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Abstract-A new steroidal proxy1 (2,2,5,5-tetramethylpyrrolidine-N-oxyl) nitroxide (SPN), with the proxy1 nitroxide moiety in 
the pendant side chain of the steroid, has been synthesized. Its localization in lipid bilayers was ascertained with the help of IH 
NMR and 31P NMR experiments. The effects of the nitroxide group in SPN incorporated into the bilayer on 13C relaxation times 
me interpreted qualitatively in terms of localization of the n&oxide group within the bilayer structure. The r&oxide SPN was used 
to monitor changes in membrane fluidity and permeability induced by local anaesthetics, mepivacaine and xylocaine and the 
antikeratinizing agent, azelaic acid. The results conclusively proved the applicability of the new steroidal proxy1 nitroxide (SPN) 
as a potential spin probe for spin labeling studies. 

Introduction 

Steroidal nitroxides in which the nitroxide moiety is 
rigidly attached to the main steroidal skeleton1-3 have been 
extensively used&’ for studying changes in the structure 
and functions of biomembranes. The rigidly attached doxyl 
(4,4dimethyloxazolidine-N-oxyl) nitroxides have largely 
been used4 in spin labeling studies of oriented 
multibilayers of lipids. Owing to the rigid mode of fusion 
of the n&oxides to the steroidal skeleton, these nitroxides 
have not been used to monitor changes in 
microenvironmental fluidity which is characteristic of non- 
oriented model membranes such as liposomes. We have 
synthesized8vg doxyl, proxy1 and tempo (2,2,6,6- 
tetramethylpiperidine-N-oxyl) nitroxides which have the 
nitroxide moieties in the side chain of the steroidal 
substrate lithocholic acid (3&hydroxy-5P-cholanoic acid) 
1. These nitroxides are expected to have higher mobility 
owing to free rotation and are expected to exhibit greater 
versatility in spin labeling studies. Inherent differences in 
polarity between doxyl and proxy1 nitroxides,10 which 
could lead to differences in the mode of localization in 
biomembranes, prompted us to employ the newly 
synthesized proxy1 nitroxide (SPN) 7, as a spin probe for 
biomembranes. In this paper we report the localization of 
the nitroxide SPN in egg phosphatidyl choline (EPC) 
bilayers as ascertained with the help of ‘H NMR and 31P 
NMR experiments. Supporting evidence in favour of the 
proposed mode of localization was obtained from 13C spin- 
lattice relaxation time (Tl) measurements of the lipid in 
the presence of the nitroxide SPN. The n&oxide has been 
employed as an EPR sensitive probe to monitor the 
changes in fluidity and permeability of model membranes, 
made up of dipahnitoyl phosphatidyl choline (DPPC) and 
egg phosphatidyl choline (EPC!) dispersions respectively, 
in the presence of local anaesthetics, mepivacaine” [A/- 
(2,6-d&methyl pbenyl)-1-methyl-2-piperidinecarboxamidel, 
xylocaine12 [2-(diethylamino)-N-(2,~dimethylphenyl)-acet- 
amide] and the antikeratinizing agent, azelaic acidI (1,7- 
heptanedicarboxylic acid). 

Results and Discussions 

Syntksis of SPN and its incorporation into lipid bilayers 

The synthesis of the proxy1 nitroxide (SPN) 7 has been 
achieved9 (Scheme I) in an overall yield of 27% from 
lithocholic acid 1. The key step in the synthetic sequence 
involved an esterification between a mixed anhydride 5, 
derived from 3-carboxy proxy1 4 and the protected primary 
alcohol 3. Cleavage of the tetrahydropyranyl ether group in 
the final step yielded the desired proxy1 nitroxide (SPN) 7. 

The incorporation of SPN in liposomes has been 
ascertained by observing the EPR spectra of the n&oxide 
in rapidly tumbling solution state (Figure la) and that in 

Spausp 
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“r= 1. EPR Spectra of (a) spin label SPN in chloroform (10’ M) (b) 
SP mcorpomkd into multilamellar vesicles of EPC. The concent&ons 
of lipid and spin label nre 100 mM and 1mM r~ctively 
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6 7 (ESPN) 

Conditions: (a) DHP, PTSA (catalytic 
(d) FTSA, CH30H, r.t., 0.5 h. 

amount), PhH-THF, r.t., 2 h; (b) LM, THE reflux, 3 h, (c) ethylchloroformate, triethylamine, THF, r.t., 48 h; 

Scheme I. Synthesis of steroidal proxy1 nitroxide 7 (SPN) from lithocholic acid 1. 

the lipid matrix (Figure lb). The hyperfine coupling 
constant of SPN in multilamellar vesicles is observed to 
be 14.40 G as against an isotropic value of 14.80 G 
obtained when it is in rapidly tumbling solution phase. An 
increase of 18.5% in the line width of the lowest field line 
in the EPR spectrum is observed. The differences observed 
in the line shapes of the highest and the lowest field lines 
in the EPR spectrum of the nitroxide in liposomes (Figure 
lb) stems from the anisotropy of the nuclear hyperfine 
coupling tensor and g tensor of the n&-oxide radicals in the 
lipid. The changes in the EPR line shapes, hyperfine 
coupling constant and the line width of the EPR spectra of 
SPN in liposomes suggest its incorporation in liposomes. 

One notices that the EPR spectrum of SPN incorporated in 
liposomes (Figure lb) exhibits a near isotropic behaviour. 
This can be attributed to two factors. Firstly, the proxy1 
n&oxide is in the flexible side chain of the steroid and 
hence exhibits higher mobility than that of the rigidly 
attached 3-doxyl substituted steroids. Secondly, it can also 
be explained with the help of the model proposed by 
Sackmann and Tr%uble.7 As per this model, the spin label, 
when incorporated in liposomes, creates large pockets of 
free volume around its site of incorporation, particularly 
below the phase transition temperature (I!‘& of the lipid. 
Even above Tm these pockets of free volume continue to 
exist. This allows the steroid nucleus to have a high degree 
of motional ti-eedom whereby the n&oxide undergoes fast 
tumbling. Owing to these two factors, the EPR spectrum 

of the spin label SPN in liposomes (Figure lb) exhibits an 
intermediate situation of the two extreme cases viz. freely 
tumbling spin labels in organic solvents and restricted 
anisotropic motion. 

Mode of localization in rnodd membranes 

The mode of localization of SPN in lipid bilayers has been 
determined with the help of NMR experiments. For this 
purpose, ‘H NMR spectra of liposomes with and without 
the spin label have been recorded. The assignments of the 
signals arising from lipid molecules have been made using 
the data reported in the literature.*4 Since the concentration 
of the spin label used is low (1 n&I), the resonances 
arising from protons of these molecules are not directly 
observable. However, it is observed that resonances from 
different regions of the lipid molecule exhibit line 
broadening to different extents (Table 1). This indicates 
that some of the lipid protons are in close proximity (I 10 
A) to the paramagnetic nitroxide moiety and therefore 
experience line broadening on account of dipole-dipole 
interactions. The results of NMR studies (Table 1) indicate 
that resonances of terminal methyl and +NM e 3 
corresponding to liposomes incorporated with SPN are 
broader than those of pure liposomes. This clearly shows 
the definite incorporation of SPN in the interior of the 
bilayer. The increase in peak width observed for the +NMes 
resonance could possibly be attributed to the interaction 
between the hydroxy group of SPN and the polar head 
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group of the lipid. The increase in the 31P resonance line 
width (Table 1) also indicates a similar possibility. It is 
pertinent to note that the hydrogen bonding interaction 
between the hydroxy group of sterols15 and an oxygen 
atom either in the phosphate group16 or in the ester 
carbonyl group17 has been documented in literature. With 
the hydroxy group of SPN possibly oriented towards the 
polar head group region of the lipid, the proxy1 nitroxide 
moiety remains in close proximity to the terminal methyl 
group. This explains the observed broadening of the ‘H 
NMR signal of the terminal methyl group. 

Table 1. Effect of incorporation of spin label SPN on the ‘H NMR and 
“P NMR spectra of EPC model membranes (spin label: lecithin, 1:lOO) 

Full width at half narieJn (A yv2) in Hz 

?vt?HR 3% 

in., Terminal methyl 

pure = oJv2) 13.18 26.30 758 

m+spin1ab31 

("l/2%3 se.50 g?.Ea law 

qp 7.30 4.70 1.33 

In order to obtain further insight into the mode of 
localization of SPN within the lipid matrix, 13C spin- 
lattice relaxation time (Tl) measurements have been carried 
out. 13C spin-lattice relaxation times are governed by ‘H- 
‘%J dipole interaction of the directly bonded C-H vectors in 
the molecule. 1 8 This has been utilized to get information 
regarding regions of immobilization of the molecules 
incorporated in lipid bilayers.19 The 13C relaxation times 
of either the lipids or the externally added molecule can be 
measured for this purpose. Restricted motion leads to lower 
Tl due to shorter spin-lattice relaxation time. In the present 
case, the effect of the nitroxide moiety in SPN, 
incorporated into the bilayer, on 13C relaxation times of 
the lipid molecules are interpreted in terms of the 
localization of the nitroxide group within the bilayer 
structure. The effect of the nitroxide group in producing 
differential changes in T1 for the carbon nuclei in EPC 
suggests that such changes are useful in estimating the 
proximity of the nitroxide moiety to the different carbon 
atoms of the lipid. We have measured the relaxation times 
of the carbon atoms of the lipid molecule (T.able 2). The 
assignments of the 13C resonances of EPC have been made 
using the data reported in the literatun5.2o 

It may be noted that the observed T1 values for the chain 
carbons are the average values for the two chains. The 
results indicate that the T1 values of the resonances are 
generally reduced in the presence of the n&oxide SPN 
(Table 2). Differential changes in T1 values for different 
carbon atoms of the lipid in the presence of SPN, as 
compared to the corresponding values in pure EPC 
liposomes, are also observed. The Tl value of the carbonyl 

carbon of lipid molecule in the presence of SPN could not 
be measured, probably because of a very large decrease. 
Similarly, the T1 value of the CH20P-choline carbon 
though measurable, is also reduced to a large extent. This 
indicates that the hydroxy group of SPN is possibly 
involved in a hydrogen bonding interaction with the 
oxygen atom of either the ester carbonyl group or the 
phosphate moiety. This leads to immobilization and a 
consequent decrease in T1 value. As mentioned earlier, such 
a type of hydm en bonding interaction has been reported in 
the literature.F - 5 l7 Within the hydrocarbon chain, the 
decrease in T1 is largest for the terminal methyl group. The 
effect of the nitroxide moiety on the carbon atoms 
constituting the methylene envelope is complex owing to 
the differing contributions to the relaxation time from the 
component resonances and the observed T1 value is an 
average one. The decrease in T1 value observed for the 
+NMe3 carbons, thoug h relatively less, may be attributed 
to the fact that the proxy1 n&oxide moiety in SPN is in 
the flexible side chain which enables it to spend a certain 
fraction of time near the polar head group of the lipid as 
well. 

Table 2. Effect of SPN on 13C T, values of sonicated EPC in D,O at 30 
“C (spin label:lecithin, 1:lOO) 

C.al&rl EFC Control EPC + 9PN X decrease 

TIW Tl(s) in T1 

Terminal methyl 2.85 1.95 31.6 

Methylerie envelope 0.59 0.53 IIa.2 

Olefinio oarba~* 0.58 0.41 29.3 

cH.$P-choline 2.24 1.03 55.4 

carbony carbon 1.00 not observed - 

kie, 0.47 0.39 17.0 

*The two resonances corresponding to the olefinic carbons are not 
sutkiently resolved to determine their relaxation times separately. 

Thus, the 13C Tt results qualitatively map out the 
localization of SPN in the lipid matrix. 

Phase transition studies 

The phase transition behaviour of dipahnitoyl phosphatidyl 
choline (DPPC) dispersions has been studied using the 
spin label SPN as an EPR sensitive probe. The alterations 
in the membrane characteristics induced by the drugs 
mepivacaine, xylocaine and azelaic acid have also been 
investigated. It is customary to use21 the empirical 
parameter h+l/!ao (the ratio of the heights of the low-field 
line to the central line in the EPR spectrum of the 
n&oxide) to follow phase transition characteristics. This 
parameter (h+tlho) has been plotted as a function of 
temperature (Figure 2). One observes that h+l/b shows an 
initial gradual increase which is followed by an abrupt, 
large incxease at a particular tern- which corresponds 
to the transitionof lipid hydrocarbonchainsfrom gel to 
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Fi nre 2. Spectral parameter h,llb, as a function of temperature,, (a) pure DPPC (100 mM), (b) DPPC (100 mM) + mepivacaine (40 mM), (c) DPPC 
(JO mM) Yl + x ocaine (40 n&I), and (d) DPPC (100 n&I) + azela~c acid (40 mhI), using SPN (1 mM) as the spin label 

liquid crystalline state. The pre-transition and the main 
transition temperatures of pure DPPC dispersions thus 
obtained are 35.5 “C and 41 “C respectively (Table 3). 
These results are in agreement with the values reported 
earlier by using other methods13 as well as by using other 
spin labels.15 This conclusively proves that the newly 
synthesized proxy1 n&oxide SPN can be conveniently used 
for studying phase transition characteristics of liposomes. 

Table 3. Phase transition temperatures of DPPC dispersions in the 
presence of and in the absence of drugs using SPN as the spin label 
(spin label:DPPC:drug, 1: lOO:4O) 

Type of vesicles Pre-transition Main transit ion 

teuiperature( “C) temperature(‘C) 

Pure DPPC 35.5 41.0 

DPFC+mepivacaine not observable 31.0 

DFFC+xylooaine 32.0 39.0 

DF’PGtazelaic acid 32.0 39.5 

The curves depicted in Figure 2 exhibit sigmoidal nature of 
phase transition curves in the presence of as well as in the 
absence of the drugs. This, in turn, indicates that the 
presence of these drugs does not alter the cooperativity of 

phase transition. However, it alters the temperature at 
which the phase transition occurs. For instance, 
mepivacaine causes significant lowering of the main phase 
transition (Table 3). Xylocaine, on the other hand, causes 
marginal change of the main phase transition temperature. 
These observations are in agreement with the results of 
Hubbell et ~1.~~ and Rosenberg et a1.23 The incorporation 
of azelaic acid induces a lowering of the temperature of pre- 
transition by 3.5 “C and nearly no alteration in the main 
phase transition temperature. This is in agreement with the 
results obtained by Bossi et all3 Thus we conclude that 
SPN has the ability to report phase transition 
characteristics of pure lipids as well as of mixed 
(liposomes incorporated with drugs) systems. 

Permeability studies 

The permeability of EPC bilayers to ascorbate ions added 
externally to the aqueous phase has been studied by 
monitoring the reduction of the n&oxide SPN incorporated 
in the lipid matrix. The vesicle size homogeneity and the 
unilamellar nature of the EPC dispersions obtained in the 
present experiment have been determined. The reduction of 
the bilayer-fixed spin label has been monitored by 
observing the changes in the low-field line in the EPR 
spectrum of SPN as a function of time, as ascorbate ions 
diffuse through the bilayer. The plots of EPR signal 
heights S(t) with time (b) using SPN as the spin label have 
been depicted in Figure 3. The points shown are 
experimental points through which theoretical curves have 
been drawn after fitting the data to Eq. 1: 
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S(t) = So(0)e-kot + Si(O)&i' (1) 

where S(t) is the signal height due to total spin label 
present at time t, S,(O) and Si(0) are signal heights due to 
initial concentration of spin labels present in the outer and 
the inner monolayer respectively and k, and k are the rate 
constants for the reduction of the spin labels present in the 
outer and the inner monolayer respectively. The values of 
k, and ki have been obtained by using Eqs 2 and 3 where r, 
and ri are the radii of the outer and the inner monolayer 
respectively. 

S(0) = So(O) + Si(0) 
S(0) / S(t) = ro2/ ri2 

(cl 

0.0 4 0 600 800 1200 ’ 1 
lime (t) scxs - 

(2) 
(3) 

IO 

Figure 3. Signal height S(t) of the EPR spectral line of spin Me.1 SPN 
(1.0 mM) vs time. The points shown are experimental points through 
which theoretical curves have been drawn after fitting the data to S(t) = 
S,(O)e%’ + Si(O)e‘k’, where S,(O) and Si(0) are respective initial signal 
heights due to the spin label in the outer and inner monolayers of 
sonicated vesicles. (a) (O), pure EPC (100 mM); (b) (X) EPC (100 mM) 
+ mepivacaine (40 mM), and (c) (0) EPC (100 mM) + xylocaine (40 
mM) 

It has been reportedly that the outer radius of the sonicated 
vesicles is around 250 8, and the thickness of the bilayer is 
around 50 A. Using the methodology described earlier,15 
the values of k, and ki are obtained by least square fitting 
of the data utilizing Eq. 1. The half-life times of reduction 
of spin labels residing in the outer and the inner 
monolayers of EPC bilayers have also been determined 
(Table 4). 

Table 4. Half-life times (min) for the reduction of spin label SPN 
incorporated in EPC bilayen in the presence of different drugs at 30 ‘C 
(permeating agent used was sodium ascorbate) 

PureEPc EFC + meeivaosine EFC + xyzylooaine 

outer 
lKmolayelr 0.00 0.07 6.01 

Inner 
monolayer Xi.30 18.07 8.50 

It is pertinent to note that though Kornberg and 
McConne# observed that ascorbate ions do not penetrate 
the EPC bilayer at 0 “C, the present permeation 
experiments have been carried out at 30 “C. This 
temperature is conducive to the permeation of ascorbate 
ions throu 
literature.2 (! 

h the bilayer. This is well documented in 
Moreover, it is worthwhile to mention that the 

time-scales of our permeation experiments are much 
shorter than that of the tlipflop experiments of Komberg 
and McConnellz Since these authors have shown that the 
asymmetry in the distribution of spin labels between the 
bilayers decays with a half-life of about 6.5 h at 30 “C, the 
flip-flop motion from the inner monolayer to the outer 
monolayer is clearly a very slow process. Hence the flip- 
flop motion is highly unlikely in the present case and has 
not been considered in the interpretation of our results. 

Analysis of the results of permeability studies reveal that 
for pure EPC the half-life times for reduction of spin labels 
present in the outer and inner monolayers are significantly 
different. This observation could be attributed to the fact 
that the ascorbatc ions when introduced on the outer side of 
the EPC vesicles, diffuse through the bilayer and reduce the 
spin labels. The spin labels which reside in the outer 
monolayer are readily accessible and therefore undergo 
reduction at a faster rate in comparison to the spin labels in 
the inner monolayer. Thus, the half-life times for reduction 
of spin labels in the inner monolayer are longer than those 
in the outer monolayer. One notices that these values 
remain unaltered in the presence of mepivacaine. This 
indicates that the permeability profile of lipid bilayers 
remains unaltered by incorporation of mepivacaine. The 
half-life time for reduction of spin labels residing in the 
outer monolayer in the presence of xylocaine is observed to 
be higher (6.01 min) in comparison to that for pure EPC 
vesicles. This could be due possibly to the binding of 
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xylocaine to the head group of the lipid which, in turn, 
prevents fast permeation of ascorbate ions. However, a 
decrease in the half-life time for the inner monolayer (8.57 
min) signifies enhanced accessibility of the interior of the 
lipid matrix to ascorbate ions. 

We therefore conclude that the newly synthesized proxy1 
n&oxide SPN is easily incorporated in the membranes and 
can be conveniently used as a potential spin probe for 
studies such as phase transition, permeability, etc. of 
membranes. 

Experimental Section 

MalWials 

L-cr-Dipalmitoylphosphatidyl choline (DPPC) was 
obtained from Sigma Chemical Company, U.S.A. Egg 
phosphatidyl choline (EPC) was isolated and purified by 
the method of Keough. 27 Spin label SPN was synthesized 
in the laboratory (Scheme I). Azelaic acid was obtained 
from Serva Fienobiochimica, Heidelberg, Germany. 
Mepivacaine and xylocaine were used as their hydrochloride 
salts and were purchased from Astra Pharmaceutical 
Products, Massachusetts, U.S.A. Sodium ascorbate was 
obtained from Sisco Research Laboratories, India and other 
reagents used were of analytical grade. 

Multilamellar dispersions of lipid used for the phase 
transition experiments were prepared following Hill’s 
method.28 Chloroform solutions of appropriate quantities 
of lipid (100 mM) and spin label (1 mM) were evaporated 
to dryness under a stream of nitrogen gas. The film was 
dried under vacuum for 3-4 h and then hydrated with 
appropriate amount of 10 mM phosphate buffer (pH 7.5) 
containing the desired amount of drug. The system was 
allowed to equilibrate for 30 min before vortexing. 

For permeation experiments unilameller vesicles were 
used. Unilamellar vesicles were prepared by sonicating 
multilamellar dispersions immersed in an ice bath using B- 
30 sonifier fitted with microtip (Branson Sonic Power Co.) 
at a duty cycle of 50%. Sonication was carried out until 
optical clarity was achieved. The preparations were 
centrifuged for 10 min at 20,000 x g (16,000 rpm) using 
Sorvall RC 5B centrifuge to separate out the titanium 
particles. Homogeneity of vesicle size of the phospholipid 
dispersions was analyzed by Sepharose 4B chromato- 
graphy. Uniformity of vesicle size was checked on electron 
microscope. Vesicles of radii around 250 A are formed 
under such conditions.24 Electron microscopic studies were 
conducted using Jeol JEM 100 S electron microscope at a 
high voltage of 60 kV. The samples were prepared by 
placing a drop of suspension on a thin lihn of formvar 
coated copper slot grid which was allowed to dry before 
placing under the microscope. Sodium ascorbate (5 mM) 
was added to the samples just before recording the EPR 
spectrum (t = 0). 

Methods 

EPR experiments were carried out on an X-band E-112 
Varian Spectrometer with a 100 kHz field modulation and 

detection unit. Samples were taken in 50 pL glass 
capillaries sealed at one end and mounted in the variable 
temperature accessory of the Varian E-112 Spectrometer. 
Temperature could be controlled to an accuracy of fl “C 
using a Varian V-4540 unit. The sample temperature was 
determined using a copper-constantan thermocouple kept 
in contact with the sample capillary. 

‘H, 31P and 13C NMR spectra of sonicated liposomes in 
D20 were recorded using Bruker AM-500 FT-NMR 
Spectrometer interfaced with an Aspect 3000 computer. 
The 31P NMR spectra were obtained under proton 
decoupling and a line broadening of 20 Hz has been 
employed. In the 13C experiments, a repetition time of 16 
s was used. Protons were decoupled using broad band noise 
decoupling. Spin-lattice relaxation times were measured 
employing (180’~ z < 90’) pulse sequence at a temperature 
of 30 “C. 

Acknowledgements 

Two of us (SB and SS) gratefully acknowledge the 
financial assistance received from Council of Scientific and 
Industrial Research, New Delhi. Facilities provided by 
Regional Sophisticated Instrumentation Centre, Bombay 
(EPR) and Tata Institute of Fundamental Research, 
Bombay (500 MHz FT-NMR) are gratefully acknowledged. 

References 

1. Keana, J. F. W.; Keana, S. B.; Beetham, D. J. Am. Chem. 
Sot. 1967,89, 3055. 

2. Hubbell, W. L.; McConnell, H. M. Proc. Natl Acad. Sci. 
U.S.A. 1969, 63, 16. 

3. Huang, C.; Charlton, J. P.; Shyr, C. I.; Thomson, J. E. 
Biochemistry 1970, 9, 3422. 

4. Smith, I. C. P.; Butler, K. W. In Spin Labeling I Theory and 
Applications, pp. 411-451, Berliner, L. J., Ed.; Academic 
Press; New York, 1976. 

5. Libertini, L. J.; Waggoner, A. S.; Jost, P. S.; Griffith, 0. H. 
Proc. Nat1 Acad. Sci. U.S.A. 1969,64, 13. 

6. Hubbell, W. L.; McConnell, H. M. J. Am. Chem. Sot. 
1971,93, 314. 

7. Sackmann, E.; Triiuble, H. J. Am. Chem. Sot. 1972, 94, 
4482. 

8. Banerjee, S.; Desai, U. R.; Trivedi, G. K. Tetrahedron 
1992,48, 133. 

9. Banerjee, S.; Trivedi, G. K. Tetrahedron 1992,48, 9939. 

10. Keana, J. F. W.; Lee, T. D.; Bernard, E. M. J. Am. Chem. 
Sot. 1976,98, 3052. 

11. Budavari, S. (Ed.) In The Merck Index, p. 5744, Merck and 
Co. Inc.; New Jersey, 1989. 

12. Griiningsson, K.; Lindgren, J. E.; Lundberg, E.; Sandberg, 
R.; Wahlen, A. In Analytical Profiles of Drug Substances, pp. 
207-243, Florey, K., Ed.; Academic Press; New York, 1985. 

13. Bossi, G.; Dubini, B.; Mariani, P.; Ponzi Bossi, M. G.; 
Rustichelli, F.; Phadke, R. S. I1 Nuovo Cimento 1990, 120, 
1293. 



Proxy1 nitreside of litbecholic acid 341 

14. Ellena, J. F.; Hutton, W. C.; Caflsco, D. S. J. Am. Chem. 
sot. 1985,107, 1530. 

15. Srivastava, S.; Phadke, R. S.; Govil, G.; Rao, C. N. R. 
Biochim. Biophys. Acta 1983, 734, 353. 

16. Brockerhoff, H. Lipids 1974,9, 645. 

17. Huang, C. Chem. Phys. Lipids 1977,19, 153. 

18. Levine, Y. K.; Birdsall, N. J. M.; Lee, A. G.; Metcalfe, J. 
C. Biochemistry 1972.11, 1416. 

19. Srivastava, S.; Phadke, R. S.; Govil, G. Mol. Cell. 
Biochem. 1989,91, 99. 

20. McLaughlin, A. C.; Cullis, P. R.; Hemminga, M.; Brown, 
F. F.; Brocklehurst, J. In NMR in Biology, pp. 231-246, 
Dwek, R. A., Ed.; Academic Press; London, 1977. 

21. Frezzatti, Jr, W. A.; Toselli, W. R.; Schreier, S. Biochim. 
Biophys. Acfa 1986,860, 531. 

22. Hubbell, W. L.; Metcalfe, J. C.; Metcalfe, S. M.; 
McConnell, H. M. Biochim. Biophys. Acta 1970, 219, 415. 

23. Rosenberg, P. H.; Jansson, J. E.; Gripenberg, J. 
Anesthesiology 1977,46, 322. 

24. Marsh, D.; Phillips, A. D.; Watts, A.; Knowles, P. F. 
Biochem. Biophys. Res. Commun. 1972,49, 641. 

25. Komberg, R. D.; McConnell, H. M. Biochemistry 1971, 
10, 1111. 

26. Schreier-Muccillo, S.; Marsh, D.; Smith, I. C. P. Arch. 
Biochem. Biophys. 1976, 172, 1. 

27. Keough, K. M. W.; Davis, P. J. Biochemistry 1979, 18, 
1453. 

28. Hill, M. W. Biochim. Biophys. Acta 1974,356, 117. 


