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ABSTRACT 

The effect of y-irradiat ion on the  potency of f ive  s e m i -  

synthet ic  penic i l l ins  possessing anti-pseudomiin1 action has baen 

examined with a view t o  t h e i r  rad ia t ion-s te r i l i za t ion .  Whilst 

c a r f e c i l l i n  sodium and p iporac i l l in  sod im MY be safely i r rad ia ted  

at  t he  comonly employed s t e r i l i z a t i o n  dose of 2.5 Mads, the  other 

th ree  an t ib io t i c s  examined, namely, o r l o c i l l i n  sodium, m t l o z i l l i n  

sodium and t i c a r c i l l i n  disodiwr, display reduced poteacy u t  t h i s  

dose level. 

coupounds is not excluded. 

The use of a lower radiatioti  Jose fir these throe 

ImHmION 

The suscept ib i l i ty  of most seui-synthetic pen ic i l l i n s  t o  

hydrolysis par t icu lar ly  a t  elevated tomperaturus eliminates 

sterilization of parsnteral  products by conventional methods 
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518 JACOBS 

such as autoclaving and 'heating with a bactericide'. The al- 

ternative and necessary practice of sterilizing powders for 

injections by techniques involving costly and highly demanding 

aseptic processes makes sterilization by y-irradiation aost 

desirable. The high penetratibility of y-rays, coabined with 

only a very saall temperature fise of the irradiated aaterial 

during treatment, makes radiation processing applicable to the 

product in its final pack. and often without removal from its 

transport container. 

Since the introduction of carbenicillin in 1967, one of 

the principal directions in the development of new s e d -  

synthetic penicillins, has been in the search for other CDR- 

pounds with increased anti-pseudomonal activity. 

been achieved to $0- extent by the use of either a- carboxy 

esters of carbnicillin. principally for improved absorption 

 TOR the gastrointestinal tract, or, by the synthesis of com- 

pounds structrirally related to carbenicillin, or, by the pre- 

parotion of N-acyl derivatives of ampicillin (1). 

This has 

Although quite a n h r  of investigations on the effects of 

high energy radiation on seri-synthetic penicillins have been 

reported (2-8),  the only reported antipsedoaonal conpalmds to have 

been so tested are carbenicillin (6) and carindacillin (8). The 

present investigation is aimed at studying the effect of y-ra- 

diation on f i v e  n e w  antipstnidomnal semi-synthetic penicillins. 
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G A M A  BAY STERILIZATION OF PENICXILINS 54 9 

Because of  t he  des t ruc t ive  iuti iru of ionizing rad ia t ion  and 

the  d i f f i c u l t y  in predict ing its r iul iolyt ic  effect, pa r t i cu la r ly  

i n  lore complex molecules, it i s  necessary t o  anolyse each compound 

individual ly  for rad ia t ion  Janage i u  order t o  determine the  

fuvs ib i l i t y  of its rad ia t ion  s t e r i l i z a t i o n .  

been i r rad ia ted  i n  the  dry-s ta te ,  mid after per t inent  clreuical and 

uicrobiological tests, our findings lluvcr been related t o  the  

f e a s i b i l i t y  of  t h e i r  rad ia t ion  s t e r i l i za t ion .  

The. compunds hove 

MATERIAIS and W.Tl:.nlollS 

Penic i l l ins  

The rwi - syn the t i c  pen ic i l l i n s  tes ted  were a r l o c i l l i n  sodium 

WrJ merlocillin sodium ( Buyer, West cctruny),  a r € s c i l l i n  sodium 

and t i c a r c i l l i n  disodiuo ( Beeclrem Research Laboratories, U.K.) 

and p ipe rac i l l i n  sodium ( Lederle Luborotories Division U.S.A.). 

A l l  t he  above compounds, whose chemical s t ruc tures  are depicted i n  

Figure 1, were t e s t ed  without any fur ther  purif icat ion.  

I r rad ia t ions  

y- i r rad ia t ion  was car r ied  out using a d e l  W-311-3 Cruu*iltor 

2400 ci 13’cs radia t ion  source ( b d i a t i o n  hclriirery carp., u.s.A.) 

with an overage dose rate of 1.64 kricls min-’. 

vessels were as previously described (Y) .  Routinely 5 g sauplcs 

of the  drugs were y-irradiated at  aubiunt temperature w i t h  2.5 

and 5 Wad doses [ t h a t  is, 1.56 x 10” and 3.12 x lo2’ eV g-’, 

respect ively ) chucked by periodic Josimetr ic  determiii i t ioas using 

I r rad ia t ion  
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550 JACOBS 

R 

AZLOCILLIN SOOlUM 

CARFECILLIN SOOlUM 

MEZLOCILLH SODIUM 

PIPERACILLIN SOOlUM 

TICARCKLIN OISOOIUM 

n ~ - c o - . M - c ” - C  0- 0 (I 
0 

n 
c n30z SNQ- c 0 - w - C  n -to- 

ll 
I 

0 

M. - 0- co -cw-c o- 

FICIlRE I 

Cliemicnl structures of the semi-synthetic penicillins used in  the 
present study. 
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CLUMA RAY STERILIZATION OF PENICILLINS 551 

a fermus sulphate dosimeter ( CF05+ = 15.3 (10) ) iuul routinely 

confirmed by means of o clctur Perspex I I X  dosimeter (11). 

dose is tiut recomended by several pl~~nurcopoeias for sterili- 

ration purposes (12). 

that generally used for this purpose, the testing of drugs having 

received this exaggerated dose is useful for indicating the type 

of radiolytic decomposition that tho penicillin riglit be expected 

to undergo at lower radiation levels. 

A 2.5 Mrad 

Whilst the 5 Hrwl dose is in excess of 

Chemical Analyses 

Melting point determinations were d e  with u “liollrils Uniwlt 

apparatus. 

Unicoll SP 1800 spectrophotometer with 10 I matched quartz cells, 

were carried out on aqueous solutions ( pll 6.5) of the irradiated 

drugs at the appropriate Xmxand concuntration ( Table 2 1. 

Chemical assays were undertakan using the methodology of the 

British Pharmacopoeia 1973 (13) based on tire alkuline hydrolysis 

of the penicillin to penicilloic ucid followed by back titrotion 

of the excess alkali, 

UV spectrophotonetric detednations, using a Pye 

H H 

and that of Bundyorrrd and Ilver (14), based on the spectroplrotowtric 
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JACOBS 552 

measurement of p e n i c i l l e n i c  a c i d  rsrcriric mercapt ide  of t h e  pen i -  

ci l1 ins .  

I P 
L J 

S p e c i f i c  o p t i c a l  r o t a t i o n  was determined on 0 S I  w/v aqueous 

Polu t ions  of t h e  i r r a d i a t e d  p e n i c i l l i n s  u s ing  a 100 m microcell 

i n  a Perkin Elmer 141 polarirter.  

TU: examination was c a r r i e d  out on I t  s o l u t i o n s  of t h e  

p e n i c i l l i n s  i n  aqueous methanol ( 70% ‘/v) u s i n g  pre-coa ted  

s i l i c a - g e l  p l a t e s  ( Polygram Si l  N4R/WZS4, Mackery Nagel 0 Co.), 

with t h e  u b i l e  phase be ing  e i t h e r  an equal  p a r t  i i x t u r o  of 

ace tone  nnd methanol, or a mixture  of i soprupanol  and methanol 

( 30:70 p a r t s  by volume r e s p e c t i v e l y ) ,  or a 1.58 ‘/V s o l u t i o n  

of s t rong  a m n i a  i n  methanol, or chloroform. Each s o l v e n t  

(of a n a l y t i c a l  grade)was t e s t e d  s e p a r a t e l y  wi th  each a n t i h i o t i c .  

k t c c t i o n  was under W l i g h t  a t  254 nm followed by spraying 

with  e i t h e r  a 1% oqi i sws  s o l u t i o n  of potassium pe r rangana te  OT 

0.1% ninhydr in  sp ray  r e a g e n t  ( Merck, W. Germany). The r a t i o n a l e  

for t h e  use of c h l o r o f u r r ,  a non-polar s o l v e n t ,  wi th  t h e  polar 

antibiotics was e s s e n t i a l l y  t o  d e t e c t  any r a d i o l y s i s  p roduc t s  

t h a t  m y  be masked by t h e  l a r g e  excess  of unchanged a n t i b i o t i c .  
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clllpu RAY STERILIZATION OF PENICILLINS 55 3 

pH of 5% “/v aqueous solut ions of the  i r rad ia ted  semi- 

synthet ic  pen ic i l l i n s  was d c t e d n s c l  u s i rg  Y PIlU 64 kreurclr  

pll Meter ( Radio-ter, h i m a r k  ). 

Microbiological Assay 

The microbiological assay of the  i r rad ia ted  pen ic i l l i n s  

was car r ied  out by a two-dose cyl inder  p l a t e  rctlrod (15) 

using Difco Antibiotic. Medium 1 seeded, whilst  molten, with 

0.1 m1 of an overnight cu l ture  of Stuptrylococcus aureus 

(Teva 29) (16). 

100 pg ml” w a s  based on the doter r ina t ion  of a lincwr relrt ioirsirip 

between concentration and diameter of  zone of inh ib i t i t i on  over t h i s  

range of concentrations. 

37’C diameters of zones of inh ib i t ion  of bac ter ia l  growth were 

m a s u r d .  

The choice of a n t i b i o t i c  cancentrutions of 1 U  and 

Fol lwing  eighteen-hour incubation a t  

S t e r i l i t y  Tes t ing  

S t e r i l i t y  t e s t ing  was by a uoAr;me f i l t r a t i o n  tedmique i n  

which 20 m l  a l iquot r  of 1% aqueous sulutioii  of the  drug followed by 

four  similar a l iquots  of s a l ine  ( 0.9% w/v ) were passed through a 

membrane f i l ter  ( 25 m diameter ) lrilving a man pore diameter of 

0.22 m ( Millipore type GSWP ), using a Millipore Swinnex appa- 

ra tus  ( code SX0002500 ) attached t o  a 20 m l  disposable syringe. 

Inmediately following f i l t r a t i o n  each uembroire was cut  i n t o  tw a 

with one ha l f  asept ica l ly  introduced i n t o  50 ml of Difco Brewer 

Thioglycollate Medium ( for  detect ion of aerobic and anaerobic 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



JACOBS 5 5 4  

bacteria ) and the other half onto Difco Sabouraud Dextrose Agar 

( for detection of fungi and wulds ). 

undertaken in a laminar airflow cabinet. Incubation of the media 

was at 32OC for the thioglycollate and 2S°C for the saboutaud, 

both for fourteen days. 

the United States Pharmacopoeia (17) were used. 

filter with saline solution ensured no antibiotic residue that 

might otherwise interfere with microbial growth. 

by deliberately contaainating penicillin solutions with small 

inocula of Staphylococcus aureus Teva 29 ( 100 organisms per ml ) 

prior t o  Filtration. 

apparent, whereas membranes which had been thtwgh the rinsing 

process, showed bacterial contamination. Sterility testing for 

each set of conditions 

All manipulations were 

The usual media controls as stipulated by 

The rinsing of the 

This was ascertained 

In the absence of rinsing no growth was 

was carried out in duplicate. 

The eFFicacy of the radiation sterilization process was 

assessed by the sterility testing, as described above, of 1 g 

aliquots of the semi-synthetic penicillin powders deliberately 

contaminated with 10 

pumilus Ed01 ( A X C  27142 ), prior to irradiation. 

6 spores of the radiation resistant Bacillus 

RESULTS 

The p~eliminary screening o€ the semi-synthetic penicillins 

for radiation-induced damage was carried out by determination of 

melting points. 

nificant change in azlocillin No, pipertillin No and ticarcillin 

Our findings, sumariseti in Table 1, show no sig- 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



GAMMA RAY STERXLLUTION OP PENICILLINS 555 

TABLE 1 

kiting Point. Iktenriuations (OC) of Irradintd Sui- 

Syn t ha t ic Pen ici 1 1 in Powders. 

Dose (Mrads) 

0 1.5 5.0 

Azlocillin Na 220 220 218 

Carfecillin Na 

Mezlocillin No 

Piperacillin Na 

Ticarcillin di-Na 

219 221 214 

215 211 211 

183 188 189 

21 2 212 213 

0 These values are mean vnlues with P maximum s .d .  of 2 1 C. 

Ji-Na even after a 5 Marl radiation dose. Carfecillin Na shows 

change at the 5 Mrad dose level but not at the 2.5 HraJ level. 

Metlocillin Na. however, is affected even following a 2.5 Mrad 

radiation dose. 

The effect of a 5 h a d  radiation Jose on the antibiotics as 

depicted by UV absorbance of nqeuous solutions is suvlrrarised in 

Table 2. Our results SIAOW that on the basis of this Jaterniililtion 
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556 JACOBS 

TABLE 2 

UV Absorbance 

Penicil t i n s .  

of Aqueotrs Solutions of I r rad ia ted  Semi-synthetic 

At loc i l l in  Nn 10 210 

Carfec i l l in  No 1s 210 
Merlocil l in Nn 10 21s 

Piperocil l i i i  ffa 15 ZOO 

Tica rc i l l i n  di-Na 2s 205 

0.s1 0.51 

0.51 0.51 

0.34 0.34 

0.49 0.49 

0.52 0.52 

~~ ~ ~ 

* Mean of 2 doteminat ions  within 0.50 

the compounds remain qu i t e  unaffected a t  t h i s  dose level .  Unfor- 

tirnotely; t h e  pnaa moiety of pen ic i l l i n s  i s  devoid of cha rac t e r i s t i c  

absorption. t h e  coinpotin& showing only ond absorption i n  tiic 200- 

215 nm range. 

The above UV spec t rophtomtr ic  r e s u l t s  are supported by the 

chemical assay values which ind ica te  l i t t l e  change in t h e  seai- 

synthet ic  pen ic i l l i n s  tested. 

a i t i on  I n  a t l o c i l l i n  Na' (W%] following a 2.5 Mrad treatment,  

and i n  w t l o c i l l i n  Na following a S Wad treatment. 

assay values obtained by the methodology of Bundgoard and Ilver, 

lhere is possib ly  s l i g h t  decoapo- 

"he chemical 
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558 JACOBS 

howover. show that only piperacil l in Na is affected a t  the 2.5 

Nrad Jose level and that a11 the c ~ g o u i r d ~  except mezlocillin 

Na are docmjmserl s l i g h t l y  ( not more than  3% ) a t  the 5 Mrad 

level 

Mo products of radiolysis could successfully be detected 

by any of tlie TLC examinations adopted eveii following a 5 Mrad 

dose. 

Specific optical  rotation ~ ~ ~ ) a ~ u r e m o i i t s  (Table 4 )  show 

there  to be no change in the stereochemistry of carfeci l l in  Na 

T A B U  4 

Spccific Optical Rotation of A ~ ~ I S O U S  Solutions (0.50) of Irradiated 

Penicillins. t 

Dose (Urocls) 

U 2.5 5 

A t l o c i l l i n  Na (+) 165' (+) 157' (+) 150° 

Carfecillin Hp (*) 206' (+)206' (+) 207' 

Ptazlocillin ~ a .  (+) 170' C+) 168' (+) 165' 

P%poracillin th (+)174' (+) 175' (+I 172' 

Ticarcillin Ji-Na r + )  148O (+)124' (+) 1 2 9 O  

* A 0.1% solution used. 

t Mean of 2 determinations + 1% 
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GAHHA RAY STERILIZATION OF PENICILLINS 559 

oird p ipe rac i l l i n  Nrr followiug n 5 Urad radiat ion Jose. 

i n  opt ica l  a c t i v i t y ,  evun following a 2.5 c(ruJ dose, however, 

are observed far the  o ther  threo an t ib io t ics .  

Clurirges 

pH values of aqueous solut ions of the  y- i r radiated pir ic i l l ins  a r e  

Considering tho 5 Mrad w r u l t s  , chenge i n  141 of suaarissd i n  Table 5. 

c o r f e c i l l i n  Na and ticarcillin Ji-Na a r e  not t lrwght to be s igni f icant  

( a change of 0.1 pll units ). Conversely, there  does uppeur t o  be a rcu l  

change i n  the  pll of solot.ions of tlre o ther  three i r rad ia ted  an t ib io t ics .  

"lie signif icance of these results ore discussed belw. 

Table 6 rummarises our microbiologicel assay values. With 

the l a rge  experimental e r r o r  inherent i n  microbiological assaying, 

TABU 5 

Values f o r  Aqueous Solutions (5% "/v) o f  y-I r ru i ia tcd  

Semi Synthetic Penici l l ins .  

represent pH change. Values are means of { 2 determinations 

The n u b e r r  i n  parenthesis 

1% 

0 mads 2.5 Mrads 5 Mruds 

Azloci l l in  Na 6.398 6.146 (-0.252) 5.469 (-0.929) 

Carfec i l l in  Na 5.729 - 5.626 (-0.103) 

Merlocil l in Na 5.213 5.031 (-0.182) 4.744 (-0.469) 

Piperac i l l in  Na 5.456 5.486 (+0.030) 6.091 (e0.635) 

Ticarcillin di-Na 6.245 - 6.140 (-0.105) 
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560 JACOBS 

TABLE 6 

Percentage Microbiological Assay Values (+ s.d.) for Irra- 

diated Semi-Synthetic Penicillins Using a Two-Dose Cylinder 

Method with Staphylococcus aureus (Teva 29) as the Test 

Organ ism. 

Dose (Wads) 

0 2.5 5 

Azlocillin Ma (100) - 100.4 + 2.9 

Carfecillin Na (100) 100.6 z 0.8 94.5 + - 0.4 

Hezlocillin Na (100) 98.4 z 2.3 97.7 + 1.9 

Piparacillin Na (100) 97.9 0.1 98.4 0.8 

Ticarcillin di-Na(lO0) - 101.1 4 1.5 - 

only carfecillin Na (5 Mrads) appears to display a real change 

in potency following y-irradiation. 

attach& to tho 1-2% change noted for several of the  other 

compounds. 

No significance can be 

Sterility testing indicated that both irradiated and unirn- 

dintoti sampl.piss of antibiotics were fxw of bacterial ot fungal 

contaminants. 

samples deliberately contadnoted with 10 

Whilst bacterial growth did occur in unirradiated 
6 B. pumilus spores, 
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GAMMA RAY STERXLIZATION OF PENICILLINS 56 1 

no growth w a s  apparent in similarly contaaiiwted suples which 

subsequently received even the minimal irradiation dose ( i.e. 

2.5 MradS).  

DISCUSSION 

To facilitate the discussion of the above results, the 

mean of the percentage changes in UV nbsorbunce, chemical and 

microbiological assays and specific optical rotation measurements 

of the irradiated penicillins (Tables 2-4 MJ 6) have been pro- 

sented in Table 7. 

each dose level have been used t o  ustimate g (-penicillin) values, 
where g(-) is defined as the number of molecules changed for each 
100 eV of radiation energy absorbed (see Appendix for sample crml- 

culation). The use of this parameter, w h i c h  is effectively inde- 

pendent of radiation dose, is especially useful for the inter- 

laboratory comparison of results, particularly when different 

irradiation conditions huve been used. 

The values thus obtained for each compound at 

Arlocillin Sodium 

Our results show that slight decomposition of azlocillin 

Na occurs following a 2.5 Wad rudiatior Jose, a d  ttint this is 

accentuated at the S Urad dose level. 

not detected by melting point deturainations, microbiological 

assaying, W absorbance of TLC suggests that these changes are 

small. 

ticed in the chemical assays carried out by the two quite distinct 

The fact that changes are 

Such a conclusion is borne out by the slight change no- 
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TABLE 7 

Mean Percentage Change in Irradiated Penicillins (A%) at Each h.se 

b v e l  (calculated *OR values of UV absorbance, chemical and aicro- 

biological assays and specific optical rotation masurenents) and 

the Corresponding C (-penicillin) value. 

Maan - Dose ( M S )  

~~ 

Atfoeillin Na -1.1 8.8 -1.9 7.6 8.2 

Carfecillin Na +0.3 2.4 -1.8 7.3 4.8 

Metlocillin Na -0.6 4.1 -1.5 s .2 4.7 

Piperocillin Na -0.9 6.4 -1.1 3.9 5.2 

Ticarcillin di-No -1.2 10.8 -2.4 10.8 18.8 

methods adopted. The large pll change, which interestingly is 

present following irradiation of all three N-acyl derivatives 

tested, that is, azlocillin, mzlocillin and piperacillin, is 

suggestive of rupture of the N-acyl bond with the release of D-a-  

aaino benzilpenicillin (ampicillin) (sea Pigum 1). With atlocillin 

and mozlocfllin, the formation in aqueous solution of a free car- 

boxyl group could account for the fall in 1111. The formation of 
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CAHHA M Y  STERILIZATION OF PENICILLINS 563 

ampicillin in this reaction could possibly explain the lack of 

change noticed in either antimicrobial efficiency, or chemical 

assaying. 

B-lactam ring or the intact penicillin molecule. 

Both these tests would only detect alteration of the 

- C(-arlocillin Na) at both dose luvels is estiuted at around 8. 

Curfecillin Sodiua 

This compound is apparently unaffected following a 2.5 Mrad 

radiation dose as demonstrateJ by a (i(-crrfecillin sodim) value of 

2.4. 

melting point and microbiological assay, suggesting that rrrdiolysis 

is slight and not detected by the other techniques adopted. 

the large errors inherent in microbiological assaying, care must be 

exercised in overestimating the significance of the results of this 

particular analysis. Comparison of the radiation stability of car- 

fecillin sodium with carindocillin sodium (81, the indanyl ester of 

6-[D-2-carboxy-2-phenylacet~do] penicillanic acid (which like 

carfecillin is an a carboxy ester of carbenicillin) showd tlut 

carindacillin Na w a s  more susceptible to radiolysis (5 (-corinda- 
cillin Na) of 16) (8). 

The only significant change at the 5 Mrrul dose level is in its 

With 

Mezlocillin Sodium 

The results with this compoiuid appear a little confusing. 

At the 5 Mrad dose level, there is a change in Prelting point, pi1 

and specific optical rotation and yet the other tests, naeely, 

microbiological and chemical assays, UV absorbance aid TLC reveal 

no degradation ( hence the low C(-mc%zlocillin Na) value of 4.7). 
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As suggested above, t h i s  could be as a r e s u l t  o f  d i f f e r e n c e s  i n  

s e n s i t i v i t i e s  of ana lyses  used. 

f o r  i n  a s i m i l a r  fashion t o  t h a t  descr ibed f o r  a z l o c i l l i n  ( t o  which 

m z l o c i l l i n  i s  very c l o s e l y  r e l a t e d  ). Furthenmore, breakdown of mez 

l o c i l l i n  to  (say) r r ap ic i l l i n  could well exp la in  t h e  f a c t  t h a t  no 

change i s  observed i n  the  microbiological  o r  chemical a s says  ( 

supra ). 

point  d c t a r a i n a t i o n t  which would d e t e c t  a change even i n  the pre- 

sence of  an i n t a c t  8 - l a c t a a  r i n g  s t r u c t u r e  r evea l  an a l t e r a t i o n  

in  t h e  parent  molecule. 

The pi1 change could be accounted 

On the o t h e r  hand, s p e c i f i c  o p t i c a l  r o t a t i o n  and melt ing 

P i p e r a c i l l i n  Sortiua 

Our r e s u l t s  show t h a t  t h e  2.5 Mnd i r r a d i a t e d  p i p e r a c i l l i n  Na 

i s  v i r t u a l l y  unaffected,  and t h a t  a S Mrad r a d i a t i o n  Jose i s  only 

e f f e c t i v e  a t  r a i s i n g  t h e  pH OF an aqueous s o l u t i o n  of t h i s  coapound. 

This MY be due t o  rup tu re  o f  one o f  t h e  C-N bonds ( see Figure 1) 

with t h e  formation i n  an sqrieoiu s o l u t i o n  o f  an amino moiety. 

T i c a r c i l l i n  D i s d i u a  

a l l y  changes i n  the  s p e c i f i c  o p t i c a l  r o t a t i o n  of t i c a r c i l l i n  

disodiua a r e  observed following y - i r r ad ia t ion .  A l l  our o t h e r  re- 

s u l t s  show t h i s  corpotmd t o  be unaffected even fol lowing a 5 Mrad 

Jose. 

f o r  t h i s  somewhat unusual f inding.  7he f a c t  t h a t  a l l  t h e  a n a l y t i c a l  

techniques adopted ( o t h e r  than t h e  s p e c i f i c  o p t i c a l  r o t a t i o n  de- 

termination 1 show t h i s  compound t o  be uncilanged by y-rays,  is no 

doubt l inked t o  i t s  unique s t r u c t u r e ;  o f  a l l  t h e  a n t i b i o t i c s  

No s a t i s f a c t o r y  explanat ion can be offered a t  t h i s  s t a g e  
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GAtlU4 BAY STEBILIUTIDN OF PENZCILLIXS 56 5 

exruined i n  the  present study i t  is the  only cor~wurid i n  which 

the phenyl group on the  a-carbon at= of the  N-acyl s ide  chain 

is replaced by a 3-thienyl ring. 

The absence of  contaminants i l l  sumplcs de l ibera te ly  k o -  

spores of lbacillirs purilur is somewhat un t i -  6 culated wirh 10 

cipated f r o m  the  knowrr DI0 value (18) fo r  t h i s  organism when 

i r rad ia ted  in  a i r -dr ied conditions in  a i r .  

of 0.17 &ads (19), a 2.5 t.kd dose sliould give an inact ivat ion 

fac tor  of approximately 10 . 

Using a Ul0 value 

15 

In conclusion, the  r e su l t s  of our tests indicatc  tha t  

ca r f ec i l l i n  sodium and piperac i l l in  sodium may be safe ly  i r r u -  

diated a; the commonly eyiloyerl s t e r i l i zn t ion  dose of 2.5 Pttads. 

The other  three an t ib io t i c s  examined, i r r loc i l l in  sodium, w r l o -  

c i l l i n  sod im and t i c a r c i l l i n  di-sodiun, display reduced poteucy 

a t  t h i s  dose level. 

are within w acceptable pharrurceutical level it might be possible 

t o  sa fe ly  subject samples of these three an t ib io t i c s  w i t h  lou 

i n i t i a l  contamination ( say < 10 microbes g - ’ ~  t o  it radiat ion 

dose of  1 Mrad, once the  chrtuical nvturc of tlic rodiolysis  

products has been conclusively established and the  products 

shown co be non-toxic. Ihe use of such low radiat ion doses is 

not uncomnon for  other  an t ib io t i c s  ( 2 0 ,  21 1. 

Nevertheless. since rad io lys i s  products 
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APPENUTX 

calculation of C(-penici1lin)value 

The following calculation of s(-penicillin) value is for 

arlocillin Na (MW 484) which shows o A% of 1.9% following 

a 5 Mrnd radiation dose. 
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Moles azlocillin Na changed - 1.9 moles 0-l  
100 x 484 

Using an Avogadm't Number  of 6.023 x 

Molecules clianged = 1.9 6.023 x loz3 molecules g-' (2) 

Since I tad = an energy absorpt ion of  100 e r g s  0-l 

6.24 x 1013 eV g-' then a 5 Mrad dose 

molecules nolo-', 

100 x 484 

5 x 10 6 x 6.24 x 1013 eV g-' 

(3) .......... 
Combining (2) and (3), t h e  number of aolecules  changed p e r  eV 

= 1.9 x 6.023 x loz3 x 1 

mlecules ev-l 

6 13 
100 x 484 5 x 10 x 6.24 x 10 

(4) 

By d e f i n i t i o n ,  a 7.-alue is t h e  number o f  molecules changed 

for each 100 eV of energy absorbed, then,  fma equation (4) 

G(-ar loc i l l in  Na) = - 
x 100 aolecules/100 eV (5) 1.9 6.023 x 

5 x I0 6 x 6.24 x 10 13 100 x 484 

= 7.58 molecules / lo0  eV 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


