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Abstract-A nitrogen containing trisaccharide was found in citrus leaves, identified as glucosamido- 
glucuronido-inositol and given the trivial name citrosamine. 

INTRODUCTION 

DURING an investigation of nitrogenous constituents of citrus leaves, a ninhydrin reactive 
substance was isolated and given the trivial name citrosamine. This paper describes the 
procedures used in the isolation and identification of this compound. Citrosamine (I) was 

CHIOH COzH OH ()H 

found to be composed of glucosamine, glucuronic acid, and inositol. It was isolated from 
“Dancy” tangerine leaves and apparently occurs in the free form. Carter et al.’ have reported 
a similar compound obtained by hydrolysis of phytoglycolipid from phosphatides found in 
seeds of corn and flax. A comparison of i.r. spectrum of the compound from corn with 
that from citrus indicated that the two were similar in structure but not identical. The main 
difference was in the region between 8 and 10 TV (Fig. 1). Repeated crystallization did not 
change the spectra. 
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FIG. 1. INFRARED SPECTRUM OF CITROSAMINE. 
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ninhydrin to form arabinose.5 The citrosamine hydrolyzate (1 ml) and an excess of ninhydrin were put into 
a boiling water bath for 15 min and compared with an authentic sample of glucosamine treated in a similar 
manner. Both samples gave chromatographic spots (solvent BPWB) with identical RJ values to arabinose 
and different from lyxose which is the oxidative product of galactosamine. 

Zdentz~cation ofinositol. Citrosamine (100 mg) was refluxed in 2 ml 6 N HCl for 1 hr. The HCl was removed 
by concentration to dryness three times with Hz0 in a flash evaporator at 50”. The dry residue was put into 
a vacuum dessicator overnight with KOH. The hydrolyzate was dissolved in water, passed through a Dowex 
5OW (NH,+) resin column, and then through a Dowex 2 (HCO,) resin column. The fraction that passed 
through both columns was concentrated to a small volume (about 5 ml) and then streaked on Whatman 
3 MM paper. Strips of the chromatogram corresponding to the area for inositol were cut into small pieces, 
extracted with water in a Waring blender, and filtered. The filtrate was reduced to a small volume, and the 
inositol precipitated with abs. ethanol and ether. The precipitate was centrifuged and dried under vacuum 
(yield 12 mg). The i.r. spectrum of the degraded material was identical to that of authentic myo-inositol. 

Zdentification of glucuronic acid. Ethyl ester formation. Citrosamine (10 mg) was refluxed for 1 hr in 
5 ml 10 per cent anhyd. HCl in ethanol. Most of the HCl was removed by concentration to dryness several 
times with ethanol. The ester was precipitated from ethanol with ether. It showed a strong peak at 5.7 p 
in the i.r. On paper electrophoresis (phosphate buffer4 pH 7.4,450 V for 2 hr), the ester moved 3.0 cm toward 
the cathode while citrosamine showed no movement. 

For the isolation of glucuronic acid, citrosamine (100 mg) was dissolved in 10 ml water containing 83 mg 
NoNaz. The solution was adjusted to pH 3.0 with acetic acid and stirred overnight at room temperature. 
The solution was then passed through a CG 120(H+) resin column and evaporated to less than 1 ml. Ten ml 
of abs. ethanol and 10 ml of ether were added and the precipitate filtered. The precipitate was dissolved in a 
few ml of water and the precipitation procedure repeated. The resulting precipitate was dried overnight under 
vacuum (yield 59.5 mg). The precipitate was chromatographed on paper using the BPWB mixture. One spot 
was obtained at Rf 0.02. Citrosamine showed no movement. The precipitate (10 mg) from the nitrous acid 
degradation was refluxed with 5 ml of 3N HCl for 3 hr. The hydrolyzed material was taken to dryness twice 
with water and then dried overnight in a vacuum dessicator over KOH. The residue was dissolved in 2 ml 
of water and chromatographed on paper. There were three spots-two of these corresponding to glucuronic 
acid, one being the lactone. The third spot was identical with inositol. This indicated that the degradation 
product from nitrous acid was glucuronido-inositol. Further studies were carried out to positively identify 
glucuronic acid since chromatographic evidence alone is usually not sufficient. 

Reduction of glucuronic acid to glucose. The methyl ester was formed by refluxing glucuronido-inositol 
(50 mg of the crude nrecioitate) in 12.5 ml of 2.2 per cent anhvd. HCl in methanol and allowing this solution 
to stand overnight at room temperature. The solvent was removed under vacuum, and the methanolic HCl 
treatment repeated. The solvent was concentrated to a small volume and the ester precipitated with ether. 
The precipitate was filtered and dried (yield 33.6 mg). The crude product was very hydroscopic. 

The carboxyl group of glucuronic acid was reduced to an alcoholic group by dissolving the crude methyl 
ester of glucuronido-inositol (33.6 mg) in 10 ml of water and adding dropwise 10 ml of @05 M NaHCOr 
containing 50 mg of NaBH4. After remaining overnight, the mixture was neutralized with acetic acid and 
passed through a CC 120 (H+) resin column and then through a Dowex 2 (HCO,) resin column. The solution 
was concentrated to a small volume and precipitated with benzene and ethanol. The precipitate was very 
hydroscopic. A few mg were collected on a funnel and dissolved in 0.5 ml N HCl and passed into a small tube. 
The tube was sealed and heated to 100” for 2 hr. The hydrolyzate was chromatographed on paper using the 
BPWB solvent system. Two spots were found, and these corresponded to glucose and inositol. Glucose was 
further identified by a specific glucose oxidase test. 6 The hydrolyzate (0.1 ml) was compared with a glucose 
standard, fructose, and a water blank. The glucose oxidase test gave a color reaction for both glucose and the 
hydrolyzate with maximum absorption at 525 nm. There was no color formation with fructose or the blank. 
The reduction of the hexuronic acid to glucose is evidence that glucuronic acid is a constituent of citrosamine. 

Acknowledgemenrs-The authors wish to express their thanks to Dr. Alemka Kisic, University of Illinois, 
for a sample of a trisaccharide from corn and to Mr. G. J. Edwards for the i.r. spectra. 

5 P. W. KENT and W. M. WHITEHOUSE, Biochemistry of the Aminosugars, p. 204, Academic Press, New York 
(1955). 

6 Fermco Laboratories, Inc., Chicago. Tech. Bull., Enzymatic Determination of Glucose (1964). 


