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Summary Glucose-induced sorbitol accumulation 
and attendant alterations in cellular myo-inositol 
and phosphoinositide metabolism have been in- 
voked in the pathogenesis of diabetic complications; 
however, direct effects of sorbitol on membrane 
phospholipid composition or metabolism have never 
been evaluated. Phospholipase D catalyses the trans- 
phosphatidylation of ethanol into phosphatidylcho- 
line to yield phosphatidylethanol, an "abnormal" 
phospholipid whose content in rat brain is increased 
by chronic ethanol ingestion. Analogous transphos- 
phatidylation of sorbitol or other polyols whose con- 
centration is elevated in diabetes was explored in vi- 
tro and in glucose-exposed cultured human retinal 
pigment epithelial cells. Phosphatidylcholine and 
varying concentrations of sorbitol, galactitol, manni- 
tol and glucose were incubated with peanut phospho- 
lipase D in sodium acetate buffer for varying time 
periods. Thin layer chromatography revealed new 
phospholipid bands whose hydrolysis by phospholi- 
pase D liberated a water-soluble compound that co- 
chromatographed with sorbitol on gas-liquid chro- 

matography, and whose concentration increased in a 
time- and concentration-dependent fashion. Identi- 
cal transphosphatidylation activity was demonstrat- 
ed in a rat brain synaptosomal fraction. Phospholi- 
pase D hydrolysis of lipids from human retinal pig- 
ment epithelial cells constitutively overexpressing 
the aldose reductase gene yielded a sorbitol-like 
compound whose appearance was increased by glu- 
cose exposure and was decreased by an aldose reduc 
tase inhibitor. Thus, glucose-induced aldose reduc- 
tase inhibitor sensitive sorbitol accumulation might 
induce the formation of "phosphatidylsorbitol" 
through a transphosphatidyl mechanism that may 
contribute to altered membrane phospholipid metab- 
olism in diabetes. [Diabetologia (1994) 57: 1147- 
1153) 
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Increased metabolic flux through the polyol (sorbi- 
tol) pathway in diabetes is initiated by the concentra- 
t ion-dependent conversion of glucose to sorbitol by 
the high Km, rate-limiting enzyme aldose reductase 
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[alditol: N A D P  + 1-oxidoreductase (EC 1.1.1.21)], 
which is followed by the subsequent conversion of 
sorbitol to fructose by the low K m enzyme sorbitol 
dehydrogenase [L-iditol: N A D  + 5-oxidoreductase 
N A D H  oxo-reductase (EC 1.1.1.14)] [1]. In selected 
tissues in which glucose entry is not rate-limiting for 
its overall metabolism, polyol pathway activation by 
glucose is associated with depletion of myo-inositol 
from one or more of its intracellular metabolic 
pools, which may or may not be associated with a de- 
tectable decrease in overall cellular rnyo-inositol 
content [2-5]. Polyol pathway-induced rnyo-inositol 
depletion has been associated with alterations in 
phosphatidylinositol biosynthesis, phosphoinositide 
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turnover, diacylglycerol content and phosphoinosi- 
tide-mediated signal transduction [2-4, 6-8], but it is 
supposed that the effects of polyol pathway activa- 
tion on membrane phospholipid metabolism may 
not all be attributable to depletion of intracellular 
myo-inositol [5, 9-11], suggesting that other metabol- 
ic linkages should be sought. Phospholipase D (PL- 
D) activity can incorporate several hydrophilic 
aliphatic alcohols into their corresponding phos- 
phodiglycerides by transphosphatidylation [12]. 
Phosphatidylethanol is an acidic phospholipid that 
accumulates in kidney, brain, and other organs of 
chronically ethanol-intoxicated rats [13, 14], and in a 
rat brain synaptosomal fraction incubated with etha- 
nol [15]. The accumulation of phosphatidylethanol 
has been invoked as a possible mediator of adverse 
effects of ethanol ingestion including fetal alcohol 
syndrome [16]. The present study was undertaken to 
ascertain whether sorbitol undergoes similar trans- 
phosphatidylation by plant or mammalian PL-D, 
and whether phosphatidylsorbitol was detectable in 
human cells exhibiting brisk sorbitol accumulation 
and altered membrane function when exposed to an 
elevated concentration of glucose in vitro or in vivo 
[4, 8, 17-20]. 

Materials and methods 

In vitro incorporation of polyols into phospholipid. Peanut PL- 
D (0.25 rag) was dissolved in 1 ml of 0.1 tool/1 sodium acetate 
plus 0.1 tool/1 calcium chloride (pH 5.6), to which 2.5 mg of 
egg phosphatidylcholine in 0.5 ml of water-saturated diethyl- 
ether was added. This mixture was incubated with 0-3.0 mol/l 
sorbitol, 0.15 tool/1 galactitol, 0.5 tool/1 mannitol, or 1.5 tool/1 
glucose at room temperature for 0-4 h with vigorous mixing 
every 30 rain. At  the end of the incubation, ether was re- 
moved by evaporation under a stream of nitrogen and the re- 
action terminated with the addition of 3,75 ml of chloroform- 
methanol (1 :2 ,  volume/volume). An  additional 1.25 ml of 
chloroform and 1.25 ml of water were added and the phases al- 
lowed to separate. The chloroform phase was washed three 
times with 4.75 ml of preequilibrated upper phase (upper 
phase of chloroform-methanol-water, 10 : 10 : 9), evaporated 
to dryness under a stream of nitrogen and reconstituted in 
0.5 ml of chloroform. In selected studies, 0.25 ml out of 0.5 ml 
of this crude unfractionated lipid extract ("-column") was di- 
rectly subjected to thin layer chromatography as described be- 
low. The remaining extracts from ten incubations were pooled, 
evaporated to dryness under nitrogen and the residue was dis- 
solved in 200 ~1 of chloroform. The combined extract was ap- 
plied to a 1.5 g sialic acid column equilibrated with chloro- 
form and eluted with 10 ml each of chloroform-methanol mix- 
tures of 97 : 3, 47 : 3, 22 : 3, 4 : 1, and 2 : 1. Phospholipids con- 
taining polyols were present in the chloroform-methanol 4 : 1 
and 2 : 1 eluates. These eluatcs were pooled, cvaporated to 
dryness under nitrogen, and dissolved in chloroform. These 
column-purified samples ("+ column") and authentic stan- 
dards of phosphatidic acid and phosphatidylcholine were ap- 
plied to the origin of oxalated 20 cm x 20 cm, 250-btm thick, sil- 
ica gel 60 plates, developed in a solvent system containing chlo- 
roform-methanol-acetic acid-water (25 : 15 : 4 : 2) and visual- 
ized by iodine vapor or heating with cupric acetate spray. 
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Identification of lipid-bound sorbitoL The chromatographed 
lipids were scraped, extracted three times with 2,0ml of 
chloroform-methanol (2: 1), pooled, evaporated to dryness 
under nitrogen, reconstituted in 0.5 ml of water-saturated 
diethylether, and hydrolysed by incubation with 0.25 mg of 
peanut PL-D in 0.1 mol/1 sodium acetate plus 0.1 tool/1 calci- 
um chloride (pH 5.6) at room temperature for 4 h with vig- 
orous mixing every 30 min. The liberated water-soluble com- 
pounds were converted to their trimethylsilyl ethers or aldo- 
nitrile acetate derivatives and analysed by megabore or cap- 
illary gas-liquid chromatography, as previously described 
[17, 21, 22]. 

Production of lipid-bound sorbitol by rat brain synaptosomes. 
Rat brain synaptosomes were prepared by discontinuous den- 
sity gradient centrifugation of rat forebrain homogenates ac- 
cording to the method of Cotman and Matthews [23]. 1-Palmi- 
toyl-2-[14C]oleoyl-sn-glycero-3-phosphocholine (2.5 mmol/1, 
1.67 Ci/mol) dissolved in 0.5 ml of water-saturated diethyl- 
ether and 800 btg of membrane protein were incubated with 
1 ml of 0.1 mol/1 sodium acetate, 0.1 mol/1 calcium chloride 
and 3.0mol/1 sorbitol (pH 5.6) at room temperature for 
90 rain. Lipids were extracted with chloroform-methanol, sep- 
arated by thin layer chromatography as described above and 
located autoradiographically. 

Detection of lipid-bound sorbitol in glucose-exposed human 
retinal pigment epithelial cells (RPE). Primary lines of RPE 
cells were established and maintained by a modification of 
the method of Del Monte and Maumenee [24] as recently de- 
scribed in detail [17]. One cell line, RPE 91, was selected be- 
cause of its enhanced metabolic sensitivity to glucose associ- 
ated with its constitutive over-expression of the aldose reduc- 
tase gene [25]. RPE 91 cells were replated at an initial densi- 
ty of 10,000 cells/cm 2 in 10-cm dishes in Minimum Essential 
Medium with 2.0mmoI/l L-glutamine (MEM) containing 
20% calf serum (CS) and 5 mmol/1 glucose for 24 h and 
equilibrated in MEM-5 % CS-5 mmol/1 glucose for 72 h be- 
fore switching to experimental conditions consisting of 
MEM-5% CS containing 5 or 20 mmol/1 glucose with or 
without the aldose reductase inhibitor sorbinil (10 gmol/1 
(Pfizer Central Research, Groton, Conn., USA). Medium 
was routinely changed every 2 days before and during the 7- 
day experimental period, at the end of which the medium 
was aspirated and cells were scraped with 2 ml of methanol. 
Lipids were extracted with 4 ml of chloroform at room tem- 
perature for 15 min after which phase separation was accom- 
plished by addition of 1.2 ml of 1.0 N HC1 followed by vor- 
texing and centrifugation for 10 min at 1000 • g. The lower 
phase was washed three times with 2.6 ml of chloroform- 
methanol-0.1 N HCI (3 : 48 : 47), evaporated under nitrogen 
and reconstituted into 0.5 ml of chloroform. The extracts 
from eight incubations were pooled, applied to the silicie 
acid column and fractionated as above. The samples and a 
"standard" consisting of the presumed transphosphatidylat- 
ion product of sorbitol and phosphatidylcholine as described 
above were applied to pre-oxalated 20 cm x 20 cm, 250 ~tm, 
silica gel H plates and developed twice in a solvent system 
containing chloroform-methanol-28 % NH 3 (65 : 25 : 5). The 
silica gel bands corresponding to the "standard" were 
scraped along with bands corresponding to phosphatidylcho- 
line, phosphatidic acid and an area devoid of bands and lip- 
ids were re-extracted and hydrolysed as described above. 
The liberated water-soluble compounds were analysed by 
gas-liquid chromatography, In another experiment, RPE 91 
cells were exposed to 300 mmol/1 glucose for 1 week and 
treated as above for the detection of sorbitol-containing pho- 
spholipids. 
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Fig.1. Thin layer chromatographic separation of in vitro incor- 
poration of sorbitol into phosphatidylcholine by peanut phos- 
pholipase D (PL-D). Phosphatidylcholinc (PC) was incubated 
for 4 h with 3.0 mol/1 sorbitol (SORB) (lane D), PL-D (lane 
B), or both (lane C), and the products separated by thin layer 
chromatography. Reference lipids were phosphatidic acid 
(PA) (lane A) and PC (lane E). Arrow indicates reaction prod- 
uct presumed to be phosphatidylsorbitol, seen in lane C. No 
phosphatidylsorbitol-like product was evident in any regions 
of the thin layer chromatography plate except that which cor- 
responded to the Rf of phosphatidylsorbitol including the 
area devoid of visible bands 
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Fig.2. Gas-liquid chromatograms of the trimethylsilylated hy- 
drolysate products of the different bands identified in Figure 
1. Numbers above each chromatogram correspond to the the 
numbers on Figure 1. Sorbitol (arrow) was identified only in 
the hydrolysate of band 4 of lane C in Figure 1, presumed to 
be phosphatidylsorbitol 

Transphosphatidylation of sorbitol and phosphatidyl- 
choline. Incubation of phosphatidylcholine with pea- 
nut PL-D, 3.0 mol/1 sorbitol, or both, yielded the lip- 
id fractions illustrated in Figure 1. In the absence of 
sorbitol, peanut PL-D hydrolysed phosphatidylcho- 
line completely and yielded phosphatidic acid 
(Rf = 0.88) (band 1 in lane B). Incubation of phos- 
phatidylcholine and 3.0 tool/1 sorbitol without pea- 
nut PL-D left the phosphatidylcholine band 
(Rf = 0.53) (band 9 in lane D) intact. Incubation of 
phosphatidylcholine with both 3.0 mol/1 sorbitol and 
peanut PL-D produced a new lipid (Rf = 0.62) dis- 
tinct from phosphatidylcholine and phosphatidic 
acid (band 4 in lane C). Note that the presence of sor- 
bitol preserved some phosphatidylcholine despite the 
presence of PL-D, reflecting either inhibition of phos- 
phatidylcholine hydrolysis by sorbitol, or resynthesis 
of phosphatidylcholine from the novel product. 

Lipids contained in silica gel bands 1-10 were re- 
extracted, hydrolysed and analysed by trimethylsilyl 
or aldonitrile-acetate gas-liquid chromatography as 
described in in the Materials and methods section. 

Examples of the trimethylsilyl gas-chromatograms 
are shown in Figure 2. The numbers of the chromato- 
grams correspond to those of the parent silica-gel 
phospholipid bands identified in Figure 1. A water 
soluble compound that co-eluted with sorbitol was 
identified only in the sample from band 4. These two 
experiments demonstrate that a novel phospholipid 
formed from phosphatidylcholine, sorbitol and pea- 
nut PL-D in vitro liberates a water-soluble com- 
pound cochromatographing with sorbitol upon re-ex- 
posure to peanut PL-D; thus the behaviour of this 
novel compound, phosphatidylsorbitol, is consistent 
with a transphosphatidylation product of phosphati- 
dylcholine and sorbitol, with one of the six hydroxy 
groups of sorbitol in presumed phosphodiesteric link- 
age with the diglyceride moiety. Figures 3 and 4 indi- 
cate that this putative transphosphatidylation occurs 
in a time- and concentration-dependent fashion. Fig- 
ure 3 illustrates the time-dependent accumulation 
over 4 h of the thin layer chromatography resolved 
reaction product in crude ("- column") and column- 
fractionated ("+ column") extracts. In Figure 4, ex- 
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Fig. 3. Time-dependent formation of phosphatidylsorbitol. PC, 
PL-D and 3.0 mol/1 sorbitol were incubated for 0 h (OH) or 4 h 
(4H). Reference lipids were PA and PC. Thin layer chromato- 
grams of samples before ("column (-)") and after ("column 
(+)") column chromatographic pre-purification. Arrow indi- 
cates reaction product presumed to be phosphatidylsorbitol 

Fig.4. Concentration-dependent formation of phosphatidyl- 
sorbitol. PC, PL-D, and 0.03, 0.3 or 3.0 tool/1 SORB were incu- 
bated for 4 h. Reference lipids were PA and PC. Arrow indi- 
cates reaction product presumed to be phosphatidylsorbitol 

tracts from 10 ml, 5 ml and 0.5 ml aliquots of incuba- 
tions with 0.03, 0.3 and 3.0 mol/1 sorbitol respectively 
were subjected to silica gel thin layer chromatogra- 
phy. The product from incubations with 0.3 and 
3.0 mol/1 sorbitol were clearly visualized by iodine va- 
pour. The product in the 10-ml aliquot of the incuba- 
tion with 0.03 mol/1 sorbitol was below the level of de- 
tection by iodine vapour, but phospholipid with the 
expected Rf was detected by molybdate phosphorus 
assay [26] (data not shown). 

Transphosphatidylation of other polyols and glucose. 
The incubation of saturated aqueous solutions (at 
room temperature)  of galactitol, mannitol and glu- 
cose with phosphatidylcholine and peanut PL-D un- 
der the conditions described above yielded phospho- 
lipids with chromatographic characteristics similar to 
that of phosphatidylsorbitol (Fig. 5). The products of 
a 10-ml aliquot of incubations with 0.15 mol/1 galacti- 
tot, 0.5 mol/1 mannitol and 1.5 tool/1 glucose were 
fractionated by silicic acid column chromatography 
and applied to silica gel thin layer chromatographic 
plates along with a 0.5 ml aliquot from an incubation 
with 3.0 mol/1 sorbitol. Although an accurate quanti- 
tative assay was not performed, glucose consistently 
formed less presumed transphosphatidylation prod- 
uct than gatactitol, mannitol or sorbitol despite high- 
er substrate concentration and size of sample, sug- 
gesting that sugar alcohols have higher activity for 
transphosphatidylation by peanut PL-D than glucose. 

Transphosphatidylation of sorbitol by rat brain synap- 
tosornes. To determine whether  mammalian PL-D 
could transphosphatidylate sorbitol and phosphati- 
dylcholine, a rat brain synaptosomal fraction with 
high PL-D activity [27] was incubated with 3.0 mol/1 

Fig.5. Phosphatidylpolyol formation from glucose, mannitol, 
galactitol and sorbitol. PC and PL-D were incubated with 
1.5 mol/1 glucose (GLU), 0.5 mol/1 mannitol (MAN), 
0.15 mol/1 galactitol (GAL), or 3.0 mol/1 sorbitol (SORB) for 
4 h. Reference lipids were phosphatidylsorbitol (PSorb pre- 
pared as illustrated in Fig. 1), PA and PC. The amount of sam- 
ple applied at the origin varied. Arrow indicates reaction prod- 
uct presumed to be phosphatidylsorbitol 

sorbitol and [14C]-phosphatidylcholine. Lipids were 
extracted and separated by silica-gel thin layer chro- 
matography as described in the Materials and meth- 
ods section. The autoradiogram of the silica gel plate 
in Figure 6 revealed a major radioactive band corre- 
sponding to unchanged [14C]-phosphatidylcholine 
and a second radioactive band with a Rf value identi- 
cal to that of phosphatidylsorbitoI standard (arrow). 
A very weak radioactive band corresponding to phos- 
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Fig.6. Transphosphatidylation of sorbitol 
by rat brain synaptosomes. Autoradiogram 
of a thin layer chromatographic separation 
of lipids extracted from a rat brain synapto- 
somal fraction having high PL-D activity 
after incubation with 3.0 tool/1 sorbitol and 
[14C]-phosphatidylcholine. Radioactivity 
was most intense in a band migrating iden- 
tically to phosphatidylcholine (PC) and 
faint radioactivity was seen in a band mi- 
grating identically to phosphatidic acid 
(PA). A radioactive band with characteris- 
tics of phosphatidylsorbitol (arrow) is visi- 
ble just above the intense PC band. An un- 
known product is present below the PC 
band 

phatidic acid was also obtained, as well as an addi- 
tional radioactive band below phosphatidylcholine 
that could represent an additional unknown phos- 
pholipid produced by base-exchange. This observa- 
tion suggests that mammalian PL-D can catalyse the 
transphosphatidylation of sorbitol and phosphatidyl- 
choline. 

Phosphatidylsorbitol in RPE. Lipids extracted from 
RPE 91 cells exposed to 5 or 20 mmol/1 glucose, or 
20 mmol/1 glucose plus the aldose reductase inhibitor 
sorbinil were purified by column chromatography 
and separated by silica gel thin layer chromatogra- 
phy using chloroform-methanol-NH 3 which sepa- 
rates phosphatidylsorbitol, phosphatidylserine and 
phosphatidylinositol. Silica gel regions correspond- 
ing to phosphatidylsorbitol standard, phosphatidyl- 
choline, phosphatidic acid and an area containing no 
detectable bands on thin layer chromatography were 
scraped, re-extracted, hydrolysed, trimethylsilated 
and analysed by gas-liquid chromatography. Al- 
though lipid-bound sorbitol was not detected in 
5 mmol/l glucose, a small but clear sorbitol peak was 
detected in the 20 mmol/1 glucose condition and incu- 
bation with an aldose reductase inhibitor lowered this 
peak, as illustrated in Figure 7. No sorbitol was detect- 
ed in any o f  the other areas tested. The recovery rate of 
c~-methylmannopyranoside as an internal standard 
was similar in these conditions. In RPE 91 cells ex- 
posed to 300 mmol/1 glucose for 1 week and extract- 
ed by the same method, gas-liquid chromatography 
of aldonitrile acetate derivatives yielded a peak in 
the area of sorbitol, confirming the presence of sorbi- 
tol in the phospholipid hydrolysate extracted from 
glucose-exposed RPE cells using two different gas- 
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Fig.7. Formation of phosphatidylsorbitol by glucose-exposed 
human retinal pigment epithelial cells and its inhibition by the 
aldose reductase inhibitor sorbinil. Cells were incubated with 
5 mmol/1 (A) or 20 mmol/1 glucose without (B) or with (C) the 
aldose reductase inhibitor (ARI) (sorbinil 10 ~tmol/1) for 7 
days. Phospholipids were extracted and purified as described 
in Materials and methods and previous Figures. The bands cor- 
responding to Psorb were hydrolysed and trimethylsilated. 
These were separated and analysed by gas-liquid chromatogra- 
phy as described in Materials and methods. Arrow indicates 
the retention time of the sorbitol standard 

liquid chromatography methods. These observations 
suggest that a phosphatidylsorbitol-like compound is 
accumulated in RPE cells exposed to 20 mmol/1 glu- 
cose or 300 mmol/1 glucose by an aldose reductase- 
sensitive pathway. 

Discussion 

PL-D activity catalyses the general reaction: 

phosphatidyl-R + R' - OH 6----) phosphatidyl-R' 
+ R - O H  
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When R' = H, PL-D hydrolyses phospholipids, yield- 
ing phosphatidic acid and a free polar headgroup 
(e. g. choline or ethanolamine). In the presence of a 
primary alcohol, the preferred reaction is transphos- 
phatidylation i.e. displacement of the primary polar 
headgroup by the primary alcohol [28]. Previous 
studies have demonstrated that PL-D catalyses the 
formation of phosphatidylethanol in ethanol-ex- 
posed mammalian tissues [13-15] and it has been 
speculated that this abnormal phospholipid could al- 
ter membrane phospholipid composition and func- 
tion in ethanol intoxication. Sorbitol, a polyol rather 
than a primary alcohol, nevertheless could function 
as a substrate for transphosphatidylation by virtue 
of its two primary (and possibly its four secondary) 
hydroxy moieties. The present study demonstrates 
that sorbitol and phosphatidylcholine in the pres- 
ence of peanut PL-D yield a novel sorbitol-contain- 
ing phospholipid by presumed transphosphatidyla- 
tion similar to that described in the PL-D-catalysed 
formation of phosphatidylethanol from ethanol and 
phosphatidylcholine [13-15]. Although it has been 
tentatively labelled phosphatidylsorbitol, the chemi- 
cal structure of this presumed transphosphatidylat- 
ion product of sorbitol and phosphatidylcholine has 
yet to be fully characterized. The capacity to under- 
go transphosphatidylation is not uniquely confined 
to sorbitol but rather is shared with other polyols of 
similar molecular weight such as mannitol and galac- 
titol, and perhaps glucose as well. Transphosphatidy- 
lation of polyols is not limited to plant PL-D, but 
rather is shared by mammalian PL-D activity, and 
would appear to occur in human cells that accumu- 
late sorbitol when exposed to high concentrations of 
glucose. Incubation of phosphatidylcholine with 
3.0 mol/1 sorbitol and peanut PL-D produced a nov- 
el sorbitol-containing phospholipid with an Rf value 
intermediate between that of phosphatidylcholine 
and phosphatidic acid, thought to be phosphatidyl- 
sorbitol. 

The minimal concentration of sorbitol in the stud- 
ies with peanut PL-D was 0.03 mol/1, or about 30- 
fold higher than the tissue or cellular sorbitol con- 
tent after exposure to hyperglycaemic concentra- 
tions of glucose [4]. Although phosphatidylsorbitol 
product could not be visualized in thin layer 
chromatograms from 0.03 mol/1 sorbitol, nanomolar 
levels of a phospholipid with an Rf identical to 
phosphatidylsorbitol were detected by the colorimet- 
ric phosphorous assay with molybdate, which also in- 
dicated that phosphatidylsorbitol formation followed 
a nearly linear increase with sorbitol concentration 
over the range 0.03-3.0 mol/1 sorbitol (data not 
shown). This observation suggests that phosphatidyl- 
sorbitol could be increased over the range of sorbitol 
concentration associated with physiological hyper- 
glycaemic. Moreover, the demonstration that mam- 
malian as well as plant PL-D catalyses transphospha- 
tidylation of sorbitol, and that a phosphatidyl- 

sorbitol-like compound accumulates in RPE 91 cells 
exposed to 20 mmol/1 glucose by an aldose reductase 
inhibitor-sensitive mechanism supports the potential 
pathophysiological relevance of phosphatidylsorbitol 
to diabetic complications. 

Glucose-induced sorbitol accumulation has been 
implicated in the pathogenesis of various chronic 
complications of diabetes including neuropathy, reti- 
nopathy, nephropathy, cataract formation, and mi- 
cro- and macrovasculopathy [29]. Despite the more 
than three decades that have elapsed since sorbitol 
accumulation was first described in the cataractous 
lenses of diabetic rats [30, 31], the overall impor- 
tance and the details of the biochemical link be- 
tween sorbitol pathway activity and diabetic compli- 
cations remain clouded, although aldose reductase 
inhibitors are now utilized for the treatment of dia- 
betic complications in many countries. Increased me- 
tabolism of glucose to sorbitol by aldose reductase is 
implicated in selective depletion of intracellular 
myo-inositol pools, which in turn appears to limit 
the synthesis of phosphoinositides involved with 
membrane function including Na/K-ATPase regula- 
tion, and signal transduction [2-4, 6, 7, 32, 33]. The 
nature of the relationship between sorbitol accumu- 
lation and myo-inositol depletion is complex and 
controversial, but perhaps most easily placed into 
perspective by the currently emerging view that 
these two compounds function as alternative intra- 
cellular osmolytes, such that elevation of one pro- 
duces depletion of the other [1]. Similarly complex 
and controversial is the role of intracellular rnyo-ino- 
sitol depletion in the modulation of phosphatidylino- 
sitol synthesis. Recent studies in RPE 91 cells sug- 
gested the presence of multiple intracellular meta- 
bolic pools of myo-inositol, depletion of which had 
varying effects on the rate of phosphatidylinositol 
synthesis [4]. However, sorbitol, added to the incu- 
bation medium at a concentration of 10 mmol/1, ap- 
peared to independently inhibit the phosphatidylino- 
sitol synthase reaction in myo-inositol depleted cells 
[4] by an unknown mechanism. Although effects 
linked to the subsequent oxidation of the added sor- 
bitol to fructose by sorbitol dehydrogenase provide 
a possible explanation [9] the speculation that trans- 
phosphatidylation of sorbitol might also contribute 
cannot be excluded, although lipid-bound sorbitol 
could not be detected under these circumstances by 
gas-liquid chromatography (NakamuraJ, Greene 
DA, unpublished observations). Whether incorpora- 
tion of sorbitol-derived phospholipids into mem- 
brane structures could have effects on other mem- 
brane-associated enzymes or functions remains to 
be determined. 

In summary, PL-D from plant and mammalian 
sources appears to possess the ability to incorporate 
sugar alcohols, and to some extent, sugars them- 
selves, into membrane phospholipids by a presumed 
transphosphatidylation reaction. This reaction may 
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provide a novel link between disorders of carbohy- 
drate and sugar alcohol metabolism such as diabetes 
and alterations in membrane composition or func- 
tion or both. 
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