
Journal of Chromatography, 166 (1978) 519-526 
0 Ekevier Scientific Publishing Company. Amsterdam - Printed in The Netherlands 

CHROM. 11,320 

DETERMINATION OF INDICINE N-OXIDE AND INDICINE IN PLASMA 
AND URINE BY ELECTRON-CAPTURE GAS-LIQUID CHROMATO- 
GRAPHY 

MATTHEW M. AMES and GARTH POWIS 
Division of Developmental Oncology Research, Department of Oncology, Mayo Clinic, 200 First 
Street Southwest, Rochester, Minn. 5S9OI (U.S.A./ 

(Received July 5th, 1978) 

SUMMARY 

A sensitive and specific method is described for the quantitative analysis of 
indicine N-oxide and indicine in plasma and urine. Indicine N-oxide is reduced to the 
tertiary amine with zinc-acetic acid (plasma) or zinc-ammonium chloride (urine). 
The indicine is derivatized with pentafluoropropionic anhydride to provide electron- 
capture detection. Assay of rabbit and human plasma and urine samples can detect 
100 ng/ml (plasma) and 200 ng/ml (urine), and the method was applied to the analysis 
of indicine N-oxide and indicine in rabbits and one patient following administration 
of indicine N-oxide. 

INTRODUCTION 

Pyrrolizidine alkaloids are found in many plants in the form of the tertiary base 
or the N-oxide’. The ability of some alkaloids of the group to cause an unusual 
chronic liver disease w’hen ingested by domestic animal? has prompted extensive study 
of their chemical and toxicologic properties3. They have been found to have antimitotic 
activity and to be mutagenic’ and carcinogeni? in mammals. Several pyrrolizidine 
alkaloids exhibit antitumor activity but the acute and chronic toxicities associated 
with all the active agents has precluded their clinical use’. indicine N-oxide, the major 
alkaloid in extracts of Heliotropium indicum Linn (Boraginaceae)6, has limited toxicity 
but possesses significant antitumor activity in a variety of test systems’ and has recent- 
ly been placed in clinical trial at the Mayo Clinic. 

Several methods have been used for the measurement of pyrrolizidine alkaloids. 
Qualitative analysis has been achieved with paper chromatography and visualization 
with iodine vaporS or platinum iodide g. Thin-layer chromatographic methods have 
included visualization by the use of Dragendorff’s reagentlO, platinum iodide9 and by 
a procedure which converts the tertiary bases to N-oxides with hydrogen peroxide and 
then to pyrroles with acetic anhydride, which are detected with Ehrlich’s reagent”. 
The conversion to pyrroles and reaction of Ehrlich’s reagent has been adopted for the 
spectrophotometric determination of pyrrolizidine alkaloids in plant extract+‘” and 
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animal tissues14. The thin-layer and paper chromatographic methods lack sensitivity 
while the spectrophotometric method is also relatively insensitive and nonspecific. 
Plant extracts have recently been analyzed for pyrrolizidine alkaloids by high- 
pressure liquid chromatographic15, gas chromatographic (GC)16 and gas chromato- 
graphic -mass spectrometric methods l6 GC analysis was based on electron-capture _ 
detection of derivatives following base hydrolysis of all alkaloids to retronicinei’j. 
While affording sufficient sensitivity, this method has not been adapted to biological 
fluids and detects only the product of hydrolysis, retronicine. 

We now report an assay for the sensitive and specific detection of indicine 
N-oxide (Fig. 1) and indicine in plasma and urine_ The procedure is based on electron- 
capture GC detection of the pentafluoropropionyl derivative of indicine, either 
directly extracted from plasma or urine or extracted following an aqueous (plasma or 
urine) reduction of the N-oxide to indicine. Quantitative analysis is achieved with 
heliotrine and heliotrine N-oxide (Fig. 1) as internal standards. We also report the 
application of the assay to the determinations of indicine N-oxide and indicine in the 
plasma and urine of rabbits and one patient following administration of indicine N- 
oxide. 

lndicine N-Oxide R=H 
Heliotrine N-Oxide R=CH, 

Fig. 1. Structures of indicine N-oxide and heliotrine N-oxide. 

M.4TERIALS AND METHODS 

All solvents were glass-distilled and obtained from Burdick & Jackson Labs. 
(Muskegon, Mich., U.S.A.). Zinc dust was obtained from Pfaltz & Bauer (Stanford, 
Calif., U.S.A.) and pentafluoropropionic anhydride (PFPA) from either Pierce 
(Rockford, Ill., U.S.A.) or Pfaltz & Bauer. Heliotrine and heliotrine N-oxide were 
generously provided by J. P. Davignon (National Cancer Institute Bethesda, Md., U. 
S.A.). Heliotrine was purchased from Chemasea Manufacturing (Peakhurst, Australia). 

Chromatographic analyses were performed on a microprocessor-controlled 
Hewlett-Packard 584OA gas chromatograph equipped with a -Ni electron-capture 
detector. Glass columns (4 ft. x 2 mm I.D.) were packed with 3 % OV-101 on Supel- 
coport (SO-100 mesh) and conditioned overnight (295”: gas flow-rate 30 ml/mu-r) 
prior to analysis. Injector, oven and detector temperatures were 250, 185 and 345”, 
respectively. Carrier gas (5 % methane-argon; Air Products, Allentown, Pa., U.S.A.) 
flow-rate was 30 ml/min. 

Indicine N-oxide analysis 
Heparinized plasma or urine (1 ml) was placed in a l2-ml screw-capped cen- 
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trifuge tube’, diluted with 1 ml water and 10 pg heliotrine N-oxide (1 ,~g/,~l in MeOH) 
added as the internal standard. The pH was adjusted to 10 with 1 M NaOH (3 drops 
to plasma, 6 to urine), chloroform added (6 ml) and the samples shaken for 20 min 
on a mechanical shaker. The samples were centrifuged at 1000 g for 10 min and the 
chloroform layer removed and saved for analysis of indicine. The chloroform extrac- 
tion was repeated and the chloroform combined with the first chloroform extract and 
reserved for indicine analysis. 

Zinc dust (0.35 g) was added to the extracted plasma or urine, followed by 
either 6 M acetic acid (2 ml) for plasma or 4 M ammonium chloride (2 ml) for urine. 
After thorough mixing, samples were centrifuged at low speed for 2-3 min to control 
frothing_ Following vigorous mixing, samples were shaken at a 45” angle for 30 min 
on a mechanical shaker, centrifuged at 1000 g for 5 min and 2 ml of the aqueous layer 
transferred to a 12-ml centrifuge tube containing either 1 ml ice-cold 5 M NaOH 
(plasma) or 0.5 ml phosphate buffer and 0.5 ml 5 NaOH (urine). Chloroform (6 ml) 
was added, the tubes shaken for 25 min and centrifuged at 1000 g for 10 min. The 
chloroform layer was transferred to another tube containing a small amount of 
anhydrous sodium sulfate, the tube briefly vortexed, 4.5 ml transferred to a 12-ml 
conical centrifuge tube and the solvent evaporated under a stream of nitrogen. 
Samples were stored under nitrogen until derivatization. 

Indicine analysis 

Heliotrine (10 ,ug, 1 ,ug/ 1~1 in MeOH) was added as an internal standard to 
the combined chloroform extracts containing free indicine. After drying with Bnhy- 
drous sodium sulfate, the extracts were evaporated to dryness. 

GC analysis 

PFPA (0.1 ml) was added, and the samples heated at ‘75” for 15 min.The PFPA 
was removed under nitrogen and 0.2 ml ethyl acetate added and removed under 
nitrogen to remove all traces of PFPA. The samples were dissolved in 0.1-l ml ethyl 
acetate and 1 ~1 injected for analysis. Concentrations were determined by peak area 
ratios of drug to internal standard compared to plasma and urine standard curves. 

RESULTS AND DISCUSSION 

Initial studies revealed that although indicine could be determined directly by 
GC analysis; underivatized indicine N-oxide decomposed to yield several chromato- 
graphic peaks, one of which was determined to be indicine by mass spectrometric 
analysis*‘- In addition, it was found that detection by flame-ionization or nitrogen- 
phosphorous flame-ionization did not provide the required sensitivity. Derivatization 
of the N-oxide with fluorinated acylating agents was not possible due to polymeriza- 
tion of the pyrrole product after treatment with anhydride, a well-described reaction 
of pyrrolizidine alkaloids Is. We then turned to derivatization of indicine with PFPA 
fo form an electron-capture sensitive species. Reaction with PFPA at 75” was found 
to be complete in less than 15 min without the formation of major side products, 

__ __ 
* All glassware was silanized prior to use. 
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and picogram amounts of the derivative could be measured by GC analysis with an 
electron-capture detector. 

Reduction of pyrrolizidine N-oxides by sulfuric acid and zinc dust has been 
reported in the chemical literaturelg. We were able to reduce indicine N-oxide in 
plasma by this method but encountered signScant losses at low drug concentrations. 
Replacement of sulfuric acid with acetic acid gave much better results with complete 
reduction of indicine N-oxide and heliotrine N-oxide. Because of possible acid hydro- 
lysis of conjugates of N-oxide or metabolites in the urine, 2 M ammonoum chloride 
was used instead of acid for the reduction in urine. There was a slight loss of sensitivity 
using ammonium chloride, but this was not a problem since urine contained relatively 
large amounts of indicine N-oxide. The acid reduction conditions were employed for 
plasma analysis, as there were no conjugates which could be hydrolyzed under reduc- 
tion conditions. 

Extraction of indicine formed either by in viva reduction of indicine N-oxide 
or after chemical reduction was optimal with chloroform_ Two extractions prior to 
reduction gave 80 % recovery of indicine added to plasma and 97 ‘A recovery of helio- 
trine. Indicine N-oxide and heliotrine N-oxide are not extracted under these conditions 
and remaining unextracted indicine represents an insignificant quantity compared to 
the indicine produced after reduction at dosages of indicine N-oxide employed in our 
animal and human studies. Only one extraction of indicine after reduction was 
necessary using an internal standard as sensitivity was not a limiting factor in the 
analysis. While pre-extraction to remove plasma or urine indicine is an extra step, the 
use of the same solvent for extractions of reduced indicine N-oxide results in unusually 
clean chromatograms. A plasma blank and patient sample which was found to con- 
tain 2.6pg/ml indicine N-oxide (both containing 1Opg heliotrine N-oxide internal 
standard) were analyzed following the reduction procedure giving the chromato- 
grams shown in Fig. 2A and B. Chromatograms of the free indicine present in the 
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Fig. 2. Chromatograms of (A) blank plasma sample and (B) patient plasma sample found to con- 
tain 2.6 pg/ml indicine N-oxide (both samples contained 10 ,ug heliotrine N-oxide added as internal 
s@ndard). Samples were pre-extracted with chloroform, reduced and analyzed as described in 
Materials and methods. (I = inclicine N-oxide and H = heliotrine N-oxide). 
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initial chloroform extracts of urine are very clean; those of plasma contain extrane- 
ous peaks. However none of the substances found in plasma interfere with the deter- 
minations of indicine or the internal standard heliotrine. 

Indicine N-oxide standard curves in plasma (Fig. 3) were linear over the range 
of concentrations found under bio!ogical conditions. Reliable quantitative results were 
obtained at 100 ng/ml concentrations. Similar results were obtained as illustrated by 
the standard curve in urine, with slightly reduced sensitivity. Standard curves for the 
analysis of free indicine in plasma and urine (employing heliotrine as internal standard) 
were also linear. 

3.5 

r 

lndicine N-oxide (pg\ 

Fig. 3. Standard curves for indicine N-oxide in (0) plasma and (a) urine with 1Opg heliotrine 
N-oxide as internal standard. 

The assay has been used to detect indicine N-oxide and indicine in the plasma 
and urine of rabbits administered a single intravenous dose of indicine N-oxide (25 
mg/kg). The plasma concentrations time curve is biphasic (Fig. 4) and there is an 
appreciable difference in the disposition of the compound between the two rabbits. 
No free indicine could be detected in the plasma. The cumulative urinary excretion of 
indicine N-oxide and indicine is shown in Fig. 5. The indicine N-oxide was rapidly 
excreted mostly within 2 to 3 h of administration. In 24 h the total urinary excretion of 
indicine N-oxide was 97 o/0 in rabbit A and 53 o/0 in rabbit B. Free indicine was present 
in the urine at concentrations of approximately 50 pg/ml and was formed continuously 
over the 5 h of observation. In 24 h rabbit A had excreted 1091 pg of free indicine and 
rabbit B 561 pg free indicine. 

The assay has also been used to measure the levels of indicine N-oxide in the 
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Fig. 4. Plasma levels of indicine N-oxide in the rabbit. Indicine N-oxide was administered by rapid 
i-v. injection to two male rabbits at a dose of 25 mg/kg. Both rabbits weighed 2.6 kg. C, Rabbit 
A; 0, rabbit B. No free indicine could be detected in the plasma. 

Time (hours1 

Fig. 5. Cumulative excretion of free indicine N-oxide and indicine in rabbit urine. Lndicine N-oxide 
was administered by rapid i-v. injection to two male rabbits. O,& Rabbit A; *,A, rabbit B at a dose 
of 25 mg/kg (65 mg total). The cumulative urinary excretion of free indicine N-oxide is shown by 
O,@ and the cumulative urinary excretion of free indicine by &A. 
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Fig. 6. Plasma levels of indicine N-oxide in man. Indicine N-oxide was administered by i-v. injection 
to a 64.4-kg fernate patient at a dose of 4.50 m&m’ (12 mg/kg). 

plasma of one patient who received the compound (450 mg/m2)_ and the plasma con- 
centration time curve is shown in Fig. 6. The curve is aiso biphasic in nature. 

The assays described here have provided a method for the determinations of 
indicine N-oxide and indicine in plasma and urine. The method is sensitive and 
specific and has been successfully applied to both animal and human studies at 
dosages being used in clinical trials of indicine N-oxide. In both rabbit and man, 
indicine N-oxide appears-to have a rapid distribution phase and a markedly slower 
elimination phase. The reduction product, indicine, was not observed in plasma. How- 
ever, significant quantities of indicine were isolated (free and conjugated) in the urine, 
suggesting that reduction to the parent alkaloid may play a role in the metabolism of 
the N-oxide. 

ACKNOWLEDGEMENTS 

The authors are grateful to Mr. Paul Kuehn for technical assistance and to Miss 
Barbara Brown for typing of the manuscript_ This study was supported by NC1 grant 
CA 15083FF, NC1 contract CM 53838 and Ladies Auxiliary of theV.F.W_ Fellowship 
(M.M.A.). 

REFERENCES 

1 C. C. J. Culvenor, J_ Pharm. Sci.. 57 (1968) 1112. 
2 L. B. Bull, Ausr. Vet_ J.. 37 (1961) 120. 
3 L. B. Bull, C. C. J. Culvenor and A. T. Dick, The Pyrrolizidine Alkaloids, Their Chemistry, 

Purhogenicity and Other Biological Properties, North-Holland, Amsterdam, 1968. 



526 M. M. AMES, G. POWIS 

4 A. M. Clark, Mutation Res., 32 (1976) 361. 
5 J. R. Allen, I. C. Hsu and G. A. Carstens, Cancer Res., 35 (1975) 997. 
6 M. Kugelman, W. L. Liu, M. Axelrod, T. J. McBride and K. V. Rao, Lbydia, 39 (1976) 125. 
7 CIinicaI Brochure Indicine N-o_&!e (NSC-132319), Investigational Drug Branch, National Cancer 

Institute, Bethesda, MD., 1977. 
8 k R. Mattocks, R. Schoental, H. C. Crowley and C. J. Culvenor, J. Chem. Sot., (1961) 5400. 
9 A. R. Mattocks. J_ Gem_ Sot.. (1964) 1975. 

10 R. K. Sharma, G. S. Khajuria and C. K. Atal, J_ Chromatogr., 19 (1965) 433. 
11 A. R. Mattocks, J. Chromarogr., 27 (1967) 505. 
12 A. R_ Mattocks, Anal. Gem., 39 (1967) 443. 
13 A. R Mattocks, Anal. Chem., 40 (1968) 1749. 
14 A. R. Mattocks and I. N. H. White, Anal. Rio&em., 38 (1970) 529. 
15 C. W. Qua&, Jr. and H. J. Segall, J. Chromatogr., 150 (1978) 202. 
16 M. Deinzer, P. Thompson, D. Griffin and E. Dickinson, Biomed. Mass Spectrom., 5 (1978) 175. 
17 H. Fales, personal communication. 
18 R Kreher and H. Pawelczyk, Angew. Chem., Int. Ed. EngL, 3 (1964) 510. 
19 C. C!. J. Culvenor and L. W. Smith, AK.% J. Chem., 8 (1955) 556. 


