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A rapid method for initial quantitative estimation o f the phosphate present in compound 
containing a carbon-phosphorus bond is described.

Two phosphorus assays are employed. One assay is for total phosphorus, which can be 
determined by digesting with perchloric acid and the other assay is for total non phosphonate 
phosphorus which can be determined by digesting with sulfuric acid simultaneously. The differ­
ence between total phosphorus and the non phosphonate phosphorus determined represents the 
amount of phosphorus present in a carbon-phosphorus linkage in a crude phospholipids sample.

Introduction

During the last two decades it was progressively 
established that am inoalkylphosphonic acids, as 
building stones of lipid and protein m olecules, are 
much m ore widespread in nature than previously 
recognized. In addition, accum ulating evidence has 
revealed a multilateral connection between their 
natural occurrence and biological significance [ 1 ].

So far, the qualitative and quantitative de ter­
m ination of phosphono com pounds in the presence 
o f phospho-derivatives is based on the chem ical 
stability of the C —P bond, which cannot be broken 
down by prolonged heating with m ineral acids 
[2, 3]. Aalbers and Bieber [4] have shown that even 
prolonged treatm ent at 160°C with concentrated 
sulphuric acid in conjunction with H 20 2, according 
to Bartlett [5], is not effective in digesting phos- 
phonates to orthophosphate. Accordingly, the phos­
phonate content may be calculated as the difference 
between total phosphorus and orthophosphate- 
phosphorus liberated according to Bartlett.

However, the phosphonates vary in stability  
to H 2S 0 4, especially when H 20 2 is added [4] and 
corrections are required for the lim ited cleavage of 
C - P  bonds by determ ining the percent hydro­
lysis o f known am ounts o f phosphonate [4], In ad d i­
tion, total phosphorus determ ination in the presence
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of phosphonates is not always accurate and safe by 
applying some o f the conventional m ethods [6 , 7], 
For this reason, Aalbers and Bieber [4] have used 
16-hours heating at 175 °C  in 0.4 ml o f 72% H C 10 4 

followed by 2-hours heating after adding 0.3 ml 
1 0 n H 2S 0 4 plus 0 .1m l H 20 2. A lternatively, d i­
gestion with M g (N 0 3) 2 according to Ames [8 ] was 
found effective for the stoichiom etric oxidation of 
phosphonates to o rthophosphate [4],

Cook et al. [6 , 7] devised a m ethod involving 
digestion in a m ixture o f three m ineral acids 
(H 2S 0 4, HC104, H N O 3) and heating in a fluidized 
sandbath (Tecam SBL-1, Techne Inc., Princeton, 
New Jersey) equipped with a special accessory for 
the placement and rem oval of the tubes-rack. 
Digestion starts at 80° the tem perature is elevated 
at 10° min and held at 2 2 5 -2 3 0 °  for 1 -1 .25  h.

Apart from these, in our continuing research 
program on the naturally occurring phosphonolipids 
we have encountered several additional problem s 
e.g. incomplete decolorization o f lipid sam ples 
within the heating tim e o f the Bartlett m ethod. 
With the aim to overcom e such problem s by sim ple 
techniques we ended in the m ethod described in 
this report.

Experimental

Lipid samples

C hrom atographically pure egg phosphatidy l­
choline was prepared by extraction o f egg yolk 
according to Bligh and D yer [9], rem oval o f neutral 
lipids according G alanos and Kapoulas [10] and
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silicic-acid column chrom atographic fractionation  
of the phospholipid fraction. Pure sphingo-phos- 
phonolipids of Pelagia noctilucab were isolated by 
extraction (9), followed by silicic-acid colum n 
chromatographic fractionation ( 1 1 , 16) and further 
purification via alkaline hydrolysis (12). A E P a was 
purchased from Sigma.

Reagents

Deionized distilled water is used th roughou t to 
bring solutions to volume. All glassware is cleaned 
with nitric acid to elim inate contam inative phos­
phates [7], Anhydrous analytical grade K H 2P 0 4 is 
used to prepare a stock phosphate standard  w ith a 
phosphorus content 4 |ig/m l.

The am m onium  m olybdate reagent (0.4%) 
is prepared with am m onium  param olybdate, 
(NH4)2Mo7C>24-4H20.

Stock ANSA solution is prepared  by dissolving
0.5 g of purified l-am ino-2-naphthol-4-sulfonic acid 
in 200ml of 12% N a H S 0 3 plus 2.4% N a 2 S 0 3. The 
solution is filtered into a dark bottle and, if  stored 
in the refrigerator, it may be used for 2 - 3  weeks. 
A portion of this solution d ilu ted  at hoc with 
1.5 volume of water is used as the working ANSA 
reagent.

Procedure

1. Transfer duplicate aliquots A and B (0 .4 -4 .0 p g  
P: in each one) o f the lipid solution into Pyrex test 
tubes (15 to 18 x 180 mm) and remove all solvent by 
heating in a water bath or under a stream of nitrogen 
or air. Add 0.5 ml 72% HC104 to sample A and 0.5 ml 
10 n  H 2S 0 4 to the sample B.

2. Prepare two reagents blanks with 0.5 ml 72% 
HC104 the first and 0.5 ml 10 n  H 2S 0 4 the second. 
Prepare also two sets o f tubes for standards, set (I), 
set (II), add 0.5 ml 72% H C104 in each tube o f set I 
and 0.5 ml 10 N H 2S 0 4 in each tube of set II.

3. Heat all test tubes at 1 6 0 °C -1 7 0 °C  (sand 
bath) for 3 h. then let them cool to am bient tem per­
ature.

4. Add to each one of the standard tubes 1 ml of 
the appropriate phosphate solution, containing 
l - 4 p g P  and to all the other tubes 1 ml o f water. 
Mix well the contents o f all tubes, add 3 ml 0.4% 
ammonium m olybdate and mix again.

a Aminoethyl phosphonic acid. 
b Cnidaria, Scyphozoa.

5. Add to all tubes 0.5 ml of the working ANSA 
reagent, mix well and place in a boiling water bath 
for 15 min.

6 . Cool, add 5 ml ethyl acetate and mix well by 
vortexing for 30 s. Allow 15 min for phase equilib ra­
tion and measure the optical densities of the clear 
blue upper layers at 780 nm, against the correspon­
ding reagent blank. (Very dense extracts m ay be 
diluted with ethyl acetate.)

7. Calculations: The content o f “phosphonate-P%  
of total-P" is equal to 100 (M A- M B)/M A where 
Ma and A/b are the am ounts of phosphorus o f the 
samples A and B respectively calculated by the cor­
responding calibration curves.

Results and Discussion

The novel modifications in the devised present 
method may be sum m arized as follows:

1. Conversion o f non-phosphonate P to inorganic 
phosphate is quantitatively effected by heating at 
160-170 °C with concentrated sulphuric acid alone, 
without further treatm ent with additional hydrogen 
peroxide to decolorize the digest.

2. The phosphom olybdenum  blue color at the 
final step is extracted with ethyl acetate for m ea­
suring its optical density.

3. Separate calibration curves are used for the 
sulphuric and perchloric acid digests respectively.

By applying the method described above on 
purified egg phosphatidyl choline it was shown tha t
3-h digestion at 160-170 °C with sulphuric acid 
alone is effective for the quantitative conversion o f 
phospholipid-P to inorganic phosphate.

Extraction of the blue color in an organic solvent 
overcomes the problem  of incom plete decolorisa- 
tion. It has been used in the past for other reasons in 
conjunction with isobutanol [13], isobutanol-ben- 
zene 1:1 [14] or butyl acetate [15]. Ethyl acetate was 
preferred in the present m ethod because it is less 
toxic (compared with the iso b u tan o l-b en zen e  
mixture), less expensive than butyl acetate and 
more common as a laboratory reagent. As shown in 
Fig. 1, the maxim um  wavelength of the phospho­
molybdenum blue in ethyl acetate is translocated to 
770-780 nm.

Note
To facilitate clearance o f upper layers, 0 .1 -0 .2  ml 

methanol may be added and mixed gently with the upper- 
layer prior to its transfer to the cuvette.
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nm

Fig. 1. Spectra of the phosphomolybdenum blue with 
4 |ig P of stock Phosphate standard, extracted by ethyl- 
acetate (a) 72% HC104 is the mineral acid, (b) 10 N H2S 0 4 
is the mineral acid Spectrophotometer: Spectronic 210 UV  
Shim atzu-Bausch & Lomb.
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