Taurine and Osmoregulation: Platelet Taurine Content, Uptake, and Release
in Type 2 Diabetic Patients
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In this study, plasma and platelet taurine content and fluxes were determined in 38 type 2 diabetic patients and in 26 healthy
control subjects. Taurine levels in diabetic patients were significantly lower than in control subjects both in plasma (32.1 v
48.6 umol/L, P = .000) and platelets (148 v 183 nmol/mg protein, P = .043). Platelet taurine uptake in diabetic patients was
significantly reduced (321.2 v 524.9 pmol total taurine 102 platelet™" min=2°, P = .000), whereas taurine release increased in
comparison to healthy controls (38.7 v 29.5% of platelet 3H taurine at the start of incubation, P = .000). These results may
reflect modified systems of taurine carriers or a compensatory mechanism in response to an increase of other organic
osmolytes.
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LTHOUGH THE TERM diabetic retinopathy usually re- it is most highly concentrated in RPE and photoreceptor
fers to changes in retinal blood vessels, vascular cellsells12-14High retinal intracellular concentration of taurine (10

may not be the only cells affected by diabetes in the retina. to 50 mmol/L) is mainly assured by active uptake from the
Microangiopathy is considered to be the result of combinedchoroidal blood due to the limited capacity for its biosynthe-
impairments of the choriocapillaris, the retinal pigmented epi-sist* RPE plays a pivotal role in the maintenance of taurine
thelium (RPE), the nervous layers, the pericytes, and the vitlevels in the retinal cells, as it contains sodium-dependent
reoretinal interfacé.More recently a possible dysfunction of cotransporters with a higher affinity f@- thana-amino acids
Miiller cells, the principal glia of the retina, was evidenged. and chloride-dependett.In addition, RPE has been reported
Metabolic and vascular factors are closely related to each othéf be involved in a number of ocular lesions, including diabetic
and play important roles in the development of diabetic reti-rétinopathy:e
nopathy. Among the metabolic factors, the polyol pathway, by Diréct studies in human RPE in vivo are rarely possible,
which glucose is metabolized to sorbitol, is involved in diabetic therefore readily accessible tissues are used by several inves-
complicationst The compatible osmolyte hypothesis predicts ti92t0rs. Here we have investigated the efficiency of taurine
that organic osmolytes, including taurine, myo-inositol, anduptake and release in platelets of diabetic patients. Platelets had

sorbitol, respond coordinately to changes in external osmolalit)ft"‘rllre"’ldy be_eﬂ gsid as cell rgodels of taurlr_le homtioéfaas,t_
to maintain the intracellular milie&® Accumulation of intra- €y are rich In taurine and possess carmers with properties

L . . similar to those found in CNS and RPE!8-20|n addition,
cellular sorbitol in diabetes mellitus may therefore result in ) . .
. . platelets represent 1 of the vascular factors involved in mi-
depletion of other intracellular osmolytes.

o o . . croangiopathy, as has been shown from increased platelet ag-
In man, taurine is widely distributed, being found |r.1 the gregation in diabetic patient.Data obtained in this study
lications? In th i | CNSméhow that there is a decreased taurine content in plasma and
plications? In the mammalian central nervous system ( )’platelets from diabetic patients. The lower intracellular taurine

including retina, several roles were suggested for taurine, irl:ontent is well associated with the reduced uptake and the
increased release of the amino acid.

addition to its role in osmoregulation: neurotransmission or
modulation of neuronal activity, regulatory factor during de-
velopment, repair and regeneration, antioxidation, and mem-

brane stabilizatio:1° The biologic importance of taurine in

the retina has been recognized ever since the original observ&ubjects
tion that taurine deficiency in cats results in retinal degenera- The study was conducted with 2 groups of subjects who gave
tion and blindnes&! supporting a role in neuronal survival. In informed consent. These groups consisted of 26 healthy control vol-
the vertebrate retina, taurine is the most abundant amino acidinteers who had no family history of diabetes mellitus and a normal

accounting for more than 50% of the free amino acid pool, andglucose tolerance test and 38 type 2 diabetic patients who were con-
secutively recruited from the diabetic population attending our outpa-

tient clinic. Characteristics of both groups are reported in Table 1.

PATIENTS AND METHODS

From the Institute of Biochemical Sciences and Clinical Biochem-

istry; and the Department of Internal Medicine, School of Medicine, Platelet-Rich Plasma and Platelet Pellet Preparation

University of Messina, Messina, Italy. Platelet-rich plasma (PRP) and platelets were isolated as previous
Submitted January 19, 2000; accepted June 19, 2000. reported by Voaden et &.Polypropylene plastic ware was used for
Supported in part by grants ex 40% of the lItalian Ministry for platelet handling. Blood (20 mL) was obtained by venopuncture and

Scientific and Technological Research (MURST). added to tubes containing potassium EDTA (final concentration,

Address reprint requests to Professor G. De Luca, Istituto di Scienzé).25%) to prevent coagulation. Approximately 1 hour later, it was
Biochimiche e Biochimica Clinica, Policlinico Universitario—Torre centrifuged in 2X 10 mL aliquots at 30@ for 15 minutes at room

Biologica, 98125 Gazzi (ME), Italy. temperature. The supernatants, composed of PRP, were drawn off and
Copyright© 2001 by W.B. Saunders Company pooled. Aliguots were either used immediately for assessment of tau-
0026-0495/01/5001-0006$10.00/0 rine uptake and release or centrifuged at 1,80f@r 10 minutes to
doi:10.1053/meta.2001.19432 obtain platelet pellets and plasma.
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Table 1. Main Characteristics of Healthy Control Subjects
and Type 2 Diabetic Patients

Control

Type 2 Diabetic

61

Statistical Analysis

The SAS statistical package (SAS Institute, Cary, NC) for personal
computer®® was used. Student®stest and simple regression analysis

Characteristics Subjects Subjects were usedP values= .05 were considered to be significant.

Number 26 38
Sex (M/F) 1313 28/10 RESULTS
Age (yr) 61.7+045  59.8x1.35 Table 2 shows the mean values obtained from the analysis of
Duration of diabetes (yr) - 105134 the concentration of taurine in plasma from normal subjects in
E":)s:;g(;"fsma glucose (mmol/L) :'g N g';; :'3 N gi;* comparison with the data published by Berson e¢aJma et
Therapy (diet aloneforaliinsulin) B 4/29/5 al, 25 Hussain and Voadeh, Airaksinen et aké and Franconi
Body mass index (kg/m?) 268+ 0.87 284+ 0.50 et al?’ _ o o
Daily energy intake (ki/kg/d) 78.9 + 3.62 82.3 + 2.40 As reported in Table 3, statistically significant changes were
Total cholesterol (mg/dL) 208.6 ~ 6.56 223.5 + 7.26 found in the plasma and platelet taurine concentrations of
HDL cholesterol (mg/dL) 482 +1.93 455 * 250 diabetic patients with respect to those of controls. The reduc-
Triglycerides (mg/dL) 137.8 + 18.94 153.4 = 24.90 tion in plasma and platelet taurine levels of diabetic subjects
Normo-/micro-/macroalbuminuria has shown a percent value corresponding to 34% and 19%,

(no.) 26/0/0 297112 respectively, in comparison to controls, making the difference
Macroangiopathy (no.) - 7 highly significant in plasmaR = .000) and significant in
Neuropathy (no.) - 9 platelets P = .043).
Retinopathy (no.) - 11

A preliminary study with platelets obtained from healthy
control volunteers established that uptake®df taurine was
linear with time for at least 45 minutes (see Fig 1). Platelets
from diabetic patients accumulated less taurine, as reported in
Table 3, which shows the data (pmol total taurin€ pate
lets™ 1) after 20 minutes of incubation. Plasma taurine levels in
the control group, as well as in the type 2 patients, however,

Platelets were lysed by freezing and thawing after resuspension igatyrate the 2 carrier systems (higher and lower affinity) of the
ice-cold distilled water. Taurine was derivatized with phenylisothio—$|ate|et membrant® A weakly significant correlation was

cyanate and its content was determined by high performance liqui . :
chromatography (HPLC) in a Waters (Milford, MA) chromatographic I:\ljgg ﬁ‘em:Z?angcmiéiurLEefgc;;frgoglo(%)% AHDALC)
system equipped with a pico-tag column (39300 mm), containing group (= —. T e

a high efficiency reverse phase silica packing. Protein was assayed by To determine whether or not high glucose per _Se altered
the method of Lowry et & platelet taurine uptake, platelets from healthy subjects were

incubated in calcium-free Krebs’ medium containing 50
wmol/L taurine (physiologic concentration) and 10 to 25
mmol/L glucose. Taurine uptake decreased proportionally to
the increase of glucose levels, reaching the maximu3000)

NOTE. Data are mean = SEM.
*P = .000 v control subjects.

Determination of Platelet and Plasma Taurine Content

Uptake of*H Taurine

PRP was prewarmed at 37°C in a water-bath. A total ofibKrebs
bicarbonate medium (KBM) containing 0.128Ci *H taurine (Amer with the highest glucose level (25 mmol/L).
sham, Buckinghamshire, UK; specific activity, 21.0 Ci/mmol) was  To verify how much osmolality changes modify platelet
added to 45QuL PRP, and the'H taurine uptake was performed at (5. rine release, experiments were performed using platelets

37°C with gentle shaking for 20 minutes in an atmosphere of 95% O .4 heajthy control subjects. Taurine was retained by the cells
and 5% CQ. Addltlongl samples were |_ncubated in an ice bath. UptakeIn isosmotic condition, and a 50% reduction in osmolality,

was stopped by placing the tubes in ice bath, and platelets were thenbt ined by d . N trati f th di
recovered by centrifugation at 1,800 g for 15 minutes at 4°C. The obtaine y decreasing Naconcentration o € medium,

supernatant was decanted and the walls of the tubes dried carefully witfiduced a rapid taurine release (up to 96%). Itis the hyposmo-

cotton sticks. Platelet pellets were then washed once with&0®esh
KBM. Triton X-100 (0.5 mL, 10% vol:vol, aqueous solution) was then
added to solubilize the pellet, followed 30 minutes later by 4.5 mL
scintillation fluid. Radioactivity was counted in a Beckman (Fullerton,
CA) liquid scintillation spectrophotometer.

Table 2. Comparison of Plasma Taurine Concentrations
in Normal Subjects

Plasma Taurine
Concentration, pmol/L

Release ofH Taurine De Luca et al (this study) 48.6 + 4.9 (26)
A total of 450l PRP was preincubated wiftt taurine 12 nmol/L Berson et;'z“ 57.0 ir 8.0 (13)

(50 uL in Ca?*-free KBM) at 37°C for 1 hour in an atmosphere of 95% Uma et al . 46.0 N 8.0(8)
0, and 5% CQ. After this loading period, platelets were washed twice ~ ussain and Voaden 62.0 = 4.0 (24)
Airaksinen et al26 43.0 = 2.0 (10)

with KBM (500 ulL) to remove the extracellulatH taurine, and the
resultant pellets obtained at 1,800 g for 15 minutes at 4°C were
resuspended in the original volume of fresh KBM and incubated at
37°C for 15 minutes to evaluate taurine efflux. Radioactivity was NOTE. Data are mean = SEM (no.).
measured in the incubation medium and release expressed as percent ofYoung subset age (yr), 38 = 2.6.
total *H taurine found in platelets at the start of incubation. tOlder subset age (yr), 50.6 = 1.1.

93.3 + 6.3 (34)*
103.9 = 7.2 (29)1

Franconi et al?’
Franconi et al?”
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Table 3. Plasma and Platelet Taurine Content and Platelet Taurine studies on taurine uptake in platelets from diabetic patients
Uptake and Release in Healthy Control Subjects and Type 2 were not performed in this study, because to characterize trans-
Diabetic Patients port kinetics, platelets must be resuspended in a medium other
Healthy Control  Type 2 Diabetic than plasma. This situation does not reflect what happens in

(S:'Zezcs (Pna‘f;; vivo, as it is recognized that the kinetics of taurine uptake in

platelets may not be the same in plasma as in other me#ium,

Plasma taurine (umol/l) 486x49  321:1.9% and that plasma proteins affect platelet funcg®mn our ex-

Platelet taurine (nmol/mg protein)  183.0 = 123 148.0 = 11.21 periments, the blood platelets respond to the diabetic condition
Platelet taurine uptake (pmol total by reducing the uptake and by increasing the release of taurine,

taurine/10® platelets™' - min~2°)  524.9 + 43.0  321.2 = 23.9%
Platelet taurine release (% total
platelet *H taurine) 295 + 1.3 38.7 + 1.0*

with a consequent lower intraplatelet content of the amino acid.
The lower taurine level in platelets of diabetic patients was
related to an increased platelet aggregation in response to
arachidonic acid, which can be reduced by oral administration
of taurine3¢ Our results that high glucose levels modify taurine
uptake in platelets from healthy subjects suggest that the re-
duced taurine uptake in platelets from diabetic patients could be
lar condition and not the reduction of N@oncentration, which  the consequence of hyperglycemia.

induces taurine release, because a medium with low, Wat In diabetes, high glucose drives the aldose reductase (AR)
made isosmotic with sucrose, did not elicit the releaséHbf  reaction in cells that express the enzyme, including human
taurine. The taurine release from platelets preloaded With  blood platelet$? AR is induced by hyperosmotic stimuli in
taurine for 1 hour and resuspended in fresh isosmotic KBM,renal inner medullary cel@ Human RPE cells have been
linear with time up to 15 minutes, was significantly increased inshown to exhibit different basal expression and activity of AR

NOTE. Data are mean = SEM.
*P = .000.
TP = .043 v control subjects.

type 2 patients in comparison to controls (see Table 3). in response to 20 mmol/L glucd®¥eand to use intracellular
organic solutes in an interactive manner to help the intracellular
DISCUSSION tonicity regulatior®® This may imply that individual variation

The present results show that plasma from type 2 diabetién basal activity or expression of AR will determine sorbitol
patients has a lower taurine content in accordance with theccumulation and secondary compensatory depletion of myo-
knowledge that plasma concentration of amino acids changes imositol and taurine in these cells. Taurine, being the major
diabetic patient&® A 30% reduction of plasma taurine level in intracellular amino acid in the retina, is also the major amino
type 1 diabetic patients with good metabolic control was shownacid in the efflux in response to osmotic change. High levels of
by Franconi et & and indirectly by Luzi et a#° In diabetes, a AR activity were associated with the development of chronic
higher consumption of taurine by some tissues was proposed aiabetes complicatiors:43In particular, a immunohistochem-
the cause of its reduced plasma le¥#elndeed, taurine could ical study showed enhanced expression of AR in diabetic
play a protective role as an antihypoxic agent in those diabetibluman RPE and retinas and its correlation with the severity and
tissues with reduced oxygenatf§rand as an antioxidant (re- duration of diabetic retinopathp.
ducing) agent versus oxygen-free radicals and other oxidants It is known that platelets and RPE possess similar taurine
that could be responsible of diabetic complicatiéhs. carrier system&2.18-20 Smith et a#4 isolated from rat brain a

Taurine, with a concentration of 183 nmol/mg protein (Table cDNA clone encoding a taurine transporter and showed that the
3), is a very abundant free amino acid in human platelets. Thigransporter mRNA is located in all the other studied tissues,
value is similar to the one reported by Hussain and Vo&ten including retina. The investigators have suggested that a single
and lower than data obtained by Franconi et”aHigh intra-
cellular concentrations of taurine have been found in other cell
types with a limited capacity for taurine biosyntheXisyhich 700
implies that taurine must be taken up against its concentration 1
gradient. In normal human blood platelets, Voaden é? al
found 2 carrier systems with apparent, Kalues of 8 and 200
mmol/L, corresponding to high- and low-affinity uptake sys-
tems, respectively. Lower taurine content that we found in©
platelets from diabetic subjects could be due to reduced uptake@ ;]
as well as increased release. The reduced platelet uptake ol';:_;} ]
served in our experiments is not dependent on the lower tauring 200
level in plasma, as plasma taurine concentration in diabetics 100_‘/
patients saturates the 2 carrier systems. It could be the consé& 1
quence of a change in the carrier systems that mediate the 0 ———
passage of taurine across membranes, or a compensatory mech- ~ ° » 40 o &’ 100 120
anism in response to an increase of other organic osmolytes, or Incubation time (min)
both. Modified l_(lnetICS were observed by _TraChtman & lﬂ! Fig 1. Time course of taurine uptake in PRP. Values are means of
synaptosomes isolated from hyperglycemic rats, suggesting aparate determinations in 8 healthy control subjects. SEM was
adaptive mechanism during chronic hyperglycemia. KinetiClower than 5%.
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taurine transport functions in both the brain and peripheraleffects on a long-lived tissue, such as the RPE, might be more
tissues. Therefore, if taurine depletion observed in plateletsevere than on blood platelets with their half-life of only 9 to 11
occurs also in RPE in response to osmotic change, the loss afays. In addition, increased oxidative damage in the pathogen-
protection system based on taurine might result in a higheesis of diabetic complications might be exacerbated by taurine
retinal vulnerability in diabetes. It would be reasonable thatdepletion, as it acts also as an antioxida#t.

REFERENCES

1. Beck T, Lund-Andersen H: Localized-retinal barrier leakage and 24. Berson EL, Schmidt SY, Rabin AR: Plasma amino acids in
retinal light sensitivity in diabetic retinopathy. Br J Ophthalmol 74: hereditary retinal disease: Ornithine, lysine and taurine. Br J Ophthal-
388-392, 1990 mol 60:142-147, 1976

2. Chauvaud D: Ocular microangiopathy in humans. Therapie 52: 25. Uma SM, Satapathy M, Sitaramayya A: Decreased plasma tau-
453-456, 1997 rine levels in retinitis pigmentosa. Biochem Med 30:49-52, 1983

3. Mizutani M, Gerhardinger C, Lorenzi M: Muller cell changesin ~ 26. Airaksinen EM, Kiviranta T, Tuomisto L: Taurine: uptake by
human diabetic retinopathy. Diabetes 47:445-449, 1998 platelets and plasma concentration of patients with Spielmeyer-Vogt

4. Greene DA, Lattimer SA, Sima AAF: Pathogenesis and preven-disease, in Pasantes-Morales H, Martin DL, Shain W, et al (eds):
tion of diabetic neuropathy. Diabetes Metab Rev 4:201-221, 1988 Taurine: Functional Neurochemistry, Physiology, and Cardiology.

5. Burg MB, Kador PF: Sorbitol, osmoregulation and the compli- New York, NY, Wiley-Liss, 1990, pp 253-257

cations of diabetes. J Clin Invest 81:635-640, 1988 27. Franconi F, Bennardini F, Mattana A, et al: Taurine levels in
6. Burg MB: Molecular basis of osmotic regulation. Am J Physiol plasma and platelets in insulin-dependent and non-insulin-dependent
268:983-996, 1995 diabetes mellitus: Correlation with platelet aggregation, in Huxtable R,
7. Jacobsen JG, Smith LH: Biochemistry and physiology of taurineMichalk DV (eds): Taurine in Health and Disease. New York, NY,
and taurine derivatives. Physiol Rev 48:424-511, 1968 Plenum, 1994, pp 419-424
8. Oja SS, Kontro P: Neuromodulatory and trophic actions of 28. De Fronzo RA, Ferrannini E: Insulin action in vivo: Protein
taurine. Prog Clin Biol Res 351:69-76, 1990 metabolism, in De Fronzo RA, Keen H, Zimmet P (eds): International
9. Huxtable RJ: Physiological actions of taurine. Physiol Rev 72: Textbook of Diabetes. New York, NY, Wiley, 1992, pp 467-475
101-163, 1992 29. Luzi L, Castellino P, Simonson DC, et al: Leucine metabolism

10. Pasantes-Morales H, Cruz C: Taurine and hypotaurine inhibitin IDDM. Role of insulin and substrate availability. Diabetes 39:38-48,
light induced lipid peroxidation and protect rod outer segment struc-1990
ture. Brain Res 330:154-157, 1985 30. Franconi F, Stendardi |, Failli P, et al: The protective effects of
11. Hayes KC, Carey RE, Schmidt SY: Retinal degeneration assotaurine on hypoxia (performed in absence of glucose) and of reoxy-
ciated with taurine deficiency in the cat. Science 188:949-951, 1975 genation (in the presence of glucose) in guinea-pig heart. Biochem
12. Macaione S, Ruggeri P, De Luca F, et al: Free amino acids inrPharmacol 34:2611-2628, 1985
developing rat retina. J Neurochem 22:887-891, 1974 31. Wolff SP, Dean JR: Glucose autoxidation and protein modifi-
13. Macaione S, Di Giorgio RM, De Luca G: Taurine biosynthesis cation. The potenzial role of “autoxidative glycosylation” in diabetes.
in ox retina, in Cavallini D, Gaull GE, Zappia V (eds): Natural Sulfur Biochem J 245:243-250, 1991
Compounds: Novel Biochemical and Structural Aspects. New York, 32. Huxtable RJ, Lippincott SE: Relative contribution of diet and

NY, Plenum, 1980, pp 265-276 biosynthesis to the taurine content of the adult rat. Drug Nutr Interact
14. Orr HT, Cohen Al, Lowry OH: The distribution of taurine in the 1:153-168, 1982
vertebrate retina. J Neurochem 26:609-611, 1976 33. Trachtman H, Futterweit S, Sturman JA: Cerebral taurine trans-

15. Miyamoto Y, Kulonthaivel P, Leibach FH, et al: Taurine uptake port is increased during streptozocin-induced diabetes in rats. Diabetes
in apical membrane vesicles from the bovine retinal pigment epithe-41:1130-1140, 1992
lium. Invest Ophthalmol 32:2542-2551, 1991 34. Ahtee L, Boullin DJ, Paasonen MK: Transport of taurine by

16. Vinores SA, Campochiaro PA: Prevention or moderation of normal human blood platelets. Br J Pharmacol 52:245-251, 1974
some ultrastructural changes in the RPE and retina of galattosemic rats 35. Hansen MS, Bang NU: The influence of plasma proteins on
by aldose reductase inhibition. Exp Eye Res 49:495-510, 1989 human platelet metabolism. Thromb Res 14:131-146, 1979

17. Hussain AA, Voaden MJ: Some observations on taurine ho- 36. Franconi F, Bennardini F, Mattana A, et al: Plasma and platelet
meostasis in patients with retinitis pigmentosa, in Hollyfield JG, Ander- taurine are reduced in subjects with insulin-dependent diabetes melli-
son RE, La Vail MM (eds): Degenerative Retinal Disorders: Clinical tus: Effect of taurine supplementation. Am J Clin Nutr 61:1115-1119,
and Laboratory Investigations. New York, NY, Liss, 1987, pp 119-129 1995

18. Wright CE, Tallan HH, Lin YY: Taurine: biological update. Ann 37. Hara T, Nakamura J, Koh N, et al: An aldose reductase inhibitor,

Rev Biochem 55:427-453, 1986 TAT, reduces ADP-induced platelet hyperaggregation in streptozoto-
19. Voaden MJ, Hussain AA, Chan IPR: Studies in retinitis pigmen- cin-induced diabetic rats with neuropathy. J Lab Clin Med 126:541-
tosa in man. Br J Ophthalmol 66:771-775, 1982 547, 1995

20. Edwards RB: The use of tissue culture techniques to study 38. Bagnasco S, Uchida S, Balaban R, et al: Induction of aldose
normal and diseased retinal pigment epithelium, in Osborne N, Chadereductase and sorbitol in renal inner medullary cells by elevated intra-
G (eds): Progress in Retinal Research, vol 2. Tarrytown, NY, Perga<cellular NaCl. Proc Natl Acad Sci USA 84:1718-1720, 1987
mon, 1983, pp 51-66 39. Henry DN, Stevens MJ, Killen PD, et al: Aldose reductase

21. Mustard JF, Packam MA: Platelets and diabetes mellitus. N Eng(AR2) gene expression in cultured human retinal pigment epithelial
J Med 311:665-667, 1984 cells (RPE). Diabetologia 35:A135, 1992 (suppl 1)

22. Lowry OH, Rosebrough NJ, Farr AL, et al: Protein measurement 40. Lin LR, Carper D, Yokoyama T, et al: The effect of hyperto-
with the Folin phenol reagent. J Biol Chem 193:265-275, 1951 nicity on aldose reductase, alpBecrystallin, and organic osmolytes in

23. SAS Institute Inc. SAS/STAT guide for personal computers, the retinal pigment epithelium. Invest Ophthalmol Vis Sci 34:2352-
Version 6 ed. Cary, NC, SAS Institute Inc, 1987 2359, 1993



64 DE LUCA ET AL

41. Vinores SA, Campochiaro PA, Wiliams EH, et al: Aldose 43. Ghahary A, Chakrabarti S, Murphy LJ, et al: Effect of insulin
reductase expression in human diabetic retina and retinal pigmerand statil on aldose reductase expression in diabetic rats. Diabetes
epithelium. Diabetes 37:1658-1664, 1988 40:1391-1396, 1991

42. Dent MT, Tebbs SE, Gonzales AM, et al: Neutrophil aldose 44. Smith KE, Borden LA, Ching-Hua DW, et al: Cloning and
reductase activity and its association with established diabetic microexpression of a high affinity taurine transporter from rat brain. Mol
vascular complications. Diabet Med 8:439-442, 1991 Pharmacol 42:563-569, 1992



