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Inverse supercritical fluid extraction (SFE) is a new approach 
to sample preparation. In most cases SFE is used to remove 
the analyte from the matrix, but in our investigation the analyte 
was retained in the extraction v-1 while the matrix is 
extracted. Our study investigates the isolation of acyclovir 
from the pharmaceutical agent Zovirax Ointment 5%. 
Acyclovir is a polar analyte and is insoluble in 2% methanol- 
modified COS while the ointment camer is very soluble in this 
fluid. A 100 mg sample of ointment can be extracted in 20 
minutes with the aforementioned supercritical fluid. A vessel 
insert retains the analyte of interest and facilitates a highly 
efficient post-extraction recovery of the analyte. Recoveries 
of acyclovir were 99% and relative standard deviation of 5.3%. 

There are two major reasons for the slow advance of 
supercritical fluid extraction (SFE) in the analysis of 
pharmaceuticals. First, supercritical C02, the most common 
SF, does not possess the solvent strength necessary to extract 
efficiently the highly polar compounds common in pharma- 
ceutical agents, although the use of cosolvents can increase 
solvent strengthmoderately. Second, SFE has advanced slowly 
because of the complex pharmaceutical matrices.’ Pharma- 
ceutical applications of SFE include extraction of antihistamine 
from transdermal patches2 and the extraction of polar drugs 
such as sulfamethazine from both fortified and incurred pork.3 
SFE has been used for the extraction of drugs and vitamins 
from animal feeds,& drugs and drug residues from animal 
tissue,317-8 medicinal herbs9J0 from plants, and drug and drug 
metabolites from plasma.11*12 Masudal3 et al. also applied 
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Figure 1. Acyclovir. 

on-line SFE with supercritical fluid chromatography (SFC) 
for the determination of fat-soluble vitamins in a hydrophobic 
ointment. 

The study reported here is to assess the feasibility of using 
supercritical fluids as a means of isolating a highly polar drug 
from its ointment carrier. Traditionally, supercritical fluid 
extractions are performed in an effort to remove an analyte 
from the matrix, and in most cases this means the extraction 
of several micrograms to milligrams of material. We will 
discuss the removal of matrix leaving an unextracted insoluble 
analyte. The extraction will necessitate the removal of tens 
of hundreds of milligrams of matrix material. The process 
can be thought of as an “inverse SFE” which to our knowledge 
has not been reported before for achieving analytical SFE. 

There are five parameters that can be readily identified for 
successful “inverse SFE”. First, the analyte must be totally 
insoluble in the supercritical fluid. Second, the matrix must 
be readily extractable with the chosen SF. Third, a highly 
efficient method is needed to transfer the unextractable analyte 
from the extraction vessel for assay. Fourth, the analyte 
concentration in the matrix should be relatively high (>2%) 
which would allow a relatively small sample (<1 g) to be 
extracted. Finally, an assay method with low detection limits 
for the amount of analyte that remains behind is desired. 

Our discussion focuses on the isolation of acyclovir (Figure 
l), which is the active ingredient in Zovirax Ointment 5%. 
Acyclovir is a polar, water-soluble analyte, while, the ointment 
is hydrocarbon based. Acyclovir has been discovered to be 
insoluble even in 2% methanol-modified C02, but the ointment 
exhibits good solubility in this SF. 

EXPERIMENTAL SECTION 
Extractions were performed on the Suprex Prepmaster 

(Pittsburgh, PA) at a pressureof 500 atm using a 5-mL vessel. 
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Experiments utilized 2% methanol-modified C02 with a 
restrictor consisting of a plugged zero dead volume fitting 
immersed in liquid which formed a controlled lead. A liquid 
C02 flow rate of approximately 0.9 mL/min and a chamber 
temperature of 50 OC were used. Assay of the drug was 
performed by liquid chromatography (LC) with ultraviolet 
detection at 254 nm. The calibration curve had a correlation 
coefficient of 0.9998. 

Critical to the technique is the postextraction recovery of 
the analyte from the extraction vessel. A 100-mg ointment 
sample was placed between the frits of a 1 mL empty solid 
phase extraction tube which served as an extraction vessel 
insert, Figure 2. After the inner vessel was inserted into the 
5-mL vessel and its matrix contents were extracted, the 
unextracted analyte was washed with a minimum of 4 mL of 
0.01 N NaOH in a dropwise fashion under vacuum. Sub- 
sequent inspection of the cartridge showed that even with 
copious washing residual acyclovir remained. To improve 
the washing method the inner vessel was trimmed to ap- 
proximately 1 in. prior to the extraction thereby allowing the 
frits and the polypropylene inner vessel to be placed into a 
3.7-mLvial fully filled with 0.01 N NaOH which was sonicated 
for 5 min. The sonication was repeated with a fresh wash 
solution and both washes were placed into a 10-mLvolumetric 
flask and diluted to the mark. Recoveries were calculated 
based on an assumed initial concentration of 50 mg of 
acyclovir/g of Zovirax Ointment 5%. 

RESULTS AND DISCUSSION 
The restrictor, described in the Experimental Section, had 

higher resistance to plugging than other available fixed 
restrictors as it could be manually opened if plugging occurred 
and the flow rate reset. The partial plugging and unplugging 
did cause flow rate to fluctuate somewhat throughout the 
extraction but this was of little consequence. Triplicate 
extractions of weighed ointment were next performed at 500 

atm and 55 "C, with extraction times of 20, 30, and 40 min 
employing 2% methanol modified C02. The 20-min extraction 
assay recovery was 72% (8.8% relative standard deviation). 
The 30-min extraction resulted in an acyclovir assay of 86% 
(9.2% relative standard deviation). The average assay for the 
40-min extraction was 6 1 % (4.9% relative standard deviation). 
Three possible causes for the low recoveries may be postulated. 
First, the acyclovir may be solubilized and extracted by the 
modified supercritical fluid. Attempted extraction of the neat 
drug, however, confirmed the drug was insoluble at the 
extraction conditions. Another possibility was that acyclovir 
was lost by mechanical transport out the SPE tube during 
SFE, yet no evidence of this was observed during the extraction 
of neat drug. The third explanation could be that the acyclovir 
in the vessel insert was not being effectively transferred for 
subsequent analysis. 

Reinspection of a previously washed, dry inner vessel days 
later revealed the present of acyclovir that was not evident 
when the frits and vessel were wet. Analysis of the additionally 
discovered drug in the insert increased the total recovery for 
the 30-min extraction from 86% to9 1 %with a relative standard 
deviation of 4.3%. The 20-min extraction recovery likewise 
increased from 72% to an average of 106% with a relative 
standard deviation of 8.9%. These results suggested that a 
modification of the vessel insert washing method was needed 
and that a 20-min extraction using 2% methanol modified 
C02 was likely to be sufficient to remove the Zovirax Ointment 
5% matrix components. 

Subsequently, a second set of triplicate 20-min extractions 
with 2% methanol modified C02 was carried out. Sonication 
of the SPE tube containing raffeinate with two 3-mL aliquots 
of 0.01 N NaOH solution was employed for the washing 
method. Average recovery for the triplicate extractions was 
99% with a relative standard deviation of 5.3%. 

In summary, we have shown that acyclovir can be analyzed 
by ( 1) exclusively extracting the matrix components employing 
2% methanol modified COz in 20 min, (2) quantitatively 
removing the nonextracted acyclovir from the vessel insert, 
and (3) performing HPLC/UV on the drug. Extension of 
this study to other ointments and more polar cream formula- 
tions is in progress. 
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