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31p-NMR assay of phosphatidylcholine and 
phosphatidylethanolamine in AL721* 
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Abstract: A 3~p-NMR based method has been developed for the assay of phosphatidylcholine (PC) and phosphatidyl- 
ethanolamine (PE) in AL721. The assay is based on the comparison of NMR signal intensities of the phosphatidyl moiety 
of PC and PE to the signal of triphenylphosphate (TPP), the internal standard. The assay is specific and reliable for the 
quantitation of phospholipid mixtures. Its uncertainty, due primarily to low intensity of 31p signals, was estimated at 
<6%. 
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Introduction 

AL721 is a 7:2:1 mixture of neutral glyceride 
(NG), phosphatidylcholine (PC) and phos- 
phatidylethanolamine (PE). It has been shown 
to extract cholesterol from cell membranes, 
alter HIV envelope composition, and interfere 
with virus attachment to T-cells [1-5]. 
Shinitsky [1] indicated that the NG-PC-PE 
ratio of 7:2:1 was most active. Because of the 
purported benefits of AL721 to HIV-infected 
patients, a reliable and accurate assay of PC 
and PE in AL721 is needed. Thin-layer chro- 
matography (TLC) and liquid chromatography 
(LC) have been the common methods to assay 
phospholipid mixtures. TLC suffers from in- 
adequate separation, insensitivity, and is time 
consuming [6]. LC offers good separation but 
lacks a reliable and accurate detection for 
quantitative measurements of PC and PE [7- 
11]. Cheung and Olson [12] developed an 1H- 
NMR (proton nuclear magnetic resonance) 
based assay for PC and PE in AL721. Their 
method required an advance knowledge of the 
PC-PE molar ratio in the samples. 

Because PC and PE each contain a single 
phosphatidyl moiety which is absent in NG, 
31p-NMR spectroscopy appears to be a logical 
technique for their quantitation in AL721. Due 
to problems associated with poor signal in- 
tensity, relaxation time (T1) and Nuclear 
Overhauser Enhancement (NOE) differences 

between dissimilar molecules, 3tp-NMR has 
been used primarily as a qualitative tool. This 
paper presents a successful application of 31p_ 
NMR for the simultaneous quantitation of PC 
and PE in AL721. 

Experimental 

Reagents and materials 
AL721 lots H1019871LA and H1019871LB 

(Matrix Research Labs, Inc.) were received 
from the National Cancer Institute, lot 
P030689 (Ethigen Corporation) was purchased 
from Au Naturael (San Francisco, CA, USA). 
L-a-Dipalmitoylphosphatidylcholine (PCdp, 
synthetic, 99+% pure), L-a-phosphatidyl- 
choline (PC from egg yolk, 100 mg m1-1 
chloroform) and L-a-phosphatidylethanol- 
amine (PE from egg yolk, 10 mg m1-1 chloro- 
form) were purchased from Sigma Chemical. 
Triphenylphosphate (TPP, Aldrich Chemical 
Co.) was characterized by UV, NMR and 
elemental analyses as 99+% pure. NMR re- 
agents, CDCI3, D20 , and tetramethysilane 
(TMS) were obtained from Norell, Inc. 

Sample preparation 
Each package of AL721 was weighed. A slit 

was cut in the package, and the contents were 
quantitatively transferred to a 50-ml volu- 
metric flask and diluted to the mark with 
chloroform to form the clear yellow stock 
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solution. The empty package was dried and re- 
weighed. The difference between the two 
weighings was the net content weight (NCW). 

Phosphorus nuclear magnetic resonance (31p_ 
NMR) 

A 2.00-ml aliquot from each stock solution 
was transferred to individual round bottom 
flasks containing 26.0 mg of TPP and was 
evaporated to near dryness. The residue was 
redissolved in 0.5 ml CDC13 and transferred to 
an NMR tube. The 31p-NMR spectrum of each 
final solution was acquired with a JEOL 
FX90Q NMR spectrometer set with a single 
pulse sequence with gated proton decoupling 
without NOE, operating at 36.19 MHz, ob- 
servation frequency of 8000 Hz, 8K data points 
for acquisition, 60 s pulse delay, a 45 ° pulse 
angle (approximately 5.8 p~s), 0.5 s acquire 
time and 30-60 accumulations. The peak in- 
tensities for the PC, PE and TPP signals were 
carefully integrated. 

Results and Discussion 

Quantitative NMR is based on the com- 
parison of signal intensities (A) associated with 
N unique nuclei of the unknown analyte (U) 
and an internal standard reference (R) accord- 

ing to equation (1), where C is molar concen- 
tration: 

N R x AuICu = Nu x A R / C  R. (1) 

Though 31p-NMR has been used quantitatively 
for simple compounds, its application to phos- 
pholipids has been primarily qualitative. 
Although signals of phospholipids are distinct 
and resolved [13-15], their use in quantitation 
has been inhibited by T1 and NOE differences 
between dissimilar molecules [16, 17]. In ad- 
dition, the high molecular weights of phospho- 
lipids leads to low molar concentrations for 
NMR solutions and results in poor signal 
intensities. Because of these difficulties, only a 
few reports on the 3tp-NMR assay of phospho- 
lipids appeared in the literature. These assays 
either used expensive high field (400 MHz) 
instruments [17], or required sample pretreat- 
ment and/or detergent addition to the sample 
solutions [14, 15]. The simplicity of the 31p_ 
NMR of AL721 (Fig. 1) and the need for a 
reliable assay prompted further investigation 
on the quantitative use of 31p-NMR for 
AL721. 

In NMR quantitation, the choice of the 
internal standard reference is most important. 
Triphenylphosphate (TPP) was chosen because 
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Figure 1 
31p-NMR spectrum of a mixture of AL721 and triphenylphosphate (TPP) in CDC|3 solution. 
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its signal was well resolved f rom phosphol ipids  
(Fig. 1) and it was commercia l ly  available in 
high purity.  A t t empt s  to ove rcome  quanti-  
tative problems caused by non-equivalent  
N O E  be tween  TPP ,  PC  and P E  by gated 
p ro ton  decoupl ing [18] resulted in inconsistent 
results. Cane t  [19] poin ted  out  that  gated 
decoupl ing  could lead to systematic er ror  in 
peak  intensities due to T 1 differences. He  
suggested that  p rope r  choice of  ins t rument  
settings such as pulse delay t ime could over-  
come the difficulty. In light of  this, the effect of  
pulse delay t ime and pulse angle on the 
accuracy  of  relative peak  intensities for mix- 
tures o f  TPP  and phosphol ipid  (PCdp)  was 
investigated.  The  data  in Table  1 indicate that  
a pulse angle of  45 ° and 60 s pulse delay t ime 
resul ted in a peak  area ratio equivalent  to the 
actual mola r  ratio. This finding is consistent 
with the Tls of  TPP  (13.5 s [20]) and phospho-  
lipids (2 -4  s [14, 17]). A t  a pulse angle of  90 °, 
10 t imes T~ or  135 s pulse delay t ime is needed  
for comple te  recovery  of  the nuclear  magnetiz-  
at ion of  bo th  TPP  and PCdp  [19]. Only  in this 
way  can one  expect  to have quanti tat ive results 

be tween  nuclei with dissimilar Tls. A shorter  
delay t ime would  a t tenuate  the TPP  signal due 
to saturat ion.  With  a 45 ° pulse angle, only four  
to five times Tt or  55-65  s is required [17]. 

The  validity of  the 31p-NMR quant i ta t ion,  
using a 45 ° pulse angle and 60 s pulse delay 
t ime, was conf i rmed with mixtures of  TPP  and 
authent ic  PC and P E  references.  W h e n  this 
3 t p - N M R  me thod  was applied to AL721 
samples,  the PC and P E  assay results (Table 2) 
were  in close ag reement  with those de te rmined  
by a 1H-NMR assay [12]. The  slightly higher  
1 H - N M R  results for lot P030689 was probably  
due to o ther  phospholipids,  such as sphingo- 
myel in  (a minor  phosphol ipid in egg yolk) 
which interfered with the ~H- but  not  the 31p_ 
N M R  assay. 

C o n c l u s i o n  

The  31p-NMR assay presented in this paper  
for  phosphol ipids  circumvents  quant i ta t ion 
problems associated with c o m m o n l y  used T L C  
and L C  methods .  Because  31p-NMR signals for 
the phosphol ipids  are resolved,  the method  is 

Table 1 
Effect of instrument settings on peak integrations of 3tp-NMR 

Pulse angle Delay time Peak area Molar concentration Ratio 
Run (degree) (s) A = PCdp B =TPP C =  A/B D = PCdp E =TPP F=D/E  G=C/F  

1 45 30 44 40 1.10 0.0336 0.0336 1.00 1.10 

2 45 45 64.8 67.5 0.96 0.0336 0.0336 1.00 0.96 
3 20.5 33 0.62 0.0339 0.0539 0.63 0.99 
4 49 98 0.50 0.0343 0.0704 0.49 1.02 
5 35 23 1.52 0.0349 0.0211 1.65 0.92 
6 46 32 1.44 0.0349 0.0211 1.65 0.87 

Average 0.95 
SD 0.06 
n 5 

7 45 60 40.5 21.4 1.89 0.0340 0.0168 2.02 0.94 
8 37.4 39.4 0.95 0.0339 0.0349 0.97 0.98 
9 57 38 1.50 0.0503 0.0353 1.42 1.06 

10 31.4 38.5 0.82 0.0262 0.0325 0.81 1.01 
11 32 63 0.51 0.0171 0.0334 0.51 1.00 
12 29 32 0.91 0.0426 0.0467 0.91 1.00 
13 19.5 19.2 1.02 0.0337 0.0326 1.03 0.99 

Average 1.00 
SD 0.03 
n 7 

14 90 60 38 36 1.06 0.0339 0.0349 0.97 1.09 
15 59 73 0,81 0.0262 0.0325 0.81 1.00 
16 42 69 0,61 0.0171 0.0334 0.51 1.20 

Average 1.10 
SD 0.10 
n 3 

See text under 3'p-NMR for experimental details. Solutions of PCdp (dipalmitoylphosphatidylcholine, Sigma 
Chemical Co., mol. wt = 734) and TPP (triphenylphosphate, Aldrich Chemical Co., mol. wt = 326) were prepared in 
CDC13 and their 3zp-NMR spectra recorded under different instrument settings. 
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Table 2 
Comparison of 31p_ and ~H-NMR assay of PC and PE in AL721 samples 

NCW PC (g) per package PE (g) per package 
Sample (g) JH-NMR 31P_NM R IH_NMR 3Jp_NMR 

Lot H1019871LA 11.08 2.65 2.69 0.35 0.37 
SD 0.46 0.10 0.16 0.02 0.02 
n 2 2 2 2 2 

Lot H1019871LB 16.83 2.76 2.77 0.39 0.37 
SD 0.20 0.27 0.06 0.04 0.01 
n 4 4 4 4 4 

Lot P030689 15.37 1.87 1.68 0.29 0.25 
SD 0.11 0.09 0.06 0.02 0.01 
n 3 3 3 3 3 

The NCW (net content weight) ~, and PC (phosphatidylcholine) and PE (phosphatidylethanolamine) were expressed as 
grams per package of AL721. 1H-NMR results were obtained from ref. 12. 3tp-NMR results were calculated with 
equation (1). Molecular weights for PC and PE were assumed 785 and 743, respectively, calculated as the dioleates. 

specific for individual ,phospholipids. The 
accuracy or precision of' the method depends 
on the signal intensities,.~.For, this study, with 
30-60 accumulations, the precision was 6%. 
Better precision can be obtained by an increase 
in the number of accumulations. 

Acknowledgements - -  The authors wish to thank Dr Karl 
Flora of NCI for encouragement in this work. This work 
was supported by the National Cancer Institute, NIH, 
PHS, under Contract No. N01-CM-67864. 

References 

[1] M. Lyte and M. Shinitsky, Biochem. Biophys. Acta 
812, 133-138 (1985). 

[2] M. Shinitsky, in Physiology of  Membrane Fluidity (M. 
Shinitsky, Ed.), Vol. 1, pp. 1-51. CRC Press, Florida 
(1984). 

[3] P.S. Satin, R.C. Gallo, D.1. Scheer, F. Crews and 
A.S. Lippa, New Engl. J. Med. 313, 1289-1290 
(1985). 

[4] M.H. Grieco, M. Lange, E. Buimovici-Klein, M. 
Mohan Reddy, A. England, G.F. McKinley, K. Ong 
and C. Metroka, Antiviral Res. 9, 177-190 (1988). 

[5] R.C. Aloia, F.C. Jensen, C.C. Curtain, P.W. Mobley 

and L.M. Gordon, Proc. Nat. Acad. Sci. 85,900-904 
(1988). 

[6] M.Z. Nichaman, C.C. Sweeley, N.M. Oldham and 
R.E. Olson, J. Lipid Res. 4, 484-485 (1963). 

[7] A.D. Postle, J. Chromatogr. 415, 241-251 (1987). 
[8] P.J. Ryan and T.W. Honeyman, J. Chromatogr. 331, 

177-182 (1985). 
[9] A. Stolyhwo, M. Martin and G. Guiochon, L. Liq. 

Chromatogr. 10, 1237-1253 (1987). 
[10] R.J. Maxwell, E.H. Nungesser, W.N. Marmer and 

T.A. Foglia, LC.GC 5, 829-832 (1987). 
[11] M.J. Wojtusik, P.R. Brown and J.G. Turcotte, 

Chem. Rev. 89, 397-406 (1989). 
[12] A. Cheung and L. Olson, J. Pharm. Biomed. Anal. 8, 

729-734 (1990). 
[13] T.O. Henderson, T. Glonek and T.J. Myers, Bio- 

chem. 13,623-628 (1974). 
[14] E. London and G.W. Feigenson, J. Lipid Res. 20, 

408-412 (1979). 
[15] J.A. Berden, R.W. Barkes and G.K. Radda, Bio- 

chem. Biophys. Acta 375, 186-208 (1975). 
[16] K.J. Koole, A.J. de Koning and M.J.A. de Bie, J. 

Magn. Resonance 25, 375-378 (1977). 
[17] N. Sotirhos, B. Herslof and L. Kenne, J. Lipid Res. 

27, 386-392 (1986). 
[18] R. Freeman, H.D.W. Hill and R. Kaptein, J. Magn. 

Resonance 7, 327-329 (1972). 
[19] D. Canet, J. Magn. Resonance 23, 361-364 (1976). 
[20] T.W. Gurley and W.M. Ritchey, Anal. Chem. 48, 

1137-1140 (1976). 

[Received for review 5 April 1990; 
revised manuscript received 18 June 1990] 


