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A SENSITIVE HIGH PERFORMANCE 
LIQUID CHROMATOGRAPHY ASSAY 

FOR TROSPECTOMYCIN AN 
AMINOCYCLITOL ANTIBI~TIC 

IN HUMAN PLASMA AND S E R U ~ A  

R. J. SIMMONDS, S. A. WOOD, 
AND M. J. ACKLAND 

Clinical Research arid Development 
Up  john Limited 

Crawley, Sussex, R H l O  2 N J  
Uiiiled Kingdom 

ziESEB2 

RLis report describes a sensitive, selective and robust 
assay for the quantification of trospectcanycin, an aminocyclitol 
antibiotic, in human plasma and serum. 

ChroaMtograPhy (Hpu3) bioanalyticdl mthcd for a member of this 
' Ih is  is the first published High Performance Liquid 

class of compound. 

The mthod involves the selective solid phase extraction of 
61-n-pmpyl spectinarycin and the internal standard 6'-n-butyl 
spectinCarrycin from 0.5 m l  of biofluid, efficient reversed phase 
high pressure liquid ChrcaMtOgraphy with post column oxidation, 
reaction with _opMhaldialdehyde and fluorescence detection. 
The limit of quantification f m  0.5 m l  of biofluid is 10 ng/ml. 

Trospectcsnycin (6I-n-pmpyl spectincanycin sulphate) , a new 
analogue of specthqcin, is a broad spectrum antibiotic for 
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1126 SIMMONDS, WOOD, A N D  ACKLAND 

use against both G r a m  negative and G r a m  positive bacteria. 
specific assay for trospedcanycin was required to support human 
volunteer and patient trials. 
necessary, to enable pharmacokiraetic analysis and routine 
application, as more than five thousand samples had to be 
P-. 

A 

A sensitivity of 20 ng/ml was 

Trospectcanycin is an aminocyclitol antibiotic, and has the 
stru- shm in fig. 1. 

~ r m =  methcds exist to assay bulk drug fonnilations of an 
aminocyclitol antibiotic, namely spectincpnycin itself (1,2), but 
these auld not be adapted easily for bidytical purposes, 
being limited by the sensitivity of electrochemical detection 
(1) or by the use of canplex precolumn derivatisation prcedums 
unsuitable for cxmplex biofluids ( 2 ) .  SpectinaWycin has also 
been measured in fermentation broths by reversed phase HPLC with 
a two stage post column reaction and fluormetric detection ( 3 ) .  

l he  potential of this approach has not been exploited for 
b i d y s k ,  possibly bemuse it was not possible to obtain mre 
efficient ChmaMtOgraphy repmducibly without using amine 
ncdifiers in the mbile phase (whi& wcniLd interfere with 
detection) and the need to optimise the post column reaction 
system so that 1- Mnogram i3mxnts of analyte can be 
quantif id. 

Aminocyclitol drugs do present a considerable challenge in 
HPLC methcd developnent. Their polar nature and instability at 
high pI have reperassions upon both extraction fran the 
biological matrix and the methods possible for achieving 
efficient chmnatography. 
electroactive group makes sensitive detection pmblenratical. 
'Ihese unhelpful characteristics have so far preventd the 
developnent of a sensitive HpLI3 method for this class of 
conrpaund. 

The lack of a strong d-nnm@o= or 

we here report the first example of a viable 
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TROSPECTOMYCIN IN PLASMA A N D  SERUM 1127 

NHCI-E, 0 

FIGURE 1 

Structure of Trospectomycin, 
6-n-propyl Spectinomycin. 

bioanalyticdl assay, capable of mutine operation with ng/ml 

sensitivity. 

Selective solid phase extraction, in contrast to 
liquid/liquid extraction, was effective at @ysiological pH, and 
efficient reversed phase chrmatogmphy withaut the addition of 
a ccunpeting amine was carried out by using a highly acidic 
mabile phase. 
secondary amine group and subsequent derivatisation with Q- 

phulaldialdehyde to a highly fluorescent product. 'Ihe 
reliability of this procedure was optimised by using a 
ccPmnercially available post column reaction system (KRS). 

small variations renraining in the methd were  mnpensated for by 
including a puposemade analogue of trospectcmycin as an 
internal standard. 

lhis allawed post column oxidation of the 

Any 
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1128 SIMMONDS, WOOD, AND ACKLAND 

MATERIALS 

chemicals and Reauents: 

TrospedQlrcin, 61-n-pmpy1 spectincpnycin sulphate, w a s  
obtained frcm the Upjohn Capany, Kdlamazoo, USA.. 'Ihe in- 
stanlard, 6I-n-butyl spectincnnycin hydrochloride, w a s  
synthesised in the Fhannaceutical Research Laboratories, Upjohn 

Ltd., Crawley, UK.. Q-@thaldialdehyde and mercaptoethanol were 
obtained f m  sigma chemical canpany Ltd., mole, UK.. 
acid and potassium hydroxide ( m a r  mde) , trifluoroacetic 
acid (TFA) and sodium hypochlorite, 12 % w/v (Spectrosol grade) , 
were obtained f m  BlY Ltd., Poole, UK.. Methanol and 
acetonitrile (Hpu3 grade) were obtained fran Fisons, 
bughboruugh, u.K.. 
was used for all reagents, solutions, and the mobile &ase. 

Boric 

Dwble glass distilled water or equivalent 

Analytichem Bond nut C18 (Om) cartridges, and 
Vac-Elut ten-place vacuum manifolds were obtained f m  Jones 

Ch.?mmatography ( H e n g o e d ,  UK.). 
bench top centrifuge, rodel Epil 402, was used for preparation of 
plasma and any subsequent centrifugation of samples. 

A Denley (Billiqshrst, UK.) 

Premtion of S t a x l a r d  Solutions for C a l  ibmtion Curve and 
Internal Standard: 

TrospectcPnycin and in- slxlr&ud were dissolved in 
water to give solutions of c.a. 1 q / m l .  'Ihese stock solutions 
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TROSPECTOMYCIN IN PLASMA A N D  S E R U M  1129 

were stored at -2O"C, and replaced mthly. 
tmqedmycin stock solution were diluted with w a t e r  to give 
solutions in the range 1-100 pg/ml, which were used for 
spiking aliquots of control plasma or serum. 
internal standard stock solution were diluted to 25 pg/ml. 
Dilute solutions were stored at 4 

Aliqwb of 

Aliquots of 

C and prepared weekly. 

m m t i o n  of Reaqents for W-colunm Reaction: 

Ebric acid (93 g) was dissolved in 5 litres of water. 
Appmximtely 75g of potassium hydroxide was added with stirring 
to bring the pH to 10.2. lhis solution was then used to prepare 
the oxidking solution (reagent A) by diluting 10 m l  of Sodium 
hypocNorite solution to one litre, and derivatising solution 
(reagent B), by dis~0lvi.1~~ 800 mg of g-phthaldialdehyde in 40 ml 

of methanol, dilutirq to one litre, and adding 1 ml of 
mercaptoethanol. 
helium, and used within 24 hours. 

Reagents were degased by sparsing with 

Ektmction of Plasma and Serum: 

Plasma, with heparin as anticoagulant, or serum, whether 
control samples or frcan a clinical study, were stored at -20 C 
before analysis. A f t e r  thawing, samples were inspected : those 
with particulate or agglanerated material were centrifuged for 
one minute. Only clear biofluid was extracted. Aliquots 
(0.25-0.5 ml) were transferred to small test tubes and spiked 
with 25 pl of internal standard solution, and diluted 
with water to 1 m l .  

Bord Elut Cartridges w r e  primed successively with 2 m l  

acetonitrile, 2 m l  of aqueous 60% acetonitrile, 0.2 % TFA and 2 

ml water. preparea samples W e F e  passed slowly tArmr#l the 
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I130 SIMMONDS, WOOD, AND ACKLAND 

cartridges, which w e r e  then rinsed w i t h  2 ml water and 2 ml 50 % 

methanol/wa*. 
thmugh ah- for 20-30 secords. TrospectQnycin and the internal 
standard w e r e  eluted w i t h  0.6 m l  of an aqueous solution of 60 % 

acetonitrile, 0.2 % "FA. After elution, the pressure in the 
Vac-Elut manifold was further reduced in order t o  evaporate 
eluates to 0.2 ml in si tu.  

cartridges were partially dried by d r a w i n g  

HpLI3 was carried out using a Waters (Watford, UK.) 510 twin 
piston pmp, Waters WISP injector, Shirnadzu (Houghton-Le-Spring, 

UK.) CTA 60 column oven, and a perkin Elmer (mconsfield,  UK.) 
Is1 fluorescence detector. 
using a Spectra Fhysics (Hemel €Iempstead, UK.) SP 4270 

integrator. The analytical column was a lxlpont Zorbax 
(Hi-, Reading, UK.) C8, 250 * 4.6 n'ml I.D., maintained a t  
45 C. 

acetonitrile/water, flaw rate 1.5 ml/ m h . .  I3etwee.n 25 to  150 

p 1  of  c a r t r i d g e  e l u a t e  w a s  i n j e c t e d .  

Data were collected and processed 

The mobile phase was 0.5 % "FA in 16 % 

post Column Mivat isat ion and Detection: 

Two mtC6 (spectrochraan Ltd., r i m - ,  UK.) 
Spectraflaw 400 twin  piston p m p  (reagent pmnps) and a K r a t o s  

Peas 520 temperature control system were used and set up as 
&ohm in Fig. 2. 

maintained a t  75 C. Reaction coi l  2 had a volume of 0.5 ml, and 
was maintained a t  tempesatUre. B o t h  -gent A and reagent 

B were p m p d  a t  1.0 ml/min. 

Reaction coil  1 w a s  2.0 m l  in volume, 

Fluorescent species in the eluate were detected w i t h  the 
fluorimter set a t  340 m (excitation) and 462 mn (emission). 
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TROSPECTOMYCIN IN PLASMA A N D  SERUM 1131 

Reaction 
coil 

0 
0 

W 

.- 
4 

n Reaction Reaction 
W 

C O l l  C O l l  

Mixer 

t 
R e a g e n t  A R e a g e n t  B 

FIGURE 2 

Post Column Reaction System 

Analyte peaks were autunatically integrated. 
concentrations were calculated fm standard cum= produced by 
pmgramnd SP 4270 software. 

Trospectanycin 

mandm Column Reaction: 

R-ospectanycin and 6'-n-butyl SpeCtFnanycin wt-e detected 
as sharp peaks at  7-8 and 13-16 minutes respectively with an 
apparent retention values of three (trospectcmycin) and six 
(- standard) (fig. 3 ) .  U t e  asesmmt of retention 
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f J 

T 

IS i 

I I I I 

0 5 10 15 

TIME (MINS) 

FIGURE 3 
HPLC of Trospectomycin (T) 
and 6-n-butyl spectinomycin 
(IS). Conditions as text. Chro- 
matogram of extract of plasma 
spiked with 5pglml of both ana- 
lytes. 50pl injected. 
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TROSPECTOMYCIN I N  PLASMA A N D  SERUM 1133 

is not possible because of the large lldead volumeg1 associated 

with the KRS. 

theoretical plates on column, as measured with trospedanycin, 
and it is evident that the RE, which features knitted Teflon 
reaction coils, causes little peak spreading. 

Efficiency was of the order of 3 - 5,000 

other stationary phases were tried, including spherisorb 
phenyl and Microsorb C18, and similar efficiency and retention 
was seen. 

routine use. 
were associated with a loss of efficiency and peak shape: 0.5 % 

was optinarm in practice. 
phase, no degradation of the packing material was seen. 
column was not faund necessary, and, with occasional flushing 
with 80 % acetonitrile/water, no loss of perfonnance was 

abserved over a period of two mnths continuaus use. 

However, zorbax c8 was fC4lI-d to be the most robust in 
Lmer concenttations of TFA in the mobile phase 

Despite the highly acidic mbile 
A guard 

Despite the ccanplexity of the system, baseline stability 
was good in term of short tenn and long tenn noise. 1-09 term 
drift, once the system had been equilibrated, was not a prablem 
and represented less than 5 % of full scale deflection over a 

period of 24 hcurs. 

post column reaction and detection were remtable, within 
a run and between runs. Ihe reagents were sufficiently 
stable to enable analytical runs of over 24 hours (70-100 

samples), and their preparation was not critical. 
concentrations of the reagent solution, the flow rates chosen, 
the volume of the reagent coils and the tenpemture of oxidation 
were all chosen to be non critical, and were not neoessarily 
optimum for the -test sensitivity. Nevertheless, 2 ng of 
tmqeckqcin could be detected on column, and this represents 

a practicable limit of detection of the ccpnplete system. 

Ihe 
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1134 SIMMONDS, WOOD, AND ACKLAND 

Extraction fram ~ l a ~ m a  and serum 

A range of reversed phase and polar bonded phase was 
tested, with a variety of rinsing steps and elution solvents. 
"A Was neaesSary in the findl Step to 
sorbent. 
cartridge rinse step with selective elution of biofluid 
canponents and no loss of analytes. Extracts of control plasma 
and serum gave very clean chmnatqmm and peaks of endogenous 
origin interfering with either traspectanycin or the internal 
stadard were not seen, even at high sensitivity (fig. 4 ) .  No 
long zunning peaks were seen in extracts, which weze stable in 
an autosampler for at least 24 hours. T h e  whole extract (c.a. 
0.2 m l )  could be injected without loss of ~ t o g r a ~ c  

elution from the 
G r e a t e r  than 50 % methanol auld be used in the 

performance. 

'Ihe extraction procedure pmved rapid and reliable. 
Recavery of tmspectcanycin and the internal standard, estimated 
by ccanparing peak heights generated by unextracted standartls and 
standards extracted f m  plasm or serum, was reproducible, and 
at least 90 % even at the lowest concentratims. 
critical nature of extraction procedures enabled up to 100 
plasma or serum sanples to be processed in a batch. 
partial ampomtion of cartridge eluates caused no p m b l ~  such 
as the loss of analytes, but anplete evaporation and 
redissolution in HpL13 mbile phase did result in apparent 
variations in the recovery of trPspectcmycin at concentrations 
above 5 pg/ml .  

The m n  

The 

'Ihere was no readily available canpaund with the COLTect 

pmperties to act as an internal stmdard, and mimic 
trospectanycin's idiosyncratic behavim in extraction and 
reversedphasem. OtherandLoguesof trospectanycinweze 
tried: 6I-n-pentyl spectincanycin eluted just after 
trospectcanycin on m, h t  analogues with eulyl, p-1, htyl 
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- 
0 5 10 15 20 

TIME (MINS) 

FIGURE 4 

HPLC of extract of 
control plasma. 
Conditions as text, 
100 pI injected. 
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1136 SIMMONDS, WOOD, AND ACKLAND 

and pentyl moieties substituted in the 3' position showed 

finally chosen, 6I-n-butyl spectincpnycin, behaves well duriv 

extraction f m  plasna or serum, but retention is rather 
longer than optimum, th- the peak runs well clear of any 
interferences. 

low retentions with HPLIC. 'Ihe in- standard 

m y  characteristics were vcry good, despite the possible 
variability i n t r c d u d  by the ccarp?lex post column reaction 
system. ~ r a ~ h s  of peak height ratio (tmqyAcqcin/intema 1 
standard) were 1- wer the range 0.025 pg/ml to 15 pg/ml 
trospectcanycin (r greater than 0.999 for twenty points). 
Replicate calibration graphs of seven pine in duplicate, in 
the range 0.1 to 10 pg/ml, gave an average value for r of 
0.9996 (fig. 5), with a coefficient of variation for slope of 
3%. Satisfactory precision (C.V. less than 10%) was shown 
thmu#mut the concentration range. 
measured us- quality control (Qc) samples prepared 
independently by spiking control plasma to give a naninal 
trospectcanycin concentration of 22 Wml (fig. 6). Within run 
and between run variation was 5 % and 3.7 % C.V. respectively, 
measured over 13 routine analytical runs. 
quantification of about 0.01 pg/ml  (C.V. of better than 
15 %) was seen in practice (fig. 7). 
imprmred by iru=reaSirq the volume of biofluid extracted (fig. 
8 ) .  The assay was used routinely at a contract facility over a 
period of months and several t h m s a x l  samples. 
faund, either in extraction or HPLIC. 

precision at low levels was 

A limit of 

Sensitivity can be 

No problems were 

The methcd can be modified to measure trospectcPnycin in 
plasna f m  other species, such as the rat or dog, and with 
nurumal changes to measure other biofluids, such as urine, or 
even for tissue residues. Little or no interference to the 
assay has been seen, either frun mnpourds eniogenous to 
biological samples or f m  possible degmdation pmducts of 

. .  
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2o 1 

1137 

pg / ml of plasma 

FIGURE 5 

Calibration curve, spiked concentration vs peak 
height ratio. All results from three consecutive 
curves. 
r = 0.999 slope = 1.390 int. = 0.0045 
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TIME (MINS) 

FIGURE 6 

HPLC of extract of QC 
sample, Trospectomycin peak 
(T) represents 22 ng/mI. 
100 pI injected. 
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- 
0 5 10 15 20 

TIME (MINS) 

FIGURE 7 

HPLC of human volunteer study 
sample. Extract of 0.5 ml of 
plasma sampled 72 hr after 75 
mg IM dose. Trospectomycin 
represents 13 ng/ml. 
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IS 
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FIGURE 8 

HPLC of human volunteer study 
sample. Extract of 1.0 ml of plasma 
sampled 72 hr after 75 mg IM dose. 
Trospectomycin represents 14 ng/ml. 
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traspectcnnycin, such as 6'-n-pmpy1 actinospecinoic acid, which 
is not extract.4, and actinamine which is eluted in the void 
volume by m. It is thought that any drugs co-achninistered 
with trospectcanycin, or adjuvants such as Cetcnnacrogol are 
unlikely to interfere. 

In conclusion, this methcd, the first to CIUT lawwldge for 
this class of ccanpaund, has shown itself to be ralxlst, rapid, 
and reliable, and of sufficient sensitivity to assay small 
biofluid samples frcan human or animal samples with great 
specificity . 

The method depends upon: 
1. Efficient extraction of anal-. 

2. Navel HPLI: for this class of ccanpaund that is both efficient 
and reliable. 
3.  use of a close analogue as an internal standard to ccanpensate 
for any variation in any aspect of the methcd. 
4. U s e  of highly developed and ccmnmercially available p t  
column reaction system. 

In addition, the methcd is flexible, and can be readily 
mdified to measure trospedanycin in different biofluids, for 
example, urine, or for tissue residue analysis, or for other 
aminocyclotol antibiotics. 

1. Elrod, E. , Bauer, J.F., Messner, S.L. Wetennination of 
Specthqcin Dihydmdiioride by Liquid chmmatography with 
Electrocherm 'cdl Detectian'l. Fharm. Res. 5, 10, 664 1988. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



1142 SIMMONDS, WOOD, AND ACKLAND 

2. Tsuji, K., Jenkins, K. llDerivatisation of secondary &nines 

with 2-Naphalene-SiLfql chloride for High-%rformance 
Liquid Chmnamphic Analysis of Specthmycinll. J. 

ChrmMtOg. 333, 365, 1985. 

3.  Myers, H.N., Rindler, J.V. llDetermination of Specthmych 
by High-Ferfoxmanm Liquid ChrcpMtography with Flwmnetric 

Detection". J. ChrcpMtcg, 176, 103, 1979. 

Receivcd: November 7, 1989 
Accepted: J a n u a r y  22, 1990 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
4
6
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


