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The effects of gamm and electron beam irradiaticr, on cephra- 
dine were studied as a ,Function of dose. In particular, degrada- 
tion products and free radicals induced by radiation on samples 
with different rmisture content were investigated. The influence 
of daylight on the kinetics of the degradation processes was also 
evaluated. 

LNITRODUCLTON 

?he use of ionizing radiation for the sterilization of medici- 
nal products has steadly increased in recent years. Concomitant 
with the large application of this process, several studies on ra- 
diation effects in pharmaceutical systems have been performed 
(1-5). Tney are essentially focused on drugs d-ich carmot be ster- 
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1694 CIRANNI SIGNORETTI ET AL. 

ilized with the conventional methods as autoclaving because of 
their sensitivity to high temperature. Relevant literature has been 
reported for cephalosporins, owing to the susceptibility of the 
beta-lactam ring to hydrolysis (6-8). Amng these products, 
cephradine was found to be one of the mst sensitive to radiation; 
effects of ganm irradiation on its bactericidal activity and 
physicochemical characters were investigated (7-8). 

However, data f rom the literature do not give a wide canpre- 
hension of ionizing radiation effects on cephradine. For instance, 
no infomation about the effects induced f rom different radiation 
quality (gamna and electron beams) and frm different emrirmtal 
conditions during irradiation and storage are available. Fbreover, 
among the degradation impurities due to irradiation processing, at- 
tention should be focused also on the formation of free radicals 
which are responsible for the biological damage. This aspect is 
still underdeveloped in the current literature. 

Relying on the previous considerations, in this paper the in- 
fluence on the degradation process of different paramters,includ- 
ing s q l e  preparation, radiation quality and storage conditions 
was studied. 

In particular, g m a  irradiation of cepbzadine from a radio- 
active source and high energy electron irradiation f rom an acceler- 
ator were performed in w e l l  defined conditions and were controlled 
with suitable doskters. The effects of different radiation doses 
of both gamna and electron irradiation processes were ccmpared. ?he 

influence of sample preparation concerning the arrbiental condi- 
tions, in particular the moisture content, on the radiolytic h g e  
was evaluated. The effect of daylight on the degradation kinetics 
of irradiated and urirradiated saqles was also studied. Charges in 
cepbzadine structure, decrease in its purity, increase in degrada- 
tion products and production of free radicals were investigated. 

Cephradine (7- [ (amino-l ,4-cyclohexadien-l-yl-acetyl)amino] -3- 
rrethyl-8-oxo-5-thia-l-azabicyclo-[4.2. o] oct-2-ene-2-carboxylic acid) 
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EFFECTS ON CEPHRADINE 1695 

NH2 0 H H  

CH-C-NH 
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COOH 

FIGURE 1 
Chemical structure of cephradine. 

(Fig.1) of pharmaceutical grade (from Bristol ,  Latina, I t a l y ) ,  in 
an anhydrous form, containing 2.9% of wisture was used. 

Reagents used for liquid chromatography were: HPLC grade 
ace toni t r i le  (from Merck, Darmstadt, F.T.G.), E t h a n o l  (from Baker, 
Deventer, Holland), po tass im dihydrogen phosphate (from BDH; Lim- 
i t e d  Pole England) and water previously purified by passage through 
a Millipore M i l i i - Q  device. All the other materials were of analyt- 
ical reagent grade. 

Sample preparaticn 
Cephradine smples t o  be i r radiated were put in to  glass (me 

I) tubes provided with chlorobutyl closures, The f i l l i n g  operations 
of the tubes were p e r f o m d  under different  ambiental conditions: 
in nitrogen a m s p h e r e  ( s q l e  I ) ,  in the air imTlediately after the 
cpenirig of the storage container (11) and in huridi ty  controlled 
rooms a t  d i f f e rem percentage of re la t ive  hmidi ty :  405 (III), 60% 
(TV) , 75% (V) . The uois ture  content of the drug, masured by ther- 
mgravimtric analysis (TGA) , ranged from 2.9% (smple  I) t o  3.5I  
(sample V) . 
I r radiat ion 

the doses of 10 ,  20, 30, 40 kGy (samples: E10;'40 and 
t ive ly) .  

The samples were i r rad ia ted  with electron and g m a  beam a t  
respec- 
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1696 CIRANNI SIGNORETI'I ET AL. 

A 12 MeV linear accelerator,  operating a t  the "Istitutc di 
Fotochimica e Radiazioni di Alta Fnergia" (FRAE, Bologna, I t a ly )  
was used fo r  electron beam irradiat ion.  The dose cal ibrat ion of the 
accelerator was performed b:7 ' SuperFricke' dosirretry. Tne dose rate 
at  the s q l e  posit ion was evaluated as 3x10 6 Gy/s. 

Due t o  the high dose rate, the sample temperature increased 
with dose and was urmitored by a themcouple .  In addition, a 
forced air system was used t o  prevent the tqera ture  fran r i s ing  
too high. In a l l  the samples, the temperature before i r rad ia t ion  
was within 27+loC. - The final temperature, depending on dose, was  
in the range of 35:42"C. 

As concerns garrma i r rad ia t ion  a cobalt-60 industrial plant 
(Garmaton S.p.A., I t a ly )  was used. The dose rate was 0.4 Gy/s .  

Both i r radiat ions were performed i n  the lot40 kGy range. For 
both the electron and gamna i r radiat ions the dose delivered t o  the 
s q l e  was evaluated by alanine dosimetry, developed a t  the Istitu- 
to  Superiore d i  Sanit2 (9,101, with an uncertainty of about 3%. 
'ihree alanine pe l l e t s  were used fo r  each one of the selected dose 
values. They were inser ted in a sample holder similar t o  the me 
used for  the i r rad ia t ion  of cephradine. Alanine and cephradine were 
in turn i r radiated a t  the s a r r ~  t k  and i n  the same package. 
Experimental techniques 

The analyt ical  techniques adopted fo r  detection of rad io ly t ic  
damage included d i f f e ren t i a l  scanning calor-&try (DSC), liv spec- 
trometry, po la rhe t ry ,  high-performance l iquid chrmatography 
(b9Lc), mass s p e c t r m t r y  and electron spin r e s o r a c e  (ESR) spec- 
troscopy, 
a)  Melting point determinations were performed by d i f f e ren t i a l  

scarming calorimetry, u t i l i z i n g  a P e r k i n - E h r  CCS 7 apparatus. 
b)  Specific opt ical  rotat ion was determined a t  289 nm on 0.1% w/v 

aqueous solutions of the i r radiated and unirradiated cephradine, 
using a Perkin-E'er 241 polarimeter. 

c)  UC' spectrophotmetric determinations were carzied out w i t h  a 
Varian Cary 2200 spectrophotometer on aqueous solutions of the 
i r radiated and uni-radiated drug. 
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EFFECTS ON CEPHRADINE 1697 

d) HPLC analyses were performed with a solvent programer (Waters 
Autmted Gradient Controller, equipped with t w  Waters pllmps, 
mdel PI-6000A and H-45) and a Fkwlett Packard 1040k specmopho- 
tmter diode array detector (DAD) equipped with a HP-9000-300 
computer. A Hypersil 5 um ODs (250~4.6 urn) was utilized. 

A wdified method from literature (11) was used for HPLC ana- 
lysis. Tzle mbile phase for the isocratic elution was: Illethanol- 
acetonitrile-0.0lM potassium dihydrogen phosphate 3:6:91 v/v/v; 
the measuremints were performed at room temperature, at a flow 
rate of 1.0 rnl/min, at 254 and 210 m. A weighed quantity of 
each cephradine sample was dissolved in the mbile phase, in 
order to obtain 20 ug in the injection voluu~ (20 ul). 
Solutions of potential impurities (cephalexin, d -phenylglycir.e , 
deacetoxycephalosporanic acid) were also prepared in the same 
way. Mixtures of each sample and single impurities were also 
analysed to confirm the presence of such impurities in the main 
product. 
For the semipreparative analysis, a 10,m Bondapak C18 (25h 

LOO m) was utilized, at a flow rate of 1.5 nil/&. 

e )  Mass spectrometry was performed on the trirrrethylsilyl (TI%)- 
derivatives of cephradine and its impurities. 
The conversion of corrgounds (previously separated and collect- 

ed by means of the semipreparative HPLC system) to the "3-de- 
rivatives was cxried out with BSTFA-'ECS reagent (trimthyl- 
silylfluoroacetmide-~rirwthylchlorosilar.e ( 4 :  1) ) .The mss spec- 
tra were recorded with n HP 59898 i n s w n t  with an ionizing 
electron energy of 10 eV and an ion source temperature of 250°C. 

The samples were introduced by direct probe after removal of 
silylation reagents under vacum. 

f )  ESR masurerents were performed at roc111 temperature with an X 
band Bruker ESP 300 spectrmter equipped with a standard TElO2 
rectangular micruwave cavity. 
About 700 mg of cephradine powder inserted in a quartz tube 

was used. m e  m u n t  of the sample was enough to fill cmpletely 
the cavity, in order to make the results independent on the 

I 

I / 

mass. 
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1698 CIRANNI SIGNORETTI ET AL. 

a 

-l I 1 1 1 r 

0 10 20 30 40 50 
Time (minl 

FIGURE 2 
Cephradine degradation after the irradiation process. HPLC analysis 
a t  210 rn of samples stored i n  d a r h s s .  
a: d r r a d i a t e d  sample; b: 40 kGy gamna irradiated sample (G40-V); 
c: 40 kGy electron irradiated sample (E 40-V) . 

The following parameter setting for the ESR signal detection 
was used: microwave power 0.5 &, undulation amplitude 0.2 mT, 

scan rate 0.6 d / s ,  time constant 80 m s .  

RESULTS AND DISCUSSION 

Thermal behaviour and specific rotation measuranents did not 
show any significant difference between unirradiated and irradiated 
cephradine, for a l l  the examined samples. 

Minin?al differences amng W spectra of the various samples 
were found. In par t icu lar ,  specific absorption values, a t  the maxi- 

m absorbance of cephradine (260 m), were masured as a function 
of radiation dose and misture content. W i t h i n  the experimntal 
uncertainty, no dependence of the data on both the parmeters can 
be inferred; nevertheless a systemtic decrease with dose and mis-  
ture content was found. It could be partly attributed t o  an alter- 
ation in  the O=CN-C--C linkage (12). Gamna and electron irradiated 
samples showed a similar behaviour. 
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EFFECTS ON CEPHRADINE 
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FIGURE 3 
WLC analysis at 210 nm of unirradiated cephradine, added with 
deacetoqcephalosporanic acid and a( -phenylglycine . 

I-!PL,C .analysis, perfomd on irradiated samples stored in dark- 
ness (Fig.21, showed degradation of cephradine after the irradi- 
ation process. An increase in the ammt of impurities originally 
?resent in the mirradiated cephradihe and the appearance or' new 
degradation products vere observed. The highest irrpurity (r.t. 
i9,S) correspcnded to cepbialexin, as reported in iiterature (8) .  
'!LQ of the products with lover retention t h s  than the cephradine 
(r.t. 3,3 a d  3,7) were identified as deacetoxycephalosporanic acid 
and -phenylglicThe respectively, as results from the chromato- 
graphic profile of the unirradiated sample added with reference 
mivtures of the t w  rrentioned coqounds (Fig.3). The chrmtograms 
of irradiated cephradine (Fig.2) showed also &Q unidentified peaks 
following the main compound (A,  r.t. 44.3; B, r.t.50.2), which were 
found in a significant munt. One of them ( A ) ,  absent 7 3  the unir- 
radiated cephradine, presented a U.V. absorption profile different 
F:om that of the cephradine; the other one ( B ) ,  originally present 
in a small quantity in the unirradiated compound, showed a spectro- 
photometric profile similar to that of cephradine (Fig.4). 
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1700 CIRANNI SIGNORETTI ET AL. 

200 220 240 260 280 300 320 

Wavalength (nml  

FIGURE 4 
U.V. Spectrophotometric profile (Hmx= diode array detector) of ce- 
phradine (C) and the impurities A and B. 

The mass spec- of the IMS-derivative of the first compound 
(A) showed the mst intense signals corresponding to -11 frag- 
ments arid an intense ion a t  m/e 180, presmably produced by the 
cleavage of the d -carbony1 bond of the trirnethylsilylated glycyl 
portion of the m l e d e .  The mass s p e c m  of the TMS-derivative of 
the second compound ( B ) ,  that shmed the mst intense signals cor- 
responding t o  high mlecular might fragplents, was m r e  similar to 
the ‘INS cephradine spectrum than the A compound. 

The influence of different paramters, such as radiation qual- 
i t y  (gamna or electron beams), irradiation dose and misture  con- 
tent of the samples on the degradation process of cephradine, de- 
termined by HPLC, i s  shown in figure 5. For a l l  the tested samples, 
which were stored in darkness, a significant decrease i n  the ce- 
p’madine content with dose was found. ?he obserc-ed differences 
m g  samples irracXated with differem doses were myway less or  
about 3% of the cephradine content. Cr. the other hand, the slight 
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EFFECTS ON CEPHRADINE 1701 

90 
0 10 20 30 LO 

Dose  ( k G y )  

FIGURE 5 
Cepbxadine mount decrezse after i r rad ia t ion ,  i n  different  experi- 
m n t a l  conciicions, determined by HPLC (254 nm) on samples stored i n  
k h e s s .  
X electron i r radiated cephradine, sampled in nitrogen atrrDsphere 

(E-1). 
electron i r rad ia ted  cep’madine, s q l e d  i n  752 anbientel h d -  
dity (E-V), 

0 g m 2  i r rad ia ted  cephradine, sampled in nitrogen a m s p h e r e  
(GI), 
gamna i r rad ia ted  cephradine, sampled in 75% ambiertal hwidity 
( G V )  . 

differerces found m n g  samples exposed tc  different  radiation qual- 
i t y  ard with different  misture conter t ,  did not put i-. eT,<dence 
any signif icant  kifluence of the two rentioned pa, ‘meters cn the 
cqh-adine cement decrease. These E C  c p n t i t a t i v e  data,  perform- 
ed a t  254 nm, together rCth the corresponding data concemmg the 

cephalexin -increase are shown i n  Table i. It shouid be stressed 
that i r radiated s q l e s ,  excluding s m  exposed a t  luw h s e s ,  did 
nct comply wich the I t a l i an  Pharmacopceia spec i fka t iuns  as con- 
cerrs both cephradke puri ty  and cephalexin content (13). 

After irradiation, the samples, i f  nct  stored in darlkness, 

presented a cclor c h L g e  from l ight  pink to yi2lac;ish. >%reover, 
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TABLE 1 

CIRANNI SIGNORETTI ET AL. 

Cqhradine Decrease and CephaleXin Increase (%ZS.D. ) in G a m a  and 
Electron Irradiated Samples, a t  Different Doses and Humidity Con- 
tent, Stored in the Dark. HPLC: 254 ran. 

(*I z content 
(referred t o  the anhydrous substance) 

Sample 

R (mirradiated) 96.42M.81 - 2.66+0.03 - 

E 10-1; G 10-1 93.7W1.03 - ; 94.11H.98 - 
E 20-1; G 20-1 92.82+1.20 - ; 92.1ot0.84 - 
E 30-1; G 30-1 92 .8W.91 - ; 91.71+1.01 - 
E 40-1; G 40-1 91.43+0.98 - ; 90.4W1.20 - 

E 10-V; G 10-V 91.84+1.01 - ; 92.42t1.21 - 
E 20-V; G 20-V 91.73+1.22 - ; 92.4ot0.84 - 
E 30-V; G 30-V 90.98M.84 - ; 91.0W1.31 - 
E 40-V; G 40-V 90.6H0.81 - ; 90.58+0.95 - 

4.85+0.07 - ; 4.02+0.06 - 
5.01t0.05 - ; 4.75H.04 - 
5.12M.05 - ; 6.00H.08 - 
6.14+0.08 - ; 6.430.08 - 

5.36to.06 ; 4.17H.04 - 
5.36i0.07 - ; 5.07+0.03 - 
6.30+0.04 - ; 5.65+0.06 - 
6.590.05 - ; 7.12+0.05 - 

- 

(*) man of five replications 
(a) i tal ian official purity lmr limit: 92.5% (13) 
(b) i tal ian official l imit:  - ( 5 . 0 Z  (13) 

the degradation process was much mre  evident than that four'd in 
the product continwusly stored in the dark. ?his effect wa- c not 
observable on the unirradlated cephraciine. This phenmnon, pre- 
surably attributable to benzoquinone derivates (8 ) ,  is evident by 
the conparisor. of figures 2 and 6 ,  shcwing the HFLL c'nromatograms 
for unirradiated, electron and gamTla irradiated samples, stored in 
the dark and after three weeks exposure t o  daylight, respectively. 
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EFFECTS ON CEPHRADINE 

b a 
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Time Imin) 

FIGURE 6 

Influence of daylight exposure ( 3  weeks) t o  cephrad-he degradation. 
HL3.C analysis a t  210 m. 
a: unirradiated s q l e ;  b: 40 kGy gama irradiated s q i e  ( G  40-V);  
c: 40 kGy electron irradiated sample (E 40-V).  

No differences vere found between gamra and electron irradiated 
samples, while unirradiated cephradine, stcred ir. daylight, appear- 
ed colanless and shomd only a negligible impurity increase. "he 

effect of the lLght on the inpurity level increase of irradiated 
samples was detected in  a ranifest way even after a short t T h  (I 
day) and it was found to be dose dependent. W s  phenomenon was 

very significant especially a t  high doses, as shcwn in figure 7 ,  
which is related to the kinetics degradation process of unirradi- 
ated and 20-40 kGy gamna irradiated cephradine, with the highest 
misture content (G 20-V, G 40-V samples). The effect was observ- 
able also i f  the powder was stored in the original glass tubes 
which becam brown after the irradiation and were only occasion- 
ally exposed to daylight. 

Much attention should be paid to this effect which could lead 
to  a misunderstanding of the irradiation i n k e d  effects on cephra- 
dine. In p a r t i c u l a r ,  on this basis, the very large decrease in ce- 
phradine content ( 4 0 % )  f m d  by some authors (8) in irradiated 
samples could be explained. 
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1704 CIRANNI SIGNORElTI ET AL. 

loo i 

80 
1 I I 

0 1 2 3 
Time ( w e e k s )  

FIGURE 7 

Degradation kinetic of cephradine, exposed to dzylight. HPLC analy- 
sis (254 nm> 
0 miirradiated sample, 
0 20 kGy gamna irradiated sample (G 20-V), 
A 40 kGy .gamna irradiated s q l e  (G 40-V) . 

ESR masureuents were carried out to  investigate the presence 
of possible radiation i n k e d  free radicals. ?he unirradiated sam- 

ple of cephradine did not show any signal, while stable p a r a g -  
netic centers were detectable af ter  irradiation. A typical ESR 
spectrum for a g m - i r r a d i a t e d  sample is shown in figure 8. It 

appears as a center doublet and a superposed m l t i p l e t ,  whose 
nmber of components is  diff icul t  to  guess as i t s  outer wings are 
clearly seen, but the center p u t  i s  covered by the large signal. 
The two signals b v e  a different depender.ce on the micrcwave power; 
therefore they were probably originated irom the interactim of the 
paramp-etic center h i th  two dlfferent nuclei. 

The observed spectrum i s  consistent with the hypothesis of 
nuclear hyperfine spl i t t ing due to the interaction of an mpaired 
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I 

315 310 315 350 
H l r n T )  

FIGURE 8 
ESR spectrm of 40 kGy garrma irradiated cephradine. 'Ihe arrow in&- 
cated the center of the DPPHmarkr s  resonance (g  = 2.0036) 

electron with a hydrogen nucleus and i! NH group. Further mas- 
urements are undemy to clarify the origin of the observed signal. 

X qualitative analysis of the ESR spectra shewed that  the 
shape of the signal &id not depend on dose, neither or. radiation 
plity nor on relative hunidity. Therefore the peak to peak 
anplitude of the center signal is proportional to the m b e r  of 
radicals produced by radiation and was used as a reliable parameter 
for the quantitative aiilysis. Its dependence on dose is S ~ W .  in 
figure 9 for cobalt-60 irradiation. The dose-effect relationship 
was linear in the tested dose range. No quantitative differences 
bemen gamrra and electron beam irradiated saqles were observed. 
This result, together with the qualitative analysis, shmed that 
for the s a m  dose no differences were detectable in the shape or 
in the aqlitude of the signals, that is in the nature and in the 
&er of radicals. 

SOLIE preliminary fading ueasures have been performd. "'he de- 
tected radicals s e e d  to be stable enough for a quantitative 
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FIGURE 9 
Influence of radiation dose on ESR signal peak to  peak amplitude. 
0 electron irradiated cephradine 
0 gamna irradiated cephradine 

analysis on a shelf life period. In fact, in a preliminary test a 
well defined signal was s t i l l  detectable 8 mths after  irradi- 
ation. Relying on the available data a half l i f e  tim of about 5 
months could be inferred i n  the conservative hypothesis of zero 
signal on a very long storage period. 'The sensitivity of the used 
ESR spectrometer d d  allow detection of a signal even after four 
years. A m r e  accurate s tudy  of fading behaviour i s  underway; the 
in i t i a l  results showed tha t  no differences were detectable between 
samples stored in  darkness or daylight for a mnth a t  room condi- 
t ions . 

CONCLUSIONS 

Irradiaticr. cf cephradine s ign i f i ca t ly  irLt'luenced the degra- 
dation process of the drug, for the formation of both the related 
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substances and the free radicals. ?he observed radiation ir..Cuced 
effects m cephradine can be so sumnarized: 
1) no differences on the mlting point and specific optical rota- 

tion were found between irradiated and unirradiated s q l e s ;  
only a small decrease on the specific absorption value, treasured 
a t  the m a d  absorbance of cephradine, was detected; 

2)  on the contrary, HPLC rreasuremnts evidenced an increase in the 
mmt  of impurities already present in the unirradiated sample 
and the formation of new degradation products. Most of the irra- 
diated cephradine simples did nct comply with the official re- 
quir-ts fixed by the Italian Phamacopoeia; 

3)  the observed degradative processes depended on dose and on expo- 
sure t o  daylight after irradiation; a slight, no significant &- 
pendence on misture content was found. No significant differ- 
ences between g m  and electron irradiated samples were also 
detected; 

4 )  ionizing radiation produced free radicals whose h e r  was pro- 
portional to the absorbed dose in the 10-40 kGy range but in&- 
pendent on radiation qualit./, misture content and storage con- 
ditions. The radiation induced free radicals in cephradine are 
stable enough to  be detected s t i l l  several years after irra- 
diation. 

On the basis of the previous experimental evidences the irra- 
diation of cephradine, as a possible sterilization process, is 
not feasible. 

Authors are thankful t o  Dr.P.G.Fuochi (F.R.A.E. , C.N.R. , Bolo- 
gna, Italy) and Crlr.G.Soldini ( G m t o n ,  Ccm, Italy) for providing 
the facil i t ies for  the electron and g m a  irradiation respectively. 
hchors  also thank &.A.Zmotti (C.O.C. Farmaceutici, Bologna, 
Italy) for kindly preparing the samples. 

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

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



1708 CIRANNI SIGNORETI'I ET AL. 

1. G.P.Jacobs, Radiat.Phys.Chem., - 26, 133 (1985) 
2. W.Biigl, Radiat.Phys.Chem., - 2 5 ,  425 (1985) 
3.  M.Cignitti, Boll.Cnim.Farm., - 131, 59 (1992) 
4 .  T.CrimeLla, PLLigorati, G.Sekules, BOll.Chim.Fm., - 131, 

5 .  A.Giannetto, M.G.Yarzone, Boll.Chim.Farm., - 131, 79 (1992) 
6. G.P.Jacobs, Int.J.Appl.Radiat.Isotopes, - 31, 91 (1979) 
7. G.P.Jacobs, Int.J.Pharm., 17, 29 (1983) 
8. M.A.Abuirjeie, A.A.Abde1-Aziz, M.E.Ab&l-Hamid, Drug Dev.Ind. 

Pharm., - 16, 1661 (1990) 
9. A.Bartolotta, P.L.Indovina, S.Onori, A.Rosati, Radiat.Prot. 

Dosim., - 9, 277 (1984) 
10. K.Van Laere, S.Onori, A. Bartolotta, F. Callens, Appl.Radiat. 

hot. (in press) 
11. S.Tedeschi, in "2nd International Conference on Pharmaco- 

poeias", Editrice Compositori, Bologna, 1988, p. 145 

7 4  (1992) 

12. L.D.Sabath, M.Jago, E.P.Abrh, Biochem.J., 96, 735 (1965) 
13. Farmacopea Ufficiale Qlla Repubblica Italiana, M Ed., Istitu- 

to Poligrafico e Zecca dell0 Stato, Roma, 2, (1985) 

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

8/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.


