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Partially debydr~ted cefixime trihydrate was found to be unstable due to a highly disordered crystal structure caused by loss of its 
water of crystallization. It was also confirmed that cefixime &hydrate stored at a relative humidity below its critical value was less 
stable than the trihydrate stored under moist conditions. On the other hand, completely dehydrated cefixime trihydrate was relatively 
stable since it ~nde~~t transformation tu a new anhydrous crystal form which did not contain water capable of participating in the 
hydrolytic reaction. It was suggested that the dcgradat~on mechanism under conditions of dryness differed from that under 
conditions of humidity, since not only the appearance but also the particular species of degradation products were completely 
different under the two sets of conditions. 

Introduction 

Many m~icame~ts are know to crystallize 
with water molecules as an integral part of their 
crystal structure. It is a matter of great importance 
that one should bear in mind the fact that the 
pharmaceutical hydrates dispIay marked alter- 
ations in several physico-chemical properties, such 
as chemical stability or dissolution rate on being 
processed to formulation or on exposure to rela- 
tive humidities of varying degrees {Fukumo~ et 
al., 1983; Osawa et al., 1988). Many investigators 
have described the influence of sorbed moisture 
on the solid-state decomposition as well as on the 
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kinetics of hygroscopic and moisture adsorption 
(Umprayn and Mendes, 1987; Carstensen et al., 
1988). In the preceding paper, we reported the 
effect of ending on the physico-che~cal proper- 
ties of cefixime t~ydrate and our conclusions 
that the grinding energy destroyed the crystalline 
structure and that the stability of cefixime trihy- 
drate decreased with increasing duration of grind- 
ing (Kitamura et al., 1989). Concerning the effect 
of dehydration on the solid-state stability of cefi- 
xime trihydrate, Mooney et al. (1988) reported 
that the ‘anhydrous’ form of cefixime was less 
stable than the “trihydrate’ at elevated tempera- 
tures (5670° C). However, they did not discuss 
details of the crystalline state of dehydrated cefi- 
xime trihydrate. In the present work, we have 
investigated changes in the crystal~ne state of 
cefixime t~hydrate during the process of dehydra- 
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tion and discuss the effect of dehydration on the 
chemical and color stability of cefixime trihydrate. 

Cefixime t~hydrat~ (F~j~sa~~a Pharm. Co., Ltd.) 
was used without further pn~f~c~tion. The water 
content was det~~~~ed as 10.7% (th~ret~ca~ 
vafue: ~~.~%) by the Karl Fisher method. A31 
other reagents were of reagent grade. 

Cefixirne trihydrate (0.4 g) was weighed into 
5-ml glass bottles. The bottles were placed in a 
desiccator and dehydrated under reduced pressure 
at room temperature for an appropriate time 
period. Phos~horns pentoxide was used as desic- 
cant. 

Cefixime tr~hydrate (0.4 g) was weighed into 
weighing botties. The w~i~~g bottles were kept 
in a desiccator in which the relative humidity 
(R.H.) was adjustable by means of the appropriate 
saturated salt solutions (NaL, NaCl and Na3r) at 
50 or 70” C in a thermostatted cha.mber (Mini Jet 
Oven, Toyama Sangyo). The R.H. values of these 
saturated salt solutions were setected to be 25, 50 
and 75%, respectively, at each temperature (Carr 
and Harris, 1949) Phos~ho~s pentoxide was used 
for 0% R.H. 

dehydrated cefixime t~bydrate in glass bottles 
was kept at 70 a C in a tbermosta~ted chamber 
(Mini Jet Oven) and sampled at appropriate inter- 
vafs. 

The remaining potency of cef~~me was mea- 
sured by high-perform~ce liquid chromatography 
(HPLC) according to our previously described 
procedure (Nooks et al,, 1987). 

Isolation and identification of major degradation 
producrs 

The degradaiio~ products of cefixime trihy- 
drate were isolated and purified using HPLC. The 
NMR and fast atom bombardment (FAR) mass 
spectra were recorded on a JELL FX-270 (270 
MHz) spectrometer and a Finnegan Mat TSQ-70 
mass spectrometers respect~~e~y~ The NMR signals 
and mass s~trum of the degrada&~on products 
were assigned on the basis of our results reported 
in the previous article, in which the degradation 
products observed in acidic or basic sohuions 
were discussed (Nan&i et al., 1987). 

Discoloration of cefixime trihydr~t~ was de- 
termined using a color difference meter (SZ-DO, 
Nippon Denshoku), following our procedure in a 
previous paper (Kitamura et al., 1988). 

X-ray diffraction 
dehydrated cefixime t~hydrat~ was placed on 

a sample holder immediately after removal from 
the desiccator and X-ray powder diffraction pat- 
terns obtained using an X-ray diffractometer 
(Rigaku T3enki) under ambient conditions. The 
conditions for these measurements were: target, 
0.1; filter, Ni; voltage, 30 kV; current, IO mA 

Results and Discussion 

The effects of hnm~d~ty on the solid-state sta- 
bility of cefixime tr~hydrate were studied at 50 and 
70°C PIots of residual amounts of cefitime vs 
storage period are shown in Fig. I. 

Genera&, the d~~rn~os~tio~ of drug compo- 
nents and solid dosage forms depends not only on 
ten~peratur~ but also on humidity. Many authors 
reported that physically sorbed moisture affects 
the solid-state stability, since some portion of the 
drug may dissotve in the moisture layer and read- 
ily undergo decomposition in the saturated ayue 
ous layer (Carstensen, 1988). 

However, in our study, loss of drug due to the 
process of decomposition under conditions of 0% 
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Fig. 1. Effect of hu~dity on the solid-state stability of cefi- 
xime trihydrate. (0) SO’C, 75% R.H.; (A) SOOC, 50% R.H.; 
(0) .5O”C, 25% R.H.; (a) 5O*C, 0% R.H.; (*) 70°C, 75% 
R.H.; (A) 70°C. 50% R.H.; (m) 7O*C, 25% R.H.; (Y) ‘?O*C, 

0% R.H. 

R.H. was much greater as compared to other 
conditions of humidity (R.H. 75, 50 and 25%). 
bogey et al. (1988) obt~ned a similar result, 
reporting that cefixime trihydrate stored in a fiber 
drum that was incapable of preventing moisture 
diffusing at elevated temperature decomposed at a 
more rapid rate than when stored in glass vials. 
These results were explained by the fact that the 
relative hu~d~ty in the fiber drum fell below the 
critical value of the relative humidity (estimated to 
be between 10 and 20% at 25-70 * C), below which 
cefixime t~hydrate undergoes spontaneous dehy- 
dration. 

Consequently, it was proposed that the humid- 
ity within a particular package plays a significant 
role in the stabili~tion of hydrated medic~~nts 
such as cefixime t~hydrate. 

The effect of hu~d~ty upon discolorat~5u of 
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cefixime t~hydrate was studied at 50 and ?O°C, 
yielding the results shown in Fig. 2, Clearly, the 
discoloration ~udicated by the color difference 
(AE) for cefixime trihydrate stored at 75% R.H. 
was greater than those under other conditions of 
humidity. However, the edor change for cefixime 
trihydrate stored at 0% R.H. differed from those 
of samples stored under conditions of hu~dity: 
the former changed to show a reddish color while 
the latter samples became yeilowish-red. The ehro- 
maticity indices (a and b) of the samples were 
plotted on coordinates a-b by using a color dif- 
ference meter (Fig. 3). 

Fig. 3 demonstrates that the color of cefixime 
trihydrate stored at 0% R.H. was distinctly differ- 
ent from those at other values of the bu~dity. 
The ~hromaticity index (a) of cefixime trihydrate 
stored at 0% R.H. increased with increasing dura- 
tion of storage time, however, the chromaticity 
index (6) showed a clearly smaller extent of 
change. In contrast, the corresponding indices (a 
and b) for samples stored at 25, 50 or 75% R.H. 
increased with increasing storage time. 

Major degradation products in solid-state cefixime 
tr~~~drat~ 

The species of degradation products of cef~~rne 

0 5 10 I.5 

Storage periad (Days) 
Fig. 2. Effect of humidity on the color stability of cefixime 
tribydrate. (0) 50°C. 75% R.N.; (A) 5O”C, 50% R.H.; (Cl) 

SO*C, 25% R.N.; (v) 5O*C, 0% R.H.; (0) 70°C, 75% R.H.; 
(A) 70°C, 50% R.W.; (m) 70°C, 25% R.H.; (r) 70°C, 0% 

R.H. 
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Fig. 3. Values of the chromaticity indices a and b for cefixime 

trihydrate under various conditions for storage. (0) 50°C. 

75% R.H.; (A) 5O”C, 50% R.H.; (0) 50°C, 25% R.H.; (v) 

50°C, 0% R.H.; (0) 70°C, 75% R.H.; (A) 70°C, 50% R.H.; 

(m) 70 o C. 25% R.H.; (v) 70 o C, 0% R.H; ( X) intact. 

trihydrate stored at 0 and 75% R.H. at 70 o C was 
investigated by HPLC in order to confirm dif- 
ferences between degradation products under both 
sets of storage conditions. The liquid chromato- 
grams of cefixime trihydrate stored under the 
above two conditions are illustrated in Fig. 4. The 
percentage remaining vs the initial value for cefi- 
xime stored under conditions of humidity (3 days 

at 75% R.H. and at 70 o C) and dryness (2 days at 
0% R.H. and at 70” C) was 87.7 and 83.1%, re- 
spectively. 

The structures of the degradation products 
found under both sets of conditions are shown in 

Scheme 1. 

Structures I and II 

The degradation products I and II correspond 
to those reported to be observed in acidic solution 
in our previous paper, referred to as 4 and 5, 
respectively (Nan&i et al., 1987). 

Structure III 
Degradation product III showed similar mass 

and NMR spectra to those of I, except that the 
proton signal of the 2-aminothiazoyl ring was 
shifted to lower field (6 7.85 ppm). Therefore, the 
structure of III was believed to be that of the 
R-isomeric form at the carboxymethoxyimino 
group of degradation product I. 

Structure IV 
The molecular ion [M + H]+ of degradation 

product IV exhibited a mass of 454, identical to 
that of cefixime. In the ‘H-NMR spectrum, the 
vinyl proton signals disappeared and two new 
signals assignable to methylene group were found 
at 6 4.37 and 2.61 ppm. The other signals re- 

mained unchanged. Therefore, the structure of IV 
was assigned as a lactone form of cefixime as 

shown in Scheme 1. 

Structure V 

The molecular ion [M + H] + of degradation 
product V also showed a value of 454, equal to 
that of cefixime. The NMR signals of V were 
almost the same as those of the degradation prod- 
uct 3 observed in acidic solution in our previous 
paper (Nan&i et al., 1987). Therefore, V was 

identified as a stereoisomer of the lactone methyl 
group of degradation product 3 reported by 
Namiki et al. (1987). 

As shown in Fig. 4, the species of degradation 
products of cefixime trihydrate stored at 0% R.H. 

Iv 

Cefixime 

(b) 

I 

Inj. 20 40 

Retention time (min) 

Fig. 4. HPLC of degraded cefixime trihydrate. Storage for (a) 3 
days at 70 o C and 75% R.H.; (b) 2 days at 70 o C and 0% R.H. 
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Scheme 1. Major degradation products of cefixime trihydrate. 

were found to differ from those in the ease of 75% 
R.H, Furthermore, it was also confirmed that the 
forms of de~ada~on products under conditions 
for storage at 25 or 50% R.H. were almost identi- 
cal to those observed at ‘75% RX Carste~sen et 
al. (1988) assumed that the sorbed moisture layer 
or eli~nated water of c~stalli~ation in drugs 
behaves like a liquid phase at the interface with 
the drug substance at elevated temperatures. 
According to this assumption, the drug substances 
will form a satiated solution in the aqueous layer 
and the entire process of degradation is consid- 
ered to equal the sum of the decomposition in the 
solid state and that in the dam-saturated aqueous 
layer. The solid-state de~adation of cefixime tri- 

hydrate can be explained on the basis of the above 
assumption, as discussed by Mooney et al. (1988), 
since the species of degradation produets in the 
solid state were almost identical to those observed 

D~~ydr~tioR time (h) Water content (%) 

0 10.7 
0.5 8.8 
1 6.1 
3 3.5 

16 0.7 
24 0.3 
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in its aqueous solution. This signifies that in its 
aqueous solution, cefixime trihydrate adopted the 
lactone structure (degradation product V) during 
the first step of de~adation. Subsequently, further 
degradation (hydrolysis and/or decarboxylation) 
yields degradation products I, II or III via clea- 
vage of the &lactam ring. In contrast, the 
degradation products observed at 0% R.H. were 
mainly IV and V in which the /3-lactam ring was 
not hydrolyzed. Under conditions of dryness water 
molecules are not considered to participate in the 
degradation reaction, since the @-factam ring is 
well known to undergo hydrolysis readily in acidic 
aqueous solutions. 

These results suggested that the difference in 
color between samples stored under conditions of 
dryness and humidity was due to the mechanism 
of degradation. Despite further efforts aimed at 
identifying the discolored degradation products~ 
we were unable to isolate or analyze their struc- 
tures owing to such products being present in 
insufficient quantities. 

As mentioned previously, it was confirmed that 
cefixime trihydrate became unstable on storage 
below its critical relative hu~~ty. We therefore 
examined the effect of dehydration on the stability 
of cefixime trihydrate. The moisture content of 
dehydrated samples is listed together with the 
corresponding dehydration time in Table 1. The 
dehydrated samples in which the moisture content 
was adjusted to yield various levels of water were 
stored at 70” C in closed glass bottles and the 
residual amounts of cefixime were evaluated via 
HPLC, giving the results depicted in Fig. 5. 

One readily observes that dehydrated cefixime 
trihydrate became unstable on increase in the de- 
gree of dehydration. However, samples in which 
the water of crystallization was reduced to lower 
than 1% were more stable on dehydration than 
those containing 3-98 of water. T~ahas~ et al. 
(1984) reported that dehydration of ampicillin tri- 
hydrate resulted in a crystalline state possessing a 
highiy disordered structure and thus partially 
dehydrated samples became unstable. To ascertain 
the effect of dehydration on the crystalline state of 

1 i 1 1 

0 20 40 60 %O 

Storage period (Hours) 

Fig. 5. Effect of dehydration on the solid-state stability of 
cefixime trihydrate. Samples: (0) intact, (A) dehydrated for 0.5 
h. (Q dehydrated for 1 h, (Of dehydrated for 3 h, (A) dehy- 

drated for 16 h, (Mf dehydrated for 24 h. 

cefixime trihydrate, X-ray diffraction patterns of 
cefixime trihydrate dehydrate in such a manner 
were recorded. The changes in X-ray diffraction 
profile of cefixime trihydrate during dehydration 
are shown in Fig. 6. 

The peak intensity of the X-ray diffraction 
pattern of cefixime trihydrate decreased gradually 
with lowering of the water content; for example, 
the peak at 28 = 9.0 O, characteristic for cefixime 
trihydrate, disappeared completely following 24 h 
storage. Althou~ Shefter et al. (1979) reported 
that the disappearance of ampicillin trihydrate 
peaks was simultaneously followed as a‘ function 
of time through the transformation to an 
amorphous state, for cefixime trihydrate the dehy- 
drated sample showed new diffraction peaks at 
28 = 9.6, 16.4, 22.8O, etc., after storage for more 
than 1 h. The intensities of the new peaks increased 
with decreasing water content. These results sug- 
gest that cefixime trihydrate undergoes transfor- 
mation not to an amorphous form, but rather. to 
the anhydrous form with a characteristic X-ray 
diffraction pattern. However the a~hydrous form 
can readily recover to full moisture content within 
4 h under ambient conditions. The rehydrated 
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(a 

almost fully dehydrated (for 16 or 24 h) this is not 
the case as they were found to be relatively more 
stable. An explanation for such characteristic 
alterations in stability, according to the moisture 
content, is provided not only by the fact that 
water molecules participate in the hydrolytic reac- 
tion in the solid state, but afso by the obse~ation 
that the fully dehydrated sample has a crystalline 
structural state in the anhydrous form. 

During the investigation of the effect of grind- 
ing on the solid-state stability of cefixime trihy- 
drate, the crystalline st~~ture of the ground sam- 
ple was found to be destroyed, and part of the 
structure could not be restored via ~~adso~tion of 
water. However, For the dehydration process, de- 
hydrated cefixime trihydrate of decreased crystal- 
linity or as modified to the an~ydrous form was 
suitable for being restored to the intact state im- 
m~iately upon absorption of water. Our results 
may suggest that the c~s~l~~e state of the ground 
sample differs from that of the partially dehy- 
drated form, even though the c~stallinity of both 
was weakened by grinding or dehydration. 

10” 20” 30” 

26 degrees 
Fig. 6. X-ray diFfraction pattems of dehydrated ce~i~me trihy- 
drate. Samples: {a) intact, (b) de~y~atcd for 0.5 h, (c) dehy- 
drated for 1 h, (d) dehydrated for 3 h, (e) dehydrated for 16 h, 

(f) dehydrated far 24 h. 

form of a~ydrous cefixime yielded the same X-ray 
diffraction pattern as that of the intact drug. 

In a previous paper (Kitamura et al., 1989), we 
showed that the stab~ity of solid-state cef~ime 
t~ydrate decreased with decreasing ~~stallinity 
during the process of grinding. In the process of 
dehydration, the samples dehydrated for 0.5, I 
and 3 h showed behavior similar to that of the 
hound sample, since the X-ray diffraction intensi- 
ties of dehydrated samples decreased for increase 
in the period of dehydration. As a consequence, 
parti~~y dehydrated cefixime t~hydrate ~s~ples 
dehydrated for 0.5, 1 or 3 h) was unstable due to 
being present in a ~ghly disordered crystalline 
state in which the water molecules within the 
crystal are free to p~ticipate in the process of 
decomposition. Wowever, for samples that were 

We have confirmed that cefixime tri~ydrate 
becomes unstable on storage below the critical 
relative hu~dit~. Cefixime t~hydrate is trans- 
formed into the anhydrous form by removal of its 
water of ~~st~l~ation. Wowever, the a~ydrous 
form is ~nsidered to be physically unstable, since 
hydration occurs reversibly on storage under con- 
ditions of ~u~dity. Consequently, we s 
particular attention should be paid to the condi- 
tions for storage of pharmaceutical hydrates such 
as cefixime trihydrate. It is essential that absorp- 
tion of excessive moisture is avoided at all costs 
for the case of the product and that the humidity 
within the package is m~ntained at an equi- 
librium level. 

The authers wish to thank Mr. Isamu Sumino 
and Ns. Kazumi ~tamura of their ~aborato~ for 
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assistance in the analysis of the de~adat~o~ prod- 
ucts of cefixime. 
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