
A reversed-phase high-performance liquid chromatography (HPLC) s&m for 
the separation of fiuphenazine from Buphenazine decanoate is described_ 

To evaluate the robustness of the proposed procedure the efEct of varying 
some of the chromatographic parameters was determined. The chain letigth of the 
a&y1 stationary phase, the pH of the system and the ammonium carbonate concentra- 
tion in the mobile phase were found to be non-critical. 

The relationship between mobile phase flow-rate and plate height was inves- 
tigated and the use of Xt-, LOO- and ZOO-mm EiPLC colunms compared. 

JSTRODUCTION 

Fluphenazine (I) is a member of the class of dngs known collectively as 
phenotbiazines which are widely used as sedatives and trancluillisers. * 
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Substitution of an ester group iu the piperazine-ethauol side chain (II) results 
in a form of the drug with siow rekase properties. A sustained medication over three 
weeks is thus possible from administra$on of a single ,dose;‘which is part@arly 
advantageous in the treatment of acute schizophrenia. 

The stability of the formulated products has previously been determined using 
a conventional cohunn chromatographic separation followed by W spectrophoto- 
metric quantitation. IIowever, in order to increase sample throughput the faster 
technique of high-performance liquid chromatography (HPLC) was investigated. 

In the case of fluphenaxine decanoate one possible decomposition product is 
fluphenazine base, which can be predicted by a consideration of the chemistry of 
the ester. The decomposition product may arise from hydrolysis of the ester when 
stored under adverse conditions. A stability indicating assay for fiuphenaxine de- 
canoate must, therefore, be capable of separating the ester from decomposition 
products such as fluphenazine base. 

Preliminary experiments indicated that a suitable HPLC system for this purpose 
should be comprised of a Partisil-ODS reversed-phase HPLC co1um.11 together with a 
mobile phase of methanoi-acetonitrii& % ammonium carbonate solution(1 :1:0.25) 
(Fig. 1). Ammonium carbonate solution was preferred for the aqueous phase, to en- 
sure the maintenaucc of alkaline conditions when fbtphenazine would be present as 
the free base. The presence -of ammonium carbonate has also been reported to im- 
prove the separation process with regard to some antibiotics’. 

Inherent in any chromatographic system are many parameters which, if varied, 

6 
min 

0 

Fig. 1. HPLC separation of fluphenazine and its decanoate ester. Column, P-ztisil-ODS; mobile 
&se, rnetlmxokccetonitrik-f % ammonium cvbonate solution (1 :I :0:25); flow-r&e, 2 ml/min. 
Peaks: 1 = fluphenazixl e; 2 = fluphenaziae decanoate. 
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may adversely affect the performance of an assay. In an attempt to define the optimal 
operating conditions and to determine the limimtions of the proposed procedure, 
the effect of varying some of the chromatographic parameters has been evaluated. 

EXPERIMENTAL 

Materials and reagents 
An&r grade reagents were used wheriver possible; 

methanol (BDM, Poole, Great Britain) and HPLC grade 
Walkerburn, Great Britain) were employed as solvents. 

Reversed-phase column packing materials 

similarly, Analar grade 
acetonitrile (Rathburn, 

Column packings were prepared using the following procedures. 
Pads&T’MS. 10 g Partisil-10 (Reeve Angel, Clifton, NJ., U.S.A.) was dried 

at a temperature of 120” before refluxing for an hour with a solution of trimethyl- 
chlorosilane (TMCS) in xylene (5% v/v). The TMCS solution was then d-ted 
ofF, rep!aced by a fresh 5% solution of TMCS in xylene and the mixture refluxed 
for a further hour. The resulting Partisil-TMS was separated by filtration, washed 
with methanol and finally dried under vacuum. 

Pads&ODS. A simiiar procedure to that described above for the preparation 
of Partisil-TMS was adopted except that a 5% v/v solution of octadecyltrichloro- 
silane (ODTCS) (Aldrich, Milwaukee, Wise., U.S.A.) was substituted for the Grst 
reflux. The second reffuxing with TMCS solution was retained in order to block the 
remaining active sites on the silica which are sterically inaccessible to ODTCS re- 
agen@. 

Column packing procedure 
A carbon tetrachloride slurry of each bonded-phase packing material was 

prepared (20 Ok, w/v, as recommended by Bar et aL3) and, to ensure complete disper- 
sion in the solvent, the slurry was subjected to ultrasonic treatment for a few minutes. 
XI-, lOO- and 200~mm stainless-steel columns, 4.6 mm I.D., were “hen packed with 
the required material at a pressure of 4600 p.s.i. using a Haskel air-driven &rid pump. 
Packed columns were finally washed with 500 ml methanol to remove all traces of 
carbon tetrachloride. 

HPLC equipment 
Most of the experimental work was carried out using a gas pressure pump 

and a Cecil 212 variable-wavelength UV detector set at 260 nm. Where accurate 
constant-flow conditions were required the gas pump was replaced by an Altex Model 
110 reciprocating pump. 

RkSUL-i-S ANLi DISCUSSION 

Eflect of stationary phase alkyd chain length 
The chromatographic system originally developed employed a Partisil-10 sup- 

port with a bonded octadecyl stationary phase. To assess the influence of the sta- 
tionary phase alkyl chain length on the chromatographic separation of ibrphenazine 
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and fiuphenazine decanoate, the ODS was replaced by a stationary phase composed 
of trimethyl_groups, again bonded to 2 Part&l-IO support. A suitable separation of 
the compounds under investigation was achieved on the Par&if-TMS cohmm by 
simply altering the ratio of the mobile phase components. Hence it would appear 
that, iu this case, the stationary phase alkyl chain length is not critical provided that 
the correct mobile phase is carefully chosen. 

Influence cf pH- 

The partition characteristics of some fluphenazine esters between heptene and 
buffer solutions of various pH values have been reported; which demonstrates the 
critical nature of the pH in this system. By analogy, pH could thus be expected to 
influence the chromatography of fluphenazine when using the proposed system of 
methanol acetonitrile and aqueous ammonium carbonate. Table I shows the effect 
of the mobile phase pH on the capacity factors of guphenazine, ffuphenazine enan- 
thate and fluphenazine decanoate for cohunns of Partisil-TMS and Park&ODS. Over 
the pE-I range 1 l-7 little change in the capacity factors of the e&&s was observed 
but below pH 7, a decrease in mobile phase pH resulted in a decrease in the capacity 
factor. 

TABLE I 

INFLUENCE OF pH ON CAPACITY FACXORS k’ OF FLUPHENAZINE ESTERS 

Pff of ParttXZ-TMS wIwm Partid-ODS wfunm 

r&bile 
p?inse Ruphenuzine A%phenazine Ruphemuine Ruphenazke Ruphenazine R~pberumire 

enantbate decmwate em&ate decamate 

11 
10 
9 
8 
7 
6 
4 
2 

1.60 4.20 8.00 - 
- - - 1.73 
1.56 4.20 8.ao - 
- - - 1.94 
1.56 4.23 7.79 1.44 
121 3.33 6.13 034 
1 .‘oz 2.91 5.39 0.91 
0.42 1.4Q 2.51 0.3s 

- 
3.93 7.86 
- - 

4.11 s.11 
3.13 4.50 
2.25 4.25 
2.00 3.63 
0.94 1.63 

As the pH of the proposed mobile phase is approximately 8, this parameter 
may be considered to be non-critical. 

Eflect of anunonium cmbonute concentration 

A previous paperS describing a reversed-phase HPLC assay for nortriptyliue, 
reported that an increase in the ammonium carbonate concentration of the mobile 
phase aqueous component resulted in a corresponding decrease in the retention time 
of nortriptyhne. A simikr investigation with the present chromatographic system 
proposed for fluphenazine, failed to show any noticeable effect when the ammonium 
carbonate concentration was varied over the range 0.14 %. 

Mobile phase component ratih 

The mobile phase chosen for use with a 2OCknm column of Partisil-TMS was 
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methanol-acctor&riIe-1 % ammonium carbonate solution (1:1 :I). Varying the ratio 
of methanol to acetouitrile whilst keeping the total volume of organic phase constant 
was shown to have little influence on the separation of fluphenazine from its de- 
canoate ester. A change in the ratio of total organic phase component-aqueous phase 
component had a profound effect, as would be expected. Reduction of the amount 
of aqueous component present in the mobile phase caused a corresponding reduction 
in the capacity factor of the esters. By this means sharp symmetrical peaks were 
obtained for the higher esters of the homoIogous series and by careful choice of the 
mobile phase organic component-aqueous component ratio separation of any given 
esters in the homologous series, from acetate to stearate, may be achieved; Fig. 2 
ihustrates a typical separation of the myristate, paImitate and stearate esters and shows 
the resulting chromatogram to be suitable for quantitation. 

min 

Fig. 2. Separation of some fluphenazirie esters. Column, Par&i!-TMS; mobile phase, methanol- 
acetouitrik-1 % ammonium carbonate solution (1 :1:0.3). Peaks: 1 = fiuphenazine; 2 = fluphena- 
zinc decanoate; 3 = fluphenazine my&ate; 4 = flupheuaziue pahnitate; 5 = fiupheuazbk steaiite. 

Mobile phare velocity 
The dependance of the plate height (and hence the efficiency) of a column 

on the eluent velocity is a well documented reIationship6. To assess this effect with 
regard to the chromatographic system proposed for fiupheuaziue, the efficiency of 
a ZOO-mm Partisil-TMS column was determined at different mobile phase flow-rates. 
The results obtained (Fig. 3) demonstrated that it was possible to double the column 
efficiency by reducing the eluent velocity from 2.5 to 0.5 ml/mm. This increase in 
e&iency was larger than expected so to investigate further, values for the reduced 
plate height and reduced velocity were calculated and the logarithm functions plotted 



314 

2500 

I . 
0.5 1.0 1.5 2.0 2.5 

Flow-rate, ml/min 

Fig. 3. Influence of mobile phase flow-rate on efficiency of fluphenazine enanthate peak. Column, 
Partisil-TMS; mobile phase, methanol-acetonitriIe-l~O ammonium carbonate solution <I :I A). 

according to the procedure of Bristow and Knox’. The curve obtained for flu- 
phenazine enanthate indicated that chromatography was being performed under non- 
ideal coiditions and that the optimum potential of the system was only approached 
at a flow-rate of 0.5 ml/min. Similar observations were noted when using the 200- 
mm column of Partisil-ODS (Fig. 4)_ 

. 
1.0 1.5 2.0 2.5 

Log v 

Fig. 4. Comwrison of log klog Y curves for Xi-, lOO- and 2OO-mm columns of l?astkiI-TMS and a 
MO-mm column of Parti@ODS. Mobile phase, methanol-acetonitril~l~~ amm&ium carbonate 
solution [(l:l :l) for _mS stationary phzse and (1:l:O.S) for ODS stationary -P&IS& e, 2CKl-mm 
partlcsil_oDS; -x, 20%mm Fartkil-TMS; 0, loo-mm Pstisil-TMS; & 5U-mm Rtrtisil-TMS. 
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The dependance of the reduced plate height, h, upon the reduced velocity, v, 
is described by the equation 

and the shape of the me obtzked for fluphenazine ena&.hate indicated that the 
values for h were mainly influenced by the factor (7. Et has been reported’ that the 
C tern in the above equation represents the contribution to the reduced plate height 
due to the slow equilibration of the solute between mobile and stationary phases. 
For a bulky molecule, such as fluphenazine enanthate, slow equilibrium between the 
mobile and stationary phase would appear to be a reasonabfe explanation of the 
observed e&et. 

Operating the system under optimum conditions (mobile phase flow-rate 0.5 
ml/mm) results in a retention time of 27 ti for fluphenazine enanthate. From a 
practical point of view such as retention time is unsatisfactory because a fast sample 
throughput is essential in an industrial laboratory. Consequently we feel justified in 
performing the chromatography under non-ideal conditions as in practice this does 
not interfere with the separation of fluphenazine from fluphenazine enanthate. 

The present trend in HPLC towards the use of shorter cohmms, and hence 
lower operating pressures led us to evaluate the chromatographic properties of 50- 
and lOO-mm columns as well as the 2CO-mm column previously used. To ensure a 
valid comparison all cohmms were packed under identical conditions and with pack- 
ing material from the same batch of Partisil-TMS. Reduced plate height values were 
then determined over a range of mobile phase flow-rates and a log h/log v curve con- 
structed for each column (Fig. 4). A comparison of the curves showed that the 50- 
mm column had the lowest minimum reduced plate height indicating this to be the 
most efficient of the three column lengths under investigation. The reason for this 
observation is probably in the packing of the columns, our particular packing pro- 
cedure being more suitable for shorter column lengths. If the plate numbers of the 
three columns are now compared (Table In), the highest value is observed with a 

TABLE II 

COMPARISON OF PLATE HEIGHTS FOR %I-. lt!U- AND 200-mm COLUMNS OF 
PAR.TiSIL-TMS 

Mobile phase 
veXocity 
(mZ/min) 

Plate number 

so-mm whnn ZOO-mm whfm zoo-mm cohnn 

2.5 - 1518 1800 
2.0 - 1449 2027 
1.5 - 1724 2218 
1.0 1229 2089 2867 
0.8 1198 - - 
0.6 1527 - - 

OS - 2705 3412 
0.4 1852 - - 
0.2 1794 - - 
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200-mm column operated at a flow-rate of 0.5 mljmin and to obtain maximum 
resolution it will be necessary to use the 200-mm column under-these conditions. 
This will only be necessary if the two compounds to be separated have &U&F ca- 
pacity factors (e.g. two homologues such as fluphenazine enanthate and fiuphenazine 
octanoate). For the proposed separation of fluphenazine from fluphenazine decanoate 
or enanthate the resolution of the SO-mm column is more than adequate. - 
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