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OBSERVATIONS REGARDING THE STERIL.IZING EFFECT OF ETHYLENE OXTDE/CARBON

’DIOI[EEMDH‘URESONBAC'I!ERIALUDBACTERIASP(BES

(Following is the translation of a German-language report
by K. Bucher, Hausmann Co., Laboratories, St. Gallen,
Switzerland, in Reports to the Int. Cong. of Microb.
Standardization, 1960, pages 397-%40L.]

‘The capacity for reacting of the 1, 2-epoxides -- unusual from
the chemical aspect -- of which ethylene oxide represents the simplest
homologue, has been exploited in the biological application fields also
since the '308. At first the strong biological effectiveness of ethylene
oxide was used in anti-pest measures. The advantage of the possibility
of a'cold sterilization, particularly with thermolabile substances in the
foodstuffs sector, was recognized next, In the pharmaceutical and medical .
field, vhere the problem of a real sterility naturally constitutes an
essential condition, interest in cold sterilization methods awoke first
with the appearance of the thermolabile artificial materials. Now, over
the last ten years, a whole group of writings have been published that
deal with the sterilizing effect of ethylene oxide. According to these
studies, fungl, yeasts, and a whole group of bacterias types are killed with
certainty by ethylene oxide (1, 2, 3, 4, 5, 6, 7). The sterilization has
been described of, among other things, infusion instruments, catheters,
cystoscopes, and other medical implemsnts (6, 7, 8). Viruses, even, e.g.
foot end mouth disease virus (9), are said to be inactivated by ethylene
oxide, On the other hand however there have been voices raised according
to vhich full sterility cannot be attained with ethylene oxide; or they
stion there being an effect on viruses (10). Thus Mayr and Kaemmerer
2) reported that dry gelatine could not be made sterile with only ethylene
cxide in splte of the use of very high concentrations. The authors there-
fore recommend for this purpose mixtures of ethylene oxide + propylene
cxide or ethylene oxide + methyl bromlde. This situation shows clearly
that published results cannot simply be taken over in every case, so long
as completely similar test conditions do not exist. A broad and most
interesting field of application is the cold sterilization of thermolabile
pharmaceutical products. Thus according to Knye and colleagnes (11) penti-
cillin in powder form can be sterilized by ethylene oxide without reduction
of its activity, whicle streptomycin loses over a third of ita activity
in the same conditions, Diding (12) reported sterilizing results even in
the case of aqueous penicillin solutiocas; but the layer of liquid to be
sterilized must nct amount to mare then 1 cm,

Onc mows on the other hand that alterations of effect are to be

expected owing to the strong liability of ethylene oxide to react with |
tlonal groups of meny substances, Thus according to Windmueller and
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colleagues (13) lo many Teodetuffe mowt of the vitamins of the B .
somplex snd slso aome oF bthe awine aelds, oesely highidine sethiowine,

and lysine, whlch ave casentisl fov Man, ave perily destroyed, The
reaction proceeds as ls shown in the folloving formulad.

)

N

[

/’I
' + H .- M
L\) 20 + BG- CHz—>

f ———

" A 0T, - S
HE in *320+2H2§'wcnae a.cn «;E .gg;-f
Y | |
1!: .

These examples will serve to show that the sterillization of o b
thermolablle pharmaceuticals lavolves a broe.d field that st:t.ll raq,uiren
mach clarification,

mhy‘.l.eue m:laz& ha.u assmad by far the groutew mmnee moua “he
compounds that sre sesally sultable for cold sterilization, 4 - proplolactens
hes indeed been recommended as effective for similer purposen, but: Just -
racantly Wisely (1%) has dravn attention to certain carcinogenous quslities

_of this compound. Thus ethylene oxide may well rightly mintain the plsce
It has won: It not beldg kiown to have side-effects of this sort.,

For working in factory-type surroundings ethylenme- o:d.ﬂlc 15 MJ.y
used g a mix vith carbon dioxide; either as T-gps, & ety of 9 parts
ethylene oxide + 1 part carbon dioxide, or as Cartox, s mixtime of 1 part
ethylens oxide + 9 perte carbon dioxide, The latter mix possesses the
advantage of belng as a mixture the only non~inflasmable and non-explogive
e, Cartox is preferred in our firm on the mrounds of safety as Well as
of the simplicity of handling it. Since 1957 infusion instruments have
been sterilized slmost daily, and 1in this case on the basis of rapﬁ!atedly
conducted sterilization checks the procedure used may be judgwd to be |
realiable and sure. A qualifying reference migt however be made %o the
fact thet the components made oub of srtificial materials are poor in germs
by their nature vwhen properly manufactured and atored, and that the
asgembling of the infusiom jinstruments takes plece in hygenieslly unexcep~
tionable end practically dust-free romms, with the greatest cleanliness
tring maintalned., In order to creste the mosgt dlfficult condltions Lor
the checke, pteces of f£ilter are placed in the check instruments, vwhich nave
been exposed in the work-pleces for twelve hours. So as to be able to glve

- .




ug s complste plobura of the limita of the affactivensss of Certex in

the case of subetances as well that are not of themselves as pesr in germs
a8 axre many of the artificial matexlals, with their hardly hvmidifiable
surfaces, the tests described below wers carried out with bacterin and
thelr apores reaspectively.

The preparation of the spores suspensions was ocarried cut in
ncoordenae with a mrocedure thai is modeled on & method described by ‘
drundy avd colleagues (6). Pleces of filter paper were used, about .32 cm :
in alzs. vhich had heen Ainred in gpomas snamenat ome thath hod hasn
washed several times and which had been dried in a vacuum. at 35°. "Fer tha
tests with the vegetative bacteria forms, pieces of filter paper of the

- oame size vers also used, which were on the other hapd Aipped in infected f

wgmad llquid culture mediuma and aftervards kept on. "Petri"-dighes at

20". As oxr omly comcern was with the alarification of the total sterilizing
effect without regard to sny evemtual quantitative conditions, the tests
vere transferred, as in vaccination, immediately after tliey had been '
Cartox-trested, onto Louillom=, oxr omte thioglyco~ late-culture mediums

vhich were lucubeted at 37° ar 209 for 10'days. Bac.subbilis (Hotes

obtained from the Bacteriological Institute of Zuerioh University.); ‘
aoil vacteria (Note: obtained from the Bacteriological Ingtitute of Zuerich

_Oniveraity.); bac. mesentericus (Note: obtained from the Baoteriologlcal

Institute of the Cantonal Hospital St. Gellen.); E. coll (Note: obbained : '
Trom the Bacteriologlical Institute of the Cantonsl Hospital, St. Gallen.); |
staphylococeus aurens (NKotey obtained firom the Bacteriologlcal Tnstitute

of the Cantonal Hospital, St. Gallen.); streptocosel; of an undetermined

variety (Notes obtained from the Bacteriological Institute of the Cantonal -
Hospital, St. Gallen.); and lactobacillus fermenti, wmre the sorts of

germs used. ) SR : ,

The infected j;::t.’eceﬁ were placed:. . .
. (a) in the droppers of the assembled infusion instruments, having -
the ends fitted with artificlal material caps, which were closed with non

‘de~greased absorbent cotton;

(b) in empty polyethylene bags, with sides .05 mm thick, and 6 x k4
cmi in size; : ‘ : ‘ » '

v (¢) in polyethylene bags of the same size, that contained 5 ml of
starile .9% sodium chloride solution. - :

All the polyethylene bags were sealed before the treatmewt with
Certox. The Cartox-treatment was conducted in a heatable pressure chamber »
vhich bad been evacuated betore the Lntroduction of the gas up to 4O mm of
the mercuxry column by means of a water jJet pump, After Cartox~treatment
hed been carried out 1t was evacuated afresh; and filtered alr wes then
allowed to flow in. Table 1 [see appendlx] shows in the case of non-
spowe-forming bacteria the sterilizing effect of 1,000 mg ethylene oxide/i,
corregponding to 4 atmospheres of Cartox, at 2090 after m L4 hour exposiure
period,




. been rs:.aau o #5% or %0°C And the reaction pcz‘ied to 20 houra,

ALL whRe Legh saw*l_:m demonatrated that gterility 1s atitained |
At conditicog peuns lopad,

The sheriliziog of spore-{ormers jregented more difficuit; ) pecause
the spores ghowed themselves $0 be obviocusly resistant to the Cartox-
treatment. The results in question are shown growped in Table 2.

" wag gshown bhat ofben no aterility was to be attained with e
Cartox prasaure of. L atwospheres, even though the reaction temperature hed

|l

It
[

AB & factar that should mramise reaul'l:a, there rmimd a ralsing
of the ethylene oxide concentration, i.e. a Farther raising of the Cartox

pragzure, However our sttention was drawn by zome information from our y

Cartax supplisr to an additionmal possibility of an increage in the offachs
the iafluence of an sppropriate alr-conditioning on ¥hat which ia to be

gheriliaed., _Acscurding +0 this information. the degree to which they have
bean acaked 15 of esfentlial Iumporiance im the kililing of sprores. A pre~ g

- air-conditiouing with very high air-humidity several hours before sterili-
o _»mﬁm is sald to lasd to gﬂod results.

W

' The teat of ours rewoduced in Table 3 vere ’chm.'e:fwre conducted

wiﬁh an aiv-humidity of practically 100% being ma:l.zrt‘.ained. This devicq'

aem in fact to heve been successrul.

. . In contrmst to the earlier, insurricient 9 resulta ’ with a Cartox R
presuuz-e of 4 atmospheres sterility could ve attalned in the tests without .
Iiguid after. only L4 hours, regardless of the reaction temperature. In

. thé cage of the tests inserted in .9% sodium chlaride solution on the other
Y hand, the reaction temperature which was raised $o bOC seems to have been
- of some influence as regerds the spores of bac. uegembéricus and the soll
. ‘bacteria. Although in the last comditions in .every case sterility wes
... achieved, we conzidered the ares of safety with the sterilization of ligqulds
‘ amwb&t 4o small, It seems to us that nobhing less than a Carbox mresmire

of about & stmoepheres 13 clear ‘in its resulte, snd of a aufficlent degres
of safety, far the smouuts of liguld snd the sorts of gorms investigatied;

‘and this correspomds to a ethyleme cxide conmcentration of about 1500 mg/l.

In future in ouwr opinion in the case of materisl. containing spores, reacilon
temperatures of over 207C and expeguve times of at least 10 hours ought

to be observed. At the seme tir=, in order to be safe from surpmiees,

1% 18 an sbmolute rreregquisite with preparatlions of the sart Lhat there

~ahonld be glerilibty checks over a long peried.

T ogwm ugp, o4
T o s

be epvabliabed Lheii L
o of shhylens oxide 1s what 13 mainly declglos Pr
i it Ty o Woen this coneenbeaticon is grest sacugh, She
rem,mcﬁn a8 be tnvrmax—a ; by sdequate huaidificalion and yralszing of She




reaction temperature, For material containing spores, gas applic:sajon
times of over 10 hours must be selected, The sterilizing effect 1s as
good in the case of thin-walled artificisl material peckmging as in that
of open systems. With aqueous solutions sterility was likewise achieved
in the test conditious.

As Cartox is not inflammable or explosive and as also the toxicity
is relatively small, its working in factory-type pregsurized systems may
be judged to be simple and foolproof.
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FIGURE CAPTIONG

Table 1. Effect of ethylene oxide on non-gpore-forming bacteria
Carbox pressure b atmosphares
Temperature 20 - 25°
Bepopure period 1k hmu.-s

S E. eoli ' 0 ,
ﬂtaphylocoeeu.s aureus 0
gtrepuocaccus, undeter~ ST

:m;t,ned variety - 0

. o=sterile, x= srowbh. »

. Table 2, Effect- of etbylene oxide on spm‘e—fomhing bacteria o .
o " . Cartox Preseure 4 etmospheres . '|‘ R T
Expoaure period AO hou.r i i o U S '

T Re:p.ction temperature 200 »‘uqc?[;:; . 500 DL
Bac nﬂ“b'tiliﬂ sad JV L
- . .Baoc omﬂantericuﬂo po. ‘ - :, e }
© 8oil bacterisves ;o S
- S tho = ho% o:f tes‘hs vere uxisterile Y 60% ster:ﬂla‘ ” C
- abou'b 1@0% a.:lr-hmnidity . o
| N . = "T ' . - e
| ) '.,i"cm"x ;gressm'e L i atmospheres - 8 a'umo&phereg S
S T T Resetion temxpem‘bure 2P0, e O
) S -] ’Ebtpoeure 1381'10(“ ? e ) |
. Bporeg of1’ { , . b
‘ Bac.emmﬂis 5 ‘
! LK ;

Bﬁc . magentericus

' 1
asl heeheria

POWPrOm>Qm >
e 3 e & . & & & 8 B b
3 = B & 3 8 8 wu .
* & 5 & 5 & @ 8. e »

Lactobacillus
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At infeoted tast in droppers, open system,
Bs infected test in sealed polyethylene bag.

C: infected test in 5 ml soldium chloride solution in sealed polyethylan=
bag. .
l. as representative of non-spore-building bacteria,
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