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Abstract  0 The effect of 6oCo-irradiation on penicillin G procaine in 
a peanut oil-based veterinary mastitis product was examined by re- 
versed-phase high-performance liquid chromatography (HPLC). The 
HPLC method is capable of separating and quantifying procaine, peni- 
cillin G, and various degradation compounds. Penicillin G recovery from 
a placebo formulation was 100.4% with a relative standard deviation of 
<1%. When irradiated at 4.0 Mrads, the penicillin G in two product lots 
decreased slightly (-1-2%) with a corresponding increase in two com- 
pounds inherently present in bulk penicillin C, powder. These compounds 
may be formed in abundance by treating penicillin G in an acidic solution. 
From the mass spectrometric analysis and the relative retention data with 
authentic compounds, these compounds were identified as benzylpen- 
illoaldehyde and benzylpenaldic acid. Values obtained by the HPLC 
method on the product irradiated and stored a t  various temperatures 
correlated well with those of the microbiological assay. No significant 
decrease in the procaine was detected even after 4.0-Mrad irradiation. 
The HPLC method is applicable for analysis of other P-lactam antibi- 
otics. 

Keyphrases 0 Penicillin G procaine-effect of cobalt irradiation, vet- 
erinary mastitis products, sterilization Cobalt irradiation-effect on 
penicillin G procaine, veterinary mastitis products, sterilization 
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The Ministry of Agriculture, Food, and Fisheries in the 
United Kingdom has served notice that all new veterinary 
mastitis products to be marketed in the United Kingdom 
must be sterile. Moreover, sterility is required for existing 
veterinary mastitis products at  their reregistration time. 
Since the efficacy and toxicity of ethylene oxide as a ster- 
ilization agent are being questioned by both the Food and 
Drug Administration (1) and the Environmental Protec- 
tion Agency in the United States (Z), 6oCo-irradiation was 
examined as a reliable and economical means to sterilize 
terminally a veterinary mastitis product. The 6oCo-ir- 
radiation has been recognized as the method of choice for 
sterilization of medical devices and has been accepted for 
terminal sterilization of ophthalmic ointments (3). In many 

countries, products irradiated a t  2.5 Mrads by cobalt 60 
may be released as sterile without the final sterility 
testing. 

Although the official microbiological cylinder cup-agar 
diffusion assay may be used as a stability-indicating 
method for penicillin G (4), a more precise and accurate 
method is desirable for monitoring the effect of 6oCo-ir- 
radiation treatment. Since a reversed-phase high-perfor- 
mance liquid chromatographic (HPLC) assay of P-lactam 
antibiotics ( 5 )  was improved by use of a column packed 
with 5-10-pm particle size Cl8 (6) and used in this labo- 
ratory for many years, this method was selected to assess 
the effect of ‘Wo-irradiation on procaine and penicillin G 
in a veterinary mastitis product. Similar HPLC assays for 
,&lactam antibiotics have appeared (7-16). 

EXPERIMENTAL 

Apparatus-A modular liquid chromatograph equipped with a 
2.54-nm UV monitor’, a high-pressure pumpL, and a 20-pl fixed-loop in- 
jector.’ were used. A low CIS-loaded reversed-phase column4 with a 
stainless steel precolumn5, 51 X 2.1 mm i.d., was used to separate procaine 
and penicillin G. 

Reagents-For the mobile phase, acetonitrile-water-0.2 M ammo- 
nium acetate buffer (207010) was used. The pH was adjusted to 6.0 with 
acetic acid. The 0.2 M ammonium acetate buffer was prepared by 
weighing 15.5 g of  ammonium acetate into a I-liter graduated cylinder 
and adding water to volume. The mobile phase was filtered through a 
niemlwane filter5. 

The mohile phase was pumped through the column a t  a flow rate of 
-1.0 ml/min. 

Reference Standard Solutions-/’rnic.illin (;-The lJSP penicillin 
1; potassium reference standard was used “as is” a t  1590 un i t shg .  Ap- 

I Model I203 1IV monitor 111,  1,aI)oratory I);it;i Control. Kiviera Heach. Ha. 
Model 6000 A chromatographic pump, Waters Associates, Millord, Mass. 
Model 70.10, Rheodyne, Berkeley, Ciilil. 

Catalog No. FHLP04700 fluoropore filter, Millipore Corp., Hedlord. Mass. 
4 Partisil PXS 10/25 ODS, Whatmnn Inr.. Clilton. N.J. 

0022-35491 79l0900-1075$0 1.0010 
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proximately 6.7 mg of the reference standard was weighed accurate19 
and placed in a lO-ml volumetric flask. 'The standard was dissolved and 
diluted to volume with the mol)ile phase. The  reference standard solution 
thus prepared was transferred to a 35-mI disposahle vial, and 10 ml of 
isooctane (2,2,4-trimethylpentatie) was added. The  vial was capped and 
shaken gently for 5 rnin on an automatic reciprocal shaker7. The  top 
isooctane layer was aspirated off, and 5 ml of isooctane was again added. 
T h e  vial was shaken again for 5 min and then centrifuged a t  10OOXg for 
I min. The  top half of the sample wiis aspirated off, and the sample was 
sonicated just prior to chromatographic analysis. 

['rocaine- Approximately 4.5 mg of procaine hydrochloride USP was 
weighed accuratelj& and placed in a 50-ml volumetric flask. The standard 
was dissolved and diluted to volume with the mobile phase. The  standard 
solution was transferred to a 125-ml separator containing 50 ml of iso- 
octane. The flask was shaken gently for 5 rnin on an automatic reciprocal 
shaker7. 

T h e  top isooctane layer was aspirated off, and 25 ml of isooctane was 
added. The flask was shaken again for .5 min. Approximately 10 ml of the  
lower phase was transferred into a :%ml disposable vial and centrifuged 
a t  IOOOXg for 1 min. T h e  top half of the sample was aspirated off, and 
the sample was sonicated just prior to chromatographic analysis. 

S a m p l e  Preparation-A plastet containing the peanut oil-based 
mastitis product was weighed. After the plastet was shaken vigorously, 
the contents were expelled into a 25O-ml separator containing 100 ml of 
the m o M e  phase. T h e  empty plastet was weighed to calculate by dif- 
lerrnce the weight of the  content bring assayed. Approximately 100 ml 
1 1 1 '  isooctane was added, and the flask was shaken gently for 5 min on a 
reciprocal shaker'. 

Approximately 75% o f t h e  top layer was aspirated off, and 50 nil of 
isooctane was added. T h e  Ilask was shaken again for 5 min. Approxi- 
mately 10 ml of the lower phase was transferred into a X - m l  disposalde 
vial and centrifuged for 1 min at  1000X~.  The t o p  half of the  sample was 
its pirated of'f. 

T a b l e  I-Precision of t h e  H P L C  Assay f o r  Penici l l in  G in  P e a n u t  
Oil-Rased Mast i t is  P r o d u c t  

Height of Peak Height of 
Net Weight Penicillin G Penicillin G /  

of' Product, g Peak, cm Weirht of Productn 

8.16 27.0 3.31 
8.21 27.0 3.29 

3.32 8.19 -1.2 
8.2,; 27.6 3.35 
8.36 28.2 3.37 
8.33 28.0 :i.x 

').- ' 

/t.Y/J = 0.94', , 

Model (; elecrnilralance, ('ahn Instrument Corp., Paramount, Calif 
Hhrrliach. A n n  Arb, Mich. 

Pc,nicillin G -  For the  penicillin C; assay, the  sample solution was 

Procaine-The sample solution was diluted 1:s with the motile phase 

Calculations-f'c~nicillin (;-The penicillin (; content in a plastet 

chromatographed. 

and chromatographed. 

was calculated from: 

(Eq. 1) 

where /Is, is the peak height o r  peak area of the sample, W,, is the weight 
o f t h e  sample in grams, Wbld is the  weight o f  the  standard in milligrams 
per milliliter, Pstd  is the peak height o r  peak area of the  reference s tan-  
dard, Sp.G. is the specific gravity of the mastitis product, and 1590 is the 
potency of the  penicillin G U S P  reference standard (issue F). 

Procaine-The procaine content per p1astc.i may he calculated 
from: 

X F4 9 &, x Sp.G. X P (Eq. 2) 

where PK,, is the peak height or pc-ak or peak area of the sample; W,, 
is the  weight of the sample; PK,,d is the peak height OF peak area of the 
reference standard; W,t,I is the weight o f t h e  standard; PI,  F2, and F:I are 
volumes of the sample solution, the reference standard solution, and the 
plastet, respectively; b'd is the final volume of the  sample; F5 is the con- 
version factor from procaine hydrochloride to procaine hase (0.866); Sp.C. 
is the specific gravity of the mastitis product; and  P is the purity of' the 
procaine USP reference standard. 

R E S U L T S  AND DISCUSSION 

Factors Affec t ing  Resolut ion of Penici l l in  C a n d  P r o c a i n e  
Peaks--During the evaluation o f  several silica with 1)onded octadc- 
cylsilaneH coliimns, the resolution o f  penicillin G from the procaine peak 

T a b l e  11-Recovery of Penici l l in  G f rom Mast i t is  P r o d u c t  
~ 

I'enicillin C Penicillin (; 
Added, Krcovered, 

mg/plastet nig/plast et liecovery, f'f 

67.63 
67.13 
66.79 

Averare 

68.91 
66.58 
66.91 

101.9 
99.2 

100.4 
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Figure 4 - H / ) / , ( '  anolysi.\ of ampicillin ( 1 )  in an oral formulatitin using 
( I  pHondnpali  ( '18  column. The mobilo phase was ncetonitrile-0.2 M 
nmnionium acv tnto  h i / / v r  I (  ntcr  (15:IO:X5), p H  6.0. 

more than 12 min ~ ~ f e l u t i o n  time separated the procaine and penicillin 
(; peaks (Fig. " A ) .  It may he theorized that  the underivatized hydroxyl 
gr(irips iin the silica column support exhihit strcing affinity toward the 
prcicaine molecule, reeiilting in longer procaine retenticin and the  sepa- 
ration of' the two compounds. 

Precis ion a n d  Recovery of Penici l l in  G f r o m  P c s n u t  Oil-Based 
Mast i t is  Product-Precision o f  the HI'LC assay was evaluated by in- 
dividually weighing and extracting six replicate mastitis product samples. 
The relative st;rndard deviation of' the  H P I L  method was < I %  (Table 
I ) .  

2 I I 1 

0 4 a 12 16 20 24 2a 
MINUTES 

F i g u r e  6-HPLC analysis of penicillin V ( I )  in an oral formulation 
using a p h n d a p a k  CIH column. The mobilr phase i t u s  ncetonitrile-0.2 
M nmmonium acctatr-water (90:1f):60), p H  6.0. 

The extraction technique efficiency for penicillin (; recovery from the 
product was evaluated by adding three independently weighed penicillin 
G USP reference standard samples to  the product base. T h e  penicillin 
G recovery frtim the product base was 100.4% ('rattle 11). 

Penicillin C Stabi l i ty  to  60Co-Irradiation ~ Penicillin G in a peanut 
oil-based veterinary mastitis product was relatively stable to T o - i r -  
radiation. Even after 4.0 Mrads irradiation, the  maximum irradiation 
level targeted fin product sterilization, penicillin C; in two product lots 
showed decreases in potency of'only 2.0 and 1 . lY  ('rahle 111). 

Although several impurity peaks were present in unirradiated pen- 
icillin G procaine (Fig. ?A), only two peaks were increased by"0Co-ir- 
radiation (Fig. 2B). Since these degradation compounds are inherently 
present in the untreated penicillin G procaine powder, these compounds 
are not formed uniquely by ""Co-irradiation. These degradation com- 
pounds can be formed in ahundance when penicillin G powder is treated 
in a low pH solution (pH 3.0) a t  37" for 1 hr. 

I I t 

0 4 8 12 16 
MINUTES 

F i g u r e  7-HP/,( '  chromatograni o/ ctphnlothin using a pHlindnpak 
( ' 1 8  column. The  rnobilc pha.se iims ncctonitril(3 0.2 h.1 ommoniitm o w -  
t n t c,-ii,atrr (25; I0:fi.i ), pH 6.0. 
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Table V-Correlation between HPLC and Microbiological Assay 
Methods for  Penicillin C in Mastitis Product  

Irradiation, Penicillin G ,  unitslplastet 
Lot Mrads Storage HPLC Microbiologicar 

~ ~ 

A 0 Initial 100,500 
25', 3 months 100,100 
40°, 3 months 54,300 

2.5 Initial 103,600 
2 5 O ,  3 months 99,100 
40', 3 months 61,500 

4.0 Initial 104,600 
25*, 3 months 100,900 
40°, 3 months 59,500 

B 0 Initial 105,100 
25'. 3 months 101.300 
40°, 3 months 64,200 

2.5 Initial 105,800 
25'. 3 months 99,700 
40°, 3 months 64,800 

4.0 Initial 106,400 
25', 3 months 101,700 
40'. 3 months 61,600 

108,000 
101,000 
4 1,000 

107,000 
103,000 
62,000 

109,000 
101,000 
34,000 

111,000 
101,000 
65,000 

108,000 
104,000 
58,000 
97,000 

102,000 
53,000 

Approximately an eightfold increase in degradation ccimpound I (peak 
1) was noted, with less than a twofold increase in peak 2, by 4 Mrads ir- 
radiation. Increase in the area under peaks 1 and 2 was too great to be 
accounted for by the decrease in the penicillin G peak. This discrepancy 
may he attributed to the difference in the molar absorptivity of these 
compounds a t  254 nm. 

Degradation Compound Identification-As stated previously, the 
impurity compounds (peaks 1 and 2) that  were increased by 6oCo-ir- 
radiation also may be formed in abundance by treating a penicillin G 
powder in a pH 3.0,0.02 M phosphate buffer a t  37' for 1 hr. The fact that 
the retention of peak 2 is greatly intluenced hy change in the mobile phase 

2 

1 

4 

I I I I I L 
0 4 8 12 16 20 

MINUTES 

Figure I-HP1,Cgradient plutirin chromatogram for tentative identi- 
fication nf P-lactam antibiotics using a pHondapak CIS column. The 
linear gradient was from lO:lO:r(O (ocrtonitrilp-0.2 M ammonium nce- 
talc-water), p H  6.0, t i ]  50:10:4(ls p H  6.0, in 1.5 min. Key: 1 ,  ampicillin; 
2, pvnicillin (3; :i, penicillin G; and J3 pc,niciltin V. 

I I 1 1 I I 

0 4  8 12 16 20 24 28 32 
MINUTES 

Figure 9-HPLC gradient elution chromatogram indicating separation 
of an ampicillin prodrug, bacampicillin, from process intermediates. 
The conuex gradient elution was from mobile phase A ,  5:10:85 (aceto- 
nitrile-0.2 M ammonium acetate-tvater), p H  4.0, t o  mobile phase H ,  
HO:l0:10, p H  4.0, in 30 min. Key: 1 ,  phenylglycine; 2, ampicillin; 3, 
penicillin G; and 4, bacampicillin. 

pH indicates the presence of acidic radicalb) in the molecule. The re- 
tention of peak 1 was not affected hy the pH change. 

Formation of henzylpenicilloic acid, benzylpenilloic acid, and hy- 
droxybenzylpenicillin in an aqueous penicillin G solution irradiated by 
cobalt 60 has been reported (17). These radiolytic compounds also may 
be formed by an alkaline treatment (18). However, the relative retention 
of these alkaline (pH 10.0) hydrolyzed compounds failed to match the 
two peaks of interest. 

To identify the two degradation compounds, a small preparative liquid 
chromatograph was constructed with a 122-cm X 7-mm i.d. stainless steel 
column packed with Cis'". 

About 30 mg of penicillin G sodium USP, irradiated a t  6.0 Mrads, was 
dissolved in 10 ml of the mobile phase and introduced onto the column 
via a 100-pi loop injector. The column effluents corresponding to the two 
peaks were collected in 250-ml round-bottom flasks immersed in a 
methanol-dry ice bath. The procedure was repeated 10 times. The ef- 
fluents were freeze dried overnight. 

The suhmilligram quantities of samples thus collected were dissolved 
in acetonitrile, transferred into microreaction vials", and dried under 
a nitrogen stream. About 100 pi of bis(trimethylsilyl)trifluorc>acetamide 
containing 1% trimethylchlorosilane12 was added to the two dried samples 
and penicillin G powder and allowed to react 3 hr a t  room temperature. 
The silylated samples were placed in capillary glass tubings and dried 
under vacuum. The samples were analyzed hy mass spectrometry using 
the electron-impact ionization mode. 

The mass spectra of penicillin G and two degradation compounds are 
shown in Fig. 3. The penicillin G mass spectrum (Fig. 3A) showed that 
hoth mle 478 [M+, bis(trimethylsilyl)penicillin G] and 406 [mono(tri- 
methylsilyl)penicillin GI were weak, indicating instability of the silylated 
compounds. Another weak peak was observed a t  mle 306 [M - 
(:(CH:,)2CHC02Si(CH:,)aj. Much stronger peaks were seen a t  m/c 463 
( M  - 15), 387 (M - CHsCd-M, and 247. An intense peak was shown a t  
mIc 232 (mle 247 - CHs). 

(m/e  247) 

lo  h n d a p a k  C I S  Piwasil R, Waters Associates, Milford. Mass 
I' Rearti-Vial, Pierce Chemical Co.. Hocklord, 111. 

Heyisil KC-2, Keyis Chemical Co., Mortoii Grove, 111. 
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0“ ‘COOH 
penicillin G (benzylpenicillin) 

1H20 

HSC(CH& 
@CH,CONHCH(CHO)C~H + I 

H,N CH COOH 
benzylpenaldic acid penicillamine 

I -CO, 

@ cH,CONHCH~CHO 

benzylpenilloaldehyde 
Scheme I 

The mass spectrum of the column effluent corresponding to peak 1 
(Fig. 33) is essentially identical to that of henzylpenilloaldehyde and 
showed the weak molecular ion at  m/e 250 (M’) and a strong peak a t  m/e 
232 (M - 18). Weak peaks were found a t  m/e 158 (M - CHZC~HR),  I30 
(M - CH&H5CO), and 43 (M - OH~C~HSCONH).  A much stronger 
peak was observed a t  m/p 149 [M - COWCH:,):,]. 

The mass spectrum of Compound I I  (Fig. 3C)  is that of benzylpenaldic 
acid. The molecular ions at  m/p 437 Itris(trimethylsily1) derivative] and 
291 [mono(trimethylsilyl) derivative] were relatively weak, indicating 
incomplete silylation. Much stronger peaks were shown at  m/e 232 [M 
- CHsC6H6CONSi(CH:~):,] and 207 [M - CH(C00-trimethylsily1)- 
COSi(CHo):,]. The presence of an acidic radical in this compound was 
indicated previously. 

From the identification, it may be speculated that penicillin G may 
undergo a slight degradation by “Co-irradiation as shown in Scheme I. 
I’enicillamine cannot he detected by monitoring at  254 nm. 

Procaine Stabil i ty to  6oCo-Irradiation-‘I’he effect of fi”Co-ir- 
radiation on the stahility of procaine is shown in Table IV. Although 0.5 
and 1.5%, decreases were noted in two lots of the product irradiated a t  
4.0 Mrads, these decreases were not statistically significant. Careful ex- 
amination of the chromatogram of promine irradiated at  4.5 Mrads failed 
to detect any peak other than procaine. 

Correlation between HPLC a n d  Microbiological Methods-A 
correlation between the H P I L  and the microliiological methods for the 
penicillin G assay was examined hv use of two simulated product lots 
‘”’Co-irradiated a t  2.S and 4.0 Mrads and stored at  25 and 40° for :j 
months. The microbiological cylinder cup-agar diffusion assay used was 
as described in the Code of Federal Regulations ( 4 )  (Table V). A cross- 
classified analysis of variance was used to test for lot, radiation dosage, 

and time-temperature main effects and for all two-way interactions 
between the main effects. The analysis of variance showed that only the 
time-temperature effect was statistically significant (p<0.05) due to the 
instability of penicillin G a t  40°. 

Thus, the HPLC method correlated well with the microbiological assay 
and was stability indicating. 

O the r  &Lactam Antibiotics-With a slight modification of the 
tnohile phase, the isocratic reversed-phase HPLC method is applicable 
to many &lactam antibiotics (Figs. 4-7) with a relative standard deviation 
of -1.0%. 

The reversed-phase HPLC method using a gradient elution technique 
also is apDlicable for tentatively identifving B-lactam antibiotics (Fia. 
8) and for assessing the stability of the prodrug, bacamr 
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