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Summary 

Rhizoxin (NSC-332598), is a macrocyclic lactone with antifungal and cytotoxic activity. To better evaluate the clinical potential of 
this poorly water-soluble (12/~g/ml), chemically unstable agent, a parenteral dosage form containing 1 mg/ml rhizoxin was desired. 
Therefore, the purpose of the present study was to evaluate the solubility and stability characteristics of rhizoxin and explore various 
strategies for the development of a dosage form with the desired stability and concentration goal. In aqueous solution rhizoxin 
appeared to degrade primarily via hydrolytic reactions resulting from cleavage of the lactone rings and the epoxide groups. In the 
solid state, there were some indications that rhizoxin cleavage might be oxidative in nature. Rhizoxin can be formulated for 
parenteral use at 1 mg/ml by preparing freeze-dried vials containing rhizoxin and mannitol (0.5%) from a 40% t-butanol/water 
solvent. The vials can be reconstituted with a solvent of 40% propylene glycol/10% ethanol/water. Optimization of the freeze-dried 
formulation is needed if a 2 year shelf-life at ambient temperatures is desired. The tgo~ of the reconstituted solution was 18 h. 
Dilution ( < 1 : 100) of the reconstituted solution with D5W and NS for intravenous infusion resulted in precipitation of rhizoxin. 
Dilution of the reconstituted solution with a commercial 10% soybean oil parenteral emulsion, Intralipid, appeared to be an 
alternative method of administering rhizoxin if parenteral infusion is desired. The t90 ~ of rhizoxin diluted in the emulsion was similar 
to that in water. 

Introduction 

Rhizoxin (1, NSC-332598), is a rnacrocyclic 
lactone with antifungal (Iwasaki et al., 1984) and 
cytotoxic activity (J. Cradock, personal communi- 
cations, National Cancer Institute). Further 
evaluation of the clinical potential of this poorly 
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water-soluble (12 /~g/ml), chemically unstable 
agent, required the development of a parenteral 
dosage form of rhizoxin containing 1 mg/ml .  
Therefore, the purpose of the present study was to 
evaluate the solubility and stability characteristics 
of rhizoxin and explore various strategies for the 
development of a dosage form with the desired 
stability and concentration goal. 

Experimental 

Materials 
Rhizoxin (1) was obtained from the National 

Cancer Institute, Bethesda, MD, U.S.A. (lot num- 
ber, 090147L) through the supplier, Fujisawa 
Pharmaceutical Co., Osaka, Japan, and was used 
without any further purification. All chemicals 
including buffer components were ACS reagent 
grade and were used without further purificatiOn. 
Organic solvents except t-butanol were HPLC 
grade. Water used was deionized and glass-dis- 
tilled (Mega-Pure system model MP-1, Coming). 
All pH measurements were made at 25 °C  with a 
digital pH meter, Coming model 155 (Medfield, 
MA). 

HPLC analysis 
Analysis of rhizoxin from aqueous and hydroal- 

coholic solutions used a Waters M-6000A pump, a 
Waters Model 440 UV detector set at 280 nm, a 
Rheodyne 7125 injector fitted with a 20 /~1 loop 
and a 150 m m x  5 mm column packed with 5 gm 
ODS-Hypersil (Shandon). The mobile phase con- 
sisted of 12 parts 0.025 M aqueous NaH2PO 4, 7 
parts tetrahydrofuran, and 1 part acetonitrile and 
the flow rate was 2 ml/min.  Chart speed (Omni 
Scribe, Industrial Scientific) was 0.5 c m / m i n  and 
the retention volume was 8.5 ml for rhizoxin and 
7.4 ml for the principal alkaline degradation prod- 
uct. Samples, if necessary, were diluted with mo- 
bile phase prior to injection. Calibration curves, 
0.002-0.05 mg/ml ,  were constructed from linear 
plots of peak height or peak area (Varian CDS 
111 integrator) versus concentration. 

Analysis of rhizoxin after addition to Intralipid 
involved extraction of rhizoxin from 3 ml of In- 
tralipid with 6 ml of methylene chloride followed 

by centrifugation and direct injection of the meth- 
ylene chloride solution on a normal phase HPLC 
system. The analysis used a Waters M-6000A 
pump, a Waters 440 UV detector set at 280 nm, a 
Rheodyne 7125 injector fitted with a 20 gl loop 
and a 30 cm column packed with Waters gPorasil. 
The mobile phase consisted of 6 parts chloroform 
to 4 parts acetonitrile and the flow rate was 2 
ml /min .  Chart speed (Omni Scribe, Industrial Sci- 
entific) was 0.2 inch/ra in  and the retention volume 
was 6.4 ml for rhizoxin. Calibration curves, 
0.004-0.05 mg/ml ,  were constructed from linear 
plots of peak heights or peak area (Varian CDS 
111 integrator) versus concentration. 

Solubility studies 
The accurate determination of rhizoxin solubil- 

ity in various solvents was complicated by its 
instability. Approximate solubilities in some 
solvents were determined by weighing a 5 mg 
rhizoxin sample into a test-tube, adding a known 
small volume of a solvent, briefly sonicating the 
solution and adding additional aliquots of solvent 
until solution was complete. In the case of saff- 
lower and soybean oil, rhizoxin at 40 m g /m l  was 
first dissolved in dimethylacetamide and 50 gl 
aliquots were added with stirring to 2 ml of the 
corresponding oil. The solubilities recorded were 
those where the drug precipitated on addition of 
the concentrate to the vigorous stirring oil, and 
did not redissolve in 10-15 rain. More accurate 
solubilities in selected solvents were determined 
by placing an excess of rhizoxin in screw-capped 
vials alolag with various solvents. The vials were 
protected from light by wrapping with aluminium 
foil and rotated in a 25 °C  constant temperature 
water bath for 5 h. The suspensions were then 
filtered through a 0.45 gm Metricel filter and 
assayed for dissolved rhizoxin by reversed-phase 
HPLC. 

Chemical stability and pH-rate profile 
Apparent first-order rate constants for the de- 

gradation of rhizoxin at 2 5 + 0 . 1 ° C  were de- 
termined in aqueous buffer solutions at various 
pH values and in various hydroalcoholic solvents 
in the presence and absence of laboratory lighting. 
The ionic strength in the buffer solutions was 



adjusted to 0.15 M by the addition of sodium 
chloride. The following buffer systems were em- 
ployed: HC1 (pH 2.0 and 3.0), acetate (pH 4.6 and 
5.6; 0.025-0.075 M), phosphate (pH 7.0 and 8.0; 
0.01-0.03 M) and borate (pH 9.0; 0.01-0.02 M). 
Rhizoxin was added to the buffer, 1 : 25, dissolved 
in methanol, 0.125 mg/ml ,  giving a final rhizoxin 
concentration of 0.005 m g / m l  and a methanol 
content of 4%. In all aqueous or hydroalcoholic 
solvents, the degradation rates of rhizoxin were 
followed using the reversed phase HPLC proce- 
dure reported earlier. Aliquots were withdrawn 
periodically and either injected directly, or diluted 
with mobile phase prior to injection, onto the 
HPLC. Quantification was performed by peak 
height or area analysis in relation to standard 
calibration curves. Observed first-order rate con- 
stants were calculated from the slopes of linear 
plots of log C versus time, where C is the con- 
centration of the remaining intact rhizoxin at time 
t. Rhizoxin was subject to significant catalysis by 
some buffers; thus, rate constants extrapolated to 
zero buffer concentration were used to construct 
the p H - r a t e  profile. 

Freeze-drying cycle 
Various lots of freeze-dried rhizoxin were pre- 

pared both for initial animal testing at NCI as 
well as for long-term stability testing in the 
laboratory. Generally, the required amounts of 
mannitol (5 mg/ml) ,  rhizoxin (1 mg/ml )  and other 
excipients were dissolved in 40% freshly distilled 
t-butanol in water by sonicating for 5 min, filtered 
through a 0.2 /~m Metricel membrane and 5 ml 
aliquots were placed in 10 or 20 ml amber glass 
freeze-drying vials. The  samples, part ial ly 
stoppered, were either immediately frozen in a 
dry-ice-acetone mixture, or frozen in the freeze- 
dryer, Virtis Model Benchtop 1.5, with the shelf 
temperature initially set at - 4 5  ° C. On initiation 
of the freeze-drying cycle, the shelf temperature 
was allowed to rise over 40 h or until vials con- 
taining only the solvent were empty, after which 
the shelf temperature was increased in 8 °C  incre- 
ments every 30 min until 25 °C  was reached. This 
temperature was then maintained at 25 ° C for 1-7  
h. Secondary drying times were varied to assess 
the effect of drying time on final moisture content. 
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After the chamber was filled with air, samples 
were fully stoppered, removed from the freeze- 
dryer, crimped, and stored at either 37°C in a 
temperature-controlled oven, ambient temperature 
( --- 23 ° C), in a refrigerator at 4 ° C, or in a freezer 
maintained at - 2 0 ° C .  No studies were per- 
formed with nitrogen backfilling or vial sealing 
under vacuum. 

GLC analysis of t-butanol 
The procedure for detecting residual t-butanol 

in freeze-dried rhizoxin vials involved two meth- 
ods, A and B. In method A, 3 ml of chloroform 
was injected into freeze-dried rhizoxin vials, also 
containing mannitol, shaken for 5 min, the sus- 
pension filtered through Whatman no. 40 filter 
paper, and 1 / t l  of the chloroform injected into a 
gas chromatograph. The calibration curves of t- 
butanol in chloroform were prepared using con- 
centrations between 3.95 and 39.5 x 10 -2 mg/ml .  
Gas chromatographic conditions for quantitation 
of t-butanol used a Varian Model 3700 gas chro- 
matograph equipped with a flame ionization de- 
tector, a 10% carbowax 20 M on 80/100 Chro- 
mosorb WAW column maintained at 60 o C, injec- 
tor temperature was 150 ° C, detector temperature 
was 220°C,  carrier gas was nitrogen at 50 psi, 
detector gases were hydrogen at 40 psi, and air at 
60 psi. Calibration curves were prepared from 
linear peak height versus concentration plots. 

For  method B, 3 ml of 40% propylene glycol /  
water was injected into bottles of freeze-dried 
rhizoxin, shaken gently for 5 min (or until clear), 
and 1 #1 of solution was injected into the gas 
chromatograph. Calibration curves were prepared 
as for method A except 40% propylene glycol /  
water was used as the solvent for t-butanol. Gas 
chromatographic conditions and equipment were 
the same as in method A except that a tempera- 
ture program was utilized. The program used was 
as follows; initial temperature and temperature 
hold were 60 ° C  and 3 min respectively, followed 
by a temperature increase of 20 ° C / m i n  to a final 
temperature of 180 ° C  and a final hold of 3 rain. 

The results indicated that the residual amount 
of t-butanol using method A was slightly higher 
than using method B. The reason may be that a 
peak resolution of less than 1 for t-butanol and 
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the preservative in chloroform was obtained using 
method A resulting in an overestimated residual 
t-butanol content. However, in method B, t- 
butanol was clearly separated from the propylene 
glycol peak. Method B was the desired assay pro- 
cedure. 

Results and Discussion 

Solubility studies 
Table 1 gives some approximate visual solubil- 

ities of rhizoxin in various solvents while Table 2 
gives some solubilities determined at 25 °C  after 
rotation in a constant temperature water bath for 
5 h. Minimal decomposition was observed over 
this time period. Since rhizoxin has no ionizable 
groups, is relatively lipo-soluble, and is poorly 
water-soluble, the only major means of achieving 
the desired solubility goal of 1 mg/ml ,  other than 
chemical modification, is the use of complexation, 
micellar solubilization, or co-solvents. The use of 
complexation was ruled out because of the 100-fold 
increase in solubility that was needed, and while 
miceUar solubilization with 5% Cremophor ap- 
peared to achieve the solubility goal, the use of 
Cremophor was ruled out due to the reported 
incidences of anaphylaxis resulting from its use in 
parenteral products (Attwood and Florence, 1983 
and references therein; Watkins, 1981; Doenicke 
et al., 1981; Howrie et al., 1985; Davignon and 
Cradock, 1987). The desired goal was achieved by 
the co-solvent system, 40% propylene glycol/10% 
ethanol /water .  There is ample literature prece- 
dent for the use of this and similar solvents in 

TABLE 1 

Approximate room temperature visual solubilities of  rhizoxin 

Solvent Approximate solubilities (mg/ml) 

safflower oil 1-2 
soybean oil 2 
t-butanol 100 
40% t-butanol/water 7-10 
25% ethanol/water 0.1 
50% ethanol/water 6 

TABLE 2 

Rhizoxin solubilities at 25 °C, in various solvents 

Solvent Solubilities 
(mg/ml) 

water 0.012 
1% Tween 80/water 0.42 
5% Cremophor 1.84 
20% ethanol/water 0.12 
40% propylene glycol/10% ethanol/water 1.85 
20% propylene glycol/5% ethanol/water 0.10 
15% propylene glycol/3.75% ethanol/water 0.056 
10% propylene glycol/2.5% ethanol/water 0.030 

parenteral products (Yalkowsky and Roseman, 
1981 and references therein). As can be seen from 
Table 2, partial dilution of this vehicle with water 
will result in the precipitation of rhizoxin. This 
point will be addressed later. 

Chemical stability and pH-rate profile 
The kinetics of hydrolytic degradation of 

rhizoxin was investigated at 25 4- 0.1°C (/~ --- 0.15 
M with sodium chloride) in aqueous solution at 
various pH values. Rhizoxin degraded via ap- 
parent first-order kinetics at all pH values. Table 3 
contains the apparent first-order rate constants, 
kob s, as a function of pH and buffer concentra- 
tion. Plots of kob ~ versus buffer concentration 
were used to determine kob ~ at zero buffer con- 
centration, kobs, which were then used to con- 
struct the p H - r a t e  profile shown in Fig. 1. Fig. 1 
can be adequately defined by Eqn. 1 

kob s = k n [ H *  ] + k o + k o n [ O H -  ] (1) 

where k H is the second order, acid catalyzed rate 
constant, k 0 is the spontaneous, or apparent 
first-order, water-catalyzed rate constant, and koH 
is the second-order, base-catalyzed rate constant 
for the degradation of rhizoxin. Values of 7.5 
M - l . m i n  -1 for kH, 8.7 × 10 -6 min -1 for k0, 
and 3.8 × 103 M -1 • min -1 for koH were used to 
draw the solid line in Fig. 1. The value of k 0 of 
8.7 × 10 -6  m l n  -1  represents only an = 20% con- 
tribution to kob s at pH 5.6. Because of the V- 
shaped nature of the p H - r a t e  profile and the 



TABLE 3 

p H  and buffer dependency of  rhizoxin degradation (# = 0.15 with NaCI) at 25 + 0.1 ° C in the absence of  light 
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pH Buffer Conc. (M) k obs (re_in - z ) t 1/2 

2.0 HCI 6.72 × 10 -2 

3.0 HCI 7.82 x 10 -3 

4.6 Acetate 0.025 2.03 × 10-4 
Acetate 0.05 2.22 × 10-4 
Acetate 0.075 2.25 × 10 -4 

5.6 Acetate 0.025 4.51 × 10 -5 
(8.58 x 10 -s) 

Acetate 0.05 4.77 × 10 -5 
(7.93 × 10 -5) 

Acetate 0.075 5.01 × 10 -5 
(7.84 X 10 -5) 

7.0 Phosphate 0.01 4.47 × 10 -4 
Phosphate 0.03 4.97 × 10-4 
Phosphate 0.05 6.04 × 10- 4 

8.0 Phosphate 0.01 3.41 × 10-3 
Phosphate 0.03 3.51 × 10- 3 
Phosphate 0.05 3.58 × 10 -3 

9.0 Borate 0.01 3.93 × 10 -2 
Borate 0.02 4.06 × 10 -2 

10.3 rain 

88.6 min 

57 h 
52 h 
51.3 h 

256.2 h 

241.4 h 

230.5 h 

25.8 h 
23.3 h 
19.1 h 

203 min 
197 min 
193.5 rain 

17.6 min 
17.1 min 

* In the presence of laboratory lighting. 
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Fig. 1. pH-rate profile for the degradation of rhizoxin in 
aqueous solution at 25 o C, # = 0.15 (sodium chloride) in the 

absence of light. 

no rma l  uncer ta in ty  in the data,  the con t r ibu t ion  of 

k 0 to kob s may  not  be  statistically significant.  The 
m a x i m u m  stabil i ty of rhizoxin occurs at p H  5.6 ± 

0.1. The t90 % at this p H  is --- 38 h. Studies in  the 
presence and  absence of light were under taken  

since pre l iminary  i n fo rma t ion  from the supplier 

(J. Cradock,  personal  communica t ions ,  Na t iona l  
Cancer  Inst i tute)  indica ted  that rhizoxin, in the 
solid state, was subject  to photochemical  degrada- 
tion. In  aqueous  and  hydroalcoholic  solutions, 
especially at acidic and  alkali  p H  values, the kinet-  
ics of rhizoxin degradat ion  did no t  appea r  to be 
par t icular ly  sensitive to light. At  the p H  of maxi- 

mal  stability, however, the kinetics in  the presence 
of labora tory  l ighting showed an  approximate  
two-fold increase in rate compared  to solut ions 
protected from light (see p H  5.6 data  in Table  3). 
The  lack of effect of light at more  acidic and  
alkal ine p H  values p robab ly  is due to the greater 
hydrolyt ic  sensit ivi ty of r h i z o x i n  at these p H  val- 
ues. 

The apparen t  f irst-order kinetics of rhizoxin 
degrada t ion  in  various hydroalcohol ic  solvents was 
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Fig. 2. HPLC chromatograms of partially degraded rhizoxin 
after 19 min exposure to a pH 9.0 borate buffer (A), and 62 

min exposure to a pH 3.0 hydrochloric acid buffer (B). 

also determined. In 40% propylene glycol/10% 
ethanol/water solvent, the t9o% was found to be 
72 h when protected from light, and 69 h when 
exposed to room light. In 40% t-butanol/water, 
the t9o~ was > 100 h. In both these solvent sys- 
tems, rhizoxin was significantly more stable than 
in purely aqueous systems. 

At pH values of 8 and 9, rhizoxin appeared to 
initially degrade to a single product since only one 
peak was initially observed in the HPLC chro- 
matogram (Fig. 2A), while under acidic pH values 
multiple products were observed. Iwasaki et al. 
(1984) found that alkaline treatment of rhizoxin 

followed by acidification and extraction into ether 
and subsequent methylation and acetylation re- 
suited in the isolation and characterization of 
seco-rhizoxin triacetate. This suggested that the 
major degradation product under aqueous alkali 
conditions was cleavage of the larger lactone ring 
by the attack of hydroxide ion at the 1-position of 
rhizoxin. Whether the neighboring 2,3-epoxide 
bond is also simultaneously cleaved is unclear. 
Using 0.025 M phosphate buffer of pH 4.6 as the 
aqueous portion of the HPLC mobile phase, 
rhizoxin eluted at 4.8 min and the alkali degrada- 
tion product at 4 min. When the aqueous portion 
of the mobile phase was changed to a 0.025 M 
phosphate buffer of pH 5.5, rhizoxin eluted at 4.2 
min while the degradation product eluted at 1.6 
min. It appeared from these retention properties 
that the alkaline degradation product was prob- 
ably a carboxylic acid resulting from cleavage of 
the larger lactone ring of rhizoxin (Iwasaki et al., 
1984). At acidic pH values, multiple products were 
observed eluting from the HPLC column (Fig. 
2B). Although not identified, this complex mixture 
of products was probably the result of acid-cata- 
lyzed cleavage of the lactone ring(s) and one or 
both of the epoxide rings of rhizoxin. 

Parenteral formulation of rhizoxin 
It is obvious from the stability data above that 

rhizoxin is not sufficiently stable to be formulated 
as ready-made aqueous or hydroalcoholic solu- 
tions. Its poor water-solubility also precludes 
freeze-drying from water. However, rhizoxin's ex- 
cellent solubility in t-butanol and t-butanol/water 
mixtures and the high melting temperatures and 
sublimation properties of these solvents suggested 
that they could be used to prepare sterile freeze- 
dried samples of rhizoxin. There are few well- 
documented examples of the use of t-butanol and 
t-butanol/water mixtures for the preparation of 
parenteral pharmaceutical products (Seager et al., 
1985). Excellent freeze-dried cakes in 10 or 20 ml 
vials containing 25 mg of mannitol and 5 mg of 
rhizoxin were prepared from a 40% t-butanol/ 
water mixture. Mannitol was necessary since 
rhizoxin alone resulted in unsatisfactory cakes. 
Pure t-butanol was not tried as the freeze-drying 
solvent because of the poor solubility of mannitol 



in t-butanol. The freeze-dried samples could be 
reconstituted with 5 ml of the sterile solvent, 40% 
propylene glycol/10% ethanol/water, to give a 
rhizoxin concentration of 1 mg/ml. On reconstitu- 
tion, rhizoxin degradation was faster than that 
observed in the same co-solvent system in the 
absence of mannitol. A tgo ~ of 18 h was observed. 
The difference was probably the result of the pH 
lowering effect of mannitol. 

Analysis of the freeze-dried vials showed n6 
apparent degradation during processing. Residual 
water content of the vials analyzed using DMSO 
and a Metrohm Karl Fischer titrator gave values 
of 0.42% and 0.45% for lots having a secondary 
drying time of 4 h with 1 h at 25 °C and 0.36% 
and 0.39% for lots having a drying time of 7 h 
with 4.5 h at 25 ° C. The content of t-butanol in 
the vials with the shorter secondary drying cycle 
was 0.33 (1.1%) and 0.34 (1.1%) mg/vial when 
analyzed using method A and 0.26 (0.87%) and 
0.23 (0.77%) rag/vial when analyzed via method 
B. 

Personal communications from the National 
Cancer Institute and reports from the primary 
supplier of rhizoxin indicated that rhizoxin was 
inherently unstable in the solid state, especially in 
the presence of light. Therefore, studies were ini- 
tiated to study the stability of rhizoxin in the 
amber glass freeze-drying vials (vials that had 
been exposed to 1 h of secondary drying at 25 ° C) 
after storage at 37 ° C, ambient room temperature 
(--23°C), 4°C and - 2 0 ° C  as a function of 
storage time. The results, mean of two vials at 
each time point unless otherwise indicated, are 
given in Table 4. Note, that as expected, rhizoxin 
was quite unstable in the freeze-dried state even at 
room temperature, but appeared to have reasona- 
ble stability under refrigeration and freezer condi- 
tions. Light did not appear to have a significant 
effect on the relative stability at room tempera- 
ture. This was not unexpected since amber glass 
vials were used. No difference in rhizoxin stability 
was seen between lots that had been dried at 
25°C for 1 h versus 4.5 h or longer in the sec- 
ondary drying cycle. 

Decomposition product analysis from freeze- 
dried samples did not give the same pattern as 
noted in the hydrolytic studies. HPLC chromato- 
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TABLE 4 

Stabil i ty  o f  lyophilized rhizoxin after storage at 3 7 ° C ,  ambient  
temperature, 4 o C and - 20 o C 

Temperature Time Rhizoxin concentration 

(days) after reconstitution 
(mg / ml )  

37 o C, dark 0 1.01 

16 0.73 

29 0.64 

58 0.43 

107 0.30 * 
142 0.32 * 

183 0.24 * 

366 0.21 * 

Ambient  temp., light 0 0.98 

16 0.90 

28 0.88 

58 0.74 * 
107 0.64 * 
183 0.52 

366 0.39 

Ambient  temp., dark 0 0.98 
16 0.89 

28 0.88 

58 0.74 * 
107 0.65 * 

183 0.57 
366 0.45 

4 ° C  0 1.01 
28 1.00 

107 0.99 
183 0.98 

366 0.91 

- 20 o C 0 0.98 

28 1.02 
107 1.00 

183 1.06 
265 1.03 
366 1.12 * * 

* Only one sample reconstituted. 
* * Reason for the high values unknown. 

grams clearly showed the loss of rhizoxin but only 
minor product peaks. This suggested that the de- 
gradation of rhizoxin in the vials was different 
from that in aqueous and hydroalcoholic solu- 
tions. Because of the extended conjugated 
double-bond system in rhizoxin, oxidative break- 
down was suspected. Oxidative breakdown would 
probably result in cross-polymerized products 



198 

TABLE 5 

Stability of lyophilized rhizoxin after storage at 37°C and at 
ambient temperature in the absence and presence of added neu- 
tralized ascorbic acid 

Conditions Storage 
of storage time 

(days) 

Conc. of rhizoxin (mg/ml) 

No With 
ascorbic ascorbic 
acid acid 

37 o C, dark 

Ambient temp. 

0 1.00 0.99 
26 - 1.00 
29 0.56 - 
54 - 0.93 
63 0.48 - 

112 0.30 - 
123 - 0.78 
194 0.17 0.92 

o 1.00 0.99 
26 - 1.08 
29 0.75 - 
54 - 0.90 
63 0.76 - 

112 0.59 - 
194 0.45 0.98 

which would probably elute poorly f rom the col- 
umn. 

To test for the possibility that oxidation might 
be important,  10 lyophilized samples were pre- 
pared with and without neutralized ascorbic acid 
added to the formulation. The mannitol  and 
ascorbic acid were first dissolved in water and the 
p H  adjusted to 5.6-5.7 (pH of maximum stability 
of rhizoxin) with sodium hydroxide, the required 
amounts of t-butanol and rhizoxin were then ad- 
ded and sonicated until solution was complete. 
The solutions were then sterile filtered and freeze- 
dried. Each ascorbic acid-containing vial con- 
tained 5 mg rhizoxin, 25 mg mannitol  and 25 mg 
ascorbic acid. The secondary drying cycle was for 
5 h with 1.25 h at 25 ° C. Two vials were periodi- 
cally removed, reconstituted with 5 ml each of 
40% propylene glycol/10% e thanol /water ,  and 
analyzed for rhizoxin content. The fresh samples 
readily dissolved and contained 1.00 _ 0.1 m g / m l  
of rhizoxin. Stability data over 194 days is given in 
Table 5. Although the formulation was not opti- 
mized, the ascorbic acid appeared to significantly 
enhance the solid state stability of rhizoxin. No 

logical explanation for the erratic behaviour of the 
solid state stability data in the presence of ascorbic 
acid is available. Despite the erratic results, the 
data do suggest that the solid state stability of 
rhizoxin may be oxygen-sensitive. More extensive 
studies, such as sealing the vials under vacuum, 
head space displacement with an inert gas, and a 
more controlled and extensive antioxidant study 
are needed to demonstrate  more conclusively the 
possible role played by moisture and oxygen in 
the solid state stability of rhizoxin. 

Di lu t i on  o f  r e c o n s t i t u t e d  r h i z o x i n  

Because of the limited aqueous solubility of 
rhizoxin, dilution of the reconstituted rhizoxin 
with dextrose 5% in water (D5W) or normal saline 
(NS) was expected to present problems. The con- 
centrated rhizoxin solution (1 m g / m l )  was slowly 
added dropwise with vigorous stirring to NS and 
D5W. In NS, the solution was clear up to an 
added rhizoxin concentration of 0.0075 m g / m l  
but  became slightly hazy at a concentration of 
0.01 m g / m l .  In D5W, a clear solution was ob- 
served up to a concentration of 0.01 m g / m l ;  at a 
concentration of 0.012 m g / m l  the solution be- 
came very slightly hazy. The poor  solubilities of 
rhizoxin in purely aqueous solutions limits the use 
of this drug in normal intravenous infusion sets. 

The solubility of rhizoxin in soybean oil is 
significant (see Table 1). Therefore, the possibility 
of diluting rhizoxin in a commercial  10% soybean 
oil parenteral emulsion was explored. An aliquot 
of the reconstituted drug solution was added 
dropwise to Intralipid (Cutter Labs.) to a final 
rhizoxin concentration of 0.01 and 0.1 mg /ml .  
Samples of the resulting emulsions were centri- 
fuged at 20,000 rpm for 30 rain. No crystals of 
drug were evident in the aqueous layer. Micro- 
scopic evaluation of the emulsion showed no ap- 
parent  changes in the emulsion or the presence of 
drug particles. The chemical stability of rhizoxin 
in the Intralipid solutions was studied by extrac- 
tion of rhizoxin from the emulsions with methyl- 
ene chloride and analysis by normal phase HPLC. 
Recovery of rhizoxin from fresh additions to the 
emulsions was quantitative. Loss of rhizoxin from 
the emulsions, followed over 48 h, gave apparent 
t90 % values of 16.7 and 18.5 h for duplicate runs 



for the 1:10 dilution, and 19.6 and 27.7 h for 
duplicate runs for the 1 : 100 dilution. If rhizoxin 
must be given by slow intravenous infusion, the 
use of a commercial 10% parenteral lipid emulsion 
might be considered. 

Conclusion 

Rhizoxin is a large complex molecule with poor 
aqueous solubility and stability characteristics. In 
aqueous and hydroalcoholic solutions, rhizoxin 
appears to degrade primarily via hydrolytic reac- 
tions resulting from cleavage of the lactone rings 
and the epoxide groups. In the solid state, there 
were some indications that rhizoxin cleavage might 
be oxidative in nature. Rhizoxin can be for- 
mulated for parenteral use at 1 mg/ml by prepar- 
ing freeze-dried vials (amber glass) containing 
rhizoxin and mannitol (0.5%) from a 40% t- 
butanol/water solvent. The vials can be recon- 
stituted with a solvent of 40% propylene 
glycol/10% ethanol/water. Optimization of the 
freeze-dried formulation and freeze-drying cycle is 
needed if a 2 year shelf-life at ambient tempera- 
tures is desired. The tg0 ~ of the reconstituted 
solution was 18 h. Dilution (< 1:100) of the 
reconstituted solution with D5W and NS results 
in precipitation of rhizoxin. Dilution of the recon- 
stituted solution with a 10% soybean oil parenteral 
emulsion, Intralipid, appeared to be possible. The 
tgo ~ of rhizoxin in the emulsion was similar to that 
in water. 
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