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Abstract: It has been shown that inverse supercritical fluid extraction (SFE) can be used to analytically isolate a polar 
analyte from its matrix even at low concentrations (0.016%). Inverse SFE has been shown to be successful not only for the 
semi-solid Neosporin@ ointments, but also for the semi-liquid Neosporin@ creams as well. The technique has been shown 
to be superior to solid-phase extraction in both cases and affords the analytical chemist a quicker and safer method of 
sample preparation of analytes from both creams and ointments. 
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Introduction 

While sample preparation involving super- 
critical fluid extraction (SFE) has resided to a 
large degree in research laboratories, the tech- 
nique is rapidly gaining recognition in the 
industrial sector. Supercritical fluids (SFs) 
offer many desirable properties such as near 
gas-like diffusivities, low viscosities, and near 
zero surface tension which allow a variety of 
matrices to be penetrated quickly affording 
several advantages including drastically 
reduced sample preparation time. Perhaps of 
most interest to industry, however, is the 
feasibility of the replacement of conventional 
liquid solvents with SFs. The most common 
SF, COZ, possesses safe and nontoxic prop- 
erties resulting in the elimination of health 
hazards and associated disposal costs. 

As SFE gradually becomes the successor to 
many of the current methods of analyte sep- 
aration and isolation that includes for example 
Soxhlet and liquid-solid extractions, several 
problems are recognized. Unfortunately, the 
method has been, and continues to be, limited 
to nonpolar and moderately polar compounds. 
While a variety of modifiers, additives, and 
coanalytes can be added to increase the polar- 

ity of the SF or solubility of the analyte in the 
SF, there still are a large number of com- 
pounds which remain insoluble and are, 
thereby, not extractable with COZ as the pri- 
mary fluid. This problem is especially true in the 
pharmaceutical industry where many meta- 
bolites and water soluble compounds contain 
numerous polar functional groups and are not 
CO* soluble. Few applications of SFE to polar 
pharmaceutical compounds can be found in the 
literature. Some applications include the 
extraction of transdermal patches [l], the 
direct extraction of the active ingredient from 
Septra Infusion@ [2], and extraction of drugs 
from various matrices including animal feeds, 
animal tissue and plants [l, 3-71. 

A recent study involved the use of SFE to 
isolate a polar drug by extracting the drug 
carrier, a hydrocarbon based ointment, 
thereby leaving behind the analyte of interest. 
This process has been referred to as “inverse 
SFE” [&lo]. Although still in its early stages 
of development, the technique promises to 
have numerous applications in the pharma- 
ceutical industry. Messer and Taylor [4] have 
identified five parameters which appear to play 
important roles in the outcome of “inverse 
SFE”. First, the analyte must be totally in- 
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soluble in the supercritical fluid. Second, the 
matrix must be soluble in the SF. Third, a 
highly efficient washing method must be used 
to transfer the analyte from the extraction 
vessel for analysis. Fourth, the analyte concen- 
tration in the matrix should be >2%. Fifth, an 
assay method with low detection limits for the 
analyte is advantageous. Messer reported 
quantitative recoveries with good reproduci- 
bility for the inverse extraction of acyclovir, 
the water soluble, active ingredient found in 
Zovirax@ Ointment 5%. 

The focus of this work was two-fold. One 
objective was to try and overcome the concen- 
tration limitation as defined by Messer. The 
second objective was to assess the feasibility of 
using inverse SFE as a way of isolating a polar 
drug from a cream matrix, which has near 
liquid-like properties, compared to the hydro- 
carbon based ointment which has properties 
closer to that of a solid. While it is important 
for quantitative reasons to work with concen- 
trated drug formulations, concentrations of 
this magnitude are typically not encountered in 
the pharmaceutical industry. This work focuses 
on the isolation of an active ingredient poly- 
myxin B sulphate from its cream carrier 
(Neosporin@ Cream) in which the drug is 
present at 0.17%) and also from its ointment 
carrier (Neosporin@ Ointment) in which the 
drug is present at 0.8% [lo]. Polymyxin B 
sulphate represents a class of about eight 
compounds with the general structure shown in 
Fig. 1. Each individual polymyxin B sulphate 
compound has a molecular weight of approxi- 
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mately 1200 amu and consists of many polar 
amino acid functionalities which deem the 
compounds completely insoluble in supercrit- 
ical carbon dioxide. The cream matrix con- 
sisted of methyl paraben, emulsifying wax, 
mineral oil, polyoxyethylene polyoxypropyl- 
ene compound, propylene glycol, purified 
water and white petrolatum. The ointment is a 
less complex matrix consisting of a white 
petrolatum base. Both matrices have proven to 
have sufficient solubility in pure or modified 
supercritical carbon dioxide for exhaustive 
extraction. Supercritical fluid extraction has 
proven to be superior to the current solid phase 
extraction (SPE) procedure, with recoveries 
well over 100% relative to SPE and RSDs of 
5% or less for it = 6. 

Experimental 

All extractions were performed on the 
Suprex Prepmaster (Suprex, Pittsburgh, PA, 
USA) along with a reciprocating modifier 
pump (SSI, State College, PA, USA). The 
extractor employs a dual head reciprocating 
pump which delivers the CO2 as a liquid and is 
capable of achieving 500 atm (7.348 psi). 
Extraction vessels (Keystone Scientific Inc., 
Bellefonte, PA, USA) with 3 ml volume were 
employed for all extractions. An empty poly- 
ethylene SPE tube which served as an insert 
was placed within the vessel and was used to 
contain the sample to make sonication of the 
non-CO2 extractables easier. The vessel con- 
figuration that was employed along with the 
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Figure 1 
General structure of polymyxin B sulphate taken from The Merck Index, ninth Ed. Structures vary only by the R, X, Y or 
Z constituent. 
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Figure 2 
(a) Shows the vessel design which yielded the most 
efficient extractions; (b) is a diagram of the SPE tube used 
to contain the sample. As in (a) the flow of SF is 
downward. 

direction of SF flow is shown in Fig. 2. The 
Suprex Prepmaster was modified slightly by 
disconnecting the solid phase trap from 
the flow path of the SF so that the ex- 
tracted material and compressed fluid were 
decompressed at the restrictor into the trunk of 
a hood. The modified restrictor consisted of a 
plugged zero dead volume union which 
allowed the SF to be decompressed at a 
controlled rate. This setup was found to mini- 
mize plugging of the restrictor by the two types 
of matrices. Moreover, the restrictor employed 
was heated to 300°C by two high temperature 
heating cartridges to further discourage any 
plugging of the restrictor. SFE/SFC grade 
helium headspace COZ (Air Products and 
Chemicals Inc., Allentown, PA, USA) was 
used for all extractions. HPLC grade methanol 
(EM Science, Gibbstown, NJ, USA) was 
employed as the modifier. 

Polymyxin B sulphate extracts were assayed 
by an HPLC method supplied by Burroughs 
Wellcome Company (Research Triangle Park, 
NC, USA). Analysis of the extracts were 
performed with isocratic elution on a 4.6 X 

250 mm i.d. Synchropak SCD reversed-phase 
column (5 pm particle size and 100 8, pore 
size). The mobile phase consisted of 0.1 M 
potassium phosphate monobasic with 0.1% 
trifluoroacetic acid-acetonitrile with 0.1% tri- 
fluoroacetic acid (78.5:21.5, v/v). The mobile 
phase was filtered through a 0.45 pm filter 
(Millipore, Bedford, MA, USA). The flow 
rate was 1.5 ml min-‘. A Hewlett-Packard 
(Avondale, PA, USA) 1050 series isocratic 
pump was used and connected to a Valco 
(Austin, TX, USA) model EQ-60 LC injector 
using a 50 ~1 loop. A Hewlett-Packard 
(Avondale, PA, USA) 1050 series ultraviolet 
detector was employed with detection set at 
215 nm. A Hewlett-Packard model 3394A 
integrator was used. All Neosporin@ samples 
and standards were provided by Burroughs 
Wellcome Company (Research Triangle Park, 
NC, USA). HPLC quantitation was by cumu- 
lative peak area (four peaks) relative to solid- 
phase extraction. The same tube of cream or 
ointment was used in comparative extractions 
as it was stated by Burroughs Wellcome that 
the tubes could vary in concentration from lot 
to lot. All samples were filtered prior to HPLC 
analysis through 0.2 pm filter unit. 

The current sample preparation method for 
polymyxin B sulphate in Neosporin@ Cream 
and Ointment is solid phase extraction on a 
silica SPE column which uses 1 g of sample and 
100 ml of solvent per extraction. Hexane and 
ethyl acetate are employed as the solvents. In 
order to elute the polymyxin compounds from 
the silica stationary phase, 2 ml of 0.1 N HCl 
followed by 2 ml of a 50/50 mixture of 0.1 N 
HCVmethanol are employed. The extract is 
collected in a 5 ml volumetric flask and diluted 
to the mark. Typical extraction times are 
approximately 2 h for the solid phase ex- 
traction procedure. Following SPE, the com- 
pounds are then separated on the proprietary 
column given above. Typical extraction times 
can be seen in the chromatogram in Fig. 3. 

Results and Discussion 

This project began with an attempt to 
inversely extract and quantitate the amount of 
polymyxin B sulphate dissolved in Neosporin@ 
Cream. The average concentration reported by 
Burroughs Wellcome Company for the cream 
was 1.66 mg of polymyxin B sulphate in 1 g of 
cream (0.17%). Sample sizes ranging from 200 
to 800 mg were weighed into an empty SPE 
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Isoleucine B 1 

Polymyxin B2 1 

‘olymyxin Bl 

Figure 3 
Typical HPLC chromatogram of the polymyxin compounds extracted from either the cream or ointment formulation. The 
four peaks of interest have been labelled for clarity. 

tube and place within the stainless steel ex- 
traction vessel. Following extraction, the SPE 
tube was removed from the vessel, and the 
SPE frits within the extraction tube were 
removed and placed with the SPE tube into a 
3.7 ml-vial and sonicated with enough solvent 
to result in a final concentration of 0.2 mg 
ml-‘. The solvent which solvated the poly- 
myxin compounds most successfully was 0.1 N 
HCl-methanol (75:25, v/v) with 0.1% Tween 
80 (polyoxyethylene (20) sorbitan monooleate) 
(J.T. Baker, Phillipsburg, NJ, USA). Soni- 
cation times were varied from 15 to 45 min, 
and it was found that 15 min was sufficient for 
an exhaustive washing. All extractions were 
attempted under a variety of 100% CO* 
pressures and temperatures, however, the 
results seemed to follow the same trend. In 
each case, the percentage recoveries of poly- 
myxin Bl, B2 and B3 were well below those 
found with solid phase extraction (=lO%), 
while the percentage recovery of the third peak 

of interest, isoleucine Bl, was found to be well 
above that found with SPE (=3OO%) (Fig. 4). 
These initial results were puzzling. 

It was known that the cream, which con- 
sisted of numerous components, became a free 
flowing liquid between 65 and 70°C. While all 
extractions were performed below 65°C (45- 
6O”C), it seemed reasonable that the poly- 
myxin B sulphate compounds which were 
known to be completely insoluble in super- 
critical COZ could be undergoing physical 
entrainment or mechanical transfer through or 
around the SPE frits (50 pm pore size) during 
extraction of the matrix. This would explain 
the loss of the three polymyxin compounds, 
but the question remained as to how 300% 
recovery of a compound very similar in nature 
to the other three compounds could be 
achieved. Further investigation led to the 
discovery that methyl paraben, a preservative 
found in the cream, coeluted with the iso- 
leucine Bl in the HPLC assay. The 100% COZ 
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Figure 4 
Chromatogram showing the decrease in peaks 1, 2 and 4, and the large increase in peak 3, isoleucine Bl. 

was then discovered to be unsuccessful at 
exhaustively extracting the methyl paraben 
within the extraction time. However, an 
extraction profile produced from data obtained 
at 500 atm and 60°C showed that methyl 
paraben could be removed from the extraction 
vessel in 30 min with 5% methanol modified 
CO2 at a flow of 2 ml min-’ . Further 
extractions of the Neosporin@ cream at these 
conditions proved to remove all of the methyl 
paraben from the cream, as well as the other 
cream components. However, recoveries of 
the four polymyxin B components continued to 
range from 5 to 15% when compared with the 
corresponding SPE results. 

At this point there were several possible 
reasons which could explain the loss in 
recovery of the polymyxins. First, the analytes 
could still be undergoing some type of physical 
transfer out of the vessel. Second, the analytes 
could be reacting with the SF. This premise 
was considered highly unlikely due to the 
relative inertness of the COz. Third, the 
analytes could be degraded as a result of the 

sonication process. It seemed reasonable to 
assume that possibilities two and three were 
not responsible for the low recoveries, and in 
fact, experimental data showed this to be the 
case. Therefore, the focus was to eliminate the 
chance for physical entrainment of the analyte 
in the near-liquid cream. 

Several extractions were carried out at rela- 
tively low temperatures (40-45°C) in order to 
prevent any melting of the cream. Also, 
various types of frit designs were tested. 
However, in both cases recoveries were still 
unsatisfactory and RSD approached 100%. 
Various lower pressures, lower temperatures, 
and lower flow rates were tested in hopes of 
preventing mechanical transfer, but to no 
avail. 

It seemed clear at this point that some other 
vessel design was needed in order to keep the 
analyte of interest within the vessel while 
allowing the exhaustive extraction of the 
matrix components. A new design was tested 
in which the cream sample was sandwiched in 
between two layers of 200 mesh silica gel. The 
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goal of this design was to promote the selective 
trapping of the analyte of interest prior to 
supercritical fluid decompression, while allow- 
ing the cream to be completely removed from 
the system. This configuration was tested and 
found to result in an extremely efficient 
extraction. For the cream, at a pressure of 300 
atm with an extraction temperature of 55°C 
and a flow rate of 2 ml min-‘, average 
recovery of the analyte of interest was 108% 
(n = 6) when compared to SPE, and RSDs of 
5.0% were generated [lo]. The sample size of 
Neosporin@ Cream was approximately 200 mg, 
which results in 0.033% of polymyxin B sulph- 
ate. The extraction time required for exhaust- 
ive extraction of each of the matrix com- 
ponents was 75 min with 5% methanol 
modified CO2 at a density of 0.859 g ml-‘. The 
restrictor was heated to 300°C and 58.5 of CO* 
was used (69.8 ml). Following the extraction, 
the frits, silica gel and SPE tube were placed 
into the 3.7 ml vial and sonicated for 15 min. 
The sample was filtered and assayed by HPLC. 

It seemed feasible that if 0.033% of the 
polymyxin B sulphate could be quantitated, 
then half as much (0.016%) found within the 
ointment could also possibly be quantitated. 
Other than the concentration obstacle this 
extraction should have been relatively simple 
as the only component of the ointment matrix 
was a white petrolatum base. This scenario was 
in fact the case. The extractions were carried 
out at 450 atm and 60°C. Again the flow rate 
was 2 ml min-’ and the extraction fluid was 
5% methanol modified COz. The time 
required for exhaustive extraction was 45 min. 
The restrictor was kept at 300°C. The density 
of the SF was 0.913 g ml-’ and 71.6 g of SF 
(78.2 ml) was used. These conditions resulted 
in an average recovery of 137% (n = 6) for the 
ointment relative to the SPE method with 
RSDs of 1.9%. This high recovery indicates 
that SFE sample preparation is able to isolate 
the polymyxin components more effectively 
than the current method of SPE. 

It should be noted here that an effort was 
made to eliminate the amount of dead volume 
surrounding the SPE tube in the extraction 
vessel by incorporating a stainless steel sheath. 
This design can be seen in Fig. 5. However, 
this modification resulted in decreased 
recoveries in both cases. It seems that the 
presence of the dead volume alleviates any 
physical movement of the analyte through the 
silica stationary phase by affording multiple 
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Figure 5 
Vessel design in which the void volume surrounding the 
SPE tube was eliminated, resulting in a low recovery of 
polymyxin B sulphate. 

pathways for the SF through the vessel and 
decreasing some of the pressure effects. 
Furthermore, the flow rate of the SF during the 
extraction did not seem to affect the 
recoveries. 
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