0, the region primarily concerned in this
study, These results are in agreement with the
observations of Gale and Epps (64) who noted that |
E. goli would grow in e casein digest broth adjusted
to pH values of 4.5 to 9,0,

 The data recorded in Tables IV and V sﬁggeata
that pH has an influence on the buacteriostatic

activity of the methylparasben in the limited pH

range studied, Initially this study was included in -
an attempt to correlate the entibucterial ectivity of
methy’.paraben to the concentration of the wmionized
form, however in the pH range of 8,0 to 9,0 the
growth of the organisms was markedly inhibited as
indicated by the very slight volume of oxygen
consumed, However, in the pH range studied, the '
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data reveals that as the pﬂ.of the medium approaches
the pKa of the methylparaben, pKa = 8,47 (65) a sharp
decrease in buacteriostatic activity is observed
(Figure 9) thus suggesting that the unionized form is
more active than the ionized form, however, these |
results are only gqualitative and thus do not pernit

any uéthenatical analysis,

Tuble IV '

Ine &":cger;gg tatic Effcct of pH and Hethyloparsben _

on o gold | éffn
Growth# o? gb,seéa in therpiesen%gjgill | ' :

pH Q 530 666 85 939 1330

7.0 100% | 24%

746 s8¢ =8  e7% =64  18%  1of%

7.76 2908  44% 35% 21% 21% 18%

8.0 74 258 11% 20% - 6% 4%

8.28 134 16%

8.5 4 5% 6% 8g a%

# Growth as measured by the per cent of'total oxygen
consumed during the logarithmic grovth phase of the
gulture in relation to that consumed by the culture
at pH 7 in the absence of methylparaben, '




Zuble ¥

Ihe Bucterlostatic Effect of Ee;ﬂzlgarubeg
on E. goli

Growth# in the
presence of
825y /ml, of

. et &
7.0 18%
7.5 e5%
7.75 azg
8,0 125%
8.25 116%
8.5 £10% ?

#Growth in the presence of 825Y/ml,
of methylparaben as compared to the
'growth in the absence of methyle. |
paraben at the indicated pH,
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Introduction

- Recently a new crystalline antibiotie substance,

obtained from the filtrates of cultures of a species,
of gtreptomyces which had been isolated from a soil
sample collected near Caracus Venezuela (66) and
also from a soil sample collected near Urbana
Illinois, hus been desoribed (67,68), - The name
proposed for this substance was Chloromycetin (69)

. which has been adopted as the trade name by Perke,
Davis and Company., This antibiotic substance hes
been identified chemically (70) as D(-)«threo-2
dichloro-acetamido-l~p-nitrophenyl-l,3~propanediol
and titled Chloramphenicol in the United States

Pharmacopoeia XIV, Eighteen genera of'nieroorcaniama

have been observed to be susceptible to chlore

amphenicol and include jerobacter, Bacillus, Brucells,
Corynebacterium, Diplococcus, Escherichls, Hemophllus,

Klebslellsa, Micrococcus, Nelseria, Pusteurella,
Streptococcus, Yibrio &nd Rickettsize (71),

47,

Chloramphenicol was included in this study becsuse

- of the possible advantages in applylng the manometric
technique employed in the study of the parsbens to the
evaluation of the biological activity of an antibiotic




substance, At the present time, the antiﬁacterial
activity of ehldramphanicgl is mesasured §y three
microbiological methods, namely the agar dirfﬁaion
method (72,73,74), the overnight broth aqthod;(?e),
and the turbidimetric method (73,75,77)s It was
.dacided_to apply the manometric technigue to the study
“of the rate of degradation of chloramphenicol ;n

 solution,

" A standard solution of chloramphenicol containing
50 ¥ per ml, was prepared using sterile distilled ‘
water, This solution was stored in the rarrigéfntor
‘without sny loss of potency as reported by Joslyn
and Gaildbraith (77), Dilutions were prepared using
Bterile disgtilled water so that one ml, of the
dilution contained the desired amount of chlorame
phenicol, One ml, of tnia solution and 1.9_31. of
glucose-smmonium medium at pH ?.ﬂ were placed in each
reactidn vessel, The hacterio#ﬁﬁtic effect was
~ determined as the per cent of inhibition of oxygen
uptake for the ffrtéen minute interval at which the
' peak ér oxygen ednuumption was observed in the
control,. Using this data a standard curve was
constructed with the known dilutions and the potency
of the unknown solutions resd from this curve, The




49
rate of degradation of chloramphenicol was studied sas *

a function of pH end temperature by dissolving a

- knomn quantity of chloramphenicol in the appropriate
. ph;sphate buffer system and incubating this solution
at 92°C, for a period of 28 hours, At regular
intervals, samples were withdrawn and assayed for

- ¢hloramphenicol content as described above,

Hesults and Discussion

It was observed that the rate of growth of E, goll
as measured by the per cent of oxygen consumed in the
presence of chloramphenicol, decreases with the
incrsase in concentration of chloramphenicol
(Figure 10), Although this effect on E. goli can be
reproduced with a standard known solution, when thils
method was applied as an assay procedure in the
degradation studies, the results were not in accord
with wvhat was expected, The values noted wvhen the
manometric procedure was employed (Tzble VI and
Figure 11) suggest that there nnybo fuctors present
in the solution of the degraded products that affect
or contribute to the bacteriostatic sctivity of any
unchanged chloramphenicql_prasent. The increased
bacteriostatic effect observed early in the
degradation atudy might be due to the presence of an

additional antibiotic cowmpound formed during the




_ 50
decompositions Further study of this resction by *

other workers is in progress,
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ONCLUSICH B55¢

A manometric method for the measurement of
bacteriostatic activity was developed and employed in
& study of the therwmodynamic relationship between the
| physico~-chemical properties of the parabens and their
bacteriostatic activity, -

It was shown that the bucteriostatic activity of
~ the parabens could be related to their lipoid/water
distribution coefficient, The bacteriostatic activity
is inversely proportional to their solubility in water,
The addition of ethyl alcohol to the system incresses |
the water solubility of thé parabens and thus tends to
decrease their activity, however the effect of this
alteration on the physicsl property of the parsbens was
largely masked by the pronounced physiological effect
of ethyl alcohol on the respiration of the microbial
cells,

In the limited range of pH studied it was observed
that as the pH of the medium approached the pKa of the
psraﬁen the bacteriostatic effect of the paraben was
decreased thus suggesting that the concentration of the
unionized form eontrols the bacteriostatic activity,
These obaservations were largely masked by the marked
effect of pH on the respiration of E., goli in the
wedium employed in this study,
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This manometrie procadure.vaa employed as an 58 11
assay procedure for the presence of chloramphenicol
in soluticn, in the presence of degradation products
of chloramphenicols The results suggested the |
presence of additional fuctors to influence the
antibiotic activity of chloramphenicol or the presence _
of an additional antibiotic substance which possesses ; 'J

higher activity than the original substance,




EURMARY 57,
The present study was originally undertaken in an

attempt to learn the relationship, 1f any, between the
magnitude of drug action and the thermodynamiﬁ activity
of drugs, For such an investigation it was desirable
to develop a relisble quantitative method of |
determining the magnitude of the physiological response
evoked by a given concentration of an agent under
study.

The approach that was adopted utilized the |
inhibitory property of antibacterial agents on th§
amount of oxygen absorbed over a given period, The
logarithumic growth phase of Escherichia goli was
chosen for the test and the respiration was followed
by the use of ¥arburg manometers,

This procedure was applied to the atudy of the
relationship between the thermodynamic activity of
parnhydroxybenzoata esters in solution and their
bacteriostatic activity, Variations 15 the thermo-
dynamic activity were achieved for flxed
concentrations of the antibacterial agents by adding
different amounts of ethyl alcohol to the system and by
varying the pH of the system, Because of the greater
solvent action of hydroalcoholic systems on the esters,
additions of alcohol lead to decreases in the
thermodynamie¢ activity of the drug, Uhfortunately,'




because of concomittant action of alcohol alone on thia.
biological system, the specific influence of aleohol

on the physiological activity of the esters was 1arge1y
muesked, The results however waro.in qualitative
agreement with the theory,

Beczuse of the ascidic nature of the parahydroxye
benzoate esters, it is possible to vary the thermo-
dynamic activity of the drug by varying the pH of the
system employed, However, analagous to the |
preceding case, the effect of varying the pH alcne on
the respiration of the microorganisms wes sufficient
to render uncertain any gquantitative attempt to
correlate thermodynamic activity with biological
activity, Nevertheless, the results were again in
qualitative agreement with theoretical-azpectatiana;

The procedure which was developed for the study of
the parahydroxybenzoate esters was also applied to a
preliminary investigation of the rate of degradation
of chloramphenicol in solution since the method
appeered to have some value as an analytical tool,
Results obtained suggest the possibility of the
formation of a degradation product or products in
solution which may possess higher antiblotic activity
than the original drug,

As & part of the investigation a new chromzto-
grephic method of deternmining mixed parahydroxy- .




 benzoate esters was developed in cooperation with

~ other workers,
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APPENDIX 60,

CHROMATOGRAPHIC SEPARATION AND DETERMINATION
OF MIXTURES OF PARAHYDROXYBENZOATE ESTERS#

7, Higuchi, X, P, Patel, E, K, Bonow and J, Landsmen

Although the parahydroxybenzoate esters
(parabens) have been widely used as preservatives for
pharmaceuticals, very little work appears to have been
done on the determination of the esters in these
products, . f .

In ccrtain cases, it may be well to analyse the
preservative gontents of the formulations, An alum-
inus hydroxide suspension supposedly preserved with
& paraben, when analysed, showed zero concentration
of the preservative, It was probadbly lost through
hydrolysis, A method, therefore, is presented in
this thesis suiteble for the determinstion of the
parabens and the mixtures of parabens such as may

occur in cosmon pharmaceutical products,

# Journ, Am, Pharm, Assn,, Scientifiec Edition, in press,




PARTITION CHHOMATOGRAPHY OF PARABENS
ieor

:ﬁfhi method is based on preliminnrr'extractian of
purabens from the product, separation of fhe
component esters by partition chromatography and
subsequent determination of the individual
ounstitugnts br*ultravioleé spectrophotometry,

~ Parabens can be readlly extracted from aqueaﬁs
" medicinal prep&rationa-uith diethyl ether or
chloroform since thé partition coefficlient is
overwhelmingly in favor of the lattcr even with the
methyl derivative (1/50), Double or triple |
extraction with small portions of ether is usually
- gufficient, With some additional menipulations,
praservaﬁivea can be readily extracted quantitatively
from even such items as suspensions, emulsions, etc,

Complex mixtures of parabens can be readily
resolved by partition chromatography., This is
illustrated in Figure 1, which is a partition chroma-
togram of a mixture of butyl, propyl, ethyl and
methyl parabens, Although the chromatographie
behaviour of higher molecular weight homologues were
not investigated, it seems highly probable that the
amyl, hexyl and even higher homologues can be

61,
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resolved by this method, In order to realize the full

‘resolving power of a partition column, however, rather

careful techniques and considerable amount of opere

ationsl time are necessary, Fortunately, in practice

1t is usually sufficient to employ columns of limited

resolving power, requiring 1e$s-attention since only

one or two parabens are present, For cxaﬁple, in

separation and analysis of mixtures containing only

methyl and propyl purabens, relatively few fractions

need to be trken, The type of chromatogrem found

1s shown in Figure 8, The propyl derivative was, in

this instance, allowed to elute out of the column ;
quickly by decreasing the methanol content of the
- gtationary aqueous phase, Because of the wide

' separation achieved, it is possible for routine
purposes in such cases to obtain the entire propyl
conponent in a single large fracticn, The eluant .
composition can then be changed and the entire methyl

coamponent obtained in another large fraction,

Ultraviolet Analysis of the Eluunts

The paraben contents of the eluants can be determined
either gravimetricslly, as was done in obtaining the
chromatograms shown above or spectrophotometrically.
The gravimetric method 1s suitable where a relatively

large sample is avallable; the spectrophotometric
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technique must be employed, however, if the sample ’

_ oontains less then 10 mgms, of the preservatives and
is effective down to 10 micrograms,

' The parahydroxybenzoate esters are relatively none
absorbing in the mear ultraviolet region as 1is
evident from Figure 3, Conversions of the parabens to
thelr respeotive phenolates by meking the solution
m1ldly alkaline greatly enhances the extinction
ceefficients and at the same time, shifts the first
~8bsorption peak to long wave length end as shown in
in Figure & also, The shape of absorption spectra
of the various esters are, however, very similar,
the molecular extinction coefficlents being
approximately the same at all wave lengths, This
ﬁinilarity precludes any possibility of determining
the different parabens by differential spectro
photoncﬁry. The concentration of the separated osters.
can, however, be readily determined on the alkaline

solutions,
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To test the feasibility of thd separate
procedures outlined above, a method wes developed
for the determination of small concentrations of

methyl and propyl parabens used as preservatives in

' a commercial preparation of histidine hydrochloride

solution, put up in the ggrl of 5 ml, ampuls, The
lsbel indicated that the solution was 0,18% with
respect to the methyl derivative and 0,02% with
respect to the propyl derivative, | 1

Prevaration of fample Solution |

Pipette 26 sl..of the solution to be anulyzed
into & 50 ml, separatory fumnel, Acidify with a
drop of concentrated sulfuric acid end extract with

approximately 15, 10, 7 and 5 ml, portions of ether 1

sugcessively, 'Evnporato the ecombined ethereal extract

in & 50 ml, volumetric flask by application of
suction and gentle heat while swirling the flask,

Dissolve the residue in 25 ml, of CCl,, applying heat,

Af necessary, Mske to mark with Skelly B, An
aliguot of this solution is chromatographed,

€7,
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Packing of the Colump

A partition chrometographic column is prepared -
having an internal phase consisting of 20 gms, of '
~ silicic scid (Mallinchrodt, Chromatographic grade),

" 7% ml, of methanol and 13 ml, of water containing one
..dfpb_ot concentrated sulfuric scid, An équal_nixture
of carbon tetrachloride and Skelly B i= used as the
external phase, JMore exact descriptioﬁ of the
apparatus used and the technique employed in packing
of the column hes been given for the analysis of
APC combinationsa,

Chrometography of the Eample
4 8 ml, aliquot of the prepared sample solution
13 chromatographed on the prepared'eolumn. The entire
propyl derivative in the pzmple is eluted off in a
single fraction of 100 ml, with 50/50 mixture of
carbon tetrachloride and Skelly B, The methyl

gomponent is then eluted out with 8/95 (V/v)butanolw
chloroform mixture in another 100 ml, fraction,
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Anzlysis of Eluate

Evaporate 26 ml, aliquoﬁ from each fraction to
near dryness in 100 ml, vol, flasks by swirling the
aolptian and heating gently under vacuum, Dissclve
the residues by adding exactly 25 ml, of absolute
alcohol and two drops of 0,2 ¥ sodium hydroxide to
§a¢h flask, Determvine the absorbency of the
solution immedistely at 301 m., If the readings
are higher than 0,9, dilute the solutions with
absolute alcohol, which has been made slightly
alkaline with sodium hydroxide, and repeat the
absorbency resdings at once,

CQIculate the exact goncéntrations of the perabens
on the basis of the absorbency readings, the total
dilution faetor and the specific extinction !
coefficients of the compounds as determined on the

spectrophotometer used,
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The above procedurc was ﬁopliad to two

synthet&c mixtures to test the feasibllity of the

method, The results obtained are sghown in Tasble I,
The recoveries with the first mixture was somewhat

lowy that for the second appears to be guite

'latiaractory.

In Table II, the results of the application
to the previously mentioned histidinﬂ hyd*ocnlorido
solution are given., Identical reaulta were
obtained for both runs which were consiastent with
the labﬁlled guantities, The precision and the
accuracy of the method seems to dbe satisfactory

for most control purpoaes;




Jable 1

Recoverdes from Known Samples

(g™

Amounts

Components Recovered

Mixt, of Amounts (average
—dia the Mixture i g
1, Propyl p-Hydroxybenzoate 0,0234% 0,0224%
Methyl p-Hydroxybenzoate 0.18874 0,1796%

2. Propyl p-Hydroxybenzoate 0.,0321% 0,0320%
Methyl p-Hydroxybenzoate 0.,1080% 0,1057%
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of each (average

g . the gigiuge Present of 2)
1. Propyl p-hydroxybenzoate 0,028  0.017%

. Methyl p-hydroxybenzoate 0.18% 0.16%
g, Propyl p-hydroxybenzoate 0.02% 0.,017%
Methyl p-hydroxybenzoate 0.18% 0.16% | |
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CONCLUSIONS

| A method for separating and determining the
mixtures of parahydroxy benzoate esters (parabens)
such as may occur in pharmaceutical preparations
has been developed. The method is based on three
‘different stop#i
(1) Preliminary extféctidn of parabens from
the product by ether or chloroform.
(2) Partition chromatography of ether or 1
chloroform extract, _ ; 5
In partition chromatographj, silicic acld wa§
used as adsorbent, a mixture of methanol and water
was utilized as internal phase, Fluant was &
mixture of carbon tetrachloride and Skelly B.
(3) Spectrophotometric determination of the |
eluates, | o
Data given ﬁupport# the feasibility of tha.method as
applied to the mixtures containing the methyl, ethyl, |
propyl and butyl derivatives, partition chromatography

providing clean separation of each from others.
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