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SUMMARY 

A clinically useful analytical method is described for monitoring both plasma 
and urine levels of methylglyoxal bis(guauylhydrazone) administered in the clinical 
management of certain neoplasms. The drug is initially separated from the biological 
matrix by retention on a small (2 cm) column packed with weak cation-exchange 
resin. The analyte is subsequently eluted quantitatively from the column with 
hydrochIoric acid, and then separated and quantitated by paired ion high-performance 
liquid chromatography on an RP-18 column. The drug is detected to levels of 50 
ng/ml of biological ffuid by monitoring the column effluent spectrophotometrically 
at 280 nm. Absorbance was linearly related to drug concentration over the range 50 
ng-50 pg/ml of plasma or urine, and measurements could be made with a precision 
of * 4% over this range. 

INTRODUCFION 

Shortly after Freelander and French’ described the growth inhibitory effect 
of methylglyoxal bis(guanylhydrazone) ** (methyl GAG; NSC-32946) (I), it was 
found to have significant activity against acute myelocytic leukemia. On a daily 
dosage schedule the toxic effects were often dose limiting and life threateningly. 
The mechanism of antitumor action of methyl GAG has not been elucidated, but 
evidence indicates that the physiological effects may be primarily related to the in- 
hibition of the enzyme S-adenosyl methionine decarboxylase which catalyzes the 
synthesis of spermidines. 
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More .mccnt investigations with methyl GAG have shown favorable responses 
in several types of solid tumors and lymphomas, with acceptable toxicity, when 
patients are dosed at lower levels on a weekly schedule6*‘_ Since the drug is now 
undergoing extensive clinical testing, a method was sought to monitor methyl GAG 
levels in plasma and urine. In this report we describe such a clinically useful method 
based on initial separation of the drug from the biological matrix by cation-exchange 
chromatography and subsequent high-performance liquid chromatography (HPLC) 
analysis of the drug. 

EXPERIMENTAL 

Apparatus 
Chromatography was performed on a component svstem contisting of a 

Waters Assoc. (Milford, Mass., U.S.A.) Model 6OOOA pump, Mtici U6K injector, 
and Model 440 absorbance detector operated at 280 nm. Peak areas were measured 
with a Varian Assoc. (Palo Alto, Calif., U.S.A.) Model 11 lC chromatography data 
system interfaced with the absorbance output of the detector. Optimization of the 
mobile phase composition was accomphshed with the addition of a second pump and 
a Waters 660 solvent programmer. The column used was a Waters PBondapak 
C,, (30 cm x 3.9 mm 1-D. ; 10 f4m particle size). 

UV spectra were recorded in l-cm quartz cells using Gary (Palo Alto, 
Calif., U.S.A.) Model 118 and 219 spectrophotometers. 

Materials 
Methyl GAG was used as obtained from the National Cancer Institute 

(Bethesda, Md., U.S.A.). The sodium sahs of pentane, hexane, heptane and octane 
sulfouic acids were purchased from Eastman-Kodak (Rochester, N-Y., U.S.A.). 
Sodium dodccanesulfonate was purchased from Aldrich (Milwaukee, Wise., U.S.A.)_ 
All of the sodium alkyl sulfonates were used as received. Ellydroxytryptamine 
(Serotonin) was obtained from Sigma (St. Louis, MO., U.S.A.) as the anhydrous 
oxalate salt. Methanol was Fisher HPLC grade. All other chemicaIs were reagent 
grade. Cation-exchange resin, Bio-Rex 70 (2OO+lO mesh) was purchased from Bio- 
Rad Labs. (Richmond, Calif, U.S.A.) in the sodium form. All water was distilled 
in g&s following mixed-bed deionization. Glass disposable transfer pipets (9 in. 
long) were purchased from Curtin Matheson Scientific (Houston, Texas, U.S.A.). 

Plasma was purchased (Community Blood Center, Kansas City, MO., U.S.A.) 
as “recovered human plasma” containing citrate-phosphate-dextrose anticoagulant 
and was stored at 5”. Fresh urine was obtained from healthy human volunteers and 
was stored overnight in ice. 

Me:kods 
pK, Determinations. The apparent pK, values of methyl GAG dihydrochlor- 

ide were determined by titrating an aqueous sample of methyl GAG dihydro- 
chloride (O-01 M) under nitrogen with 0.5-ml portions of 0.1 M aqueous potassium 
hydroxide at ambient (m 20”) temperature according to the method of Albert and 
Sergeants. 

Separation of metkyl GAG from phma and urine. Disposable columns were 



prepared by slurry packing CQ. 0.2 g of dry Rio-Rex 70 cationexchange resin (sus- 
pended in water) into g-in. glass transfer pipets to give 22 x 5 mm wet packed 
columns. Freshly prepared columns were washed sequentially with water (5 ml), 
0.5 M sodium acetate solution (adjusted to pH 4 with concentrated hydrochloric acid) 
(5 ml), 0.5 M hydrochloric acid solution (5 ml), and pH 6 hydrochloric acid solution 
(24 ml). 

Plasma samples were adjusted to pH 6 with 25 yl of 1 M hydrochloric acid per 
ml of plasma. A I-ml volume of pH-adjusted plasma (or pH 6 hydrochloric acid 
solution) containing methyl GAG was applied to the ion-exchange column, followed 
by washings with 5 ml of water and 5 ml of 0.5 M sodium acetate solution (pH 4) 
The methyl GAG was then eluted from the column with 1.9 ml of 0.5 M hydro- 
chloric acid. The eluent from this 6nal wash was collected in 2 ml volumetric flasks 
con&&ring 40~1 of a solution of the internal standard (5-hydroxytryptamine, 0.571 
mg/ml in pH 4 hydrochloric acid) and was then adjusted to volume with OS iW 
hydroctioric acid. Sodium hydroxide (80 ~1 of 12 M solution) :vas added to each 
sample in preparation for chromatographic analysis- 

Urine samples (1 ml) were applied directly (without pH adjustment) to the 
ion-exchange columns, then washed with water (6 ml) and subsequently carried 
through the same steps described for processing plasma samples. 

Chromatography 
The acidic ion-exchange column eluent containing methyl GAG was subse- 

quently chromatographed as an ion pair on an octadecylsilane bonded phase column 
using C& and C,, sodium alkyl sulfonates as hetaerons with UV absorbance 
detection of the effluent at 280 nm. In each case the sodium alkyl sulfonate concentra- 
tion was 2.5 mM and the concentration of acetic acid was 0.5 %. The methanol-water 
concentrations were varied using a solvent programmer. 

The mobile phase used for &ml analysis consisted of 2.5 mM sodium pentane 
sulfonate and 0.5 % of glacial acetic acid in methanol-water (17.5:82.0). The flow- 
rate was maintained at 2.0 ml/min. Injection volumes of 20 ~1 were used for all 
HPLC analyses_ 

Qccantitative analysfs 
Methyl GAG was quantitated by determining the au;rl_yte: internal standard 

(5-hydroxytryptamine) peak area ratio on a Varian CDS 111C computing integrator 
and comparing this value with a standard curve constructed after analysis of plasma 
or urine samples containing a known amount of the drug. A standard curve for 
plasma was generated by analyzing three samples of plasma at each of 12 diEerent 
concentrations of methyl GAG ranging from 0.141-50.2 pgfml. Samples for this 
curve were prepared by the addition of 5-89 ,zl of aqueous acidic solutions (PH 4) of 
methyl GAG 12.82 mg/mI (or 0.28 mg/ml)] to plasma, to give a Enal volume of 5 ml 
[la ml for the 140 and 282 n&ml samples]. Standard curves in urine were prepared b;r 
analysis of three samples at each of six different concentrations of methyl GAG 
ranging from 0.28-5.6 pg/ml of urine. To permit evaluation of recovery, a third 
standard curve was cmstnxted by spiking mobile phase [methanol-water (175332.0) 
containing 0.5% glacial acetic acid and 2.5 m&f sodium pentane suhonate] with 
methyl GAG and internal standard at the same concentrations used in the generation 



of the plasma and urine tunes and tken immediately subjecting these solutions to 
direct SJPLC analysis. 

CZbzzkaZ smpZe processing, Patients judged suitable for this cJ3nicd protocol 
-were administered methyl GAG (700 mg/m2) intravenously as a 25-n&z infusion. 
Biood samples were drawn in polypropylene syringes at f%rne intervals immediately 
before and 17,40, 75, 180 min, 5 k, 8 k, 24 k, and 48 k after initiation of infusion. 
Plasma was produced by centrifugation of tkese samples in polystyrene tubes at I300 
g for 4 min. Recovered plasma was stored in polystyrene tubes in ice until processing 
(<72 hb. 

RESUL-iS AND DiSCUSSEON 

Separarim of methyl GAG from bioiogicarj-luid matrices 
Dinct extraction of plasma or beer (pH 7.4) with water immiscible sol- 

vents of varying properties (i.e. polarity. proton-donating and proton-accepting 
abilities, etc.) resuked in no measurable partitioning of methyl GAG into the organic 
layer. Tke apparent pK, values of methyl GAG dikydrockloride were determined titri- 
metrically to be pK,, I= 7.63 f 0.04 and pK,, = 9.05 f 0.01. Adjustment of solu- 
tions containing methyl GAG to pH I1 (where the drug should exist in non-ionic 
form), prior to extraction, did not improve extraction e5ciency above 10 %, apparent- 
ly due to tke pronounced kydropkilicity of tke analyte, even in its uncharged form. 
Extraction of methyl GAG from potassium carbonate-saturated solutions witk low- 
molecular-weigkt alcohols improved extractability to ca. 50 %, but tke precision of the 
procedure -was poor. Tkis was presumably due to increased degradation of tke analyte 
at tke high pH created by carbonate saturation_ Furthermore, extraction with low- 
molcculsr-weight alcohols was non-specific resulting in co-extraction of many sub- 
stances from p!asma and urine causing subsequent di5culties in HPLC analysis 
(resolution) of tke drug:, 

An ionexchange method for the isolation of radioactive methyl GAG de- 
scribed by Oliverio cz rrl.g was adapted for clinical use witk small volume biological 
samples. 

Tke appiicability of cationexchange resins (Rio-Rex 70) as tke support media 
to separate (and retain:) tke drug from biological matrices was investigated. Due to 
the kigk viscosity of biological fluids, resins of small mesh @-St3 and 100-200) were 
initially examined, but were found to be inefficient in retaining 1 ml sampies 
containing metkyl GAG (5pg/ml) even where > 1 g of dry resin was used_ However 
when 0.2 g (dry weight) of this resin in tke smallest mesh size commercially available 
(2tX+?UO), was used, quantatitive retention of metkyl GAG was realized in all bio- 
1ogicaI samples tested over tke concentration range O.M-6O&mL This amount of 
dry resin (0.2 g) offers 5: 20,060 fold excess capacity over that theoretically necessary 
for retention of the largest plasma level (50 pg) of methyl GAG/ml anticipated9 after 
i-v_ infusion of tke drug at doses of < 1 g/m2_ The resin bed was pre-wa~kd (see 

Experimental) to faci&ate settling, remove salts and convert tke resin from tke 
sodium to proton form. 

Metkyl GAG could be removed from tke ionexchange column with 1.9 ml 
of 0.5 M kydrockloric acid_ Larger volumes of eluent were required when less con- 
centrated acids were used or with acids more concentrated than 2 M. The elution 
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behavior of OS and 1 M hydrochloric acid solutions was similar. The 0.5 M acid was 
chosen to minimize the equivalents of base needed to raise the pH of the sampks to 
pH % 3 prior to HPLC analysis. This partial neutralization -carried out with sodium 
hydroxide solution (12 M) to minimize the volume change when added to the 2-ml 
sampks- is required to prevent the deterioration of the silica-based columns used in 
the fkal analysis. 

Phssm samples were adjusted to pH 6 with 1 A4 hydrochloric acid to insure 
that methyl GAG completely protoonated prior to ion-exchange processing. Plasma 
sampks not adjusted to pH 6 gave wide variability in duplicate analysis. After appli- 
cation of the sampIe, washing of the resin with 5 ml of water in the case of plasma and 
6 ml in the case of urine followed by 5 ml of aqueous sodium acetate solution (0.5 M, 
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fig. 1. Capacity factor (k’) for methyl GAG vs. me&an01 concentration in mobile phase containing 
0.5% acetic acid and 25 mM sodium alkyl stionate. ‘Sodium pentane (6); hexane (8~); heptane 
(S); octane (a; and dodecane (0) stionate. 



pH 4) was found to be adequate to remove the extraneous substances from the ion- 
exchange column. M’LC monitoring of the wash solutions obtained from an aqueous 
sample of methyl GAG applied to the column showed no drug in the efluent 

chrontQtogrQ&y 
Due to its high molar absorptivity (E = 40,000) at 283 nm, spectrophoto- 

metric monitoring at 280 nm after separation by HPLC was considered a favorable 
approach to quantitation of methyl GAG. Initial attempts using both normal- and 
reversed-phase chromatography were unsucccssf& until an ion-pairing agent was 
added to the mobiIe phase. M of the all@ suEonates studied (C& were found to 
be e&ctive hetaerons for the chromatographic separation of methyl GAG when the 
methanol-water ratio was appropriately adjusted and acetic acid concentration was 
maintained at 0.5 ‘A_ Fig. 1 shows the efEct of the addition of methanol to the mobile 
phase on retention of methyl GAG. From the shape of these curves, regions can be 
selected where small incremental changes in methanol concentration have large elects 
on the capacity factor, k’, and therefore chromatographic separations. Table I shows 
the system efficiency achieved with each of the alkyd suhonic acids. Maximum etfi- 
ciency is achieved with sodium pentane sulfonate which was then chosen as the 
counter ion. In a mobile phase methanol-water (L7.5S2.0) which was 2.5 mM in 
pentaue sulfonate and 0.5% in acetic acid, methyl GAG was rapidly eluted from the 
column (retention vokune 12 ml) and was well resolved (resolution > 1.5)10fromthe 
internal standard (retention volume 8 ml) peak and any plasma or urine constituents 
co-eluted from the ion exchanger as seen in Fig. 2. 

TABLE I 
. 

NUMBER OF THEORETICAL PLATES (A’) FOR INDA’IDUAL CHROMATOGRAPHIC 
SYSTEMS AT k’ = 285 WlTH CH,(CH&!30&& HETLWRONS 
N = 16[t,lt,#, where rr = retention time, t, = peak uidth at baseline_ K = (:, - tp)lt, whexe 
r,, = time of eiution of um-etained species. 20~1 of 10m5 M methyl GAG injected onto Clls cohmn 
with mobile phase 25 IXLW alkyl sulfouate, O.S”A acetic acid in methanol-water of composition to 
yield K (methyl GAG) = 28% 

n N 

4 1500 
5 1440 
6 1380 
7 1180 

Stanifmd curses inzd sensitivity 
In constmction of standard curves in plasma, the ratio of the areas of the 

methyl GAG/internal standard peakswas related linearly to the ratio of the conccn- 
tration of methyl GAG @g/ml)/concentration of internal standard (@g/ml) over the 
concentration range 0.141-50.2Oc(g methyl GAG/ml of plasma. Linearity of responses 
was determined by Ieast squares analysis of data points and gave the line y = 0.66~ - 
0.97 with a zero order correlation coefficient of 0.995, Detection limits were approx- 
imate@ 50 ng/ml of plasma as determined by direct analysis of drug supplemented 
plasma samples with a standard deviation of less than f 5% (as determined for tri- 
plicate samples)_ Total recovery of methyl GAG from plasma and urine samples was 
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Fig. 2. Ckomatogram of methyl GAG from (a) plasma and (b) urine. Methyl GAG (M) retention 
vohme: 12ml; 5-Hydroxytryptamine (IS) retention voIume: 8 lnI. Separatica carried out on 
octade&ilane bonded phase column with 0.5 % acetic acid and 2.5 m&f sodium pentane sulfonate 
in me’rhanol-water (17.5:82.0) as the mobile phase. Flow-rate, 2 ml/min. In each case, the lower 
tracing represents a bkxnk. Le. biological fluid not containing drugs, but carried through the 
aoalysis sequence. 

evaluated by constructing a standard curve by spiking mobile phase with methyl 
GAG at the same 12 concentrations used in the preparation of the plasma-based 
standard curve and directly subjecting these samples to HPLC analysis_ The resulting 
line is represented by the equation y = 0.67x + 0.35 (with a correlation coefficient of 
0.999)_ Comparison of this curve with that generated for plasma samples indicated 
that recovery varies from 91-104% over the cpncentration range of 0.05-50 pg/ml. 

The standard curve from urine s&mplez was found to he linear from 0.28-5.6 



pg methyl GAG/ml of urine. Using the same ratios as described for the plasma stan- 
dard curve, regression analysis for these points generates the line-y = 0.62~ f 0.60, 
with a correlation coeEcient of 0.997. Detection limits were the same as in p&ma 
samples with a standard deviation of f 4%. Recovery monitored in urine ranged 
from 91-97 %, with a coefEcient of variance never exceeding f5 %_ 

Chfcal monitoring of tn.&y1 GAG. Stability studies carried out dire&y in 
plasma and urine indicated ffiat samples were stable for more than 3 months when 
stored at 0”. Some degradation was noted at elevated pH (pH 2 lO)_ Erratic adsorp- 
tion of methyl GAG to glass container surfaces was observed, and therefore clinical 
sampIes weie stored in polystyrene vials. 

The clinical utility of this analytical method is shown in Fig. 3, which shows 
plasma levels of methyl GAG determined after the drug was infused (700 mgjmz) 

Tune(h) 

Fig 3. Plasma levels of methyl GAG present in a female patient administered the drug intravenously 
(700 mg/mq oyer a S-min period in the treatment of red cdl c2r&oma_ 



HPLC OF METHYL GAG 109 

intravenously over a 25-ti period to a female patient suffering from renal cell car- 
cinoma Plasma cl earaxe half-We was caiculated to be LB h with a volrune of tie 
central compartment of 60 1. Cumulative urinary excretion of methyl GAG is shown 
in Fig. 4. 
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Fe. 4. Cumulative urinary excretion profile for the patient described in Fig. 3. 

We have presented a rapid, sensitive method for the anaIysis of methy GAG 
in both plasma and urine samples. Its clinical applicability and potential utility have 
been demonstrated. This method is currently being utilized in phannacokinetic 
studies. 
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