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Abstract: An international collaborative study between 10 laboratories has been carried 
out to study the reproducibility of the separation of basic drugs on silica columns. The 
laboratories used common solutions of drugs on both a common batch of packing 
material and different batches of the same brand of packing material. These were also 
compared with separations on other brands of packing material. Variations within-batch, 
within-brand and between brands have been compared. 

The retentions of the drugs were compared using retention times, capacity factors and 
relative capacity factors compared with an internal standard. The last method was found 
to give the most reproducibile results. Considerable variations were found between the 
different brands of silica with a smaller variation between the batches of a single silica 
brand. However, unlike earlier studies, significant variations were found for separations 
on a single batch of silica which were partly attributed to differences in eluent 
preparation and column temperature. 

Keywords: High-performance liquid chromatography; basic drugs; silica columns; 
collaborative study. 

Introduction 

Despite the widespread use of high-performance liquid chromatography (HPLC) as a 
method for quantitative analysis, its application to the identification of unknown 
compounds has been very limited. Partly, this arises from differences in the methods 
used to report retentions, but mainly from the poor reproducibility of retention 
properties between different laboratories even when using the same type of column 
packing material and following the same eluent recipe. Small but significant differences 

*Presented at the “International Symposium on Pharmaceutical and Biomedical Analysis”, September 1987, 
Barcelona, Spain. 

tTo whom correspondence should be addressed. 

447 



448 RICHARD GILL et al. 

occur when different equipment is used causing small differences in flow-rates and dead 
volumes. Slight differences in the operating temperature and/or eluent composition can 
also have an effect. 

These problems with both reversed-phase and normal phase HPLC have meant that it 
has not been possible to collect sets of retention data, such as those available for thin- 
layer chromatography (TLC) [l, 21 and gas-liquid chromatography (GLC) [2,3], which 
can be transferred between laboratories and used for the tentative identification of an 
unknown sample. This has led us to undertake a series of studies to investigate the 
significant factors which influence the reproducibility of retention in HPLC and to 
develop robust methods to record retention values. Work has concentrated on drug 
separations of forensic interest, including barbiturates [4-61, local anaesthetics [7] and 
thiazide diuretics [8] using reversed-phase chromatography on octadecyl-bonded silica 
(ODS silica). The studies on the barbiturate HPLC system concluded with an 
interlaboratory collaborative study, which confirmed that, with care, highly reproducible 
results could be obtained [6]. One important variable was the method used to determine 
the column void volume. If a relative method of recording retention was used (e.g. 
relative capacity factors or retention indices) rather than absolute capacity factors, the 
results were sufficiently robust for reliable interlaboratory comparisons. 

These drug analysis studies have recently been extended to the separation of basic 
drugs on silica columns using a methanol-ammonium nitrate eluent to identify those 
factors which may limit reproducibility. The effect of changing the eluent composition, 
operating temperature and the stationary phase have been studied [9] (and unpublished 
studies by R. M. Smith, T. G. Hurdley, R. Gill and M. D. Osselton). In this case, the 
proportion of methanol in the eluent and the temperature were important but the largest 
effects were caused by different silica columns. Major changes occurred if different 
commercial brands of silica were used but significant differences were also found with 
different batches of the same brand. 

These conclusions were tested in a limited collaborative study between nine UK 
forensic science laboratories to investigate the reproducibility of retention values 
measured on a single batch of packing material [lo]. The study confirmed that the 
method could give acceptable results as long as a relative method was used to record 
retentions, such as relative capacity factors or corrected retention times derived by 
interpolation between standards. Although this latter method was the most accurate, the 
additional calculations and standards required meant that it would probably be 
impractical for routine application. So far, very few other interlaboratory studies of this 
type have been carried out for HPLC analyses. Apart from our earlier work with the 
barbiturates [6], the only other published detailed study was designed to investigate the 
robustness of retention indices as a method of recording the retentions of various drugs 
on ODS silicas [ll]. 

The present study extends the earlier work on the basic drugs to an international 
collaborative study between 10 laboratories which examined the separation on columns 
prepared from a single batch of silica, different batches of the same brand of silica, and 
separations carried out on a range of different silica brands. 

Experimental 

Collaborating laboratories 
The analyses were carried out in 10 toxicology and forensic science laboratories 
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located in Australia, Austria, Canada, Netherlands (2), Norway, South Africa and the 
UK (3). 

Test solutions 
The drugs came from the reference collection of the Central Research Establishment, 

Home Office Forensic Science Service. Nine test solutions (A-I) were prepared, each 
containing a drug mixture (including protriptyline as an internal standard), dissolved in 
ethanol/water 9O:lO (v/v). A tenth solution (J) consisted of sodium nitrate in 
methanol/water 9O:lO (v/v) for void volume determination. The concentrations of the 
drugs were chosen so that all the compounds gave similar peak heights at a given detector 
sensitivity (0.08 AUFS). The components in solutions A and J were declared to the 
collaborating laboratories, whilst they were only told the total number of drugs in each of 
the other solutions (B-H) and that each contained protriptyline. 

The detailed compositions are given below (concentrations mg ml-i in ethanol/water 
90: 10 v/v). 

09 

w 
0”) 

(E) 

09 

(G) 

0-I) 

(1) 
(J) 

Caffeine, 0.05; imipramine hydrochloride, 0.08; morphine hydrochlor- 
ide, 1.04; methylamphetamine hydrochloride, 3.44; protriptyline hydro- 
chloride, 0.26. 
Cocaine hydrochloride, 0.82; phentermine, 2.36; ephedrine, 3.38; 
protriptyline hydrochloride, 0.19. 
Diazepam, 0.04; propranolol, 0.37; nortriptyline hydrochloride, 0.15; 
protriptyline hydrochloride, 0.24. 
Amitriptyline hydrochloride, 0.08; prolintane hydrochloride, 2.44; 
protriptyline hydrochloride, 0.24. 
Nitrazepam, 0.04; chlorpromazine hydrochloride, 0.03; pipazethate 
hydrochloride, 0.22; protriptyline hydrochloride, 0.28. 
Dextropropoxyphene hydrochloride, 1.51; amphetamine sulphate, 2.28; 
pholcodine, 1.61; protriptyline hydrochloride, 0.2. 
Papaverine, 0.04; dipipanone hydrochloride, 0.81; codeine phosphate, 
0.80; methdilazine hydrochloride, 0.06; protriptyline hydrochloride, 
0.22. 
Procaine hydrochloride, 0.12; promazine, 0.03; ethoheptazine citrate, 
3.60; protriptyline hydrochloride, 0.28; strychnine, 0.14. 
Phenylephrine bitartrate, 1.04; protriptyline hydrochloride, 0.2. 
Sodium nitrate, 30 mg ml-’ in methanol/water 9O:lO (v/v). 

The stability of the test solutions on storage was tested to ensure that no changes 
would occur on distribution to the collaborating laboratories. Only chlorpromazine 
showed any decomposition when it was exposed to light. The laboratories were therefore 
asked to store all solutions in the dark before analysis. 

Procedure 
Each laboratory was asked to use routine HPLC equipment and to work at ambient 

temperature or under thermostat control, in line with their normal practice. Samples 
were injected using a valve injector with a 5-111 loop and peaks were detected at 
254 nm. 

Each laboratory was asked to carry out the study on three columns (25 cm x 4-5 mm, 
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i.d.). All of the columns were packed specially for the study using the slurry packing 
methods normally used by the laboratories. 

(a) Spherisorb S5W (batch No. 5116/l, Phase Separations, Queensferry, UK). Studied 
by all the collaborating laboratories. 

(b) Spherisorb S5W (either batch No. 5026, 5106, or 5123, Phase Separations, 
Queensferry, UK). The Central Research Establishment, Home Office Forensic Science 
Service examined all three batches while the other laboratories examined only one of 
these batches. 

(c) A silica packing material usually used in each laboratory. These were Spherisorb 
S5W [batches 2752 (two laboratories), 5115 and F5492/1, Phase Separations, Queens- 
ferry, UK], Lichrosorb 5 p,rn (Merck, Darmstadt, FRG), Nucleosil 50-5 5 Km (batch 
3061, Machery Nagel Diiran, FRG), Waters Radial Pak 10 pm and Waters k Porasil 
10 pm (Millipore Corp, Milford, USA), Syloid 74 4-8 km (source unknown), Partisil-5 
5 brn (Whatman, Maidstone, UK), Perkin-Elmer 10 pm (batch 3201, Perkin-Elmer, 
Beaconsfield, UK) and Hypersi15 pm (batch GA 245, Shandon Southern, Runcorn, UK). 

The laboratories were instructed to prepare the eluent by mixing HPLC grade 
methanol (2700 ml) with an aqueous ammonium nitrate buffer (300 ml). The aqueous 
buffer was prepared by mixing analytical grade ammonium nitrate (27 g), 0.880 
concentrated ammonia (90 ml) and distilled water (900 ml). The mobile phase was 
pumped at 2 ml min-‘. 

Once the HPLC system had equilibrated, 5-l.~l samples of the test solutions A-J were 
injected in turn into the column. The sequence was completed by a second injection of 
solution A. The retention times for all of the peaks were recorded in seconds, either from 
a chart recorder (at a chart speed of at least 40 mm min-i) or electronically using an 
integrator. The raw data were then collected for analysis. 

Calculation of retention parameters 
The retention time results from each laboratory were used to calculate a series of 

parameters to describe the retention properties of the basic drugs on the HPLC system. 
Capacity factors (k’) were determined as k’ = (tR - t,)lt,, 

where tR is the retention time of the analyte and to is the retention time of sodium nitrate 
(test solution J). 

The relative capacity factors were calculated for each drug as k’lkrp, where k’P is the 
capacity factor for the protriptyline internal standard in the same test solution. Relative 
capacity factors can also be called relative adjusted retention times. 

Principal components analysis were carried out using GENSTAT IV on a Multics 
computer at Loughborough University. 

Results aud Discussion 

In order to determine the reproducibility of the retentions of the basic drugs, each 
laboratory was asked to carry out the study on three columns. In addition, the Central 
Research Establishment of the Home Office Forensic Science Service conducted the 
separations on a wider range of packing materials. A single batch of Spherisorb was used 
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by all laboratories to compare the variation between laboratories under operational 
conditions. Groups of laboratories also examined different batches to determine if the 
between-batch variation was significant, and in addition, each laboratory was asked to 
carry out the separation on another silica commonly used in their laboratory to 
investigate the between-brand variation. Unlike the UK forensic science laboratories 
involved in the previous collaborative study [lo], the laboratories in the present study 
had no standardization agreement to use a specific brand or batch of silica. 

The test solutions used in the study were very similar to those employed for the 
previous collaborative study [lo] except that phenylephrine, which had previously been 
in solution D was examined separately (solution I), as in trial separations it has been 
unresolved from prolintane on some column materials. All collaborating laboratories 
were able to complete the study as requested and could resolve and detect all the 
components of the test samples. 

Each laboratory measured the pH of the eluent before use. The values showed a wide 
variation from pH 8.5 to 10.18 with a mean pH of 9.36, whereas in the earlier study, a 
much more restricted range of pH (pH 9.3 to 9.5) had been obtained [lo]. This variation 
was surprising as in the preliminary evaluation study, changing the concentrations of the 
buffer components had shown little effect on the pH of the eluent [9]. However, there 
has been concern that because of evaporation on standing, the concentration of ammonia 
solutions may differ markedly from the nominal value and this could alter the ionic 
strength of the mobile phase. This aspect is being investigated in further studies. 

Temperature is often not controlled in HPLC laboratories, however, it has been found 
to have a significant effect on the absolute retention and selectivities of the present 
separation [9]. In the collaborative study, none of the laboratories used a thermostated 
column and the room temperatures varied from 19 to 28°C and changed over the period 
of the study. 

Retention times 
Each laboratory reported retention times on each column and subsequent calculations 

were carried out centrally. The retention times measured on a single batch of silica 
(Spherisorb S5W, 5116/l) showed considerable variation with relative standard deviation 
(RSD) of 6-12% (Table 1). These differences can largely be attributed to differences in 
the internal diameter of the column between laboratories (reported 4.0-5.0 mm). 
Because they should be independent of column dimensions, the corresponding capacity 
factors and relative capacity factors were then calculated based on the retention of 
sodium nitrate as the column void volume marker. Although there has been considerable 
debate on the accuracy of different void volume test samples, this method has been 
found previously to give reproducible results, which was the main criterion in the present 
study. 

The variations in the capacity factors on the common batch of silica (Batch 511611, 
Table 1) ranged from 8 to 50% and were generally greater than those found in the earlier 
collaborative study [lo]. However, it was known from the previous work that the 
discrimination ability of both retention times and capacity factors were very poor and 
that relative measurements were required for satisfactory discrimination [ll]. 

Relative capacity factors on batches of Spherisorb S5W silica 
The relative capacity factors were calculated by comparison with the protriptyline 

peak in each sample chromatogram. These results showed considerably less variation 
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(Tables 1 and 2) and were more comparable to the results obtained previously [lo]. The 
mean values for a number of the drugs measured on the common 5116/l batch differed 
markedly from those obtained in the earlier collaborative study on the older 2752 batch. 
For example, prolintane changed from 46.3 (on Batch 2752) to 56.2 (on Batch 5116/l), 
pipazethate from 53.1 to 61.9, dipipanone from 21.4 to 28.1, and strychnine from 137.1 
to 150.1. These compounds also all showed particularly high RSDs. This was not 
unexpected as these four drugs had also been shown to be particularly sensitive to 
changes in the separation conditions in the highly controlled initial studies [9]. Clearly, 
there was a significant difference between these two batches of the same packing 
material brand, which had been manufactured some time apart. 

Three further batches of Spherisorb S5W were also each examined by groups of three 
collaborating laboratories and by the Central Research Establishment. In addition, four 
other Spherisorb columns were examined in the collaborative study, two of which were, 
by chance, Batch 2752, which had been used previously [9]. The relative capacity factors 
were calculated in each case (Table 2). The laboratories reported similar variations in 
eluent pH and column temperature with these materials as in their work with a single 
batch. Again for most of the drugs the results were comparable but prolintane, 
pipazethate, dipipanone and strychnine showed considerable variation both within each 
batch or group and between groups. Dipipanone seemed to be particularly sensitive to 
column variations. 

Relative capacity factors on different brands of silica 
The collaborators also carried out the separation of the basic drugs on columns packed 

with the silica materials normally used in their laboratories. These comprised two 
batches of Spherisorb, which have already been discussed, and eight other brands. The 
relative capacity factors of the drugs on these latter columns showed a very wide 
variation (Table 3). These were particularly large for the “sensitive” compounds, for 
example pipazethate (37.6-64.3) but were also significant for other normally more 
reproducible compounds. These results clearly demonstrate the need to specify the 
brand of packing material to be used for a particular separation. 

In order to be able to visualize these differences in brands and batches of packing 
material, the relative capacity factors of all the drugs on all the columns examined in 
this study were examined using a multivariate principal components analysis [12]. 
The plot of the weighting of the first two principal component scores (Fig. 1) shows the 
relationships between the different column materials. Two factors are noticable, firstly, 
all the results for Spherisorb batches form a single group distinct from all the other 
brands. This emphasizes the differences between brands. However, the variation within 
the Spherisorb region shows that the results for the different batches overlap 
considerably. Thus the between-batch differences are apparently less significant than the 
interlaboratory variations on a single batch (i.e. 5116/l). 

These conclusions contrast with our unpublished observations made under more 
controlled conditions of temperature and eluent composition within one laboratory when 
batch-io-batch variations appeared to be significant. The spread of the within-batch 
differences is also much larger than in the previous collaborative study [lo]. It may, 
therefore, be that the different batches cannot be discriminated in the present study 
because the underlying between laboratory variation is too large, masking such 
differences. 



456 RICHARD GILL et al. 

Table 3 
Relative capacity factor of basic drugs on eight other silica gel column packing materials studied in a 
collaborative study. Relative capacity factors (X 100) compared with protriptyline 

Column material 
a b C d e f g h 

A Caffeine 6.0 5.4 
Imipramine 28.9 31.9 
Morphine 50.1 61.4 
Methylamphetamine 77.7 91.0 

2:.: 
4717 
77.3 

4.3 5.2 7.1 7.4 4.6 
27.6 34.4 31.5 30.7 28.1 
48.3 55.2 54.8 53.4 46.2 
75.0 89.6 82.1 80.1 76.2 

B Cocaine 3.1 3.5 4.5 3.4 3.9 4.2 5.1 3.5 
Phentermine 29.4 31.8 29.3 29.1 29.9 31.0 31.2 29.3 
Ephedrine 60.6 79.4 68.4 73.5 74.7 73.8 71.6 69.1 

C Diazepam 0.3 1.2 0.8 0.0 0.0 1.2 1.7 0.0 
Propranolol 19.1 21.8 20.5 18.8 27.9 20.7 21.5 18.1 
Nortriptyline 59.4 63.5 58.3 63.2 61.7 63.9 62.1 60.2 

D Amitriptyline 18.6 20.6 16.7 18.8 20.3 21.3 20.2 17.4 
Prolintane 35.1 37.1 39.4 29.1 57.5 33.1 36.0 32.8 

E Nitrazepam 0.3 1.2 0.8 0.0 0.0 1.2 1.1 0.0 
Chlorpromazine 20.2 32.8 18.8 21.4 23.4 23.1 21.5 19.8 
Pipazethate 37.6 42.9 44.4 38.5 64.3 41.4 40.7 39.1 

F Dextropropoxyphene 1.4 1.7 6.8 0.9 0.0 3.0 2.9 1.6 
Amphetamine 34.2 39.0 34.1 35.9 35.7 37.9 37.1 34.1 
Pholcodine 59.0 67.8 59.8 56.4 65.4 66.9 64.0 55.0 

G Papaverine 1.4 2.8 1.5 0.0 0.0 1.8 3.4 0.8 
Dipipanone 9.9 11.9 16.9 7.8 14.9 10.6 11.4 10.1 
Codeine 45.6 54.5 43.9 44.0 50.6 51.6 49.4 42.6 
Methdilazine 63.7 71.6 61.4 67.2 85.1 70.6 65.9 64.0 

H Procaine 8.2 8.8 7.5 6.8 12.3 8.8 9.2 6.2 
Promazine 35.9 38.6 33.1 36.8 42.9 39.8 37.9 34.7 
Ethoheptazine 58.5 66.7 54.7 61.5 74.0 64.9 60.9 57.1 
Strychnine 107.6 120.5 122.6 107.7 124.0 121.6 114.9 113.1 

I Phenylephrine 67.3 83.1 63.6 74.6 73.2 74.3 71.3 65.3 

Columns: a, Lichrosorb 5 brn; b, Nucleosil 50-5 5 pm; c, Waters Radial Pak 10 pm; d, Syloid 74; e, u. 
Porasil; f, Partisil-5; g, Perkin-Elmer; h, Hypersil 5 pm. 

Conclusions 

The results demonstrate the importance of standardizing on specific brands of HPLC 
packing materials when trying to achieve reproducible HPLC separations in different 
laboratories. Nominally equivalent brands of silica gave large differences in retention 
and selectivity, while particular compounds (e.g. dipipanone, prolintane) suffered 
particularly large variations. Clear differences between batches of a given brand were not 
observed in the present collaborative study, however, this probably arises from the 
relatively large interlaboratory variations. It appears that differences in ambient 
temperature and in eluent pH and composition between the collaborating laboratories 
were sufficient to cause significant differences in the results. Arising from this, the results 
emphasize the requirement of any specified HPLC method to involve a thermostated 
column and an eluent recipe which can be followed with high reproducibility. 
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Figure 1 
First and second principal components scores from 
the principal components analysis of the relative 
capacitv factors of 2.7 basic drugs on different batches 
and brands ofsilica. 0, Spherikrb batch 5116/l; 0, 
Spherisorb batch 5026; 0, Spherisorb batch 5106; n , 
Spherisorb batch 5123; 0, other Spherisorb batches; 
A, other brands of silica (see Table 3). 

International collaboration study 

Acknowledgements -The authors wish to thank Phase Separations for generous gifts of Spherisorb S5W, and 
the following laboratories for their participation in the collaborative study: National Institute of Forensic 
Toxicology, Oslo, Norway; Laboratory of Pharmacy Department, University Hospital, Groningen, Nether- 
lands; Northern Ireland Forensic Science Laboratory, Belfast, UK; Department of Pharmacology, University 
of the Orange Free State, Bloemfontein, South Africa; Government Chemical Laboratories, Perth, Western 
Australia, Australia; Office of the Medical Examiner, Northern Region, Edmonton, Alberta, Canada; 
Department of Analytical Chemistry and Toxicology, State University of Groningen, Groningen, Netherlands; 
Institut fur Gerichtliche Medizin, Innsbruck, Austria; School of Studies in Pharmaceutical Chemistry, 
University of Bradford, Bradford, UK. 

References 

[l] A. H. Stead, R. Gill, T. Wright, J. P. Gibbs and A. C. Moffat, Analyst 107, 1106-1168 (1982). 
[2] R. Gill, B. Law, C. Brown and A. C. Moffat, Analyst 110, 1059-1065 (1985). 
[3] R. E. Ardrey and A. C. Moffat, J. Chromatogr. 220, 195-252 (1981). 
[4] R. M. Smith, T. G. Hurdley, R. Gill and A. C. Moffat, Chromatographia 19, 401-406 (1984). 
[5] R. M. Smith, T. G. Hurdley, R. Gill and A. C. Moffat, Chromatographio 19, 407-410 (1984). 
[6] R. Gill, A. C. Moffat, R. M. Smith and T. G. Hurdley, J. Chromatogr. Sci. 24, 153-159 (1986). 
[7] R. M. Smith, T. G. Hurdley, R. Gill and A. C. Moffat, J. Chromatogr. 355, 75-85 (1986). 
[S] R. M. Smith, G. A. Murilla, T. G. Hurdley, R. Gill and A. C. Moffat, J. Chromatogr. 384, 259-278 

(1987). 
[9] R. M. Smith, T. G. Hurdley, R. Gill and M. D. Osselton, J. Chromatogr. 398, 73-87 (1987). 

[lo] R. Gill, M. D. Osselton, R. M. Smith and T. G. Hurdley, J. Chrometogr. 386, 65-77 (1987). 
[ll] J;2faker, L. A. Cates, M. D. Corbett, J. W. Huber and D. L. Lattm, J. Liq. Chromatogr. $829-839 

[12] R. M. Smith, presented at the SCA Conference, Amsterdam (May 1987). 

(Received for review 15 March 1988; revised manuscript received 25 October 19881 


