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Summary. A sensitive high-performance liquid chromato- 
graphic assay has been developed for the measurement of 
the alkylating cytostatic drug melphalan (4-[bis(2-chloro- 
ethyl)amino]-L-phenyl-alanine, or L-phenylalanine-mus- 
tard, L-PAM) and its two hydrolysis products, monohy- 
droxy melphalan (MOH) and dihydroxy melphalan 
(DOH). A reversed-phase phenyl column and a mobile 
phase consisting of acetonitrile/citrate buffer made possi- 
ble an isocratic separation and quantification. N,N-[bis 
(2-hydroxy-ethyl)]toluidine has been synthesized as an in- 
ternal standard structurally related to DOH. A new, accu- 
rate "kinetic" calibration procedure enabled us to deter- 
mine even the concentration of the unstable MOH. The 
lower limit of quantification was 30 ng/ml for L-PAM and 
20 ng/ml for both DOH and MOH with fluorescence de- 
tection. The use of this method is illustrated by some phar- 
macokinetic data in systemic and locoregional melphalan 
therapy. 

Introduction 

Melphalan (Alkeran, 4-[bis (2-chloroethyl)amino]-L-phe- 
nylalanine, L-phenylalanine mustard, L-PAM) is still the 
drug of choice in the therapy of multiple myeloma [16]. In 
spite of its use in clinical therapy for three decades, its 
pharmacokinetics has been investigated only in recent 
years [3, 4, 7, 26]. Few data are available about the reaction 
products of L-PAM in the human body. Because L-PAM is 
rapidly hydrolyzed in water to mono- and dihydroxy mel- 
phalan (MOH, DOH) [9], both hydrolysis products have 
been proposed as the major reaction products in the or- 
ganism [2, 3, 9, 16, 23]. The previous assays have not been 
sensitive enough to measure the hydrolysis products of L- 
PAM in blood or plasma after therapeutic doses. 

The HPLC assay described here allows the measure- 
ment of the kinetics of L-PAM as well as of MOH and 
DOH in the same run. The results obtained from patients 
under treatment present the basis for a reasonable discus- 
sion of the physiological and toxicological significance of 
L-PAM hydrolysis products. 

Offprint requests to: E. Musch, Department of Internal Medicine, 
University of Bonn, Sigmund-Freud-Str. 25, D-5300 Bonn 1, Fed- 
eral Republic of Germany 

Materials and methods 

Chemicals. Crystalline L-phenylalanine-mustard was do- 
nated by Deutsche Wellcome (Burgwedel, FRG). A mass 
spectrometer confirmed its identity. 

Dihydroxy melphalan was obtained via a complete hy- 
drolysis of L-PAM in distilled water at 60 ° C for 2 h. DOH 
was HPLC chromatographically pure; its structure was 
confirmed by mass spectrometry of the total hydrolysis 
product and of its trimethylsilyl derivative. 

Monohydroxy melphalan could not be obtained as a 
pure crystalline compound, but only as one of the three 
components of the mixture after partial hydrolysis of 
L-PAM, and was separated in the HPLC system. Its struc- 
ture was confirmed by mass spectrometry of its trimethyl- 
silyl derivative. 

N,N,-[bis (2-hydroxy-ethyl)]toluidine, not commercial- 
ly available, was synthesized from toluidine and ethylene 
oxide, as follows: 0.01 tool p-toluidine in 1 ml H20 and 
2 ml glacial acetic acid were cooled to - 1 0  ° C. To the 
stirred mixture, 10 ml cooled ethylene oxide were added. 
The mixture was allowed to come to room temperature 
very slowly; stirring continued for 72 h. Excess reagent 
was removed at room temperature in a rotary evaporator, 
and the solution was neutralized with ammonia. The oily 
product was washed with water, dried, and crystallized 
from ethanol/diethyl ether. Its purity and structure were 
proved by HPLC, NMR, and mass spectrometry. 

All solvents were of HPLC quality;the other chemicals 
were analytical grade reagents. 

HPLC conditions. The separation was achieved on a 
250x4.6 mm i.d. column packed with 5-gm reversed- 
phase phenyl Spherisorb S 5 P at room temperature. The 
25-mm-long precolumn contained the same packing mate- 
rial, but with 10-txm particles. At an initial pressure of 180 
bar, the mobile phase (acetonitrile:citrate buffer = 15:85, 
vol/vol) was eluted with 1.5 ml/min. The compounds were 
measured with a fluorescent detector at an excitation 
wavelength of 270 nm and an emission wavelength of 
350 nm. The citrate buffer was made from 0.53 g citric acid 
monohydrate, 0.22 g sodium chloride, 1.3 ml 1 M NaOH, 
and deionized water to 5000 ml. The buffer was titrated 
with 40% citric acid in the pH range 3.00-3.25 until suffi- 
cient chromatographic separation was obtained. 

Workup. Blood samples of patients were drawn into hepa- 
rinized tubes, and blood was centrifuged at 0 ° C. Blood 
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Fig. 1. Structure formulae. I, melphalan = L-PAM (L-phenylala- 
nine mustard); II, monohydroxy melphalan = MOH; III, dihy- 
droxy melphalan = DOH; IV, N,N [bis (2-hydroxyethyl)] tolni- 
dine = IS (internal standard) 

and  p lasma samples were stored at - 80 ° C until  analysis. 
To 1 ml sample,  10 Ixl internal  s tandard  solut ion (100 ~tg IS 
in 1 ml disti l led water) was added.  The sample  was homo- 
genized (vortex-type mixer) and  sucked through an activat- 
ed Sep-Pak-C18-Cart r idge (Waters) with aspi ra tor  vacu- 
um. The cartridges were washed with 5 ml ice-cold deion- 
ized water  and sucked dry. Thereafter ,  the compounds  of  
interest  were eluted with 1.5 ml methanol  into tubes with 
po in ted  tips. The solvent was evapora ted  under  a stream of  
ni t rogen at room temperature ;  the dry samples were s tored 
at - 2 0  ° C. For  analysis,  the dry residue was dissolved in 
0.1 ml ice-cold buffer within the next 15 days. The samples 
were homogenized  with a vortex mixer and  centrifuged. 
Of  the buffer  solution, 25 txl was injected into the HPLC 
system. 

Calibration. A direct cal ibrat ion is possible  for DOH,  but 
for L-PAM this is possible  only with l imited accuracy,  be- 
cause it hydrolyzes in aqueous solution. A freshly p repared  
cal ibrat ion solution contains up to 5% hydrolysis  products ,  
and  hydrolysis  continues. For  MOH,  a direct cal ibrat ion is 
impossible,  because due to its instabil i ty it cannot  be ob- 
ta ined  as a pure compound.  

However,  we found a method  of  ca l ibra t ion via the hy- 
drolysis  characterist ics of  L-PAM in aqueous solution, 
where M O H  and D O H  were being formed.  I f  the hydroly-  
sis is in terrupted (by cooling) at different  intervals,  mix- 
tures are obta ined  with different  concentrat ions  of  L-PAM, 
MOH,  and DOH.  These concentra t ions  are unknown at 
the time of  measurement .  An adequate  number  of  such 
mixtures was chromatographed.  From the peak  ratios ob- 
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ta ined  and the solution of  the set of  l inear  equations,  we 
could calculate retrospectively the actual  concentrat ions in 
each of  these mixtures.I 

These hydrolysis  mixtures served as cal ibrat ion stock 
solutions for spiking b lank samples of  p lasma and whole 
b lood.  It was guaranteed by cooling on ice that  the hydro-  
lysis of  melphalan  did not  continue in these cal ibrat ion 
samples. The val idi ty of  this cal ibrat ion procedure  was 
conf i rmed by a convent ional  cal ibrat ion of  L-PAM and 
D O H  (correlat ion coefficient > 0.996, see below). Known 
amounts  of  L-PAM and D O H  were spiked to p lasma and 
whole blood.  

The exact cal ibrat ion procedure  was per formed as fol- 
lows: 3 ml 100 Ixg/ml L-PAM solution and 3 ml 100 ~tg/ml 
internal  s tandard  solution in 10 mmol  HC1, respectively, 
were mixed. Hydrolysis  was carried out at 50 ° C. After  
5, 15, 30, and 60 min 1-ml samples were withdrawn and 
cooled on ice. F rom these samples,  20-~tl aliquots were 
chromatographed  directly and used to spike b lank p lasma  
and b lood  cal ibrat ion samples immediately.  Thus, these 
samples contained (at a beginning concentrat ion of  50 ~tg/ 
ml) 1 ~tg IS and 1 gg (3.28 nmol)  part ly hydrolyzed  mel- 
phalan  (L-PAM + M O H  + DOH).  

Quality control. At the beginning of  each measuring day,  
the following chromatograms were evaluated:  the mixture 
o f  the three compounds  and internal  s tandard  in aqueous 
solution, spiked pool  p lasma as descr ibed above, the cali- 
bra t ion samples, and the blanks (samples obta ined  before 
the drug was given). 

Plasma kinetics in systemic and regional melphalan therapy. 
As an appl ica t ion  of  our HPLC method,  we show some ki- 
netic da ta  in the i.v. adminis t ra t ion  and hyper thermic  l imb 
perfusion of  melphalan.  

In the systemic t reatment  of  eight pat ients  with multi-  
ple mye loma (mean age + S D ,  6 1 + 7  years), 0.5 m g / k g  
melphalan  was injected as a bolus into an antecubi tal  vein. 

The quantification of HPLC peaks requires the following equa- 
tion: 
Csubst = fsubst " PRsubst (1) 

Csobst: concentration of a substance 
fs, b~t: calibration factor of a substance 
PRsub~t: peak ratio 

(areasubstance/areamternal standard)' 

The sum of the molarities of all three substances is constant and 
equal to the initial molarity of L-PAM, i.e.: 
starting concentration = CL_pA M + CMO H + CDo H = constant, (2) 
or 
starting concentration = ft~PAM " PRL-PaM + fMOH " PRMoH + fDOH 
• PRDoH- (3) 

First, the three calibration factors (f) (in the medium 10 mmol 
HCI) are unknown. The starting concentration of L-PAM and the 
peak ratios (PR) (calculated from the chromatogramms of the hy- 
drolysis mixtures) are known quantities• If they are inserted in Eq. 
(3), as many different, independent equations are obtained as 
chromatogramms at different hydrolysis intervals have been re- 
corded• At least three chromatograms are required for calculation. 
We chromatographed four hydrolysis mixtures and obtained four 
equations. By known mathematical procedures, we calculated the 
unknown calibration factors in HC1. This enabled us to calculate 
the concentrations in each of these hydrolysis mixtures that were 
used to spike plasma and blood samples. With these known con- 
centrations, exact calibration could be performed. 
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Fig. 2a-d.  HPLC chromatograms of a, the reference 
compounds, L-PAM (10gg/mt) and IS (10~tg/ml), 
30 min at 37 ° C in H20, 20 ixl injection; b, plasma of a 
patient before treatment; c, spiked plasma; d, plasma 
of a patient, sample obtained 30 min after a 0.5 mg/kg 
i.v. injection of L-PAM 

Venous blood samples were taken from another cannula 
into heparinized tubes just prior to the injection and at 
0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, and 5 h following mel- 
phalan administration. 

Hyperthermic regional perfusion therapy was carried 
out in eight patients with locoregional metastases of malig- 
nant melanoma (mean age + SD, 53 + 8 years, melphalan 
dosage 10 mg per liter extremity volume, mean achieved 
perfusion temperature 41°C over about 1 h, method de- 
scribed by Wieberdink et al. [24]). Blood samples were 
drawn at 10-min intervals from the beginning of the proce- 
dure. 

All specimens were put on ice in order to prevent spon- 
taneous hydrolysis of melphalan. Blood samples were cen- 
trifuged and plasma was stored at - 80 ° C until analysis. 

Results 

The HPLC peaks containing L-PAM, DOH, and internal 
standard were collected; solvent and buffer salts were re- 
moved; the identities of these compounds were confirmed 
by mass spectrometry. The absence of interfering peaks 
was demonstrated by chromatograms of the blood samples 
of each patient, obtained at time zero. Thus, the assay was 
specific without other interferences. 

For recovery evaluation of the method, three blank 
plasma samples and three blank whole-blood samples 
were processed as usual, except that no internal standard 
was added. The hydrolysis mixture, containing internal 
standard, was added to the extracts prior to chromatogra- 

phy. The mean values were used as the 100% recovery val- 
ues. Ten spiked, blank plasma samples and ten spiked, 
blank whole-blood samples were processed as usual. The 
mean recoveries (_+ SD) calculated were: 

from plasma from whole blood 
L-PAM 66 + 3% 69 + 4% 

MOH 77 + 3% 80_ 3% 
DOH 56 + 5% 64+ 5% 

internal standard 88 -+ 2% 85 + 2% 

With this method, the lower limit of quantification was 
found to be 30, 20, and 20 ng/ml for L-PAM, MOH, and 
DOH, respectively. The lower limit of detection (signal-to- 
noise ratio -- 2: 1) was about 5 ng/ml or 15 nmol/1. 

For studying the reproducibility of the assay, one sam- 
ple of pool plasma, spiked with 2.88 Ixmol/1 L-PAM, 
1.22 ~tmol/1 MOH, and 2.46 txmol/1 DOH, was measured 
ten times. The coefficients of variation were 2.06%, 2.10%, 
and 2.76% for L-PAM, MOH, and DOH, respectively. Da- 
ta are given in Table 1. 

We determined the day-to-day precision by the follow- 
ing procedure: Aliquots of a plasma pool (spiked with in- 
ternal standard solution and partially hydrolyzed melpha- 
lan, i.e., L-PAM, MOH, and DOH) were stored at 
- 8 0  ° C. One aliquot was always processed with patient 
samples and measured as the first sample. Over a period of 
3 months, measurements of ten series yielded coefficients 
of variation of 10.2%, 5.9%, and 9.4% for L-PAM, MOH, 
and DOH, respectively. Data are given in Table 1. 
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Table I. Reproducibility and day-to-day precision : means, standard deviations, and coefficients of variation (spiked plasma measured ten 
times on the same day, or over a period of 3 months, respectively) 

Reproducibility Day-to-day precision 

L-PAM MOH DOH L-PAM MOH DOH 

Mean (~tmol/1) 2.88 1.22 2.46 1.24 0.96 1.08 
S D (gmol/l)  0.059 0.025 0.068 0.126 0.056 0.101 
CV (%) 2.06 2.10 2.76 10.16 5.89 9.35 

Table 2. Accuracy: ten measurements of plasma and whole blood spiked with both L-PAM and DOH. Amounts added, and percentage 
deviations of the amounts found, and coefficients of correlation are shown 

Accuracy 

L-PAM DOH 

Amounts added % deviation of Amounts added % deviation of 
(ng/ml) the amounts found (ng/ml) the amounts found 

in plasma in blood in plasma in blood 

100 - 7 . 6  - 4.6 50 - 8 . 2  + 7.6 
200 + 6.1 - 5.7 50 + 6.4 -10 .8  
250 - 0.4 + 2.1 100 + 7.1 + 5.4 
250 -11 .4  - 6.2 100 + 2.2 - 6.3 
250 + 5.2 + 6.2 200 - 2.2 +12.1 
400 - 2.1 + 7.1 250 +12.1 + 7.7 
500 + 6.7 - 0.6 250 - 8.2 - 2.3 
500 - 2.3 + 5.2 500 + 9.0 + 7.6 

1,000 - 2.2 + 5.8 500 + 4.8 - 6.6 
10,000 - 8.7 - 1.1 5,000 - 3.5 -- 2.0 

Coefficient of correlation 

in plasma in blood in plasma in blood 

0.996 0.997 0.996 0.996 

Table 3. Calibration : Calculated calibration factors, equations for the linear regression lines, and their coefficients of correlation in plas- 
ma and whole blood 

Calibration 

Substance f = calibration factor Calibration line R = coefficient of 
(Ixmol/1) y = ax + b correlation 

L-PAM 
in plasma 1,307 y = 0.765 x + 0.009 0.999 
in blood 1,196 y = 0.836 x + 0.01 1.000 

DOH 
in plasma 1.193 y = 0.858 x + 0.087 0.997 
in blood 0.981 y = 1.019 x + 0.024 0.999 

MOH 
in plasma 0.721 y = 1.387 x + 0.054 0.998 
in blood 0.651 y = 1.537 x + 0.028 0.999 

In o r d e r  to eva lua te  the accuracy  o f  the  m e t h o d ,  ten 
1-ml a l iquots  o f  p o o l e d  p l a s m a  a n d  ten  1-ml a l iquots  o f  
p o o l e d  w h o l e  b l o o d  were  sp iked  wi th  b o t h  L - P A M  a n d  
D O H .  A m o u n t s  a d d e d  a n d  dev ia t ions  o f  the  a m o u n t s  
f o u n d  are s h o w n  in Table  2. The  coef f ic ien t s  o f  co r re l a t ion  
were  > 0.996. 

Calibration 

The l inear i ty  was con t ro l l ed  in the  range  f r o m  0 - 1 0 0  txg/ 
ml  for  L - P A M  a n d  D O H ,  a n d  f r o m  0 - 5  p~g/ml fo r  M O H ,  
respec t ive ly  (coef f ic ien t  o f  co r re la t ion ,  > 0.997). The  cali- 
b r a t i o n  fac tors  in p l a s m a  a n d  who le  b l o o d ,  the  equa t ions  
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for the cal ibrat ion lines, and their correlat ion coefficients 
are given in Table 3. 

By this cal ibrat ion procedure  there is no need of  re- 
peated pipett ing or diluting, hence errors can be avoided.  
The different concentrat ion steps are the " internal"  result 
of  L-PAM hydrolysis.  The internal  s tandard  compensates  
other possible error sources. The accuracy control  con- 
f i rmed the cal ibrat ion results via known added  amounts  of  
L-PAM and D O H  (i.e., as in the convent ional  cal ibrat ion 
procedure).  

Plasma kinetics in patients 

The concentrat ion time integrals (area under  the curve, 
AUC)  of  melphalan  and its hydrolysis  products  in sys- 
temic therapy are shown in Table 4. One example  of  the 
kinetics after i.v. bolus injection of  melphalan  in a pat ient  
is shown in Fig. 3. It should be poin ted  out that the two hy- 
drolysis products  reached only very low concentrat ions 
and could hardly  be detected after the first hour. 

A larger por t ion of  M O H  was found in hyper thermic  
extremity perfusion therapy (Table 4). Figure 4 presents an 
example  of  a typical  p lasma concentrat ion t ime curve for 
melphalan  and its hydrolysis  derivatives after locoregional  
adminis t ra t ion of  10 mg melphalan  per liter l imb volume 
at a mean perfusion temperature  of  41 ° C. In this mode  of  
appl icat ion,  melphalan  showed an increased decline of  
p lasma  concentrat ion compared  to the concentrat ion time 
plot  of  systemic therapy (Fig. 3). In terms of  the higher 
dose of  melphalan  and hyperthermia,  the hydrolysis  deriv- 
atives were markedly  increased. The concentrat ions of  
M O H  exceeded those of  DOH.  The sum of  the AUC of  the 
hydrolysis  products  amounted  to 29%+ 6.4% of  the AUC 
of  melphalan  during the perfusion period.  Therefore,  even 
in hyper thermia,  inact ivat ion of  L-PAM by hydrolysis  
plays only a minor  role. Most  of  the drug remains avail- 
able as the alkylat ing active substance during perfusion.  

Discussion 

This newly developed HPLC assay allows the simulta- 
neous,  specific, and sensitive quant i f icat ion of  melphalan  
and its hydrolysis  products ,  M O H  and DOH,  in the b lood  
and p lasma of  patients on melphalan  therapy.  Unti l  now, 
M O H  and DOH,  the prominent  products  of  spontaneous  
hydrolysis,  have been regarded as the main react ion prod-  
ucts in man [2, 3, 9, 16, 23]. Especial ly D O H  has been dis- 
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Fig. 3. Plasma level t ime course of L-PAM, MOH,  and DOH in a 
patient after a 0.5 mg/kg i.v. injection of L-PAM 

Table 4. Areas under the plasma concentration time curves (AUC) 
of L-PAM, MOH, and DOH in locoregional therapy (10 mg mel- 
phalan/l limb volume, 10 to 50 min in hyperthermic isolation per- 
fusion) and in systemic therapy (0.5 mg/kg melphalan i.v., extra- 
polated integral) 

Patient Extremity AUC L-PAM AUC MOH AUC DOH 
(min * ng/ml) 

Locoregional therapy 

R.U. arm 185360 52250 6260 
S.T. arm 127 770 36 335 5 295 
D.H. leg 309610 55680 13305 
E.E. leg 509 030 99 260 10 180 
M.M. leg 445690 119675 7880 
R.H. leg 444740 107415 5705 
S.E. leg 229 800 78 580 8 035 
W.A. leg 292055 85665 4800 

Systemic therapy 

A.M. 78 635 760 220 
H.K. 56948 - 180 
M.C. 64 503 450 675 
S.A. 74 666 - - 
S.C. 95 751 620 935 
S.F. 100 826 575 520 
S.M. 97 494 - 375 
Z.M. 43 906 - - 

cussed as a compound  that is e l iminated only very slowly 
[2]. Ahmed  and Hsu [2] have shown a typical  chromato-  
gram of  p lasma from a pat ient  on oral melpha lan  therapy 
(days 1 -5 ;  dose, 5 m g / m  2 per  day). In this pat ient  they 
found a large peak at tr ibuted by them to DOH at day 6, 
even after a therapy-free interval  of  more than 3 weeks. 
This f inding has not  yet been verified. In contrast,  Alberts  
et al. [3] have supposed that melphalan  is mainly eliminat- 
ed by DOH. The situation is p robab ly  even more compli-  

cone 
{AJrnol I I ) 

100: 

01 

, L-PAM 

• MOH 

,---.. . .  

10 20 30 &O 50 60 
bme (mln) 

Fig. 4. Plasma level time course of L-PAM, MOH, and DOH in a 
hyperthermic limb perfusion at a mean temperature of 41°C 
(10 mg L-PAM/liter volume of the limb) 
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cated, for it is still unknown if the DOH found in the urine 
was formed in the b lood  or in the bladder .  

Several assays avai lable  for the determinat ion  of  L- 
PAM [10, 18-20,  23] were not  suitable, for rout ine use on 
patients. Only HPLC assays [1, 2, 5, 8, 11-13,  15, 17, 21, 
25] al lowed pharmacokine t ic  studies of  melphalan  [3, 4, 7, 
26], but not of  its hydrolysis  products.  In these HPLC as- 
says, reversed-phase C18 columns were used. Whereas L- 
PAM had a reasonable  retention time, the very polar  hy- 
drolysis products  were eluted with the front and,  in biolog- 
ical samples, were bur ied  in interferences. Methods  using 
radioact ively  label led L-PAM [6, 9, 13] have yie lded some 
results concerning DOH and MOH,  but  radioact ivi ty  
should be avoided  in patients.  Ahmed  and Hsu [2] and 
Taha et al. [22] have been able to detect L-PAM and DOH,  
but  not MOH,  in plasma. The sensitivity of  their  methods 
is not  sufficient for clinical samples. 

To overcome these problems,  we developed a new and 
sensitive HPLC method.  With  a phenyl  column and an 
isocratic system, L-PAM, MOH,  and D O H  peaks could be 
specifically separa ted  from serum interferences. Com- 
pared  to the UV detect ion used by most authors,  fluores- 
cence detect ion increased sensitivity and specificity. We 
synthesized an internal  s tandard,  s tructural ly related to 
DOH,  which guaranteed a high reproducibi l i ty  of  the mea- 
surement (coefficient of  var ia t ion <3%). The cartr idge 
sol id-phase extract ion resulted in a sufficient extract ion 
rate for all substances ( >  60%). The loss may  be par t ly  due 
to irreversible protein  b inding of  melphalan  [8]. 

A further advantage  of  our assay was the kinetic cali- 
bra t ion  method that  permit ted  even the de terminat ion  of  
the M O H  concentrat ion.  It was based on a known initial  
melpha lan  concentra t ion and its hydrolysis  characteristics,  
resulting in cal ibrat ion points  for all three substances. 
The evaluat ion of  the accuracy of  the method descr ibed 
conf i rmed the val idi ty of  their cal ibrat ion procedure  (coef- 
ficient of  correlat ion > 0.996). The lower limit of  quanti ta-  
tive measurement  amounted  to 30 n g / m l  for L-PAM and 
to 20 n g / m l  for the other two compounds .  Even 5 n g / m l  
was detectable at a signal-to-noise ratio of  2: 1. 

In the patients with systemic melphalan  therapy,  we 
could only detect minor  concentrat ions  of  the hydrolysis  
derivatives. In locoregional  hyper thermic  perfusion ther- 
apy,  there was a higher percentage of  detectable MOH,  in- 
dicat ing a different  pharmacokine t ic  behavior  for mel- 
phalan.  This p robab ly  depended  on the missing renal  
excret ion or the higher l imb temperature  in this therapeu-  
tic form. In both appl icat ions ,  the hydrolysis  of  melphalan  
was not the super ior  degradat ion  pathway,  contrary  to 
previous discussions in the l i terature [2, 3, 9, 16, 23]. The 
a lkyla t ion react ion of  the bi funct ional ly  cytotoxic  drug 
seems to be more important .  However,  more  clinical  data  
are needed. 

With the specific and sensitive HPLC method de- 
scribed, it is now possible to evaluate the relevance of  
M O H  and DOH in the pharmacokinet ics  of  melphalan.  
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